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Printed Circuit Board With Compact Groups of Devices

This application claims priority to United
States patent application No. 13/627,989 filed September
26, 2012 which is hereby incorporated by reference herein

in its entirety.

Background

This relates generally to electronic components,
and more particularly, to mounting electronic components
on substrates.

Electronic eguipment such as computers, portable
devices, and other electronic devices often include
integrated circuits. Integrated circuits and other
components may be mounted to substrates such as printed
circuit boards. Surface mount technology (SMT) is often

used. For example, printed circuit boards may be provided
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with surface mount technology components such as
capacitors, resistors, and inductors.

It is often desirable to minimize the size of
electronic equipment. This can be challenging,
particularly when a printed circuit contains numerous
components.

It would therefore be desirable to be able to
minimize the amount of area consumed on a printed circuit
board when mounting components such as surface mount

technology components.

summary

Electronic devices may contain electrical
systems based on integrated circuits and other circuitry.
The integrated circuits and other circuitry may be mounted
on a printed circuit board or other substrate.

Contacts in the printed circuit board may be
coupled to interconnect traces within the board.
Integrated circuits and other electrical components may be
mounted to the printed circuit board contacts.

The electrical components on the printed circuit
board may include surface mount technology components.
Multiple surface mount technology components may be
stacked on top of each other and beside each other to
minimize the amount of area that is consumed on the
printed circuit board. Solder or other conductive
materials may be used in interconnecting the terminals of
surface mount technology components. Noise suppression
circuits and other circuits may be implemented using
stacked surface mount technology components.

Component placement tools (sometimes referred to
as pick and place tools) may be used to place individual

surface mount technology components on the printed circuit
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board. The surface mount technology components may be
pushed together and subsequently injection molded to form
packed component groups on the printed circuit board.

An interposer may be mounted to the printed
circuit board and provide a raised platform on which an
integrated circuit is mounted. The integrated circuit may
cover an area of the printed circuit board that is greater
than the area occupied by the interposer. Components may
be mounted adjacent to the interposer so that the
integrated circuit partially or entirely covers the
components.

The printed circuit board may be formed with a
recessed portion on which components are mounted. An
integrated circuit may be mounted over the recessed
portion to cover the components.

Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the preferred embodiments.

Brief Description of the Drawings

FIG. 1 is a perspective view of a printed
circuit board populated with surface mount technology
components and integrated circuits in accordance with an
embodiment of the present invention.

FIG. 2 is a cross-sectional side view of an
illustrative printed circuit board with stacked surface
mount technology components in accordance with an
embodiment of the present invention.

FIG. 3 is a perspective view of an illustrative
surface mount device in accordance with an embodiment of
the present invention.

FIG. 4 is a circuit diagram of an illustrative
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circuit of the type that may be implemented using stacked
components in accordance with an embodiment of the present
invention.

FIG. 5 is a perspective view of illustrative
stacked components being used to implement a circuit of
the type shown in FIG. 4 in accordance with an embodiment
of the present invention.

FIG. 6 is a circuit diagram of an illustrative
circuit of the type that may be implemented using stacked
components in accordance with an embodiment of the present
invention.

FIGS. 7 and 8 are perspective views of
illustrative stacked components being used to implement a
circuit of the type shown in FIG. 6 in accordance with an
embodiment of the present invention.

FIGS. 9 and 10 are side views of the stacked
components of FIGS. 7 and 8 in accordance with an
embodiment of the present invention.

FIGS. 11 and 12 are perspective views of
additional illustrative stacked components of the type
that may be used to implement a circuit of the type shown
in FIG. 4 in accordance with an embodiment of the present
invention.

FIG. 13 is a circuit diagram of an illustrative
circuit of the type that may be implemented using stacked
components in accordance with an embodiment of the present
invention.

FIG. 14 is a perspective view of illustrative
stacked components being used to implement a circuit of
the type shown in FIG. 13 in accordance with an embodiment
of the present invention.

FIG. 15 is a circuit diagram of an illustrative

circuit of the type that may be implemented using stacked
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components in accordance with an embodiment of the present
invention.

FIG. 16 is a perspective view of illustrative
stacked components being used to implement a circuit of
the type shown in FIG. 15 in accordance with an embodiment
of the present invention.

FIGS. 17 and 18 are side views of the stacked
components of FIG. 16 in accordance with an embodiment of
the present invention.

FIG. 19 is a circuit diagram of an illustrative
circuit of the type that may be implemented using stacked
components in accordance with an embodiment of the present
invention.

FIG. 20 is a perspective view of illustrative
stacked components being used to implement a circuit of
the type shown in FIG. 19 in accordance with an embodiment
of the present invention.

FIG. 21 is a perspective view of a printed
circuit board populated with integrated circuits and
packed component groups in accordance with an embodiment
of the present invention.

FIG. 22 is a diagram of illustrative steps that
may be performed to mount components on a printed circuit
board to form packed component groups in accordance with
an embodiment of the present invention.

FIG. 23 is a diagram of illustrative steps that
may be performed to stack printed circuit substrate layers
with components mounted in intervening dielectric layers
in accordance with an embodiment of the present invention.

FIG. 24 is a cross-sectional view of an
illustrative integrated circuit mounted to a printed
circuit board via an interposer and components on the

printed circuit board that are covered by the integrated
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circuit in accordance with an embodiment of the present
invention.

FIG. 25 is a top-down view of an illustrative
integrated circuit mounted to a printed circuit board via
an interposer to cover components on the printed circuit
board in accordance with an embodiment of the present
invention.

FIG. 26 is a flow chart of illustrative steps
that may be performed to mount an integrated circuit to a
printed circuit board via an interposer to cover
components in accordance with an embodiment of the present
invention.

FIG. 27 is an illustrative cross-sectional view
of an integrated circuit mounted to a printed circuit
board over a recessed portion of the integrated circuit
and components that are mounted on the recessed portion in
accordance with an embodiment of the present invention.

FIG. 28 is an illustrative perspective view of
components mounted on a recessed portion of a printed
circuit board in accordance with an embodiment of the
present invention.

FIG. 29 is an illustrative perspective view of
an integrated circuit mounted to a printed circuit board
over a recessed portion of the integrated circuit and
components that are mounted on the recessed portion in

accordance with an embodiment of the present invention.

Detailed Description

Electronic devices such as cellular telephones,
tablet computers, laptop computers, desktop computers,
computers integrated into computer monitors, televisions,
media players, portable devices, and other electronic

equipment may include integrated circuits and other



10

15

20

25

30

WO 2014/051848 PCT/US2013/052389

electronic components.

The electronic components may be mounted on a
substrate such as a printed circuit or other dielectric
substrate. A printed circuit substrate may be formed from
a rigid printed circuit board such as a fiberglass-filled
epoxy board or may be formed from a flexible printed
circuit structure (“flex circuit”) formed from a flexible
sheet of polymer such as polyimide. Other substrates may
be formed from glass, ceramic, plastic, or other
dielectrics. The electronic components that are mounted
on a substrate may include discrete components such as
capacitors, resistors, and inductors and may include
integrated circuits such as microprocessors, system-on-
chip integrated circuits, memory chips, audio and video
circuits, communications chips, application-specific
integrated circuits, and other devices.

FIG. 1 is a perspective view of an illustrative
electrical system formed from circuitry mounted on a
substrate. Circuitry 10 of FIG. 1 may be used in a
cellular telephone, computer, television, media player, or
other electronic equipment. Circuitry 10 may include
components such as integrated circuits 14 mounted on
substrate 12. Substrate 12 may be formed from a
dielectric structure such as a plastic structure, ceramic
structure, glass structure, or other structure. If
desired, substrate 12 may be formed from a printed circuit
structure. As an example, substrate 12 may be a rigid
printed circuit board or a flexible printed circuit.

Components such as electronic components 16 may
also be mounted on substrate 12. Electronic components 16
may include discrete components such as resistors,
capacitors, and inductors (as an example). If desired,

components 16 may be mounted adjacent to integrated
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circuits 14. Conductive interconnects such as traces 24
of FIG. 1 may be used to interconnect the circuits formed
form components 16 with circuits 14.

Components 16 may be used to form noise
suppressing circuits for integrated circuits 14. For
example, components 16 may be used to form power supply
noise suppressing circuits (e.g., low-pass filters) that
remove undesired noise from power supply signals being
provided to integrated circuits 14 via traces 24.
Components 16 may also be used in forming other types of
circuitry, 1f desired. The use of components 16 to form
noise-suppressing filter circuits is merely illustrative.

Components 16 may be formed using surface mount
technology (SMT) parts. For example, surface mount
devices (SMDs) such as SMT capacitors, SMT inductors, and
SMT resistors may be used in forming components 16. To
conserve space on substrate 12, multiple individual SMT
components may be used in forming each component 16. For
example, multiple SMT capacitors, SMT resistors, and/or
SMT inductors may be vertically stacked and/or
horizontally stacked to form a component such as component
16. Components 16 that have been formed from multiple SMT
devices are sometimes referred to herein as stacked
components.

An illustrative stacked component is shown in
FIG. 2. As shown in FIG. 2, stacked component 16 may
include multiple SMT devices such as first SMT component
16A and second SMT component 16B. Stacked component 16 of
FIG. 2 has two SMT components. If desired, stacked
component 16 may have two or more SMT components, three or
more SMT components, four or more SMT components, etc.

The SMT components in stacked component 16 may be stacked

on top of each other, may be stacked side by side, or may
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be attached to each other using a combination of
horizontal and vertical stacking. These stacking
arrangements may conserve surface area on substrate 12 and
therefore allow electronic equipment that includes
substrate 12 to be formed compactly.

Each SMT component in stacked component 16 may
have contacts 18. Contacts 18, which may sometimes be
referred to as terminals or contact pads, may be formed
from metal such gold plated copper (as an example).
Conductive material 20 may be used in attaching contacts
18 on one component to contacts 18 on another component
and/or to contacts such as pads 22 on substrate 12.
Contacts on substrate 12 such as contact pads 22 (e.g.,
printed circuit board contacts) may be formed from
portions of metal traces 24. Traces 24 may form signal
interconnect lines on substrate 12. One or more layers of
interconnects in substrate 12 may be used in routing
signals between components 16 and integrated circuits 14
(FIG. 1).

Conductive material 20 may be formed from
solder, conductive adhesive, or other conductive
substances. If desired, contacts 18 may be coupled to
each other using welds, using shared conductive structures
that form multiple contacts 18 (e.g., a metal member that
is common to multiple contacts 18), or other electrically
conductive structures. The use of solder to connect
contacts 18 to each other is sometimes described herein as
an example.

Solder connections such as connections 20 of
FIG. 2 may be formed from solder paste. Solder paste may
be deposited on contacts 18 by screen printing, painting,
ink-jet printing, or other suitable techniques. To form

solder connections such as solder connections 20 of FIG.
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2, the solder paste may be heated. Heat may be applied to
the solder paste in a reflow oven or using a heated
element (as examples).

FIG. 3 is a perspective view of an illustrative
SMT component. As shown in FIG. 3, SMT component (surface
mount device) 16’ may have a package housing such as
housing 26. A portion of housing 25 such as the center of
housing 26 may be free of conductive contact material.
Terminals may be formed from contacts 18-1 and 18-2 on
housing 25. Contacts 18-1 and 18-2 may be formed from
metal or other conductive material. In the example of
FIG. 3, contacts 18-1 and 18-2 have been formed on
opposing ends of housing 25. Other configurations for the
contacts in SMT device 16’ may be used if desired.

An electrical component such as a resistor,
capacitor, or inductor (or a circuit formed from multiple
circuit components) may be housed within housing 25.
Housing 25 may be characterized by a length L, and width
W, and a thickness T. For example, in a “02017” SMT
component, the value of L may be 0.6 mm and the value of W
may be 0.3 mm. In a “1005” SMT component, the value of L
may be 0.4 mm and the value of W may be 0.2 mm. Other
types of packages may be used if desired. The use of 0201
and 1005 packages is merely illustrative. Thickness T may
be less than W (as an example).

An illustrative noise-reducing circuit that may
be formed using stacked SMT components is shown in FIG. 4.
As shown in FIG. 4, noise-reducing circuit 26 may include
three capacitors Cl, C2, and C3 connected in parallel
between line 28 and line 30. Line 28 may be connected to
contact (pin) Pl and line 30 may be connected to contact
P2. When mounted on printed circuit substrate 12,

contacts Pl and P2 may be soldered or otherwise connected
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to corresponding printed circuit contact pads.

In an illustrative arrangement, line 30 may
carry a ground power supply voltage and line 28 may carry
a positive power supply voltage (as an example). A
circuit such as circuit 26 may be formed on each power
supply input for an integrated circuit. If, as an
example, one of integrated circuits 14 of FIG. 1 has 10
power supply inputs, ten respective circuits such as
circuit 26 may be included on printed circuit board 12,
each of which may be coupled to a respective one of the
power supply inputs using traces 24.

FIG. 5 is a perspective view of an illustrative
component 16 of the type that may be used in implementing
circuit 26 of FIG. 4. As shown in FIG. 5, component 26
may be formed from three stacked SMT components 16A, 16B,
and 16C. Component 16A may be a capacitor such as
capacitor Cl1 of FIG. 4. Component 16B may be a capacitor
such as capacitor C2 of FIG. 4. Capacitor C3 of FIG. 4
may be implemented using component 16C. FEach of
components 16A, 16B, and 16C may have a respective pair of
terminals 18. Contacts 18 of component 16C may form
contacts P1 and P2 for stacked component 16. Contacts Pl
and P2 of component 16 may correspond to terminals Pl and
P2 of circuit 26 of FIG. 4. Printed circuit board 12 may
contain traces 24 that form printed circuit contacts that
are coupled to contacts Pl and P2.

Terminals 18 at one end of component 16 may be
shorted together and to contact Pl on printed circuit
board 12 using conductive material 20 (FIG. 2). Terminals
18 at the opposing end of component 16 may be shorted to
each other and to contact P2 using conductive material 20.
If desired, one of the SMT components may be omitted

(e.g., to form a circuit with two capacitors in parallel,

11
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rather than three) or additional SMT components may be
added in parallel (e.g., to form a version of component 16
with four or more parallel capacitors). Moreover, stacked
component arrangements of the type shown in FIG. 5 may be

used with other types of SMT components (e.g., resistors,

inductors, etc.) in addition to or instead of using
capacitors. The example of FIGS. 4 and 5 is merely
illustrative.

Another illustrative noise-reducing circuit that
may be formed using stacked SMT components is shown in
FIG. 6. As shown in FIG. 6, circuit 26 may include
capacitors Cl and C2 connected in parallel between line 28
and line 30. Resistor R may be coupled within line 28
between contact Pl and contact P2. Line 30 may be coupled
to contact P3.

Line 28 may be coupled between contacts Pl and
P2. Line 30 may be coupled to contact P3. Line 30 may,
as an example, carry a ground power supply voltage and
line 28 may, as an example, carry a positive power supply
voltage. A circuit such as circuit 26 of FIG. 6 may, if
desired, be coupled to each power supply path associated
with an integrated circuit on substrate 12 to reduce power
supply noise. Resistor R may have contacts A and B,
capacitor Cl may have contacts C and D, and capacitor C2
may have contacts E and F.

FIGS. 7 and 8 are perspective views of an
illustrative component 16 of the type that may be used in
implementing circuit 26 of FIG. 6. As shown in FIGS. 7
and 8, component 16 may be formed from three stacked SMT
components 16A, 16B, and 16C. Component 16A may be a
resistor such as resistor R of FIG. 6 and may have
associated contacts A and B (i.e., contacts A and B of

FIG. 6). Component 16B may be a capacitor such as

12
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capacitor Cl of FIG. 6 and may have contacts C and D
(i.e., contacts C and D of FIG. 6). Capacitor C2 of FIG.
6 may be implemented using component 16C and may have
contacts E and F (i.e., contacts E and F of FIG. 06).
Contact F may form contact P3 for component 16, contacts C
and B may form contact P2 for component 16, and contact A
may form contact Pl for component 16. FIGS. 9 and 10 are
side views of component 16 of FIGS. 7 and 8.

FIGS. 11 and 12 are perspective views of another
illustrative component 16 of the type that may be used in
implementing circuit 26 of FIG. 6. As shown in FIGS. 11
and 12, component 16 may be formed from three stacked SMT
components 16A, 16B, and 16C. Component 16A may be a
resistor such as resistor R of FIG. 6 and may have
associated contacts A and B (i.e., contacts A and B of
FIG. 6). Component 16B may be a capacitor such as
capacitor Cl of FIG. 6 and may have contacts C and D
(i.e., contacts C and D of FIG. 6). Capacitor C2 of FIG.
6 may be implemented using component 16C and may have
contacts E and F (i.e., contacts E and F of FIG. 06).
Contact A may form contact Pl for component 16, contact B
may form contact P2 for component 16, and contact F may
form contact P3 for component 16.

Another illustrative noise-reducing circuit that
may be formed using stacked SMT components is shown in
FIG. 13. As shown in FIG. 13, circuit 26 may include two
capacitors Cl and C2. Capacitor Cl may be connected
between contact Pl on line 28 and contact P3 on line 30
and may have contacts A and B. Capacitor C2 may be
connected between contact P2 on line 28 and contact P3 on
line 30 and may have contacts E and F. Inductor L may be
coupled in series between contacts Pl and P2 and may have

contacts C and D. Circuit 26 of FIG. 13 may be used to
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reduce power supply noise on board 12.

FIG. 14 is a perspective view of an illustrative
component 16 of the type that may be used in implementing
circuit 26 of FIG. 13. As shown in FIG. 14, component 16
may be formed from three stacked SMT components 16A, 16B,
and 16C. Component 16A may be a capacitor such as
capacitor Cl of FIG. 13. Component 16B may be a capacitor
such as capacitor C2 of FIG. 13. Component 16C may be an
inductor such as inductor L of FIG. 13.

As shown in FIG. 14, contact A may form contact
P1 for component 16, contact E may form contact P2 for
component 16, and contacts B and F may form contact P3 for
component 16.

FIG. 15 is a circuit diagram of another
illustrative noise-reducing circuit that may be formed
using stacked SMT components. As shown in FIG. 15,
circuit 26 may include three capacitors Cl, C2, and C3.
Capacitor Cl may be connected between contact Pl and
contact P3 on line 30 and may have contacts A and B.
Capacitor C2 may be connected between contact P2 on line
28 and contact P3 on line 30 and may have contacts E and
F. Capacitor C3 may be connected between contact P2 on
line 28 and contact P3 on line 30 and may have contacts G
and H. Inductor L may be coupled in series between
contacts Pl and P2 within line 28 and may have contacts C
and D. Circuit 26 of FIG. 15 may be used to reduce power
supply noise on power supply lines 28 and 30 and may be
coupled to the power supply inputs of integrated circuits
such as integrated circuits 14 of FIG. 1 (as an example).

FIG. 16 is a perspective view of an illustrative
component 16 of the type that may be used in implementing
circuit 26 of FIG. 15. As shown in FIG. 16, component 16

may be formed from four stacked SMT components 16A, 16R,

14
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16C, and 16D. Component 16A may be a capacitor such as
capacitor Cl1 of FIG. 15. Component 16B may be a capacitor
such as capacitor C2 of FIG. 15. Component 16C may be a
capacitor such as capacitor C3 of FIG. 15. Component 16D
may be an inductor such as inductor L of FIG. 15.

FIGS. 17 and 18 are side views of component 16
of FIG. 16.

As shown in FIGS. 16, 17, and 18, contact Pl of
component 16 may be formed from contact A on component
16A, contact P2 of component 16 may be formed from contact
E on component 16B, and contact P3 of component 16 may be
formed from contact B of component 16A and contact F of
component 16B.

FIG. 19 is a circuit diagram of another
illustrative noise-reducing circuit that may be formed
using stacked SMT components. Circuit 26 of FIG. 19 may
be used to reduce power supply noise on power supply lines
28 and 30 (as an example). As shown in FIG. 19, circuit
26 may include two capacitors Cl and C2 and a resistor R.
Resistor R may have contacts A and B, capacitor Cl may
have contacts C and D, and capacitor C2 may have contacts
E and F. Resistor R and capacitor Cl may be connected in
series between contact Pl on line 28 and contact P2 on
line 30. Capacitor C2 may be coupled in parallel with
resistor R and capacitor Cl.

FIG. 20 is a perspective view of an illustrative
component 16 of the type that may be used in implementing
circuit 26 of FIG. 19. As shown in FIG. 20, component 16
may be formed from three stacked SMT components 16A, 16B,
and 16C. Component 16A may be a resistor such as resistor
R of FIG. 19. Component 16B may be a capacitor such as
capacitor Cl1 of FIG. 19. Component 16C may be a capacitor
such as capacitor C2 of FIG. 19.

15
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As shown in FIG. 20, contact Pl of component 16
may be formed from contact E of component 16C and contact
P2 of component 16 may be formed from contact F of
component 16C.

Components 16 such as packed components and
individual components that are mounted to a substrate 12
(e.g., a printed circuit substrate) may be subject to
manufacturing constraints. Component placement equipment
such as SMT component placement tools may include robotic
equipment that is used to place the components on
substrate 12. The components may, for example, be
provided to the component placement egquipment in tape and
reel arrangements. The component placement equipment may
have operating tolerances that constrain how closely the
components can be placed on a printed circuit substrate.
Components such as components 16 may be further compacted
using compression tools to more efficiently use available
substrate area.

FIG. 21 is a perspective view of an illustrative
electrical system in which some of components 16 on
substrate 12 form packed component groups 102. As shown
in FIG. 21, packed component groups 102 may include
multiple components 16 (e.g., two, three, four or more
components) that are mounted adjacent to each other on
substrate 12. Components 16 of each component group 102
may be directly in contact with each other. For example,
a first component 16 may include contacts that are
connected to contacts of a second component 16. This
example is merely illustrative. Contacts of components 16
may be connected to contact pads of printed circuit board
16 (e.g., to form circuits such as noise suppression
circuit 26 of FIG. 4). If desired, components 16 of a

component group may be separated by an air gap or an
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insulator to electrically isolate contacts of the
components.

FIG. 22 is a diagram of illustrative steps that
may be performed to form a group of adjacent components
(e.g., a component group 102 of FIG. 21). During step
112, components 16 may be placed on substrate 12 using
component placement tools 110 as shown by arrows 114.
Component placement tools 110 may include SMT component
placement tools (e.g., pick and place tools). Component
placement tools 110 may have operational tolerances that
constrain how closely components 16 may be placed on
substrate 12. In the example of FIG. 22, manufacturing
constraints may require that components 16 are separated
by distance D when placed on substrate 12.

During subsequent step 118, the locations of
components 16 may be adjusted using component positioning
tools 116 to desired locations on printed circuit
substrate 12. Component positioning tools may include
automated robotic positioning tools or manual positioning
tools for adjusting the locations of components 16 on
printed circuit substrate 12.

In the example of FIG. 22, component positioning
tools 116 may be used to push components 16 together to
form desired connections between contacts 124 and contact
pads 125. The locations of components 16 may be adjusted
so that some components directly contact other components
(e.g., contacts 124 of those components may touch). Gaps
such as gap 122 may be maintained between other contacts
124. The example of FIG. 22 in which gap 122 is
maintained is merely illustrative. Adjacent components 16
of group 102 may be separated by a gap such as gap 122 or
may be directly connected to each other (e.g., electrical

connections may be formed by direct contact between
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contacts 124 of components 16).

Molding tools 126 may then be used to deposit a
layer of insulating material 130 over components 16 of
group 102 as shown in step 128. Insulating materials 130
may include thermoset and thermoplastic materials such as
plastics or other polymers. Molding tools 126 may include
injection molding tools, insert molding tools, matrix
molding tools, compression molding tools, transfer molding
tools, and other tools suitable for molding insulating
materials 130 into a desired configuration.

Insulating materials 130 may cover components 16
and may help protect components 16. Insulating materials
130 may provide structural support and help to maintain
the positioning of components 16 (e.g., to maintain
connections between contacts 124 and between contacts 124
and corresponding substrate contact pads 125). Traces
such as traces 24 of FIG. 21 may be used to convey signals
between components 16 and other circuitry on substrate 12
via contact pads 125. 1Insulating materials 130 may fill
gaps such as gap 122 to help electrically isolate some of
components 16.

If desired, components 16 may be mounted within
intermediate layers between printed circuit substrate
layers. FIG. 23 is a diagram of illustrative steps that
may be performed to mount components 16 within an
intermediate layer 140. At initial step 142, components
16 may be mounted to substrate 12 which may serve as a
first substrate layer. Components 16 may be covered with
a layer of insulating material 140. Insulating materials
140 may, for example, include dielectric materials such as
resin.

Substrate 12 may include contacts such as

contact pad 125A. As shown in step 146, cutting tools 144
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may be used to form an opening 148 in intermediate layer
140 over contact pad 125A (e.g., so that contact pad 125A
is exposed). Opening 148 may have a substantially
circular cross section or any other desired cross-
sectional shapes. Cutting tools 34 may include drilling
tools, sawing tools, laser cutting tools, or other
machining or cutting tools suitable for forming opening
148 in insulating layer 140.

Conductive material 152 may be subsequently
deposited to fill opening 148 using deposition tools 150
during step 154. Deposition tools 150 may include
spraying tools, physical or chemical vapor deposition
tools, electroplating tools or any desired deposition
tools for depositing conductive materials to fill opening
148. Conductive material 152 may include silver, metals
such as copper, or other conductive materials. For
example, conductive material 152 may include paste formed
from silver, metals, or other conductive materials.

A second printed circuit substrate layer 156 may
be formed over intermediate layer 140. Substrate layer
156 may include contacts such as contact pad 125B formed
on a rear surface of substrate layer 156 and may have
components 16 that are mounted to a front surface.
Contact 125B may be coupled to component 16 on the front
surface of substrate layer 156 via traces 158 in substrate
layer 156. Conductive material 152 may form a conductive
via that electrically couples contact pad 125B of
substrate layer 156 to contact pad 125B through
intermediate layer 140 (e.g., an intermediate layer that
includes components such as components 16). Circuitry
such as circuitry 26 of FIGS. 4 and 6 may be formed from
components 16 on multiple printed circuit substrates

(e.g., substrates 12 and 156).
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The example of FIG. 23 in which components 16
are mounted on first and second stacked printed circuit
layers is merely illustrative. If desired, multiple
printed circuit layers may be stacked to help accommodate
multiple components within a limited printed circuit
substrate area. For example, two, three, or more printed
circuit substrate layers such as layers 12 and 156 may be
stacked with intervening dielectric layers 140. In this
scenario, components may be mounted on each printed
circuit substrate layer (e.g., within the intervening
dielectric layers) and may form circuits that span
multiple printed circuit substrate layers.

Integrated circuits such as integrated circuit
14 of FIG. 21 may include respective integrated circuit
dies. The integrated circuit may include surface contacts
that are formed at a predetermined pitch (i.e., spacing
between the contacts may be predetermined). The pitch may
be determined by process and/or design constraints. For
example, an integrated circuit design may require a
corresponding number of contacts for conveying input-
output signals for circuitry on the integrated circuit
die. If the number of contacts required by a design
increases for a given integrated circuit die area, the
pitch of the contacts may be reduced to accommodate the
increased number of contacts. As another example, process
constraints (e.g., constraints associated with limitations
of fabrication tools) may require a minimum pitch for the
integrated circuit contacts. In other words, process
constraints may limit the maximum number of contacts
allowed for a given integrated circuit die area.

In some scenarios, the area required to provide
sufficient input-output contacts for an integrated circuit

design at a given pitch may be smaller than the area
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required to implement the circuitry of the integrated
circuit. In these scenarios, the integrated circuit may
sometimes be referred to as a die-limited integrated
circuit, because the integrated circuit area is determined
by the die area (e.g., instead of the area required to
provide a sufficient number of input-output contacts at
the given pitch).

To help conserve limited printed circuit
substrate area, die-limited integrated circuits may be
mounted to a printed circuit substrate via an intervening
interposer. FIG. 24 is an illustrative cross-sectional
diagram of an integrated circuit 14 that is mounted to
substrate 12 via interposer 162 as shown in FIG. 24.
Integrated circuit 14 may include an integrated circuit
die 164 having contacts 168 formed at a first pitch (i.e.,
contacts 168 may be separated by distance Wl). As an
example, contacts 168 may be formed at a 0.4 mm pitch for
which distance W1 is 0.4 mm.

Integrated circuit 14 may include a routing
layer 166 that covers integrated circuit die 164. Routing
layer 166 may include traces 170 that electrically couple
contacts 168 to corresponding contacts 172. Routing
layer 166 may sometimes be referred to as a redistribution
layer (RDL) because input-output signals of contacts 168
of die 164 are redistributed to contacts 172 of
redistribution layer 166.

Contacts 172 of redistribution layer 166 may be
formed at a second pitch that is smaller than the first
pitch (e.g., contacts 172 may be separated by distance W2
that is smaller than distance Wl). For example, contacts
172 may be formed at a pitch that is less than 0.4 mm such
as 0.3 mm or 0.25 mm. If desired, contacts 172 may be

smaller than contacts 168 (e.g., contacts 172 may cover
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respective areas of integrated circuit 14 that are smaller
than area covered by a single contact 168.

By redistributing input-output signals of
contacts 168 to contacts 172 having a reduced pitch,
additional contacts such as contact 174 may be
accommodated on the surface of integrated circuit 14. 1In
the example of FIG. 24, contacts 172 are formed in a
central portion 176 of redistribution layer 166, whereas
additional contact 174 is formed at a peripheral portion
178. This example is merely illustrative. Contacts 172
and 174 may be formed in any desired location on the rear
surface of integrated circuit 14.

Interposer 162 may serve as a raised platform on
which integrated circuit 14 is mounted. Interposer 162
may include semiconductors such as silicon (as an
example). Interposer 162 may include contacts 180 that
mate with corresponding contacts 172 of integrated circuit
14 via connections 172 (e.g., microbumps, solder balls,
etc.). Conductive vias 182 may be formed through
interposer 162 that couple contacts 180 to contacts 184.
For example, interposer 162 may be formed from a silicon
substrate. In this scenario, contacts 180 and 184 may be
formed on opposing front and rear surfaces of the silicon
substrate, whereas conductive vias 182 may be formed
through the silicon substrate (e.g., vias 182 may be
through-silicon vias).

Interposer 162 may be mounted to printed circuit
substrate 12 via connections 186. Connections 186 may be
formed from solder balls between contacts 184 of
interposer 162 and corresponding contacts 188 of printed
circuit substrate 12. 1If desired, connections 186 may be
formed from pre-formed solder structures that are

subsequently reflowed or formed by ink-jetting solder (as
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examples) .

Interposer 162 may be sufficiently tall to allow
components 16 to be mounted underneath peripheral regions
of integrated circuit 14. Combined height H of interposer
162 and connections 172 and 186 may provide sufficient
height for components 16 (e.g., components 16E and 16F) to
be mounted to printed circuit substrate 12 under
peripheral portions 178 of integrated circuit 14 (e.g.,
portions of integrated circuit 14 that extend beyond the
borders of interposer 162). In other words, height H may
be greater than the heights of components 16F and 16E.

For example, components 16E and 16F may have heights
between 0.3 mm and 0.6 mm and height H may be greater than
0.6 mm.

Components 16 may include contacts 18 and may be
mounted to printed circuit substrate 12 via connections
186 (e.g., solder balls or structures between contacts 18
and corresponding contacts 188 of printed circuit
substrate 12). Components 16 may, for example, be SMT
components that are surface mounted to printed circuit
substrate 12.

Contacts 18 of components 16 may be coupled to
printed circuit substrate 12 and/or integrated circuit 14.
In the example of FIG. 24, component 16E may include two
contacts 18 that are coupled to contacts 188 of printed
circuit substrate 12 via connections 186. Component 16F
may include a first contact that is coupled to printed
circuit substrate 12 and a second contact that is coupled
to integrated circuit 14 via connection 190. Connection
190 may be formed similar to connection 172 or may be
formed from a wire bond between the second contact 18 of
component 16F and contact 174 of integrated circuit 14.

Contact 174 of integrated circuit 14 may be formed on
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redistribution layer 166 and may be coupled to contacts
168 and/or 172 via traces 170 of layer 166.

The example of FIG. 24 in which component 16E is
coupled to printed circuit substrate 12 and component 16F
is coupled to integrated circuit 14 and printed circuit
substrate 12 is merely illustrative. If desired,
components 16 may be mounted under peripheral portions 178
of integrated circuit 14 using any desired arrangement to
more efficiently utilize available area on printed circuit
substrate 12. For example, components 16 may include
contacts 18 that are coupled to printed circuit substrate
12, redistribution layer 166 of integrated circuit, or any
desired combination of substrate 122 and layer 166.

FIG. 25 is an illustrative top-down view of
circuitry 10 that may include integrated circuit 14
mounted to substrate 12 via interposer 162 and components
16 that are covered by integrated circuit 14. As shown in
FIG. 25, some components such as components 16E and 16F
may be entirely covered by integrated circuit 14 whereas
other components such as components 16G and 16H may be
partially covered by integrated circuit 14. Other
components 16 may be exposed (i.e., not covered by
integrated circuit 14).

FIG. 26 is a flow chart 200 of illustrative
steps that may be performed to mount an integrated circuit
to a printed circuit substrate so that at least one
component on the printed circuit substrate is covered by
the integrated circuit.

During the operations of step 202, an integrated
circuit die may be formed (e.g., fabricated) having
integrated circuit die contacts. The die contacts may be
formed at a predetermined pitch. For example, integrated

circuit die 164 of FIG. 24 may be formed having contacts
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168 that are separated by distances Wl.

During step 204, a redistribution layer may be
formed having a central portion and a peripheral portion.
The central portion may include contacts that are coupled
to the integrated circuit die contacts through the
redistribution layer. For example, redistribution layer
166 of FIG. 24 may be formed having contacts 172 that are
coupled to contacts 168 of integrated circuit die 164 via
traces 170. The redistribution layer may include
additional contacts such as contact 174 formed on the
peripheral portion of the redistribution layer. The
contacts of the redistribution layer may be formed at a
smaller pitch than the integrated circuit die contacts to
accommodate the additional contacts on the peripheral
portion.

During step 206, components and an interposer
may be mounted to a printed circuit substrate. For
example, components 16 such as surface-mount components
and interposer 162 may be mounted to contacts 188 of
printed circuit substrate via connections 186. Some of
the components may be mounted adjacent to the interposer
(e.g., in areas that would have been occupied by the
integrated circuit die if mounted to the printed circuit
substrate without the interposer).

During step 208, the integrated circuit die may
be attached to the printed circuit substrate via the
interposer so that components that are adjacent to the
interposer are covered by the integrated circuit die. For
example, integrated circuit die 14 of FIG. 25 may be
mounted to the interposer 12 so that components 16E and
16F are covered and components 16G and 16H are partially
covered.

Area may be conserved on a printed circuit
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substrate by providing recesses in the printed circuit
substrate under integrated circuits and mounting
components within the recesses. FIG. 27 is an
illustrative cross-sectional view of a printed circuit
substrate 12 with a recess 212. 1Integrated circuit 14 may
be mounted over recess 212 via connections 214 (e.g.,
solder balls or structures formed between contacts of
integrated circuit 14 and corresponding contacts of
printed circuit substrate 12).

Integrated circuit 14 may be coupled to printed
circuit substrate 12 at peripheral regions (portions) 216
of integrated circuit 14. Integrated circuit 14 may, for
example, be a die-limited integrated circuit such as a
memory integrated circuit (e.g., a NAND memory integrated
circuit or other memory integrated circuits in which
integrated circuit area is determined by the size of
circuitry on the integrated circuit). In this scenario,
input-output signals of integrated circuit 14 may be
routed to peripheral regions 216 and connections 214 using
a redistribution layer similar to redistribution layer 166
of FIG. 24.

Central region 218 of integrated circuit may
cover recess 212 and components 16 that are mounted to
recessed portion 220 of printed circuit substrate 12.
Components 16 may be mounted to recessed portion 220 via
connections 214. Additional components 16 may be mounted
to printed circuit substrate 12 outside of recessed
portion 220. For example, component 16I may be mounted to
a top surface of substrate 12 and is not covered by
integrated circuit 14. Components 16 and integrated
circuit 14 may be electrically coupled via traces 190 of
printed circuit substrate 12.

FIG. 28 is an illustrative perspective view of
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circuitry 10 showing how a printed circuit substrate 12
may include a recess 212 (e.g., recess 212 of FIG. 27).
As shown in FIG. 28, components 16 may be mounted on
recessed portion 220 of substrate 12. As shown in FIG.
29, integrated circuit 14 may cover recessed portion 220
of substrate 12 and components 16 that are mounted on
recessed portion 220.

In accordance with an embodiment, apparatus is
provided that includes a printed circuit board having
printed circuit board contacts, and an electrical
component formed from a plurality of stacked surface mount
technology components on the printed circuit board, the
plurality of stacked surface mount technology components
includes at least a first surface mount technology
component having first component contacts and a second
surface mount technology component having second component
contacts, the first surface mount technology component is
mounted to the printed circuit board so that at least one
of the first component contacts is coupled to at least one
of the printed circuit board contacts and the second
surface mount technology component is mounted on the first
surface mount technology component so that none of the
second component contacts are coupled to the printed
circuit board contacts.

In accordance with another embodiment, the first
surface mount technology component includes a surface
mount technology capacitor and the second surface mount
technology component includes a surface mount technology
capacitor.

In accordance with another embodiment, the
electrical component includes a third surface mount
technology component that is mounted on top of the second

surface mount technology component.
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In accordance with another embodiment, the
first, second, and third surface mount technology
components are coupled using solder.

In accordance with another embodiment, the
electrical component is configured to form a noise-
reducing circuit.

In accordance with another embodiment, the
apparatus includes an integrated circuit on the printed
circuit board, the integrated circuit includes a power
supply input and the electrical component is configured to
reduce noise on the power supply input.

In accordance with an embodiment, apparatus is
provided that includes a printed circuit board having
printed circuit board contacts, and an electrical
component formed from a plurality of stacked surface mount
technology components on the printed circuit board, the
plurality of stacked surface mount technology components
includes at least a first surface mount technology
component having first component contacts, a second
surface mount technology component having second component
contacts, and a third surface mount technology component
having third component contacts, the electrical component
has first, second, and third terminals coupled to the
printed circuit board contacts, the first terminal is
formed from one of the component contacts of the first
surface mount technology component, the second terminal is
formed from one of the component contacts of the second
surface mount technology component, and the third terminal
is formed form one of the component contacts of the third
surface mount technology component.

In accordance with another embodiment, at least
one of the component contacts of the third surface mount

technology component is coupled to at least one of the
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component contacts of the second surface mount technology
component.

In accordance with another embodiment, at least
two of the component contacts of the third surface mount
technology component are respectively coupled to at least
two of the component contacts of the second surface mount
technology component.

In accordance with another embodiment, the
apparatus includes an integrated circuit on the printed
circuit board, the integrated circuit includes a power
supply input and the electrical component is configured to
reduce noise on the power supply input.

In accordance with another embodiment, the first
surface mount technology component includes a resistor,
the second surface mount technology component includes a
capacitor, and the third surface mount technology
component includes a capacitor.

In accordance with another embodiment, the first
surface mount technology component includes an inductor,
the second surface mount technology component includes a
capacitor, and the third surface mount technology
component includes a capacitor.

In accordance with an embodiment, apparatus is
provided that includes a printed circuit board having
printed circuit board contacts, and an electrical
component formed from a plurality of horizontally stacked
surface mount technology components on the printed circuit
board, the plurality of stacked surface mount technology
components includes at least a first surface mount
technology component having first component contacts, a
second surface mount technology component having second
component contacts, a third surface mount technology

component having third component contacts, and a fourth
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surface mount technology component having fourth component
contacts, the electrical component has first, second, and
third terminals coupled to the printed circuit board
contacts, the first terminal is formed from a first of the
component contacts of the first surface mount technology
component, the third terminal is formed from a second of
the component contacts of the first surface mount
technology component, and the second terminal is formed
from one of the component contacts of the second surface
mount technology component.

In accordance with another embodiment, the
apparatus includes an integrated circuit on the printed
circuit board, the integrated circuit includes a power
supply input and the electrical component is configured to
reduce noise on the power supply input.

In accordance with another embodiment, the first
surface mount technology component includes a capacitor
and the second surface mount technology component includes
a capacitor.

In accordance with another embodiment, the third
surface mount technology component includes a capacitor.

In accordance with another embodiment, the
fourth surface mount technology component includes an
inductor.

In accordance with an embodiment, apparatus is
provided that includes a printed circuit board having
printed circuit board contacts, and an electrical
component formed from a plurality of horizontally stacked
surface mount technology components on the printed circuit
board, the plurality of stacked surface mount technology
components includes at least a first surface mount
technology component having first component contacts, a

second surface mount technology component having second
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component contacts, and a third surface mount technology
component having third component contacts, the electrical
component has first, second, and third terminals coupled
to the printed circuit board contacts, the first terminal
is formed from a first of the component contacts of the
first surface mount technology component and the second
terminal is formed from one of the component contacts of
the third surface mount technology component.

In accordance with another embodiment, at least
one of the component contacts of the first surface mount
technology component is coupled to at least one of the
component contacts of the second surface mount technology
component.

In accordance with another embodiment, the
apparatus includes an integrated circuit on the printed
circuit board, the integrated circuit includes a power
supply input and the electrical component is configured to
reduce noise on the power supply input.

In accordance with another embodiment, the first
surface mount technology component includes a resistor,
the second surface mount technology component includes a
capacitor, and the third surface mount technology
component includes a capacitor.

In accordance with an embodiment, apparatus is
provided that includes a printed circuit board, a
component mounted to the printed circuit board, an
interposer mounted to the printed circuit board, and an
integrated circuit mounted to the interposer, the
integrated circuit covers at least a portion of the
component.

In accordance with another embodiment, the
interposer includes through-silicon vias that couple the

integrated circuit to the printed circuit board.
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In accordance with another embodiment, the
integrated circuit includes an integrated circuit die
having a first set of contacts formed at a first pitch,
and a redistribution layer on the integrated circuit die
that includes a second set of contacts formed at a second
pitch, the redistribution layer includes traces that
couple the first set of contacts to the second set of
contacts.

In accordance with another embodiment, the
redistribution layer includes a central portion and a
peripheral portion, the second set of contacts are formed
on the central portion, and the second set of contacts are
connected to the interposer.

In accordance with another embodiment, the
integrated circuit covers a first area on the integrated
circuit and the interposer covers a second area on the
integrated circuit that is smaller than and overlaps with
the first area.

In accordance with another embodiment, the
component includes a surface mount component.

In accordance with an embodiment, apparatus is
provided that includes a printed circuit substrate having
a recessed portion, at least one component mounted on the
recessed portion of the printed circuit substrate, and an
integrated circuit mounted over the recessed portion of
the printed circuit substrate and the component.

In accordance with another embodiment, the
integrated circuit includes a central portion and
peripheral portions, the central portion of the integrated
circuit covers the recessed portion of the printed circuit
substrate and the component and the peripheral portions
are mounted to the printed circuit substrate.

In accordance with another embodiment, the

32



10

15

20

25

30

WO 2014/051848 PCT/US2013/052389

component includes a surface mount component.

In accordance with another embodiment, the
printed circuit substrate includes traces that couple the
integrated circuit to the component.

In accordance with another embodiment, the
apparatus includes an additional component mounted to the
printed circuit substrate outside of the recessed portion.

In accordance with an embodiment, a method of
mounting components to a printed circuit board, the method
is provided that includes with component placement tools,
placing a first component on the printed circuit board,
with the component placement tools, placing a second
component on the printed circuit board, with component
positioning tools, pushing the first and second components
to contact each other, and depositing a dielectric layer
over the first and second components.

In accordance with another embodiment, the first
and second components each include contacts and pushing
the first and second components to contact each other
includes pushing the first and second components so that a
first contact of the first component touches a second
contact of the second component.

In accordance with another embodiment,
depositing a dielectric layer over the first and second
components includes injection molding plastic over the
first and second components.

In accordance with another embodiment, the
method defined includes with the component placement
tools, placing a third component on the printed circuit
board, and with the component positioning tools,
positioning the first, second, and third components so
that the second component is adjacent to the third

component and separated by a gap from the third component,
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depositing the dielectric layer over the first and second
components includes depositing the dielectric layer over
the first, second, and third components to fill the gap
between the second and third components.

The foregoing is merely illustrative of the
principles of this invention and various modifications can
be made by those skilled in the art without departing from

the scope and spirit of the invention.
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What 1s Claimed is:

1. Apparatus, comprising:

a printed circuit board having printed
circuit board contacts; and

an electrical component formed from a
plurality of stacked surface mount technology components
on the printed circuit board, wherein the plurality of
stacked surface mount technology components includes at
least a first surface mount technology component having
first component contacts and a second surface mount
technology component having second component contacts,
wherein the first surface mount technology component is
mounted to the printed circuit board so that at least one
of the first component contacts is coupled to at least one
of the printed circuit board contacts and wherein the
second surface mount technology component is mounted on
the first surface mount technology component so that none
of the second component contacts are coupled to the

printed circuit board contacts.

2. The apparatus defined in claim 1 wherein
the first surface mount technology component comprises a
surface mount technology capacitor and wherein the second
surface mount technology component comprises a surface

mount technology capacitor.

3. The apparatus defined in claim 2 wherein
the electrical component comprises a third surface mount
technology component that is mounted on top of the second

surface mount technology component.

4, The apparatus defined in claim 3 wherein

the first, second, and third surface mount technology
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components are coupled using solder.

5. The apparatus defined in claim 1 wherein
the electrical component is configured to form a noise-

reducing circuit.

6. The apparatus defined in claim 1 further
comprising an integrated circuit on the printed circuit
board, wherein the integrated circuit comprises a power
supply input and wherein the electrical component is

configured to reduce noise on the power supply input.

7. Apparatus, comprising:

a printed circuit board having printed
circuit board contacts; and

an electrical component formed from a
plurality of stacked surface mount technology components
on the printed circuit board, wherein the plurality of
stacked surface mount technology components includes at
least a first surface mount technology component having
first component contacts, a second surface mount
technology component having second component contacts, and
a third surface mount technology component having third
component contacts, wherein the electrical component has
first, second, and third terminals coupled to the printed
circuit board contacts, wherein the first terminal is
formed from one of the component contacts of the first
surface mount technology component, wherein the second
terminal is formed from one of the component contacts of
the second surface mount technology component, and wherein
the third terminal is formed form one of the component

contacts of the third surface mount technology component.
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8. The apparatus defined in claim 7 wherein at
least one of the component contacts of the third surface
mount technology component is coupled to at least one of
the component contacts of the second surface mount

technology component.

9. The apparatus defined in claim 7 wherein at
least two of the component contacts of the third surface
mount technology component are respectively coupled to at
least two of the component contacts of the second surface

mount technology component.

10. The apparatus defined in claim 7 further
comprising an integrated circuit on the printed circuit
board, wherein the integrated circuit comprises a power
supply input and wherein the electrical component is

configured to reduce noise on the power supply input.

11. The apparatus defined in claim 10 wherein
the first surface mount technology component comprises a
resistor, wherein the second surface mount technology
component comprises a capacitor, and wherein the third

surface mount technology component comprises a capacitor.

12. The apparatus defined in claim 10 wherein
the first surface mount technology component comprises an
inductor, wherein the second surface mount technology
component comprises a capacitor, and wherein the third

surface mount technology component comprises a capacitor.

13. Apparatus, comprising:
a printed circuit board having printed

circuit board contacts; and

37



WO 2014/051848 PCT/US2013/052389

an electrical component formed from a
plurality of horizontally stacked surface mount technology
components on the printed circuit board, wherein the
plurality of stacked surface mount technology components
includes at least a first surface mount technology
component having first component contacts, a second
surface mount technology component having second component
contacts, a third surface mount technology component
having third component contacts, and a fourth surface
mount technology component having fourth component
contacts, wherein the electrical component has first,
second, and third terminals coupled to the printed circuit
board contacts, wherein the first terminal is formed from
a first of the component contacts of the first surface
mount technology component, wherein the third terminal is
formed from a second of the component contacts of the
first surface mount technology component, and wherein the
second terminal is formed from one of the component

contacts of the second surface mount technology component.

14. The apparatus defined in claim 13 further
comprising an integrated circuit on the printed circuit
board, wherein the integrated circuit comprises a power
supply input and wherein the electrical component is

configured to reduce noise on the power supply input.

15. The apparatus defined in claim 14 wherein
the first surface mount technology component comprises a
capacitor and wherein the second surface mount technology

component comprises a capacitor.

16. The apparatus defined in claim 15 wherein

the third surface mount technology component comprises a
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capacitor.

17. The apparatus defined in claim 16 wherein
the fourth surface mount technology component comprises an

inductor.

18. Apparatus, comprising:

a printed circuit board having printed
circuit board contacts; and

an electrical component formed from a
plurality of horizontally stacked surface mount technology
components on the printed circuit board, wherein the
plurality of stacked surface mount technology components
includes at least a first surface mount technology
component having first component contacts, a second
surface mount technology component having second component
contacts, and a third surface mount technology component
having third component contacts, wherein the electrical
component has first, second, and third terminals coupled
to the printed circuit board contacts, wherein the first
terminal is formed from a first of the component contacts
of the first surface mount technology component and
wherein the second terminal is formed from one of the
component contacts of the third surface mount technology

component.

19. The apparatus defined in claim 18 wherein
at least one of the component contacts of the first
surface mount technology component is coupled to at least
one of the component contacts of the second surface mount

technology component.

20. The apparatus defined in claim 19 further
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comprising an integrated circuit on the printed circuit
board, wherein the integrated circuit comprises a power
supply input and wherein the electrical component is

configured to reduce noise on the power supply input.

21. The apparatus defined in claim 20 wherein
the first surface mount technology component comprises a
resistor, wherein the second surface mount technology
component comprises a capacitor, and wherein the third

surface mount technology component comprises a capacitor.

22. Apparatus, comprising:

a printed circuit board;

a component mounted to the printed circuit
board;

an interposer mounted to the printed
circuit board; and

an integrated circuit mounted to the
interposer, wherein the integrated circuit covers at least

a portion of the component.

23. The apparatus defined in claim 22 wherein
the interposer includes through-silicon vias that couple

the integrated circuit to the printed circuit board.

24. The apparatus defined in claim 22 wherein
the integrated circuit comprises:
an integrated circuit die having a first
set of contacts formed at a first pitch; and
a redistribution layer on the integrated
circuit die that includes a second set of contacts formed
at a second pitch, wherein the redistribution layer

includes traces that couple the first set of contacts to
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the second set of contacts.

25. The apparatus defined in claim 24 wherein
the redistribution layer includes a central portion and a
peripheral portion, wherein the second set of contacts are
formed on the central portion, and wherein the second set

of contacts are connected to the interposer.

26. The apparatus defined in claim 25 wherein
the integrated circuit covers a first area on the
integrated circuit and wherein the interposer covers a
second area on the integrated circuit that is smaller than

and overlaps with the first area.

27. The apparatus defined in claim 22 wherein

the component comprises a surface mount component.

28. Apparatus, comprising:
a printed circuit substrate having a
recessed portion;
at least one component mounted on the
recessed portion of the printed circuit substrate; and
an integrated circuit mounted over the
recessed portion of the printed circuit substrate and the

component.

29. The apparatus defined in claim 28 wherein
the integrated circuit includes a central portion and
peripheral portions, wherein the central portion of the
integrated circuit covers the recessed portion of the
printed circuit substrate and the component and wherein
the peripheral portions are mounted to the printed circuit

substrate.
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30. The apparatus defined in claim 28 wherein

the component comprises a surface mount component.

31. The apparatus defined in claim 28 wherein
the printed circuit substrate includes traces that couple

the integrated circuit to the component.

32. The apparatus defined in claim 28 further
comprising:
an additional component mounted to the

printed circuit substrate outside of the recessed portion.

33. A method of mounting components to a

printed circuit board, the method comprising:

with component placement tools, placing a
first component on the printed circuit board;

with the component placement tools, placing
a second component on the printed circuit board;

with component positioning tools, pushing
the first and second components to contact each other; and

depositing a dielectric layer over the

first and second components.

34. The method defined in claim 33 wherein the
first and second components each include contacts and
wherein pushing the first and second components to contact
each other comprises:

pushing the first and second components so
that a first contact of the first component touches a

second contact of the second component.

35. The method defined in claim 33 wherein
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depositing a dielectric layer over the first and second
components comprises:
injection molding plastic over the first

and second components.

36. The method defined in claim 33 further

comprising:

with the component placement tools, placing
a third component on the printed circuit board; and

with the component positioning tools,
positioning the first, second, and third components so
that the second component is adjacent to the third
component and separated by a gap from the third component,
wherein depositing the dielectric layer over the first and
second components comprises depositing the dielectric
layer over the first, second, and third components to fill

the gap between the second and third components.
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