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FORMED PCB

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/859,712, filed Aug. 19, 2010, which is
hereby incorporated in its entirety. This application claims the
benefit of and claims priority to U.S. patent application Ser.
No. 12/859,712, filed Aug. 19, 2010.

BACKGROUND
[0002] 1. Field of the Described Embodiments
[0003] The described embodiments relate generally to

computing devices such as laptop computers, tablet comput-
ers, and the like. More particularly, internal packaging archi-
tectures involving printed circuit board design are described.
[0004] 2. Description of the Related Art

[0005] In recent years, portable computing devices such as
laptops, PDAs, media players, cellular phones, etc., have
become small, light and powerful. One factor contributing to
this reduction in size can be attributed to the manufacturer’s
ability to fabricate various components of these devices in
smaller and smaller sizes while in most cases increasing the
power and or operating speed of such components. Another
factor contributing to the reduction in size is that from a visual
stand point, users often find compact and sleek designs of
consumer electronic devices more aesthetically appealing
and thus, demand compact and sleek designs. The trend of
smaller, lighter, more compact and powerful presents con-
tinuing challenges in the design portable computing devices
and its associated components.

[0006] One design discipline that enables small and com-
pact devices is the area internal packaging. A particular
device will have a desired form factor and functionality. The
desired form factor determines a size of the housing in which
all of the device components that provide the desired func-
tionality are packaged. The internal packing design involves
minimizing any unused dead-space that does not contribute in
some way to the functioning of the device while still fitting the
needed components in an allotted space dictated by the form
factor. Extra space resulting from an efficient packaging
design can be used to enable other design goals, such as 1)
making the enclosure thinner, 2) making the enclosure or
other components stronger and more shock resistant, 3)
increasing a battery size which can lead to an improved device
performance or 4) addressing thermal issues.

[0007] Typically, a portable computing device includes of
number of components, such as a display, display controller
and a battery, that are a larger than the other internal compo-
nents. The display, display controller and the battery are
usually constrained to a limited range of form factors neces-
sitated by a needed shape necessary to provide its intended
function as well as manufacturing considerations. Thus, in the
packaging design, these components are often placed and
secured within the enclosure in some manner and then the
remaining components needed to provide the portable
devices intended functionality are arranged to fit around them
in some manner. When the display, display controller and
battery are arranged and secured in the housing, a number of
irregularly shaped spaces can remain that are not easily uti-
lized, which can lead to unused dead-space within the device.
Inview of'the foregoing, there is a need for improved internal
component designs that enable more efficient utilization of
the irregularly shaped internal spaces that result when the
larger components of compact portable electronic device are
packaged.
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SUMMARY

[0008] Broadly speaking, the embodiments disclosed
herein describe printed circuit board (PCB) well suited for
use in consumer electronic devices, such as laptops, cell-
phones, netbook computers, portable media players and tab-
let computers. In particular, PCB designs are described that
address packaging issues that can result when a light-weight
consumer electronic device with a thin and compact enclo-
sure is used. Methods for designing and forming the PCBs
and illustrative embodiments of PCBs are described.

[0009] Inone embodiment, the consumer electronic device
can be a thin portable electronic device with a display. The
internal arrangement of the components of the thin portable
electronic device within its enclosure can be viewed as a
number of stacked layers where the display including its
display driver circuitry and the battery occupy some of the
stacked layers. The remaining components, such as but not
limited to a CPU, memory, audio components, a wireless
interface, data connectors, power connectors and associated
circuitry can be arranged to fit in unoccupied layers adjacent
to the display, display circuitry and the battery or in portions
of layers occupied but not totally utilized by these compo-
nents. In particular, PCB designs are described that can allow
various electrical components to be fitted and connected to
one another in the odd spaces that can result in the device
enclosure after the larger devices components are placed and
secured within the enclosure.

[0010] In a particular embodiment, a relatively thin multi-
layered PCB for use in a portable computing device can be
provided. The multi-layered PCB can be formed in a planar
configuration. During assembly of the portable computing
device, the PCB can be bent in certain regions to allow it to be
installed in a non-planar configuration. The bending capabili-
ties can be used more efficiently fit the PCB within available
spaces remaining in the enclosure after larger components,
such as the battery are installed.

[0011] The multi-layered PCB can include a number of
substrate layers and a number of trace layers wherein each
trace layer is formed on top of a substrate layer. To form a
trace layer, a solid layer of a conductive material, such as
copper, can be deposited on top of a substrate layer and then
portions of the solid layer can be removed to form conductive
traces. For a PCB installed in a non-planar configuration, in
regions where more bending forces are anticipated, the con-
ductive traces can be made thicker. The conductive traces can
be used to join components electrically coupled to the PCB.
The components can be located on a top and/or bottom side of
the PCB to fit in an available space or connect to other internal
components as needed.

[0012] The stiffness of the multi-layered PCB can be
locally adjusted to allow the board to be more amenable to
bending in particular regions and more resistant to bending in
other areas. Typically, a trace layer only includes traces used
to join the components coupled to the PCB board where the
excess material not used to form traces is removed. In one or
more of the trace layers excess material can be used to change
the stiffness properties of the PCB. For instance, excess trace
material can be preserved in some trace layer areas to increase
the overall stiffness of the PCB proximate to these areas and
removed in other areas to increase the flexibility of the PCB.
[0013] In particular embodiments, one of the trace layers
can be dedicated solely to adjusting the stiffness properties of
the PCB. The material of the trace layer can be selected
primarily for its stiffness properties rather than for its con-
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ductive properties. In this layer, portions of the layer can be
removed to decrease the stiffness of the PCB and increase the
flexibility of the PCB proximate to where the material is
removed. In one embodiment, a shape memory alloy, such as
nitinol, can be used.

[0014] In one embodiment, a main logic board can be
formed from the multi-layered PCB. The main logic board
can include a first rectangular portion joined to a second
rectangular portion via a narrow connecting portion. Compo-
nents such as a processor, a memory and an audio codec can
be coupled to the main logic board. The main logic board can
be shaped to fit in spaces above and below a top and bottom
portion of the battery and along a side of the battery that
remain after the battery is installed in an enclosure of the
portable computing device. The main logic board can be
installed in a planar or a non-planar configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The embodiments will be readily understood by the
following detailed description in conjunction with the accom-
panying drawings, wherein like reference numerals designate
like structural elements, and in which:

[0016] FIGS. 1A and 1B show a perspective view of a
portable computing device and a block diagram of the por-
table computing device in accordance with the described
embodiments.

[0017] FIGS. 2A, 2B and 2C show a perspective view and
side views of a bendable main logic board in accordance with
the described embodiments.

[0018] FIGS.3A, 3B and 3C show a perspective view, a top
view and a bottom view of a bendable PCB in accordance
with the described embodiments.

[0019] FIGS. 4A-4C show top views of a bendable PCB in
various bend configurations.

[0020] FIGS.5A-5E show side views of a bendable PCB in
various bend configurations.

[0021] FIG. 6A shows a side cross section of a multi-lay-
ered PCB.
[0022] FIGS. 6B shows top views of two trace layers in the

multiplayer PCB of FIG. 6A.

[0023] FIG. 7 is a flow chart of a method of manufacturing
a portable computer device using a multi-layered PCB.
[0024] FIG. 8 is a block diagram of portable computing
device with media playing capabilities in accordance with the
described embodiments.

DESCRIBED EMBODIMENTS

[0025] Reference will now be made in detail to representa-
tive embodiments illustrated in the accompanying drawings.
It should be understood that the following descriptions are not
intended to limit the embodiments to one preferred embodi-
ment. To the contrary, it is intended to cover alternatives,
modifications, and equivalents as can be included within the
spirit and scope of the described embodiments as defined by
the appended claims.

[0026] A first factor that can be considered in the packaging
of a portable computing device with a display and a desired
thin profile is the placement of the larger components, such as
adisplay, a display circuitry and a battery within the housing.
In addition, a placement of the support and/or attachments
structures needed to secure the larger device components to
the housing can be considered. The larger device components
and their associated support structure can be positioned with
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the consideration that sufficient room needs to be provided to
allow various input/output mechanisms, such as volume
switches, power buttons, data and power connectors, audio
jacks to be arranged around the outer edges of the housing. In
the remaining spaces not occupied by the larger components,
other internal components, such as but not limited to a pro-
cessor and memory, speakers, a microphone, a camera and
their associated circuitry boards as well as various connectors
that allow all the device components to be controlled and
operated for their intended functions, can be placed.

[0027] The remaining spaces not occupied by the larger
components can be irregularly shaped and distributed at vari-
ous positions and height levels throughout the enclosure.
Custom shaped components can be designed to fit within
these spaces. Then, the components can be linked to one
another in some manner. For instance, to allow the portable
device to provide its intended functionality, many of the com-
ponents can communicate with a controller board, such as a
main logic board, to receive operating instructions. As
another example, many of the components require power,
which can be supplied from an internal battery via various
power connections. Typically, the space between components
can be used to route data and/or power connections. Thus,
room for needed power and data connections can be consid-
ered in the packaging design of the device.

[0028] One solution for connecting various electrical com-
ponents internally distributed within the housing is to use
flexible connectors (Flexible connectors are often call “flex”
connectors). One disadvantage of flex connectors is an
increase in manufacturing steps. Each time one internal com-
ponent is connected to another internal component by a flex
connector two manufacturing steps are added. One of the
steps can be eliminated in the assembly process by connect-
ing the flex to one of the components during its manufacture.
Nevertheless, during assembly, typically at least one end of
the flex connector needs to be connected to an associated
internal component.

[0029] Another disadvantage of flex connectors is that the
connection points where the flex is connected to a component
can be susceptible to failure during the operation of the
device. For instance, flex connection points can be suscep-
tible to failures resulting from shocks, such as when a device
is dropped, than other types of connections. In addition, dur-
ing assembly, a flex connection point can be improperly
formed which can lead to premature or unanticipated failure
of the device. Thus, the use of flex connectors can introduce
additional instances where a manufacturing error can occur
that reduces the overall reliability of the device.

[0030] As is described in detail herein, to eliminate flex
connectors and yet accommodate the packaging environment
associated thin and compact portable electronic device, bend-
able and contiguously formed PCBs can be used. As an
example, a single contiguous PCB can include two large
portions, such as two rectangular shaped portions, connected
by a portion of the PCB that is much thinner the two rectan-
gular portions. The two large portions of the PCB can be
formed as two separate PCBs and then joined by a flex con-
nector. Instead, a contiguous PCB board can be formed where
connector portion of the PCB can be used in lieu of the flex
connector. The relative thinness of the connector portion can
allow it to be easily bent.

[0031] The larger portions of the PCB can be custom
shaped (e.g., non-rectangular) and sized to fit into spaces that
are available internally within the housing. A length and
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shape of the connector portion of the PCB can be determined
based upon the internal pathways that exist between the
spaces where the larger portions of the PCB are placed. In one
embodiment, the connector portion of the PCB can be bent at
various locations to fit into the internal pathways that can be
available between larger portions of the PCB. In other
embodiments, the larger portions of the PCB can also be bent
to allow them to be fit in an available internal space.

[0032] Theprofile of a portable computing device, the com-
ponents that need to be connected and the positioning of the
various components can affect the available spaces within the
housing that the bendable PCBs described herein can be
shaped to fit and the circuitry that can reside on the bendable
PCBs. Thus, a perspective view of a portable computing
device with an illustrative profile and a block diagram of the
components of the portable computing device are described
with respect to FIGS. 1A and 1B. In one embodiment, a
bendable PCB can be formed as a main logic board. Thus,
with respect to FIGS. 2A, 2B and 2C, a bendable main logic
board including an illustrative placement of the board within
a housing of a portable computing device is described. Other
configurations and placement of a bendable PCB are dis-
cussed with respect to FIGS. 3A, 3B and 3C. With respect to
FIGS. 4A-5E, a number of configurations for a bendable PCB
are illustrated. The stiffness properties of a bendable PCB can
be adjusted by manipulating the formation of one or more the
trace layers in the PCB. The formation and manipulation of
these layers is described with respect to FIGS. 6A-6B. A
method of manufacturing a portable computing device utiliz-
ing a bendable PCB is discussed with respect to FIG. 7.
Finally, a block diagram of portable computing device with
media playing capabilities is described with respect to FIG. 8.
[0033] FIG. 1A shows a perspective view of a portable
computing device 10 with a relatively thin profile in accor-
dance with the described embodiments. The portable com-
puting device 10 can include a housing 100 with an opening
108. A display 104 surrounded by a frame can be positioned
within the opening 108. Display circuitry for the display 104
can be located within the housing 100, such as directly below
the display 104. As described above, the positioning of the
display circuitry can affect the internal spaces that are avail-
able within the housing 100.

[0034] A touch screen can be associated with the display
104. Circuitry associated with the touch screen, such as touch
screen controller, can be located within the housing 100. The
display 104 can be sealed via a cover glass 106. An input
button 114 can be positioned in an opening the glass cover
106. Detection circuitry associated with the input button 114
can be located within the housing 100. In one embodiment,
the input button can be used to return the device 10 to a
particular state, such as a home state.

[0035] A number of input/output mechanisms can be
located around the edges of the housing. For instance, a
data/power connector 118 and audio jack 116 can be located
on a bottom edge of the housing 100 and a power switch 110
can be located on a top edge of the housing 100. The housing
100 can also include openings for speakers and/or micro-
phones. Circuitry supporting these components can be pack-
aged internally within the housing 100. The circuitry can be
embodied on various circuit boards, such as bendable PCBs
described herein, disposed within the housing.

[0036] A block diagram of the device 10 is shown in FIG.
1B. The components described above are typically controlled
by a processor on a main logic board (MLB) 105. Thus,
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various internal connections can be provided that allows data
to move between the MLLB 105 and the various components.
The routing of the internal data connections can depend on
how the various components are packaged including where
the MLB 105 is positioned within the housing 100 and avail-
able internal pathways that result after the positioning of the
various internal device components.

[0037] Inregardsto data connections, the MLB 105 can be
connected to a display controller 120 which is coupled to the
display 104. Further, the MLLB 105 can be coupled to audio
components, such as a speaker, the audio jack 116, a micro-
phone or associated audio support circuitry including an
audio codec. Further, the MLB 105 can be coupled to the
various input devices, such as the touch screen 122, the vol-
ume switch circuitry, the input button circuitry and the power
switch circuitry. In addition, the MLLB 105 can be connected
to various data interfaces that allow it to receive and send
external data, such as the wireless interface 126, which can
include an antenna, and the data/power connector 118.
[0038] Besides data connections, many internal device
components can receive power from an internal power
source, such as battery 130. For instance, the battery 130 can
be coupled to the MLB 105, the display 104, the display
controller 120, the touchscreen 122 and the data/power con-
nector 118. Like the data connections, the routing of the
power connections can depend on the positioning of the vari-
ous internal device components, such as the battery 130 and
the available internal pathways within the housing 100.
[0039] With respect to the following figures, embodiments
of bendable PCBs are described. In one embodiment, the
bendable PCBs can include portions of various sizes that are
shaped to fit within internally available spaces distributed
throughout the housing. The larger sized portions of the PCB
can be joined by thin connector portions that are shaped to fit
within the internal pathways that are available between the
larger portions. The larger portions and the connector por-
tions can be formed as a contiguous PCB. In a particular
embodiment, a main logic board can be formed from a bend-
able PCB as is illustrated in the following figures.

[0040] FIGS. 2A, 2B and 2C show a perspective view and
side views of a bendable MLB 105 in accordance with the
described embodiments. In FIG. 2A, a cross section of hous-
ing 100 is shown. The cross section of the housing 100
includes a length 150 and a width 151. The length 150 and
width 151 can vary for different cross sections depending on
the internal surface profile of the housing 100.

[0041] A battery 130 can be positioned within a center
portion of the housing. In one embodiment, the battery 130
can be positioned and sized such that an internal space is
available proximate to a top end of the battery, an internal
space is available proximate to a bottom end of the battery and
internal space is available along a side of the battery. A MLLB
105 is shaped such that a first portion 105a can fit in the
internal space proximate to the top end of the battery and a
second portion 1055 can fit in the internal space proximate to
the bottom end of the battery. A connector portion 105¢ can
join the first portion 105a and the second portion 1055. The
connector portion 105¢ is thinner and longer than the first and
second portions, 105a and 1055. The connector portion 105¢
is shown routed along an internal pathway on a side of the
battery 130.

[0042] The shapes and positions of the first portion 1054,
the second portion 1055 and the connector portion 105¢ are
provided for the purposes of illustration only and are not
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meant to be limiting. In various embodiments, the first portion
105a and the second portion 1055 of MLB 150 can be larger
or smaller in size than is shown in the figures. Further, the first
portion 1054 can have a different shape and size than the
second portion 1055. Also, the shape of each portion, such as
105a and 1055, can be non-rectangular and include curved
surfaces if desired. In addition, a PCB, such as MLLB 105, can
include two or more larger portions. For instance, a bendable
PCB, such as MLB 105, can include three large portions that
are joined by two connector portions.

[0043] Invarious embodiments, the connector portion 105¢
can be attached to the larger portions, 105a and 1055, at
different locations. For example, the connector portion 105¢
can be attached to the portions 1054 and 1055 near their
center to form more an “I” shape. In this example, the con-
nector 105¢ can be routed over a top or a bottom of the battery
132 if there is an internal pathway available or the casing of
the battery 132 can include a groove on its top surface or
bottom surface that can be used as a pathway for connector
105¢.

[0044] The connector 105¢ does not have to be formed as a
straight line. For example, the connector 105¢ can be formed
to follow a curve path or follow a number of straight line
segments at different angles to one another (e.g., a stepped or
a zigzag path). In another example, the connector 105¢ can
include one or more branches. The branches can be connected
to other circuitry, such as additional PCBs. As is described in
more detail with respect to FIGS. 2C and 4B-5E, after the
connector 105¢ is formed, it can be bent or twisted into
various configurations to follow a particular internal pathway.
For instance, as is described in more detail with respect to
FIG. 2C, it can be bent to traverse different heights within the
device.

[0045] FIG. 2B shows a cross section perpendicular to the
cross section in FIG. 2A with at a constant width value. The
MLB 105 can be positioned at a height 152 below the top of
the battery 130. The first and second portions of the MLB,
105a and 1055, can be sized to fit in the available space
between the top side of the battery 130 and the bottom side of
the battery 130. The connector portion 105¢ can traverse a
side connecting the bottom side and top side of the battery and
is indicated by the dashed lines.

[0046] in one embodiment, as is shown in FIG. 2B, the
MLB 105 can be installed in a planar configuration with a
relatively constant height across the PCB i.e., 1054, 1055 and
105¢ are installed at similar height. In other embodiments, the
MLB can be installed in a non-planar configuration. For
example, in FIG. 2C, the first portion 105¢ is installed at a
height above the top of battery 130 and flush with display 104
and the second portion 1055 is installed at a height below the
top of the battery 130. The connector portion 105¢ traverses
the height difference between the first portion 105a and the
second portion 1054.

[0047] In FIGS. 2A-2C, embodiments of a bendable PCB
configured as a MLB 105 are shown. For the purpose of
illustration, the larger top surface area of the MLB 105 is
shown as installed proximately parallel to the bottom surface
of'the device housing. In other embodiments, abendable PCB
can be installed such that the larger top surface area is proxi-
mately perpendicular to a bottom of the device housing (see
FIG. 3A). In yet other embodiments, a first portion of a
bendable PCB can be installed such that is parallel to the
bottom surface of the housing and a second portion can be
installed such that it is perpendicular to the bottom of hous-

Oct. 3,2013

ing. For example, in FIG. 2A, the portion 105a can be
installed proximately parallel to the bottom of the housing
and connector 105e can be bent through a right angle to allow
connector 1055 to be installed proximately perpendicularto a
bottom surface of the housing. The perpendicular orientations
are described for the purposes of illustration only. An angle at
which each portion of a bendable PCB, such as MLB 105, is
installed can vary and is not limited to installation in a per-
pendicular orientation relative to one another or relative to the
various dimensions of the housing.

[0048] FIG. 3A shows a perspective view of a bendable
PCB 160 installed in a configuration where the larger surface
areas of the PCB are proximately perpendicular to the bottom
ot housing 100. In an unbent position, the PCB 160 is proxi-
mately a rectangular strip, which is shown for the purposes of
illustration as other shapes can be utilized. A top and bottom
view of the PCB 160 in an unbent position is shown in FIGS.
3B and 3C. In FIG. 3A, the PCB 160 is bent around a corner
to fit in a space between the device component 165 and the
housing 100. The device component 165 can be 1) structural
in nature, such as part a frame for securing other internal
components, 2) can be part of device component, such as a
battery, that is installed in the housing or 3) combinations
thereof.

[0049] During assembly, the PCB 160 can be provided as a
flat strip and then can be bent and/or twisted to fit into a
desired space, such as around the corner between the device
component 165 and the housing 100. In one embodiment, the
materials of the PCB 160 can be configured such that it does
not hold its bent shape. Thus, the PCB 160 may have to be
secured for it to remain in its bent position as shown in FIG.
3A.

[0050] As an example, to secure the PCB in a bent shape,
the PCB 160 can be attached to the sides or bottom of housing
100 and/or the sides of device component 165. As another
example, if the space where PCB 160 is placed is sufficiently
narrow, such as the space between the device component 165
and the housing 100, then the PCB 160 can be bent and then
slide into a desired space during the assembly. The bending
moment stored in the PCB 160 (i.e., the PCB 160 will
straighten if unconstrained), can force the PCB 160 against
the sides of the space and can help to secure into the space in
which it has been placed.

[0051] In another embodiment, during assembly, the PCB
160 can be provided as a flat strip. However, the PCB 160 can
be configured such that itholds or partially holds a shape after
bending. The PCB 160 can be configured such that can be
more easily bent in particular regions, such as a region that is
designed to be bent, and stiffer in other regions, such as a
region that is designed to be flat. Details of forming a PCB,
such as 160, with variable stiftness properties is described in
more detail with respect to FIGS. 6A and 6B.

[0052] In yet another embodiment, the PCB 160 can be
formed into its bent shape prior to assembly. For instance, the
PCB 160 can be molded in a bent shape. In another example,
the PCB 160 can be formed in a flat shape but then manipu-
lated into a bent shape prior to assembly of the portable
computing device. Then, a PCB 160 in a bent shape can be
provided for the assembly process.

[0053] In various embodiments, the PCB 106 can include
components that are attached to only a top side of the PCB
160, to only a bottom side of the PCB 160 or to both the top
and bottom of the PCB 160. The attached components can
extend above the surfaces of the PCB 160. The component
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locations can be selected according to the available spaces
within the housing when the PCB 160 is its installed position.
Further, the component locations can be selected based upon
where the intended bending locations are located on the PCB.
In some embodiments, it can be desirable to attach certain
components away from regions that are intended to be sig-
nificantly bent because the bending can damage the compo-
nent or its attachment to the PCB 160.

[0054] FIGS. 3B and 3C show a top and bottom view of
PCB 160. In FIG. 3B, on the top of the PCB 160 components
162a and 1624 are placed near the ends of the PCB 160. In one
embodiment, the components can be placed away from the
bending axis 165 where a bending direction is indicated by
arrow 164 because a large amount of bending may damage a
components attachment to the PCB 160.

[0055] The height clearances associated with each compo-
nent attached to PCB 160, such as components 1624 through
1624, can vary from component to component. For instance,
the component 1625 can extend farther from the top of the
board than component 162a. The height of each component
affects the amount of clearance or space that is needed when
the PCB 160 is installed. This height of each component can
affect where each component is positioned on PCB 160. For
example, when PCB 160 is in an installed position, compo-
nent 16254 is in a location where the PCB 160 extends away
from the device component 165. The component 1625 posi-
tion on PCB 160 can have been selected so that it is located in
this area away from device component 165 when it is installed
because there can be more space available in this region than
in the space between the device component 165 and the
housing 100.

[0056] As described above, PCB 160 can include compo-
nents on its top and bottom surfaces. The layout and number
of components on each of the top and bottom surfaces can be
different than one another. For instance, in FIG. 3B, on the top
surface of PCB 160, two components are attached widely
apart from one another. In FIG. 3C, three components, with
sizes different from one another, are shown attached to a
bottom surface of PCB 160 relatively close to one another as
compared to the components shown in FIG. 3B.

[0057] FIGS. 4A-5E show top and side views of a bendable
PCB 170 in various bend configurations. As described above,
a bendable PCB, such as 170, can be formed in a bent con-
figuration. For example, each of the configurations shown
with respect to FIGS. 4A-5E can be formed in the bent con-
figuration shown each of the figures. In alternative embodi-
ments, the PCB 170 can be formed in an unbent configuration
and then bent to another configuration before or during
assembly. For example, the PCB 170 can be formed in either
of'the configurations shown in FIGS. 4B and 4C and then bent
to the configuration shown in FIG. 4A. As another example,
the PCB 170 can be formed in the configuration shown in
FIG. 4A and then bent around axis 165 according to the
direction 164 to achieve the configurations shown in FIGS.
4B and 4C, respectively.

[0058] A PCB, such as 170, can be configured to return to
its original shape after bending or can be configured to main-
tain or partially maintain a particular bent configuration after
bending takes place. At a particular location, a PCB, such as
170, can be bent through multiple axes. Also, a PCB can be
bent and twisted at a particular location. In FIGS. 5D and 5E
portions 170a and 170c¢ are installed in a configuration at an
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angle to one another and at different heights, this installation
configuration introduces a bend and a twist to portion 1705 of
PCB 170.

[0059] In other embodiments, a PCB, such as 170, can be
bent in multiple locations. For instance, in FIG. 4A, each of
portions 170a, 1705 and 170c¢ can be bent around a particular
axis, in a particular direction and for a particular amount (e.g.,
each portion can be bent through a particular angle amount in
a particular direction about an axis). As another example, in
FIG. 4A, portion 170a, 1705 and/or 170c¢ can each be bent at
multiple locations. For instance, portion 1705 can be bent at
two different locations. Thus, an assembly including an
installation of a particular PCB 170 can include multiple
different bending steps.

[0060] Thebendable PCB 170 can be shaped and/or bent to
fit in a space around a particular object. For instance, in FIG.
5A, a side view of an internal device component 176a is
shown surrounded by PCB 170. The PCB 170 can be bent to
proximately conform to a side perimeter of the component
176a. The side perimeter of component 1764 can include
straight line portions, stepped line portions or curved line
portions. As shown in FIGS. 4B and 4C, the PCB 170 can be
bent to fit around a curved surface, such as when device
component 176« includes a curved side perimeter.

[0061] inFIG. 5B, aside view of a device component 1765
is shown. The PCB 170 can be bent to fit around a top and
bottom surface of component 1765. The component 1765 can
beirregularly shaped. For instance, component 1765 includes
two indentations. Board components 1784 and 1785 are
placed at locations on a top surface of PCB 170 such that
when the PCB 170 is bent around component 1765, the board
components extend into the space provided by the indenta-
tions in the side profile of component 1764.

[0062] inFIG.5C, aside view of a device component 176¢
and a side view of device component 180 are shown. In one
embodiment, the device component 180 can be a structural
component, such as an internal frame. PCB 170 can be bent
around device component 176¢ and device component 180.
Component 1784 can be located on a top surface of PCB 170
and components 1785 can be located on a bottom surface of
PCB170. The components 178a and 1785 can be located to fit
into spaces surrounding device components 176¢ and 180 that
are created by their orientations.

[0063] The PCB 170 is shown bent such that a bottom
surface of PCB 170 is proximately parallel to a side of device
component 176¢. In one embodiment, the bottom surface of
PCB 170 can include a connector. The connector can be
positioned on PCB 170 such that when the PCB 170 is bent in
its installed configuration, the connector aligns with a con-
nector on the side of device 176¢ allowing the two connectors
to be joined. The two connectors can be joined in various
ways. For instance, the two connectors can be configured to
be snapped or to be soldered together.

[0064] As previously described, bendable PCBs are pro-
vided. [t can be desirable to configure the PCBs such that after
bending, a bent shape is maintained. In general, it can be
desirable to vary the stiffness properties associated with a
bendable PCB. With respect to FIGS. 6A-6B, methods and
PCB configurations are described that can be used to form
PCBs with different stiffness properties. FIG. 6 A shows a side
cross section of a multi-layered PCB 200. The number of
layers is provided for the purposes of illustration as more or
less layers than shown can be utilized.
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[0065] The PCB 200 can include a number of trace layers,
such as 202a, 2025, 202¢ and a number of substrate layers,
such as 206a, 2065 and 206¢. The trace layers can be used to
form data and/or power connections to and between various
PCB components, such as 204a and 20454. The PCB compo-
nents, 204a and 2045 are shown located on a top surface of
PCB 200 but in other embodiments, components can also be
located on a bottom surface of PCB 200.

[0066] The trace layers are typically formed from a con-
ductive material such as copper. The trace layer can be formed
as a solid layer, such as foil layer, and then a portion of the
layer can be etched or milled away to form the traces that
connect the various components.

[0067] The substrate layers can be formed from different
materials depending on the insulating requirements of the
particular circuits on the PCB board. A few examples of
substrate materials that can be used are (Teflon), FR-4, FR-1,
CEM-i or CEM-3. The different layers can be laminated
together with an epoxy resin prepeg. A few examples of
prepeg materials that can be utilized include but are not lim-
ited to FR-2 (Phenolic cotton paper), FR-3 (Cotton paper and
epoxy), FR-4 (Woven glass and epoxy), FR-5 (Woven glass
and epoxy), FR-6 (Matte glass and polyester), G-10 (Woven
glass and epoxy), CEM-1 (Cotton paper and epoxy), CEM-2
(Cotton paper and epoxy), CEM-3 (Woven glass and epoxy),
CEM-4 (Woven glass and epoxy), CEM-5 (Woven glass and
polyester).

[0068] The substrate and trace layers can be adjusted to
affect their stifthess and flexibility. For instance, a trace layer
or substrate layer can be made thicker or thinner to increase or
decreased to make the multi-layered PCB stiffer or more
flexible. Further, a substrate or trace layer material can be
selected for its relative stiffness compared to other materials.
[0069] In one embodiment, a metal layer selected for its
stiffness properties rather conductive properties can be sub-
stituted for a trace layer. The metal layer can be strong enough
such that when the multi-layered PCB, such as 200, is bent,
the PCB maintains the bent shape. One or more such layers
can be used in a multi-layered PCB. In some embodiments,
these “stiffening” layers may not include traces.

[0070] Inaparticular embodiment, a stiffening layer can be
composed a shape memory alloy such as Nitinol. The shape
memory alloy can be formed in a desired bent shape and then
flattened and installed on a PCB, such as 200. The shape
selected for the shape memory alloy layer can be a desired
bent shape for the PCB, such as 200. Board components can
be attached to the PCB 200 in its flattened position. Then, the
shape memory allow can be manipulated to return it to the
shape held in its memory. For instance, the shape memory can
be heated. When the shape memory alloy returns to the posi-
tion in its memory, the whole PCB can be bent into this
configuration.

[0071] FIGS. 6B show top views of two trace layers, such as
202a, 2025 or 202¢, inthe multiplayer PCB of FIG. 6A. A first
trace layer includes 4 traces 212a, 2125, 212¢ and 216. The
traces can be over a substrate 218. The PCB 200 is configured
to be bent around axis 165 according to direction 165. In this
region, traces 212a, 2126 and 212¢ can be thickened to resist
damage that can result from bending. Trace 216 is already
thick, so its size is not increased in the bend area proximate to
axis 165.

[0072] Typically, excess material not used to form a trace is
removed from the trace layer. In one embodiment, excess
material can be left to stiffen the PCB in certain areas. For
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instance, excess material, such as 208 and 210, can be left to
stiffen the PCB in these areas. In one embodiment, excess
material is removed near the bend axis 165. The excess mate-
rial can be removed to allow the PCB to be less stiff in this
area and bend more easily.

[0073] Another trace layer is shown in FIG. 6B that
includes no traces and just material 220. This material can be
selected solely for its strength characteristics, such as its
stiffness properties. A portion of the material is removed near
the bend axis to allow the PCB to bend more easily in this
area. In other embodiment, additional material can be added
in this region rather than removed. The additional material
can be added to allow the trace layer and hence the PCB hold
a shape after it is bent around axis 165.

[0074] FIG. 7 is a flow chart of a method 300 of manufac-
turing a portable computer device using a multi-layered PCB.
In 302, a board shape can be determined. The board can have
different sized portions depending on the spaces in which
each portion is intended to fit as well as whether each of the
portions are to be bent and if so by how much. As previously
described, the board can be formed flat or can be formed in a
configuration that already includes bent portions.

[0075] In 304, component locations on a top and/or bottom
surfaces of the board can be selected. The component loca-
tions can be selected based upon the available spaces around
the board in its installed configuration. In 306, trace locations
and trace locations for the board can be determined. The trace
locations can be made thicker in locations where more board
bending is expected.

[0076] In 308, board stiffness properties can be selected.
Then, trace material in trace layers can left in certain areas or
removed in certain areas to adjust the stiffness or flexibility
characteristics of the board. Further, one or more layers can be
dedicated towards adjusting the stiffness characteristics of the
board. For example, a metal layer, selected for its strength,
can be used to allow the board to hold a shape after it is bent.
[0077] In 310, the bendable PCB can be formed according
to the specifications determined above. It can be formed in a
flat shape or can be formed in a bent state. Various compo-
nents can be attached to the PCB. In 312, a portable comput-
ing device can be assembled using a formed PCB. The assem-
bly process can involve installing the formed PCB in a bent
configuration. The formed PCB can be bent one or more times
during the assembly process.

[0078] In particular embodiments, the portable computing
can be assembled using a computer aided manufacturing and
assembly process. The computer aided manufacturing and
assembly process can involve the use of multiple devices,
such as multiple devices configured in an assembly line con-
figuration. For instance, in 310, in a first computer aided
assembly process multiple devices can be programmed to
form the bendable PC according to the specifications deter-
mined in 302-308. The first computer aided assembly process
can involve programming different devices to form and/or cut
board substrates in a particular shape and lay down particular
trace patterns that can vary from substrate layer to substrate
layer on the PCB. Another computer aided and manufacturing
process could involve devices, such as robotic assemblers,
that can be programmed to assemble the portable computing
device. The robotic assemblers can be programmed to move
the PCB through one or more bend configurations during the
assembly of the portable computing device.

[0079] FIG. 8 is a block diagram of a media player 400 in
accordance with the described embodiments. The media
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player 400 includes a processor 402 that pertains to a micro-
processor or controller for controlling the overall operation of
the media player 400. The media player 400 stores media data
pertaining to media items in a file system 404 and a cache 406.
The file system 404 is, typically, a storage disk or a plurality
of disks. The file system typically provides high capacity
storage capability for the media player 400. However, since
the access time to the file system 404 is relatively slow, the
media player 400 also includes a cache 406. The cache 406 is,
for example, Random-Access Memory (RAM) provided by
semiconductor memory. The relative access time to the cache
406 is substantially shorter than for the file system 404. How-
ever, the cache 406 does not have the large storage capacity of
the file system 404.

[0080] Further, the file system 404, when active, consumes
more power than does the cache 406. The power consumption
is particularly important when the media player 400 is a
portable media player that is powered by a battery (not
shown).

[0081] The media player 400 also includes a user input
device 408 that allows a user of the media player 400 to
interact with the media player 400. For example, the user
input device 408 can take a variety of forms, such as a button,
keypad, dial, etc. Still further, the media player 400 includes
a display 410 (screen display) that can be controlled by the
processor 402 to display information to the user. A data bus lii
can facilitate data transfer between at least the file system
404, the cache 406, the processor 402, and the CODEC 412.
[0082] Inone embodiment, the media player 400 serves to
store a plurality of media items (e.g., songs) in the file system
404. When a user desires to have the media player play a
particular media item, a list of available media items is dis-
played on the display 410. Then, using the user input device
408, a user can select one of the available media items. The
processor 402, upon receiving a selection of a particular
media item, supplies the media data (e.g., audio file) for the
particular media item to a coder/decoder (CODEC) 412. The
CODEC 412 then produces analog output signals for a
speaker 414. The speaker 414 can be a speaker internal to the
media player 400 or external to the media player 100. For
example, headphones or earphones that connect to the media
player 400 would be considered an external speaker.

[0083] The various aspects, embodiments, implementa-
tions or features of the described embodiments can be used
separately or in any combination. Various aspects of the
described embodiments can be implemented by software,
hardware or a combination of hardware and software. The
described embodiments can also be embodied as computer
readable code on a computer readable medium for controlling
manufacturing operations or as computer readable code on a
computer readable medium for controlling a manufacturing
line. The computer readable medium is any data storage
device that can store data which can thereafter be read by a
computer system. Examples of the computer readable
medium include read-only memory, random-access memory,
CD-ROMs, DVDs, magnetic tape, and optical data storage
devices. The computer readable medium can also be distrib-
uted over network-coupled computer systems so that the
computer readable code is stored and executed in a distributed
fashion.

[0084] The many features and advantages of the present
invention are apparent from the written description and, thus,
it is intended by the appended claims to cover all such features
and advantages of the invention. Further, since numerous
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modifications and changes will readily occur to those skilled
in the art, the invention should not be limited to the exact
construction and operation as illustrated and described.
Hence, all suitable modifications and equivalents may be
resorted to as falling within the scope of the invention.

What is claimed is:

1. An electronic device comprising:

a housing, comprising:

a first side wall having a first planar portion; and
a second side wall having a second planar portion that is
perpendicular to the first planar portion; and

a contiguous multilayered printed circuit board formed

within the housing, comprising:

afirst planar region that is mounted along the first planar
portion of the first side wall; and

a second planar region that is mounted along the second
planar portion of the second side wall.

2. The electronic device defined in claim 1, further com-
prising a processor and a memory formed on the contiguous
multilayered printed circuit board.

3. The electronic device defined in claim 2, further com-
prising a battery installed within the housing.

4. The electronic device defined in claim 3, wherein the
battery is installed adjacent to the first and second planar
regions of the contiguous multilayered printed circuit board.

5. The electronic device defined in claim 4, further com-
prising device components attached to the first planar region
of the contiguous multilayered printed circuit board.

6. The electronic device defined in claim 5, wherein the
contiguous multilayered printed circuit board includes a stift-
ening layer with conductive material that forms connections
between the device components.

7. The electronic device defined in claim 6, wherein the
conductive material is configured to stiffen the contiguous
multilayered printed circuit board in a bent portion of the
contiguous multilayered printed circuit board that extends
between the first and second planar regions of the contiguous
multilayered printed circuit board.

8. An electronic device comprising:

a housing, wherein at least a portion of the housing has a

curved inner surface; and

aprinted circuit board formed within the housing, wherein

the printed circuit board includes a portion that is bent to
accommodate the curved inner surface of the housing.

9. The electronic device defined in claim 8, further com-
prising an electronic component having a surface that runs
along the bent portion of the printed circuit board.

10. The electronic device defined in claim 8, wherein the
printed circuit board comprises a stiffening layer.

11. The electronic device defined in claim 10, wherein the
stiffening layer comprises a shape memory alloy.

12. The electronic device defined in claim 11, wherein the
shape memory alloy holds the bent portion of the printed
circuit board in a bent configuration that accommodates the
curved inner surface.

13. The electronic device defined in claim 12, wherein the
shape memory alloy is a heat activated shape memory alloy.

14. The electronic device defined in claim 11, wherein the
shape memory alloy comprises Nitinol.

15. The electronic device defined in claim 8, further com-
prising a battery mounted adjacent to the bent portion of the
printed circuit board.
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16. An electronic device comprising:

an enclosure; and

a printed circuit board, comprising:

a first region that is secured at a first height within the

enclosure;

asecond region that is secured at a second height within the

enclosure, wherein the first height is difterent from the
second height; and

a bent region that extends contiguously between the first

region and the second region.

17. The electronic device defined in claim 16, further com-
prising:

a device component installed within the enclosure.

18. The electronic device defined in claim 17, wherein the
printed circuit board includes an additional bent region.

19. The electronic device defined in claim 18, wherein the
device component comprises a portion that is interposed
between the bent region and the additional bent region of the
printed circuit board.

20. The electronic device defined in claim 19, wherein the
printed circuit board is a rigid printed circuit board that is bent
around the device component.

#* #* #* #* #*
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