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COMPACT MEDIA PLAYER

[0001] This application is a division of patent application
Ser. No. 12/628,967, filed Dec. 1, 2009, which is hereby
incorporated by referenced herein in its entirety. This appli-
cation claims the benefit of and claims priority to patent
application Ser. No. 12/628,967, filed Dec. 1, 2009.

BACKGROUND

[0002] This relates generally to electronic devices and,
more particularly, to compact device constructions for elec-
tronic devices such as media players and media player acces-
sories.

[0003] Electronic devices such as media players are often
used in applications in which excessive size and weight is not
desirable. For example, many users of media players listen to
music while exercising or traveling. In situations such as
these, it can be highly desirable to minimize the bulk of a
media player.

[0004] In conventional media player designs, packaged
integrated circuits and other components are mounted on a
printed circuit board. The printed circuit board is mounted
within a device housing using brackets and other mounting
hardware. Conventional designs of this type are sufficiently
durable to withstand normal handling, but can sometimes be
more bulky than desired.

[0005] It would therefore be desirable to be able to provide
compact arrangements for media players and other electronic
devices.

SUMMARY

[0006] An electronic device such as a media player may be
formed from electrical components such as integrated cir-
cuits, buttons, and a battery. A small form factor device may
be implemented by eliminating some or all of the housing
structures of traditional devices and component mounting
structures.

[0007] With one suitable arrangement, an integrated circuit
die is used as a substrate. Electrical components may be
mounted directly to the integrated circuit die. With another
suitable arrangement, a printed circuit board may serve as a
mounting substrate. Packaged and unpackaged integrated cir-
cuit die and other electrical components may be mounted to
the printed circuit board.

[0008] The electronic device may have input-output port
electrical contacts. These contacts may be used for example,
to play audio through an attached accessory or to convey
digital signals to and from an attached computer.

[0009] During fabrication, the electrical components that
are mounted to the substrate may be encapsulated in an encap-
sulant. The encapsulant may be formed from a dielectric such
as epoxy, plastic, or other materials. When the encapsulant
cures, the encapsulated electrical components are sealed off
from the environment and are therefore not adversely affected
by changes in humidity and other environmental factors.
[0010] A housing such as a thin metal housing may be used
to cover some or all of the encapsulant. Few or no gaps need
be provided between the encapsulant and the walls of the
housing.

[0011] During component encapsulation, the integrated
circuits and other components such as discrete components
may be entirely surrounded by encapsulant. Other structures
such as portions of buttons and the electrical input-output port
contacts may be left uncovered, by the encapsulant.
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[0012] Further features of the invention, its nature and vari-
ous advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is an exploded perspective view of an illus-
trative electronic device such as a media player and a mating
accessory such as a headset in accordance with an embodi-
ment of the present invention.

[0014] FIG. 2is a cross-sectional side view of an electronic
device and accessory of the type shown in FIG. 1 in accor-
dance with an embodiment of the present invention.

[0015] FIG. 3 is a schematic circuit diagram of an elec-
tronic device such as a media player and a corresponding
accessory in accordance with an embodiment of the present
invention.

[0016] FIG. 4A is a bottom perspective view of an illustra-
tive electronic device in accordance with an embodiment of
the present invention.

[0017] FIG. 4B is a top perspective view of the illustrative
electronic device of FIG. 4A in accordance with an embodi-
ment of the present invention.

[0018] FIG. 5 is an exploded perspective view showing
components in an illustrative electronic device in accordance
with an embodiment of the present invention.

[0019] FIG. 6 is a perspective view of an illustrative elec-
tronic device before mounting of dome-switches and buttons
in accordance with an embodiment of the present invention.
[0020] FIG.7is across-sectional side view of an illustrative
electronic device having a thin housing that helps to capture
moving button members that are biased against dome
switches in accordance with an embodiment of the present
invention.

[0021] FIG. 8is across-sectional side view of an illustrative
electronic device showing how a battery and integrated circuit
may be mounted on the opposite side of a substrate from a pair
of dome switches and showing how the dome switches may
be covered by flexible button structures in accordance with an
embodiment of the present invention.

[0022] FIG.9isacross-sectional side view of an illustrative
electronic device showing how flip-chip mounting techniques
may be used to mount integrated circuits directly on a printed
circuit board that is encapsulated by an encapsulant that can
serve as a device housing in accordance with an embodiment
of the present invention.

[0023] FIG. 10 is a cross-sectional side view of an illustra-
tive electronic device showing how integrated circuits and a
battery may be mounted to the opposite side of a printed
circuit board from a set of dome-switch buttons and showing
how the printed circuit board and components may be encap-
sulated in an encapsulant that can serve as a device housing in
accordance with an embodiment of the present invention.
[0024] FIG. 11 is a cross-sectional side view of an illustra-
tive electronic device showing how packaged integrated cir-
cuits may be mounted on a printed circuit board, covered with
an encapsulant, and provided with an optional housing shell
in accordance with an embodiment of the present invention.
[0025] FIG. 12 is a cross-sectional partially exploded side,
i.e., of an illustrative electronic device showing how contact
leads may be embedded in encapsulant in accordance with an
embodiment of the present invention.

[0026] FIG. 13 is a cross-sectional side view of an illustra-
tive electronic device showing how multiple shots of injec-
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tion-molded plastic may be used in encapsulating integrated
circuits that have been directly mounted to a printed circuit
board in a flip-chip configuration in accordance with an
embodiment of the present invention.

[0027] FIG. 14 is a cross-sectional side view of an illustra-
tive electronic device fashioned from a single integrated cir-
cuit die on which components such as switches and contacts
leads have been formed in accordance with an embodiment of
the present invention.

[0028] FIG. 15 is a flow chart of illustrative steps involved
in forming an electronic device in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION

[0029] An electronic device and a corresponding accessory
are shown in FIG. 1. Accessory 10 may be a headset or other
electronic equipment. Electronic device 12 may be a media
player or other electronic equipment. For clarity, arrange-
ments in which electronic device 12 is a media player and in
which accessory 10 is a pair of earbuds or other headphones
are sometimes described herein as an example. This is, how-
ever, merely illustrative. Device 12 and accessory 10 may be
any suitable electronic equipment.

[0030] The exploded perspective view of FIG. 1 shows
illustrative components of electronic device 12. In some con-
figurations of device 12 that are described herein, some or all
of the components for device 12 are mounted directly on an
integrated circuit die to save space. In this type of configura-
tion, the die itself serves as a mounting substrate. Encapsulant
and an optional housing shell may then be used to encase the
mounted components. If desired, other substrates may be
used for mounting components. For example, integrated cir-
cuits and discrete components may be mounted on a plastic
support structure that is covered with conductive traces. In the
example of FI1G. 1, device 12 is formed using a substrate such
as printed circuit board 16. Printed circuit board 16 may be
formed from a rigid printed circuit board material, (e.g. fiber-
glass-lilted epoxy) or flexible printed circuit board material
(e.g., a polymer sheets such as a layer of polyimide).

[0031] Components such as components 32, buttons 34,
and battery 18 may be electrically connected to printed circuit
board 16. For example, battery 18 may have battery terminals
30 that are electrically connected to battery contacts 28.
Traces on one or both sides of printed circuit board 16 may
mate with corresponding electrical contacts on components
such as components 32, buttons 34, etc.

[0032] Some or all of primed circuit board 16 may be
coated with encapsulant (e.g., all or at least some of both the
upper and lower sides of board 16 may be encapsulated). The
encapsulant may be covered by an optional housing such as
housing 14. Housing 14 may, for example, have an opening
such as opening 38 into which printed circuit board 16 and the
encapsulant surrounding printed circuit board 16 may be
inserted. If desired, printed circuit board 16 may be inserted
into the interior of housing 14 and encapsulant may be
injected into the gaps between printed circuit board 16 and the
inner walls ot housing 14. Housing 14 may have holes such as
holes 36 to accommodate buttons 34.

[0033] Any suitable encapsulant may be used to encapsu-
late the circuitry of device 12. For example, the circuitry of
device 14 may be encapsulated using a dielectric such as
epoxy. Other suitable materials that may be used as encapsu-
lant include foam, silicone, plastic, glass, adhesive, combina-
tions of these materials, etc. The encapsulant that is used to
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encase the circuitry of device 12 may form a rigid structure
that helps adhere components to printed circuit board 16 or
otherwise hold components in place. The encapsulant that is
used may also help to block moisture and thereby prevent
changes in humidity or other environmental factors from
affecting the performance of the circuitry. Epoxy may be
cured using thermal curing or ultraviolet light curing tech-
niques. Thermoplastic encapsulants may be injection molded
using an injection molding tool and hardened by cooling. In
general, these curing techniques or other suitable techniques
may be used in curing and hardening encapsulant.

[0034] One or more input-output ports may be formed in
device 12. For example, at input-output port may be formed
by one or more electrical contacts such as electrical input-
output port contacts 20. Contacts 20 may be formed from
traces of copper, copper plated with gold, or other conductive
materials. There may be any suitable number of contacts (e.g.,
two, three, four or more, etc.). As shown in FIG. 1, contacts 20
may be formed on end portion 21 of device 12. When printed
circuit board 16 is inserted into housing 14, end portion 21
may protrude out of hole 38. This allows end portion 21 and
contacts 20 to be inserted into hole 23 in accessory connector
22.

[0035] Connector 22 may have contacts that mate with
contacts 20 and that are coupled to wires in cable 24. Cable 24
may be connected to components in accessory 10 such as
speakers 26, buttons, etc.

[0036] If desired, contacts 20 may have the shape and lay-
out of contacts in a Universal Serial Bus (USB) plug. This
allows end 21 to serve as a USB plug when plugging into a
USB jack on a portable or desktop computer (as an example).
A USB plug has power and ground pins and a pair of digital
data pins. When plugged into connector 22, the circuitry of
device 12 can be reconfigured so that the digital data pins and
the around power pin operate as analog audio output pins for
left and right audio. The positive power pin may or may not be
used when device 12 is connected to accessory 10, depending
on whether or not the accessory contains circuitry that uses a
power supply voltage supplied by battery 18.

[0037] Components 32 may include packaged or unpack-
aged integrated circuits (i.e., packaged or unpackaged inte-
grated circuit die), discrete components such as resistors,
inductors, and capacitors (e.g., surface-mount technology
components), components such as switches (see, e.g.,
switches 34), connector port components (e.g., USB connec-
tors or other port connectors), etc.

[0038] A cross-sectional side view of device 12 when
mated with connector 22 of accessory 10 is shown in FIG. 2.
As shown in FIG. 2, when end 21 of device 12 is plugged into
connector 22, contact structures such as conductive metal
prongs 40 make contact with corresponding contacts 20 in
device 12. Prongs 40 may be connected to electrical paths
such as wires 25 using solder, welds, conductive adhesive, or
crimp connections. Wires 25 may be connected to headphone
speakers (i.e., earbud drivers).

[0039] A schematic circuit diagram of illustrative circuitry
that may be used in device 12 is shown in FIG. 3. As shown in
FIG. 3, device 12 may have storage 48 and processing cir-
cuitry 46. Storage 48 may include volatile and nonvolatile
memory (e.g., random-access memory, flash memory, solid
state drives, hard drives, removable media, etc.). Processing
circuitry 46 may be based on one or more microprocessors,
microcontrollers, digital signal processors, application-spe-
cific integrated circuits, etc. Storage 48 may be used to store
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software code such as code that implements device functions
for device 12. Storage 48 may also be used to store media
(e.g., song files, video files, etc.). During operation, process-
ing circuitry 46 can run code such as the code that is stored in
storage 48. Using the general purpose resources of processing
circuitry 46 and, if desired, dedicated hardwired resources in
device 12, processing circuitry 46 can implement functions
such as media playback functions, user input-output com-
mand processing functions, etc.

[0040] Input-output circuitry 52 may be used to supply
output to a user of device 12. Input-output circuitry 52 may,
for example, include output devices such as speakers, status
indicator lights, buzzers, actuators to create vibrations, dis-
plays, etc. Input-output circuitry 52 may include audio cir-
cuitry 56 to supply audio output signals (e.g., analog right and
left audio signals for corresponding right and left speakers in
accessory 10 of FIG. 1). Digital communications circuitry 58
may be used to support bidirectional communications over
port 44. Port 44 may include contacts 20 (FIGS. 1 and 2) that
mate with corresponding contacts in port 42 of accessory 10
orport 50 of computer 62 or other external equipment. Port 50
may be, for example, a USB port on a desktop or laptop
computer (computer 62). Port 42 may be based on a connector
such as connector 22 of FIG. 1. User input devices 54 may
include touch screen displays, buttons, microphones, slider-
type and rocker-type switches. Input-output ports in circuitry
52 such as input-output port 44 may be used to receive and
transmit analog and digital signals with external equipment
using input-output circuits such as circuitry 56 and circuitry
58.

[0041] Inatypical usage scenario, a user may initially plug
device 12 into computer 62 to download media files from
computer 62 to storage 48. In this configuration, port 44 mates
with port 50. Switching circuitry in input-output circuitry 52
may be adjusted to connect digital communications circuitry
58 (e.g., USB communications circuitry) to the data terminals
in contacts 20, so that circuitry 58 may be used to receive
digital data from computer 62. Power lines may also be routed
to the power contacts in contacts 20. The received digital
information may be stored in storage 48 for later use.

[0042] After downloading desired files, a user may connect
device 12 to accessory 10. In this configuration, port 44 mates
with port 42. The switching circuitry in input-output circuitry
52 may be readjusted to connect audio circuitry 56 to the data
terminals (and ground terminal) in contacts 20 of port 44 in
place of digital communications circuitry 58. If it is desired to
route power to accessory 10 from battery 18, the positive
power terminal in contacts 20 may be connected to the mating
connector in port 42. If this type of power supply voltage is
not needed by accessory 10, the positive power supply termi-
nal in contacts 20 can be grounded or left floating.

[0043] FIG. 4A is a bottom perspective view of an elec-
tronic device such as electronic device 12 of FIG. 1. FIG. 4B
is a top perspective view of device 12 of FIG. 4A.

[0044] FIG. 5 is an exploded perspective view showing
components in an illustrative configuration for electronic
device 12. Buttons (e.g., buttons 34 in FIG. 1) may be formed
from switches such as dome switch 64. Dome switch 64 may
have to flexible dome-shaped (hemispherical ) member 76 and
a nub such as nub 78 (e.g., an epoxy nub that improves
durability and accurate switch operation). The inner surface
of member 76 may be metalized, so that when member 76 is
compressed dome switch contacts 66 and 68 are shorted
together. Circuitry in components 32 may detect when switch
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64 has been closed in this way and may take appropriate
actions. Only one dome switch is shown in FIG. 5, but an
electronic device such as a media player may, in general, have
one or more buttons, two or more buttons, three or more
buttons, four or more buttons, etc.

[0045] Inthe illustrative arrangement of FIG. 5, most or all
of'the exposed electrical traces on printed circuit board 16 are
provided on the upper surface of board 16. For example,
contacts 20, switch contacts 66 and 68, and battery leads 28
are all formed from traces on the upper surface of board 16.
Upper surface traces are also used to form electrical connec-
tions with the contacts of components 32. Battery 18 may be
located above terminals 28 or as shown in FIG. 5, battery 18
may be mounted below printed circuit board 16. To ensure
that signals can flow between terminals 30 of battery 18 and
terminals 28, terminals 28 may be formed from conformal
traces having upper portions 70, edge portions 72, and rear
surface portions 74. Solder, welds, conductive adhesive, or
other suitable electrical connections may be used to connect
terminal portions 74 to terminals 30.

[0046] FIG. 6 is a perspective view of device 12 showing
how battery contacts 28 may be electrically connected to
flexible (non-conformal) battery leads 30'. Leads 30 may be
formed as separate bent strips of metal that are connected at
one end to pads 28 and at the other end to battery terminals 30
(FIG.1) or may be formed as part of the battery leads extend-
ing from the end of battery 18 (e.g., as part of terminals 30).

[0047] A cross-sectional side view of electronic device 12
showing how device 12 may have a thin housing such as a
metal housing shell is shown in FIG. 7. As shown in FIG. 7,
components 32 may be encapsulated by encapsulant 80.
Encapsulant 80 may be formed from one or more layers of
dielectric such as epoxy or other adhesives, plastics (e.g.,
thermoplastic), glasses, ceramics, mixtures of dielectric and
non-dielectric compounds, combinations of these materials,
or other suitable materials. Encapsulant 80 may hermetically
seal components 32 within device 12 and may help structur-
ally affix components 32 to printed circuit board 16. Contacts
20 may be formed on portion 21 of printed circuit board 16, as
described in connection with the example of FIG. 1.

[0048] Housing shell 84 may be formed from a metal such
as stainless steel or aluminum, or may be formed from other
materials (e.g., composites, plastics, etc.). An advantage of
using, metal to form shell 84 is that metal is relatively strong
and may be provided with thin housing walls. Housings such
as housing shell structure 84 of FIG. 7 are optional and may be
omitted if desired (e.g., to reduce weight).

[0049] As shown in FIG. 7, housing 84 may be configured
to fit over encapsulant 80. Housing 84 may be provided with
an opening into which a pre-encapsulated structure may be
inserted. Housing 84 may also be bent into shape over a
pre-encapsulated structure. With another suitable arrange-
ment, housing 84 may serve as a cavity for an injection
molding process or other process in which encapsulant 80 is
introduced into the cavity while printed circuit board 16 is
held in place. With this type of approach, encapsulant may be
introduced to expand to fill voids between printed circuit
board 16 and components 32 and to fill gaps between com-
ponents 32, board 16, and the inner surfaces of housing walls
84. In a completed device, there may be few air gaps or no air
gaps present in the interior of housing 84.

[0050] Housing 84 may have portions such as portions 82
that serve as button member retention features. Portions 82
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may help hold button member portions 34' of buttons 34 in
place above dome switch members 76.

[0051] As shown in the illustrative arrangement of FIG. 8,
buttons 34 may be formed by placing flexible button members
34" over dome switches 64. Adhesive or other fastening
mechanisms may be used to hold flexible member 34" to
printed circuit board 16.

[0052] Components 32 may be mounted to printed circuit
board 16 using any suitable mounting arrangement. In the
example of FIG. 8, component 32 has been mounted to
printed circuit board 16 using a wire-bonding technique. As
shown in FIG. 8, component 32 may have an upper surface on
which contact pads 86 are formed. Wire 90 is used to electri-
cally connect contact pads 86 to corresponding contact pads
on printed circuit board 16 such as contact pad 94. Wire
bonding equipment may form a wire bond at each end of wire
90 (see, e.g., wire bonds 88 and 92 in the FIG. 8 example).
[0053] Battery 18 may be electrically connected to board
16 using solder connections 96 or other suitable electrical
connections.

[0054] Printed circuit board 16 may contain one or more
layers. In a typical configuration, printed circuit board 16
contains multiple layers to allow internal traces to cross over
each other without shorting to each other. The conductive
traces in printed circuit board 16, which are illustrated as
traces 98 in FIG. 8, may be used to interconnect contacts 20,
components such as component 32, buttons such as buttons
34, battery 18, and other circuits within device 12. Encapsu-
lant 80 may be used to encapsulate components 32 and if
desired, battery 18.

[0055] FIG.9isacross-sectional side view of an illustrative
electronic device showing how flip-chip mounting techniques
may be used to mount integrated circuits directly on a printed
circuit board. As shown in FIG. 9, components such as indi-
vidual integrated circuit die 32 may be flip-chip mounted to
printed circuit board 16 using solder balls 104. Solder con-
nections 96 may be used to attach battery 18 to the opposite
side of printed circuit board 16 as an example). Button 34 may
be attached to printed circuit board 16 using solder 100 or
other suitable connections. Encapsulant 80 may be used to
encapsulate the flip-chip mounted integrated circuits 32, bat-
tery 18 and at least the lower portion of button components
such as button 34. In the example of FIG. 9, button 34 has
been implemented using a surface-mount button component
or other stand-alone button unit that has been soldered to
board 16. This is merely illustrative. Buttons in device 12
such as button 34 of FIG. 9 may be funned using any suitable
technique (e.g., using flexible button coverings 34" and dome
switches 76 of FIG. 8, using button members 34" and housing
wall portions 82 of FIG. 7, etc.).

[0056] As shown in the arrangements of FIGS. 8 and 9,
integrated circuit die may be mounted directly to printed
circuit board 16 (e.g., using wire bonds, flip-chip mounting or
other ball-grid array techniques, etc.). If desired, some or all
of the electrical components in device 12 may be packaged
before being mounted on board 16 and encapsulated by
encapsulant 80. This type of arrangement is shown in FIG. 10.
[0057] As shown in FIG. 10, battery 18 may be connected
to printed circuit board 16 using solder connections 96. Com-
ponents 32 in the FIG. 10 example are packaged integrated
circuits. In each of these components, a separate integrated
circuit die (die 105) is coupled to the interior contacts of the
package by interior solder connections 106. Package base 108
find package lid 110 form a package that hermetically seals
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die 105 from the environment. Encapsulant 112 may fully or
partially surround die 105 in the cavity formed by the interior
portion of the package to help protect die 105. Traces in each
package base 108 (shown as traces 116) may be used to
connect solder connections 106 to solder connections 114.
Solder connections 114 may be used to connect packaged
integrated circuits 32 to printed circuit board 16. Battery 18
may be connected to printed circuit boards 16 using connec-
tions 96. Buttons 34 may be connected to the same side or the
opposite side of printed circuit board 16 using solder connec-
tions 100. Other types of connections may be used in forming
electrical connections in device 12 if desired (e.g., friction-fit
contacts such as pin-to-socket connections, spring contacts,
welds, contacts formed from conductive adhesive, wire
bonds. etc.). The use of solder connections is merely illustra-
tive.

[0058] Once desired components have been mounted to
printed circuit board 16, encapsulant 80 may be used to cover
and thereby encapsulate these components. Encapsulant 80
may, for example, cover both sides of board 16 and all asso-
ciated components except the exposed button surfaces of
buttons 34 and contacts 20, thereby ensuring that the circuitry
of integrated circuits 105 and other components will not be
affected by changes in humidity, moisture intrusion events,
etc.

[0059] Another illustrative device configuration is shown
in FIG. 11. As shown in FIG. 11, device 12 may include a
printed circuit board such as printed circuit board 16. Pack-
aged and unpackaged integrated circuits and other compo-
nents may be attached to printed circuit board 16. For
example, packaged integrated circuits such as flip-chip
mounted integrated circuit 105A and wire-bond mounted
integrated circuit 105B may be mounted to printed circuit
board 16. Other components such as component 32A and
button 34 may be mounted to printed circuit board 16 on
either the top or lower surface of board 16. Battery 18 may be
coupled to printed circuit board 16 using connections 96.
[0060] Inthe FIG. 11 example, contacts 20 have been pro-
vided as part of a connector assembly 118. Connector assem-
bly 118 may be for example, an off-the-shelf connector such
as a USB connector or a separately fabricated connector part
that has a plastic housing, solderable leads to attach to printed
circuit board 16, and exposed contacts. Connector unit 118
may be mounted on printed circuit board 16 using solder
connections 122 or other suitable electrical connections.
Once mounted, internal conductors 120 may form electrical
connections between each of contacts 20 and solder connec-
tions 122. Encapsulant 80 and optional metal housing shell 84
may be formed over the mounted circuitry on board 16.
[0061] Another way in which contacts 20 may be formed is
shown in the cross-sectional side view of device 12 in FIG.
12. As shown in FIG. 12, device 12 may have contacts 20 that
are formed at exposed ends 132 of leads 124. L.eads 124 may,
for example, be formed from bent strips of metal such as
copper, copper plated with gold, etc. Ends 126 of leads 124
may be connected to contact pads such as pad 130 on printed
circuit board 16 using solder balls such as solder ball 128.
Integrated circuit the 104 may be mounted on printed circuit
board 16 using solder balls 104. Underfill 134 (e.g., epoxy or
other suitable encapsulant material) may be used to help
attach flip-chip mounted integrated circuit 104 directly to
board 16 prior to encapsulation of integrated circuit die 104,
leads such as lead 124, and other circuitry in device 12 by
encapsulant 80. As with all of the illustrative devices 12 that
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are depicted herein, an optional housing (e.g., a thin metal
shell having a wall thickness of 0.5 mm or less, 0.3 mm or
less, 0.1 mm or less, or other suitable dimensions) may be
used to cover all or some of encapsulant 80.

[0062] Components in device 12 may be covered with
encapsulant using techniques such as spraying, pad printing,
painting with a brush, dipping, dripping, injection molding,
combinations of these techniques, or other suitable tech-
niques. With one suitable arrangement, multiple shots of
encapsulant may be incorporated in device 12.

[0063] An illustrative arrangement of this type is shown in
FIG. 13. As shown in FIG. 13, printed circuit board 16 may be
populated with components 32 such as integrated circuit die
that have been directly flip-chip mounted to the surface of
board 16, connectors, batteries, leads for forming connectors,
buttons, etc. First encapsulation shot 80A may be used to
encapsulate some or all of these connectors. This first shot of
material may, for example, be formed using an injection
molding (insert molding) process implemented with an injec-
tion molding tool and a first mold. Epoxy or other encapsulant
materials may also be used in forming encapsulant structure
80A.

[0064] The first layer of encapsulant may be selected for
compatibility with components 32, cost, adhesion with board
16, thermal properties, ease of fabrication, etc. Due to shrink-
age, materials properties, or other factors, the outer surface of
encapsulant 80A may not be of sufficiently high quality to
form the outermost surface of a finished device. Accordingly,
one or more additional layers of material may be used in
encapsulating device 12. As shown in FIG. 13, for example, a
second shot of thermoplastic such as shot 80B or other mate-
rials (e.g., epoxy, etc.) may be formed on top of first shot 80A.
Optional housing shell 84 may be formed over second shot
80B.

[0065] If desired, device 12 may contain multiple printed
circuit boards. Each of the printed circuit boards may be
electrically interconnected and may be encapsulated in a
common encapsulation structure (encapsulant 80).

[0066] Some or all of printed circuit board 16 may also be
omitted from device 12. For example components can be
mounted directly to an integrated circuit die or other non-
printed-circuit board substrate with little or no additional
printed circuit board support. Encapsulant or other materials
can then be included in device 12 to package and strengthen
the substrate.

[0067] An arrangement of this type is shown in FIG. 14. As
shown in FIG. 14, silicon integrated circuit die 105 may
contain internal traces 136 (e.g., traces within a dielectric
stack on the top layers of die 105) and may contain circuitry
such as circuits 138. Circuits 138 may be bipolar transistor
circuits, metal-oxide-semiconductor circuits (e.g., comple-
mentary metal-oxide-semiconductor integrated circuits), or
other circuitry (e.g., circuitry of the type shown in FIG. 3).
Circuitry 138 may be interconnected with external compo-
nents using contact pads. In the FIG. 14 example, contact pad
structures on the surface of integrated circuit die 105 may be
used in forming contacts 20. Contacts 20 may, if desired, be
thickened using electroplating or other metal deposition tech-
niques. Contact pads may also be used in forming connec-
tions to components such as dome switch 64 in buttons such
as button 34. In particular, ring-shaped contact pad 68 may be
formed in a circle around dot-shaped contact pad 66. Metal-
lized dome switch member 76 may be mounted above pads 66
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and 68 to form a switch for button 34. Button 34 may also
have a button member such as member 34" that form an outer
surface for the button.

[0068] If desired, other components may be mounted to
integrated circuit die 105 of FIG. 14. For example, battery 18,
additional buttons, contact leads, packaged and unpackaged
integrated circuits, discrete components such as capacitors,
inductors, and resistors, and other circuitry may be mounted
to the surface of integrated circuit chip 105 using contact
pads, solder connections, spring-loaded connections, or other
suitable electrical connections. Once desired components
have been electrically connected to integrated circuit die 105,
appropriate portions of these components may be encapsu-
lated with one or more layers of encapsulant 80. When encap-
sulant 80 has cured and hardened sufficiently, the strength
provided by the hardened encapsulant can add structural
strength to integrated circuit die 105 that makes die 105
sufficiently strong to use as device 12.

[0069] Illustrative steps involved in fabricating electronic
device 12 are shown in FIG. 15.

[0070] At step 140, one or more integrated circuit die such
as die 105 may be fabricated using semiconductor processing
techniques. During fabrication, contact pads may be formed
on the surface of the integrated circuit die.

[0071] At step 142, the integrated circuit die may, if
desired, be mounted in a package. The package may have
ceramic or plastic walls and may include encapsulant, solder
balls, wire bonds, etc.

[0072] Ifdesired, the packaging operations of step 142 may
be omitted (e.g., when it is desired to form device 12 from one
or more unpackaged integrated circuit die).

[0073] At step 144, electrical components such as buttons,
leads, discrete components, and the integrated circuits (pack-
aged or unpackaged) may be mounted to a mounting struc-
ture. For example, the integrated circuits and other compo-
nents may be mounted to a printed circuit board substrate or
other substrate that contains metal interconnects. Examples
of substrates that may be used for mounting, the integrated
circuits include plastic mounting structures, rigid printed cir-
cuit boards, flex circuits, rigid flex, glass, ceramic, etc. In
configurations of the type shown in FIG. 14 in which no
printed circuit board is used, components may be attached
directly to an integrated circuit die.

[0074] After suitable electrical connections have been
formed between the integrated circuits and other components,
these structures may be fully or partially encapsulated using
encapsulant 80. Encapsulant 80 may be formed on the surface
of device 12 using dipping, spraying, pad printing, dripping,
injection molding, or other suitable techniques. If desired,
multiple layers of material may be used to encapsulate com-
ponents. For example, a first shot of thermoplastic and/or an
epoxy layer may be used as an interior coating for compo-
nents. A second shot of thermoplastic or other material may
then be used to form a second or outer encapsulating layer. If
desired, additional layer of encapsulant may be formed.
Injection molding tools and other fabrication tools may be
used in encapsulating the components of device 12. During
encapsulation operations, contacts 20 and other such struc-
tures are preferably left uncoated with encapsulant. Leaving
contacts 20 exposed to the exterior of device 12 allows con-
tacts 20 to be connected to corresponding contacts in a mating
device during normal operation.

[0075] Atstep 148 (oras part of step 146), device 12 may be
provided with an optional housing such as housing 84 of FI1G.
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1. Housing 84 may have interior dimensions that exactly or
nearly match the exterior dimensions of encapsulant 80. If
desired, the encapsulation operations of step 146 may be
performed by injecting encapsulant into housing 84 to ensure
that interior voids are filled. Housing 84 may also be formed
by crimping, or otherwise attaching metal pieces to the exte-
rior of the structure formed by cured encapsulant 80.

[0076] Because techniques such as these may be used to
form structurally sound encapsulation structures, it is not
necessary to mount the components of a device in conven-
tional housing structures, thereby potentially saving space
and improving device aesthetics. Music players and other
electronic devices may be formed using techniques of the
type described in connection with FIG. 15.

[0077] 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.

What is claimed is:

1. A portable media player comprising:

a substrate;

an integrated circuit mounted on the substrate;

input-output port contacts electrically connected to the

substrate and exposed on at external surface of the por-
table media player; and

encapsulant that encapsulates the integrated circuit and at

least some of the substrate without encapsulating the
input-output port contacts.

2. The portable media player defined in claim 1, wherein
the portable media player is a portable music player and
wherein the substrate is a printed circuit board.

3. The portable media player defined in claim 2 further
comprising a battery that is connected to the printed circuit
board and that is encapsulated within the encapsulant.

4. The portable media player defined in claim 3 further
comprising:

switch contacts formed on the printed circuit board; and

a dome switch connected to the switch contacts.

5. The portable media player defined in claim 4 further
comprising a device housing having housing walls that at
least partly enclose the encapsulant.
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6. The portable media player defined in claim 2 wherein the
integrated circuit comprises an unpackaged integrated circuit
die and wherein no integrated circuit package structures are
interposed between the integrated circuit die and the printed
circuit board.

7. The portable media player defined in claim 2 wherein the
integrated circuit comprises a packaged integrated circuit.

8. The portable media player defined in claim 1, wherein
the substrate has an end and wherein the input-output contacts
comprise a set at least four electrical input-output port con-
tacts on the substrate at the end, the portable media player
further comprising:

switch contacts on the substrate;

a dome switch electrically connected to the switch con-
tacts; and

a battery that is electrically connected to the substrate and
electrically coupled to the electrical input-output putt
contacts and the switch contacts.

9. The portable media player defined in claim 8 wherein the
electrical input-output port contacts are formed from traces
on the substrate.

10. The portable media player defined in claim 8 wherein
the electrical input-output port contacts are formed from
metal leads having ends that protrude from the encapsulant,

11. The portable media player defined in claim 8 wherein
the electrical input-output port contacts form part of a con-
nector assembly that is mounted to the substrate.

12. The portable media player defined in claim 8 wherein
the encapsulant comprises multiple layers of thermoplastic.

13. The portable media player defined in claim 8 wherein
the encapsulant comprises multiple shots of thermoplastic.

14. The portable media player defined in claim 8 wherein
the integrated circuit includes an audio circuit that produces
analog audio signals for at least a given one of the electrical
input-output port contacts and includes a digital communica-
tions circuit that produces digital signals for at least the given
one of the electrical input-output port contacts.

#* #* #* #* #*



