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COMPACT MEDIA PLAYER 

BACKGROUND 

This relates generally to electronic devices and, more par 
ticularly, to compact device constructions for electronic 
devices such as media players and media player accessories. 

Electronic devices such as media players are often used in 
applications in which excessive size and weight is not desir 
able. 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. 

In conventional media player designs, packaged integrated 
circuits and other components are mounted on a printed cir 
cuit board. The printed circuit board is mounted within a 
device housing brackets and other mounting hardware. Con 
ventional designs of this type are suf?ciently durable to with 
stand normal handling, but can sometimes be more bulky than 
desired. 

It would therefore be desirable to be able to provide com 
pact arrangements for media players and other electronic 
devices. 

SUMMARY 

An electronic device such as a media player may be formed 
from electrical components such as integrated circuits, but 
tons, and a battery. A small form factor device may be imple 
mented by eliminating some or all of the housing structures of 
traditional devices and component mounting structures. 

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 circuit die 
and other electrical components may be mounted to the 
printed circuit board. 

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. 

During fabrication, the electrical components that are 
mounted to the substrate may be encapsulated in an encap su 
lant. 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. 
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 hous 
ing. 

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 con 
tacts may be left uncovered by the encapsulant. 

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

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of an illustrative 
electronic device such as a media player and a mating acces 
sory such as a headset in accordance with an embodiment of 
the present invention. 
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2 
FIG. 2 is a cross-sectional side view of an electronic device 

and accessory of the type shown in FIG. 1 in accordance with 
an embodiment of the present invention. 

FIG. 3 is a schematic circuit diagram of an electronic 
device such as a media player and a corresponding accessory 
in accordance with an embodiment of the present invention. 

FIG. 4A is a bottom perspective view of an illustrative 
electronic device in accordance with an embodiment of the 
present invention. 

FIG. 4B is a top perspective view of the illustrative elec 
tronic device of FIG. 4A in accordance with an embodiment 
of the present invention. 

FIG. 5 is an exploded perspective view showing compo 
nents in an illustrative electronic device in accordance with an 
embodiment of the present invention. 

FIG. 6 is a perspective view of an illustrative electronic 
device before mounting of dome-switches and buttons in 
accordance with an embodiment of the present invention. 

FIG. 7 is a cross-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. 

FIG. 8 is a cross-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 ?exible button structures in accordance with an 
embodiment of the present invention. 

FIG. 9 is a cross-sectional side view of an illustrative 
electronic device showing how ?ip-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. 

FIG. 10 is a cross-sectional side view of an illustrative 
electronic device showing how integrated circuits and a bat 
tery 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 encapsulated in 
an encapsulant that can serve as a device housing in accor 
dance with an embodiment of the present invention. 

FIG. 11 is a cross-sectional side view of an illustrative 
electronic device showing how packaged integrated circuits 
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. 

FIG. 12 is a cross-sectional partially exploded side view of 
an illustrative electronic device showing how contact leads 
may be embedded in encapsulant in accordance with an 
embodiment of the present invention. 

FIG. 13 is a cross-sectional side view of an illustrative 
electronic device showing how multiple injection molding 
shots of inj ection-molded plastic may be used in encapsulat 
ing integrated circuits that have been directly mounted to a 
printed circuit board in a ?ip-chip con?guration in accor 
dance with an embodiment of the present invention. 

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

FIG. 15 is a ?ow chart of illustrative steps involved in 
forming an electronic device in accordance with an embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

An electronic device and a corresponding accessory are 
shown in FIG. 1. Accessory 10 may be a headset or other 
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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. 

The exploded perspective view of FIG. 1 shows illustrative 
components of electronic device 12. In some con?gurations 
of device 12 that are described herein, some or all of the 
components for device 12 are mounted directly on an inte 
grated circuit die to save space. In this type of con?guration, 
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 FIG. 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. ?ber 
glass-?lled epoxy) or ?exible printed circuit board material 
(e. g., a polymer sheet such as a layer of polyimide). 
Components such as components 32, buttons 34, and bat 

tery 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 orboth sides of printed circuit board 16 may mate with 
corresponding electrical contacts on components such as 
components 32, buttons 34, etc. 
Some or all of printed 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 encapsu 
lant 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 encap 
sulant 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 
of housing 14. Housing 14 may have holes such as holes 36 to 
accommodate buttons 34. 
Any suitable encapsulant may be used to encapsulate 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 encapsulant include 
foam, silicone, plastic, glass, adhesive, combinations of these 
materials, etc. The encapsulant that is used to 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 ther 
mal curing or ultraviolet light curing techniques. Thermo 
plastic encapsulants may be injection molded using an inj ec 
tion molding tool and hardened by cooling. In general, these 
curing techniques or other suitable techniques may be used in 
curing and hardening encapsulant. 
One or more input-output ports may be formed in device 

12. For example, an 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 cop 
per, 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 
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4 
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. 

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. 

If desired, contacts 20 may have the shape and layout 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 recon?gured so that the digital data pins and the 
ground 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. 

Components 32 may include packaged or unpackaged inte 
grated circuits (i.e., packaged or unpackaged integrated cir 
cuit die), discrete components such as resistors, inductors, 
and capacitors (e.g., surface-mount technology components), 
components such as switches (see, e. g., switches 34), connec 
tor port components (e.g., USB connectors or other port con 
nectors), etc. 
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 con 
nections. Wires 25 may be connected to headphone speakers 
(i.e., earbud drivers). 
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 circuitry 46. 
Storage 48 may include volatile and nonvolatile memory 
(e.g., random-access memory, ?ash memory, solid state 
drives, hard drives, removable media, etc.). Processing cir 
cuitry 46 may be based on one or more microprocessors, 
microcontrollers, digital signal processors, application-spe 
ci?c integrated circuits, etc. Storage 48 may be used to store 
software code such as code that implements device functions 
for device 12. Storage 48 may also be used to store media 
(e.g., song ?les, video ?les, 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. 

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, displays, etc. 
Input-output circuitry 52 may include audio circuitry 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 or port 
50 of computer 62 or other external equipment. Port 50 may 
be, for example, a USB port on a desktop or laptop computer 










