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ILLUMINATED MOLDED HOUSING COVER FOR MOBILE COMMUNICATION DEVICE

RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119 of Chinese Application
Number 200910249084.5, filed in China on December 18, 2008 and U.8. Utility Application
12{752,263 filed April 1, 2010, Both applications are incorporated herein by reference in

their entirety.

BACKGROUND

The present invention relates generally to housings for mobile communication
devices and, more particularly, to housings for mobile communication devices having
integrated llumination effects. Mobile communication devices, such as moliie telephones,
personal digital assistants, and smart phones, have bscoms ublquitous componsnts of
modemn ife. For many consumers, assthetics are an important consideration in ths selsction
of a mobile communication device for personal use. Handsome assthetics not only make
the phone aftractive fo the user, but also provide a means of personal expression fo the
user. Accordingly, most manufacturers of mobile communication devices conlinue o search
for ways to enhance the aesthetics appeal of their mobile communication devices {o
consumers. incorporating llumination or lighting effects info mobile communication devices
is one way to enhance the assthetics of the moblle commumnication device. HHuminated
covers and housings for mobile communication devices are known. More particularly, it is
known 1o place a light sourcs insids the housing for emitting light that passes through a
transiucent cover to produce a soft glowing sffect.

Several problems may be encountered when Irying to add illumination or lighting
effects 1o @ mobile communication device. First, as the form facior of the mobile
communication device decreases, there is less space {0 accommaodate the light source and
fight guides nesded o implement lighting effects. Further, the batlery and other components
within the mobile communication device cab block light and make i difficult to add
Hurnination effects (o some compoenents, such as the battery cover. Accordingly, there
continues to be a need for new ways to create lighting effects that can be accommodated in

mobile communication devices with small form factors.

SUMMARY
The present invention relates {o a housing cover for a mobile communication device
having inlegrated ifllumination. The housing cover has a sandwich construction mads using
a two-shot injection molding process. The housing cover includes a light guide and light

source sandwiched between an ouler ight transmissive layer and an inner laver. The light
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source is dispesed at one end of the light guide and arranged so that the emitted light enters
one end of the light guide. A light mask is disposed betwaen the light guide and the outer
fight transmissive laver {o generate a desired lighting effect or light pattern. Because the
light guide and light source are integrally formed with the housing cover during the moiding
process, it is possible to achieve virtually any lighting effect within a very smail form factor.
Further, the light will not be obsirustad by balteries or other internal components of the
mobile communication device.

Exemplary embaodiments of the invention compriss a molded housing cover for a
mobile communication device. In one embodiment, the melded housing cover comprises an
cuter light fransmissive layer and an inner layer formed into a unitary component by a multi-
shot molding process. A light guide and light source Is sandwiched between the outer light
tranamissive laver and the inner lavers during the mulli-shot molding process. A light mask
between tha light transmissive ouler layer and the light ransmissive outer layer allows light
o exit through the cover in a desired patlem.

in some embodiments, the light guide is in surface-to-swiface contact with the outer
light transmissive layer and the inner layser.

In some embodiments, the outer light transmissive layer comprises a recess for
raceiving the light source.

In some embodiments, the light source comprises a circulf board inseriable into the
racess in the ocuter light transmissive layer and a light source aranged fo direct fight into one
end of the light guide.

in some embodiments, the inner layer comprisses an opshing expasing sontacts on
the printed circuit board.

in some embodiments, the light mask comprises a light blocking paint applied in a
pattern {o one of the outer light transmissive layer and the Jight guide.
in some embodiments, the fight mask comprises a film disposed between the outer light
transmissive layer and ths light guide.

Cther ambodiments of the invention comprise methods of manufacturing a light
fransmissive housing cover for 8 mobile communication davice. One sxemplary methad
comprises molding an cuter light fransmissive layer of the housing cover during a first
molding step; molding an inner layer of the housing cover during a second molding step
such that the outer fransmissive layer and inner layer form a unitary component;
sandwiching a light guide and light source between cuter transmissive layer and inner layer
during the second molding step; and forming a light mask between the outer light
fransmissive fayer and the light guide.

{n some embodimeants, sandwiching a light guide and light source between ouler

fransmissive layer and inner fayer during the sscond molding step comprises inserling a Hight
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guide and light source into the mold adiacent an inside surface of the outer light iransmissive
fayer following the first muolding step.

Some embodiments further comprise forming, during the first molding step, a recass
in the outsr light transmissive layer to racelve the light source.

in some embodiments, inserting a light guide and light sowrce info the mold adiacent
an inside surface of the ouler light fransmissive layer comprises inserting the light source
into the recass formed in the outer light ransmissive layer during the first molding step.

in some embodiments, molding an inner layer of the housing cover comprises
molding the inner laver with an opening {o expose contacts connected o the light source.

in some embodiments, forming a lighl mask between the outer light transmissive
layer and the light guide comprises applying a light blocking coating to one of the outer light
transmissive fayer and the light guide.
4 in some embodimsnts, forming a light mask between the outer light transmissive
fayer and the light guids comprises inserting a light blocking film having a pattern of

openings batwesn the outer light transmissive laver and the light guide.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic section view of an lluminated housing cover according to one
ambodiment of the invention.

Fig. 2 iflustrates the main process sleps in the manufacturing of the illuminated
housing cover.

Fig. 3 illustrates the oufsr transmissive layer of the housing cover after the first
molding step.

Fig. 4 illustrates the ouler transmissive layer of the housing cover after the light mask
is applied.

Fig. 5 Hllustrates the insertion of the light guide and light source into ths mold adjacent
the outer transmissive layer of the housing cover.

Fig. 6 lustrates the housing cover after the final molding step.

DETAILED DESCRIPTION
Referring now to the drawings, Fig. 1 schematically ilustrates a housing cover 10
according to one axemplary embodiment of the present invention. The housing cover 10
may comprise, for example, a front cover, back cover, or battery cover of a mobile
communication device. As used hersin, the term "mobile communication device” refers to
any handheld or poriable electronic device that s capable of communicating wirelessly with

other devices. The term “mobile communication device” includes, without limiation, mohile
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telephones, personal digital assistants, sman phones, laptop computers, handheld
computers, and other devices with wireless communication capabiiities.

The housing cover 10 is 2 unitary structure with a sandwich gonstruction made using
a two-shot molding process. The main componenis of the housing cover 10 comprise an
outer light fransmissive layer 20, an inner layer 30, light guide 40, Hight mask 50, and light
source 80, The ouler light iransmissive layer 20 is made preferably with a transparent or
fransiuceni polycarbonate material, while the inner layer 30 may be made using an opaqus
polycarbonate o other plastic material. The light guide 40 is made from an opticaliy-
fransmissive material. The light quide 40 and light source 60 are sandwiched between the
outer light fransmissive laver 20 and inner layer 30, The light mask 50 is disposed betwsen
the light guide 40 and cuter fight transmissive laver 20 and has a pattern of light transmissive
openings that define a lighting pattern. The light source 80 may comprise, for example,
side-firad LED that directs light into one end of the light guide 40. The emitted light is
fransmitted along ths light guide 40. The light is reflected or scattered at desired points to
amif the light through the outer fransmissive layer 20, Eleclrical connsction with a main
circuit board 70 can be made, for sxample, by a conductive pin 72 that extends from the
main circuit board 70 to make confact with light source 60

Fig. 2 illlustrates the main steps in the process 100 for manufacturing the illuminated
housing cover 10, In the first step, the cuter light transmissive layer 20 is formed by injsction
molding. As previously noted, the oufer light transmissive layer 20 may be made from a
fransparent polycarbonate material. Fig. 3 llusiraies the outer light transmissive layer 20
after the iniiial molding step. A racess 24 is formed in the inner surface af one end of the
outer fight tfransmissive layer 20. As described in greater detail below, the recess 24
racsives a printed dircult board (PCB) for the light source 80, Afransparent paint 22 is
applied o the ouler surface of the outer layer 20 during the molding process using weall-
known coating fechniques.

in the second step of the manufaciuring process shown in Fig. 2, the light mask 50 s
applied {0 the inner surface of the outer light ransmissive layer 20. The light mask 50 may,
for example, comprise an opagus paint or other coating that blocks light transmission, Fig. 4
Hlustrates the ouler transmissive layer 20 after the Hight mask 50 is applied. The light mask
50 includes a pattarn of openings or voids 52 where light is allowed to pass through the light
mask 5. Ths openings 52 can be shaped and/or positioned o achieve any desired lighting
effect or pattern. Whils the exemplary smbodiment shows the light mask 50 applied to the
outer light transmissive laver 20, those skilled in the art will appreciate that the light mask 50
may be applied {o the cuter light transmissivs layer 20 while it remains in the moid.

in the third step of the manufacturing process shown in Fig. 2, the light guids 40 and
light source 80 are inserted into the injection mold containing the outer light iransmissive
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layer 2C. Fig. 8 llustrates the insertion of the light sourse and light guide into the mold. The
light guide 40 comprises a generally planar member mads of an optically transmissive
material. The light guide 40 includes light reflecting or light scaltering features 42 to raflect
or scatter light through the opesnings 52 in the light mask 80. The light source 80 comprises
a side-fired light-emitting dicde {LED) mounted on a printed circuit board 62, The printed
circult board includes electrical contacts for making slecirical connection with the pin 72 on
the main clrculf board 70. The LED is arranged to emit light into one end of the light guide
40, The light fravels along the light guide 40 and is scatterad by the light reflecting or
scatiering features 42 through the openings 52 in the light mask 50.

The fourth step in the manufacturing process showry in Fig. 2 is molding the inner
fayer 30 of the housing cover 10. The second molding operation encapsulates or
sandwichss the light guide 40 and light source 80 betwaen the outsr ight transmissive layer
20 and inner fayer 30. Fig. 6 llustrates the housing cover 10 afler the second molding step.
The inner layer 30 of the housing cover 10 has an opening 32 at one end to exposea the
coriacts an the printaed circult board 82 of the light source 80. The opening allows slsctrical
sonnections io be made betwaen the light source 80 and the main circuit board 70 of the
mobile communication device. The second molding operation may be performed in the
same injection mold used for the initial molding step. The complsted housing cover 100 can
be ramoved from the mold when the outer layer 30 cools.

When removed from the mold following the sscond molding step, the housing cover
10 comprises a unitary component with a sandwich construction. Because the light guids 40
and light source 80 are integrated into the housing cover 10, the housing cover 10 of ths
prasent invantion solves the problem of integrating lumination into mebile communication
devices with small form factors. Using the housing cover 10 of the present invention avoids
the need to make space inside the housing 1o accomimodale the light guide 40 and light
source 80. Further, the integrated light guide 40 can deliver light to areas of the housing
gover 10 that would otherwise be obstructed by the baitery or other internal componenis of
the mobile communication device 10.

The present invention may, of course, be camied oul In other specific ways than
those herein set forth without departing from the scope and essential charactsristics of the
invention. The present embodimenis ars, therefore, to be considered i all respscts as
Hiustrative and not restrictive, and all changes coming within the meaning and sguivalency
range of the appended claims are intended {0 be embraced thersin.
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GCLAIMS
What is claimed is:
1. A molded housing cover for a8 mobile communication device, sald housing member

conprising:
an outar light fransmissive layer and an inner layer formed into a unitary component
by 8 multi-shot molding procass;
a light guide and ight source sandwichad belween the ouler light transmissive layer
and ths inner lavers during the multi-shot molding process; and

a light mask betwsen the light fransmissive ouler layer and the light guide.

2. The molded housing cover of claim 1 wherein the light guide is In surface-to-surface
contact with the outer light transmissive laysr and the inner layer.

3. The molded housing cover of claim 1 whersin the ouler light transmissive layer

camprises a recess for receiving the light source.

4, The molded housing sover of claim 3 wherein the light source comprises a circuit
board insertable info the recess in the outer light tranemissive layer and a light source

arranged to direct light into one end of the light guide.

5. The molded housing cover of claim 4 wherein the inner layer comprises an opening

gxposing contacts on the printed circuit board.

8. The moided housing cover of claim 1 wherein ths light mask comprises a light
blocking paint applied in a pattern to one of the outer light transmissive layer and the light

guide.

7. The molded housing cover of claim 5 wherein the light mask comprises a film

dispossd batween the outer light fransmissive layer and the light guide.

8, A method of manufactuting a light fransmissive housing cover for a mobile

communication device, the method comprising:
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moiding an outer light ransmissive layer of the housing cover during a first molding
step,
moiding an inner faver of the housing cover during a second molding step such thal
the outer fransmissive layer and inner layer form a unitary component;
5 sandwiching a light guide and light source betweean ouler transmissive layer and
inner layer during the second mokding step; and
forming a light mask betwesn the guler light transmissive layer and the light guids.

8. The method of claim 8 wherein sandwiching a light guide and light source between

10 ouler ransmissive layer and inner layer during the second molding step comprises inserting
a light guide and light source into the mold adiacent an inside swrface of the outer light
transmissive layer following the first molding step.

10. The method of claim 8 further comprising forming, during the first molding step, a

15 recess in the oufer light transmissive laver {0 receive the light source.

11, The method of claim 10 whersin inserting a light guide and light source into the mold

adjacent an inside surface of the outer light transmissive layer comprises inserting the light

source into the recess formed in the ouler Eght transmissive laver during the first molding
20 step.

12, The methaod of claim 11 wherein molding an inner layer of the housing cover
comprises molding the inner layer with an opening o expose contacts connected o the light
SOLITE.

25
13. The metheod of claim 8 wherein forming a light mask between the outar light
fransmissive layer and the Hght guide comprises applying & light blocking coating to one of
the outer light transmissive layer and the light guide,

30 14 The mathod of claim 8§ whersin forming a light mask between the outer light
fransmissive layer and the light quide comprises inserting a light blocking film having a
pattarn of openings between the outer light transmissive layer and the light guide.
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