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(57) Abstract: LED packages and LED displays with thin/low profile LED package are provided with improved structural integri-
ty, emission characteristics and customizable attributes. In some embodiments the improved structural integrity is provided by var-
ious features in a lead frame that cooperate with the casing for a stronger package. Moreover, in some embodiments the improved
emission characteristics are provided by cavity features such as shape and depth, which increase surface bonding area for multiple
LED chips and viewing angle respectively. In some embodiments gradated packages with customizable top portions for applica-
tions using smaller packages and bottom portions comprising dimensions compatible with customary mechanical/electrical sup-
ports are also provided.
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SURFACE MOUNT DEVICE THIN PACKAGE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to
electronic packaging, and more particularly to thin/low
profile surface mount packaging having multiple, aligned

emitters for application versatility.

Description of the Related Art

[0002] Light emitting diodes (LEDs) are solid state devices
that convert electric energy to light, and generally
comprise one or more active layers of semiconductor
material sandwiched between oppositely doped layers. When
a bias 1s applied across the doped layers, holes and
electrons are injected. into the active layer where they
recombine to generate light. Light is emitted from the

active layer and from all surfaces of the LED.

[0003] 1In recent years, there have been dramatic
improvements in LED technology such that LEDs with
increased brightness and color fidelity, smaller footprints,
and overall improved emitting efficiency have been
introduced. LEDs also have an increased operation lifetime
compared to other emitters. For example, the operational
lifetime of an LED can be over 50,000 hours, while the
operational lifetime of an incandescent bulb is
approximately 2,000 hours. LEDs can also be more robust
than other light sources while consuming less power, For

these and other reasons, LEDs are becoming more popular and

CONFIRMATION COPY
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are now being used in more and more applications that have

traditionally been the realm of incandescent, fluorescent,

halogen and other emitters.

[0004] Due at least in part to these improved LEDs .and
improved image processing technology, LEDs can be used as
the light source for a variety of display types. In order
to. use LED chips in these types of applications, it 1is
known in the art to enclose one or more‘LED chips in a
package to provide environmental and/or mechanical
protection, color selection, 1light focusing and the 1like.
An LED package also includes electrical leads, contacts or
traces for electrically connecting the LED package to an
external circuit. The LED packages are commonly mounted on

a printed circuit board (PCB).

[0005] Different LED packages can be used as the light
source for displays, both big and small. Large screen LED-
based displays are becoming more common in many indoor and
outdoor locations, while smaller screen LED-based displays
such as televisions, gaming machines, and computer monitors
are becoming more common in many indoor locations such as
homes and businesses. These LED-based displays can.
comprise thousands of “pixels” or “pixel modules”, each of
which can contain a plurality of LEDs. The pixel modules
can use high efficiency and high brightness LEDs that allow.
the displays to be visible from various distances and in a
variety of environmental 1lighting conditions. The pixel
modules- can have as few as three or four LEDs that allow
the pixel to emit many different colors of light from
combinations of red, green, blue, and/or sometimes yellow

light.
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[0006] Most conventional LED based displays are controlled

by a computer system that accepts an incoming signal (e.g.
TV signal), and based on the particular color needed at the
pixel module to form the overall display image, the
computer system determines which LED(s) in each of the
pixel modules is to emit light and how brightly. A power
system can also be included that provides power to each of
the pixel modules; the power to each of the LEDs can be
modulated so light is emitted at the desired brightness.
Conductors are provided to apply the appropriate power

signal to each of the LEDs in the pixel modules.

[0007] Viewers are often not directly in front of an LED-
based display when it is viewed. Both indoor and outdoor
displays are viewable across a substantial range of off-
axis angles, such as up to 145° or even greater. Depending
on where the wviewer 1s located, the horizontal and/or
vertical viewing angle can be different. Furthermore, when
a person 1s moving by an LED display, it is viewed at many
different angles. Typical LED displays withvpeak‘emissions
near the center can experience a drop-off in emission
intensity at different angles. The far field pattern (FFP)
for the different LED packages in each of the pixel modules
can also be different such that the LED display can
experience = image quality variations when viewed from

different angles.

[0008] Thin, flat panel displays are becoming more common
in both indoor and outdoor applications. As the popularity
of flat displays rises, LED packages incorporated into such
displays have necessarily become thinner/lower profile.

The thin/low profile packages are expected to be robust
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such that they maintain their structural integrity during

manufacture and use, but the integrity of such packages can
become compromised. For example, in current thin/low
profile packages in the art, the package structures can
become deformed during the reflow process. Furthermore,
current thin/low profile packages may experience separation
between the package casing and the leads/lead frame during

manufacture and use.

[0009] Additionally, as emitter packages become smaller and
lower profile, the amount of space available for emitting
components (such as LEDs) on the electrically conductive
portions of the packages is at a premium. The smaller
packages may also comprise dimensions which prevent them
from corresponding with mounting portions of conventional

PCBs or other suitable mechanical/electrical supports.

SUMMARY OF THE INVENTION

[0010] The present invention provides emitter packages
and LED displays that provide for improved color emission
uniformity at different viewing angles, with the emitter
packages being thin/low profile for flatter applications.
The present invention also provides emitter packages with
improved structural integrity, with the packages having
suitable surface area for mounting a desired number of LED
chips and corresponding components. Moreover, the present
invention provides customizable emitter packages, which may
allow for attachment to standardized mechanical/electrical

supports.



WO 2011/127636 PCT/CN2010/001864

-5-

[0011] One embodiment comprises an emitter package, with
the package comprising a casing with a cavity extending
into the interior of the casing from a top surface of the
casing, an electrically conductive lead frame integral to
the casing, and a plurality of light emitting devices
arranged on conductive parts of the lead frame. The léad
frame comprises features that cooperate with the casing to
provide a robust connection between the lead frame and the
casing. The 1light gmitting devices and portions of the
lead frame are exposed through the cavity. The bottom of
the cavity comprises a different shape than the top of the
cavity, with the shape of the cavity bottom increasing the

surface area of the exposed lead frame portions.

[0012] Pursuant to another embodiment, an emitter
package 1is provided comprising a casing with a cavity
extending into the. interior of tﬁe casing from a top
surface of the casing, a lead frame integral to the casing,
and a plurality of light emitting devices arranged on
portions of the lead frame éxposed through the cavity. The
lead frame comprises features that cooperate with the
casing to provide a robust connection between the lead
frame and the casing. The casing comprises a step-wise
gradation such that the dimensions of the bottom of the
casing are greater than the dimensions of the top of the

casing.

[0013] In accordance with yet another embodiment, a low
profile emitter package 1s provided comprising a casing

with a cavity extending into the interior of the casing
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from a top surface of the casing, a lead frame integral to

the casing, and a plurality of‘ LEDs arranged in linear
alignment on the lead frame, with the LEDs and portions of
the lead frame exposed through the cavity. The lead frame
comprises features that cooperate with the casing to
provide a robust connection Dbetween the lead frame and
casing. The height of the package is between 0.9 to 1.35

mm.

[0014] In yet another embodiment according to the
present invention, a light emitting device display is
provided, comprising a substrate carrying an array of
emitter packages, and electrically connected drive
circuitry to selectively energize the array for producing
visual images on the display. Each of the emitter packages
comprises a casing with a cavity extending into the
interior of the casing from a top surface of the casing, a
lead frame integral to the casing, and a plurality of LEDs
arranged in linear alignment on the lead frame, with the
LEDs and portions of the lead frame exposed through the
cavity. The cavity has a depth of less than or equal to
0.5 mm. The lead frame comprises features that cooperate
with the casing to provide a robust connection between the

lead frame and the casing.

[0015] These and other further features and advantages
of the invention would be apparent to those skilled in the
art from the following detailed description, taken together

with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
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[0016] FIG. 1 1s a perspective view of an emitter

package according to the present invention;

[0017] FIG. 2 is a top plan view of the embodiment shown
in FIG. 1;
[0018] FIG. 3 is a cross section view of the embodiment

of FIG. 1 as seen along the line 3-3 in FIG. 2;

[0019] FIG. 4 is a bottom view of the embodiment shown
in FIG. 1;
[0020] FIG. 5 is an end elevation view of the embodiment

shown in FIG. 1, with the opposite end being substantially

similar;

[0021] FIG. 6 1s a side elevation view of the embodiment
shown in FIG. 1, with the opposite side being substantially

similar;

[0022] FIG. 7 1s a top view of a lead frame in’
accordance with one embodiment that may be used in the

device of FIG. 1;

[0023] FIG. 7a is a cross section view of the embodiment

of FIG. 7 as seen along the line 7a-7a in FIG. 7;

[0024] FIG. 8 is a side elevation view of the lead frame

shown in FIG. 7;

[0025] FIG. 9 1is a top dimensional view of the

embodiment shown in FIG. 1;
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[0026] FIG. 10 is a side dimensional view of the
embodiment shown in FIG. 1;
[0027] FIG. 11 is a perspective view of another

embodiment of an emitter package according to the present

invention;

[0028] FIG. 12 1is a top plan view of the embodiment
shown in FIG. 11;

[0029] FIG. 13 is a bottom view of the embodiment shown
in FIG. 11;

[0030] FIG. 14 1is an end elevation view of the
embodiment shown in FIG. 11, with the opposite end being

substantially similar;

[0031] FIG. 15 is a side elevation view of the
embodiment shown in FIG. 11, with the opposite side being

substantially similar;

[0032] FIG. 16 1is a top view of a lead frame in
accordance with one embodiment that may be used in the

device of FIG. 11;

[0033] FIG. 16a is a Cross section view of the
embodiment of FIG. 16 as seen along the line 1l6a-16a in FIG.
16;

[0034] FIG. 17 1is a top dimensional view of the

embodiment shown in FIG. 11;
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[0035]

embodiment shown in FIG.

[0036]

it relates to the emission paths depicted in FIGs.

-0

18 is a side dimensional

11;

FIG.

FIG.

[0037] FIG. 19 1is a key illustrating V-V alignment as
it relates to the emission paths depicted in FIGs. 21la, 21b.
[0038] FIG. 20a 1is a graph illustrating H-H emission
paths of the surface mount devicé embodiment shown in FIG.
1;

[0039] FIG. 20b 1s a graph illustrating H-H emission
paths of the surface mount device embodiment shown in FIG.
11;

[0040] FIG. 2la 1s a graph illustrating V-V emission
paths of the surface mount device embodiment shown in FIG.
1; and

[0041] FIG. 21b 1is a graph illustrating V-V emission
paths of the surface mount device embodiment shown in FIG.
11.

DETATILED DESCRIPTION OF THE INVENTION

[0042] The present invention 1s described herein with

reference to certain embodiments,

PCT/CN2010/001864

view of the

19a is a key illustrating H-H alignment as

20a, 20b;

but it is understood that

the invention can be embodied in many different forms and
should not be construed as limited to the embodiments set

forth herein.
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[0043] In some embodiments according to the present
invention, structures are provided for thin/low profile,
multiple emitter packages that allow the packages to emit
light with improved color uniformity at greater viewing
angles by linearly aligning the emitters within the package
and minimizing the depth of the package cavity. Moreover,
some embodiments of the present invention provide thin/low
profile emitter packages that maintain structural integrity
during manufacture and use due in part to features in the
package lead frame enabling the package casing and lead
frame to strongly adhere to one another, thus providing a
robust connection between them. Such features may include
metal gaps of varying sizes between adjacent portions of
the lead frame, cuts in the lead frame, through-holes in
the lead frame, indentations in the lead frame, bent leads,

and the like.

[0044] In still other embodiments, the shape of the
package cavity can be customized such that the bottom of
the cavity has a unique shape providing greater available
surface area for the bonding of a desired number of diodes,
while the top of the cavity is conventionally shaped (such
as being circular) to maximize light emission and viewing
angle. This special cavity allows for more diodes to be
included in a package that would otherwise be too small
(and hence have too 1little surface area) to carry the
desired number of diodes. In other embodiments according
to the present invention, the casing of the package may
include step-wise gradations that enable the lower portion
of a package to be mounted on customary

electronic/mechanical supports such as standardized PCBs,
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while the upper portion can be sized down for smaller
applications.
[0045] The present invention is applicable to different

types of emitter packages such as surface mount devices
(SMDs) that can be wused in many different 1lighting
applications such as LED color screens or decorative
lighting. Different embodiments of ‘emitter packages are
described below that utilize light emitting diodes as their
emitters, but it is understood that other emitter package

embodiments can use different types of emitters.

[0046] It will be understood that when an element 1is
referred to as being “on”, “connected to”, “coupled to”, or
“in contact with” another element, it can be directly on,
connected or couple to, or in contact with the other
element or intervening elements may be present. In
contrast, when an element 1s referred to as being “directly
on”, Y“directly connected to”, “directly coupled to”, or
“directly in contact with” another element, there are no
intervening elements present. Likewise, when a first
element 1s referred to as being “in electrical contact
with” or “electrically coupled to” a second element, there
is an electrical path that permits current flow between the
first element and the second element. The electrical path
may 1include capacitors, coupled inductors, and/or other
elements that permit current flow even without direct

contact between conductive elements.

[0047] Although the terms first, second, etc. may be
used herein to describe various elements, components,

regions, and/or sections, these elements, components,



WO 2011/127636 PCT/CN2010/001864

_12_
regions, and/or sections should not be limited by these

terms. These terms are only used to distinguish one
element, component, region, or section from another element,
component, region, or section. Thus, a first element,
component, region, or section discussed below could be
termed a second element, component, regions, or section
without departing from the teachings of the present

invention.

[0048] Embodiments of the invention are described herein
with reference to cross-sectional view illustrations that
are schematic illustrations of embodiments of the invention.
As such, the actual thickness of components can be
different, and variations from the shapes of the
illustratiéns as a result, for example, of manufacturing
techniques and/or tolerances are expected. Embodiments of
the invention should not be construed as limited to the
particular shapes of the regions illustrated herein but are
to include deviations in shapes that result, for example,
from manufacturing. A region 1illustrated or described as
square or rectangular will typically have rounded or curved
features due to normal manufacturing tolerances. Thus, the
regions 1llustrated in the figures are schematic in nature
and their shapes are not intended to illustrate the precise
shape of a region of a device and are not intended to limit

the scope of the invention.

[{0049] FIGS. 1-10 show one embodiment of a thin/low
profile multiple emitter package 10 according to the
present invention that comprises an SMD. As mentioﬁed above,
it 1s understood that the present invention can be used

with other types of emitter packages beyond SMDs. The
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package 10 comprises a casing 12 that carries an integral

lead frame 14. The lead frame 14 comprises a plurality of
electrically conductive connection parts used to conduct
electrical signals to the package’s 1light emitters. The
lead frame may also assist in dissipating heat generated by
the emitters in applications where a significant amount of

heat is produce by the package’s emitters.

[0050] The lead frame 14 can be arranged in many
different ways and different numbers of parts can be
utilized in different package embodiments. The package iO
is described below utilizing three emitters, and in the
embodiment shown, the lead frame is arranged so each of the
emitters 1is driven by a respective electrical signal.
Accordingly there are six conductive parts in the
embodiment shown, comprising a pair of conductive parts for
each emitter with an electrical signal applied to each of
the emitters through its conductive part pair. For the
package 10, the conductive parts comprise first, second and
third anode parts 16, 18, 20, and first, second and third
cathode parts 22, 24, 26 (best shown in FIG. 7), each
having an emitter attach pad. However, it 1s understood
that some embodiments can comprise less than three LEDs,
while others can comprise less than six LEDs and still
others can comprise more ‘than three LEDs. The LEDs in
these various embodiments can each have their own
respective conductive part pair, or can share conductive
parts with other LEDs. The cost and complexity of the

packages can be generally lower with fewer LED chips.
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[0051] The casing 12 can have many different shapes and

sizes, and in the embodiment shown is generally square or
rectangular, with upper and lower surfaces 28 and 30, side
surfaces 32 and 34 and end surfaces 36 and 38, The upper
portion of the casing further comprises a recess or cavity
40 extending from the upper surface 28 into the body of the
casing 12 to the lead frame 14. Emitters are arranged on
the lead frame such that light from the emitters emits from
the package 10 through the cavity 40. In some embodiments,
a reflector component such as a reflective insert or ring
42 (shown in FIG. 3) may be positioned and secured along at

least a portion of a side or wall 44 of the cavity 40.

[0052] The effectiveness of the reflectivity of the ring
42 and the emission angle of the package can be enhanced by
tapering the cavity 40 and ring 42 carried therein inwardly
toward the interior of the casing. By way of example and
not by limitation and as best shown in FIG. 10, a cavity
angle 46 of ~50.0 degrees may provide for a suitable and
desired viewing angle as well as the desired reflectivity
if a reflector component 1s included. In another possible
embodiment, a cavity angle of ~90.0 degree may provide for
a suitable and desired viewing angle. In still other
possible embodiments, a cavity angle of 1less than 50.0
degrees, greater than 50.0 degrees, Dbetween 50.0~90.0
degrees, and/or greater than 90.0 degrees may provide for

suitable and desirable viewing angles.

[0053] Moreover, the depth of cavity 40 can be
customized to increase the viewing angle of the package.
By way of example and not limitation, in the thin/low

profile package of this embodiment, a small cavity 40 depth
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of 0.45 mm +/- 0.05 mm (as shown in FIG. 10) may provide a

desirable, increased viewing angle. In another possible
‘embodiment, a cavity depth of less than 0.45 mm may provide
a desired viewing angle. In still other possible
embodiments, a cavity depth of greater than 0.45 mm but
less than the overall height of the emitter package may

provide a desired viewing angle.

[0054] In some embodimeﬁts, the bottom portion 41 of the
cavity 40 adjacent the exposed portions of the lead frame
14 may comprise a different shape than the top portion 43
of the cavity 40. In the embodiment best shown in FIGs. 1
and 2, the bottom portion 41 of cavity 40 is defined by a
shape comprising four arcs, with the shape resembling a
square with curved sides. The top portion 43 is defined by
a circle. It is understood that bottom and top portions 41,
43 may comprise any variety of suitable shapes according to
the present invention. The different shape of the bottom
portion 41 allows for more of lead frame 14 to be exposed
through cavity 40 compared to conventional cavities
maintaining a circular shape from top to Dbottom, which
increases the available surface area of lead frame 14 upon
which various types of LEDs or other diodes may be mounted
(as discussed in more detail Dbelow). Increasing the
available lead frame 14 surface area exposed in the cavity
40 may be necessary in particularly small emitter packages,
which in the absence of a suitable shape for bottom portion
41, may not be able to fit a desired number of mounted

diodes or other device components.

[0055] In some embodiments, the cavity 40 may be at
least partially filled with a £ill material/encapsulant 48
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that can protect and positionally stabilize the lead frame

14 and the emitters carried thereby. In some instances,
the fill material/encapsulant 48 may cover the emitters and
the portions of the lead frame 14 exposed through the
cavity 40. The fill material/encapsulant 48 may be selected
to have predetermined optical properties so as to enhance
the projection of light from the LEDs, and 1in some
embodiments is substantially transparent to the light
emitted by the package’s emitters. The fill
material/encapsulant 48 may be substantially flat along its
top surface, or can also be shaped, such as hemispheric or
bullet shaped, or can be fully or partially concave in the
cavity 40. The fill material/encapsulant 48 may be formed
from a silicone, resin, an epoxy, a thermoplastic
polycondensate, glass, and/or other suitable materials or
combinations of materials. In some embodiments, materials
may be added to the fill material/encapsulant 48 to enhance
the emission, absorption and/or dispersion of 1light to

and/or from the LEDs.

[0056] The casing 12 may be fabricated of material that
is electrically insulating; it may also be thermally
conductive. Such materials are well-known in the art and
may include, without limitation, thermoplastic
polycondensates (e.g., a polyphthalamide (PPA)), certain
ceramics, resins, epoxies, and glass. The casing 12 may
also be formed of dark or black material(s) to improve
contrast 1in 1image generation SMD packages, such as with

SMDs employed in video displays.

[0057] The package 10 and 1its casing 12 may be formed

and/or assembled through any one of a variety of known
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methods as is known in the art. For example, the casing 12

may be formed or molded around the anode parts 16, 18, 20
and cathode parts 22, 24, 26, such as by injection molding.
The hole 47 shown in FIG. 4 may be present in packages
formed Dby known injection molding techniques, as it
represents the point of entry for casing material to be
injection molded over said lead frame 14. Alternatively,
the casing may be formed in sections, for example, top and
bottom sections, with the anode parts 16, 18, 20 and
cathode parts 22, 24, 26 formed on the bottom section. The
top and bottom sections can then be bonded together using
know methods and materials, such as by an epoxy, adhesive

or other suitable joinder material.

[0058] In the illustrative embodiment depicted, the
package 10 utilizes first, second and third LEDs 50, 52, 54,
each of which can emit the same color of light or different
color of 1light than the‘others. In the embodiment shown,

the LEDs 50, 52, 54 emit blue, red, and green colors,

respectively, so that when appropriately energized the LEDs
produce in combination a substantially full range of colors.
Further, when appropriately energized, the LEDs 50, 52, 54
can emit a white 1light combination of different color
temperatures. It is understood that more or less than
three LEDs can be utilized in a package according to the

present invention, with the LEDs emitting any desired color.

[0059] The package 10 can also comprise elements to
protect against damage from electrostatic discharge (ESD).
Different elements can be used such as various vertical
Zener diodes {not shown), different LEDs arranged in

parallel and reverse Dbiased to the LED chips 50, 52, 54
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(not shown), surface mount varistors (not shown), and

lateral Si diodes (not shown). In embodiments using a Zener
diode, it can be mounted to a separate attach pad using
known mounting techniques. The diode may be relatively
small so it does not cover an excessive area on the surface
of the lead frame 14 exposed by the cavity 40. When
utilizing groups of LEDs coupled in series only one ESD

element is needed for each series group.

[0060] LED structures, features, and their fabrication
and operation are generally known in the art and only
briefly discussed herein. LEDs can have many different
semiconductor layers arfanged in different ways and can
emit different colors. The layers of the LEDs can be
fabricated using known processes, with a suitable process
being fabrication using metal organic chemical vapor
deposition (MOCVD). The layers of the LED chips generally
comprise an active layer/region sandwiched between first
and second oppositely doped epitaxial layers, all of which
are formed successively on a growth substrate or wafer. LED
chips formed on a wafer can Dbe singulated and used in
different application, such as mounting in a package. It is
understood that the growth substrate/wafer can remain as
part of the final singulated LED or the growth substrate

can be fully or partially removed.

[0061] It is also understood that additiQnal layers and
elements can also be included in the LEDs, including but
not limited to buffer, nucleation, contact and current
spreading layers as well as 1light extraction layers and

elements. The active region can comprise single gquantum
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well (sQw), multiple quantum well (MQW) , double

heterostructure or super lattice structures.

[0062] The active region and doped layers may be
fabricated from different material systems, with one such
system being Group-III nitride based material systems.
Group-III nitrides refer to those semiconductor compounds
formed between nitrogen and the elements in the Group III
of the periodic table, usually aluminum (Al), gallium (Ga),
and indium (In). The term also refers to ternary and
quaternary compounds such as aluminum gallium nitride
(AlGaN) and aluminum indium gallium nitride (AlInGaN). In a
possible embodiment, the doped layers are gallium nitride
(GaN) and the active region is InGaN. In alternative
embodiments the doped layers may be AlGaN, aluminum gallium
arsenide (AlGaAs) or aluminum gallium indium arsenide
phosphide (AlGalInAsP) or aluminum indium gallium phosphide

(AlInGaP) or zinc oxide (ZnO).

[0063] The growth substrate/wafer can be made of many
materials such as silicon, glass, sapphire, silicon carbide,
aluminum nitride (AIN), gallium nitride (GaN), with a
suitable substrate being a 4H polytype of silicon carbide,
although other silicon carbide polytypes can also be used
including 3C, 6H and 15R polytypes. Silicon carbide has
certain advantages, such as a closer crystal lattice match
to Group III nitrides than sapphire and results in Group
ITT nitride films of higher quality. Silicon carbide also
has a very high thermal conducﬁivity so that the total
output power of Group-III nitride devices on silicon
carbide 1is not limited by the thermal dissipation of the

substrate (as may be the case with some devices formed on
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sapphire). SiC substrates are available from Cree Research,

Inc., of Durham, North Carolina and methods for producing
them are set forth in the scientific literature as well as

in a U.S. Patent Nos. Re. 34,861; 4,946,547; and 5,200,022.

[0064] LEDs can also comprise additional features such
as conductive current spreading structures, current
spreading layers, and wire bond pads, all of which can be
made of known materials deposited using known methods. Some
or all of the LEDs can be coated with one or more phosphors,
with the phosphors absorbing at least some of the LED light
and emitting a different wavelength of light such that the
LED emits a combination of 1light from the LED and the
phosphor. LED chips can be coated with a phosphor using
many different methods, with one suitable method being
described in U.S. Patent Applications Serial Nos.
11/656,759 and 11/899,790, both entitled “Wafer Level
Phosphor Coating Method and Devices Fabricated Utilizing
Method”, and both of which are incorporated herein by
reference. Alternatively, the LEDs can be coated using
other methods such as electrophoretic deposition (EPD),
with a suitable EPD method described in U.S. Patent
Application No. 11/473,089 entitled “Close Loop
Electrophoretic Deposition of Semiconductor Devices”, which

is also incorporated herein by reference.

[0065] Furthermore, LEDs may have vertical or lateral
geometry as 1s known in the art. Those comprising a
vertical geometry may have a first contact on a substrate
and a second contact on a p-type layer. An electrical
signal applied to the first contact spreads into the n-type

layer and a signal applied to the second contact spreads
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into a p-type layer. In the case of Group-III nitride

devices, it is well known that a thin semitransparent
typically covers some or the entire p-type layer. It is
understood that the second contact can include such a layer,
which 1is typically a metal such as platinum (Pt) or a

transparent conductive oxide such as indium tin oxide (ITO).

[0066] LEDs may also comprise a lateral geometry,
wherein both contacts are on the top of the LEDs. A portion
of the p-type layer and active region is removed, such as
by etching, to expose a contact mesa on the n-type layer.
A second lateral n-type contact is provided on the mesa of
the n-type layer. The contacts can comprise known materials

deposited using known deposition techniques.

[0067] In the illustrative embodiment shown, the 1lead
ffame’s anode and cathode parts 16, 18, 20, 22, 24, 26
project outwardly through the opposed surfaces 36 and 38 of
the casing 12. Anode parts 16, 18, 20 extend from surface
36, and cathode parts 22, 24, 26 extend from surface 38.
The anode and cathode parts are arranged to operate in
pairs to conduct an electrical signal to their respective
light emitter when the package 10 1is surface mounted for
operation. In the embodiment shown, the anode and cathode
parts 16, 18, 20, 22, 24, 26 are bent orthoggnally to
extend outside of and down along their end surfaces 36 and
38 of the casing, then bent orthogonally again to form end
portions 82, 84, 86, 88, 90, 92 that extend along the lower
surface 30 of the casing 12. The outwardly facing surfaces
of the end portions 82, 84, 86, 88, 90, 92 of the leads are
substantially flush with the bottom of the casing 12 to
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facilitate connection to an underlying

mechanical/electronic support structure 94 such as a PCB.

[0068] As best shown in FIG. 3, the end portions 82, 84,
86, 88, 90, 92 (with only end portions 86, 88 being visible)
of the leads can be electrically connected or bonded to
traces or pads on the support structure 94 using any of a
number of well-known connection techniques, including
soldering. It is understood that in other embodiments all
or some of the end portions 82, 84, 86, 88, 90, 92 can be
bent in an opposite direction while still allowing for

surface mounting.

[0069] The cathode parts 22, 24, 26 comprise central
surfaces or mounting pads 68, 70, 72 for carrying the LED
chips 50, 52, 54 in a linear array that extends in a
direction 74 perpendicular to the side surfaces 32 and 34,
with the LEDs 50, 52, 54 Dbeing aligned generally along a
central axis of the casing 12. This alignment allows for
improved color uniformity at different horizontal viewing
angles compared to 'packages having LEDs arranged in other
ways, such as in a cluster. It is understcod that a linear
array extending in a direction perpendicular to side
surfaces 36, 38 would allow for improved color uniformity

at different vertical viewing angles.

[0070] Mounting pads 68 and 78 may extend toward the
center of the casing 12,vwhich allows for the LEDs 50, 54
to be mounted closer to the center of the casing 12 so they
can emit out of the cavity 40. The anode parts 16, 18, 20
include electrical connection pads 76, 78, 80, respectively,

positioned adjacent to, but spaced apart from, the mounting
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pads 68, 70, 72 via gap 96. Connection pads 76 and 80

extend toward the center of the casing 12 to allow for
electrical connection to LED 50, 54 that are mounted closer
to the center of the casing 12 by extensions of mounting

pads 68, 70.

[0071] The anode parts 16, 18, 20 run generally parallel
to one another and cathode parts 22, 24, 26 run generally
parallel to one another other, with all extending in a
direction perpendicular to the direction 74 of the linear
LED array. The leads can have different widths and can be
small enough that when the package 10 is viewed from the
top, they are minimally visible or not visible.
Additicnally and/or alternatively, the leads may Dbe

obstructed from view from the top by the casing 12.

[0072] As best seen in FIGS. 1 and 2, the cavity 40
extends into the casing interior a sufficient depth to
expose the attach and connection pads 68, 70, 72, 76, 78,
80. In a possible embodiment, each of the LEDs 50, 52, 54
has its own pair of contacts or electrodes arranged so that
when an electrical signal is applied across the contacts,
the LED emits light. The contacts of the LEDs are
electrically connected to an anode and cathode part pair.
Ensuring that each of the LEDs 50, 52, 54 has i1ts own
cathode and anode pair can be advantageous for a number of
reasons, such as providing easier electrical control of

each LED.

-[0073] In accordance with a typical implementation of
the embodiments shown, one of the contacts of LEDs 50, 52,

54 is coupled to the chip carrier pads 68, 70, 72, while
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the other of LEDs 50, 52, 54 contacts 1is coupled to the

pads 76, 78, 80. However, it is understood that pads 76,
78, 80 can carry the chips instead, with pads 68, 70, 72
being electrically connected to pads 76, 78, 80. Different
known structures and methods can be used for making this
connection, with one such structure being wire bonds 95, 97,
99 applied using known methods. Although one possible wire
bond configuration is shown, it is understood that various,
other suitable wire bond configurations are possible
depending on the structure of each chip. For example,
there may be more than one wire bonds on one chip, with one
wire bond attached to a cénnection pad, and the other wire

bond attached to a chip carrier pad.

[0074] The anode parts 16, 18, 20 and cathode parts 22,
24, 26 may be made from an electrically conductive metal or
metal alloy, such as copper, a copper alloy, and/or other
suitable electrically conductive, low resistivity,
corrosion resistant materials or combinations of materials.
As noted, the thermal conductivity of the leads may assist,
to some extent, in conducting heat away from the LEDs 50,
52, 54 carried by the SMD as shown by the arrow 98.
However, in lower power packages {such as those operating
at ~20-60 mA) of the present embodiment, thermal management

may not be a key concern.

[0075] Each of the LEDs 50, 52, 54 may be electrically
coupled with its one the pads 68, 70, 72 by means of an
electrically and thermally conductive bonding material 100
such as a solder, adhesive, coating, film, encapsulant,

paste, grease and/or other suitable material. In one
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embodiment, the LEDs may be electrically coupled and

secured to their respective pads using a solder pad on the
bottom of the LEDs. The fabrication of the connector parts
16, 18, 20 and.carrier parts 22, 24, 26 may be accomplished
by stamping, injection molding, cutting, etching, bending
or through other known methods and/or combinations of
methods to achieve the desired configurations. For example,
the connector parts and/or carrier parts can be partially
metal stamped (e.g., stamped simultaneously from a single
sheet of relevant material), appropriately Dbent, and
finally fully separated following the formation of some or

all of the casing.

[0076] In some methods of manufacturing the LEDs may be
coupled to the pads 68, 70, 72 prior to molding and/or
assembiing the casing 12 about the connection pads.
Alternatively, the LEDs may be coupled to the pads 68, 70,
72 after the anode and cathode parts have been partially
‘encased within the casing. The cavity 40 that extends into
the casing may be configured, such as by a differently
shaped bottom portion 41, so that sufficient portions of
the pads 68, 70, 72 and pads 76, 78, 80 are exposed to
receive the LEDs and the associated wire bonds, and to

allow the LEDs to emit light out through the cavity 40.

[0077] In conventional packages, the smooth surfaces and
narrow paths between the lead frame’s anode and cathode
parts and the upper and lower portions of the casing make
reliable adhesion difficult. These mating smooth surfaces
and narrow paths between the metal gaps can reduce the
rigidity of the emitter package and can increase the

chances of component failure by separation of the casing
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from the lead frame during both use and manufacturing

processes 'such as reflow. To make the package more robust,
the structural integrity of the package 1is improved by
increasing adhesion reliability between the casing and lead
frame. This can be accomplished with one or more of the
anode parts 16, 18, 20 and cathode parts 22, 24, 26
including one or more indentations, through-holes,
apertures, extensions, and/or other features that
contribute to the stability, integrity and/ér robustness of
the SMD package. Furthermore, metal gaps 102, 104, 106,
and 108 may be provided at various locations Dbetween
adjacent anode parts and adjacent cathode parts, with these
gaps having greater and varying widths than the narrow
paths seen in conventional emitter packages. The gaps are
later filled with casing material to form thicker paths
and/or path segments Dbetween these lead frame portions

compared to packages not comprising the larger metal gaps.

[0078] As Dbest shown in FIG. 7, anode parts 16, 18 and
18 and 20 may have larger metal gaps 102, 104 between them,
and cathode parts 22 and 24 and 24 and 26 may have larger
metal gaps 106 and 108 between them. When casing material
is molded over lead frame 14, it fills in larger metal gaps
102, 104} 106, 108 to create wide paths and/or path
segments that can improve the adhesion between casing 12
and lead frame 14 and improve the overall structural
integrity/robustness of package 10. The anode and cathode
parts may also contain features such as indentations (not
shown), through~-holes (not shown), or cuts such as V-cuts
110, which can be on the upper and lower surfaces of the
anode parts 16, 18, 20 and cathode parts 22, 24, 26. The
metal gaps 102, 104, 106, 108, through-holes, indentations,
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cuts, bent leads, and/or other such features of the lead

frame cooperate‘with the casing and/or fill material, at
least 1in part, to enhance the structural stability and
integrity of the package 10. The <casing material and/or
fill material extends at least partially into and/or
through such features of the lead frame to add robustness.
Without these types of features for improving the
structural integrity of the package, packages can be
damaged during fabrication or the lead frame and casing can

dissociate during package operation.

[0079] With reference now to FIGs. 9-10, some examples
of dimensional characteristics of the various components of
emitter package 10 are shown. By way of example and not
limitation, the package 10 may have an overall length 112
of 3.20 +/-0.1 mm, an overall width 114 of ~2.80 mm, and a
height 116 of 0.95 +/-0.05 mm. In other embodiments, the
length may be less than 3.20 mm, less than 5.0 mm, or
greater than 3.20 mm. The overall width may be less than
2.80 mm, less than 4.0 mm, or Jgreater than 2.80 mm.
According to possible embodiments for a thin/low profile
emitter package, the height/thinness of the package may
range from 0.9-1.3 mm, may be less than 0.95 mm, or may be

less than 1.5 mm.

[0080] FIGS. 11-18 show another possible embodiment of a
thin/low profile multiple emitter package 200 according to
the present invention that may comprise an SMD. The package
200 comprises a casing 212 with integral lead frame 214.

The lead frame 214 comprises a plurality of electrically
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conductive connection parts as described above for package

10.

[0081] The package 200 is described below utilizing
three emitters, and in the embodiment shown, the lead frame
is arranged so each emitter 1is driven by a respective
electrical signal. However, it is understood that other
package and lead frame arrangements are contemplated by the
present invention. Accordingly, there are six conductive
parts in package 200, comprising first, second and third
anode parts 216, 218, 220, and first, second and third
cathode parts 222, 224, 226.

[0082] The.casing 212 is generally square or rectangular,
with upper and lower surfaces 228 and 230, side surfaces:
232 and 234 and end surfaces 236 and 238. The upper
portion of the <casing further comprises cavity 240
extending from the upper surface 228 into the body of the
casing 212 to the lead frame 214. Emitters are arranged on
the lead frame such that light from the emitters emits from
the package 200 through cavity 240. In some embodiments, a
reflectof component (not shown) may be positioned and
secured along at least a portion of a side or wall 244 of

the cavity 240.

[0083] The effectiveness of a reflector component (if
included) and the emission angle of the package can ‘be
enhanced by tapering the cavity 240 and reflector component
carried therein inwardly toward the interior of the casing.
By way of example and not by limitation and as best shown
in FIG. 18, a cavity angle 246 of ~90.0 degrees may provide

for a suitable and desired viewing angle as well as the
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desired reflectivity if a reflector component is included.

In another possible embodiment, a cavity angle of ~50.0
degree may provide for a suitable and desired viewing angle.
In still other possible embodiments, a cavity angle of less
than 90.0 degrees, greater than 90.0 degrees, between 50.0-
90.0 degrees, and/or less than 50.0 degrees may provide for

suitable and desirable viewing angles.

[0084] Moreover, the depth o0f cavity 240 can Dbe
customized to increase the viewing angle of the package.
By way of example and not limitation, in the thin/low
profile package of this embodiment, a small cavity 240
depth of 0.45 mm +/- 0.05 mm (as shown in FIG. 18) may
provide a desirable, increased viewing angle. In another
possible embodiment, a cavity depth of less than 0.45 mm
may provide a desired viewing angle. In still other
possible embodiments, a cavity depth of greater than 0.45
mm but less than the overall height of the emitter package

may provide a desired viewing angle.

[0085] In some embodiments, the casing 212 may comprise
step-wise gradations, with a bottom portion 213 of casing
212 being dimensionally larger than a top portion 215 of
casing 212. At least one purpose for this step-wise casing
212 is to enable the bottom of the package, with its
inclusive lead frame components, to be mounted on
conventionally-sized mechanical/electrical supports such as
PCBs, while the dimensions of the top of the package can be
customized for various desired applications. As such, the
new packages 200 can easily be mounted on and electrically
connected to supports such as PCBs that are already in use.

It is understood that a package according to the present
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invention can comprise any number and type of gradation to

enable the dimensions of the top of the casing 212 to
differ from the dimensions of the bottom of the casing 212.
For example, more than two step-wise gradations may be
included in a package according to the present invention,

or a gradual, sloping gradation may also be contemplated.

[0086] In some embodiments, the cavity 240 may be at
least partially filled with a fill material and/or covered
by an encapsulant (not shown) as described above. Moreover,
the casing 212 may comprise materials and be formed as

described above.

t0087] In the illustrative embodiment depicted, the
package 200 utilizes first, second and third LEDs 250, 252,
254, each of which can emit the same color of 1light or
different color of light than the others. In the embodiment
shown, the LEDs 250, 252, 254 emit blue, red, and green
colors, respectively, so that when appropriately energized
the LEDs produce in combination a substantially full range
of colors. Further, when appropriately energized, the LEDs
250, 252, 254 can emit a white light combination of wvarying
color temperatures. It 1is understood that more or less
than three LEDs can be utilized in a package according to
the present invention, with the LEDs emitting any desired

color or color combination.

[0088] As with package 10 described above, package 200
can comprise elements (not shown) to protect against damage
from ESD. Such elements can include Zener diodes, different
LEDs arranged 1in parallel and reverse biased to the LED

chips 250, 252, 254, surface mount varistors, and lateral
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Si diodes. When utilizing groups of LEDs coupled in series

only one ESD element is needed for each series group.

[{0089] In the illustrative embodiment shown, the lead
frame’s anode and cathode parts 216, 218, 220, 222, 224,
226 project outwardly through the opposed surfaces 236 and
238 of the casing 212. Anode parts 216, 218, 220 extend
from surface 236, and cathode parts 222, 224, 226 extend
from surface 238. The anode and cathode parts are arranged
to operate in pairs to conduct an electrical signal to
their respective 1light emitter when the package 200 is
surface mounted for operation. In the embodiment shown,
the anode and cathode parts 216, 218, 220, 222, 224, 226
are bent orthogonally to extend outside of and down along
their end surfaces 236 and 238 and the bottom portion 213
~of the casing, then bent orthogonally again to form end
portions 282, 284, 286, 288, 290, 292 that extend along the
lower surface 230 of the bottom portion 213 of casing 212.
The outwardly facing surfaces of the end portions 282, 284,
286, 288, 290, 292 of the leads are substantially £flush
with the bottom of the casing 212 to facilitate connection
to an underlying mechanical/electronic support structure
such as a PCB (not shown), with the PCB comprising
electrical connection portions that coincide with end

portions 282, 284, 286, 288, 290, 292.

[0090] The cathode parts 222, 224, 226 comprise central
surfaces or mounting pads 268, 270, 272 for carrying the
LED chips 250, 252, 254 in a linear array that extends in a
direction 274 perpendicular to the side surfaces 232 and

234, with the LEDs 250, 252, 254 being aligned generally
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-along a central axis of the casing 212. This alignment

allows for improved color uniformity at different
horizontal viewing angles compared to packages having LEDs
arranged in other ways, such as in a cluster. It 1is
understood that a linear array extending in a direction
perpendicular to side surfaces 236, 238 would allow for
improved color uniformity at different vertical viewing

angles.

[0091] Mounting pads 268 and 278 extend toward the
center of the casing 212, which allows for the LEDs 250,
254 to be mounted closer to the center of the casing 212 so
they can emit out of the cavity 240. The anode parts 216,
218, 220 include electrical connection pads 276, 278, 280,
respeétively, positioned adjacent to, but spaced apart from,
the mounting pads 268, 270, 272 via gap 296. Connection
pads 276 and 280 extend toward the center of the casing 212
to allow for electrical connection to LED 250, 254 that are
mounted closer to the center of the casing 212 by

extensions of mounting pads 268, 270.

[0092] The anode parts 216, 218, 220 run generally
parallel to one another and cathode parts 222, 224, 226 run
generally parallel to one another other, with all extending
in a direction perpendiculaf to the direction 274 of the

linear LED array.

[0093] The contacts of the LEDs are electrically
connected to an anode and cathode pair. In accordance with
a typical implementation of the embodiments shown, one of
the contacts of LEDs 250, 252, 254 is coupled to the chip
carrier pads 268, 270, 272, while the other of LEDs 250,
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1]
252, 254 contacts 1is coupled to the pads 276, 278, 280.

However, it is understood that pads 276, 278, 280 can carry
the chips instead, with pads 268, 270, 272 being
electrically connected to pads 276, 278, 280. Wire bonds
295, 297, 299 can be used for making this connection.
Although one possible wire bond configuration 4is shown,
various, other suitable wire Dbond configurations are

possible as described above with respect to package 10.

[0094] In accordance with a typical implementation of
the embodiments shown, one of the contacts of LEDs 50, 52,
54 is coupled to the chip carrier pads 68, 70, 72, while
the other of LEDs 50, 52, 54 contacts 1is coupled to the
pads 76, 78, 80. Different known strucfures and methods
can be used for making this connection, with one such
structure being wire bonds 95, 97, 99 applied using known

methods.

[0095] As described above in more detail, to increase
the adhesion reliability and structural integrity of the
package 200, one or more of the anode parts 216, 218, 220
and cathode parts 222, 224, 226 may further include one or
more indentations, through-holes, apertures, extensions,
and/or other features that contribute to the stability,
integrity and/or robustness of the package. Furthermore,
metal gaps 302, 304, 306, and 308 may be provided at
various locations between adjacent anode parts and adjacent
cathode parts, with these gaps later filled with casing
material to form thicker paths and/or segments between
these lead frame portions compared to packages not

comprising the larger metal gaps.
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[0096] _As best shown in FIG. 16, anode parts 216, 218

and 218 and 220 may have metal gaps 302, 304 between them,
and cathode parts 222 and 224 and 224 and 226 may have
metal gaps 306 and 308 between themn. When casing material
fills in metal gaps 302, 304, 306, 308, wide paths and/or
path segménts are created that can improve adhesion between
casing 212 and lead frame 214 and improve the overall
structural integ:ity/strength of package 200. The anode
and cathode parts may also contain features such as
indentations 314, through-holes 312, or cuts such as V-cuts
310. The metal gaps 302, 304, 306, 308, through-holes 312,
indentations 314, cuts 310, bent leads, and/or other such
features of the lead frame cooperate with the casing and/or
fill material/encapsulant, at least in part, to enhance the
structural stability and integrity of the package 200. The
casing material and/or fill material/encapsulant extends at
least partially into and/or through such features of the
lead frame to add robustness. Without these types of
features for imﬁroving the structural integrity of the
package, ©packages can be damaged or deformed during
fabrication and/or the lead frame and casing can dissociate

during package operation.

[0097] With reference now to FIGs. 17—18} some ‘examples
of dimensional characteristics of the various components of
emitter package 200 are shown. By way of example and not
limitation, the package 200 may have an overall length 316
of 6.0 +/-0.1 mm, an overall width 318 of ~5.2 mm, and a
height 320 of 1.30 +/-0.05 mm. In other embodiments, the
length may be less than 6.0 mm, 1less than 7.0 mm, or

greater than 6.0 mm. The overall width may be less than
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5.20 mm, less than 6.0 mm, or greater than 5.20 mm. The

top portion 215 of the casing 212 may have an overall
length 322 of ~5.20 mm, less than 6.0 mm, less than 5.20 mm,
or greater than 5.20 mm. The bottom portion 213 of the
casing 212 may have an overall length greater than 5.20 mm
but less than or equal to 6.0 mm, or may be otherwise
dimensionally larger than the top portion 215. The width
of the top portion 215 may be less than, equal to, or
greater than that of bottom portion 213. According to
possible embodiments for a thin/low profile emitter package
200, the height/thinness of the package may range from 1.0-
1.35 mm, may be less than 1.35 mm, may be greater than 1.30

mm, may be less than 1.8 mm, or may be less than 2.0 mm.

[0098] With reference to FIGs. 19%9a-21b, graphs are shown
illustrating the relative luminosity of the wvarious color
LED chips as mounted in vertical, 1linear alignment in
emitter padkages according to the present invention. FIGs.
20a and 20b depict the relative 1luminosity of blue, " red,
and green LED chips according to horizontal viewing -angles.
FIGs. 2la and 21b depict the relative luminosity of blue,
red, and green LED chips according to vertical viewing
angles. While ' these figures indicate possible viewing
angle results for packages according to the present
invention, it 1is understood that other results may be
achieved, such as if the LED chips are aligned linearly in

horizontal configuration.

[0099] In an LED display according to the present
invention, a driver PCB may be provided, upon'which a large
number of SMDs according to the present invention may be

mounted. The SMDs may be arranged in rows and columns,
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with each SMD defining a pixel. The SMDs may comprise

emitter packages such as those embodied by packages 10 and
200. The SMDs may be electrically connected to traces or
pads on a PCB, with the PCB connected to respond to
appropriate electrical signal processing and driver
circuitry. As disclosed above, each of the SMDs carries a
vertically oriented, linear array of blue, red and green
LEDs. Such a linear orientation of the LEDs has been found
to improve color fidelity over a wide range of viewing
angles. However, it 1is understood that each SMD may
alternatively carry a horizontally oriented, linear array
of blue, red, and green LEDs. The LEDs may be arranged in
any linear order, and less than or more than three LEDs in
any desired color combination may be provided in accordance

with the present invention.

[00100] While several illustrative embodiments of the
invention have been shown and described, numerous
variations and alternate embodiments will occur to those
skilled in the art, such as utilizing the present invention
for LED decorative lighting or the 1like. Such wvariations
and alternate embodiments are contemplated, and can be made
without departing from the spirit and scope of the

invention as defined in the appended claims.
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WE CLAIM:

1. An emitter package, comprising:

a casing comprising a cavity extending into the
interior of said casing from a top surface of said casing;

an electrically conductive lead frame integral to said
casing, wherein said lead frame comprises features that
cooperate with said casing to provide a robust connection
between said lead frame and said casing; and

a plurality of 1light emitting devices arranged on
conductive pérts of said lead frame, said light emitting
devices and portions of said lead frame exposed through
said cavity;

wherein the Dbottom of said cavity comprises a
different shape than the top of said cavity, with the shape
of said cavity bottom increasing the surface area of said

exposed lead frame portions.

2. The emitter package of claim 1, wherein said lead
frame further comprises:

a plurality of electrically conductive cathode parts;
and

a corresponding plurality of electrically conductive
anode parts separate from said cathode parts;

wherein said cathode parts or said anode parts carry
at least one of said light emitting devices, and each of
sald anode parts and cathodes part are electrically

connected to one of said light emitting devices.
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3. The emitter package of claim 1, wherein said ‘light

emitting devices comprise LEDs arranged in linear alignment.

4, The emitter package of claim 1, wherein said light
emitting devices are adapted to be energized to produce, in

combination, a substantially full range of colors.

5. The emitter package of claim 2, wherein each of said
light emitting devices comprises at least two contacts, one
of which 1is electrically coupled to at least one of said
cathode parts, and the other of which 1is electrically

coupled to at least one of said anode parts.

6. The emitter package of claim 2, wherein:

said light emitting devices are arranged in a linear
array extending in a first direction;

said anode parts are disposed in a parallel
relationship with each other; and

said cathode parts are disposed in | parallel
relationship with each other;

wherein said anode and cathode parts extend in a

second direction orthogonal to said first direction.

7. The emitter package of claim 1, wherein said lead
frame is comprised of an electrically conductive metal or

metal alloy.

8. The emitter package of claim 3, wherein said L1EDs

comprise multiple colors.
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9. The emitter package of claim 2, wherein each of said

light emitting devices 1is attached to a cathode or anode
part via a wire bond and a respective cathode or anode part

via solder.

10. The emitter package of claim 1, wherein said casing is

comprised of a plastic or resin.

11. The emitter package of claim 1, wherein said features
comprise one or more of: through-holes, cuts, bent leads,
side. indentations, side tabs, or metal gaps between
adjacent pbrtions of said lead frame, with said metal gaps
creating larger distances between lead frame portions than
those in lead frames not comprising said metal gaps, with
said casing encompassing said features to enhance the
adhesion between said casing and said lead frame compared

to packages not comprising said features.

12. The emitter package of claim 8, wherein said LEDs are

in vertical alignment.

13. The emitter package of claim 1, wherein said cavity
further comprises a depth less than or equal to 0.5 mm,

with said depth increasing the viewing angle.

14. The emitter package of claim 1, further comprising a

UV resistant encapsulant over said package.

15. The emitter package of claim 14, wherein said

encapsulant comprises silicone.
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16. The emitter package of claim 14, wherein the top of

said encapsulant is substantially flat.

17. The emitter package of claim 1, wherein said cavity is

at least partially filled with a fill material.

18. The emitter package of claim 1, wherein the shape of
said cavity bottom is defined by four arcs, and the shape

of the top of said cavity 1s circular.

19. The emitter package of claim 1, wherein said cavity

comprises a reflector,

20. The emitter package of claim 1, wherein the height of

said package is between 0.9-1.0 mnm.

21. The emitter package of claim 1, wherein the height of

said package is less than 1.35 mm,

22. The emitter package of claim 1, further comprising one
or more Zener diodes electrically connected to said exposed

lead frame portions.

23. An emitter package, comprising:

a casing comprising a cavity extending into the
interior of said casing from a top surface of said casing;

a lead frame integral to said casing, wherein said
lead frame comprises features that cooperate with said
casing to provide a robust connection between said lead

frame and said casing; and
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a plurality of 1light emitting devices arranged on

portions of said lead frame exposed through said cavity;
wherein said casing comprises a step-wise gradation
such that the dimensions of the bottom of said casing are

greater than the dimensions of the top of said casing.

24. The emitter package of claim 23, further comprising
one or more Zener diodes electrically connected to said

exposed lead frame portions.

25. The emitter package of claim 23, wherein said lead
frame further comprises:

a plurality of electrically conductive cathode parts
each carrying at least one of said light emitting devices;
and

a corresponding plurality of electrically conductive
anode parts separate from said cathode parts, each of said
anode parts electrically connected to one of said light
emitting devices;

wherein each of said 1light emitting devices 1is
attached to a respective cathode part via a wire bond, and
each of said 1light emitting devices is attached to a

respective anode part via solder.

26. The emitter package of claim 23, wherein said light
emitting devices comprise multiple color LEDs arranged in
linear alignment, said LEDs adapted to be energized to
produce, in combination, a substantially full range of

colors.
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27. The emitter package of claim 23, wherein said features

comprise one or more of: through-holes, cuts, bent leads,
side indentations, side tabs, or metal gaps Dbetween
adjacent portions of said lead frame, with said metal gaps
creating larger distances between lead frame portions than
those in lead frames not comprising said metal gaps, with
said casing encompassing said features to enhance the
adhesion between said casing and said lead frame compared

to packages not comprising said features.

28. The emitter package of claim 23, wherein the depth of
said cavity 1s less than or equal to 0.5 mm, said depth

increasing the viewing angle.

29. The emitter package of claim 23, further comprising a
silicone encapsulant over said package, with the top of

said encapsulant being substantially flat.

30. The emitter package of claim 23, wherein said cavity

is at least partially filled with a fill material.

31. The emitter package of claim 23, wherein said cavity

comprises a reflector.

32. The emitter package of claim 23, wherein the height of

said package is between 1.25-1.35 mm.

33. The emitter package of claim 23, wherein the height of

said package is less than 2.0 mm.



WO 2011/127636 PCT/CN2010/001864

_43_
34. The emitter package of claim 23, wherein the size of

the bottom of said casing is standardized for attachment to
a printed circuit board, while the size of the top of said
casing is customizable for a variety of desired

applications.

35. A low profile emitter package, comprising:

a casing comprising a cavity extending into the
interior of said casing from a top surface of said casing;

a lead frame integral to said casing, wherein said
lead frame comprises features that cooperate with said
casing to provide a robust connection between said lead
frame and said casing; and

a plurality of LEDs arranged in linear alignment on
said lead frame, said LEDs and portions of said lead frame
exposed through said cavity;

wherein the height of said package is less than 2.0 mm.

36. The low profile emitter package of claim 35, wherein
the bottom of said cavity comprises a different shape than
the top of said cavity, with the shape of said cavity
bottom increasing the surface area of said exposed lead

frame portions.

37. The low profile emitter package of claim 35, wherein
said casing comprises a step-wise gradation such that the
dimensions of a first portion of said casing are greater

than the dimensions of a second portion of said casing.

38. The low profile emitter package of claim 35, wherein

said features comprise one or more of: through-holes, cuts,
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bent leads, side indentations, side tabs, or metal gaps

between adjacent portions of said lead frame, with said
metél gaps creating larger distances between lead frame
portions than those in lead frames not comprising said
metal gaps, with said casing encompassing said features to
enhance the adhesion between said casing and said lead

frame compared to packages not comprising said features.

39. A light emitting device display, comprising:
a substrate carrying an array of emitter packages,
each of said emitter packages comprising:

a casing comprising a cavity extending into the
interior of said casing from a top surface of said
casing;

a lead frame integral to said casing, wherein
said lead frame comprises features that cooperate with
said casing to provide a rigid connection between said
lead frame and said casing; and

a plurality of LEDs arranged in linear alignment
on said lead frame, said LEDs and portions of said
lead frame exposed through said cavity;

wherein the height of each said package is less
than 2.0 mm; and
electrically connected drive circuitry to selectively

energize said array for producing wvisual images on said

display.

40. The display of claim 39, wherein each of said LEDs in
said emitter packages is driven by a respective electrical
signal, each of said LEDs further defining one pixel of

said display.
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41. The display of claim 39, wherein said LEDs in at least

some of said emitter packages are vertically aligned.

42. The display of claim 39, wherein each of said emitter

packages has a height ranging from 0.9 to 1.35 mm.
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