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LIGHT EMITTING DIODE (LED) PACKAGES, SYSTEMS, DEVICES
AND RELATED METHODS

DESCRIPTION

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application
Serial No. 61/482,088 filed May 3, 2011, the disclosure of which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD
The subject matter disclosed herein relates generally to light emitting
diodes (LED) packages and, more particularly, to LED packages having a
reflector cavity with angled wall portions for housing LED devices and

reflecting light therefrom.

BACKGROUND

Solid state light sources, such as light emitting diodes (LEDs), are
widely used in lighting products for commercial and personal use, including,
for example, indoor and outdoor lighting applications and backlighting
displays for monitors and televisions. Incandescent and fluorescent bulbs
and tubes have long been the standard in the lighting industry.
Incandescent and fluorescent bulbs and tubes can be inefficient in the use of
energy, can have short lifespans, and/or can cause disposal problems. For
example, compact fluorescent lamps (CFL), while having longer life spans
than incandescent lamps, have a relatively short lifespan. Due to the
chemicals, for example, Mercury, used inside such lamps, these lamps
cannot be disposed of after use in the normal course of garbage disposal.
Disposal of such CFL lamps for large facilities is expense and can be time
consuming due to the procedures that should be followed.

LEDs can be used in the design of compact, thin, energy-saving
products having longer lifetimes than conventional lighting products on the

market. Products using LEDs require less power to meet the brightness
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specifications for a given lighting application, thereby significantly reducing
energy consumption and the need for active cooling systems. A current
trend in packaging LEDs is the use of thinner molded packages for fitting into
thin, possibly flat, panel display systems. Thinner packages can, for
example, have increased cavity angles to assist in exceeding or maintaining
brightness specifications. As cavity angles increase, package material can
incompletely mold about package components. For example, package
material can incompletely mold about portions of a leadframe. This can lead
to gaps, voids, incomplete resin filling, and low adhesion between
components within a given package.

In recent years, there have been dramatic improvements in light
emitting diode (LED) technology such that LEDs of increased brightness and
color fidelity have been introduced. LED efficiencies are set to exceed those
of fluorescent tubes, with dimming and controllable color rendering readily
achievable. Multichip LED lamps can be mounted and used in fluorescent
fittings, with ballast replaced by driver electronics. Spatial distribution,
intensity and spectrum of light output from LED lamps in fluorescent fittings
can be comparable to those produced by a fluorescent tube with the same or
less power input. LED lamps in such fluorescent fittings, however, can be
relatively expensive to manufacture. Smaller LEDs are desirable in such
applications. Also, the LEDs can also create heat levels that, if they became
excessive and/or the heat is not properly dissipated, can lead to LED and/or
circuitry failure.

Additionally, due to these improved LEDs and improved image
processing technology, large format, full color LED video screens have
become available and are now in common use. Large format LED displays
typically comprise a combination of individual LED panels providing image
resolutions determined by the distance between adjacent pixels or "pixel
pitch." ‘

Outdoor displays, which are intended for viewing from greater
distances, have relatively large pixel pitches and usually comprise discrete

LED arrays. In the discrete LED arrays, a cluster of individually mounted
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red, green, and blue LEDs are driven to form what appears to the viewer as
a full color pixel. On the other hand, indoor séreens, which require shorter
pixel pitches such as 3 mm or less, typically comprise panels carrying red,
green, and blue LEDs mounted on a single electronic package such as a
surface mount device (SMD) package. Each SMD usually defines a pixel.
The relatively small SMDs are attached to a driver printed circuit board
(PCB) that controls the output of each SMD.

Although both indoor and outdoor displays are viewable across a
substantial range of off-axis angles, there is often a perceptible loss of color
fidelity with increasing viewing angle. Additionally, the material of each LED
package and/or the material used to mount each of the LEDs may have
reflective characteristics, which can further decrease color fidelity by creating
unwanted light reflection and/or glare.

It is well-known that SMDs and many other types of electronic
packages, whether containing integrated circuits or discrete components
such as diodes or power fransistors, dissipate sufﬁéient heat to require
thermal management. Also, excessive heat may cause LEDs failures.
Thus, one of the considerations for designing an LED system is effective
thermal management. One of the objectives of effective thermal
management in the design of electronic packaging is to maintain the
operating temperature of the LEDs and other active circuit components at an
appropriately low level to prevent premature component failure. Various
cooling strategies including conduction heat transfer are in common use.
One conventional way of implementing conduction heat transfer for
dissipating heat in an electronic package is to allow the heat to conduct
away along the leads of the device. However, the leads often do not have
sufficient mass or exposed surface area to provide effective heat dissipation.
For example, high intensity LEDs that emit light principally in the visible part
of the electromagnetic spectrum can generate a significant amount of heat
that is difficult to dissipate using such conventional techniques.

The designing objectives of increasing the view angle, maintaining a

relatively low operating temperature, and decreasing the size of an LED
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package are to some extent competitive with each other. There is a need
therefore to develop an LED package that addresses all these designing

objectives with lower cost.

SUMMARY
In accordance with this disclosure, LED packages, systems, devices
and methods are provided. It is, therefore, an object of the present
disclosure herein to provide novel LED packages, systems and methods as
described for example in further detail hereinbelow.
These and other objects as can become apparent from the disclosure
herein are achieved, at least in whole or in part, by the subject matter

described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present subject matter including
the best mode thereof to one of ordinary skill in the art is set forth more
particularly in the remainder of the specification, including reference to the
accompanying figures, in which:

Figure 1 is a top perspective view illustrating an embodiment of a light
emitting diode (LED) package according to the subject matter disclosed
herein;

Figure 2 is a top plan view illustrating the embodiment of the LED
package according to Figure 1;

Figure 3A is a cross-sectional view illustrating the embodiment of the
LED package taken along line 3A-3A in Figure 2;

Figure 3B is a cross-sectional view illustrating the embodiment of the
LED package taken along line 3B-3B in Figure 2;

Figure 4 is a bottom perspective view illustrating the embodiment of
the LED package according to Figure 1;

Figure 5 is a perspective view illustrating a lead frame in accordance
with one embodiment that may be used in an LED package according to the

subject matter herein;
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Figure 6 is a top plan view illustrating another embodiment of an LED
package according to the subject matter disclosed herein;

Figures 7A and 7B are cross-sectional side views illustrating a portion
of an embodiment of a LED package according to the subject matter herein;

Figures 8A-8C are cross-sectional schematic side views illustrating
portions of embodiments of LED packages according to the subject matter
herein;

Figure 9 is a top plan view illustrating a further embodiment of an LED
package according to the subject matter herein;

Figure 10 is a top plan view illustrating an embodiment of a display
screen using embodiments of LED packages according to the subject matter
herein;

Figure 11 is a partial cross-sectional side view illustrating an
embodiment of a lighting device using embodiments of LED packages
according to the subject matter herein; and

Figure 12 is a top perspective view illustrating another embodiment of
a lighting device using embodiments of LED packages according to the

subject matter herein.

DETAILED DESCRIPTION

Reference will now be made in detail to possible aspects or
embodiments of the subject matter herein, one or more examples of which
are shown in the figures. Each example is provided to explain the subject
matter and not as a limitation. In fact, features illustrated or described as
part of one embodiment can be used in another embodiment to yield still a
further embodiment. It is intended that the subject matter disclosed and
envisioned herein covers such modifications and variations.

As illustrated in the various figures, some sizes of structures or
portions are exaggerated relative to other structures or portions for
illustrative purposes and, thus, are provided to illustrate the general
structures of the present subject matter. Furthermore, various aspects of the

present subject matter are described with reference to a structure or a
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portion being formed on other structures, portions, or both. As will be
appreciated by those of skill in the art, references to a structure being formed
"on" or "above" another structure or portion contemplates that additional
structure, portion, or both may intervene. References to a structure or a
portion being formed "on" another structure or portion without an intervening
structure or portion may be described herein as being formed "directly on"
the structure or portion. Similarly, it will be understood that when an element
is referred to as being “connected”, “attached”, or “coupled” to another
element, it can be directly connected, attached, or coupled to the other
element, or intervening elements may be present. - In contrast, an element
may be referred to as being “directly connected”, “directly attached”, or
“directly coupled” to another element when no intervening elements are
present.

Furthermore, relative terms such as "on", "above", “upper”, “top”,
“lower”, or “bottom” are used herein to describe one structure's or portion's
relationship to another structure or portion as illustrated in the figures. It will
be understood that relative terms such as "on", "above", “upper’, “top”,
“lower” or “bottom” are intended to encompass different orientations of the
device in addition to the orientation depicted in the figures. For example, if
the device in the figures is turned over, structure or portion described as
"above" other structures or portions would now be oriented "below" the other
structures or portions. Likewise, if devices in the figures are rotated along an
axis, structure or portion described as "above", other structures or portions
wbuld now be oriented "next to" or "left of" the other structures or portions.
Like numbers refer to like elements throughout.

Light emitting devices according to embodiments described herein
may comprise group -V nitride (e.g., gallium nitride) based light emitting
diodes (LEDs) or lasers fabricated on a growth substrate, for example,
silicon carbide substrate, such as those devices manufactured and sold by
Cree, Inc. of Durham, North Carolina. For example, Silicon carbide (SiC)
substrates/layers discussed herein may be 4H polytype silicon carbide

substrates/layers. Other silicon carbide candidate polytypes, such as 3C,
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6H, and 15R polytypes, however, may be used. Appropriate SiC substrates
are available from Cree, Inc., of Durham, N.C., the assignee of the present
subject matter, and the methods for producing such substrates are set forth
in the scientific literature as well as in a number of commonly assigned U.S.
patents, including but not limited to U.S. Patent No. Re. 34,861; U.S. Patent
No. 4,946,547; and U.S. Patent No. 5,200,022, the disclosures of which are
incorporated by reference herein in their entireties.

As used herein, the term "Group Ill nitride" refers to those
semiconducting compounds formed between nitrogen and one or more
elements in Group lll of the periodic table, usually aluminum (Al), gallium
(Ga), and indium (In). The term also refers to binary, ternary, and
quaternary compounds such as GaN, AlGaN and AllnGaN. The Group i
elements can combine with nitrogen to form binary (e.g., GaN), ternary (e.g.,
AlGaN), and quaternary (e.g., AllnGaN) compounds. These compounds
may have empirical formulas in which one mole of nitrogen is combined with
a total of one mole of the Group Il elements. Accordingly, formulas such as
AlxGa1-xN where 1>x>0 are often used to describe these compounds.
Techniques for epitaxial growth of Group |l nitrides have become
reasonably well developed and reported in the appropriate scientific
literature, and in commonly assigned U.S. Patent No. 5,210,051, U.S. Patent
No. 5,393,993, and U.S. Patent No. 5,523,589, the disclosures of which are
hereby incorporated by reference herein in their entireties.

Although various embodiments of LEDs disclosed herein comprise a
growth substrate, it will be understood by those skilled in the art that the
crystalline epitaxial growth substrate on which the epitaxial layers comprising
an LED are grown may be removed, and the freestanding epitaxial layers
may be mounted on a substitute carrier substrate or submount which may
have better thermal, electrical, structural and/or optical characteristics than
the original substrate. The subject matter described herein is not limited to
structures having crystalline epitaxial growth substrates and may be used in

connection with structures in which the epitaxial layers have been removed
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from their original growth substrates and bonded to substitute carrier
substrates.

Group IlI nitride based LEDs according to some embodiments of the
present subject matter, for example, may be fabricated on growth substrates
(such as a silicon carbide substrates) to provide horizontal devices (with both
electrical contacts on a same side of the LED) or vertical devices (with
electrical contacts on opposite sides of the LED). Moreover, the growth
substrate may be maintained on the LED after fabrication or removed (e.g.,
by etching, grinding, polishing, etc.). The growth substrate may be removed,
for example, to reduce a thickness of the resulting LED and/or to reduce a
forward voltage through a vertical LED. A horizontal device (with or without
the growth substrate), for example, may be flip chip bonded (e.g., using
solder) to a carrier substrate or printed circuit board (PCB), or wire bonded.
A vertical device (without or without the growth substrate) may have a first
terminal solder bonded to a carrier substrate, mounting pad, or PCB and a
second terminal wire bonded to the carrier substrate, electrical element, or
PCB. Examples of vertical and horizontal LED chip structures are discussed
by way of example in U.S. Publication No. 2008/0258130 to Bergmann et al.
and in U.S. Publication No. 2006/0186418 to Edmond et al., the disclosures
of which are hereby incorporated by reference herein in their entireties.

Solid state light LEDs may be used individually or in combinations,
optionally together with one or more luminescent materials (e.g., phosphors,
scintillators, lumiphoric inks) and/or fi‘lters, to generate light of desired
perceived colors (including combinations of colors that may be perceived as
white). Inclusion of luminescent (also called ‘lumiphoric’) materials in LED
devices may be accomplished by adding such materials to encapsulants,
adding such materials to lenses, or by direct coating onto LEDs. Other
materials, such as dispersers and/or index matching materials may be
disposed in such encapsulants.

The LED can be coated, at least partially, with one or more phosphors
with the phosphors absorbing at least a portion of the LED light and emitting

a different wavelength of light such that the LED emits a combination of light
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from the LED and the phosphor. In one embodiment, the LED emits a white
light combination of LED and phosphor light. The LED can be coated and
fabricated using many different methods, with one suitable method being
described in U.S. Patent Application 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. In the alternative, LEDs can be coated using other methods such
an electrophoretic deposition (EPD), with a suitable EPD method described
in U.S. patent application Ser. No. 11/473,089 entitled “Close Loop
Electrophoretic Deposition of Semiconductor Devices”, which is also
incorporated herein by reference. It is understood that LED devices and
methods according to the present subject matter can also have multiple
LEDs of different colors, one or more of which may be white emitting.

Figures 1-8C depict a light-emitting diode (LED) package, generally
designated 10 that can be, for example, a surface-mount device (SMD) and
parts thereof according to specific, exemplary embodiments for use in LED
displays such as indoor and/or outdoor LED screens. LED package 10 can
comprise a casing 12 that forms a body 13 for carrying a lead frame 14, an
embodiment of which is described in more detail below and to which one or
more LEDs 40 can be electrically connected. For example, one or more
LEDs 40 can be electrically connected by electrical connections such as wire
leads 40A, 40B (see, for example, Figure 2) to lead frame 14. Other suitable
electrical connections can also be used to electrically connect one or more
LEDs 40 to lead frame 14 as are known within the art.

Casing 12 can be at least generally rectangular, including opposed,
first and second main (or upper and lower) surfaces 16 and 18, respectively,
opposing respective side surfaces 20 and 22, and end surfaces 24 and 26.
Casing 12 and lead frame 14 can help define the outer dimension of LED
package 10. In one embodiment, distance T (as seen in Figure 3B) between
upper surface 16 of casing 12, or body 12, and lower surfaces 90, 92 of lead
frame 14, or the package profile height or thickness can be less than about,

or approximately, 2.0 mm. For example, distance T between upper surface
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16 and and a lower surface 92 of lead frame 14 can be approximately 1.70
mm to approximately 1.95 mm. For instance, distance T between upper and
lower main surfaces 16 and 18 can be approximately 1.90 mm. Distance W
between side surfaces 20 and 22 can be less than approximately 3.0 mm.
For example, distance W between side surfaces 20 and 22 can be
approximately 2.7 mm to approximately 3.0 mm. For instance, distance W
between side surfaces 20 and 22 can be approximately 2.8 mm. Distance L
between end surfaces 24 and 26 can be less than approximately 3.5 mm.
For example, distance L between end surfaces 24 and 26 also can range
between approximately 3.1 mm to approximately 3.5 mm. For instance,
distance L between end surfaces 24 and 26 can be approximately 3.2 mm.

Casing 12 can be fabricated from materials that are both electrically
insulating and thermally conductive. In some embodiments, the casing can
be a thermoplastic polycondensate. For example, in one aspect a
thermoplastic polycondensate that can be used is polyphthalamide (PPA). In
some embodiments, casing 12 can be formed of black PPA or white PPA. It
has been found that the use of black material in image generation LED
packages, such as with LED packages employed in video displays, improves
contrast. Other casing materials that can be used can comprise ceramics,
resins, epoxies, and glass.

In some embodiments, casing 12 can comprise a white plastic
material, more specifically, a molded white plastic material. In one aspect,
casing 12 can comprise any suitable moldable material. In another aspect,
casing 12 can comprise a plastic material having quantitative and qualitative
properties optimized for solid state device package applications. The plastic
material can in one aspect comprise, for example, any suitable organic
polymer, such as for example a heat resistant resin such as a polyamide
resin. The plastic material can be filled with glass or mineral material for
strength and something like titanium dioxide for reflectivity.

Utilizing a plastic material such as described herein for casing 12 can
allow for an advantageous softness for casing 12 at operating temperatures

as hardness can depend upon temperature. This softness can allow casing
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12 to have improved reliability and useful lifetime. The plastic material can in
one aspect be a liquid crystal polymer (LCP). An optimized plastic material
in accordance herewith can comprise a glass transition temperature (Tg) that
can, for example, be greater than approximately 110 degrees Celsius (°C).
The glass transition temperature (Tg) can, for example, be greater than
approximately 115°C or greater than approximately 120°C. In one aspect,
the glass transition temperature (Tg) can be greater than approximately
123°C. The optimized plastic material in accordance herewith can also
comprise a melting point temperature (T) that can be less than
approximately 315°C. The melting point temperature (Tm) can, for example,
be less than approximately 310°C. The melting point temperature (T, can,
for example, be less than approximately 300°C. In one aspect, the melting
point temperature (T,,) can be approximately 307°C. A plastic material with
a Ty of approximately 123°C is higher than many plastics conventionally
used and can allow the package to have increased stability at elevated
temperatures. A plastic material with a lower T, of approximately 307°C can
allow better flowability because the meilting temperature is lower than that of
plastics conventionally used and the plastic body is easier to mold. The
plastic selected for casing 12 can also comprise optimized qualitative
properties. For example, a white plastic material cén be chosen which
exhibits a better reflectivity retention value while also exhibiting fewer
tendencies to discolor, degrade, and/or yellow when subjected to heat
and/or light exposure. The reflectivity of the plastic material can in one
aspect be greater than 90% for example, and that level or another level of
high reflectivity can be maintained over time, heat, moisture, and blue light
exposure.

Other characteristics or features of the plastic material for casing 12
can comprise an elongation value (mechanical property) of approximately
1.4% or greater, or an elongation value of 1.6% or greater. In one aspect,
the elongation value can be approximately 1.5% or greater. Also as a
mechanical property, the flexural strength of the plastic material of casing 12

as measured by ASTM D790 standards can be approximately 150 MPa or
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lower, approximately 130 MPa or lower, or approximately 120 MPa or lower.
In one aspect, the flexural strength of the plastic material of casing 12 can be
approximately 140 MPa or lower as measured by ASTM D790 standards.
Also as a mechanical property, the flexural modulus of the plastic material of
casing 12 can be approximately 6.9 GPa or lower, or approximately 6.5 GPa
or lower. In one aspect, the flexural modulus of the plastic material of casing
12 can be approximately 6.0 GPa or lower. As yet another mechanical
property, the tensile strength of the plastic material of casing 12 can be
approximately 100 MPa or lower as measured by ASTM D638 standards,
approximately 90 MPa or lower, or approximately 80 MPa or lower. In one
aspect, the tensile strength of the plastic material of casing 12 can be less
than approximately 75 MPa as measured by ASTM D638 standards.

Casing 12 can further define a reflector recess or cavity 28 that can
be disposed at least partially within casing 12. In one aspect, cavity 28 can
extend from upper surface 16 into the body of casing 12. The effectiveness
of the reflectivity of reflector cavity 28 can be enhanced by the tapering of
reflector cavity 28 inwardly toward the interior of the casing. Thus, reflector
cavity 28 can have angled wall portions 30, 32, 34, 36 that can form at least
generaliy a rectangular shape. For example, angled side wall portions 30,
32 extend approximately parallel to each other, while angled end wall
portions 34, 36 extend approximately parallel to each other with angled side
wall portions 30, 32 being approximately perpendicular to angled end wall
portions 34, 36. Angled side wall portions 30, 32 can be angled at a different
angle from angled end wall portions 34, 36 as described further below. A
transition wall portion 39A, 39B, 39C, 39D can reside between angled side
wall portions 30, 32 and angled end wall portions 34, 36 that provide a
transitioning of respective angles of the respective wall portions 30, 32, 34,
36. As illustrated in Figures 1-3B, angled side wall portions 30, 32 can be
longer than angled end wall portions 34, 36. Thus, in accordance with an
aspect of the disclosure, the size of the cavity is increased compared to, for
example, circular shaped cavities. The ratio of the area of the cavity floor

over the area of the main surface can be at least 35%. In some
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embodiments, it is greater than 40%. In still other embodiments, the ratio is
greater than 50%. |

Reflector cavity 28 can optionally be coated with a reflecting
substance and/or filled to a desired level with an encapsulant E (as shown,
for example, in dotted lines in Figure 1). In Figure 1, the dotted line
illustrates a first level to which encapsulant E can be filled within reflector
cavity 28. That is, encapsulant E can be filled to a level substantially flush
with upper main surface 16, or in the alternative it may be filled to any
suitable level within reflector cavity 28 and can comprise a concave or
convex surface and even exceed or extend above upper main surface 16.
Encapsulant E can protect and positionally stabilize lead frame 14 and the
one or more LEDs 40 carried thereby. In some instances, encapsulant E
may cover the one or more LEDs 40, the portions of lead frame 14 exposed
through reflector cavity 28, and the LEDs' electrical connections.
Encapsulant E can be selected to have predetermined optical properties so
as to enhance the projection of light from the LEDs. Encapsulant E can
comprise any suitable material known in the art. For example, encapsulant
E can be formed from a resin, an epoxy, a thermoplastic polycondensate,
glass, and/or other suitable materials or combinations of materials. In some
embodiments, materials can be added to encapsulant E to enhance the
emission, absorption and/or dispersion of light to and/or from the LEDs. For
instance, encapsulant E can optionally comprise a phosphor or a lumiphor to
interact with light emitted by one or more LEDs 40 and responsively emit
light of a different wavelength spectrum. In some embodiments, a reflective
insert or ring can be positioned and secured along at least a portion of
angled wall portions 30, 32, 34, 36 of reflector cavity 28. Also, the reflective
insert or ring can be integral with casing 12 and may be made from the same
material as casing 12. As described further relating to possible dimensions
and cavity wall angles for an LED package in accordance with the subject
matter herein, the total volume within cavity 28 can be larger than other
similar LED packages, such as for instance those where the cavity or recess

is circular.
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As shown in Figures 3A and 3B, angled side wall portions 30, 32 can
have a length Wxs and angled end wall portions 34, 36 can have a length
Wae. Length Wae of angled end wall portions 34, 36 can be greater than
length Wi of angled side wall portions 30, 32. By having length Wxe of
angled end wall portions 34, 36 greater than length Wag of angled side wall
portions 30, 32, the angle of angled side wall portions 30, 32 (and between
angled side wall portions 30, 32) can be greater than the angle of angled
end wall portions 34, 36 (and between angled end wall portions 34, 36) as
described further below.

Figure 6 illustrates a top view of LED package 10. LED package 10 is
shown with one LED 40 schematically illustrated therein, but there can be
one or more LEDs 40. LED package 10 is generic and included herein to
illustrate possible further dimensions. LED 40 can comprise a width 1 and a
length 2 which can be any suitable dimensions. LED package 10 illustrates
various dimensions of the package itself. For example, typical dimensions,
for instance, lengths, widths, thicknesses, and areas can be such as those

illustrated in Figure 6 and disclosed in Table 1 below.

Table 1
Reference Description of Dimension Approximate Measurement
Character in mm
L1 Overall package length, including 3.5

portions of electrical leads

L2 Length of package body 3.2

L3 Length of reflector cavity measured at 2.9

upper surface of body

L4 Length of cavity floor 1.74
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L5 Length of upper surface of body 0.15

disposed outside of reflector cavity

L6 Corner length 0.3
W1 Width of overall package body 27t03
w2 Width of reflector cavity measured at 24t025

upper surface of body

W3 Width of cavity floor 1.74

*T Overall thickness of package 1.9

* designates the thickness dimension as illustrated in Figure 3B

Table 1 illustrates, without limitation, possible length and width
dimensions for LED package 10. In one aspect, the overall package area
(L1 x W1) can be approximately 9.4 mm? to approximately 10 mm?.  Any
shape, dimension, and structure of LED chip such as LED 40 can be used in
LED package 10. As described earlier, more than one LED 40 can be
disposed in LED package 10. LED 40 can have various lengths and widths.
Any suitable dimension of LED 40 can be used. Distances L5 and L6 can
be large enough to create a lip to hold encapsulant in cavity 28. Thus,
distances L5 and L6 can be minimized to allow holding of encapsulant, while
creating larger angled wall portions 30, 32, 34, 36. Thereby, reflective
surfaces of reflector cavity 28 can be maximized and the wasted space on
upper surface 24 can be minimized. Such an arrangement can result in at
least about a 10% bright output of illumination.

Further, it is noted that, as shown in Figure 1, the opening of reflector
cavity 28 at upper surface 16 can be a larger rectangular shape and the
opening of reflector cavity 28 at a cavity floor 70 (see Figures 7A and 7B)
can be a smaller rectangular shape. The larger rectangular shape of the
opening of reflector cavity 28 at upper surface 16 may be or may not be

proportional to the smaller rectangular shape of the opening of reflector

-15-




10

15

20

25

30

WO 2012/151270 PCT/US2012/036110

cavity 28 at cavity floor 76. For example, in some embodiments, the larger
rectangular shape of the opening at upper surface 16 can be defined by
longer side wall portions and shorter end wall portions, while the smaller
rectangular shape at cavity floor 70 can be a square with the side wall
portions and end wall portions that define that opening being substantially
the same length.

Figure 5 illustrates one possible embodiment for a lead frame 14 with
a slightly different orientation from the lead frame illustrated in Figures 1-4.
Therefore, the same reference numeral is used. Lead frame 14 can
comprise an electrically conductive chip carrier generally designated 50 and
firét, second, and third electrically conductive connection parts, respectively
generally designated 52, 54, and 56, separate from the electrically
conductive chip carrier. Electrically conductive chip carrier 50 and first,
second, and third electrically conductive connection parts 52, 54, and 56 can
form leads 60, 62, 64, and 66. Electrically conductive chip carrier 560 can
have an upper surface 80 including a connection pad 68. Connection pad
68 can be exposed from casing 12. First electrically conductive connection
part 52 can be at least partially surrounded by electrically conductive chip
carrier 50. Each of the first, second and third electrically conductive
connection parts 6an have an upper surface, a lower surface or terminal, and
a connection pad on the upper surface. For example, in Figure 5, first
electrically conductive connection part 52 can have an upper surface 82, a
lower surface 92, and a connection pad 72 on upper surface 82. Second
electrically conductive connection part 54 can have an upper surface 84, a
lower surface 94, and a connection pad 74 on upper surface 84. Third
electrically conductive connection part 56 can have an upper surface 86, a
lower surface 96, and a connection pad 76 on upper surface 86. Thus, first,
second, and third electrically conductive connection parts 52, 54, and 56 can
each have connection pads 72, 74, 76 respectively. As with connection pad
68, connection pads 72, 74, 76 can have at least a portion exposed from
casing 12 as well as shown in Figures 1 and 2. A surface area of upper

surface 82 of first electrically conductive connection part 52 can be less than
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an upper surface area of upper surface 84 or 86 of second and third
electrically conductive connection parts 54 and 56.

Connection pad 68 can have opposing sides. One of the opposing
sides, which can be close to connection pads 74 and 76, can be at least as
long as end wall portions 34, 36 of reflector cavity 28 as shown in Figures 1
and 2. The other side, which is close to connection pad 72, is greater than
approximately one half of the length of the adjacent end wall portion 34 of
reflector cavity 28. One or more LEDs are disposed on upper surface 80 of
ele‘ctrically conductive chip carrier 50. For example, in Figures 1 and 2, LED
40 can be disposed on connection pad 68 of upper surface 80.

In some embodiments, solder pads are included on the bottom of the
end portions such that no solder is visible when viewing each individual LED
package from the top. This can be advantageous as it helps to prevent glare
and improve contrast, particularly during daylight viewing. As best seen in
Figures 1 and 2, reflector cavity 28 can extend into the casing interior a
sufficient depth to expose the connection pads 60 and 72, 74, 76.

The particular dimensions of lower surfaces 90, 92, 94, and 96 of
leads 60, 62, 64, and 66 that extend inwardly from end surfaces 32 and 34
of the casing can depend on the intended implementation of the surface
mount LED package, the LEDs to be utilized, the material of casing 12, the
size of the LED package and/or other such factors and/or combinations of
factors. In some embodiments, electrically conductive chip carrier 50 and
first, second, and third electrically conductive connection parts 52, 54, and
56 that form leads 60, 62, 64, and 66, respectively, may be separated by
gaps 98 among connection pads 68 and connection pads 72, 74, 76, to
electrically isolate connection parts 52, 54, and 56 from each other and from |
electrically conductive chip carrier 50. As shown in Figures 1-3A, in LED
package 10, gaps 98 between connection pads 68 and connection pads 72,
74, 76 can be filled with casing material to form body portions 12A, 12B that
isolate connection pads 68 and connection pads 72, 74, 76 from each other.

Referring to Figure 5, enhanced heat dissipation can be realized by a

surface area of upper surface 82 of first electrically conductive connection
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part 52 that is minimized to only have enough space to hold a connection
pad 72. The surface area of upper surface 82 can be less than a surface
area of either upper surface 84 or 86 of second and third electrically
conductive connection parts 54 and 56. Electrically conductive connection
parts 52, 54, and 56 can comprise enlarged electrical connection pads 72,
74, 76, respectively, positioned around a central region 58 (see Figures 1
and 2) adjacent to, but spaced apart from, the component carrying upper
surface 80 of chip carrier 50. For example, as described above, gaps 98 can
separate connection parts 52, 54, and 56 from each other and from
electrically conductive chip carrier 50. In some embodiments of surface
mount LED package 10, leads 60, 62, 64, and 66 can be bent to extend
outside of and along their respective end surfaces 24 and 26 of the casing,
then bent again so that lower surfaces 90, 92, 94, and 96 of leads 60, 62,
64, and 66 extend along lower surface 26 of casing 12. Lower surfaces 90,
92, 94, and 96 may also be referred to as pin pads. The outwardly facing
surfaces of lower surfaces 90, 92, 94, and 96 of leads 60, 62, 64, and 66
and the bottom surface of a thermal conductive body can be substantially
flush to facilitate connection to an underlying substrate. Lower surfaces 90,
92, 94, and 96 of the leads are electrically connected or bonded to traces or
pads on the substrate using any of a number of well-known connection
techniques, including soldering.

Electrically conductive chip carrier 50 and electrically conductive
connection parts 52, 54, 56 can be made from an electrically conductive
metal or metal alloy, such as copper, a copper alloy, other suitable low
resistivity, corrosion resistant materials, or combinations of these materials.
Because all the LED chips are disposed on electrically conductive chip
carrier 50, a large surface area of upper surface 80 may help heat
dissipation.

Referring to Figures 1, 2, 3A and 3B, reflector cavity 28 can be
bounded from below by a floor 70 (including portions of connection pads 68,
72, 74, 76, and casing or body portions 12A, 12B), and bounded along
edges by angled side wall portions 30, 32, angled end wall portions 34, 36,
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and transition wall portions 39A-39D. A transition wall portion 39A-39D is
disposed between each respective angled side wall portions 30, 32 and
angled end wall portions 34, 36. Each side wall portion 30, 32 and each end
wall portion 34, 36 can comprise a substantially straight upper edge, and
each transition wall portion 39A-39D can comprise a curved or segmented
upper edge transitioning from the upper edge of a side wall portion 30, 32 to
the upper edge of end wall portion 34, 36.

Figures 7A and 7B illustrate schematic drawings of cavity angles that
LED packages, such as LED package 10 and other packages described
herein, can have. Points P in Figures 7A and 7B can comprise an
intersection area of where one or more cavity, or angled, wall portions 30,
32, 34, and/or 36 extends towards and intersects cavity floor 70. In one
aspect, one or more cavities can comprise a cavity angle measured between
walls of reflector cavity 28. In one aspect, cavity angles of packages
described herein can comprise 90° or more. In another aspect, cavity
angles of packages described herein can comprise 90° or less.

For example, Figure 7A illustrates a portion of cavity floor 70 disposed

- between exterior lateral end walls 24 and 26. That is, Figure 7A illustrates

the longer measurement L4 of cavity floor. In one aspect for example, the
cavity angle B between the cavity end wall portions 34 and 36 of the reflector
cavity 28 can be approximately 72°. In one aspect, cavity angle B between
the cavity end wall portions 34, 36 of the reflector cavity 28 (as measured
between the end wall portions) can be at least approximately 70° or more
depending on the thickness T (see Figure 3B) of the LED package. Thinner,
optimized packages with thinner dimensions can comprise larger cavity
angles which can allow the reflection level within the package to maintain or
exceed the amount of reflected light. Such reflected light can maintain or
exceed, for example, currént brightness standards for similar packages. As
cavity angles increase, the area beneath the point formed by the cavity wall
and cavity floor can become so small that viscous material cannot mold
therein, forming voids. The packages described herein can reduce and/or

eliminate the voids by providing larger areas below the point where the
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cavity wall meets the cavity floor, and/or displacing electrical leads at least a
distance away from the point, or edge of the cavity floor.

Figure 7B illustrates a portion of cavity floor 70 disposed between
exterior lateral side walls 20 and 22. That is, Figure 7B illustrates the shorter
width measurement W3 of cavity floor 70. In one aspect, the cavity angle a
between cavity, or angled, side wall portions 30, 32 of reflector cavity 28 (as
measured between the side wall portions) can be approximately 50° or
more, for example, approximately 51°. In one aspect, the cavity angle a
between cavity side wall portions 30, 32 of reflector cavity 28 can be at least
approximately 45° or more depending on thickness T (see Figure 3B) of the
LED package. Again, thinner, 6ptimized packages with thinner dimensions
can comprise larger cavity angles which can allow the reflection level within
the package to maintain or exceed the amount of reflected light, such that
the reflected light can maintain or exceed current brightness standards.

Each transition wall portion 39A-39D can be inclined at a larger
average angle, relative to a plane perpendicular to the floor of the reflector
cavity, than each side wall portion 30, 32 and each end wall portion 34, 36.
For example, Figure 8A provides a simplified schematic cross-sectional view
of a body portion, illustrating an angle 8 of a side wall portion thereof relative
to a plane perpendicular to the floor of the body cavity, while Figure 8B
provides a simplified schematic cross-sectional view of a body portion,
illustrating an angle ¢ of an end wall portion thereof relative to a plane
perpendicular to the floor of the body cavity. Similarly, Figure 8C provides a
simplified schematic cross-sectional view of a body portion, illustrating an
angle p of a transition wall portion relative to a plane perpendicular to the
floor of the body cavity.

In some embodiments, each side wall portion can be inclined at an
angle 0 of at least approximately 25° or greater. In further embodiments,
angle 8 may be at least approximately 30°, or at least approximately 35°. In
some embodiments, each side wall portion can be inclined at an angle ¢ of
at least approximately 30°. In further embodiments, angle ¢ can be at least

approximately 35°, or at least approximately 40°. In some embodiments,
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each transition wall portion is inclined at an angle p of at least approximately
35°. In further embodiments, angle p can be at least approximately 40°, or
at least approximately 45°. Such angles of side wall portions 30, 32, end
wall portions 34, 36, and transition wall portions 39A-39D are greater than
typically employed in solid state emitter devices. Although the side wall/end
wall portions and transition wall portions are illustrated in Figures 8A-8B as
being angular from the floor of the cavity to the upper edge of the package,
in an alternative embodiment any one or more (or all) of these wall portions
can be characterized by a segmented and/or curved cross-section, that is,
with the wall extending from the floor to the upper edge of the package being
non-linear along at least a portion thereof. If such walls are curved or
segmented, then the inclination angles mentioned above can correspond to
an average angle of a curved or segmented wall, or an angle between
endpoints of such a wall. Use of side wall portions 30, 32/end wall portions
34, 36 and ftransition wall portions 39A-39D of alternating angles enables
frontal area of reflector cavity 28 to be maximized relative to shaped upper
surface 16, while providing desirably diffused output beam characteristics,
particularly when multiple emitters, such as multiple LEDs, are disposed in
cavity 28.

In the illustrative embodiment of Figure 9, an LED package 110 is
provided can comprises a casing 112 carrying a lead frame 114 that can be
as described above. Thus, the same reference numerals indicate the same
or similar elements. LED package 110 can further comprise one or more
LEDs. In the embodiment shown in Figure 9, for example, LED package 110
comprises three LEDs 44, 46, 48 that can emit red, green and blue colors,
respectively, so that when appropriately energized the LEDs produce in
combination a substantially full range of colors. The LED chips can have a
square-like size or rectangular size. For example, the square-like LED chip
can have a profile height less than bout 0.11 mm, or in the range of
approximately 0.09 mm to approximately 0.11 mm, or less than
approximately 0.1 mm, or in the range of approximately 0.08 to

approximately 0.10 mm. The square-like LED chip can have a profile width
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of less than approximately 0.32 mm, or in the range of 0.265 mm to 0.315
mm. The square-like LED chip can have a profile width of less than
approximately 0.38 mm, or in the range of approximately 0.33 mm to
approximately 0.38 mm. The rectangular LED chip can have a profile height
of less than approximately 0.13 mm, or in the range of approximately 0.10
mm to approximately 0.13 mm. The rectangular LED chip can have a profile
width of less than approximately 0.28 mm, or in the rahge of approximately
0.20 mm to approximately 0.28 mm. The rectangular LED chip can have a
profile width of less than approximately 0.36 mm, or in the range of
approximately 0.28 mm to approximately 0.36 mm.

As above, lead frame 114 can comprise electrically conductive chip
carrier 50 and electrically conductive connection parts 52, 54, and 56 that
provide connection pads 72, 74, and 76. Electrically conductive chip carrier
50 and electrically conductive connection parts 52, 54, and 56 form leads 60,

62, 64, and 66. Electrically conductive chip carrier 50 can have an upper

- surface 80 comprising a connection pad 68. Connection pad 68 can be

exposed from casing 112. Connection pad 68 has opposing sides. One of
the opposing sides, which is close to connection pads 74 and 76, can be at
least as long as a side of cavity 128. The other side of connection pad 68,
which is close to connection pad 72, can be greater than approximately 1/2
of the length of the adjacent side of cavity 128. A plurality of LEDs can be
disposed on upper surface 80 of the electrically conductive chip carrier 50.
For example, in Figure 9, three LEDs 44, 46, and 48 are disposed on
connection pad 68 of upper surface 80. The three LEDs usually emit Ii’ghts
in different color. For example, LED 44 can emit red light, LED 46 can emit
green light, and LED 48 can emit blue light. Two or more of the LEDs may
emit the same color, including white. For example, LED 44 and LED 46 can
both emit red light. Each LED has a first electrical terminal and a second
electrical terminal. The first electrical terminal can be called an anode. For
example, first LED 44 can have an anode electrically coupled to connection
pad 74 of electrically conductive connection part 54. Second LED 46 can

have an anode electrically coupled to connection pad 76 of electrically
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conductive connection part 56. Similarly, Third LED 48 can have an anode
electrically coupled to connection pad 72 of electrically conductive
connection part 52. As above, chip carrier 50 also works as a heat sink to
dissipate heat from the plurality of LEDs.

The dimensions of the blue and green LEDs can be a width of
approximately 205 microns to approximately 275 microns and a length of
approximately 285 microns to approximately 355 microns. In one
embodiment, the blue and green LEDs can have a width of approximately
240 microns and a length of approximately 320 microns. The thickness of
the blue and green LEDs can vary from approximately 100 microns to
approximately 130 microns, for example, approximately 115 microns.

The red LEDs can have various sizes. In some embodiments, the red
LEDs can have a width and length of approximately 355 microns, but the
widths and lengths can range in size from approximately 330 microns to
approximately 380 microns. The thicknesses of the red LEDs in such
embodiments can be approximately 70 microns to approximately 125
microns, for example, approximately 100 microns. In such embodiments,
the red LEDs have bonding pads ranging in size from approximately 90
microns to approximately 110 microns, for example, approximately 100
microns.

In some embodiments, the red LEDs can have a width and length of
approximately 290 microns, but the widths and lengths can range from
approximately 265 microns to approximately 315 microns. The thicknesses
of the red LEDs in such embodiments can be approximately 100 microns,
but the thicknesses can range from approximately 85 microns to
approximately 115 microns. In such embodiments, fhe red LEDs can have
bonding pads ranging in size from approximately 80 microns to
approximately 100 microns, for example, approximately 90 microns.

Figure 10 schematically illustrates a portion of an LED display screen
generally designated 200. LED display screen 200 can be, for example, an
indoor or an outdoor screen comprising, in general terms, a driver printed

circuit board (PCB) 202 carrying a large number of LED packages 204
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arranged in rows and columns, each LED package is attached or is integral
to the other LED packages 204 to form a single screen. LED packages 204
can be electrically connected to traces or pads on PCB 202. In some
embodiments, PCB 202 can be connected to an appropriate electrical signal
processing and driver circuitry.

LED packages 204 can comprise, for example, LED packages 10,
110 as described above. Each LED package 204 can comprise a lead frame
with a casing disposed on at least a portion of the lead frame. The casing
can have a reflector cavity therein that forms a rectangular shaped opening
around one or more LEDs 206 on the lead frame with the reflector cavity
having angled end and side wall portions surrounding the one or more LEDs.
As with the LED packages 10, 110 described above, the angle of each end
wall portion of the reflector cavity can be at a different angle from the angle
of each side wall portion. As shown in Figure 10, each LED package 204
can have multiple LEDé 206 therein. For example, each of the LED
packages 204 can carry a vertically oriented, linear array of red, green and
blue LEDs 206 as described above. Such a linear orientation of the LEDs
can improve color fidelity over a wide range of viewing angles. Alternatively,
a single LED can be provided in each LED package as with package 10 from
Figures 1-5.

Each LED package 204 can define a pixel 210. Each pixel 210 of the
display can have a size of approximately 3.0 mm or less by approximately
3.5 mm or less. LED packages 204 can comprise devices such as those
described above and illustrated in Figures 1-9. As stated above, LED
packages 204 can be electrically connected to traces or pads on PCB 202
that are interconnected to provide appropriate electrical signal processing
circuitry and driver circuitry (not shown). Through-holes 208 can also be
provided to allow for better and shorter contact for the plastic casing body to
the PCB. Through-holes 208 also allow for improved thermal dissipation.

LEDs for use in backlighting or other panel display systems can
comprise an arrangement or planar arrays of red, green, and blue LED

devices configured to emit light that appears as a pixel of white light in
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operation. Sizes of red, green, and blue LEDs can be selected to meet a
desired brightness and/or intensity balancing level. Any configuration of the
red, green, and blue LEDs can be used. LED packages and/or LEDs
utilizing metal-to-metal die attach methods as described herein can be used
in backlighting systems and any suitable display panel system 200. For
example and without limitation, LED packages and/or LEDs used in
backlighting and display panel systems can offer light output of up to 122
lumens at 300 mA in cool white (CW), and up to 100 lumens at 300 mA in
warm white (WW) color points. For example, LED packages and/or LEDs
disclosed herein can be used in lighting fixtures comprising fixtures used in
display panel systems offering a minimum CRI for CW color points of 65
CRI. LED packages and/or LEDs disclosed herein can be used in lighting
fixtures comprising fixtures used in display panel systems offering a
minimum CRI for CW color points of 75 CRI which corresponds to a range of
5,000 K to 8,300 K CCT. LED packages and/or LEDs disclosed herein for
use in display panel systems can also offer, for example, a minimum CRI for
CW color points of 80 CRI which corresponds to a range of 2,600K to
3,700K CCT. Such LED packages and/or LEDs can be used for both
standard and high voltage configurations.

Further, the LED packages described herein can be used in other
general lighting areas such as in tube lighting or strip lighting devices. For
example, as shown in Figure 11, a lighting device 300 can comprise a tube
302 and LED packages 310 similar to LED packages 10, 110 described
above with reference to Figures 1-4 that can be placed or attached in a
single row. LED packages 310 can be integral with each other or can be
separately attached to a substrate. LED packages 310 can be properly
attached to a driver PCB 306 as shown Figure 11. PCB 306 can be
connected to appropriate electrical signal processing and driver circuitry
such as an electrical connector 308. Tube 302 can be generally transparent
or translucent. In some embodiments, a portion of tube 302, which LED
packages 310 face, can be generally transparent or translucent, while a

portion of tube 302 that PCB 304 faces can be opaque. The row or strip
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LED packages 310 can be inserted into a tube 302 that can be bigger,
smaller or comparable to the dimensions of a fluorescent lighting tube, or
CFL lamp, in a manner known in the art as the LED hackages herein can
replace fluorescent tube lights.

Arrays of LED packages can also be used in the lighting devices.
Backlighting devices can be made in strips on the side (one row, no
columns), or an array. An array of LED packages can be used in
backlighting devices and other lighting devices, for example and without
limitation, as shown in Figure 12. In particular, Figure 12 illustrates portions
of a front side 330A and back side 330B of a lighting device 330. Such a
lighting device 330 can be used in lighting fixtures that traditionally used CFL
lamps, or fluorescent tubes. Thus, for example, lighting device 330 can be
used in place of CFL lamps.

As in Figure 12, lighting device 330 can comprise a tube 332 having a
front side 332A and a back side 332B. Lighting device 330 can also
comprise a PCB 334 disposed within tube 332 and an electrical connector
336 on either end of tube 332. Lighting device 330 can further comprise
LED packages 340 similar to LED packages 10, 110 described above with
reference to Figures 1-4 that can be electrically and operatively attached to a
driver PCB 334 in an array 342. As shown in Figure 12, array 342 can be in
a checkerboard pattern. Such a checkerboard pattern array 342 can
facilitate the creation of uniform lighting by lighting device 330.

As shown in Figure 12, array 342 of LED packages 340 can be
attached so that they face front side 332A of tube 332. Front side 332A can
permit light generated by array 342 of LED packages 340 to shine
therethrough. For example, front side 332A can be generally transparent or
translucent. When lighting device 330 is placed in a lighting fixture, such as
for example a lighting fixture that traditionally houses CFL lamps, back side
332A of tube 332 can face the lighting fixture while front side 332A of tube
332 faces outward so that light generated by array 342 of LED packages
340 shines outward into the area to be lighted. In embodiments such as

these, back side 332B of tube 332 can be opaque. Tube 332 can be a single
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unitary tube so that front side 332A and back side 332B of tube 332 are a
single integral piece. In such embodiments, back side 332B of tube 332 can
be painted or coated with a generally opaque material. Alternatively, in some
embodiments, front side 332A of tube 332 and back side 332A of tube 332
can comprise two different components that can be fitted together to form
tube 332.

In some embodiments, back side 332A of tube 332 can be generally
transparent or translucent. In such embodiments, a second PCB with LED
packages, such as an array of LED packages, can be disposed in the tube
so that the LED packages face back side 332A of tube 332 so that light
generated by the LED packages shines therethrough. Such embodiments
can be used in lighting fixtures where it is desirable to have light shining in
opposite directions so that light from a single lighting device can shine in a
more full range of area. For example, such lighting devices can create a
light output that covers a large radius and portion of a circumference on
either side of the lighting device. In this manner, a generally full radius of
light can be generated.

Embodiments of the present disclosure shown in the drawings and
described above are exemplary of numerous embodiments that can be
made within the scope of the appended claims. It is contemplated that the
configurations of LED packages, systems, and related methods can
comprise numerous configurations other than those specifically disclosed

herein.
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CLAIMS

What is claimed is:

1. A package for a light emitting diode (LED) comprising:

a lead frame comprising an electrically conductive chip carrier
comprising an upper surface for attachment of one or more LED;

a casing covering at least a portion of the lead frame; and

a reflector cavity disposed at least partially within the casing, the
cavity having angled side wall portions and angled end wall portions
surrounding at least a portion of the upper surface of the chip carrier, the
side wall portions extending at an angle that is different from an angle at

which the end wall portions extend.

2. The package of claim 1 wherein the lead frame is bent and

comprises a profile thickness less than approximately 0.5 mm.

3. The package of claim 1 wherein the lead frame is bent and
comprises a profile thickness between approximately 0.42 mm to

approximately 0.48 mm.
4. The package of claim 1, wherein a height distance between a
lower surface of the package and a upper surface of the package is less

than approximately 2.0 mm.

5. The package of claim 4, wherein the height distance is from

approximately 1.7 mm to approximately 2.0 mm.

6. The package of claim 5, wherein the height distance is

approximately 1.9 mm.
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7. The package of claim 1, wherein the casing forms outer side walls
and outer end walls, with the outer side walls approximately perpendicular to

the outer end walls.

8. The package of claim 7, wherein a width distance of the package
as measured between outer side walls of the package is less than

approximately 3.0 mm.

9. The package of claim 8, wherein the width distance is between

approximately 2.7 mm to approximately 3.0 mm.

10. The package of claim 8, wherein the width distance is

approximately 2.8 mm.

11. The package of claim 7, wherein a length distance of the LED
package as measured between outer end walls of the LED package is less

than approximately 3.5 mm.

12. The package of claim 11, wherein the length distance is between

approximately 3.0 mm to approximately 3.5 mm.

13. The package of claim 12, wherein the length distance is

approximately 3.2 mm.

14. The package of claim 1, wherein the angled side wall portions
and angled end wall portions of the reflector cavity have transition wall

portions disposed therebetween.
15. The package of claim 14, wherein the transition wall portions are

disposed along at least one angle that is different from the angle of the side

walls and the angle of the end walls.
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16. The package of claim 15, wherein the angle of the transition wall
portions is greater than the angle of the side walls and the angle of the end

walls.

17.  The package of claim 1, wherein the angled side wall portions
of the reflector cavity are disposed along an angle of approximately 50° or

maore.

18.  The package of claim 17, wherein the angled end wall portions
of the reflector cavity are disposed along an angle of approximately 70° or

more.

19. A light emitting diode (LED) package comprising:

a lead frame comprising an electrically conductive chip carrier
comprising an upper surface;

at least one LED on the upper surface of the electrically conductive
chip carrier;

a casing disposed on and covering 4at least a portion of the lead
frame;

a reflector cavity in the casing, the cavity having angled side wall
portions and angled end wall portions surrounding the LED, the angled side
wall portions of the reflector cavity being disposed along an angle of
approximately 50° or more, and the angled end wall portions of the reflector
cavity being disposed along an angle of approximately 70° or more; and

the LED package having a width distance as measured between outer
side walls of the LED package of less than approximately 3.0 mm, and the
LED package having a length distance as measured between outer end

walls of the LED package of less than approximately 3.5 mm.

'~ 20. A method of providing a light emitting device, the method

comprising:
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providing a lead frame comprising an electrically conductive chip
carrier comprising an upper surface;

securing a casing covering at least a portion of the lead frame; and

forming a reflector cavity in the casing surrounding at least a portion
of the upper surface, the reflector cavity having angled side wall portions and
angled end wall portions with an angle at which the side wall portions are
angled that is different from an angle at which the end wall portions are

angled.

21.  The method of claim 20, further comprising disposing an LED

on the upper surface of the electrically conductive chip carrier.

22. The method of claim 20, wherein the lead frame is bent and

comprises a profile thickness less than approximately 0.5 mm.

23. The method of claim 20, wherein a height distance between a
lower surface of the LED package and an upper surface of the LED package

is less than approximately 2.0 mm.

24.  The method of claim 20, wherein the casing forms outer side
walls and outer end walls, with the outer side walls approximately

perpendicular to the outer end walls.

25.  The method of claim 24, wherein a width distance of the LED
package as measured between outer side walls of the LED package is less

than approximately 3.0 mm.
26. The method of claim 24, wherein a length distance of the LED

package as measured between outer end walls of the LED package is less

than approximately 3.5 mm.
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27. The method of claim 20, wherein the angled side wall portions
and angled end wall portions of the reflector cavity have transition wall

portions disposed therebetween.

28. The method of claim 27, wherein the transition wall portions
are disposed along an angle different from the angle of the side walls and

the angle of the end walls.

29. The method of claim 28, wherein the angle of the transition wall
portions are greater than the angle of the side walls and the angle of the end

walls.

30. The method of claim 20, wherein the angled side wall portions
of the reflector cavity are disposed along an angle different from an angle of

the end wall portions of the reflector cavity.

31.  The method of claim 30, wherein the angle of the end wall

portions is approximately 70° or more.

32. The method of claim 30, wherein the angle of the side wall

portions is approximately 50° or more.

33.  An LED display comprising:
a printed circuit board (PCB); and
an array of LED packages arranged in vertical columns and horizontal
rows and electrically connected to the PCB, each of LED packages
comprising:
a lead frame comprising an electrically conductive
chip carrier comprising an upper surface;
an LED on the upper surface of the electrically

conductive chip carrier;
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a casing disposed on the lead frame and covering at

least a portion of the lead frame; and
a reflector cavity in the casing having angled side wall
portions and angled end wall portions surrounding the LED,
the side wall portions extending at an angle that is different

from an angle at which the end wall portions extend.

34.  An LED backlighting device comprising:
a printed circuit board (PCB); and
an array of LED'packages arranged in vertical columns and
horizontal rows and electrically connected to the PCB, each of LED
packages comprising:
a lead frame comprising an eiectrically conductive
chip carrier comprising an upper surface;,
an LED on the upper surface of the electrically
conductive chip carrier,
a casing disposed on the lead frame and covering at
least a portion of the lead frame; and
a reflector cavity in the casing having angled side wall
portions and angled end wall portions surrounding the
LED, the side wall portions extending at an angle that is
different from an angle at which the end wall portions
extend.

35. The LED backlighting device of claim 34, wherein the vertical

columns and horizontal rows are in a checkerboard pattern.

36.  An LED lighting device comprising:
a printed circuit board (PCB); and
a strip of LED packages arranged in a row and electrically

connected to the PCB, each of LED packages comprising:
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a lead frame comprising an electrically conductive
chip carrier comprising an upper surface;
an LED on the upper surface of the electrically
conductive chip carrier,;
5 a casing disposed on the lead frame and covering at
least a portion of the lead frame; and
a reflector cavity in the casing having angled side wall
portions and angled end wall portions surrounding the
LED, the side wall portions extending at an angle that is
10 different from an angle at which the end wall portions
extend.

37. The LED lighting device of claim 36 or any of the other

claims above wherein the LEDs are arranged in a tube device.
15
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