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to drive the LED die, thus providing brighter light. By remov-
ing heat from the phosphors, desired colors can be more
reliably provided.

17 Claims, 6 Drawing Sheets
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FIG. 6
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ATTACH LED DICE DIRECTLY TO A HEAT SINK
BASE HAVING A THERMAL CONDUCTIVITY — 501
GREATER THAN APPROXIMATELY 100 W/mK.

A

FORM A SILICONE LENS UPON THE LEDS. —502

A\ 4

FORM A PHOSPHOR LAYER UPON THE BACK | 503
SIDE OF A LUMP LENS.

Y

ATTACH THE HEAT SINK FINS TO THE 504
HEAT SINK BASE WITH LED.

A 4

ATTACH THE LUMP LENS TO THE HEAT SINK. 505

FIG. 7
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1
HEAT SINK BASE FOR LEDS

TECHNICAL FIELD

The present invention relates generally to light emitting
diodes (LEDs). The present invention relates more particu-
larly to aheat sink base for enhancing the optical performance
of a LED by reducing the temperature of one or more junc-
tions of the LED and/or by reducing the temperature of one or
more phosphors of the LED.

BACKGROUND

Light emitting diodes (LEDs) are well known. As the cost
of LEDs continues to fall and as they become more efficient,
more different applications are being found for them and the
applications are becoming more sophisticated. For example,
LEDs are being used to provide light in such applications as
flashlights, displays, and general illumination.

In such applications, LEDs replace light bulbs or lamps. In
order to provide the desired amount and quality of light (the
amount and quality similar to that provided by light bulbs or
lamps), sufficiently bright LEDs are required. However,
brighter LEDs require more current and more current results
in the production of more heat. Heat reduces the efficiency of
LEDs and undesirable generates color shifts.

Thus, although contemporary LEDs have proven generally
suitable for some purposes, they possess inherent deficiencies
which detract from their overall effectiveness and desirabil-
ity. Therefore, it is desirable to provide LEDs that can more
efficiently use higher current, such as by better managing the
heat produced thereby.

BRIEF SUMMARY

Methods and systems are disclosed herein to provide cool-
ing for light emitting diodes (LEDs). In accordance with an
aspect, an LED assembly can comprise a heat sink base, at
least one LED die attached to the heat sink base, and a heat
sirik attached the heat sink base.

In accordance with an aspect, an LED assembly can com-
prise a heat sink base, at least one LED die attached to the heat
sitk base, and means for dissipating heat attached the heat
sirk base.

In accordance with an aspect, a heat sink base can comprise
a heat conductive member that is configured to facilitate the
attachment of at least one LED die thereto and that is config-
ured to facilitate the attachment of a heat sink thereto.

In accordance with an aspect, a heat sink assembly for
LEDs can comprise a heat sink base that is configured to
facilitate the attachment of at least one LED die thereto and
heat sink fins attachable to the heat sink base.

In accordance with an aspect, a heat sink assembly for
LEDs can comprise a heat sink base having a ledge that is
configured to mitigate leakage of light from an LED die past
a lens.

In accordance with an aspect, a method for making an LED
assembly can comprise attaching at least one LED die to a
heat sink base and attaching heat sink fins to the heat sink
base.

By providing enhanced heat dissipation from the LED
dice, more current can be used so as to provide brighter LEDs
that are suitable for use in such applications as flashlights,
displays, and general lighting. Further, by providing
enhanced heat dissipation for the LED dice, phosphors can be
maintained at a lower temperature, such that the phosphors
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operate more efficiently. When phosphors operate more effi-
ciently, desired colors can be provided thereby more reliably.

This invention will be more fully understood in conjunc-
tion with the following detailed description taken together
with the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a semi-schematic cross-sectional side view of an
LED assembly having a heat sink, according to contemporary
practice;

FIG. 2 is a semi-schematic cross-sectional side view of a
plurality of LEDs that are packaged directly onto a heat sink
base, according to an aspect;

FIG. 3 is a semi-schematic cross-sectional side view of a
lump lens having a layer of phosphor formed thereon, accord-
ing to an aspect;

FIG. 4 is a semi-schematic cross-sectional side view of an
LED assembly having a heat sink base, according to an
aspect;

FIG. 5 is an enlarged semi-schematic cross-sectional view
of the heat sink fins and phosphor layer of FIG. 4, better
showing the ledge of the heat sink fins;

FIG. 6 is a top view of the LED assembly of FIG. 4; and

FIG. 7 is a flow chart showing a method for assembling an
LED assembly having a heat sink base, according to an aspect

Embodiments and aspects of the present invention and
their advantages are best understood by referring to the
detailed description that follows. It should be appreciated that
like reference numerals are used to identify like elements
illustrated in one or more of the figures.

DETAILED DESCRIPTION

Methods and systems for enhancing the optical perfor-
mance of a LED by reducing the temperature Tj of a junction
or active area of the LED and/or by reducing the temperature
of one or more phosphors of the LED are disclosed.

As discussed above, the heat produced by current flow
through a light emitting diode (LED) can be accommodated,
so as to facilitate the use of the higher currents that are
required in order to provide brighter LEDs. The temperature
T, of the junction of an LED must typically be kept below
approximately 150° C. in order for the LED to produce light
efficiently.

The temperature of any phosphors that are used to modify
the color of light for an LED must be as low as possible so as
to provide desired color conversion efficiency. As those
skilled in the art will appreciate, the Stokes shift will tend to
cause the phosphors to heat up. The Stokes shift is the differ-
ence in the energy levels between the absorption spectra and
the emission spectra of a fluorescent material. Since more
energy is absorbed as visible light than is emitted as visible
light, the difference in energy becomes heat.

As the color conversion efficiency of the phosphors of an
LED drops, the color of the light produced thereby changes.
Thus, it is necessary to maintain a desired color conversion
efficiency so as to reliably provide the desired color of light.

An LED assembly can include a heat sink base, at least one
LED die attached to the heat sink base, and a lens. One or
more layers of phosphor can be formed upon the lens. A heat
sink, such as a finned heat sink, can attach the heat sink base
to the first lens. Heat from the LED die can flow through the
heat sink base to the heat sink, from which the heat can be
dissipated.

Similarly, heat from phosphors can flow through the lens to
the heat sink, from which the heat can be dissipated. By
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removing heat from the LED die, more current can be used to
drive the LED die, thus providing brighter light. By removing
heat from the phosphors, desired colors can be provided.

One or more aspects mitigate the temperature of the junc-
tion of an LED. Reducing the temperature of an LED
increases the efficiency thereof. The use of higher current is
thus facilitated. The use of higher current facilitates the pro-
duction of brighter LEDs that are better suited for use in
applications such as flashlights, displays, and general illumi-
nation.

One or more aspects mitigate the temperature of any phos-
phors that are used to modify the color ofan LED. By keeping
the phosphors at a lower temperature, better efficiency of the
phosphors is maintained. In this manner, the desired color of
light from the LED is more reliably provided.

In accordance with an aspect, an LED assembly can com-
prise a heat sink base, at least one LED die attached to the heat
sink base, and a heat sink attached to the heat sink base. The
heat sink can have fins formed thereon.

A lens can be attached to the heat sink. The lens can
comprise a lump lens. The lens can comprise any other
desired type of lens. A phosphor layer can be formed upon the
lens. For example, a phosphor layer can be formed upon a
surface of the lens that is closest to the LED die. Another lens
can be formed upon the heat sink base, such that the other lens
substantially covers the LED die/dice.

The heat sink base can comprise a material that is substan-
tially heat transmissive. For example, the heat sink base can
comprise copper, aluminum, or steel. The heat sink base can
comprise a material having a thermal conductivity greater
than 100 W/mK.

Vias can be formed in the heat sink base. Electrical con-
ductors within the vias can provide power to the LED die/
dice. The electrical conductors that pass through the via can
cooperate with conductive traces formed upon the heat sink
base so as to power the LED die/dice.

The LED assembly can comprise either one or a plurality of
LED dice that are attached to the heat sink base. For example,
the LED assembly can comprise 1,2, 4, 8, or any other desired
number of LED die.

The heat sink can be bolted to the heat sink base. The heat
sink can at least partially define a seal that inhibits light
leakage from the LED die/dice. For example, the heat sink
can at least partially define a ledge that inhibits light leakage
from the LED die/dice.

Referring now to FIG. 1, a contemporary LED assembly
has LED dice 101 attached to a substrate 102. The substrate
102 can comprise aluminum (Al) or copper (Cu). The sub-
strate 102 is attached to a heat sink base 103 via screws 111.
A thermal interface material (TTM) 110 is used to improve
heat transfer from the substrate 102 to the heat sink base 103.
The substrate 102 and heat sink base 103 are generally round
when viewed from above.

Positive 106 and negative 107 leads cooperate with wire
bonds (not shown) to provide current to the LED dice 101.
Conductive traces can be formed upon the substrate 102 to
facilitate the communication of current from the positive 106
and negative 107 leads to the LED dice 101 (via the wire
bonds).

A layer of phosphors 112 change the color of light emitted
by the LED dice 101. Thus, more desirable colors can be
provided by the LED assembly. For example, the phosphors
112 can be used to change the color of light emitted by the
LED dice 101 from blue to a substantially white color.

A lens 113 is formed over the layer of phosphors 112 and
focuses light from the LED dice 101. The lens 113 is formed
of silicon.
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Heat sink fins 104 can be formed integrally with the heat
sink base 103. Alternatively, the heat sink fins 104 can be
formed separately with respect to the heat sink base 103 and
then attached thereto, such as via fasteners. The heat sink fins
104 radiate heat from the heat sink base 103 into the ambient
air. Thus, heat from the LED dice 101 can be dissipated, at
least to some degree.

Alens 108 is attached to the heat sink fins 104. The lens 108
is held in place via a ring holder 109. The ring holder 109 is
attached to the heat sink fins 104 by screws 114.

Thermal resistance is a measure of how readily heat flows
through an object. The higher the thermal resistance, the less
readily heat flows. The substrate 102 can have a thermal
resistance R . of 12 C/W to 2° C./W. The thermal interface
material (TIM) 110 can have a thermal resistance R of
approximately 0.5° C./W. Thus, contemporary LED assem-
blies can have a total thermal resistance of 2.5° C./W or more.
A thermal resistance of 10° C/W is generally considered
excessive.

It is desirable to reduce the thermal resistance of an LED
assembly so as to enhance the efficiency of the LED, thus
allowing the use of higher currents. The use of higher currents
can facilitate the production of brighter LEDs that are suitable
for such applications as flashlights, displays, and general
illumination.

It is also desirable to reduce the thermal resistance of an
LED assembly so as to enhance the efficiency of the phos-
phors used to change the color of light emitted by the LED
dice thereof. Enhancing the efficiency of such phosphors
provides more reliable color stability.

Referring now to FIGS. 2-7, aspects facilitate the construc-
tion of an LED assembly having a more desirable, i.e., lower
thermal resistance so as to provide increased brightness and
improved color stability.

With particular reference to FIG. 2, LED dice 201 can be
attached directly (without the use of a separate substrate such
as substrate 102 of FIG. 1) to a heat sink base 202. For
example, the LED dice 201 can be solder bonded to the heat
sink base 202. The heat sink base 202 can have a thermal
conductivity of greater than 100 W/mK. The heat sink base
can comprise copper, aluminum, or steel, for example.

The heat sink base 202 can be generally circular when
viewed from above. Alternatively, the heat sink base 202 can
have any other desired shape. For example, the heat sink base
202 can be square, pentagonal, octagonal, or oval when view
from above.

Attachment of the LED dice 201 directly to the heat sink
base 202 eliminates the resistance to heat flow associated with
the substrate 102 and with the thermal interface material
(TIM) 110 of FIG. 1. Thus, heat from the LED dice 201 flows
more readily into the heat sink base 202 (as compared to the
heat sink base 103 of FIG. 1).

Positive 206 and negative 207 leads can cooperate with
wire bonds (not shown) to provide current to the LED dice
201, as discussed above. The leads can pass through vias 220
formed in the heat sink base 202. The vias 220 can be plated
through such that the leads do not need to pass therethrough.
Conductive traces (not shown) can be formed upon the heat
sink base 202 to facilitate the communication of current from
the positive 206 and negative 207 leads to the LED dice 201
according to well known principles.

Alayer of phosphors 212 can be formed upon the LED dice
201 to change the color of light emitted by the LED dice 201.
Thus, more desirable colors can be provided by the LED
assembly. For example, the phosphors 212 can be used to
change the color of light emitted by the LED dice 201 from
blue to a substantially white color.
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A lens 213 can be formed upon or proximate the layer of
phosphors 212 to focus light from the LED dice 201. The lens
213 can comprise silicon. Those skilled in the art will appre-
ciate that other materials are also suitable for the formation of
the lens 213.

Through holes or bores 221 can facilitate the use of fasten-
ers, such as screws or bolts. Such fasteners can be used to
attach the heat sink base 202 to heat sink fins 404 (FIG. 4) as
discussed below.

With particular reference to FIG. 3, a lump lens 308 can
have a layer of phosphor 309 formed upon the back side (the
side that will be closest to the LED dice 201 when assembled)
thereof. A phosphor layer can similarly be formed upon the
front side of the lump lens 308. When a phosphor layer is
formed upon the lump lens 308, then the phosphors 212 at the
LED dice 201 can be omitted. Any desired combination of
phosphors on the back side of lump lens 308, on the front side
of Tump lens 308, and upon the heat sink base 202 can be used.

With particular reference to FIG. 4, the heat sink base 202
can be assembled to a heat sink having heat sink fins. For
example, the heat sink base 202 can be attached to heat sink
fins 404 with fasteners, such as via bolts or screws 401. An
optional layer of thermal interface material 460 can be dis-
posed between heat sink base 202 and heat sink fine 404.
Alternatively, the heat sink base 202 can be attached to the
heat sink fins via solder 460 or can be otherwise attached to
the heat sink fins 404. Thus, layer 460 can represent either
thermal interface material or solder.

The lump lens 308 can be inserted into the heat sink fins
404 and retained in place via ring holder 409. Ring holder 409
can be attached to the heat sink fins 404 via fasteners, such as
bolts or screws 414. Other methods for attaching the lump
lens 308 to the heat sink fins and/or for attaching the ring
holder 409 to the heat sink fins 404 are likewise suitable.

One or more heat pipes 450 can be formed within or
attached to the heat sink fins 404 to better facility heat flow
from the LED die 201 therethrough. The heat pipe can com-
prise channels or passages within which a fluid is disposed.
The heat pipe can extend from the heat sink fins 404 into the
heat sink base 202, if desired. The heat pipe 450 can be
formed integrally with the heat sink, e.g., with the heat sink
base 202 and/or the heat sink fins 404,

As those skilled in the art will appreciate, a heat pipe is a
heat transfer device that moves heat between hotter and
colder interfaces thereof. Atthe hot interface of the heat pipe,
the fluid turns into vapor and the vapor flows to the cold
interface, where it condenses. The condensed vapor or liquid
then travels by capillary action back to the hot interface and
the cycle repeats.

Referring now to FIGS. 4 and 5, a ledge 421 formed in the
heat sink fins 404 can define a light seal that inhibits the
transmission of light (such as blue light when the phosphors
layer 212 is not used) from the LED dice 201 between the
lump lens 308 and the heat sink fins 404. Thus, the use of such
a seal can better facilitate the production of a desired color of
light by the LED assembly.

More particularly, the ledge 421 can be a cut out portion of
the heat sink fins 404 that receives and abuts a periphery of the
phosphor layer 309, as best shown in FIG. 5. Light from the
LED dice 201 is inhibited from passing between the phosphor
layer 309 and the heat sink fins 404 by the ledge 421. That is,
the ledge 421 allows the periphery of the phosphor layer 309
to be positioned within the heat sink fins 404 so that light from
the LED dice 201 must pass through the phosphor layer 309
in order to escape the LED assembly. Such construction can
prevent blue light from the LED dice 201 from bypassing the
phosphor layer 309 and thus contributing more blue light than
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is desired to the output of the LED assembly. In this manner,
substantially all of the light from the LED assembly passes
through the phosphor layer 309 such that a desired color of
light, e.g., white light, is provided by the LED assembly.

Referring now to FIG. 6, a top view of the LED assembly
shows that the LED assembly is generally round in configu-
ration. That is, the heat sink base 202 and the heat sink fins
404 are round when viewed from above. However, the LED
assembly can be of any desired shape and configuration. For
example, the LED assembly can be round, oval, square, rect-
angular, pentagonal, octagonal, or of any other shape when
viewed from above.

The ledge 421 can be define by making the width of the
heat sink fins 404 greater (as shown by dimension A) proxi-
mate the heat sink base 202 and less (as shown by dimension
B) farther from the heat sink base 202. Both the heat sink fins
404 and the ledge 421 can be generally circular when viewed
from above. Alternatively, the heat sink fins 404 and/or the
ledge 421 can have any other desired shape. For example, the
heat sink fins 404 and/or the ledge 421 can be square, pen-
tagonal, octagonal, or oval when viewed from above.

The phosphor layer 309 extends over and along the ledge
421 such that substantially all of the light from the LED dice
201 that is emitted by the LED assembly must pass through
the phosphor layer 309. Thus, substantially no light from the
LED dice 201 leaks past the lens 308 (and thus past the
phosphor layer 309), such as between the lens 308 and the
heat sink fins 404.

The heat sink base 202, the heat sink fins 404, and the lump
lens 308 can cooperate to define a package for the LED dice
201. Although the heat sink fins 404 are generally associated
with dissipating heat from the LED dice 201 into the ambient
air, the heat sink base 202, the heat sink fins 404, and the lump
lens 308 can all dissipate heat from the LED dice 201 into the
ambient air and thus can all contribute to the cooling of the
LED dice 201.

With particular reference to FIG. 7, a method for making an
LED assembly according to an aspect is shown. One or more
LED dice can be attached directly to a heat sink base (such as
heat sink base 202 of FIG. 2), as indicated in block 501. The
heat sink base can have a minimum thermal conductivity of
approximately 100 W/mK.

A silicone lens (such as silicone lens 213 of FIG. 2) can be
formed upon the heat sink base, as indicated in block 502. The
silicone lens can formed so as to generally cover the LED
dice.

A phosphor layer (such as phosphor layer 309 of FIGS. 3
and 4) can be formed upon the back side of a lump lens, as
indicated in block 503. A phosphor layer can be formed upon
the back side of the lump lens, upon the front side of the lump
lens, upon the heat sink base, and/or at any other desired
location.

Heat sink fins (such as heat sink fins 404 of FIG. 4) can be
attached to the heat sink base with LED, as indicated in block
504. Fasteners, such as screws, can facilitate such attachment.
Any other desired method for attaching the heat sink fins to
the heat sink base with LED can be used.

The Iump lens can be attached to the heat sink, as indicated
in block 505. A thermal interface material (such as a thermal
interface material comprises of polymer or solder) can be
disposed intermediate the heat sink base and the heat sink
fins. The heat sink base and the heat sink fins can cooperate so
asto define a heat sink that enhances heat dissipation from the
LED dice attached to the heat sink base.

As used herein, the term “active area” or “active region”
can be defined to include a region in a light-emitting diode
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where injected electrons and holes recombine to generate
photons in the LED when current is applied.

As used herein “formed upon” can be defined to include
deposited, etched, attached, or otherwise prepared or fabri-
cated upon, such as when referring to the forming the various
layers.

As used herein “on” and “upon” can be defined to include
positioned directly or indirectly on or above.

As used herein, the term “package” can be defined to
include an assembly of elements that houses one or more LED
chips and provides an interface between the LED chip(s) and
a power source to the LED chip(s). A package can also pro-
vide optical elements for the purpose of directing light gen-
erated by the LED chip. Examples of optical elements are lens
and reflectors.

As used herein, the term “transparent” can be defined to
include the characterization that no significant obstruction or
absorption of electromagnetic radiation occurs at the particu-
lar wavelength or wavelengths of interest.

As used herein, the term “heat sink can be defined to
include any structure that facilitates heat dissipation when
heat flows therethrough. Heat from a source, such as an LED
die, can flow through a heat sink and into the air, water, and/or
another structure.

One or more aspects mitigate the temperature of the junc-
tion of an LED. Reducing the temperature of an LED
increases the efficiency thereof. The use of higher current is
thus facilitated. The use of higher current facilitates the pro-
duction of brighter LEDs that are better suited for use in
applications such as flashlights, displays, and general illumi-
nation.

One or more aspects mitigate the temperature of any phos-
phors that are used to modify the color of an LED. By keeping
the phosphors at a lower temperature, better efficiency of the
phosphors is maintained. In this manner, the desired color of
light from the LED is more reliably provided.

It is understood that the various features and aspects dis-
cussed herein can be used in various embodiments in any
desired combination. Thus, a particular embodiment can have
one or more features or aspects that were discussed in asso-
ciation with one or more different embodiments.

Embodiments and aspects described above illustrate, but
do not limit, the invention. It should also be understood that
numerous modifications and variations are possible in accor-
dance with the principles of the present invention. Accord-
ingly, the scope of the invention is defined only by the fol-
lowing claims.

The invention claimed is:
1. An LED assembly comprising:
a heat sink base;
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at least one LED die attached to the heat sink base;

a heat sink attached to the heat sink base; and

a first lens attached to the heat sink and a phosphor layer

formed upon the first lens.

2. The LED assembly as recited in claim 1, further com-
prising fins formed upon the heat sink.

3. The LED assembly as recited in claim 1, wherein the first
lens comprises a lump lens.

4. The LED assembly as recited in claim 1, wherein the
phosphor layer is formed upon a surface of the first lens that
is closest to the LED die.

5. The LED assembly as recited in claim 1, further com-
prising a second lens formed upon the heat sink base and
substantially covering the LED die/dice.

6. The LED assembly as recited in claim 1, wherein the
heat sink base comprises copper.

7. The LED assembly as recited in claim 1, wherein the
heat sink base comprises aluminum.

8. The LED assembly as recited in claim 1, wherein the
heat sink base comprises steel.

9. The LED assembly as recited in claim 1, wherein the
heat sink base comprises a material having a thermal conduc-
tivity greater than 100 W/mK.

10. The LED assembly as recited in claim 1, further com-
prising vias formed in the heat sink base and electrical con-
ductors within the vias for providing power to the LED die.

11. The LED assembly as recited in claim 1, wherein the
LED assembly comprises a plurality of LED dice formed
upon the heat sink base.

12. The LED assembly as recited in claim 1, wherein the
heat sink 1s bolted to the heat sink base.

13. The LED assembly as recited in claim 1, wherein the
heat sink at least partially defines a seal that inhibits leakage
of light from the LED die/dice.

14. The LED assembly as recited in claim 1, wherein the
heat sink at least partially defines a ledge that inhibits leakage
of light from the LED die/dice.

15. The LED assembly as recited in claim 1, further com-
prising a heat pipe configured to move heat through the heat
sink.

16. The LED assembly as recited in claim 1, further com-
prising a heat pipe formed integrally with the heat sink and
configured to move heat through the heat sink.

17. An LED assembly comprising:

a heat sink base;

at least one LED die attached to the heat sink base;

means for dissipating heat attached the heat sink base; and

a first lens attached to the means for dissipating heat and a

phosphor layer formed upon the first lens.
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