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COWPACT OPTI CALLY EFFICIENT SCLID STATE LIGAT SOURCE WTH
| NTEGRATED THERMAL MANAGEMENT

Thi s application cl ai s t he benefit of u. S
Provi si onal Patent Application seri al nunber 61/ 339, 084,
filed on July 6, 2010.

BACKGROUND OF THE | NVENTI ON

Field of the I|nvention

[0001] This invention relates to solid state Ilighting and
in particular to solid state light sources or |anps that

conprise a conpact array of light emtting diodes (LEDs)

Description of the Related Art

[0002] Light emtting diodes (LED or LEDs) are solid state
devi ces t hat convert electric ener gy to 1 ght, and
general ly conpri se one or nor e active | ayers of
sem conductor nateri al sandwi ched between oppositely doped
| ayers. Wen a bias is applied across the doped |ayers,

holes and electrons are injected into the active |ayer
where they reconbine to generate light. Light is emtted

from the active layer and from all surfaces of the LED.

[ 0003] LEDs have certain characteristics that nake them

desirabl e for many Iighting appl i cations t hat wer e
previously the realm of incandescent or fluorescent |ights.
| ncandescent lights are very energy-inefficient I'ight
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sour ces with approxi mately ni nety per cent of t he

el ectricity they consunme being released as heat rather than

light. Fluorescent light bulbs are nore energy efficient
than incandescent 1light bulbs by a factor of about 10, but
are still relatively inefficient. LEDs by contrast, can

emt the sane lum nous flux as incandescent and fl uorescent

lights using a fraction of the energy.

[0004] In addition, LEDs can have a significantly | onger
oper at i onal lifetinme. | ncandescent l'ight bul bs have
relatively short lifetines, with sonme having a lifetime in
the range of about 750-1000 hours. Fluorescent bulbs can
also have lifetines |onger than incandescent bulbs such as
in the range of approximately 10, 000- 20, 000 hours, but
provide less desirable color reproduction. In conparison,

LEDs can have |lifetines between 50,000 and 70,000 hours.

The increased efficiency and extended lifetime of LEDs is
attractive to many lighting suppliers and has resulted in
their LED |lights being used in place of conventional
lighting in many different applications. It is predicted
that further inprovements wll result in their general
acceptance in nore and nore lighting applications. An

increase in the adoption of LEDs in place of incandescent
or fluorescent lighting would result in increased |I|ighting

efficiency and significant energy saving.

[0005] In order to use an LED chip in a circuit or other
like arrangenent, it is known to enclose an LED chip in a
package to provi de envi ronnent al and/ or nmechani cal
protection, color selection, [light focusing and the Iike.
An LED package also includes electrical | eads, contacts or

traces for electrically connecting the LED package to an
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ext er nal circuit. In a typical LED package/ conponent 10
illustrated in FIG 1, a single LED chip 12 is nounted on a
reflective cup 13 by neans of a solder bond or conductive
epoxy. One or nore wire bonds 11 connect the ohmc contacts
of the LED chip 12 to leads 15A and/or 15B, which may be
attached to or integral wth the reflective cup 13. The
reflective cup 13 my be filled wth an encapsul ant
mat eri al 16 which my contain a wavelength conver si on
material such as a phosphor. Light emtted by the LED at a
first wavelength nay be absorbed by the phosphor, which my
responsively emt Ilight at a second wavel ength. The entire
assenbly is then encapsulated in a clear protective resin

14, which my be nolded in the shape of a lens to collimte

the |ight emtted from the LED chip 12. Wi | e t he
reflective cup 13 may direct light in an upward direction,
optical |osses may occur when the light is reflected (i.e.

sonme |light may be absorbed by the reflector cup due to the
| ess t han 100% reflectivity of practi cal reflector

surfaces). In addition, heat retention my be an issue for
a package such as the package 10 shown in FIG 1, since it
may be difficult to extract heat through +the [|eads 15A,

15B.

[ 0006] LED component 20 illustrated in FIG 2 may be nore
suited for high power operations which my generate nore
heat. In LED conponent 20, one or nore LED chips 22 are
mounted onto a carrier such as a printed circuit boar d
(PCB) carrier, substrate or submount 23. A netal reflector
24 is nmounted on the subrmount 23, surrounds the LED chip(s)
22, and reflects light emtted by the LED chips 22 away
from the package 20. The reflector 24 also provides

mechani cal protection to the LED chips 22. One or nore wre
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bond connections 11 are nmade between ohmc contacts on the
LED chips 22 and electrical traces 25A, 25B on the subnount

23. The nmounted LED chips 22 are then covered wth an
encapsul ant 26, whi ch may provi de envi r onnment al and
mechani cal protection to the chips while also acting as a
lens. The netal reflector 24 is typically attached to the

carrier by means of a solder or epoxy bond.

[0007] Oher LED conponents or lanmps have been devel oped
that conprise an array of nultiple LED packages nounted to
a (PCB) , substrate or submount. The array of LED packages
can conprise groups of LED packages emtting different
col ors, and specul ar reflector systens to reflect l'ight
emtted by the LED chips. Sone of these LED conponents are
arranged to produce a white light conmbination of the |ight
emtted by the different LED chi ps.

[0008] Techni ques for generati ng white l'ight from a
plurality of discrete light sources have been devel oped
that wutilize different hues from different discrete |[|ight
sour ces, such as those described in US Pat ent No.

7,213,940, entitled "Lighting Device and Lighting Method".
These techniques mx the light from the discrete sources to
provide white light. |In some applications, m xing of [|ight
occurs in the far field such that when viewed directly the
di fferent hued sour ces of I i ght can be separately
i dentified, but in the far field the light conbines to
produce light which is perceived as white. One difficulty
with mxing in the far field is that the individual
di screte sour ces can be perceived when the lanp or
lumnaire is viewed directly. Accordingly, the use of only

far field mxing my be nost appropriate for these lighting
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appl i cations where the |ight sources are nechanically
obscur ed from a user's Vi ew. However, nmechani cal | y
obscuring the light sources may result in |lower efficiency

as light is typically lost by the mechanical shielding.

[0009] Current LED packages (e.g. XLanp® LEDs provided by
Cree, Inc.) can be limted in the level of input power and
for sonme the range is 0.5 to 4 Watts. Miny of these
conventi onal LED packages incorporate one LED chip and
hi gher 1light output is achieved at the assenbly |evel by
nmounting several of these LED packages onto a single
circuit board. FIG 3 shows a sectional view of one such
distributed integrated LED array 30 conprising a plurality
of LED packages 32 nobunted to a substrate or subrmount 34 to
achieve higher Ilumnous flux. Typical arrays include many
LED packages, wth FIG 3 only showing two for ease of
under st andi ng. Al ternatively, hi gher flux conponents have
been provided by wutilizing arrays of cavities, with a
single LED chip nmounted in each of the cavities. (e.g.

TitanTurbo™ LED Light Engines provided by Lamna, Inc.).

[0010] These LED array solutions are |less conpact than
desired as they provide for extended non-light emtting
"dead space" between adjacent LED packages and cavities.
This dead space provides for larger devices, and can limt
the ability to diffuse light from the LED packages and can

l[imt the ability to shape the output beam by a single

compact opti cal el enent like a collimting lens or
refl ector into a particular angul ar  distribution. Thi s
makes the construction of solid state lighting |umnares
that provide for directed or collimted light output wthin

the form factor of existing lanps difficult to provide.
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These present challenges in providing a conpact LED Ilanp
structure i ncor porating an LED conponent t hat delivers
light flux levels in the 1000 |unmen and higher range from a

smal|l optical source.

[0011] In other array technol ogies, i ndi vi dual bl ue LEDs
can be assenbled on a circuitized substrate (i.e. chip-on-
board) . The LEDs are then encapsulated together wutilizing a

flat profile where the encapsulant contains a phosphor to

enable down conversion. This approach, however, i's not
ef ficient from a light extraction perspective because of
the difference in the refractive i ndex of the flat
encapsulent and the surrounding material. A portion of the

l'ight can be reflected back at the surface of the
encapsul ant where a portion of it. can be absorbed by
conponents that are |ess 't han ideal reflectors. Additional
light can be lost to total internal reflection (TIR . To be
nore efficient, these technol ogies can require optinal

reflectivity wthin the regions where light is generated.

SUMVARY OF THE | NVENTI ON

[0012] The present invention is directed to solid state
light sources that are conpact, ef ficient and conpatible
with high volunme manufacturing processes. The present

invention relates to inproved arrangenents of LED chips and
| enses/ optics on a substrate t hat provi de efficiency
i nprovenents, such as first pass light extraction from the
| enses/ optics LED while maintaining efficient conponent

t hermal nmanagenent.

[0013] One enbodi nent of LED conponent according to the

pr esent i nvention conpri ses a circuit board having a
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plurality of die attach pads. A plurality of LED chips is
i ncluded each of which is nobunted on a respective one of
the die attach pads. Primary lenses are included each of
which is fornmed directly over a single one or a subgroup of
the LED chips.

[0014] Another enbodi nent of an LED conponent according to
the present invention conprises a circuit board wth an
array of LED chips nounted on it and electrically
i nterconnected. A plurality of primary lenses is included,
each of which is forned directly over a single one or a
subgroup of the LED chips. A heat sink is included with the
circuit board mounted to the heat sink so that heat from
the LED chips spreads into the heat sink.

[0015] . One enbodinment of a solid state lighting conponent
according to the present invention conprises a circuit
board t hat is thermally conducti ve and electrically
insulating. A plurality of LED chips is included, each of
which is chip-on-board nounted on a respective one of the
die attach pads. A plurality of primary lenses is included
each of which is forned directly over a single one or a
subgroup of the LED chi ps.

[0016] A nethod of formng an LED conponent conpri ses
providing a circuit board and chip-on-board nounting LED
chips on the circuit board with the LED chips electrically
i nt er connect ed. Primary lenses are nolded directly over
each of the LED chips individually or in sub-groups of the
LED chi ps.

[0017] These and other aspects and advantages of the
invention wll beconme apparent from the followng detailed
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description and the acconpanying drawings which illustrate

by way of exanple the features of the invention.

~

BRI EF DESCRI PTI ON  OF THE DRAW NGS

[0018] FIG 1 shows a prior art LED package;
[0019] FIG 2 shows another prior art LED package;

[0020] FIG 3 shows a prior art LED conponent wth an array
of LED packages;

[0021] FIG 4 is a perspective view of one enbodinent of an
LED conponent according to the present invention having an

array of LED chips in sub-groups;

[0022] FIG 5 is a perspective view of the LED conponent of

FIG 4 nounted to a heat sink;

[0023] FIG 6 is a perspective view of the LED conponent of

FIG 4 nounted to a heat sink;

[0024] FIG 7 is a perspective view of another enbodi nent
of an LED conponent according to the present i nvention

having an array of LED chips in sub-groups;

[0025] FIG 8 is a perspective view of another enbodi nent

of an LED conponent according to the present invention;

[0026] FIG 9 is top view of the LED conponent shown in
FIG 8:

[0027] FIG 10 is a perspective view of the LED conponent

shown in FIG 8 with primary |enses over the LED chips;



WO 2012/005771 PCT/US2011/001200

[0028] FIG 11 is a side view of one enbodinent of an LED
conmponent according to the present invention wthout the

LED chips visible through the prinmary |enses;

[0029] FIG 12 is a top view of the LED conmponent shown in
FIG 11;

[0030] FIG 13 is perspective view of the LED conponent
shown in FIG 11;

[0031] FIG 14 is a perspective view of another enbodi nent
of an LED conponent according to the present i nvention

mounted to a heat sink;

[0032] FIG 15 is a perspective view of another enbodi nent
of an LED conponent according to the present i nvention

mounted to a heat sink;

[0033] FIG 16 is a perspective view of another enbodi nent

of an LED conponent according to the present invention;

[0034] FIG 17 is a perspective view of the LED conponent
shown in FIG 16;

[0035] FIG 18 is a gr aph show ng t he operating
characteristics of some enbodinents of an LED conponent

according to the present invention;

[0036] FIG 19 is a top view of another enbodinent of an

LED conponent according to the present invention;

[0037] FIG 20 is a top view of the LED conponent in FIG

19 with primary optics over sonme of the LED chips;

[0038] FIG 21 is a perspective view of the LED conponent
in FIG 19 with primary optics over all of the LED chi ps;
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[0039] FIG 22 is a top view of another enbodinent of an

LED conponent according to the present invention;

[0040] FIG 23 is a top view of another enbodinent of an

LED conponent according to the present invention;

[0041] FIG 24 is a top view of a reflective layer that can
be used on LED conponents accordi ng to the present

i nventi on;

[0042] FIG 25 is a perspective view of another enbodi nment

of an LED conponent according to the present invention;

[0043] FIG 26 is a top view of the LED conmponent shown in
FIG 25

[0044] FIG 27 is a side view of the LED conponent shown in
FIG 25;

[0045] FIG 28 is a top view of another enbodinment of an

LED conmponent according to the present invention;

[0046] FIG 29 is a side view of another enbodinent of an
LED conponent according to the present invention conprising

secondary |ens/optic;

[0047] FIG 30 is a side view of another enbodinent of an
LED conmponent according to the present invention conprising

secondary lens/optic; and

[0048] FIG 31 is a side view of still another enbodi nent
of an LED conponent according to the present i nvention

conprising secondary |ens/optics.

10
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DETAI LED DESCRI PTION OF THE | NVENTI ON

[0049] The present invention provides conpact and efficient
lighting conponents that wutilize solid state devices as
their 1light source. The different lighting conponents are

sized such that they are capable of being wused in many

di fferent lighting applications. In some enbodinents the
solid state light source <can conprise an array of LEDs
arranged to emt light in response to an electrical si gnal

applied to the lighting conponent. Sonme enbodinments of the

pr esent i nvention al so provi de LED array [ighting
conponents with i mproved I'ight extraction efficiency
enabled by inproved optical and thernmal properties. The
pr esent invention also incorporates optical designs that
maximze first pass light extraction, and features that
manage thermal loads to mnimze thermal cross-talk between

i ndi vi dual LED emtters.

[0050] Sonme enbodinents of lighting conponents according to
the present i nvention can conprise an LED chip array
mounted on a thermally conductive substrate, with optics
that mnimzes emssion crosstalk. D fferent enbodi nment s

can utilize chip-on-board (coB) technol ogy to integrate
multiple LEDs onto a single circuitized substrate wth the
"dead- space” between LEDs mnimzed and thereby mnimzing

the space required for the light source. COB refers to the
sem conduct or assenbly techniques wherein a mcrochip or
di e, such as an LED, is directly nount ed on and
electrically i nt erconnect ed to its final «circuit boar d,

instead of wundergoing traditional assenbly or packaging as
an individual LED package or integrated circuit. The

elimnation of conventional devi ce packaging when using COB

11



WO 2012/005771 PCT/US2011/001200

assenblies can sinplify the over-all process of designing
and manuf acturing, can reduce space requirenents, can
reduce cost, and can inprove performance as a result of the
shorter interconnection paths. The COB process can consi st
of three prinmary steps: 1) LED die attach or die nmount; 2)
wire bonding; and 3) encapsul ation of the die and
wires. These COB arrangenents can also provide the added
advantage of allowing for direct nounting and interface

with the main system heat sink.

[0051] In sone enbodinents LED array enbodinments, each chip
in the array can have its own primary lens formed onto it
to facilitate light extraction and emssion wth the first
pass. First pass |ight extraction/em ssion refers to light
emtted from a parti cul ar LED chip passing out of its
primary lens and the light's first pass from the LED chip
to the surface of the primary Ilens. That is, the light is
not reflected back, such as by total internal reflection

(TITIR) , where sone of the light can be absorbed. This first
pass em ssion enhances the emssion efficiency of the LED
conmponents by mnimzing LED light that can be absorbed.

The different enbodinments can conprise a high density of
I'ight emtting conponent s whi | e maxi m zi ng the |ight

extraction, which nmaximzes the efficiency of the overall

conmponent. Sone enbodiments of the present invention can be
arranged in sub-groups of LED chips within the array, wth

each sub-group having its own primry lens for inproved

[ight extraction. In sonme enbodi nents, the lens can be
hem spheric, which can further increase |light extraction by
providing a lens surface that pronotes fist pass |ight
em ssi on .

12
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[ 0052] Different enbodinments of the present invention can
include LED arrays with LED chips emtting the same color
or different <color (e.g. red, green and blue LED chips or
subgroups, white LED and red LED chips or subgroups, etc.)
Techniques for generating white light from a plurality of
discrete light sources to provide desired CRI at the
desired color temperature have been developed that wutilize
different hues from different discrete |ight sources. Such
techniques are described in US Pat ent  No. 7,213, 940,

entitled "Lighting Device and Lighting Method" nentioned

above .

[ 0053] In other enbodinments a secondary lens or optic my
be used in addition to the primary lens or optics, e.g. a
| arger secondary optic over nmultiple groups of enitters
with primary optics. Wth each enmtter or groups  of
emtters having their ow primary lens or optic, t he
invention may be scalable for larger arrays. Different

arrays according to the present invention can have as

little as three chips to 10s and 100s.

[0054] In sonme enbodinents the LED array can be COB nounted
to a board having characteristics that provide for inproved
operati on. The board <can provide electrical i sol ation
characteristics, which allows for board level electrical

isolation of the LED chips. At the sane tinme the board can
have properties that provide an efficient thermal path to
spread heat from the LED chips. Efficient thermal spreading
of heat from the LED chips can result in inproved LED chip
reliability and color consistency. The board can also be
arranged to allow for easy and efficient nmounting of the

array to a primary heat sink. Sone enbodinents can conprise

13
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a circuit board having features that allow it to be easily
and efficiently nmounted to the heat sink using mnechanical
means. In other enbodinments, the circuit board can conprise
a material that allows it to be efficiently and reliably
soldered to a heat sink, such as through reflow processes.

[0055] The pr esent i nvention conpri ses LED array
arrangenents that are scalable, such that sone enbodinents
can have as few as three emtters and others can have as
many as 10s or 100s of emtters. Different enbodinents of

LED arrays can be scal abl e.

[0056] The present i nvention is described herein wth
reference to certain enbodinents, but it is understood that
the invention can be enbodied in many different fornms and
should not be construed as limted to the enbodinents = set
forth herein. In particular, the present invention is
described below in regards to certain |lighting or LED
conmponents having arrays of LEDs or LED chips in different

confi gurations, but it is understood that the present

invention can be used for many other |lanps having many
different array configurations. The conponents can have
different shapes and sizes beyond those shown and different

nunbers of LEDs can be included in the arrays. Sone or all

of the LEDs in the arrays can be coated with a down-

converter coating that can conprise a phosphor | oaded
bi nder (" phosphor /binder coating”) , but it is wunderstood

that LEDs without a conversion material can also be used.

[0057] It is also understood that when an elenment such as a
| ayer, region or substrate is referred to as being "on",
"over" or "coating" another elenment, it can be directly on,

over or coating the other elenent or intervening elenents

14
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may also be present. Fur t her nor e, relative ternms such as
“inner", “"outer", “upper", "above", "lower", "beneath", and
"below', and simlar terns, nay be used herein to describe
a relationship of one layer or another regi on. It is
under st ood t hat these terns are intended to enconpass

di fferent ori entations of the device in addition to the

orientation depicted in the figures.

[0058] Although the terms first, second, etc. may be used

herein to describe various elenents, component s, regi ons,
| ayers and/ or secti ons, t hese el ement s, conponent s,
regi ons, | ayers and/or sections should not be limted by

these terns. These terns are only used to distinguish one

el enent , conponent, regi on, | ayer or section from another
region, layer or section. Thus, a first elenent, conponent,
region, layer or section discussed below could be ternmed a
second elenment, conponent, region, layer or section wthout

departing from the teachings of the present invention.

[ 0059] Enbodi nents of the invention are described herein
with reference to certain view illustrations that my be
schematic illustrations of enbodinents of the invention. As

such, the actual size and thickness of elenments can be
di fferent, and vari ations from the shapes of t he
illustrations as a result, for exanple, of manufacturing
techniques and/or tolerances are expected. Enbodi nent s of
the invention should not be construed as limted to the
particul ar shapes and sizes of the regions illustrated
herein but are to include deviations i n shapes that- result,
for exanple, from manufacturing. A region illustrated or
described as square or rectangular can have rounded or

curved features due to nornal manuf act uri ng t ol er ances.

15
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Thus, the regions illustrated in the figures are schematic
in nature and their shapes are not intended to illustrate
the precise shape of a region of a device and are not

intended to |limt the scope of the invention.

[0060] FIG 4 shows one enbodinment of an LED conponent 40
according to the present invention conprising a circuit

board or subnount ("board") 42 for holding an array of LED
chips 41, wth the board 42 having die attach pads 44 and
conductive traces 46 on its top surface. The LED array 41
conprises a plurality of LED chips 48 each of which is
mounted to a respective one of the die pads 44 using COB
techniques. That is, the LED chips 48 are not included in
their own package, wth the package then nounted to the
board (e.g. surface nmounted) . Instead, the LED chips 48 are
mounted directly to die pads 44 on the board, with this COB

arrangenent providing the advantages discussed above.

[0061] In sone enbodinments, wre bonds can be included that
pass between the conductive traces 46 and each of the LED
chips 48 with an electrical signal applied to each of the
LED chips 48 through its respective one of the die pads 44
and the wire bonds. |In other enbodinments, LED chips 48 my
conprise coplanar electrical contacts on one side of the
LED (bottom side) wth the mpjority of the light emtting
surface being | ocat ed on the LED side opposing t he
el ectrical contacts (upper side) . Such flip-chip LEDs can
be nounted onto the board 42 by nounting contacts
correspondi ng to one el ectrode (anode or cat hode,

respectively) onto the die pad 44. The contacts of the
other LED electrode (cathode or anode, respectively) can be

nmounted to the traces 46.
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[0062] In the enbodinment shown, the LED array 41 conprises
twelve individual LED chips 48 but it is understood that
ot her enbodinents can have fewer or nore LED chips. The LED
chips 48 are also arranged in three sub-groups of four LED
chi ps 48 each, with t he sub- gr oups electrically
interconnected by the traces 46. It is wunderstood that
ot her enbodinents can conprise different nunbers of sub=
groups having different nunbers of LED chips interconnected
in different ways. It is also understood t hat ot her
enbodi nents can conprise only individual interconnected LED
chips, or conbinations of individual LED chips and sub-

groups of LED chi ps.

[0063] In the enbodinment shown, the LED chips 48 can be
connected in series such that an electrical signal applied
to first and second wire bond pads 49a, 49b conducts to all

the LED chips and causes them to emt |ight. The sub-groups
of LED chips are connected in series and the LED chips
within the sub-groups are connected in series. It is
understood, however, that in other enbodinments some or all

of the LED chips can be connected in parallel between the
contacts, while in other enbodinents the LED chips can be
i nt erconnect ed in di fferent series and par al | el

conbi nati ons. These different conbi nati ons can conprise
separate LED chip circuits that can be driven by their own
separate drive signal. This allows for the intensity of the
different circuits to be individually controlled to control

the LED conponent's emission color and intensity. In these
enbodi nents, nore than two wire bond pads can be included
to accommpdate nore than one drive signal. The first and
second wire bond pads 49a, 49b should be sized to allow

conveni ent and reliable wre bond attachnent, with sone
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. . 2 .
enbodi ments having a surface area greater than 3mm, while
in other enbodinents the surface area can be greater than
6me .

[0064] LEDs chips 48 can have many different sem conductor
| ayers arranged in different ways and can emt many
different <colors in different enbodinents according to the
pr esent i nventi on. Many different commercially avail abl e
LED chips can be used, including but not limted to the EZ
LED <chip comrercially avail abl e from CREE, I nc. LED
structures, f eat ures, and their fabrication and operation
are generally known in the art and only briefly discussed

her ei n.

[0065] The |layers of the LEDs chips 48 can be fabricated
usi ng known  processes with a suitable process bei ng
fabrication wusing netal organic chemcal vapor deposition
(MCVD) . The layers of the LED chips generally conprise an
active |layer/region sandwi ched between first and second
oppositely doped epitaxial |ayers all of which are forned
successively on a growmh substrate. LED chips can be forned
on a wafer and then singulated for nmounting in a package.
It is understood that the growh substrate can remain as
part of the final singulated LED or the growh substrate

can be fully or partially renoved.

[0066] It is also wunderstood that additional | ayers and
el enent s can also be included in the LED <chips 48,
including but not I|imted to buffer, nucleation, cont act
and current spreading layers as well as light extraction

| ayers and elenents. The active region can conprise single
guantum wel | (SsQW , multiple quantum well (MQW), double

het erostructure or super lattice structures. The active
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region and doped layers my be fabricated from different

mat eri al syst emns, with preferred material systenms  being
G oup- 111 nitride based mat eri al systens. G oup- 111

nitrides refer to those sem conductor compounds f or med
between nitrogen and the elenments in the Goup I1Il of the
periodic table, wusually alumnum (A), gallium (G) , and

indium (In) . The term also refers to ternary and quaternary
compounds such as alumnum gallium nitride (Al GaN) and
alumnum indium gallium nitride (AllnGN) . In a preferred
enbodi nent , the doped l|ayers are gallium nitride (&N and
the active region is InGN. In alternative enbodinents the
doped layers may be A &GN, alum num gallium arsenide
(Al GaAs) or alumnum gallium indium arsenide phosphide,

al umi num indium gallium phosphide or Zinc Oxide

[0067] The growth substrate can be made of many materials
such as silicon, glass, sapphire, silicon carbide, alunm num
nitride (AIN) , gallium nitride (GaN) , wth a suitable
substrate being a 4H polytype of silicon carbide, although

other silicon carbide polytypes <can also be used including

3C, 6H and 15R pol ytypes. Silicon carbide has «certain
advant ages, such as a closer crystal lattice match to Goup
1l nitrides than sapphire and results in Goup IIl nitride

films of higher quality. Silicon <carbide also has a very
high thermal conductivity so that the total output power of
Goup-I1l nitride devices on silicon carbide is not limted
by the thermal dissipation of the substrate (as nmay be the
case with sonme devices formed on sapphire) . SiC substrates
are available from Cree Research, Inc., of Durham North
Carolina and nethods for producing them are set forth in
the scientific literature as well as in a US.  Patents,
Nos. Re. 34,861; 4,946,547, and 5, 200, 022.
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[ 0068] The LED chips 48 can also conprise a conductive
current spreading structure and wire bond pads on the top
surface, both of which are made of a conductive material
and be deposited wusing known nethods. Some materials that
can be used for these elenents include Au, Cu, N, 1In, A,
Ag or conbinations t her eof and conducting oxi des and
t ranspar ent conducti ng oxi des. The current spreadi ng
structure can conprise conductive fingers arranged in a
grid on the LED chips 48 with the fingers spaced to enhance
current spreading from the pads into the LED s top surface.
In operation, an electrical signal is applied to the pads
through a wire bond as described below, and the electrical
signal spreads through the fingers of the current spreading
structure and the top surface into the LED chips 48.
Current spreading structures are often used in LEDs where
the top surface is p-type, but can also be used for n-type

materials .

[0069] Sonme or all of the LED chips 48 can be coated wth
one or nore phosphors wth the phosphors absorbing at | east
sone of the LED light and em tti ng a different wavel ength
of light such that the LED emts a conbination of |ight
from the LED and the phosphor. As described in detail
bel ow, in one enbodinent according to the present invention

at least some of the LED chips can conprise an LED that

emits light in the Dblue wavelength spectrum with its
phosphor absorbing some of the blue light and re-emtting
yellow light. These LED chips 48 emt a white [|ight
conbination of blue and yellow light or a non-white |ight
combi nation of blue and yellow Iight. As used herein, the
term "white light" refers to light that is perceived as

white and is within 7 McAdam ellipses of the black body
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locus on a 1931 CE chromaticity diagram and has a CCT
ranging from 2000 K to 10,000 K. 1In one enbodi nent t he
phosphor conpri ses comercially avai l able  YAG Ce, al t hough
a full range of broad vyellow spectral em ssion is possible
using conversion particles made of phosphors based on the
(Gd, Y)3 (Al ,@&) 50i,:Ce system such as the YAl 0i,:Ce (YAQ
G her yellow phosphors that can be used for white emtting
LED chips include:

Tb,s-,RE Oi,:Ce (TAG ; RE=Y, &d, La, Lu; or

Sr,-x-yBa,Ca,Si0,4:Eu.

[ 0070] In some enbodinents ot hers of LED chips 48 can
conprise blue emtting LED coated by other phosphors t hat
absorb blue Ilight and emt vyellow or green |ight. Some of

t he phosphors that can be used for these LED chips include:

YELLOW GREEN

(Sr,Ca,Ba) (Al,Ga) ,S, :Eu?*
Ba, (My, Zn) Si ,0,:Eu?*

GdOo . ,6Sr0 .5 Al i ,304Fi.38:EU2*0.06
(Bai - -, Sr xCay) SiO4:Eu

Ba,Si 04:Eu2*

[0071] The LED chips 48 emtting red light can conprise LED
structures and materials that perm t emssion of red [|ight
directly from the active region. Al ternatively, in other
enbodi nents the red emtting LED chips 48 can conprise LEDs
covered by a phosphor that absorbs the LED light and emts
a red light. Some phosphors appropriate for this structures

can conprise:

RED

Lu,05: Eu3+
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(SI’ 2'x|—ax) (Cel-xEux)o4
Sr,Ce_xEu 04

Sr Z-XEUXC804
SrTi0,:Pr3+, Ga’

CaAl Si N ;: Eu??

Sr,Si Ng: Eu?*

[0072] Each of the phosphors descri bed above exhibits

excitation in the desired emssion spectrum provides a
desirable peak em ssion, has efficient [ight conversion,
and has acceptable Stokes shift. 1t is understood, however,

that many other phosphors can wused in conbination W th

other LED colors to achieve the desired color of [|ight.

[0073] The LED chips 48 can be coated with a phosphor wusing
many different met hods, with one suitable nethod being
descri bed in U S. Pat ent Appli cations Serial ~ Nos.
11/ 656,759 and 11/899, 790, both entitled "Wafer Level
Phosphor Coating Method and Devices Fabricated Utilizing
Met hod", and both of which are incorporated herein by
reference. Alternatively the LEDs can be coated using other
met hods such as electrophoretic deposition (EPD) , with a
suitable EPD nethod described in US  Patent Application

No. 11/ 473, 089 entitled "Cl ose Loop El ectrophoretic
Deposi tion of Sem conduct or Devi ces", whi ch is al so
incorporated herein by reference. It is understood that LED

packages according to the present invention can also have
multiple LEDs of different colors, one or nore of which my

be white emtting.

[0074] The die pads 44 and conductive traces 46 can

conprise many different materials such as netals or other
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conductive materials. In one enbodinent they can conprise

copper deposited using known techniques such as plating and

can t hen be patt er ned usi ng standard I'ithographic
processes. In other enbodinents the |ayer can be sputtered
using a mask to form the desired ©pattern. In sone

enbodi ments according to the present invention sone of the
conductive features can include only copper, wth others of
the features including additional materials. For exanpl e,

the die pads 44 can be plated or coated wth additional

metals or materials to make them nore suitable for nounting
of LEDs. In one enbodinent the die pads 44 can be plated
with adhesive or bonding materials, or reflective and
barrier layers. The LEDs can be nounted to the die pads 44
usi ng known met hods and material s such as usi ng
conventional solder materials that may or may not contain a
flux material or dispensed polyneric materials that may be
thermally and electrically conductive. The die attach pads
44 can also be nmounted directly to the board 42, or
intervening layers can be included, such as layers to
provide inproved adhesion between the attach pads 44 and
board. The conductive traces 46 can pass under the die
attach pads to enhance electric connection between the two.

[0075] The LED conponent and its array can have many
different shapes and sizes, wth the LED conponent 40
having a generally oblong shape to accommbdate the first
and second wre bond pads 49a, 49b. Oher enbodinents of
the LED conponent can have different shapes such as
circular, oval, square, rectangular or triangular. The LED
conmponent 40 is referred to as conpact because of its
generally small size for this nunber of LED chips and |ight
output characteristics. In the enbodinent shown, the LED
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conmponent can have a distance across the board (e.g.
dianeter for circular boards) that is in the range of 5-50
mm In other enbodinments the distance across can be in the
range of 10-30mm In sonme enbodinents the distance can be
approxi mately 18.5 mm while in other enbodinents it can be
appr oxi mat el y 15 mm In the oblong enbodi nent shown, the

LED conponent can be approximately 15nm by 16mm

[0076] The board 42 can be fornmed of nmany different
materials that can be arranged to provide the desired
el ectri cal isolation and high thermal conductivity. In sone
enbodi nent s, the board 42 can at least partially conprise a
dielectric to provide the desired electrical i sol ation. In
ot her enbodinments the board 42 can conprise ceramc such as
alumna, alumnum nitride, silicon carbide, or a polyneric
mat eri al such as polyimde and polyester etc. For boards
made of materials such a polymdes and polyesters, t he
boards can be flexible. This can allow the boards to take a
non- pl anar or three-dinensional shape, wth the LED chips
also being arranged in a non-planar manner. This can assist
in providing boards that emt the different |ight patterns,
with the non-planar shape allowing for a less directional
em ssion pattern. In sone enbodinents, this arrangenent can
allow for nore ommidirectional em ssion, such as in the O-

180° em ssion angles.

[0077] In other enbodi nent s the board 42 can conprise

highly reflective material, such as reflective ceramc or
netal layers like silver, to enhance |light extraction from
the conponent. In other enbodinents the subrmount 42 can

conprise a printed circuit board (PCB) , sapphire, silicon

carbide or silicon or any other suitable material, such as
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T-Clad thermal <clad insulated substrate material, available
from The Bergqui st Company of Chanhassen, M nn. For PCB
enbodi nent s di fferent PCB types can be wused such as
standard FR-4 PCB, netal <core PCB, or any other type of
printed circuit board. The board can also be fabricated
using known prepreg materials and techniques. The size of
the submount 42 can vary depending on different factors,

with one being the size and nunber of LED chips 48.

[0078] In some enbodinents that board 42 can conprise a
dielectric layer 50 to provide electrical isolation, while
also conprising electrically neutral materials that provide
good thernal conductivity. Different dielectric materials
can be used for the dielectric layer including epoxy based
dielectrics, wth different electrically neutral, thermally

conductive materials dispersed wthin it. My different

material s can be used, i ncl udi ng but not [imted to
al um na, alum num nitride (ALN) boron nitride, di anond,
etc. Different boards according to the present invention
can provide different |l evels of electrical isolation wth
somne enbodi nent s provi di ng el ectrical i sol ation to
breakdowmn in the range of 100 to 5000 volts. In other
enbodi nent s, the board can provide electrical isolation in
t he range of 1000 to 3000 vol ts. In still ot her
enbodi nent s, the board can provide electrical i solation of

approxi mately 2000 volts breakdown. The boards according to

the present i nvention can provide different | evel s of
t her mal conductivity, with some havi ng a t her mal
conductivity in the range of 1-40 w k. In other

enbodi nent s, the board can have a thermal conductivity of
larger than 10 wmk. |In still other enbodinents, the board

can have a thermal conductivity of approximately 3.5 Wmk.

25



WO 2012/005771 PCT/US2011/001200

[0079] The dielectric | ayer can have nany di fferent

t hi cknesses to provide the desired electrical isolation and
thermal conductivity characteristics, such as in the range
of 10 to 100 micro neters (am). In other enbodinents, the

dielectric layer can have a thickness in the range of 20 to
50 (um). In still other enbodinments, the dielectric |I|ayer

can have a thickness of approximately 35 (um).

[0080] The board 42 can also conprise a base plate 52 on
the dielectric |layer 50, opposite the LED array, and can
conprise a thermally conductive material to assist in heat
spreading. The base plate can conprise different nmaterial
such as copper, alum num or alumnum nitride. The base
plate can have different thicknesses, such an in the range
of 100 to 2000 pm, while other enbodinents can have a
thickness in the range of 200 to 1000un. Some enbodiments

can have thickness of approximately 500um.

[0081] In sone enbodinments, the board 42 can also conprise
a solder nmounting layer (not shown) on the bottom surface
of the base plate 52 that is made of materials that nmake it
conpatible for nmounting directly to a heat sink, such as by
solder reflow. These materials can conprise one or nore
| ayers of different nmetals such as nickel, silver, gold,

pal I adi um In some enbodi nents, the nmounting |ayer can
conprise a layer of nickel and silver, such a nickel having
thickness in the range of 2 to 3 um and silver in the range
of 0.1 to 1.0 pm. In other enbodinents, the nounting |ayer
can conprise other layer stacks such as electroless nickel

of approxi matel y S5um, el ectrol ess pal | adi um of
approximately 0.25un, and inmersion gold of approximtely

0.15pm Direct soldering of a board to a heat sink can
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enhance thernmal spreading of heat from the board to the
heat sink by providing an increased thermal contact area
between the two. This can enhance both vertical and
hori zontal heat transfer. The different boards according to
the present invention can provide different | evel s  of
t her mal characteristics Wi th a junction to backside

performance of approxinately of approxinmately 0.4 °C/W.

[0082] The electrical isolation for the LED chips is not
only provided by the isolation characteristics of the board
42, but can also be provided by an offset from the edge of
the board. The offset provides a certain distance between
the outside edge of the LED array 41 and the edge of the
board 42. In some enbodiments it can be offset a distance
in the range of 0.5 to 5 mm In still other enbodinents it
can be offset in the range of 1 to 2mm |In sone enbodi nents
the array is offset from the edge of the board by
approximately 1.5mm Use of the COB nounting techniques
with individual LED <chips <can still allow for an LED
conmponent despite the additional need for a setback. The
LED chips can be mobunted on an area of the board that takes
into account the offset; i.e., the offset results in a
smaller board area for the LED chips. 1In the enbodinent
shown, the setback results on a board area of approximtely
12nm for the LED chi ps.

[0083] To further enhance thernal managenent , the die
attach pads can be larger than the actual LED chips 48,
having an extension portion 56 that extends beyond the LED
chip edge. This can allow for the heat from the LED chips
to spread into a larger area through the thermally

conductive die attach pad, where the heat can then spread
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into a larger area of the board 42. D fferent enbodinents
of the die attach pads can extend bey}ond the LED chip edge
different distances. In sone enbodinents it can extend a
distance in the range of 25 to 500 um, while in other
enbodi ments it can extend a distance in the range of 70 to
210 pm

[0084] Pursuant to another aspect of the present invention,

a primary element/lens 55 is included over each of the sub-

groups of LED chips 48 to provide both environnental and
mechani cal protection. Each primary lens 55 conprises a
mat eri al substantially t ranspar ent to the Ilight from the

LED chips 48 it is covering and each primary lens 55 can
also be shaped to provide for an increase in first pass
emssion from the LED lend. That is, the lens surface is
such that light from the LED sub-group strikes the surface
of the lens within the critical angle to allow the light to
pass out of the Ilens. The primary |enses can be shaped and
arranged so that the mjority of |light from the LEDs
strikes the lens surface wthin the critical, with a
smal l er anmount of light striking outside the critical. This
can reduce the anount of light that is absorbed when
reflected back toward absor bi ng feat ures of the LED
component and reduces the amount of light that can be |ost

to total internal reflection (TIR

[0085] Each of the prinmary lenses 55 can be in different

| ocations on the top of their respective sub-groups wth
each of the lenses typically nounted over the center of its
subgroup. In sone enbodinents the lens 55 can be formed in
direct contact with the LED chips 48 and the top surface of

the board 42 around the LED chips. In other enbodinents
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there may be an intervening material or |ayer between the
LED chips 48 and the sub nount's top surface. Direct
contact to the LED chips 48 can provide certain advantages

such as inproved light extraction and ease of fabricating.

[0086] The primary lenses 55 can be formed over the LED
chips 48 using different nolding techniques and the lens 55
can be many different shapes depending on the desired shape
of the [light output. One suitable shape as shown s
hem spheric, wth sonme exanples of alternative shapes being
ellipsoid bul | et flat, hex- shaped and squar e. Many
different materials can be wused for the lens such as
silicones, plastics, epoxies or glass, wth a suitable
material being conpatible wth nolding processes. Silicone
is suitable for nolding and provides suitable optical

transm ssion properties. It can also wthstand subsequent

reflow processes and does not significantly degrade over

time. It is wunderstood that the lenses 55 can also be
t extured to inprove i ght extraction or can contain
conver si on materi al s (e.g. phosphor s) or scattering
particles .

[0087] The lenses 55 are shown with no lens material on the
top surface of the board 42 between adjacent Ienses. |In
some enbodinments and layer of lens material can be left on
the top surface of the board 42 for ease of manufacturing,

particularly when the lenses are nolded in place. This
| ayer of lens nmaterial can take many different shapes
around to the lenses 55 and can have different thicknesses.

[0088] The lens 55 can be fornmed using other nethods, such
as dispensing the lens material in liquid form over the LED
chi ps 48, and then curing the lens material. In sone
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enbodi nrents the LED conponent 40 can conprise neniscus
features around each LED chip, although it is understood
that the dispense nmethod can also be used wthout the

f eat ur es. The neniscus features form a neniscus wth the

lens material as it is dispensed in liquid form over the
LED chips, with the meniscus holding the lens material in a
substantially dome-shape. The lens nmaterial can then be

cured, formng each of the lenses 55 over its LED chips 48.
This nmeniscus lens formation method and related neniscus
features are described in US. Patent Application Serial
Nunber 11/398, 214, entitled "Uniform Enm ssion LED Package,"

which is incorporated herein by reference.

[0089] The lenses 55 can be sized to conpletely cover all
of the die attach pad 44 for its one of the LED chips 48,
or the lenses can cover only portions of the die attach pad
44. The lenses 55 can also cover sone of the conductive
traces 46 while portions of the conductive traces can be
uncovered by the optics. The lenses can also have a size
and location such that the wre bond pads 49a, 49 are
uncovered by the lenses, while in other enbodinents the
| enses can cover portions of the bond pads 49a, 49b, while
| eaving enough of the bond pads uncovered for connection of
wires to the bond pads 49a, 49b. The LED conponent 40 can
also conprise a reflective layer on the top surface of the

board as descri bed bel ow.

[0090] The emni ssion ef ficiency of the LED conponents
according to the present invention can also be inproved by
maxi m zing the distance between adjacent primary lenses to
avoid potential optical cross-talk between Ilight emtting

from adjacent LED sub-groups. Optical cross-talk can occur
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when light emtting from one |ens passes into another |Iens.

A portion of this light can be reflected wthin the lens
and lost due to absorption or TIR The further the |enses
are apart the less likely that light from one can "cross-
talk" or spread into another. Accordi ngly, the space
bet ween adjacent ones of the l|lenses can be naximzed while
still keeping the LED chips 48 in a conpact arrangenent on
the board 42 wth the desired set back. In different

enbodi nent s, the primary Jlens 55 can have many different

sizes, depending at least partially on the size of the LED
chips 48. In some enbodinents the Ilens 55 can have a
di anet er t hat is greater than 2mm whi |l e in other

enbodi nrents that lens 55 can have a dianeter greater than
5m I n one enbodi nent, the lens has a diameter that is

approxi mately 5.5nmm

[0091] Providing LED chips 48 in sub-groups wth primry
optics can provide additional efficient advantages conpared
to singular LED chips with primary optics. The greater the
nunbers of LED chips that can have a periphery em ssion
path, the greater the anobunt of light that can emt wthout
the danger of cross-talk. That is, the nore LED chips at
the periphery a greater percentage of light is generated
with a path to the edge of +the board wthout passing
t hrough an adjacent Ilens. A conbination of maximm distance
bet ween adjacent |enses and naxi mum periphery exposure can
result in increased emssion efficiency. By having the LED
chips arranged at or near the periphery can also assist in
thermal spreading by allowwng for an efficient path for

heat to spread to the board edge.
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[0092] Different enbodi nent s of the LED conponents can
provide different operating characteristics depending at
| east partially on the nunber and type of LED chips. Sone
enbodi nents can operate from input power in the 10-30 watt
range. Sone enbodi ments operate from input power of greater
than 10W while other enbodinents can operate from input
power of greater than 15W Sone enbodinments can provide
illTumnation of greater that 500 lunens while others can
provide illum nation of greater than 700 |unens. These
oper ati ng characteristics can be provided whi | e still
maintaining the LED chip array within a 12mm envel ope on
t he board.

[0093] The LED conponents as well as these operating
characteristics are scalable such that the LED conponents
according to the present invention can have 3 chips up to
10s or 100s of LED chips. The board would |ikewise need to
be larger and may be constrained by the operating
paraneters, but the optical and thermal arrangenents of the
LED chips according to the present invention allow for
scalability to these enbodinments having |arger nunbers of
LED chips. These different arrangenments can utilize input

power of as little as 3 to 100s of watts.

[0094] It is understood that the LED conponent 40 as well
as the enbodinents described below, can have many different
features beyond t hose descri bed her ei n. For exanpl e,
different enbodinents can conprise features or devices that
protect the LED chips from electro-static discharge (ESD)
damage. In sone enbodi nents t hese can conprise ESD
protection devices associated wth and protecting each of

the LED chips or can conprise ESD protection devi ces

k2
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associated with and protecting a plurality of LED chips. In
some enbodinents the ESD protection device can conprise
one or nore diodes, each of which is arranged adjacent and
electrically coupled to the one LED chip, or plurality of
LED chips, it is protecting. In some enbodinents, the ESD

protection devices can conprise Zener diodes.

[0095] Additional circuits or electrical components  can
al sd be included on the board 42 for providing the desired
drive signal or protection to the LED chips 48. These can
include many different types of circuits, wth one being a
current conpensation circuit. For LED conponents having LED
chips emtting different colors of light, the LED chips can
have different characteristics over time and in response to
heat. For exanple, LED conponents incorporating both red
and blue LEDs can be subject to color instability wth
different operating tenperatures and dimng. This can be
due to the different behaviors of red and blue LEDs at

di fferent t enperat ure and oper ati ng power
(current/vol tage) , as wel | as di fferent oper ati ng
characteristics over tine. This effect can be mtigated

sonewhat through the inplenentation of an active control
and conpensation system In sone enbodinents the control
and conpensation system can reside on the sane circuit
board as the LED chips, providing a conpact and efficient

lighting and conpensation system

[0096] Referring now to FIG 5, the LED conmponent 40 can
also be nounted to a heat sink 60, such as by a thernal

connection between the board 42 and the heat sink 60. As
mentioned above, the board 42 can have a layer that s

conpatible with solder nounting techniques, such as by
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reflow  The solder between board 42 and the heat sink
provides and efficient thermal path to spr e.ad heat from the
LED chips, wth the board's dielectric |layer providing the
desired electrical i sol ati on. The heat sink can conprise
first and second wire holes 62a, 62b that allow wres (not
shown) to pass through from the backside of the heat sink
for bonding to the first and second wre bond pads 49a,

49b.

[0097] LED conponents according to the present i nvention
can also be nmounted to heat sink using nechanical means
such as screws, rivets, brackets, twst locks, etc. FIG 6
shows the LED conmponent 40 nounted to a heat sink 60 by
first and second screws 64a, 64b. In the enbodinent shown
utilizes industry designated M2 screws, and pursuant to
some current standards, M2 screws can be used that are the
smal | est screw used in LED [ighting appl i cati ons.

Accordi ngly, the LED chips mnust be arranged to provide
space to acconmmobdate the screw and its head. Custering the
LED chips 48 in sub-groups can help provide unused areas of
the board 42 between the sub-groups for the screw heads.

The screws 64a, 64b along with the contact between the LED
conponent and t he heat si nk provi de t he thermal |y
conductive paths to spread heat from the LED chips into the

heat si nk.

[0098] As nentioned above, di fferent enbodi nent s of LED
conponent s accordi ng to the present i nvention can have
different nunbers of LED chips arranged in different ways.

FIG 7 shows another enbodi nment of an LED conponent 80
according to “the present invention that is simlar to the

LED conponent 40 descri bed above. The LED conponent 80
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conprises 16 LED chips 82 nounted to a board 84 wth the
LEDs chips 82 and board being simlar to those described

above. In this enbodi nent, the LED chips 82 <can Dbe
clustered in four sub-groups 86 of four LED chips. The LED
chips 82 can be interconnected by wire traces in different

serial and parallel arrangenents. This is only one of the
many alternative ways that LED chips can be arranged in

sub-groups according to the present invention.

[0099] As also nentioned above, the LED conponents can be
arranged wth individual LED chips, each of which has its
own primary optic or lens, In still other enbodinents LED
conponents can be provided having different conbinations of
single and clustered LED chips each of which has its own

primary | ens.

[00100] FIGs. 8 through 13 show another enbodinent of an LED
conponent 100 according to the present invention having 12
LED chips 102 nounted to a board 104 using COB techniques

as described above. The LED chips 102 and board 104 can
have many of the same or simlar features of the LED chips
and boards described above. |In particular the board 104 can
have the sane electrical isolation and thermal conductivity

characteristics of the board 42 descri bed above.

[00101] In this enbodi nent the LED <chips 102 are not
clustered in sub-groups, but are instead provided as
i ndi vi dual LED chips each having their own primary |ens
106. Simlar to the enbodinent above, the LED chips 102
are nmounted on die attach pads and interconnected by
conductive traces. Lenses 106 can have many different

shapes and sizes as described above, but are preferably

hem spheric shaped. The lenses 106 can all be the sane size
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or can conprise different sizes. In sone enbodinents, t he
| enses can have a dianeter that is greater than 1nm while
in other enbodinents they can have a dianeter greater than
2mm In one enbodinent, the |enses can have a dianeter of
approximately 2,55mm As above, the LED chips and their
| enses should have maxinmum distance between adjacent ones
for inproved thermal managenent and reduced optical cross-

t al k.

[00102] The LED chips 102 <can be provided in different
patterns to maximze the distances while still providing
the desired operating characteristics. In the enbodi nent
shown the LED chips 102 are provided in a pattern of two
concentric circles of LED chips, which can help maximze
the distance between adjacent LED chips. The LED chips can
be i nt erconnect ed in di fferent series and paral | el
arrangenents as described above, wth the enbodinent shown
being interconnected 1in a zig-zag pattern as best shown in
FIG. 8 and 9. First and second wire bond pads 107a, 107b
can be included on the board to allow an electrical signal
to be applied to the board that spreads to each of the LED
chips through the conductive traces and die attach pads as
descri bed above. The die attach pads can also have
extension sections that extend beyond the edge of the LED
chip to inprove heat spreading from the LED chip as

descri bed above.

[00103] The zig-zag pattern of the LED chips 102 also allows
for the board to remain "conpact" by fitting the LED chips
into a relatively small board area. In the enbodi nent

shown, the board 104 is shown as circular, but it is

understood that the board can have many different shapes.
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Li ke the enbodi nent above, the LED chips 102 can have a
setback from the edge of the board to provide the desired
el ectrical isolation. 1In sonme enbodinents it can be offset
a distance in the range of 0.5 to 5 mm |In still other
enbodi nents it can be offset in the range of 1 to 2mm In
some enbodinents the array is offset from the edge of the
board by approximately 1.5mm In the enbodinent shown, the
LED conponent is circular and can have a dianmeter that is
in the range of 5-50 mm |In other enbodinents the dianeter
can be in the range of 10-30mm In the enbodinent shown the
LED conponent can have a dianeter of approximtely 15mm
with the electric isolation offset providing an area or
envel ope on the board of approximtely 12nm for the LED

chi ps .

[00104] The =zig-zag arrangenent wth concentric circles not
only allows for conpact placenent of the LED chips 102 on
the board 104, it can also allow for an increase in LED
l[ight that can emt to the periphery of the board wthout

encountering or passing through the lens of an adjacent LED
chip. In the enbodinment shown, the LED chips of the outer

circle are staggered to the LED chips in the inner circle
such that each of the outer <circle LED chips is adjacent

the space between LED chips in the inner circle. This can
increase the amount of light from the inner <circle LED
chips that can pasé to the board periphery between the LED

chips in the outer circle.

[00105] The board 104 can also have one or nore cutouts or
notches 105 on its edge that are sized to allow wires to
pass from one side of the board 104 to the opposite side.

In the enbodi nent shown, the board 104 has two notches 105
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on opposing sides of the board, so that two wires can pass
from the backside to the top of the board, where the wres
can be connected to the wre bond pads 107a, 107b. This
allows from an electrical signal to pass from the backside
to the front side of the board 104, to be applied to the
bond pads for driving the LED chips 102.

[00106] Referring now to FIG 14, the LED conponent 100 can
mounted to a heat sink 120 to help spread heat from the LED
chips 102. Like the enbodinment discussed above, the board
104 can have a layer that is conpatible wth solder reflow
techniques. The solder between board 104 and the heat sink
120 provides an efficient thernmal path to spread heat from
the LED chips, with the board's dielectric |ayer providing

the desired electrical isolation. Soldering also allows for
mounting of the board w thout using areas of the board for
mechani cal nounting neans, which can help the board remain
nore conpact. The heat sink 120 can conprise first and
second wire holes 122a, 122b that allow wires (not shown)

to pass through from the backside of the heat sink for
bonding to the first and second contacts wre bond pads. As
ment i oned above, the LED conponents accordi ng to the
present invention can take many different shapes and sizes,

with the LED conponent being oblong and having a size of

approximately 15mm by 16mm

[00107] Like the enbodi nent above, the LED conponent 100 can
also be nounted to heat sink using mnmechanical nmeans such
as screws, rivets, br acket s, tw st | ocks, etc. FI G 15
shows the LED conponent 100 nounted to a heat sink 130 by
first, second and third nounting screws 132a, 132b, 132c.

The nounting screws can be many different shapes and si zes,

38



WO 2012/005771 PCT/US2011/001200

with the enbodi nent shown using i ndustry st andard M2
screws. Accordingly, the LED chips 102 and their primry
| enses nust be arranged to provide space to accommpdate the
screw and its head. Arranging the LED chips in the inside
and outside circles, space is provided between the LED
chips in the outside circle. Different nunbers of screws
can be used, with the enbodi nent shown having three
mounting screws 132a, 132b, 132c spaced approximately 120°
apart. Notw thstanding the spacing of the LED chips 102,
the LED conponent 100 used with nechanical nounts may need
to be larger to accommodate the screw heads. |In the
enbodi nent shown, the LED conponent 100 can have a dianeter
greater than approximately 18mm and in sonme enbodinents can
have a dianeter of approximately 18.5mm The screws 132a,
132b, 132c along wth the heat contact/radiation bet ween
the LED conponent and the heat sink provide the thermally
conductive paths to spread heat from the LED chips into the
heat sink. The LED conponent can also have first and second
side slots 134a, 134b to allows wres to pass for

attachnent to the first and second wi re bond pads.

[00108] FIG 16 and 17 show another enbodi nent of an LED
conponent 150 having an array of LED chips 152 arranged in
a rectangular formation on a board 154. The board 154 can
have the sane characteristics as the board s above and in
particular the thermal and electrical characteristics. The
LED chips 152 can be nmounted on the board 154 using COB
techniques and can be connected in series between first and
second wre bond pads 156a, 156b such that when an
el ectri cal signal is applied to the contacts 156a, 156b,
the LED chips emt light. Like LED conponent 100 descri bed

above, each of the LED chips 152 has its own primary |ens
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158 that is preferably hem spheric shaped and arranged to
pronmote first pass LED chip emssion from the lens. This
arrangenent is nore conpact, but fewer of the LEDs can emt
to the board periphery wthout encountering another of the
primary lenses. The LED chips are also arranged in closer
proximty such that they may experience reduced em ssion
efficiency based on increased optical cross-talk and nay
experience i ncreased operati ng t enper at ur e. Li ke t he
enbodi mrents above, the LED conponent 150 can be nounted to
a heat sink wusing solder or other nechanical nmount i ng

t echni ques .

[00109] FIG 18 shows the emssion characteristic for sone
enbodi nrents of an LED conmponent according to the present

invention based on nornmalized intensity verses view ng
angle. The em ssion intensity of the LED conponents can be
the greatest and a O degrees viewng angle and can drop off
at increasing viewing angles to nomnal emssion at angl es
greater approximately 95 degrees. The beam profile shows
has the advantage of being broader t han Lanberti an

(cosine) enmission characteristics.

[00110] As nentioned above, the LED conponents according to
the present invention can have many different nunbers of
LED chips and furthernore, the boards' used in the
different enbodinents can have different shapes and sizes.

FIG. 19 through 21 show another enbodinent of and LED
conponent 200 according to the present invention having
eight LED chips 202 nmunted on a generally square or
rectangul ar shaped board 204, also using COB techniques.

The LED chips 202 can be mounted to die attach pads 206

interconnected in series between first and second wire bond
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pads 208a, 208b by conductive traces 210. The board 204
can also conprise notches 205, sized to allow wires to pass
from one side of the board 204 to the other. It is
understood that the LED chips can also be arranged in

different series and parallel interconnection arrangenents.

[00111] The LED chips 202 are positioned in a circle to
provide an unobstructed path to the periphery of the board
for each of the LED chips and to provide inproved heat
spreading to the edge of the board. Each of the LED chips
202 also has its own primary lens 212 to enhance first pass
l'ight extraction as described above, with the |enses
preferably being hem spheric shaped. The board 204 can have
many of the sanme electrical and thermal characteristics as
the boards discussed above, but because of the reduced
nunber of LED chips 202, the board 204 can be smaller. Sone
enbodi nents can have sides greater than 10mm while other
enbodi nent s can have sides greater than 12mm In the

enbodi nrent shown, the board can be 13.5mm by 12. 15nm

[00112] The die attach pads 206 can be arranged to hold
di fferent sized LED chips, with the enbodi nent shown
arranged to acconmodate 1.4 nmm sized LED chips. The die
attach pads 206 also extend beyond the LED chip edges to
facilitate heat spreading, wth the die attach pads 206
shown extending from three edges of the LED chip, wth one

edge extending to the center of the board.

[00113] FIG 22 shows still another enbodinment of an LED
conmponent 230 according to the present invention that is
simlar to the LED conponent 200 and conprises LED chips
232 nmounted to board 234, also using COB techniques. The
LED chips are nmounted on die attach pads 236 that also
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extend beyond the edges of the LED chips in a sonewhat

di fferent shape. The nmmjority die attach extension runs
closer to the periphery of the board, which can enhance
heat spreading toward the edge where it can dissipate into
the anbient. It is wunderstood that the <eight LED chip
arrangenments shown in FIGs.. 19 through 22 can also be
mounted to a heat sink as described above wusing either

sol der reflow or nechanical conponents.

[00114] FIGs. 23-27 show conmponents and features of still
anot her enbodi nent of an LED conponent 250 according to the
present invention that 1is simlar to the LED conponents
described above and conmprises LED chips 252 nounted to
board 254, also using COB techniques. The LED chips 252 and
board 254 can be nade of the materials described above and
can have the different features as the LED chips and boards
described above. There <can be different nunbers of LED
chips in different enbodi rents according to the present
invention, wth the enbodinment shown having twelve (12) LED
chips 252. As best shown in FIG 23, the conponent 250 also
conprises die attach pads 256 and interconnect traces 257
formed on the board 254. Each of the die attach pads is
sized so that one of the LED chips 252 can be nmounted to a
respective one of the die attach pads. First and second
wire bond pads 258a, 258b are also included on the board
254, such that when the LED chips 252 are nounted on the
die attach pads 256 they are connected in series between
the bond pads 258a, 258b by the interconnect traces 257. It
is understood that the LED chips can also be coupled in
paral | el between the bond pads 258a, 258b, or can be
coupled between the bond pads in different series and

parall el conbinations as described above. The board 254
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also has a nounting hole 260 for nmounting the LED conponent

250 in a fixture, such as by a screw (not shown) .

[00115] In this enbodi nent, the bond pads 258a, 258b are
| ocated on a dianeter line or equator 262 of the board 254,

with the nmounting hole 260 between the bond pads 258a,

258b. The LED chips 252 are not found along the equator

262, but clustered above and below the equator 262, wth
half of the LED chips being above, and half of the LED
chips being below. It is understood that different nunbers
of chips can be above and below in the same or different

nunbers, wth the enbodinent shown having six LED chips 252
above and six below the equator 262. Notches 264 for wires
to pass are included on opposite sides of the board 254,

wth each one being adjacent to a respective one of the
bond pads 258a, 258b. This arrangenent provi des for a
shorter distance between the notches 264 and the bond pads
258a, 258b that allows for a wire to pass from the notch
264 to its particular one of the bond pads 258a, 258b in a -
straight |ine and at a short distance. This can provide the
advantage of easier manufacturing and a nore reliable wre

bondi ng .

[00116] As best shown in FIGs. 25 through 27, each of the
LED chips 252 also has its own primary lens 266 that can be
formed wusing the nethods described above. The lens 266
should be sized to cover its one of the LED chips 252 and
to provi de t he desired I'ight extraction. I n sone
enbodi nent s, the lenses can have a dianeter of greater

than 2mm while in other enbodinents it can have a dianeter

of greater than 3mm In some enbodinents it can have a

di aneter of approximately 3.1lmm The LED <chip and Ilens
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arr angenent can provide for light extraction of greater

than 90% wth sone enbodinents having light extraction of
greater than 96% FIGs. 25 and 26 show a layer of Ilens
material 267 between and around the lenses 266, wth the
| ayer 267 being l eft behi nd as the result of | ens
fabrication process, such as nolding. As nentioned above,

this layer of lens material can take nmany different shapes
and thicknesses. In sonme enbodi nents, all or sonme of the
| enses can be provided wthout the surrounding |[|ayer of

lens material .

[00117] Referring now to FIG 24, the LED conponent 250 can
further conprise a reflective layer 268 that is shown as a
separate layer in FIG 24, but is fornmed or placed on the
top surface of the board 254 as shown in FIGs. 25 and 27.
The reflective layer 268 covers nost of the top surface of
the board 254. This can include portions of the die attach
pads 256, portions of the bond pads 258a, 258b and the
i nt er connect traces 257 shown in FIG 23. In the LED
conponent as shown in FIGs. 25-27, the die attach pads and
interconnect traces are covered by the reflective |ayer 268
and LED chips 252 are nost are not visible. The bond pads
258a, 258b are visible through openings in the reflective
| ayer 268. The reflective |ayer 268 covers many of the
[ight absorption surfaces wth a reflective surface that
reflects LED chip light emtted back towards the board 254
so that it can contribute to the LED conponents useful

en ssi on .

[00118] The reflective | ayer 268 can conprise different
reflective materi al s formed or deposited usi ng known

nmethods . In some enbodinents , the reflective layer can
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conprise submcron or nanoneter sized particles held in a
binding material. 1In sonme enbodinents, the reflective |ayer
268 can conprise submcron or nanoneter sized titanium
particles in a polyner binder, such as silicone. Mre than
one scattering mat eri al in vari ous conbi nati ons of
materials or conbinations of different forns of the sane
mat eri al may be used to achieve a particular scattering

effect. D fferent reflective | ayers can have different

reflectivity, with sone enbodinments having a reflectivity

of greater than 85% while others have a reflectivity of

greater than 95%

[00119] The reflective |layer 268 can be included as part of
a solder mask, or it can be a separate layer fornmed on the
board 254. It can be included on LED conponents wth or
Wi t hout éol der masks. It is also understood t hat a
reflectivity layer and solder mask |ayer can be included in
any of the enbodinments shown in the figures and discussed

above .

[00120] In the enbodinment shown, the reflective |ayer covers
the majority of the board's top surface, except the areas
where the LEDs chips 252 are attached to the attach pads
256, and where the wres are attached to wire bond pads
258a, 258b. In sone enbodinents, there can be a gap between
the edge of one or nore of the LED chips 252 and the
reflective layer 268, wth a portion attach pad exposed
between LED chips 252 and reflective layer 268. Simlarly,
a portion of +the bond pads 258a, 258b can be exposed
followng wre bonding. To reduce the absorption of 1ight

that can occur on these exposed portions of the attach pads
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and bond pads, they covered by reflective naterial such a

reflective netal.

[00121] In different enbodinents, the reflective |ayer 268
can pass under the primary lenses 266, while in other
enbodi rents it can be outside of the lenses 266. The LED
conmponent 250 can also conprise a dielectric layer to
provide electrical isolation and a heat sink as described
above. Different enbodinments can also conprise on-board ESD
protection conmponents and circuits as described above, as
well as other types of on-board <circuits such as current
conpensation circuits as described above. In LED conponent
250, an ESD protection chip can be included on ESD attach
pad 270 (shown in FIG 23), and can be coupled to the LED

chip circuit to provide ESD protection.

[00122] It is wunderstood that the LED conponents according

to the present invention can take many different shapes
beyond those described above, including but not linmted to
triangular, oval, rectangular, linear, etc. FIG 28 shows
one enbodi ment of linearly arranged LED conponent 280

conprising an elongated circuit board 282, wth LED chips
284 and primary lenses 286 formed over the LED chips 284
using the methods described above. Wre bond pads 288a,

288b are included at the ends of the board 282, but it is
understood that they could be placed in many different

| ocations. The LED conponent 280 can conprise the features
descri bed above, including but not limted to, a dielectric

layer, a reflective layer, an ESD protection device, and
current conpensati on circuit. The  conponent 280 can
conprise a conpact |l|inear array of LED chips 284 that can

be different lengths, from centineters to nmeters long.. The
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LED conponent <can be arranged at a length conpatible wth
conventional fluorescent lanps, wth the LED conponents be

arranged as replacenent bulbs for fluorescent |anps.

[00123] Different enbodinments of the present invention can
also be provided with secondary optics over all or sone of
the primary optics to provide for protection for the LED
array and/or to provide for beam shaping from the LED
array. The secondary optics can take many different shapes
and sizes and can have additional conversion or scattering
materials. FIG 29 shows one enbodinment of an LED conponent
/300 with sub-groups of LED chips 302 nmounted to a board 304
as described above. Each of the sub-groups can have its own
primary lens 306, with the primary lens then covered by a
hem spheric shaped secondary | ens  308. FI G 30 shows
anot her enbodi nent of and LED conponent 320 according to
the present invention also having an array of LED chips 322
on a board 324. In this enbodinent each of the LED chips
has its own primary lens 326 that is covered .by a
hem spheric shaped secondary Iené 328. FIG 31 shows still
anot her enbodi mnent of an LED conponent 340 according to the
present invention that is simlar to the LED conponent 320
but conprises a secondary optic 342 having a shape other
hem spheric. It is understood that these are only some of
the different shapes for the secondary optics in LED

components according to the present invention.

100124] Although the present invention has been described in
detail wth reference to certain preferred configurations

t her eof other versions are possible. Ther ef ore, t he
spirit and scope of the invention should not be limted to

t he versions described above.
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We C ai m:

1. An LED conponent, conpri sing:
a circuit board having a plurality of die attach pads;
a plurality of LED chips, each of which is nmounted on
a respective one of the die attach pads; and
primary lenses, each of which is formed directly over

a single one or a subgroup of said LED chips.

2. The LED conponent of claim 1, further conprising first
and second wre bond pads, said LED chips connected in

series between said wre bond pads.

3. The LED conponent of claim 1, wherein said circuit

board is electrically insulating.

4. The LED conponent of claim 1, wherein said circuit

board is electrically insulating up to 2000 volts.

5. The LED conponent of claim 1, wherein said circuit

board is thermally conductive.
6. The LED conponent of claim 1, wherein said circuit
board conprises a dielectric wth one or nore thermally

conductive materials.

7. The LED conponent of claim 1, wherein said circuit

board further conprises a conductive base plate.

8 . The LED conponent of claim 1, wherein said LED chips

are arranged in a plurality of sub-groups.
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9. The LED conponent of claim 8, conprising a respective

one of said primary |enses over each sub-group.

10. The LED conponent of claim 1, wherein said |lenses are

substantially hem spheric shaped.

11. The LED conponent of claim 1, wherein said LED chips

are arranged in a circle on said circuit board.

12. The LED conponent of claim 1, wherein said LED chips

are arranged in concentric circles.

13. The LED conponent of claim 12, wherein said LED chips

are interconnected in a zig-zag arrangemnent.

14. The LED conponent of claim 1, wherein said LED chips
are set-back from the edge of said circuit board.

15. The LED conponent of claim 1, wherein said LED chips
are mounted on said die attach pads wusing chip-on-board

t echni ques .

16. The LED conponent of claim 1, wherein said prinmary

optics are nolded over said LED chips.

17. The LED conponent of claim 1, further conprising a
heat sink to spread heat from said conponent.

18. The LED conponent of claim 1, further conprising

secondary optics.
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19. The LED conponent of claim 1, further <conprising a

reflective layer on the top surface of said circuit board.

20. The LED conponent of claim 19, wherein said reflective

| ayer covers at least a portion of said die attach pads.

21. The LED conponent of claim 20, wherein said reflective

| ayer extends under one or nore of said primary |enses.

22. The LED conponent of claim 1, wherein each of said
primary |enses covers all of the die attach pad(s) fromits
one or a subgroup of said LED chips.

23. The LED conponent of claim 1, wherein each of said
primary lenses covers less than all of the die attach

pad(s) fromits one or subgroup of LED chips.

24. The LED conponent of claim 1, wherein said LED chips

are in a linear array.
25. The LED conponent of <claim 1, wherein said circuit
board is elongated and said LED chips are in a |linear

array .

26. The - LED conponent of claim 1, further conprising
conductive traces running between said die attach pads.

27. The LED conponent of claim 1, wherein said LED chips

emt nore than one color of Ilight.

28. An LED conponent, conprising:
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a circuit board with an array of LED chips nounted on
it and electrically interconnected;

a plurality of primary |enses, each of which is fornmed
directly over a single one or a sub-group of said LED
chi ps;

a heat sink, said circuit board nounted to said heat
sink so that heat from said LED chips spreads into said

heat si nk.

29. The LED conponent of claim 28, wherein said circuit

board is thermally conductive.

30. The LED conponent of claim 28, wherein said circuit

board is electrically insulating.

31. The LED conponent of claim 28, wherein said circuit
board conpri ses a |layer and/ or | ayers of mat eri al

conpatible wth sol dering.

32. The LED conponent of claim 28, wherein said circuit

board is soldered to said heat sink.

33. The LED conponent of claim 28, wherein said circuit

board is nechanically mnounted to said heat sink.

34. The LED conponent of claim 28, wherein said circuit

board further conprises a reflective |ayer.
35. A solid state lighting conponent, conprising:

a circuit board that is thermally conductive and

el ectrically insulating;
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~a plurality of LED chips, each of which is chip-on-
board nobunted on a respective one of the die attach pads;
and

a plurality of primary |lenses, each of which is forned

directly over a single one or a subgroup of said LED chips.

36. The lighting conmponent of <claim 35  wherein said
circuit board conprises a dielectric wth one or nore
thermal |y conductive materi al s.

37. The lighting component of <claim 35  wherein said
circuit board further conprises a conductive base plate.

38. The lighting conmponent of claim 35 wherein said LED
chips are arranged in a plurality of sub-groups.

39. The lighting conmponent of «claim 38, conprising a
respective one of said primary |enses over each sub-group.

40. The lighting conmponent of «claim 35 = wherein said
| enses are substantially hem spheric shaped.

41. The lighting conmponent of claim 35 wherein said LED

chips are arranged in a circle on said circuit board.

42.  The lighting conmponent of claim 35 wherein said LED

chips are arranged in concentric circles.
43. The lighting conponent of claim 35 wherein said LED

chips are arranged in groups in different portion of said

circuit board.
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44. The lighting conponent of claim 35 wherein said LED
chips are arranged with one group in one half of said

board, and another group in the other half of said board.

45. The lighting conponent of claim 35 wherein said LED

chips are set-back from the edge of said circuit board.

46. The lighting conmponent of claim 35 further conprising

a heat sink to spread heat from said conponent.

47. The lighting conponent of claim 35 further conprising

secondary optics.

48. A nethod of forming an LED conponent, conpri sing:

providing a circuit board;

chi p-on-board mounting LED chips on said circuit board
with said LED chips electrically interconnected; and

nmolding primary lenses directly over each of said LED
chi ps and sub-groups of said LED chips.

49, The nmethod of claim 48, wherein said LED chips are
arranged in sub-groups, further conprising nmolding primry
| enses over each of said sub-groups.

50. The nethod of <claim 48, conprising formng primry
| enses over each of said LED chips.

51. The nethod of <claim 48, further conprising formng
conductive elenents to interconnect said LED chips.

52.  An LED conponent, conpri sing:

a circuit board;
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a plurality of LED <hips, nounted on said circuit
boar d;

a primary optic over a single one or a subgroup of
said LED chips; and

a secondary optic over said primary optic.

53. The LED conponent of claim 52, wherein said primary
lens is directly over said single one or subgroup of said
LED chi ps.

54. The LED conponent of claim 52, wherein said secondary

lens is directly over said primary |ens.

55. The LED conponent of claim 52, wherein said secondary
optic provide for beam shaping of light from said LED
chips .

56. The LED conponent of claim 52, wherein said secondary

optics conprises conversion or scattering materials.

57. The LED conponent of claim 52, wherein said secondary

optics are hem spheric shaped.

58. An LED conponent, conpri sing:

a circuit board,

a plurality of LED chips, nmounted on said circuit
boar d;

a plurality of primary optics, each of which is over a
single one or a subgroup of said LED chips; and

a secondary optic over said primary optics.
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