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SCALABLE LED WITH IMPROVED CURRENT
SPREADING STRUCTURES

()

SBACKGROUND OF TEE INVENTION

10 Field of the Invention
The ©present invention relates to light emitting
diodes (LEDs) and more particularly to LEDs having

improved current spreading structures.

15 Descrirvtion of the Reiated Art

LEDs are an important class of solid state devices
that convert electric current to light.. They generally‘
comprise an active layer . of semiconductor material
sandwiched between two oppositely doped layers, one being

20 p-type and the other being n-type. A drive_ current 1S
applied across electrical contacts on the doped lavers
Causing electrons and holes to be injected from the doped
layers into the active layer. The electrons and holes
then recombine Lo génerate light that emlits

25 bmnidirectionlly from the active layer and escapes from

all surfaces of the LED.

One disadvantage of most conventional LEDs 1is 'that
they. are less efficient at convertling current to light
than are filament'lights. As a result,'their use has most

30 often been limited to applications such as indicating

lamps in electronic devices, where the LED’s die size is
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less than 0.25 mm~ and where optical power is less than 10

milliwatts (mW).

However, recent advances in nitride based
semiccnductor materials has led to the development of
pright, highly efficient LEDs emitting in the plue-green
spectral region which can be used to generate various
colors of light, including white light. [See Nichia Corp.
white LED, Part No. NSPW300RS, NSPW312BS, etc.; See also

U.S. Patent NoO. 5959316 to Hayden, “Multiple
Encapsulation of Phosphor~LED Devices”]. These

advancements have led to solid state emitters for use in
lighting and signaling applications that require high

Ooutput power and high luminous flux. One such application

1s traffic signals. Current LED traffic signals consist

e

Of an array of single LED devices combined to obtain high

cutput power. However, a single high-power LED device

that can replace the LED array would be less complex,

cost less and would be more reliable.

One way to 1ncrease the power and luminous flux of

an LED 1s to increase 1its size and emitting surface area.

However, the size o0of conventional nitride based LEDs 1is

limited by the inability of current to effectively spread

Lrom the electrical contacts to the active layer. P-type
nitride based semiconductor materials have relatively
poor conductivity, and current applied to the p-type
contact will only spread to a limited area within the p-
type layer. The current will not migrate to the entire

active layer, and the LED can experience local heating

and premature degradation around the contact.

N-type nitride based semiconductor materials are

petter conductors but still present some resistance to

the spread of current. As the device size increases, the

PCT/US00/32167
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materral’s ability to uniformly spread current from the
n-type contact 1s reduced. As a result, the size of

nitride base LEDs 1s limited by the both the p- and n-

type layers’ current spreading characteristics.

Various LEDs have been developed with structures to

lncrease current spreading [See G.B. Stringfellow and

M.G. Crawford (1997), High Brightness Light Emitting

Diodes, Semiconductors and Semimetals, Vol. 48, Pages

170-17817. The devices generally 1nclude an n-type
epltaxial layer grown on a conductive substrate, with a
LED active region and p-type layer grown on the n-type
layer. A conductive contact 1s deposited on the center of
the p-type layer's surface and a conductive contact pad
1s deposited on the conductive substrate opposite the
epltaxial layer. Current from the p-type contact spreads

from the center towards the edges of the p-type laver,

and then to the active layer. The substrate 1s very thick
compared to the epitaxial layers and as a result, the
overall current spreading 1nto the active region 1S

limited by the spreading provided by the p-type contact.

This basic structure 1S effective for small LEDs

(approximately 0.25mm°), but 1is not scalable to larger

LEDs. In order to facilitate LED size scaling,

D must be made.

L*]

modifications to the LI

One such modification increases the thickness of the
p-type layer to decrease 1ts spreadlng resistance so that
current spreads to the edge of the LED. Thilis approach 1is
effective in increasing the LED area, but the LED scaling
1s practically limited because the p-type layer thickness
cannot be increased indefinitely. Also, for the GalN-based

LED system, the p-type material has very low

conductivity, making this approach i1mpractical.

PCT/US00/32167
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In another approach, contacts have been deposited in

the center of the p-type layer's surface with thin radial

conductive fingers running from the contact toward the

edge of the surface. Current applied to the contact
spreads to the conductive fingers and to 'the p-type
surface below. While an improvement, the LED still cannot
pe freely scaled to large sizes. As the size increases,
the distance between the ends of the radial fingers

lncreases and a point is reached at which this distance

prevents current from spreading throughout the p-type

layer. This structure also cannot be wused on LEDs

fabricated on an insulating substrate.

U.S. Patent No. 5,052,434 to Nakamura et al.
discloses a structure that improves current spreading in
nitride based LEDs grown on insulating substrates. It

comprises an LED structure on the 1insulating substrate,

with the n-type layer adjacent to the substrate and the
p-type layer on the epitaxial layer surface. Because the
substrate 1s insulating, a contact pad cannot be used to

spread current through the substrate and to the n-type

layer. Instead, a corner of the LED structure 1s etched

through the p-type layer, the active lavyer, and partially

into the n-type layer. A contact 1s deposited on the
etched area so that current applied to the contact
spreads through the relatively conductive n-type
material. To spread current across the p-type layer, a
seml-transparent current spreading layer 1s deposited on
the p-type layer. A p-type contact 1is deposited on the
spreading layer 1in the corner of the LED opposite the n-
type contact. The current applied to the p-type contact
wlll spread through the spreading layer and to the p-type

layer below it.
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Thils structure provides an improvement in spreading

current 1n standard size devices, but cannot efficiently

spread current 1in larger sized LEDs. Because the p-type

layer 1s an LED surface, the spreading layer should be as

thin as possible so that it will not absorb emitted
light. However, the thinner the spreading layer the

greater 1ts sheet resistance. As the LED size increases

the sheet resistance prevents the current from fully

spreading across the p-type layer. The spreading layver’s
sheet resistance can be reduced by using seml-transparent
metallic materials, and/or 1increasing its thickness.
However, these changes would reduce Cransparency and
increase light absorption, reducing the LED’s light
output.

Also, the 1increased spreading resistance in the n-

type layer can cause excessive heating, and prevent full

current spreading and uniform light output. To reduce the
spreading resistance, the thickness of the n-type layer
can be 1ncreased as the device size increases. However,
this significantly increases the necessary materials and

process times, both of which can result in prohibitive

COoSt 1ncreases.

SUMMARY OF THE INVENTION

The present 1nvention provides an improved LED with
new current spreading structures. The improved LED can be
standard sized or scaled to larger sizes, allowing for
lncreased power output and luminous flux. Its new current
spreading structures provide improved current spreading
in the p- and n-type layers for both small and large
LEDs. The result 1s an improvement in the injection of

holes and electrons into the LED’s active layer, thereby
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lmproving its light emitting efficiency and reducing 1ts
serles resistance and heating.

Thne new LED generally includes an LED core having an

epltaxially grown p- and n-type layers, and an

epltaxlally grown active layer between p- and n-type

layers. A first current spreader layer 1is included

adjacent to the LED core. At least one groove is formed

through the LED core to the spreader layer, with a first

contact having at least one first conductive finger on
sald first spreader layer within the grooves. Current
flows Zrom the first contact, into its conductive finger,
into the first spreader layer and into the LED core. A
seconda contact having at least one second conductive

finger 1s 1included on the LED core opposite the first

conductive layer, such that current flows from the second
contact, 1nto its second fingers and into the LED core.
The new LED can also include a second spreader layer

on the LED core opposite the first spreader layer. It is

disposed between the second contact and fingers, and the
LED core. The spreader layer 1s more conductive than the

LED core layer adjacent to it thereby allowing current to

more freely flow from the contact and fingers, into the
second spreader layer and throughout the LED core.

In one embodiment of the new LED, the first spreader
layer 1s an n-type epitaxial layer and is grown on a

Substrarte such that 1t 1S sandwilched between the

substrate and LED core. A transparent or semitransparent

second spreader layer 1is deposited on the surface of the

LED core opposite the first spreader layer, with the

second contact and 1ts fingers formed on the second

spreader lavyer.



CA 02393009 2002-05-29

WO 01/41223 PCT/US00/32167

10

15

20

25

30

T'he LED’s contacts and their respective conductive

-

fingers are disposed to provide lmproved current

spreadling and 1injecticn of holes and electrons into the

LED"s active layer. A Dbias 1s applied across the
contacts, spreading current from each contact through

thelr respective conductive fingers. The distance between

the adjacent first and second fingers 1is kept nearly
uniform and is small enough that current will effectively

spread across the LED core. This provides uniform current

injection into the LED core's active layer. Using the new
current  spreading sTtructures, the new LED can be
scaleapble to sizes much larger than conventional LEDs

whlile maintaining the same current spreading relationship

petween adjacent fingers.

The contact and fingers on the LED core do not cover

the core's entire surface, leaving a majority of the

surface for the emission of light. As a result, thick,

low resistance metal can be used 1in the fingers to
provide an efficient current spreading path. These
fingers also reduce the distance that current must spread
in the second spreader layer. Accordingly, the thickness
of the current spreading layer can be reduced, which
reduces 1ts absorption of emitting 1light. Also, by
providing one or more fingers on the second spreader
layer to spread current to the LED core, the thickness of

the layer does not need to be increased as the size of

the LED increases. The long process times and increased

cost associated with thick epitaxial layers are thereby

avolded.

The advantages of the new LED structure are realized

for LEDs on conductive and insulating substrates since

the new structures provide  nearly uniform current
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injection, regardless of substrate type. The epitaxial
layer configuration can also be reversed 1in this

structure, wilith the p-type layer being the layer next to

the ZIirst spreader and the n-type layer being on the
epltaxlial surface. The current spreading configuration
remains the same. The 1nvention provides for a fully

scalable device through the increase in the number of

fingers as the device size is increased.

These and other further features and advantages of

the 1nvention will be apparent to those skilled in the

art trom the following detailed description, taken

together with the accompanving drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FFIG. 1 1s a perspective view of a new standard sized

LED with a new current spreading structure;
FIG. 2 1s a plan view of the LED in FIG. 1;
FIG. 3 1s a sectional view taken along the section

line 3-3 of FIG. 2;

FIG. 4 1s a plan view of a new standard sized LED

wlth a new current spreadling structure including a center

finger on the seccnd spreading layer and fingers on the

first spreading layer around the LED’s perimeter;

FIG. 5 1s a sectional view of LED shown in FIG. 4;
FIG. © 1s a plan view of a new scaled, rectangular

shaped LED wusing the new current spreading structure

shown in FIG. 1;

FIG. 7 1s a plan view of a new LED using a new

interdigitated multi fingered LED current spreading

structure;

FIG. 8 1is a plan view of a new LED having a new

multi fingered zig-zag current spreadlng structure;
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FIG. 2 is a plan view of a n=sw LED having branches

b

Hh

and ingers forming conductive paths from a central

contact on the second spreading layer and cooperating

fingers on the first spreading laver;

FIG. 10 is a sectional view of the LED 1in FIG. 9;

FIG. 11 1is a plan view of a new LED having fingers

radiating from a central contact on the second spreader;

and

FIG. 12 1s a sectional view o0of a new LED with new

current spreading structures 1n a flip-chip geometry.

DETAILED DESCRIPTION OF THE INVENTION

FIGs. 1-12 show various embodiments of a new LEDs

constructed 1n accordance with the present 1nvention,
each having improved' current spreading structures. The
new sStructures can be used 1n LEDs formed from any

semiconductor material system, but are particularly

applicable to Group-III nitride based LEDs fabricated on
substrates such as silicon carbide (51C) or sapphire. S1iC

has a much closer crystal 1lattice match to Group III

nitrides such as GaN and results 1in Group III nitride

films of high gquality. Silicon carbilde also has a very

h—

high thermal conductivity so that the total output power

of Group III nitride devices on silicon carbide 1s not

limited by the thermal dissipation of the substrate (as

1s the case with some devices formed on sapphire). SiC
substrates are available from Cree Research, Inc., of
Durham, North Carolina and methods for producing them are
set forth in the scientific literature as well as 1n a

U.S. Patents, Nos. Re. 34,86l1l; 4,946,547; and 5,200,022.

FIGs. 1, 2 and 3 show a new sgquare LED 10 having a

conductive layer 11, denoted first spreader laver,
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sandwiched between a subszrate 12 and an LED core 13. The
core 13 comprises an epiltaxially grown active layer 14

sandwlched between epitaxially grown conductive layers 15

and l¢. Conductive laver 15 1s the same type, n or p, as
first spreader 11, while conductive layer 16 1is of the
other type, n or p. In the preferred embodiment, layer
15 1s n-type, layer 16 1s p-type, and the first spreader
layer 1is n-type.

The first spreader 11 has a thickness and doping

level that facilitates current spreading to the active

layer 14. Preferred doping levels are 1lelb5 cm-3 to leZl

cm-3 and preferred thickness are 0.2 um to 100 um. Lavers

11,14,15,16 can be fabricated on the substrate 12 by

conventional methods such as growth in a MOCVD reactor or

by a combination of growth techniques such as VPE and

MOCVD.

A current spreading layer 18, denoted second
spreader layer, 1is deposited on conductive layer 16 to
facilitate current spreading across conductive layer 16
and into the active layer 14. This layer 18 may be a

MOCVD grown semiconductor of the same doping type as

conductive layer 16, with a similar thickness range and

doping range as first spreader 1l1l. The second spreader 18
may also be formed of a transparent or semltransparent
conducting material. Preferred materials are thin metals
or thin metal combinations of 1Inm to 50nm 1n total

thickness or transparent conductors such as ITO which can

be thicker.

A second contact 19 having two second conductive

fingers 20a and 20b, 1s deposited on the second spreader

18. The second contact and fingers extend adjacent to

three of the conductive layer's edges, forming a U-shaped
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path that stops short o the edge opposite the contact

]

19. The outer boundary of fingers 20a and 20b can extend

up to the edges of the conductive layer 16 or can be back

somewhat from the edges such that a small area of the

second spreader 18 shows between the fingers 20a and 20b.

To enhance current spreading evenly across the

device, a first contact 21 and first conductive finger 22
are deposited on the surface of the first spreader 11. To
provide an area on ﬁhis surface, a section of LED core 1s
etched down to the Iirst spreader 11, resulting 1n a

p— 4

groove/channel 23 through the LED core. The first contact

21 and finger 22 are deposited on the filrst spreader

within the groove.

The LED core 13 can be etched using conventional

methods such as chemical or 1on mill etching. The

conductive layer 18, the contacts 19 and 21, and their
fingers, can be deposited by many conventional methods
such as evaporation, sputtered, or electro plating.

In operation, a blas 1s applied to contacts 19 and
21. Current from contact 21 spreads down 1ts Ifinger <22

and to the conductive flrst spreader 11. The current

spreads throughout the first spreader 11 and carriers are

nearly uniformly 1injected 1nto the LED active region 14
through 1layer 15. Current spreads from the contact 19
into fingers 20a and 20b, and then throughout the second

spreader layer 18. The carriers are nearly uniformly

injected into the LED active region 14 through layer 1lo.

The electrons and holes recombine 1n the active layer 14

to provide near uniform and highly efficient 1light

emission.

The new LED 10 and 1ts current spreading structure

can take many different shapes and sizes. FIGs. 1-3 show
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a square LED that can ke standard sized (approximately
0.25mm-), smaller or larger. As the size of the LED 10
increases, the distance between the conductive fingers
also 1ncreases. Its size 1is limited by the ability of
current to spread from the fingers and provide uniform
lnjection into the active laver.

The preferred current spreading filngers have a

plecewlse rectangular shape. The second fingers range

trom 0.1 micron to 30 microns in width with the preferred

width being 2-10 microns. Wider fingers can effectively
spread the current but will block or absorb more of the
light emitting from the p-type layer 16. The first
fingers can range from 0.1-30 microns in width. Wider
fingers require more of the LED structure to be etched
down to the epitaxial layer, reducing the amount of the
active layer that can emit light. The distance between
the first and second fingers can be from 5-500 microns.
The smaller the distance the better the current spreading
withlin the current spreading layer but the more area that
will be covered by the 1light absorbing fingers. The

thickness of the fingers can range from 0.05 to 3

h—

microns. The thicker the finger the lower 1ts series
reslistance but the longer and costlier 1ts manufacturing.
The new structure provides many advantages over the

prior art. The contacts 19 and 21, and their respective

conductive fingers, 20a, 20b and 22, are made of a
conductive material which has a low serles resistance.
Current flowing from the contacts to the fingers

experlences little spreading reslstance and provides an
efficient path to distribute current. - Also, the current

spreads a much smaller distance from the current

spreading contact 19 and 1its fingers 20a and 20b to fully

PCT/US00/32167
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spread wlthin the second spreader layver 18. As a result,
the current spreading laver’s thickness can be reduced

which can reduce light absorption and 1ncreases 1light

output 1f a semi-transparent material 1s used for the

second spreader 18. Full current spreading to the p-type

(N

layer 16 and uniform 1njection 1into the active layer 14
1s maintained. The distance between the epitaxial and
current spreading fingers should remain nearly uniform to
ensure uniform current sSpreading 1n the respective doped

10 layers and to the active layer 14.

As mentioned above, the second fingers 20a and 20Db

wlll absorb some of the LED’s emitting light. Also, the
etching of the LED core to provide a groove 23 reduces

the size of LED core that <can contribute to 1light

15 emission. However, the uniform injection of current 1nto

the active layer 14 overcomes these disadvantages and

results in an LED with overall increased efficiency. 1In

fact, the groove 23 may enhance overall light output.

This 1s because 1light 1is emitted omnidirectionally from

20 the LED’s active layer 15. For LEDs with a planar

surface, a percentage of the light will be reflected back

from LED’ s surface and experlience total internal

reflection. Eventually the 1light will be absorbed or

escape out the side surfaces of the LED. By etching the
25 LED structure to provide one or more dJrooves, 1light
reflecting within the LED can reach the grooves,

increasing the chances that 1t will escape. This enhances

the probability that the light will emerge and contribute

to illumination without being absorbed.

30 FIGs. 4 and 5, show another embodiment of the new

LED 40 that 1s similar to the LED 1n FIGs. 1-3. It has

the same substrate 12 and first spreader layer 11. It
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also has a similar LED core 41 and second spreader layer

12 deposited on the LED core’s conductive lavyer 43.

However, 1n this embodiment the first contact and

fingers spread current from the edge of the first
spreader layer 11 and the second contact and finger
spreads current from the center of the second spreader

layer 42. The LED core 41 is etched to the first spreader

layer 11, around the LED’s perimeter on three of 1its
sides. The first contact 44 1is deposited on the firsrt
spreader layer 11 at the midpoint of the middle side. The
first fingers 45a and 45b are deposited on the first
spreader layer 11 and run in opposite direction from the

Lirst contact 44 around the etched sides. Current spreads

CO the first spreader layer’s perimeter from the first

contact 44, through its fingers 45a and 45b. A second

contact 46 1s deposited on the second spreading layer 42

on 1ts edge opposite the first contact 44. It has one

conductive finger 47 that is also deposited on the second

spreader layer and runs from the contact 46, down most of

the LED’s center line, 1in the direction of the epitaxial

laver contact 44.

The LED 40 has the same current spreading advantages

as LED 10. The current 1s spread from the contacts 44
and 46 through their respective conductive fingers that
nave low series resistance. The current from the first
contact 44 and 1ts fingers 45a and 45b spreads throughout
the first spreader layer 11 and to the LED core 41. The

current from the current second contact 46 and its finger

47, spreads 1into the second spreader layer 42 and into

the LED core 41. Just as 1in LED 10, the distance that the

current must spread from the finger 47 through the second

spreader layer 42, to cover the entire LED core 41, 1is
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reduced. As a result, the thickness of the second
spreader layer 42 can be reduced, which reduces 1light
apsorption. Distance between the second finger 47 and the
first fingers 45a and 45b, where they overlap, is nearly

uniform, resulting in more uniform current injection into

the LED core’s active layer 50.

An 1mportant advantages of the new current spreading
structure 1s that 1t can be used on larger LEDs while
maintaining the improved current spreading. FIG. 6 shows

a new LED 00 having & current spreading structure similar

to LED 10 1n FIGs. 1, 2 and 3. LED 60 has a substrate, a

first spreader layer, a LED core (all of which are not
visible in FIG. 6), and a second spreader layer 61, all
of which are similar to those in LED 10. Part of the LED
core 1s etched to the first spreader layer for depositing

an n contact 62 and finger 6©63. A second contact 64 and

1ts conductive fingers 65a and 65b are also deposited on

the second spreader layer 61 with the fingers running

around the LED’s perimeter.

LED ©0 1s larger than LED 10 having a rectangular

shape with the length of two of 1its sides 66 and 67
lncreased. The improved current spreading 1s maintained
by 1ncreasing the length of the first finger 63 and
second fingers 65a and 65b the same amount that the sides

66 and 67 are increased. The distance between the first

finger 63 and second fingers 65a and 65b, where they

overlap, remains uniform. The distance that the current
must spread from the second fingers 65a and 65b through
the current spreading layer 61 to cover the entire LED
core, also remains constant. Similarly, the distance that
the current must spread from the first finger 63 throuah

the first spreader layer also remains constant. If length

PCT/US00/32167
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of sides 66 and 67 are increased further, the length of

the fingers must also be i1ncreased to maintain the

current relationship between the fingers.

A similar rectangular LED can be created based on
tne design shown 1n FIGs. 4 and 5. In these devices, the
length of the fingers in the current spreading structure
must be 1ncreased 1in the same way 1in order to provide

uniform current spreading in rectangular LEDs.

An additional advantage of the LED 60 is that it is

more efficlient at dissipating heat than square LEDs with

the same surface area. The heat generated within LED 60

travels a shorter distance to reach one of 1its edges

where 1t can dissipate.

Another important advantage of the invention over

prior art relates to the first spreader layer

]

the

thickness. This layer 1is usually n-type epitaxial and in
prior LEDs, where current 1s spread from a contact

through first spreader layer, an increase in LED size

required an 1increase 1in the first spreader layer

thickness to reduce its series resistance. By having the

current spread from an first contact through one or more

conductive first fingers, the increased series resistance

1s avolided. The first spreader layer thickness can remain

the same, avoiding potential process time and cost
lncreases.

Another way of scaling the LED while maintaining the
current spreading relationship between the conductive
fingers 1s to increase the number of fingers as the area

of the LED is increased. Fig. 7 shows an LED 70 having a

larger surface area than LEDs 10 and 40 in FIGs. 1-5. It
has a similar substrate, first spreader layer, LED core,

(all of which are not visible 1in FIG. 7) and second
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spreacder layer /1. As the surface area increases, the
number of first and second fingers increases, maintaining
a unifcrm distance between adjacent fingers.

The first and second contacts 72 and 73 can have
many <calfferent shapes and sizes. The preferred second
contact /3 1s circular and 1is deposited on the second
spreacer layer 71, near one of the LED’s edges. Two parts
of a conductive branch 74 run in opposite directions on
the second spreader layer 71, from the contact 73 and

parallel to the adjacent LED edge. Numerous conductive

fingers 75 extend at right angles from the branch 74, on

the second spreader layer 71. The LED core 1s etched to

provide an area on the first spreader layer for the first

contact /2 and to provide grooves for the first fingers

/6. The preferred first contact 72 1is sguare and 1is

deposited on the first spreader on the center of the

LED's edge, opposite the p-contact 73. A branch 72b

extends from the first contact 72 along the LED's edge.

Its fingers 76 extend at right angles from the branch

12b, toward the branch 74. The distance between second

and first fingers 75,76 remains nearly uniform and small
enougn to provide near uniform injection into the LED’s
active layer. Thus, even though the LED 70 is larger than
standard sized LED’s, 1t experiences the same current
spreading advantages of the above embodiments.

FIG. 8 shows another embodiment of the new LED 80
wherein the first and second fingers form =zig-zag
conductive paths. The LED 80 has the same layered
structure as the above embodiments from the substrate
through the second spreader layer. A circular second
contact 81 1s deposited in a corner of the LED, on the

second spreader layer 82. A conductive branch 83 is also

PCT/US00/32167
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deposited on the second spreader layver and runs from the

contact 381 along two sides of the LED’s surface. Zig-zag

shaped conductive second fingers 84 run from the branch

D 80, on the second spreader

L*]

83 diagonally across the L.

layer 82. The fingers 84 initially project from the

pranch 83 at a right angle, and then bend at alternating
D 80. The

[*]

right angles as they project across the L

shorter the finger, the fewer the number of right angle

curns.

e 1
—

The LED 80 1s also etched to 1its first spreader

layer to provide grooves for a first contact 85, its

pranch 86, and its zig-zag shaped fingers 87. The first
contact 85 1s deposited on the first spreader layer at

the LED’s corner opposite the second contact 81. A

conductive branch 86 1s also deposited on the first

spreader layer that runs from the first contact 85 around

the perimeter of the LED 80 along the two edges not

covered by the current spreading layer branch 83. First

zlg-zag fingers 87 having the same shape as the current
spreading layer fingers 84 are also deposited on the

first spreader laver between the fingers 84 such that the

dlstance between the first and second fingers where they

overlap, 1s nearly uniform. An alternative embodiment to

this concept can use curved fingers to produce a zig-zag
pattern with rounded corners instead of right angles.

This structure has all of the current spreading
advantages of the embodiments above including lower
series resistance, scalability, and the ability to use

thinner current spreading layers. The zig-zag grooves

etched 1n the LED structure for the first fingers 87 also

serve to further 1improve the percentage of 1light that

emits from LED 80. The edges of grooves vary more than

PCT/US00/32167
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the above embodiments, 1increasing the likelinood that

internally reflecting light will escape and contribute to

the LED’s emission.

Figs. 9 and 10 show another rectangular embodiment

cf new LED 90 having the same layered structure as the

apbove embodiments. A second contact 91 1is deposited in

Che center of the second spreader layer 92, with two

parts o©f a conductive branch 93 running in opposite

directions on the second spreader layer, from the contact

91 and down the LED’s longitudinal centerline. Numerous

conductive fingers 94 project at right angles from both

D's edge. To spread

L]

sides c¢f the branch 93 toward the L]

current to the LED’s first spreader layer, the LED

structure 1s etched around 1ts perimeter down to the

first spreader layer. A first contact 95 is deposited on

the first spreader layer at the LED’s edge. An first
branch 96 1s deposited on the first spreader layer around
the LED’s entire ©perimeter providing a continuous
conductive loop from the contact 95. Grooves are also
etched 1n the LED structure between the second fingers

94, at right angles from the perimeter toward the branch

93. First fingers 97 are deposited on the first spreader
layer within the grooves, providing a conductive path

from the first branch 96. The distance between adjacent

first and second fingers, where they overlap, remains

nearly uniform and this embodiment has the same current

spreading advantages as the above embodiments.

Fig. 11 shows another embodiment of the new LED 110
having the same layer structure as the above embodiments.
A second contact 111 1s deposited in -the center of the
LED’s second spreader layer 112. Conductive fingers 113

radiate form the contact 111 on the second spreader layer
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112, toward the LED’s edges with a wuniform distance

between the starting points of the fingers 113. As they

radiate out from the contact 111, the distance between

adjacent fingers 1ncreases. When the distance becomes

COO great to effectively spread current 1n the second

spreader layer 112, the finger 113 splits 1nto two

fingers 114.

The LED 1s etched to its first spreader layer on 1its

perimeter to provide for an first contact 115 and 1its

perimeter branch 116. It 1s also etched to provide for

first fingers 117 that form a conductive path 1in the

direction of the second contact 111 and between the

second fingers 113. If the split sections of fingers 114

are long enough, a first finger 1s 1ncluded between them.

The distance between adjacent first and second

fingers varies more than in the previous embodiments.
However, the distance remains uniform enough that the LED
110 has the same current spreading advantages as the

previous embodiments. This embodiment 1s also scaleable

to larger sizes. As the surface area 1s increased the

second fingers can continue to split with another first

finger included between the splits.

The embodiments above <can also be grown on a

Cransparent substrate and flip-chip mounted. FIG. 12

shows LED 120 grown on a transparent substrate 123 and
has a structure similar to LED 40 in FIG. 4. It comprises

and LED core 130 on a first spreader layer 126, and a

second spreader layer 124 on the LED core opposite the
first spreader layer. The LED is mounted to the submount
122 through the use of bond media 121 that connects
elther the second spreader 124 (as shown in FIG. 12) or

the contact pad on the second spreader, to a first

PCT/US00/32167
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secticn of a conductive layer 127 that 1is also between

Bias applied to the

the supmount and bonding media 121.

conauctive layer 127 sends current to the second spreader

124 and into the LED's active region. A second section of
the conductive layer (or a contact) 128 1is also on the
supbmount and a second bond media 125 connects a first
contact 129 on the first spreader 126 to conductive laver

128. Bias applied to conductive layer 128 sends current

to first contact 129 which then transfers the current to

the first spreader 126 through the first fingers 131. The

]
gy

first fingers are disposed on the first spreader laver,

arounc 1ts perimeter. Conductive layers 127 and 128 are

electrically 1isocolated through the submount 122 and serve

as connection points for the LED package.

One of the advantages of this structure is that the

LED has Dbetter heat sinking since the LED's generated

heat 1s close to the bonding interface 121 and heat can
pe effectively transferred to the submount 122. The
supbmount can have a high thermal conductivity and is of a

larger surface area that the LED chip substrate 123.

Also, 1f a semi-transparent layer is used for the second
spreader layer 124, the flip-chip geometry allows for a
reflector to Dbe 1integrated with the semi-transparent
layer to reduce the overall optical loss of the second

spreader 124 and reflect light towards the substrate 123.

Also, because a reflector 1s placed over the second

spreader, the second contact and fingers will not absorb

any o©0f the emitting light. Their thickness can be

increased to reduce theilr series resistance, without the

g—
—

danger that they will absorb emitting light. Also, if the

reflective surface 1s electrically conductive, the bond

media 121 can be attached to the entire reflector

PCT/US00/32167
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surface, 1increasing the thermal conductance of the entire

Structure.

The above embodiments can be grown on conductive as

well as insulating substrates, depending on the material

system used. Normally, for an LED formed on a conductive
substrate such as silicon carbide, a contact 1S
deposited directly on the conductive substrate opposite
tLhe epitaxial layers. The current applied to the contact
pad spreads through the substrate and to the n-type
layer, which provides near uniform injection of electrons
into the active lavyer. Alternatively, the LED core can
pbe etched in a similar fashion as described above, with
the etch proceeding Lo the conductive substrate if

desired. If the substrate 1is conductive, it is considered

part of the first spreader.

By using the array of contact fingers instead of the

CLraditional substrate contact pad, the series resistance

of the diode can be reduced. First, the contact

resistance can be lower since optimal material can be

used for the second spreader as opposed to the substrate.

Second, the distance that the current has to travel
pefore reaching the active region 1is much lower and has
many parallel paths as compared to contacting the
substrate, reducing the series resistance even further.
The materials and contact details will determine which

approacn provides the lowest resistance.

Although the present invention has been described in

considerable detail with reference to certain preferred

configurations thereof, other versions are possible. The

conductive fingers can have many different shapes and

patterns and can be deposited on the LEDs layers in

P

different ways. Therefore, the spirit and scope of the
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appended claims should not be limited to their preferred

versions contained thereiln.
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WHAT IS CLAIMED IS:

1. A scalable light emitting diode (LED) with enhanced current spreading
structures, comprising:
5 an LED core having:
an epitaxially grown p-type layer;'
an epitaxially grown n-type layer; and
an epitaxially grown active layer between said p-type and n-type
layers;
10 a tirst spreader layer adjacent to said LED core; .
at least one groove through said LED core to said first spreader layer;
a first contact having at least one elongated first conductive finger
extending theretfrom on said first spreader layer within said at
least one groove such that current flows from said first contact,
15 Into said at least one first conductive finger, into said first
spreader layer, and into said LED core;
a second contact having at least one elongated second conductive finger
extending therefrom on said LED core opposite said first

spreader layer such that current flows from said second contact
20 into said at least one second finger and into said LED core.

2. The LED of claim 1, wherein said first spreader layer is an n-type
epitaxial layer.

25 3. The LED of claim 1, wherein said n-type layer 1s adjacent to said first
spreader layer.

4. The LED of claim 1, wherein said second contact and said at least one

second conductive finger are on said p-type layer.
30
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The LED of claim 1, wherein said at least one second conductive finger
and said at least one first conductive finger are generally parallel for a
portion of their lengths.

The LED of claim 1, wherein said at least one second conductive finger
and said at least one first conductive finger are approximately uniform
distance from one another for a portion of their lengths, to provide

nearly uniform current injection into said LED core).

The LED of claim 1, further comprising a substrate adjacent to said
first spreader layer, opposite said LED core.

The LED of claim 7, wherein said substrate is electrically conductive.

The LED of claim 1, further comprising a second spreader layer on
said LED core opposite said first spreader layer, said second contact
and said at least one conductive finger disposed on said second spreader
layer such that current applied to said contact spreads to said at least

one conductive finger and throughout said second spreader layer, and
into said LED core.

The LED of claim 9, wherein said second spreader layer is a transpar-
ent conductor.

The LED of claim 9, including one said first conductive finger,
wherein said second contact and at least one conductive finger form a
generally U-shaped conductive path, said first contact and said first
conductive finger forming an elongated conductive path within said
U-shaped path.
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The LED of claim 9, including one said second conductive finger,
wherein said first contact and at least one conductive finger form a
generally U-shaped conductive path, said second contact and said
second conductive finger forming an elongated conductive path within
said U-shaped path.

The LED of claim 9, including a plurality of said first and second
conductive fingers, said second contact near one edge of said LED and
said first contact near the opposite edge, said second conductive fingers
forming a plurality of conductive paths from said second contact toward
said opposite edge, said first fingers forming a plurality of conductive
paths from said first contact toward said second contact interdigitated
between said second fingers.

The LED of claim 9, wherein said second contact is located near the
center of said current spreading layer and said second conductive
fingers form conductive paths from said second contact toward the edge
of said LED, and said first conductive fingers form conductive paths

from said first contact, toward said second contact interdigitated be-
tween said second conductive fingers.

The LED of claim 9, wherein said second contact is located in the
center of said current spreading layer and further comprises two con-
ductive branches forming conductive paths in opposite respective
directions from said contact down a centerline of said LED, said second
conductive fingers forming conductive paths, generally orthogonal to
said branches, said first fingers forming conductive paths from said
first contact and from the edge of said LED, toward said branches
interdigitated between said second fingers.
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16. The LED of claim 9, including a plurality of said first and second
conductive fingers, wherein said second fingers form generally parallel
zig-zag conductive paths from said second contact, and said first fingers
form generally parallel zig-zag conductive paths from said first contact

S interdigitated between said second zig-zag fingers.

17. A scalable light emitting diode (LED) using flip-chip mounting and
having enhanced current spreading structures, comprising:
an LED core having:

10 an epitaxially grown p-type layer;
an epitaxially grown n-type layer; and
an epitaxially grown active layer between said p-type and n-type

layers;
a first spreader layer adjacent to said LED core;
15 at least one groove through said LED core, to said first spreader layer;
a first contact having at least one first conductive finger on said first
spreader layer within said at least one groove such that current
tlows from said first contact into said at least one first conductive
finger, 1nto said first spreader layer and into said LED core;

20 a second spreader layer adjacent to said LED core, opposite said first
spreader;

a conductive layer having two separate sections, a first section of said
conductive layer bonded to said second spreader;
a submount adjacent to said first section of said conductive layer,

25 opposite said second spreader, the second section of said conduc-
tive layer also adjacent to said submount, said LED further
comprising a conductive material between said second section
and said contact, a bias applied to said first and second sections

of conductive layer causing said LED core to emit light.
30
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The LED of claim 17, further comprising a substrate adjacent to said
first spreader layer, opposite said LED core.

The LED of claim 18, wherein said substrate i1s made of a transparent
or semi-transparent and 1s the primary emitting surface for she light
generated by said LED core.

The LED of claim 17, wherein said second spreader layer 1s made of a
semi-transparent material and further comprises a reflector to reflect
light from the LED core toward said substrate.

The LED of claim 17, further comprising a bonding media between
sald conductive layer's first section and said second spreader, and

wherein said conductive material comprising a bonding media.

A scalable semiconductor LED with current spreading structures,

comprising:

two or more adjacent layers doped with impurities;

at least one groove etched through one or more of said layers, exposing
a surface on or within one of said layers; |

a first contact having at least one elongated first conductive finger
extending therefrom on said exposed surface within said at least
one groove, such that current flows from said contact into said at
least one first finger and into said layer with said exposed sur-
face; and

a second contact having at least one elongated second conductive finger
extending therefrom on the surface of said adjacent layers such
that current flows from said second contact, into said at least one

“conductive second finger and into said adjacent layers.
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The semiconductor LED of claim 22, wherein said at least one second
conductive finger and adjacent said at least one first conductive finger
are generally parallel for a portion of their lengths.

The semiconductor LED of claim 22, wherein said at least one second
conductive finger and adjacent said at least one first conductive finger
are approximately uniform distance from one another to provide nearly

uniform current injection into said two or more adjacent layers doped
with impurities.

The semiconductor LED of claim 22, including one said first conduc-
tive finger, wherein said second contact and at least one conductive
finger form a generally U-shaped conductive path, said first contact and
said first conductive finger forming an elongated conductive path within
said U-shaped path.

The semiconductor LED of claim 22, including one said first conduc-
tive finger, wherein said first contact and at least one conductive finger
form a generally U-shaped conductive path, said second contact and
sald second conductive finger forming an elongated conductive path
within said U-shaped path.

The semiconductor LED of claim 22, including a plurality of said first
and second conductive fingers, said second contact near one edge of
said adjacent layers and said first contact near the opposite edge, said
second conductive fingers forming a plurality of conductive paths from
said second contact toward said opposite edge, said first fingers form-
ing a plurality of conductive paths from said first contact toward said

second contact interdigitated between said second fingers.
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The semiconductor LED of claim 22, wherein said second contact is
located near the center of the surface of said adjacent layers and said
second conductive fingers form conductive paths from said second
contact toward the edge of said surface of said adjacent layers and said
first conductive fingers form conductive paths from said first contact,

toward said second contact interdigitated between said second conduc-
tive fingers.

The semiconductor LED of claim 22, wherein said second contact is
located 1n the center of the surface of said adjacent layers and further
comprises two conductive branches forming conductive paths in oppo-
site respective directions from said contact down a centerline of said
surface, said second conductive fingers forming conductive paths
generally orthogonal to said branches, said first fingers forming con-

ductive paths from said first contact and from the edge of said surface,
toward said branches interdigitated between said second fingers.

The semiconductor LED of claim 22, including a plurality of said first
and second conductive fingers, wherein said second fingers form
generally parallel zig-zag conductive paths from said second contact,

and said first fingers form generally parallel zig-zag conductive paths

from said first contact interdigitated between said second Z1g-7ag

fingers.

A scalable light emitting diode (LED) with enhanced current spreading
structures, comprising:

an epitaxially grown p-type layer;

an epitaxially grown n-type layer;

an epitaxially grown active layer between said p-type and n-type layers;

a first contact having at least one elongated first conductive finger;
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at least one groove etched through said p-type and active layers to said
n-type layer such that said first contact and at least one elongated
finger extending from said first contact are on said n-type layer
In said groove;

a second contact and at least one elongated second conductive finger
extending from said second contact on said p-type layer, wherein
said at least one first and second conductive fingers are generally
parallel for at least a portion of their lengths.



CA 02393009 2002-05-29

WO 01/41223 PCT/US00/32167

il iyt 20Db

il ot

|lll||

|I||||I

|!'||||




CA 02393009 2002-05-29

WO 01/41223 PCT/US00/32167

2/8

20a " 19 o9

10 <0b

18

16 VA, B B AR R
o~ e

SANRANANRAN S ANANRANN

12

SUBSTRATE

0 5
A A
L o = it B _j
45b : 45a

||'|||I

|l'l||l

gl

'I|I||I
!Illlll

*“  FIc4



CA 02393009 2002-05-29

W0 01/41223 PCT/US00/32167

3/8

e
40 46 47

43 —— o T 42

N N N N N N N N N

a5t SO LD LD LI A
NN

77 Vllllﬂm\ 408

\\\\\\\\\\

SUBSTRATE

- FIG.O

120’\

123

SUBSTRATE

131 WI””

130 y LED CORE

124 k\‘““

121 WIIIIIIII
127 IIIIIIII’II”II VI'IIIIIA 128

UBMOUNT (22

FIG.1<2



4/8

WO 01/41223

65a

66

60

Il

|I|l}|I

CA 02393009 2002-05-29

64

R

oyl

63

iy

62
61

65b

67

PCT/US00/32167

FIG.6



74

7O

WO 01/41223

—

|I|I|I'

'|I|"|

!

|||;'|I

|I|I,Il

iy

'|i[l;l

M

g

iy

i

71

CA 02393009 2002-05-29

5/8

iy

||'I|I|

Z,

pi

L

'|I1||I

||I|I|I

76

|ll||fI

'Illll|

g

|lillli

|I’I|I|

PCT/US00/32167

’||q||

&l

gt

l|||',f

'||||!|

iy

N W N

F'IG.7

72b

76

72

72b



CA 02393009 2002-05-29

WO 01/41223 | PCT/US00/32167

QO
U
—
.
—_ 3
oo,
A <t
O g 0
i-___
o
3 | [—]
<
O I - . -
I o0
: ‘——ﬁ l s
O
O
™ L_‘ | iR
e
— %
| — ]
g 1
> — ~
I—uil || &
i
\ S A
Lr).
I~ = © oo
o O v,

80



CA 02393009 2002-05-29

WO 01/41223 PCT/US00/32167

7/8

go 90

RRGREREEERERERErr

FIG.10



CA 02393009 2002-05-29

WO 01/41223 PCT/US00/32167

8/8

110
117
113
112
116
117
115

8/8
114
FIG.11

114

l ;
=

117

112
117
114






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - abstract drawing

