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(57) Abstract: Described herein are LED chips incorporating self-aligned floating mitror layers that can be configured with contact
vias. These mirror layers can be utilized to reduce dim areas seen around the contact vias due to underlying material layers without
the need for the mirror layer to be designed at some tolerance distance from the electrical via. This increases mirror area, eliminating
lower light retlection in the proximity of the via and producing higher light output with greater light emission uniformity. In some
embodiments, the mirror layer is formed with a contact via. This allows for a self-aligning process and results in the mirror layer ex -
tending substantially from the edge of the via.
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SELF-ALIGNED FLOATING MIRRCOR FOR CONTACT VIAS

CROSE REPFERENCE

T0 RELATED APPLICATIONS

G001} This application claims the benefit of, U.S. Patent
Application Serial No. 14/860,483, filed on September 21,

2015, which is a continuation-in-part of, and claims the
benefit of, U.S. Patent Application Serial No. 14/699,302
to Williams et al., filed on BApril 29, 2015, which is a
continuation~in-part of, and claims the benefit of, U.S.
Patent Application Serial No. 14/050,001 to Haberern et
al., filed on Octcker 9, 2013, which is a continuation-in-
part of, and claims the benefit of, U.3. Patent Application
Serial No. 13/168,689 to Bergmann et al., filed on June 24,
2011, Fach of these applications is hereby incerporated
herein in their entirety by reference,

BACKGRQOUND OF THE INVENTION

Field of the Invention

(00021 Described herein are methods and devices relating
generally to light emitting diode (LED) devices, and
specifically tc LED devices cmprising mirror layers and
contact vias

Descripticn of the Related Art

[0003] Light emitting dicdes {(LED or LEDs) are scolid state
devices that convert electric energy to light, and
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jenerally comprise one or more active layers of
semiceonductor material sandwiched between oppoesitely doped
layers. When a bias is applisd across the doped layers,
holes and electrons are injected into the active layer
where they reccombine to generate light. Light is emitted

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

(0041 For typical LEDs it is desirable to operate at the

highest light emission efficiency, and one way emission

Py
us

efficiency can be measured 1s by the emission intensity in

nput power, or lumens per watt. Cne way to

[SH

ation tc the

re

)

maximize emission efficiency is by maximizing extraction of

t

light emitted by the active reglon of LEDs. For
cenventional LEDs with a single out-coupling surface, the
external quantum efficiency can be limited by total
internal reflection (TIR) of light from the LED's emission
region. TIR can be caused by the large difference in the
refractive index Dbetween the LED's semiconductor and
surrounding ambient. Some LEDs have relatively low light
extraction efficiencies because of the high index of
refraction of the substrate compared to the index of
refraction for the surrounding material {(e.g. epoxy). This
difference resulits in a small escape cone Ifrom which light

rays from the active area can transmit from the substrate

intce the epoxy and ultimately escape from the LED package.
Light that does not escape c¢an be absorbed in the

semicconductor material or at surfaces that reflect the

[0005%] Different apprcaches have besn developsed to reduace
TIR and improve overall licht emtracticn, with one of the

more popular being surfasce texburing. Surface texturing

K]
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inoreases  the light eszcape probability by providing a

-

varving surface that allicws photons multiple opportunitises
to find an escape cone. Light that does ncet find an escape
cona conbinues Lo experisnce TIR, and reflacts off the
textured surface at different angles until it fiunds an

escaps cone. The bhenefits of surfsce texturing have been

discussed in several articles.

Film Light Emitfing Dicdes, Appl. Fhys. Lett., Vol &4, No.
16, October 18932, Fgs. 2174-2176; Windisch et al. Light
xtraction Mechanisms in High-Efficiency Surface Textursed

Light Emitting Diodss, IEEE Journal on Selected Topics in

7 o Ly 2 - - M Ty i T em Ty £ T NTT ) I 4
2483~255; Streubel et al. High Brightrness AlGaNIinkF Light
hay) ]

smitting Diodes, IEEE Journal on Selected Topics in Quantum
Rlectronics, Vol. 8, No. March/April 20027. Additionalily,
U.5. Pat. No. 6,657,236, also assigned to Cree Inc.,

discloses structures forme
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Light extraction in LEDs.

0006 Another wav to increase light extraction efficiency
J Y

183 to provide reflective surfaces that reflect light so

-
H
A,

that it contributes to useful emission from the LED chip ¢

i
=

LED package. In a typical LED package 10 illustrated

=
3

FIG. 1, a single LED chip 12 is mounted on a reflective cug

“O

i3 by means of a solder bond or conductive epoxy. One or
ocre wire bonds 11 connect the ohmic contacts of the LED

chip 12 to leads 15A and/or 1f

B, which may be attached to

or integral with the reflective cup 13. The reflective cup
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may be filled with an encapsulant material 16 which may
ceontain a wavelength conversion material such as a
phosphor. Light emitted by the LED at a first wavelength
may be absorbed by the phosphor, which may responsively

-
1
1

emit light at a second wavelength. The entire assembly is

then encapsulated in a clear protective resin 14, which may
be meolded in the shape of a lens to collimate the light
mitted from the LED chip 12. VWhile the reflective cup 13
may direct light in an upward direction, optical losses may
occur when Tthe light is reflected. Some light may be
absorbed by the reflector cup due to the less
reflectivity of practical reflector surfaces. Some metals
can have less than 95% reflectivity in the wavelength range

of interest.

(00071 FIG. 2 shows another conventional LED package 20

that may be more suited for high power operations that can

generate more heat. In the LED package 20, one or more LED

chips 22 are mounted onto a carrier such as a printed
circuilt board (PCB) carvier, substrate or submount 23. A

reflector 24 can be included on the submount 23 that
surrounds the LED chip(s) 22 and reflects light emitted by

the LED chips 22 away from the package 20. Different

reflectors can be used such as metal reflectors, omni-
directional reflectors {ODRs) , and distributed Bragg

-
H
A,

reflectors {DBRs) . The reflector 24 can also rovide
mechanical protecticn to the LED chips 2Z2. Cne or more
wirebond connections 11 are made between ohmic contacts on
the LED chips 22 and electrical traces 254, 25B on the

submount 23. The mounted LED chips 22 are then covered with

an encapsulant 26, which mnmay rovide environmental and
mechanical protection toe the chips while also acting as a
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ens. The metal reflector 24 is typically attached to the

-

@
carrier by means of a solder or epoxy bond.

{00081 The reflectors shown in FIGS. 1 and 2 are arranged
to reflect light that escapes from the LED. LEDs have also

been developed having internal reflective surfaces to
reflect 1light internal +to the LEDs., FIG. 3 shows a
schematic of an LED chip 30 with an LED 32 mounted on a
submount 34 by a metal bond layer 36. The LED further

comprises a p-contact/reflector 38 between the LED 32 and

the metal bond 36, with the reflector 38 typically
comprising a metal such as silver (Ag). This arrangement is
utilized in commercially avallable LEDs such as those from
Cree® Inc., aillable under the EZBright™ family of LEDs.
The reflectcor 38 can reflect light emitted from the LED
chip toward the submount back toward the LED's primary
emitiin surface. The reflecter also reflects TIR light

back toward the LED's primary emitting surface. Like the

metal reflectors above, reflector 38 refliects lessg than
100% of light and in some cases less than 95%. The

reflectivity of a metal film on a semiconductor laver may

be calculated from the materials’ optical constants usin
thin film design software such as FPCalc™ from Software
Spectra, Inc. . U.S. Patent No.
7,815,629, also assigned to Cree Inc. and fully

incorporated herein by reference, further discloses a

higher efficiency LED having a composite high reflectivity

Enl

lavyer integral to the LED for improving emission

U)

(60081 In L1LED chips having a mirror contact to enhance

reflectivity {(e.qg. U.s. FPatent Publication No.

@2}
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200870283787, which is incorporated in its entirety herein
by reference}, the 1light extraction and external guantu

aefficiency (EQE} is strongly affected by the reflectivity

of the mirror. For example, in a mirror comprised of
Ni/Ag, the reflectivity is dominated by the properties of
the Ag, which is >9%90% reflective. However, as shown in

FIG. 4, such a mirror 40 is traditionally bordered by a
metal bkarrier layer 42 that encompasses the edges of the
mirror, with the barrier layer 42 provided to prevent Ag
migration during operation. The metal barrier layer 42 has
much lower reflectivity than the mirror ({(e.g. 50% or
lower), and the portions of the barrier layer 42 contacting
the active layer 44 outside the mirror 40 perighery can
have a negative effect on the coverall efficliency of the LED

-
H
A,

chip. This is because such portions of the metal barrier
laver 42 absorb many of the photons that would otherwisze
exit the chip. FPIG. 5 depicts ancother LED chip 50 in the
nc. lights, with the chip 50 comprising
mirror 52 disposed below an active region 54. As in FIG,.

a barrier layer 56 ig provided that borders mirror 52 as
wall as extending outside the periphery of the mirror.
Those portions of the metal barrier layer extending bheyond

-
H
A

the edges of the mirror 52 can likewise absorb some of the

ight emitted from the LED({(s) nd impact the overall

emitting efficiency of the chip.

[G010] In LED chips comprising a plurality of junctions or
sub-LEDs, such as those disclicosed in U.8. Patent No.
7,985,970, and U.S. Patent Pub. No. 2010/02528 {both

signed to Cree Inc. and incorporated entirely herein by
reference), the effect of the metal bkarrier layer can be

3

particularly pronocunced. FIG. & depicts & monolithic LED



WO 2017/052886 PCT/US2016/048069

chip comprising a plurality of sub-LEDs and a plurality of
contact wvias 62, Portions of barrier layers 64, as
represented by the dark circies at the peripheries of the
vias 62, are exposed and illustrate the dimming effect that
can result from such exposure of underling layers, such as
the barrier layer. The effect can be very pronounced when
comparing the efficiency of large, single-junction chips to
multi-junction chips of he same footprint. This is

-
H
i

because the smaller the junction is relative to the karrier

-
1
1

layer exposed at the mirror periphery, the more szevere the

g

impact 1s on the overall emission efficiency of the device.
For example, a 1l6-junction, 1.4 mm LED chip can be
approximately 10% dimmer than a single~junction 1.4 mm

chip.

(60111 Another scurce of such dark circle dimming around
the vias €2 as shown in FIG. €6 is the utilization of “dark
metals” having light absorptive and/or low reflective

o]
properties as interconnect layer material within and around

the edges of the wvia 62. Interconnect lavers can be
utilized to connect adjacent Jjunctions or sub-LEDs. The
dark metals include such metals such as Titanium (Ti),

Nickel (Ni), Tungsten (W}, and a Titanium Tungsten alloy
(TiW) and are utilized as interconnect layer material due
to their resistance to electromigration; however, like the

barrier layers 64 above, the dark metal interconnect layers

2

2xhibit a dimming effect that negatively affects LED chip

ight output.

-t

1 It is difficult to resclve the issue of the dark
circles arocund the vias 62 caused by the visible portions

of the barrier layer and/or interconnect layers through
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cnventional means. For

-
H
A,

how <close to the

urrent,

h
=
}..l -

ng ¢
and

ventional

Con

some “tolerance distance”

gap caused

de

ie)

the

G om o
Jark

u ving

r
Additionally, even if one

distance, the

N R

SUMMARY OF THE TNVENTION

Described herei
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therefore eliminate or mitigate the need for precision

alignment during the fabrication process.

[C014] While the self-aligned floating mirror layers

-
1
L

disclosed herein are useful in any LED device having one or
more contact vias, including single-
mirror layers are particularly useful in multiple junction
LED chips utilizing interconnect layers, for example,

monolithic LED chips having a plurality of active areas on

o]

substrate/submcocunt {(“submount”) that can be
interconnected in series; although, it is understcod that
other embodiments can have active regions interconnected in
parallel or in a series parallel combination. The active
areas can be arranged in close proximity such that space
between adjacent ones of the active areas is substantially
not visible when the emitter is emitting, thereby allowing

-
1
L

the LED chip to emit light similar to that of a filament.
0015} Overall emission of the LEDs can also be improved

f

It
o
O
lus
O]
o}

by reducing the light-absorbing eff materials, such

as barrier lavers, adjacent to the mirror({(s)}. Some

4

embodiments are described below as having active regions
arranged lineariy, but it is understcood that the LED chips

according to the present invention can be arranged in many

different shapes with their active regions arranged in many
different 1locations and patterns in relation to one

another. BSome of the different shapes include different

polygon shapes like triangle, square, rectangle, pentagon,

eto.

016} Some embodiments of the present invention c¢an be

arranged to provide for improved reliability under high
‘:5 -t



WO 2017/052886 PCT/US2016/048069

ver or high current operation. Some of these embodiments
can have layer structures or composition that help minimize

or eliminate electromigration during high power LED chip

operation., Some embedimentsz of a wmonciithio ILED  chip,

according to the present invention comprises a plurality of
active regions, with an electrically conductive

intarconnect element connecting at least two of the active

s

ions. The interconnect element can comprises a material

ftal

and/or structurs that resists electromigration.

[G017] In some embodiments, an LED chip comprises a first
active region comprising two oppositely doped layers and an
active ayer therebetween, at east one electrical
ceonnection wvia providing a path for electrical connection
to one of the oppositely doped layers, and a floating

mirror layer extending substantially from a position near

the edge of the electrical connection via.

[G01i8] In other embodiments, an LED chip comprises a
plurality of active regions physically separated from one
another, with each active region comprising two oppositely
doped layers and an active layer therebetween. The LED
chip further comprises at least one interconnect layer
onnecting one of the doped layers of one active structure
with an oppositely doped layer of another active structure,
wherein at least a portion of the interconnect layer is in
an electrical connection via. The electrical connection

via provides a path for electrical connection to one of the

active structures in said plurality. The LED further
comprises a floating mirror layer extending from a position

substantially near the edgs ¥ the electrical connection

via.
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{00181 In vet other embodiments, a method of fabricating an
electrical connection via with a self-aligned floating
mirror layer for an LED chip comprises the steps of
depositing a first insulating material on a semiconductor
based active structure. The next step involves depositin
a mirror layer on the first insulating material. Then the
next step involves depositing a second insulating material
on the mirror layer. Tha subseguent step involves
depositing a photoresist mask on the second insulating
layer, leaving at least one portion of the surface of said
second insulating layer unmasked The final step involves
etching through the at least one unmaskaed portion to said
semiconductor based active structure, creating an
electrical connection via to a portion of the semiconductor
based active structure.
(00201 These and other aspects and advantages o¢f the
invention 11 become apparent from the following detailed
description and the accompanying drawings which illustrate
by way of example the features of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
00211 FIG. 1 is a sectiocnal view of a prior art LED
rackage;
0022} FIG. 2 is a secticnal view of another prior art LED
package;
0023} FIG. 3 a secticonal view of another embodiment of a
pricr art LED chip;

=t
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[0024] FIG. 4 is a sectional view

)
s
1
o)
=
b
e}
[

art LED chip

according to the present invention

~o

i
L

]
)

(0025} FIG. 5 is a sectional view of a prior art chip

according to the present invention;

[00261 FIG. 6 is a top view of a pricr art monolithic LED

chip according to the present invention;

(0027} FIG. 7 is a sectional view of one embodiment of an

LED chip according to the present invention;

[0028% FIG. 8 is a sectional view 0f another embodiment of

an LED chip according tce the presenit invention;

(0028} FIG. 9 is a sectional view of another embodiment of

an LED chip according to the present invention:;

(60301 FIG. 10 is a top view of a monolithic LED chip

according to the present invention:

(0031 FIG. 11 is a sectional view of ancther embodiment of

an LED chip according to the present invention;

00321 FIG. 12 is a sectional view of another embodiment of

an LED chip according to the present invention.

{00331 FIG. 13 is a top view of one ewbodiment of an LED

3

chip according to the present inventi

-
O

<

of another embodiment

a}

[0034] FIG. 14 1

n
¥
ot
&
e}
<
‘_4
o
b
O

LED chip according to the present invention;

-+

(00335} FIG. 15 is a top view of still ancther embodiment of
an LED chip

according to the present invention:;

1z
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[0036] FIG. 16 is a sectional view of one embodiment of a

menolithic LED chip according to the present invention:

(00371 FIG. 17 is a sectional view of the LED chip shown in

FIG. 16 at an intermediate manufacturing step;

(00381 FIG. 18 dis a sectional wview of another LED chip
according to the present invention at an intermediate

manufacturing step;

[003%] FIG. 19 is another sectional view of the LED chip

{0040} FIG., 20 is a sectional view of ancther embodiment of

[
ot
[

ic LED chip according to the present invention;

[0041] FIG. 21 is a sectional view of the LED chip in FIG.

20 showing flow of an electrical signai;

[0042] FIG. 22 is a sectional view of anocther embodiment of

a monolithic LED chip according to the present invention:
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hip in FIG.

(00441 FIG. 24 is a plan view of an monolithic emitter

according to the present invention;

[0045] FIG. 25 is a front view of one embodiment of a car

headlight according to the present invention.

{0046} FIG., 26 is a sectional view of ancther embodiment of

ithic LED chip according to the present invention:

[0047] FIG. 27 is a sectional view of the LED chip in FIG.

6 showing flow of an electrical signal;

13
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(00481 FIG. 28 is a top view of the ancther embodiment of a
menolithic LED c¢hip according to the present invention

showing flow of an electrical signal:

[004%] FIG. 29 1s a sectional view of one embodiment of an

interconnecticn metal layer ccording to the present

[0050Y r1G. [[311] 30 dis a front sectional view of still
another embodiment of an LED chip incorpcrating features of

the present invention;

0051 Fr1G. [i32]7 31 is a front sectional view of a portion
of an LED chip undergoing a first step of & method for the

formation o¢f a contact wvia and a self-aligned flocating

ayer incorporating features of the present

00821 FIG. [[3311 32 is a front secticnal view of a portion

of an LED chip undergoing a second step of a method for the

formation of a contact via and a self-aligned floating
mirror layer incorpoerating features of the presen

[00B3Y FIG. [[34]1 33 is a front sectional wview of a portion
of an LED chip undergoing a third step of a method

t
formation o©f a contact via and a self-aligned floating
t

[0054) P1G. [i35]1 34 1s a front ssactional view of a portion

Y

for the

)

of an LED chip undergoing a fourth step of a method

formation of a contact via and a self-aligned floating

14
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mirror laver incorporating features of the present
invention;
(0085 r1G. [[36]1 35 is a front sectional view of a portion

of an LED chip undergoing a step of a2 method for the
formation of a c¢ontact via and a self-aligned floating

mirror layer incorporating features of the present

[00B6Y] FIG. [[{37]1 36 is a front secticnal view of still a
further embodiment of an LED chip incorporating features of

the resent invention showing an example current flow

DETATILED DESCRIPTION OF THE INVENTION

[00B7] The present invention idis described herein with
reference to certain embodiments, but it is understood that

3

the invention can be embodied in many different forms and

[

should not be construed as iimited to the embodiments set
forth herein. These embodiments set forth methods and
devices pertaining to LED-based devices, for example, LED
chips comprising electrical connection vias. Embodiments

ude

-t

incorporating features of the present invention inc

-
1
1

reflective layers, such as fleoating mirror layers that

self-align with an electrical contact via during device
fabrication. This can eliminate the need for precise

placement of the mirror layer during device fabrication.

[00BB] Furthermore, as the self-aligned fleoating mirror
ayaers are floating, and thus substantially surrounding by
electrically insulating material, these mirror layers do

not need to be designed at a tolerance distance from the
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edges of the wvia, which typically arises due to concerns

3

with causing a device shoert and subseguent m

QE
[
h
o
3
@
ot
O
[

Thig increases the mirror area and eliminates lower 1ight
reflection in the proximity of electrical connection vias.
These two advantages lead to a higher 1light output design

with greater light ocutput uniformity.

[0058] In some embodiments, the self-aligned floating
mirror layer can  be formed simultaneously o©r near
simultaneocusly with an electrical connection via. In these
embodiments, the mirror layer is deposited on a
semiconductor active structure such that it is between two

layers of insulating material. A photoresist mask defining

an etch area is then deposited on the topmost insulating
layer, which in turn is on the mirror layer. The unmasked

portion of the layers 1s then etched through to the

semiconductor active structure so  that the electrical

{00801 In some embodiments accerding to the present

invention, LED chip structures are provided to enhance the
overall emission characteristics of LEDs. The emission
characteristics of LED chip structures having mnmirror

reflectivity are generally enhanced by limiting the amount

of dark or substantially non-reflective barrier material

around the periphery of highly reflective mirror
components., In LED chips having p-contacts with integral

c I
than ITO {(such as in the EZ family of chips

e
oy
©
B
-+

mirrors rat

-~
H
1

provided by Cree, Inc.}, the light extraction and EQE is
strongly affected by the reflective characteristics of the

mirror. For example, in a mirror comprised of Ni/Ag, the

16
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reflectivity is dominated by the properties of the Ag and

is believed to be around 90% reflective. This high

reflectivity can be counteracted by a bkarrier layer, which

T T TN
9

is used to prevent Ag migration during ocoperation of the LE

chip at high temperatures and/or in humid conditions. The
barrier lavyer, 1f allowed to extend substantially beyond

the periphery of the mirror, can significantly adversely
affect the reflectivity of the mirror since it generally
has a reflectivity of 50% or lower and can absorb many of
the photons that would otherwise be exiting and emitting

from the chip.

[0Gel] Thus, in certain embodiments of LED chip

structures according to the present invention, barrier
layers are provided that are patterned smaller than the
mirror layers they are protecting. As such, the barrier

layers are preferably no longer wrapping around th

D
I
-
{
0
D
O]

of the mirror, and thus are not exposed Lo light trapped
within the GaN active region. In stiill other embodiments,
there can be multiple sub~LEDs connacted wvia Jjunctions to
comprise one LED chip. In such structures, there will
necegsarily be a small portion of the barrier layer that is
exposed cutside a pertion of the mirror periphery in ozrder
to create a connection between the p-contact of one LED and
the n-contact of an adjiacent LED. In such embodiments, the
amount of the barrier that 1is exposed is minimized such
that at least 40% of the mirror periphery is free from the

barrier layer and its associated adverse effects. In other

0]

-

embodiments, at least 50% of the mirror periphery is free
from the barrier layer, while in other embodiments at least

60% is free from the barrier layer

.Y
~1
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(00621 In other embodiments, LED chips structures are

provided having a plurality of active
areas/porticns/regions {(“regions”} that can be provided on
a submount  having internal an integral electrical
interconnects +to connect the LEDs 1in different series

connections. In different embodiments, the active regions

can be distinct from h other, with each having its own

=]
W
Q
0
oy

set of oppositely doped layers and active layer not

otherwise connected to sgame layvers in the other active

[0063] The submcunt can also have a bkarrier layer that
does not extend beyond the edge ¢f or wrap around the
portions of the mirrecr layer, with the portion being
particularly below the primary emission area of the active
regions. This can help minimize the light that might be
abscrbed during operation, thereby increasing the overall

emission efficiency of the active regions.

s

[0064] The submounts internal electrical connecticns can be
particularly arranged to allow for interconnection of the

active regicns so that each 1is relatively close to the

adjacent ones of the active regions. During emission of the
monciithic LED chips according to the present invention,

the small space between the active regions reduces or

eliminates dark spcts between the active regions so that

the 1LEDs appear as a continuocus light source. This
arrangement allows Zfor monolithic LEDs that give the

appearance of a conventiconal filament light scource, while
at the same time maximizing the emission area of the LED

chips to increase overal
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[QG065] Some embodiments of LED chips according to the

present invention have a plurality of active areas regions

on a submount and buried electrical interconnects that can

present certain reliability problems, particularly under
high power operation. For example, 1in some of these

embodiments the buried electrical interconnects can

experience electromigration of certain lavers or materials
during operaticn, which can lead to degradation and

eventual failure of the device. One layer that can

experience electromigratio is the Dburied electrical
interconnect. To ddress this, some embodiments of the

present invention can be arranged to reduce, minimize oOr
eliminate this electromigration. Some embodiments can have
layers structure that allow for the use of materials for
the current carryin layer that resist electromigration.
3till other embodiments can have current carrying layers
made of multiple layers with the outermosi of the layers
having lower tendency to electromigrate. Still other
emboediments provide layers as an alloy of materials that

also helps minimize electromigration.

[0066] Tt will Dbe understood that when an element is

A\ ”

referred to as being “on”, “connected to”, “coupled to”, or

“in contact with” anocther element, it can be directly on,
connected or couple to, or in contact with the other
element or intervening elements may be present. in
contrast, when an element is referred to as being “directly

r

on”, “directly connected to”, “diresct

i...i
&
0
o)
o
e
=
®
Q.
ot
0
o}
]

“directly in contact with” another element, thaere are no

-
1
L

intervening elements present. Likewise, when a first

AN}

element 1s referred to as being in electrical contact

with” or “electrically coupied to” a second element, there

19
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is an electrical path that permits current flow between the
first element and the second element. The electrical path
may include capacitors, coupled inductors, and/or cother
elements that permit current flow even without direct

contact between conductive e

[0067] Although the terms first, second, etc. may be used
herein to describe wvarious elements, components, regions,

and/or sections, these elements, components, regions,
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,

component, region, or section from another element,

component, region, or section. Thus, a first element,
component, region, or section discussed below could be

termed a second element, component, regions, or section

without departing from the teachings of the present

B
L

[0068] Embodiments of the invention are described herein
with reference to¢ cross-sectional wview illustrations that
are schematic illustrations of embodiments of the
invention. As such, the actual thickness of components can
be different, and wvariations from the shapes of the
ililustrations as a result, for example, of manufacturing
technigques and/or tolerances are expected. Embodiments of
the inventicon should not be construed as limited to the
particular shapes of the regions illustrated herein but are
to include deviations 1in shapes that result, for example,
from manufacturing. A region illustrated or described as

square or rectangular will typically have rounded or curved

features due to normal manufacturing tolerances. Thus, the
regions illustrated in the figures are schematic in nature

[N
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and their shapes are not intended to illustrate the precise
shape of a region of a device and are not intended to limit

the scope of the invention.

[0068] It is also understood that when an element such as a
ver, region or substrate 1is referred to as being “on”
ther element, it can be directly on the other element or

no
intervening elements may alsc be present. Furthermore,

lative terms such as “inner”, “outer”, “upper”, “above”

“lower”, “beneath”, and “below”, and similar terms, may be

used herein to describe a relationship of one layer or
another region. It is understood that these fterms are

intended to encompass different orientations of the device

in additicn to the orientation depicted in the figure

6]

°

(G070} It is understood that when a first element is
referred to as being “between,” “sandwiched,” or

e
“sandwiched between,” two or more other elements, the first
element can be directly between the two or more other
elements or intervening lements may also be present
between the two or more other elements. For example, 1if a
first layer is “between” or “sandwiched between” a second
and third layer, the first layer can be directly between
the second and third layers with no intervening elements or
the first layer can be adjacent to one or more additional
layers with the first layer and these additional layers all

between the second and third layers.

00711 In order to use an LED chip in a circuit or other
like arrangement, it is known to enclose an LED chip in a
package Lo provide environmental and/or mechanical

protection, color selection, light focusing and the like.

[R)
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It is understood that the term "LED" can be used herein to
refer to an LED chip, LED component, and LED package

interchangeably. An LED package can also include electrical
leads, contacts or traces for electrically connecting the

LED package to an external circuit.

[0072] 1ED structures, features, and their {fabrication and
operaticn are generally kncocwn in the art and only briefly
discussad herein. LEDs can have many different
semiconductor layers arranged in different ways and can
emit different ceolors. The layers of the LEDs can be

fabricated using known processes, with a suitable process

being fabrication using metal organic chemical wvapor
deposition (MOCVD). The layers of the LED chips generally

comprise an active layer/region sandwiched between first
and second oppositely doped epitaxial layers, all of which
are formed successively on a growth substrate or wafer. LED
chips formed on a wafer can be singulated and used in
different application, such as mounting in a package. It is
understood that the growth substrate/wafer can remain

a
part of the final singulated LED or the growth substrate

00731 1t is alsc understood that additional layers and
elements can alsc be included in the LEDs, including but
not limited to buffer, nucleation, contact and current
spreading layers as well as light extraction layers and
elements. The active region can comprise single guantum

well {SQW) , multiple gquantum well {MOQW) , double

hetercostructure or super lattice structures.

[+
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(00741 The active region and doped layers may be fabricated
from different material systems, with one such system being
Group—-III nitride based material systems.
nitrides rafer to those semiconductor compounds formed
between nitrogen and the elements in the Group IIT of the
periodic table, usually aluminum {(Al), gallium ({(Ga), and
indium {(In). The term also refers to ternary and gquaternary
compounds such as aluminum gallium nitride (AlGaN}) and
aluminum indium gallium nitride (AlInGalN}. In a possible
embodiment, the doped layers are gallium nitride (GalN} and

-
H
A

the active region is InGaN. In alternative embodiments the
doped layers may be AlGaN, aluminum gallium arsenide
(AlGaAs) or aluminum gallium dindium arsenide phosphide

{(AlInGaP)

(AlGalInAsP) or aluminum indium gallium phosphide

[00785] The growth substrate/wafer can be made of many
materials such as silicon, glass, sapphire, silicon
carbide, aluminum nitride (AIN), gallium nitride (Gal),
with a suitable substrate being a 4H polytvpe of silicon

carbide, although other silicon carbide polytypes can also

=)

be used including 3C, 6H and 135R polytypes. Silicon carbide
has certain advantages, such as a closer crystal lattice
match to Group IIT nitrides than sapphire and results in
Group IIT nitride films of higher quality. Silicon carbide
alsc has a very high thermal conductivity so that the total
output power of Group~III nitride devices on silicon
carbide is not limited by the thermal dissipation of the
substrate (as may be the case with some devices formed on
sapphire). SiC substrates are available from Cree Research,

Inc., of Durham, North Carolina and methcds for wproducing

X
W
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them are set forth in the scientific terature as well as

1i
in a U.S. Patent Nos. Re. 34,861; 4,946,547; and 5,200,022,

(00761 1EDs can alsco comprise additional features such as
conductive current spreading structures, urrent spreadin

t
layers, and wire bond pads, all of which can be made of
known materials deposited using known methods. Some or all
of the LEDs can be coated with one or more phosphors, with
the phosphors abscorbing at least some of the LED light and
emitting a different wavelength of light such that the LED
emits a combination c¢f light from the LED and the phosphor.
LED chips can be coated with a phosphor usin many

different methods, with one suitable method being described

b=

U.S. Patent BApplications Serial Nos. 11/65¢,759 and

in
11/899,790, both entitled ®Wafer Level Phosphor Coating

Method and Devices Fabricated Utilizing Method”, and both
of which are incorporated herein by reference.

Alternatively, the LEDs can be coated using other methods
such as electrophoretic deposition (EPD), with a suitable
EPD method described in  U.S. Patent Application No.

11/7473,089 entitled ™“Close Loop Electrophoretic Deposition

e

»E£  Semiconductor Devices”, which 1s also 1ncorporated

herein by reference,.

(6077} Furthermore, LEDs may have wvertical or lateral

s known 1in the art. Those comprising a

[SH

geometry as

vaertical geometry may have a first contact on a substrate

]

and a second contact on a p-type laver. An electrical

-

signal applied to the first contact spreads into the n-type

3

layer and a signal applied to the second contact spread

n

into a p-type layer. In the case of Group~III nitride

deviceg, it dis well known that a thin semitransparent

[
o
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....1

covers some

or

ly

o0 that t

contact

[0078]
both

ILEDs may also c

contacts are on the top of

p~type layer and active region

etching,

to expose a contact messa

second lateral n~type contact is

the The contacts

de

n~-type layer. compri

deposited

using known osition technigu

~

FIG. 7

fe)
<

-t

show one

n

07%] ik embo

S

n

Ppc

according to the present

comprises a GaN active

104, a metal barrier 106,

a rex str

and lective metal 110. The

7
i

is intentionally simplified for ill

-

and 1t is understocd that a

inventicon could include additicnal comp

above or below detail and/or

the and lik incl

di

art, ewise

(@]

materials as scussed above r below

the entire p-type

can

he

diment
invention.

region 102,

chip accordi

ude
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layer. It 1is

-

include such a

(Pt} or

indium tin oxide

gecmatry, wherein

A portion of the

such as by

layer. A

n-type

provided on the mesa of

se known materials

8
S .

a LED chip
140
Ni/Ag-based

08,

o
chip
a

-

an insulator 1

ucture depicted in FIG.

ustrative purposes,

to the

present

disc

ng

.

sed

G

U)

u
\i\’ell ]xu\JWH _Ll'l
other suitable

in

Thus, 1t is understocd that additicnal layers and elements
can also be incorporated, including but not limited to
buffer, nucleation, contact and current spreading layers as
well as light extraction layers and elements. It is also
understcocod that the oppeositely doped layers can comprise
multiple layers and sub-layers, and well as supper lattice

structures and inter layers. The

[~
(@3}

active reg:

=

?"‘u

e}
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comprise
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single guantum well (SQW), multiple guantum well (MQOW),
double heterostructure or super lattice structures. The
order of the layers can be different and in the embodiment
shown, the first or bottom epitaxial layer can be an n-type
doped layer and the second or top epitaxial layer can be a
p-type doped laver, although in other embodiments the first
layer can be p-type doped and the second layer n-Lype
doped. Embodiments where the p-type layer 1s the bottom
layer typically correspond with LEDs that are flip-chip
mounted o¢on a submount. In flip-chip embodiments it is
understood that the top layer can be the growth substrate,

and in different embodiments all or a portion of the growth

substrate can be removed. In those embodiment where the
growth substrate iz removed, the n-type doped laver 1is

-
H
A,

exposed as the top surface. In still other embodiments
portions of the growth substrate can be left and in some
embodiments can be shaped or textured to enhance light

extraction.

(00801 EBach of the LEDs in the chips discussed herein can
have first and second contacts, and in the embodiment shown
in FIG. 7, the LED has lateral geometry. As such, the LED
can be contacted from one side or surface of the LED,

instead of top and bottom surfaces as 1is the case for

o

vertical geometry. The first and second contacts can
comprise many different materials such as gold (Au), copper

{(Cu} nickel (Wi}, indium (In}, aluminum ({(Al), silver (Ag},

or combinations thereof. i1l c¢ther embodiments can
comprise conducting oxides and ~ransparent conducting

oxides such as indium tin oxide, nickel oxide, =zinc oxide,
cadmium tin oxide, titanium tungsten nickel, indium oxide,

a,

tin oxide, magnesium oxide, ZnGasCy, 7nG,/8b, Gay03/8n,

[N
(o3
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AgInC;/Sn, In:03/7n, CulAll;, LaCulS, CuGal; and S$SrCuz0,. The

-
H
A,

choice of material used can depend on the location of the

contacts as well as he desired electrical characteristics

such as transparency, junction resistivity and sheet

resistance,

(00817 Some embodiments of 1LED c¢hips according to the

present dinvention can have c¢ther features, and Group-IIT

nitride based LEDs, for example, can have other features to
assist in spreading current from the contacts. This 1is
particulariy applicable t¢ spreading current into p-type
Group~IIT nitrides and the current spreading structure can

comprise thin semitransparent current spreading layer
covering some or the entire p-type layer. These layers can

imited tc a

comprise different materials including but not
metal such as platinum (Pt} or a transparent conductive

rxide such as indium tin oxide (ITO).

o

(00821 sSubmounts can be formed of many different materials

et

icon, ceramic, alumina, aluminum nitride,
silicon carbide, sapphire, or a polymeric material such as
polymide and polyester etc. In other embodiments the
submount can 1include a8 highly reflective material, such a

reflective ceramics, dielectrics or metal reflectors like
gsilver, to enhance light extraction from the component. I

other embodiments the submount can comprise a printed
circuit board (PCB)Y, or any other suitable material, such
as T-Clad thermal clad insulated substrate material
available from The Rergquist Company of Chanhassen, Mi
For PCB embodiments different PCB types can be used such as

standard FR~-4 metal core PCB, or any other ty

73

e of printed

clrcult beoard.

[N
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[G083] In LED chip 100, the barrier layer 106 does not wrap
around the edges of the mirror 104 as it does in the prior
art. Instead, the barrier layer 106 1s patterned smaller

than the mirrcr 104 such that it is not exposed to the

ight emitted toward the mirror or trapped inside the GaN

region 102, In some embodiment, most of the barrier 106
may be removed in at least one embodiment sc long as the

insulator 108 fulfills the duties ¢of the barrier 106. The

reas of the mirror 104 no longer bordered by the barrier

et

106 are instead surrounded by insulator 108, with the

insulatoer being crucial for preventing Ag migration from
the mirrcr 104. As such, the sulator 108 preferably has

}__.l

high density, high bond strength, ow moisture

permeability, and high resistance to metal dion diffusion.
Additionally, the interface between the insulator 108 and
io

the Gal v 102 is critical, as a weak interface can

R
©
O

P

lead to Ag migration despite having an insulator 108 of

..3..

iigh quality. Moreover, the insulator 108 may be optically
transparent, and helps space the reflective metal layver 110

from the mirrcr 104.

-
H
A,

[0084] Below the insulator 108, a reflective metal laver

110 may also be disposed such that it forms a composite
barrier with the insulator and preferably has significantly

higher reflectivity than the metal barrier 106, Any light

incident on the compesite barrier at high angle may
experience total internal reflection at the GaN/insulator

interface due to the refractive index difference, while low
angle light may get reflected off the bottom reflective

£

ayer 110. The reflective layer 110 preferably consists of

a high reflecti y metal such as Al or Ag, although it is
understood that other suitable materials may also be used.

[N
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The reflectivity of the composite barrier may be greater

than 80%, or alternatively may be greater than 90%.

(00851 The insulator 108 may have low optical absorption
and a low refractive index in order for the composite
barrier to be highly reflective. Since the optical and
reliability reguirements of the insulator 108 may be at

odds with one another, the insulator may comprise Lwo or

more distinct lavers {not shown}. For exanmple, the
insulateor 108 may comprise a thin layer having propertie

optimized to prevent Ag migration in places where 1t is in

contact with the mirror 104 and the GaN regicon 102, and the

insulator 108 may compri

6]

e a second, thicker layer having a

low index of refraction in between the reflective metal 110

and the thin laver. As such, total internal reflection can

occur at the interface between the thin and thick insulator
layers, rovided the thicker layer 1s at least a few
optical wavelengths thick. A suitable thickness for the

thick insulator

-t

ayer may be between 0.5-lum. In another
example, the iInsulatcor 108 may comprise three distinct
layers, such as the first twoe as discussed above and =z
third layer in between the thick layer and the reflective
metal layer 110, with the third layer being optimized for
good adhesion to the reflective metal layer 110. In yet =a
further example, a composite barrier may comprise more than
three insulator layers, in which reflectivity of the
composite barrier is further increased by alternating high

ow refractive index insulator materials.

-t

and

[0086] The insulator 108 may be comprised of many different

suitable materials, including an oxide, nitride, or

H

oxynitride of elements $i or Al. In insulators comprising

[N
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two layers as discussed

comprised of an

second, thicker

index material

o
=

{=mnt

lavers, th materials may

insulator, with the third 1la

layer 110

the

metal comprisaed of

fit requirements for

insulato & di sed

<
Pl

n

s Cu

6]

s

above,

suitable materials may alsoc be

context of the present inventio

8

00873 FIG. depicts

according to the present inv

-
H
AL

conmprise al e components

as

5
1
w2 1

described with

122,

1so, chip
GaN

28,

region

-

cl

=t

an insulator and

3 d

et

iowever, FIG. her

to location coutside

&

132. As indicated above, the

above,

be

as
104,

miz

epicts

the Junction
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the layer may be

Ti while the

or Ta,

of a low refractive

<

rs Rl

s

nsulato comprising three

the =zame as a two-layer

-
£

ver adjacent the eflective

SiN. While these materials

single or mwmulitiple layer

stood that other
ed

it isg under

used and contemplated in the

.

embodiment of a LED chip 120

rention. The <chip 120 may

discussed with chip 10

LED chip 120 &

124,

comprises

metal barrier

la

rroxr a2

aye

=t

pe]

lective metal 3

I

re er

>

a p-contact being connected

Py

a via

conne

O

O

“hirough ~ion

-
1
i

mirror 124 may also serve as

the p-contact for the LED. For purposes of connecting the
p~contact to a location outside the Jjunction, the metal

barrier 126 may go outside the periphery of the mirror 124
and the GaN region 122 junction. This section can then be
coupled to the wvia connection 132, so that an electrical
signal applied to the mirror 124 conducts through the via
132 to the extending portion {illustrated by the

crosshatched portion 127 of the barrier 12¢}) and to the GalN
region. If the section of the metal barrier 126 extending
ocutside he periphery of the mirror 124 is sufficientiy
small and narrow compared to the overall length of the

(@]
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mirror’s eriphery, then the poor reflectivity of the
barrier 126 will have a negligible impact on light

extraction. In one embodiment, the width o¢f the barrier

-t

126 portion 127 cutside the mirror 124 periphery is ~20um

[008BY] FIG. 9 depicts another embodiment of a LED chip 140
according to the present invention, with chip 140 bheing =z
multi~junction chip. Providing such a multi-junction chip
is one way to get an array of LEDs having high output on
higher wvoltages. The chip 140 may comprise all the
components as discussed with chip 100. Also, as described

with chip 100, LED chip 140 comprises GaN regions 142, Ag-

based mirrors 144, metal barriers 146, an insulator 148,

and a reflective metal layer 15C. However, FIG. ¢ further
depicts a p-contact being connected tce the n-~contact 154 of

an adjacent junction.

-3
i
-

(008381 2s indicated above, the mirror 144 may also serve as
the p-contact for the LED. For purpoeses of connecting the
p-contact to the n-contact 154 of an adjacent junction, the

metal barrier 146 may go outside the perighery of the

-t

mirror 144 and the GaN region 142 junction. If the section

147 of the metal Dbarrier 146 extending outside the
Py

periphery of the mwmirror 144 1s sufficiently small and

narrow compared to the overall length of the mnmirror’s

periphery, then the poor reflectivity of the barrier 146
will have a negligible impact on light extraction.
Furthermore, the portion 147 of the metal barrier 14¢ may
alsc be used to form a wire bond for connecting the p-

contact to a package terminal. It is alsc noted that the

metal barrier 146 does not have to cover a majority of the

(o8
=t
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underside of the mirror 144 as depicted in the figures. In
some embodiments, the mirror 144 may be substantially
eliminated, and can be in contact with the mirrcor 144 in

small section sufficient to form a good electrical

C
-
b
o

{0080 LED chip 140 further comprises passivation layers

152, with the characteristics of passivation

known in the art. The passivation layers 152 may Dbe
comprised of SiN, which 1s a suitable material for

providing moisture resistance to the chip. However, it is
understood that other appropriate materials may be used,;

such as S$10,. 8510, is not as moelisture resistant as SiN.

(00811 FIG. 10 depicts a monolithic LED chip comprising a
plurality of LEDs and a plurality of contact vias 162 as is
discussed in more detail below with respect to FIG. 12.
When compared to FIG. &, it can be readily observed that
the dark circles in FIG. 6 caused by the exposed portion of

barrier layers 64 have been virtually eliminated in FIG.

10. This is because the barrier layers in FIG. 10 {not

viewable from this perspective), have been made smaller
than the mirror lavers, and are thus not exposad and/or are
minimally exposed at the periphery of said mirrors. Due to
the reduction of the exposed bkarrier layers, any dimming
effects of the barrier layers are substantially reduced

and/or eliminated.

[0082] FIG. 11 depicts another embodiment of a LED chip 200

p_a

sccording to the present invention. The <chip 200 may
comprise all the components as discussed with chip 100.
2

-
H
A,

FIG. 11 may further include a roughened n-GaN lay

Y
p-GaN layer 204, & mirrcor layer 206 (which may also serve
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as the p-contact for

dielectric barrier layer
carrier

218, 220

layer 214,

{(with layer 220

n-contacts 222, 224 on
discussed above,
extraction.

{0083} As illustrated,
sized smaller than

ne

AuSn

the roughened

the

the mirror 206.

LED) a barrier
210, a bond metal
ilayer 216, x

barrier

such sizing of the barrier layer
the light-absorbing effects inherent in laye

helps eliminate many

PCT/US2016/048069

208,
212, a

layer

layer

passivation layers

at least partially roughened), and
the roughened GaN layer. As

208,

turn improves the overall emission and efficiency of the
LED chip 200. In this embodiment (as well as in others),
the characteristics of brarrier layer 208 may allow it to
act as a current spreading layer as well as a barrier for
Ag migration and/or a protective layer for mirror 206, such
that bond metal layer 212 is isclated from mirror 206 and
thus does not dissclve into mirror 206. Bond metal layer
212 may be at least partially comprised of tin, which may
otherwise dissclve into the mirror 206 but for the barrier

Bond metal layer

212 may further b
highly refiective as

S

reflective,

[0084] Passivation layers 218 are disposed on the sidewalls
of the active region, providing sidewall passivaticon as is
well known in the art, Pagsivation layers 218 may be
comprised of  SiN, which exhibits favorable moisture
resistive characteristics. However, it is understood that
other suitable materials are also contemplated.
Passivation layer 220 may also be disposed over the device
as shown to provide physical protection to the underivying
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components. Passivation layer 220 may be comprised of 510y,
but 1t is understood that other suitable passivation

materials are alsoc contemplated,.

[N

[0085] The dielectric barrier layer 10 is provided, at

least 1in part, to protect/isolate the mwmirror 206 nd
portions of barrier 208 from the bond metal layer 212. The

dielectric layer may be transparent, and/or may comprise

different dielectric materials such as 8SiN, 85i0,, 85i, Ge,
MgOx, MgiNx, nC, SiNx, Si0x, alloys or combinations

thereof. The dielectric layer 210 may also extend further
under barrier 208 as depicted by the crosshatchad sections

0

3
D

[ee]

under barri

H
o
H

i

[0086] FIG. 12 depicts another embodiment of a LED chip 230
according to the present invention. The chip 230 may
comprise some or all of the components as discussed with
the other chip embodiments. However, the Dbiggest
difference between chip 230 and the other chip embodiments
is that n-contact vias are provided as shown in FIG. 12,
with the wvias not shown in FIG. 13 for ease of
illustration. The wvias allow for the removal o¢f the n-
contact metal on the topside o¢f the device and the n-~
contact isg essentially embedded within the device and
y accessibly from the bottom of the chip. With
less topside metal to ©klock light emissiocn, improved
brightness can be realized. Furthermore, the barrier metal

outside the periphery of the mirror is eliminated and/or

b=

substantially reduced, which further contributes to the

emission eoffi

i..l
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(00871 The vias according to the present invention can be

g

formed using conventiocnal methods, such as etching to form
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the openings for the vias and photolithographic processes
for forming the via. The vias take only a fraction of the

area on the LED chip that would be needed for a wire bond
pad. By using one or more vias in place of a wire bond pad,
ess of the active area is removed and fewer emission
blocking metal for contacts 1is leocated on the topside of
the device. This leaves more LED active area Zfor light
emission, thereby increasing the overall efficiency of the

LED chip.

[0088] It is also understood that different embodiments can

<

have more than one via and the wvias c¢an be 1in many

-~
H
1

different locations. In those embodiments having multiple
vias, the vias can have different shapes and sizes and can

extend to different depths in the LED. It is also

understood that different embodiments can also comprise

vias used in place of the first wire bond pad.

(00881 FIG. 12 may further include a roughened n-GaN layer
232, p-GaN layers 234, mirror layers 236 {(which may also
serve as the p-contact for the LED}, barrier layers 238,
rassivation layers 240, 241, an n-contact 242, barrier
layer 244, a bond metal layer 246, a carrier layer 248,
AuSn layer 250, and passivation layer 252. As discussed
above, the roughened layers assist with improved 1light

extraction of the device.

[00100] Az with other embodiments discussed herein, the
barrier layers 238 are sized such that they are smaller
than the mirror layers 236 and/or are gprevented from
extending beyond 40% or more of the periphery of the
mirrors 236. The Dbarrier layers 238 may be further

provided tce form a contact at the topside of the device for

(O8]
(@3}
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the p-contact integral to at least a portion of mirrors
236. As best shown in Furthermore, the barrier layers 238

may help spread current laterally through the device since
the mirrors 236 may be too thin to effectively spread

current.

{00101} The Dbarrier layer 244 wmay be provided as a

protective layer for n-contact 242, such that bond metal

layer 246 is isolated from n~contact 242 and thus does not
dissolve into or otherwise adversely react with n-contact

242 . Barrier layer 244 may be comprised of TiW/Pt, although

it is understood that other suitable materials are
contemplated. In some embodiments, barrier layer 244 may
not be necessary depending on the material make-up of the

n-contact 242 and bond metal layer 24¢. The n—-contact may
be comprised of a wvariety of suitable materials, with
preferred materials being reflective fo further enhance the
light emission of the device. As such, n-contact 242 may

be comprised of Al, Ag, or other reflective materials.

(I)

Bond metal layer 246 may further be reflective.

[00102] Passivation layers 241 are disposed on the sidewalls
of the active region, providing sidewall passivation as is
well known in the art, Passivation layers 240, 241 may be
comprised of @ SiN, which exhibits favorable moisture
resistive characteristics. However, it is understood that
other suitabkle materials are also contemplatad.
Passivaticn layer 252 may alsc be disposed over the device
as shown to provide physical protection to the underlying

components. Passivation layer 252 may be comprised of SiQy,

but it is understood that other suitable passivation
materials are also contemplated.
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[60103] FIG. 13 is a top view of the LED chip 230 shown in

g

FIG. 12, with FIG. 13 showing the n-type layver 234 and the
outer edge of t

he mirror 236 below the n-type layer and in
phantom. FIG. 13 alsc shows the outer edges of the barrier
layer 238 with the areas not exposed shown in phantom as
further described below. The remaining layers, vias and
inner adges of the barrier layer and mirror layers are not
shown for ease of illustration. As mentioned above a

poerticn of the barrier laver 238 may serve as the ~type
Y Y K Y&

-

ce. In some embodiments a

.

contact at the topside of the dev:

portion of the barrier laver can be exposed for coentactin
and in the embodimen shown the LED chip layers can be

removed above a portion o¢of the barrier layer. In one
embodiment the layers above the barrier layer 238 can be
etched to the bkarrier layer 238, thereby forming an exposed

barrier layer region 260. The exposed region 260 can be in

many different locations and c¢an have many different
shapes, with the embodiment shown being at a corner of the

LED chip 230.

[00104] Exposing the barrier layer in this manner provides

advantages such as ease of contacting, but can alsoc present
the danger of moisture or contaminants entering the L1E

layers along the surfaces or edges in the exposed reglon
260. This moisture or contaminants can negatively impactk
the lifetime and reliability of an LED chip. To help reduce
this danger, steps or transitions can be included as part
of the barrier layer that can inhibit or eliminate the
amount of moisture or contaminants that can enter the LED
chip. The steps or transition can take many differen

shapes and sizes. Different LED chips can have differen

[oN
o

numbers of steps or transitions and they can be included in

o

(o8]
~1
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different locations on the barrier layer. In still other

6]

embodiments, steps or transitions can be included in other

aye

=

S.

[00105] FIG. 14 shows another embodiment of an LED chip 270
that i1s similar to the LED chip 230 shown in FIGS. 12 and
13. The LED chip 270 has an n-type layer 234, mirrcor layer
236 and barrier layer 272, with the other lavers and
features not shown for ease of illustration. N-type layer
234 and mirror layer 236 are similar to those in LED chip
230 as shown in FIG. 13. Barrier layer 272 1is also similar
to barrier layer 236 in FIG., 13 and can be contacted
through the exposed region 274. The barrier layer 272 has
Ltwo steps 276 along the edge of the barrier layer 272 that
help reduce or eliminate moisture or contaminants that can

I'a)

enter the LED chip 270 along the edge of the barrier layer

[0010&] For the embodiments shown in both FIGS. 13 and 14

the exposed area of the barrier laver results in a portion
of the barrier layer being uncovered such that it may
absorb some LED chip light. The amount of exposed barrier

can be minimized to minimize the impact of the light
abscrption, with the periphery of the mirror being free of
the barrier layer in the percentages described above. In

some embodiments, the exposed portion of the barrier layer

can be less that 20% of the overall barr layer surface.
In still other embodiments it can be less than 10%, while

in other embodiments it can be less than 5%.

00107] The barrier layer can have many different shapes and

@] ooy
V]
3

be arranged 1in different locations relative to the

other 1layers o¢f the LED chips according to the present
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invention. FIG. 15 shows another embodiment of an LED chip
280 according to the present invention that 1s similar to

the LED chip 270, and shows an n-type layer 234 and mirror

-
)

layer 236. In this embodiment, however, the barrier layer
282 extends beyond that mirror layer 236 along two edges of
the mirror layer 236, and the barrier layer can extend

beyond the mirror layers in different Ilocations of LED

[
D

chips. To still have the desirable emission efficiency of

the LED chips, the exposed portions of the barrier layers

can be relatively thin fo reduce the light absorbing
surfaces. In scme emboediments more than 75% of the exposed

edges can be less than 3 microns wide. In other embodiments
90% can have this width, while in other embodiments 100% of
the exposed edges can have this width. The exposed width
for these percentages c¢an alsc be different in other

han 4 microns or less than 2

ct

embodiments, such as less

microns.

[G0108] The present invention can be used in many dif
lighting applications, and in particular these using a
small sized high output light scurce. BSome of these
include, but are not limited to, general illuminat
outdoor 1lighting, flashiights, white LEDs, street light
architectural 1lights, home and o¢office lighting, display

-
1
1

lighting and backlighting.

[00108] Different embodiments of LED chips can be arranged
in many different ways and can be used in many different
applications according to the present invention. Some of
these LED chips can comprise one o¢or nmore active regions
that can be interconnected in different ways, with some

embodiments comprising a plurality of active regions on the
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same submount and interconnected to form high luminous flux
emitters operating from relatively high voltages. In some

emboediments, the active regions can be coupled together in

sk

a linear fashion to provide a light socource similar to

filament source. By providing the active regions on a

.

single submount, the space between adjacent LEDs can be
minimized. When the active regions emit during operation,
the dark spaces between adjacent ones of the active regions
can be minimized to give the source the appearance of

light socurce.

[0G1l10] In some embodiments, the active regions can be

formed as a wafer and then mounted (e.g. flip~chip mounted)

on the submount. The submoun can comprise internal
electrical interconnects and insulation layers to allow for
serial interconnection of LEDs without the need for

external interconnects such as wire bonds. In other
emboediments, the wafer with the active regions can comprise
internal interconnections and/or insulation layers for

interconnection.

(00111} In embodiments where the active regions are mounted

on the submcount in wafer form, the spaces or streets can be
formed in the wafer to form the individual active regions.

The active region and submount combination can ke further
processed by dividing or dicing the desired number of
active regions. For example, an active region and submount
combination with four linearly arranged active regions
from the wafer active region and
gsubmount combination. Contacts can then be formed on the
LED chip for applying an electrical signal to the LED chip

during operation.
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h

[00112] In still other embodinments, the desired

'.Cc

oup of
active regions can be separated from the active region
wafer and then mounted on the submount. For example,

a
active regions can be separated

linear arrangement of four
from the active region wafer and then mounted (e.g. flip-
chip mounted) to a submoun appropriately sized and

arranged to accept the four active regicons. In still other
emboediments, individual active regions can be mounted on

submount.

001137 The monolithic LED chips are described herein with

raference to series conneactions, but it is understocd that
the active regions can be interconnected in different
series and parallel combinations. The different embodiments
of the present invention can be arranged in many diff

ways with many different features. Some embodiments can
comprise barrier layers as described above, with the
barrier layer in some embodiments not extending, or
minimally extending, beyond the edge of the mirror as
described above in certain areas {e.g. below the emission

area of the active regicn). This can help mnminimize the

amount of light absorbed by the barrier layer, thereby

ot
0
=
e
[©]
n
i_.l
O
3
0]

increasing overal efficiency.

[G0114] FIG. 16 is a sectional view of one embodiment of a
monolithic LED chip 300 according to the present invention.
The LED chip 300 can comprise many different features an
layers, most of which are not shown for ease of
description. The LED chip 300 comprises a plurality of
emitting active regions 302 mounted on submount 304. As
mentioned above, in some embodiments the active regions can

be mounted on the submcount in wafer form or portion of the

I=N
Jent
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wafer comprising a group of active regions. In still other
embodiments, individual active regions can be mounted to
the submount 304. In embodiments where an active region
wafer or portion of an active region wafer is mounted to
the submount 304, the individual active regions can be
separated on the submeount 304 by kneown methods such as
etching, cutting or dicing. The side surfaces of the
resulting active regions can be angled or shaped, and the

distance between adjacent active regicns 1s relatively

small. In some embodiments, the distance can be 15 microns
{11y or less or less, while in other embodiments it can be

10u or less. In still other embodiments, it can be 5p or
less, and in other embodiment is can be 1up or less. Some

embodiments can also have a space in the range of 1 to

.05p. The space can have different percentage of a width of
the active regions with some embodiments having a space
that is approximatel 15% or less of an active region

width, while in other embodiments +the space can be
approximately 10% or less. In still other embodiments the

her embodiments

cr

space can be 5% or less of a width, while o©
can have a space that is 2.5% or less of a width. Other
embodiments c¢an have a space that is 1.5% orxr less of a
width, with some embodiments having a space that 1is
approximately 1.1% of an active region width. These are

n

}..A B

cme cof the ratios and dimensions that can be used

n

only

different embodiments according to the present invention.

[0G11B] The submount 304 can also contain dintegral an
internal electrical interconnects 306 arranged to connect
the active reglions in series. In some embodiments this can
comprise a number of vias and electrically conductive paths

or layers coupled together in different ways to provide the

42
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desired Iinterconnect scheme. The LED chip 300 can also
comprise first and second contact pads 308, 310 for
applying an electrical signal to the LED chip 300. The
first contact 308 can be either a p-coentact or an n-
contact, with the second contact 310 being the other of the

-
H
A,

p-contact and n-contact. In some embodiments, the LED chip
300 alsoc comprise contact interconnects 312 for conducting
an electrical signal from the first contact pad 308 to the
first of the active regions 302, and for conducting an

electrical signal from the last of the active regions 302

[001168] The arrangement allows for an electrical signal to
be applied to the LED chip 300 across the first and second
contacts 308, 310. The LED chip 300 can alsc comprise one
or more insulating layers 314 to electrically insulate the
active regions 302 and interconnects 306, 312 from any
conductive elements below the insulating layer 314. In some
embodiments, other insulating lavers can be included such

that at least a portion of the interconnects 306, 312 are

t

fnd
3
c

surrounded by sulating materials, with those portions

buried in the dinsulating material. The LED chip 300 can
alsc comprise a substrate 316 and bonding layer 318 for

adhezion between the substrate 316 and the layers above the

substrate 316.

[00117] The L1LED chip 300 can operate from an electrical

signal that 1s approximately egqual to the sum of the

o

iunction voltages of the active regions 302. Other factors

-

contribute to the operating voltage, with the voltage

@]
o+
}..A

Oons. in  sonme

Q2
(D

nerally scaling with the number of jun

[O%]
[

embodiments each of the active regions 302 can have a

43
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junction wvoltage of approximately 3V, such that the

electrical signal applied to the active regions can be

approximately egual to 3 times the number of ctive

regions. In some embodiments, the LED chip can have four
active regions so that the LED chip operates from an

approximate 12V electrical signal.

[00118] The LED chips according to the present invention can
be fabricated in many different ways according to the
present invention. FIG. 17 shows the LED chip 300 at an
intermediate manufacturing step where in some embodiments
the active reglons can be formed separately from the

having buried interconnects

pre

submount 304, with the submount

306, 312, insulating layer{s) 314 and contacts 308, 310.

The active regions 302 can then be mcunted to the submount
in contact with interconnects 30¢, 312. The active regions
302 can then have spaces formed between adjacent ones of

the active regions, with the spaces formed either before or

after mounting on the submount 304

[G0118] FIGS. 18 and 1% show another embodiment of a
monolithic LED chip 320 having many of the same features as

LED chip 300. For these same features, the same reference

numbers are used  with the understanding that the
description above applies to  the feature in  this

embodiment. In this embodiment, the active regions 302 are
formed with interconnects 306, 312, insulating layer{s) 314
and contacts 308, 310. Like the embodiment above, at least
a portiocn of the interconnects 306, 312 are buried in or
surrounded by insulating material to electrically iscliate
them from other features in the LED chip 320. This

structure can then mounted to a separate substrate and

44
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bonding layer structure

chips 320 with serially inte

[00120] Different LED

ent

chip

invention can

layers of different materials

20 shows

according to the

interconnected

active regi

other monolithic LED

numbers ©
regions 352 can have

meunted on a submount

features and

9]
)
3

materials.

(00121} The active regions

different material

from a Group~IITI nitride

regions 352 can comprise

example, a GaN active stru

-t

11“"1:.. yp

of the

ayer

active regions can

that can be many

carbide or
extraction
commercially

Cree, 1Inc. In the
removed and the n-type

to enhance light extraction.

[00122] The active regions

spreading layer

322

have

another embodiment of

chip rs

with

an
cture having a p-type
360 and an active
al
different
and can
such
ava
embodiment shown,

layer 360

352

364 that is on the p-type
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to form the monclithic LED
rconnected active regions.

"

~+
-
-
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embodiments according to

many different features and
arranged in different ways.

a monolithic LED chip

two
that
many ifferent

ons. The active
can be
that

of

can have man Y

many differen

352 be

I

can made rom many

"

the emboediment shown being

system. The chive

h

active structure 356, “or

-~

iayer 358,

layer 36Z. Some embodiments

o comprise a growth substrate

&)

materials

he shaped Lo

the substrate

shaping

ila DA line of LEDs from

the substrate can be

can be shaped or textured

can also comprises a current
layer 358 such
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that when the active regions 352 are mounted on the

submoun 354, the LED current spreadin layer 364 1is
between the active structure 356 and the submount 354. The
current spreading laye 384 can comprise many different

materials and is typically a transparenit conductive oxide
such as indium tin oxide (ITO) or a metal such as platinum
{Pt), although other materials can alsc be used. The
current spreading iayer 364 can have many different

<

thicknesses, with the present invention having a thickness
L4 v

small encugh to minimize absorption of light from the
active structure that passes through the current spreading
layer. Some embodiments of the current spreading laver 364
comprise ITO having thicknesses less than 1000 angstroms
(A), while other embodiments can have a thickness less than
700A. Still other embodiments can have a thickness less
than 500A. 8till other embodiments can have a thickness in

o

the range of 50 fteo 300A, with some of these embodiments

havin current spreading layer 364 with a thickness of
approximately 200A. The current spreading layer 364 as

well as the reflective lavers described below can be
depcesited using known methods. It is understood that in
embodiments where current spreading is not a concern, the

active regions can be provided without a current spreading

ayer.

001231 A low index of refraction (IR) reflective
can ke arranged on the current spreading layer 364, with

current spreading layer 364 between the reflective layer

366 and active structure 356. The reflective layer 366 can

comprise many different materials and preferably comprises
a material that presents an IR step between the materials
comprising the active stru

@]

ture 356. Stated differently,

46
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the reflective layer 3¢6 should have an IR that is smaller
than the active structure to promote TIR of active
structure light emitting toward the reflective layer 366.
Light that ezxperiences TIR can be eflected without
experiencing absorption or loss, and TIR allows for the

efficient reflection of active structure light so that it

can contribute to useful or desired active region emission.

!
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ective layer can be an improvement over
devices that rely on metal layers to reflect light where

the light can experience loss with each reflection. This

b=

Fic:

D
Fh
Fh
it

can

».

reduce the overall LED chip emission ency.

[00124] Many different materials can be used for the
reflective layer 366, with some having an IR less than 2.3,
while other embodiments can have an IR less than 2.15. In
still other embodiments the IR can be less than 2.0. In
some embodiments the reflective layer 366 can comprise a
dielectric, with some embodiments comprising Si0;. It is

understood that other dielectric materials can be used such

as SiN, 8i, Ge, MgOx, MgNx, 7Zn0, 8SiNx, 3i0Ox, AlN, and
alicys or combinations thereof.

[00128] Some Group IIT nitride materials such as GaN can
have an IR of approximately 2.4, and $i0; has an IR of
approximately 1.46. Embodiments with an active LED
structure 356 comprising GaN and that alsc comprises a S5iQy
reflective layer, can have a sufficient IR step between the

-
1
1

two to allow for efficient TIR of light at the junction
between the two. The reflective layer 366 can have
different thicknesses depending on the type of material,

with some embodiments having a thickness of at least 0.2

L
O
A
h
'
¢
=
S
D
7

microns {(pm). In som ese embodiments 1t can have a

1N
~1
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=

thickness in the range of 0.2 to 0.7um, while in some of

Lhese embodiments it can ke approximately 0.5um thick.

[00126] As light experiences TIR at the junction with the
reflective layer 366 an evanescent wave with exponentially

decaying intensity can extend into the reflective layer
366, This wave 1s most intense within approximately one

-
1
1

third of the 1light wavelength from the Junction {(about
C.3um for 450nm light in S$i02). If the reflective layer 366

is too thin, such that significant intensity remains in the

h

evanescen wave at the interface ©between the irst
reflective layer 366 and the second reflective layer 368, a
portion of the light can reach the second reflective layer
368. This in turn can reduce the TIR reflection at the
first interface. For this reason, in some embodiments the

reflective layer 366 should have a thickness of at least

(001271 2 metal reflective laver {i.e. second reflective
layery 368 and adhesion layer 370 are include on  the
reflective layer 366, with  the adhesion layer 370
dwiched between and providing adhesion between the metal
layer 368 and reflective layer 366. The metal layer 368 is
arranged to reflect light that does not experience TIR at
junction with the reflective layer 366 and passes

through the reflective layer 366. The metal layer 368 can

0
D
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ifferent materials such as Ag, Au, Al, or

combinations thereof, with the present invention being Ag.

[00128] Many different materials can be used for the
adhesion layer 370, such as ITO, Ti0, TiON, Ti0;, TaC, TaON,

Ta;0s, AlO or combinations thereof, with a referred

e
e

material being TiON. The adhesion layer 370 can have many
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different thicknesses from just a few A to thousands of A.
In some embodiments it can be less than 1004, while in

9

other embodiments it can be less than 50A. In scme of these

s}

embodiments it can be approximately 20A thick. The

Y

i‘-

2

thickness of the adhesion layer 370 and the material usec
should minimize the absorption of light passing to minimize

losses of light reflecting off the metal layer 368.

[00128] The active regions 352 can  further comprise

N
ot
o
0

o+

reflective laver holes 370 can pass through the
adhesion layer 370 and the reflective layer 366, to the
current spreading layer 364. The holes 37 can then be

1

filled when the metal lay

D
4

i

r 368 is deposited with the metal
ayer material forming vias 374 to the current spreadin

layer 364. The wvias 374 can provide a conductive path
through the reflective layer 368, between the p-contact and

the current spreading laver 364.

[00138] The holes 372 can be formed using many known

processes such as conventional etchin processes  Or

mechanical processes such as micro drilling. The holes 372
1

zes, with the ho

}..A B

can have many different shapes and s

372 1in the embodiment shown having angled or curved side

surfaces and a circular cross-section with a diameter of
less than 20um. In some embodiments, the holes 372 can have
a diameter of approximately B8um, with others having a
diameter down to lum. Adiacent holes 372 can be less than
100um apart, with the embodiment shown having a spacing of
30um spacing from edge to edge. In still other embodiments,
the holes can have a spacing c¢f as low as 10pm or less. It
is understcod that the holes 372 (and resulting vias) can

have cross-section with different shapes such as sqguare,

49
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rectangular, oval, hexagon, pentagon, eto. In other
embodiments the holes are not uniform size and shapes and
there can be different or non-uniform spaces between

adiacent holes.

[00131] In other embodiments different structures can be

used to provide a conductive path between the p-~contact an

the current spreading layer Instead of holes an
interconnected grid can be Iformed through the reflective
layer 368, with a conductive material then being deposite

n the grid to form he conductive path through the

[SH

composite layer. The grid can take many different forms,
with portions of the grid interconnecting at different
angles in differen embodiments. An electrical signal
applied to the grid can spread throughout and alcng the
interconnected portions. It is further understood that in
different embodiments a grid can be used in combination
with holes, while other ewmbodiments can provide other
conductive caths. In some embodiments one o©or more
conductive paths can run outside the LED chip’s active

layer such as along a side surface of the LED chip.

001321 The active regions 352 can also comprise a barrier
layer 3276 on the metal layer 368 to prevent migration of

the metal layer material to other layers. Preventing this

migration helps the LED «chips 352 maintain efficient

operaticn through their lifetime.

[00133] An active structure hole 378 can be included passing

through the barrier layer 376, metal layer 368, adhesion
layer 370, reflective layer 366, and p-type layer 358, to

expose the n-type layer 360. A passivation layer 380 is

included on the barrier layer 376 and the side surfaces of
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the active structure hole 378. The passivabtion laver 380
protects and provides electrical insulation between the
contacts and the layers below as described in more detail

o

below. The passivation layer 38 can comprise many
different materials, such as a dielectric material. In the
embodiment shown, the barrier layer 376 does not extend
beyvond the edge of the metal layer 368 arcund the active
structure hole 378. This reduces the amocunt of 1light

TOTNTN

absorbing karrier layer material that would absorb LE

ight, thereby increasing the overall emission efficiency

of the LED chip 350.

[00134] For one of the active regions 352, the barrier laver
376 can extend beyond the edge of the active region 352 and
can be exposed at a mesa on the passivation layer 380
adjacent the LED. This exposed portion can be used for

ceontacting the serially interconnected active regions 357.
In some embodiments, a p-contact pad 382 can be deposited
on the passivation barrier layer 376, with the p-contact
382 providing an electrical signal that can pass to the p-
type layer 358. An electrical signal applied to the p-
contact passes through the barrier layer 376, the metal
ver 368, the vias 374, and to the current spreading layer

a
364 through which it is spread to the p~type layer 358.

[C0135] An n-contact 384 can be formed on the n-type layer
360 and a conductive n-~type layer vias 388 can be formed
through the passivation layer 380 and between the n-type
ceontact 384 and an interconnection metal layer 386. As more
fully described below, the interconnection metal layer 386
is arranged to conduct an electrical signal Letween

adjacent ones of the LED chips 352 to interconnect them in

@3]
|...i
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series. The interconnection metal layer 38¢% can have breaks

along its length to facilitate this serial interconnection

and can be made of many electrically conductive materi

such as those described herein. As described above, the

layer 386 can be formed as part of the submount 354

using known methods, are can be formed with the active

regions. An electrical signal at the n-type layer 360

conducts into the n-contact 38 intc its corresponding via

388, and to the interconnection metal layer 386. The

Liy

interconnection layer can have many different shapes and

thicknesses., In some ewmbodiments 1t can comprise a
r

substantially continucus layer with breaks, while in other

=

embediment it can comprise conductive traces.

[00136] The p-contact 382, the n-contact 384,

interconnection metal layer 386, and n-type

comprise many different materials such as 7

vias 388 can

u, copper (Cu)
nickel (Ni}, dindium {(In), aluminum ({Al), silver (Ag}, tin
(Sn}, platinum (Pt) or combinations thereof. In still other

embodiments  they can comprise conducting oxides and

transparent conducting oxides such as ITC, nickel oxide

N

inc oxide, cadmium tin oxide, indium oxide, tin oxide,

magnesium oxide, ZnGasOq, ZnC,/Sb, Ga,02/8n, AgInO,/8n,

In,0s/%Zn, CulAlQ,, LaCuls8, CuGal, and SrCus0s;. The choice of
material used can depend on the location of these

as well as the desired electric

~al characteristics such as

transparency, Jjunction resistivity and sheet resistance.

[G0L137] As mentioned above, the growth substrate

for active
regions 352 has been remcoved, and the top surface of the n-

type layer dis textured for light extraction. The active

regions 352 are flip-chip mounted to a substrate 3%0 that
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-n

can provide mechanical stability. A bond metal layer 392

and blanket mirror 3%4 between the substrate 320 and th

o

active structure 356. The substrate 390 can be made of many
different materials, with a suitable material Dbeing
silicon. The blanket mirror 384 can be made of many
different materials, with a suitable material being Al. The
blanket mirror 384 helps to reflect LED light that escapes

reflection by the reflective layer 366 and the metal layer

368, such as light that passesg through the active structure

[00138] The reflective layer 366 and the metal layer 368

are arranged between the active region’s active structure

]

356 and the substrate 390 so that light emitted by the

{

active structure 356 toward the substrate 390 can be
reflected back to contribute to useful LED lighit emission.

This reduces the amcount of light that can be absorbed by
structures such as the substrate 390, with the embodiments
ccording to present invention promoting reflection by TIR

instead of reflection off metal layers, to further reduce

0’\

light loss due to absorption.

001381 The submount 354 alsc comprises a isolation layer
386 arranged on the Dblanket mirror 394 such that it
provides electrical isolation between the blanket mirror
394 and all elements above the bklanket mirror 394, such as
the 1interconnection metal 386, This isclation allows for

-
1
1

electrical signals to be conducted between adjacent ones of
the active regions without Dbeing shorted to the bklanke
mirror 394 or other features below the blanket mirror 394.

The isolation layer 396

9]

an be made of many different

materials, with the preferred material being made of an
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electrically insulating material such as a dielectric. The

ceombination of the isolation layer 396 and passivation

ayer 380 results in the interconnection metal 386 being

buried and/or surrounded by electrically insulating

materials. This internal isolation of the electrical paths
within the LED chip 350 provides for reliable and efficient

interconnecticn and operation of the active regions 352.

-~

(001407 2s mentioned above, an electrical signal is
applied to the p-type layer 358 in the first of the active

regions connected in series, at the p-type contact pad 382.

'3.\

T"')

For each of the subsequent active regions 352 connected in

o

series, a p-type conductive wvias 39%8 is included between
the interconnection metal layer 386 and the barrier layer
37¢ of the active region. The electrical signal at the vias

398 passes through the barrier layer 376 and fto the current

C
fomm
9}
bt
o
[}
()
U‘i
[ee]

spreading layer 364 and to the p-typ

[00141] 2t the last of the serial connected actives regions,

and n-contact pad 400 is formed on a mesa on the
passivaticon layer 380 adjacent the active region 352. An n-

pad via 402 is formed between the n~contact pad 400 and the

interconnecticn metal layer t

(@]

conduct a signal from the n-

=

type laver 260 in the last of the 1LED chips 352 to the n-
contact pad 400. The emitter 350 can alsoc comprise a
passivaticon or protection layer 406 on the side surfaces of
the active structure 35¢ and covering the top surface of
the submount 354 arocund the p-contact pad 382 and the n-~

contact pad 400.

[00142] FIG. 21 shows the LED chip 350 during cperation with
an electrical signal following a path through the emitter

5C as shown by arrows 404. An electrical signal is applied
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to the p-contact pad 382 and is conducted through the
barrier layer 376, metal layer 3¢8, and current spreading
ayer 364, to the p-type layer 3538. The signal then passes
through to the n-type layer 360 where it passes through to
the n-contact 384 and the n-type wvias 388. The signal then
conducts along the interconnection metal layer where it

passes intco the first of the p-type vias 398. The signal is

I_.J
]
ct
jin 2 ¢
o]

then conducted to the p-type laver 358 1 second active
region 352, where it passes intc the n-type layer 360, n-~
contact 384 and n-type vias 388. Although only two active
regions 352 are shown, 1t 1is understood that emitters
ccording to the present invention can have many more, and
in those embodiments, the signal then passes on to the next
of the active regions 3572 connected in series and this
ceontinues until the last of the active regions 35Z. At the
last of the active reglons 352, the electrical signal at
the n-type vias 388 passes into the interconnection metal
layer 386 and to the n-pad vias 402, where it is conducted
to the n-contact pad 400. This type of interconnection and
current f£low allows for a high wvoltage LED chip light

ource formed monolithically on a submount.

n

[00143] The LED chip 350 shown in FIGS. 20 and 21 comprises

a lateral geomet

[
0%
[
i

that electrical =signals can be
applied to the LED chip 350 at p-contact 382 and n-contack
pad 400 accessible from the top surface of the LED chip. In
other embodiments the LED chip 350 can comprise different

contact geometries and arrangements. FIGS. 22 and 23 show

e

..‘.4
o
]

another embediment of an LED chip 4530 according to t

ot

o o
Q

present invention having many of the same features as

L

I

LED chip 350, but having internal conductive features

provide a vertical geometry chip. The LED chip does not
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have an n-contact pad on its top surface, but instead a
substrate wvia 452 that passes from the interconnection
metal layer 386, down and through the insulation layer 396,
te the layers bslow. In embodiments where the substrate

380, bond metal layer 392, and blanket mirror 384 comprise

t

-+

v conductive materials, the substrate vias 452

can extend to the blanket mirror 452. An electrical signal

M

applied to the substrate 3%0 would conduct to the substrate

t

via 452. In embodiments where one of these layers does no

have the desired electrical conductivity, the can pass

fomnid

further through the different layers. For example, 1f the

I

sukstrate 390 is not electrically conductive, the substrate

i

vias 452 can pas the substrate 390 so that it is

w
o
o
=
O
.
o]
>

accessible at the bottom of the LED chip 450. One or more

contact layers or pads (not shown) can alsc be ir

n
the bottom of the LED for making electrical contact.

[00144] Referrin now to FIG. 23, an electrical signal
g G

-
o

passes through the LED chip 450 as shown by arrows 454, and
has much the same path as that shown for LED chip 3530 in

is applied to the p-contact

¢t

pad 382 and 1s conducted through the barrier layer 376,
metal layver 368, and current spreading layer 364, tc the p-
type layer 358. The signal then passes through to the n-~
Lype layer 360 where it passes through to the n-contact 384
and the n-type vias 388. The signal then conducts along the
interconnecticn metal layer 386 where 1t passes into the
first of the p~type wvias 398. The signal is then conducted

to the p-type layer 358 in the second active region 352,

(o8
@
B

ayer 360, n-contact

3
0]
X
ot

and n-type vias 388. The signal then passes on to the

s
o2
i
[&)]

of the active regions 352 connected in series and



WO 2017/052886 PCT/US2016/048069

ues until the last of the active regions 332. At the

C
N
@]
-
o3
=
"
.
-
=

r

ast of the active regions 3532, the electrical signal at
the n-type vias 388 passes into the interconnecticn metal
layer 386 and to the substrate vias where it passes to the
signal to be

applied to the LED chip at the top surface (p-contact pad

"{j

3827 and the bottom surface (substrate 390} in a vertical

geometry type arrangement.

[00145] Tt is understood that the above are only examples of
different interconnectiocn and contacting arrangements
according to the present invention. Cther embodiments can
interconnection arrangements and
other embodiment can be arranged so that an electrical
signal is applied to the LED chip at the bottom surface. It
is also understood that all of the embodiments described
akbove can also be included in vertical geometry type LED

packages.

[00146] The monolithic LED chips can be wused in many
different applications and can be arranged 1in many

different ways. FIG, 24  shows one embodiment of a
monolithic LED chip 500 according to the present invention
that comprises four active reglons 502 arranged on a single
submount 504. The LED chip 500 c¢an have many different
shapes and sizes, with he emitter shown having a

<

rectangular shape. Each of the active regions 502 can also

have a generally rectangu

-
1
L

ar footprint, with a small space
between adiacent ones of the active regions 502Z.
The space 506 is shown as being in a straight line, but it
is understcod that the space can have g¢urves or can be

squiggly. The space 506 can be formed using known methods

@3]
~J
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such as different etch or cut methods. A p-contact pad 508

i

<

D]
“

is arranged at one end of the emitter 500 and the n-contact
1

[te]
i._.‘
jab

T

e
[
0
Q.

pad 510 is arranged at the oppoesite end. A signa
te the p-contact pad conducts through the device to the n~-

contact as described above,

[00147] The different enbodiments of the devices described
herein can have many advantages. The rectangular emboediment
can be sized to mimic the emission of a filament in a
convention light source. By interconnecting the active

ight scurce can be

[

regions in series, a high voltage
provided that is compatible with many conventional lighting
applications. In the embodiment shown, the emitter 450 has

four active regions each having a 3 volt Jjunction. This

)
0
&}

ults 1in the LED chip 450 comprising a 12 wvolt 1ight

source. DRifferent numbers of LEDs can result in emitters

5

that operate from different voltages. For example, a
gimilarly arranged emitter with gix active regions

comprises a 24 volt light source.

[C0148] By providing a moncliithic device formed on a single
substrate instead of discrete LED chips or packages on a
submount, the space between adjacent active regions can be

-
1
L

minimized. This minimirzes or eliminates the undesirable
dark spaces between adjacent cnes of the active regions,

giving the emitter the appearance of a continuous filament.

[C0148] The monolithic emitters can be used in many

different 1lighting fixtures, including but not limited to

lamps, bulbs, flashlight, streetlights, automobile
headlights, etc. FIG. 25 shows one embodiment of a car

headlight 53550 according to the present invention having a

housing 552, with an opening having a light transmitting

@3}
(e 0]
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cover/lens 554. The headlight has one or more monolithic
LED chips 556 mounted in the housing so that light from LED
chips emits out the housing cpening through the lens/cover,
Many different monolithic LED chips can be used with many

different numbers of active regiocons, with some embodiments

da
h

usin

o]

a four active region meonolithic LED chip operating

-

from a 12v electrical signal

[00150] For high voltage LED chips that connect multiple p-

junctions together on a single chip as described above

{e.g. through wafer fabrication processing), the integral

f‘ﬁ

nature o¢f the interconnection metal layers can presant

certain problems during operation. For example, when the

..3&

LED chips are used in high power applications they can

-

axperience certain raliability rproblems, In sone
embodiments, the Iinterconnection metal layers 38¢ in a high
voltage chip function as current carrying layers while also

s

o
&)
}..J

ng a reflective layer. The layer 386 should comprise a

od current conductor that is alsc reflective so that it

Q2
]

does not absorb LED light. Different materials can comprise

both these properties, such as Al or Ag. One otential

T

-
H
A,

problem is that some of these interconnection metal
made of these materials can experience electromigration

under high current operation that can cause degradation in

W
v
hary
ot

L
=
o

ailur

-y

erformance and can ultimately lead to

e

device. In some instances this electromigration can cause
veids in  the interconnecting layer that can degrade

performance of the LED chip. These wvoids that can then

result in current conducting hot spots, which can
accelerate electromigration. Continued electromigration can

eventually lead to open circuits in the interconnect layer

and failure of the LED chip.
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[00151] To address this issue, some embodiments according to

the present dinvention can

=2

1ave layer structures or
interconnection metal layers made of certain materials,
with both helping to reduce or eliminate this
interconnection metal layer electromigration. This can

result 1in more reliable devices where failures under hiagh

?
[
o]

power operation are mitigated. These LED chips can
experience longer lifetimes and improved performance

[00152] The present invention can be applied to many
different LED chips operating from different power

densities. In some enbodiments, the LED chips can operat

with power density up to 3 watts per square millimeter (W/
mm“) . Other embodiments can operate with even higher power

density up to 10 W/mm®, while still other embodiments can

operate with power density in excess of 1 W/mm? .
[00153] Cperating at higher power density can lead to
devices operating at higher temperature, and fthere can alsc

be other causes of high temperature operation such as
environmental conditions. The embodiments according to the
present inventicn can reliably operate at high temperature,
with some enmbodiments capable o¢of reliable operation at

unction temperatures up to  85°C. Other enmbodiments

[

ccording to the present invention can reliakly operate at

junction temperatures up to 125°C, while other embodiments

¥
i
-

can reliably operate at junction temperatures up to 200°C.
Still other embodiments can reliably operate at junction
temperatures high than 200°C.

[00154] The present invention can also be used in any

different chips sizes. Chip size ranges can be defined in

>

(93
C
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terms of the area of the chip and some embodiments can have
chip area of up toe 1 mm®. Other embodiments can have chip
area up to 6 mm?, while other embodiments can have larger

26
to the
2tAal

interconnection metal

layer

power performance

[0}
ot

ectromigration. n this
metal layer? il
can be
ows Zfor an
to electromigration.
electromigration results
and reduces

failures

or
described above.

high  resistance to

reflectivity, which can

chip light and lower

Tc address this, these LED
reflective/reflector layers
from the conductive interco

“lect light that might

shows another embodiment of

present

de radation and

embodiment,

separated
interconnection

electrical signals,

L 2 <

.

in
eliminates
some
electromigration

cause

overall

otherwise be absocorbed

an LED chip 800

invention having an

arranged to reduce or eliminate

3

failure dues to

the interconnection

reflector and electrical

into different layers. Thi

6]

metal layver that efficientliy

but also has high resistance

11 resistance to

n
-

little to no electromigration

the electromigration ralated

materials with

have

conductive

may lower

these layers to absorb LED

LED chip emission efficliency.

embodiments can alsc have

chip

or features that are separate
nnect layer and are arranged to

by the less

active nterconnection metal layer. This reflected
light can contribute to over LED chip emission to provide
for efficient overall LED chip emission efficiency.

(00156} 1.¥D chip

features and the LED c¢hi
described above, and for th

ps  shown in FIGS. 20~-23 and
ese features the same reference
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numbers are used. It is understcod that these same or
similar features can be arranged in the same way and can
comprise the same materials with the same or similar
dimensions as those described above. The LED chip 600
comprises active regions 352 on a submount 354, with the

active regio

8, n-

7

r 3

@2}

a

CD

type

[

e

spreading layer
p-type layer,
reflective

364

laver
irst reflective
Lwo

luded

the
are inc
vias 374 formed
from the seccond

ignal

3]

through the firs

[00157] A barrierx
reflective layer
the second

alsc helps m

Y

; Lo expose t©

ncluded

ns compri

{or p-contact layer)
and a
366

A second

retr

through
reflective

carried by

reflective layer material
intain
An

the barrier

356

362.

ising active structures with p-type

active layer A current

364 is

iayer 360 and

included on the
ndex of refraction

first low

iz included on spreading
the

370

reflective layer 368 in included on

layer 366, adhesion layer

flective layers. Reflective layer holes

through the first reflective layer with

the first from reflective layer 366
An electrical

Jes

layer material,

the reflective

second layer rasses

layer 366 along vias 374 and

bt

layer

[}
o
feed
O
)
0
it
]
O
%
et =
@ ot
§1
(.f
3
=
O
h

n
to help prevent

and efficient

378

eliable operation of

hole can be included

376,

active structure

layer metal layer 368,

70, reflective layer 36&, and p-type layer
n~type layer 360. A passivaticn layer
on the barrier layer 37 and the side

surfaces of the active structure hole 378, In thi
emboediment, the barrier layer 376 can extend beyond the
edge of the active region 352 and can be exposed at a mesa
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on the passivation layer 380 for a p-contact pad 382 to be
deposited on the passivatio barrier

contact 384 can be formed on the n-type layer 360 in the
active structure holes 378 and a cenductive n-~type layer
vias 388 can be formed through ithe passivation laver 380

and between the n-type contact 384 and an intercennecting

n

metal layer 386. An ~contact pad 400 is included
electrical contact with the interconnecting metal layer
386, and in the embodiment shown is included on & via plug
that is on or in e contact with the
ayers

a
can be on an insulation layer 396, with some LED chips

of the additional layers described above,
[00158] As mentioned above, the reflective and conducting

characteristics or functions of the interconnection metal
layer 386 are provided with different layers or materials.
In the embodiment ghown, the interconnecting metal laver
386 retains its conductivity characteristics, but can be
made of a material that resists electromigration. These
materials can be less reflective and can absorb LED light

1itting toward the interconnection metal layer 386. This

3

can ultimately result in reduced emigsion efficiency for
the LED chip 600, To address this, additional layers or

features can be included that provide the reflectivity
characteristics or functions in areas where he

interconnectin

\Q.

metal layer 386 is exposed to light from
the LED chip’s active regions 352. This prevents the light
reaching the interconnecting metal layer where a portion of

it can be absorbed, and alsc reflects the light so it can

ontribute to use emission from the LED chip.

n
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[00158] In different embodiments additional reflective
ayers can be included in many different locations in the

LED chip 600. In the embodiment shown a third reflective

layer 602 can be included that is embedded in the LED chip
600 in areas below the active regions 3532 and above the
interconnection metal layer 38¢. In the embodiment shown,

the third reflective layer 602 can be below the streets

604 nd can be included around the outside edges of the

active regions 352. These eadge porticons of the third

-
1
1

reflective layer €02 can be in the layers below the active
regions 352 and extending out from beyond the edges of the

ctive regicns 352. At least a portion can be below and
extending beyond the area covered by the p~contact pad 382,
with ancther portion of the second reflector layer 506

extending out from the edge of the n-contact pad 40C0.

[001680] The third reflective laver 602 can be in differen
iocations in the layer structure of the LED chip 600. In
the embodiment shown the third reflective layer €02 can be
embedded in the passivation layer 380 and is electrically

-

isolated from other layers of the LED chip 600. That is;
the third reflective laver 602 does not carry electrical
signals during operation of the LED chip 800, but are

instead provided only for the reflective characteristic

n

©

Th eflector lavers are located in the areas where the

L

less reflective interconnection metal layer 386 would be
visible or where LED light might otherwise be able to reach
the interconnection metal layer 386 where some of it may be
absorbed. Portions of the third reflective layer 602 that
are below the street 604 reflect LED light that would

otherwise continue on to the interconnection metal layer

h

386 betwesen the active regions 352, Portions of the third



WO 2017/052886 PCT/US2016/048069

reflective layer €02 arocund the edge of the active regions
352 similarly reflect light that would otherwise reach the

interconnecting metal layer 386 beycond the edges of the

active regions 35Z2.

[00161] The third reflective layer 602 can be made of man

k/'

-

different reflective materials, with some empodiments

o)

comprising reflective metals such as Ag, Au, Al T
combinations thereof in mixture/alloy or in a stack of
different layers of different materials. In sonme

embodiments the third reflective laver can comprise Al or

can comprise Al with an adhesion material such as Ti with

third reflective layer 602 comprising and Al/Ti stack. The

-
H
A,

third reflective layer 602 can also be deposited usin

known methecds, as described above. In other embodiments,
the third reflective layer 602 can comprise non-metallic
materials, such as dielectric materials that «<¢an be
~ranged as one or muitiply layered reflectors such as

distributed Bragg reflectors (DBRs}.

001627 When used in cenjunction with the third reflective

()
r,_
O
3

laver ©02, the interconne al layer 386 can comprize

L

any of the many materials described above, either alone or

©

in combination. In this embodiment, less reflective
materials can be used that resist electromigration, with
the preferred materials comprising broad band reflectors.

-
H
X

n some embodiments, the conductive interconnection metal

fmd
0

5]
[

ayer 386 can comprise different materials that can provide

for good adhesion to surrounding layers, barriers to

O

surrounding layers and for conduction of an electrical

signal.

[93Y
(@3}
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[00163] Tn some embodiments the interconnection metal layer
386 can comprise an adhesion and/or diffusion lavers
sandwiching a current conducticon layer. These arrangements
are particularly applicable to high current LED chip

operation with the dinterconnection metal layer 386 carr

Q
g
O
H
o0

elevated current levels. The barrier and or adhesion

O

[SH

.
er aigone

t

x-)-a

can comprise materials such as Ti, TiW and Pt
or in combination. In ome embodiments a stack of layer

S
having different materials can serve as an adhesion/barrier

{=mnt

ayer with  the stack in one embodiment comprising
alternating layers of wmaterials. In some embodiments
ccording to the present invention the adhesion/barrier
stack can comprise TiW Pt TiW Pt TiW Pt TiW, etc., with the

underscore showing transition between ayers. This stack
fer

nd can have

m
o]
ot
o]
«
3
o
0}
Al
O
Fh
=3
i
~—
=
e
5]
=
O]
u

cknesses. It i1s understood that in other
embodiments this stack can comprise other materials in

different laver combinations.

[00164] The interconnection metal layer can also comprise
different materials for the electrical conductive layer,

such as Ni, Au, Ag and Cu, either alone or combination. T

is also understcood that the layers in different embodiments

i,

can have different thicknesses. The following are different

r

nterconnection metal layers using an

s
h
-
-]

embodiments o
adhesion/barrier stack, with the adhesion/barrier stack

being the tcpmost layers o¢f the interconnsction metal

-t

aver:
Adhesion/Barrier Stack 4kAu TiW

Adhesion/Barrier 3Stack 4kNi TiW



WO 2017/052886 PCT/US2016/048069

The 4k refers to a thickness of approxzimately 4000
angstroms for conductive material, although octher
thicknesses can also be used such as less than 3000

angstroms or greater than 5000 angstroms. The TiW layer

alsc SRIrvVes as

o
.)
o

3
a1
!..
[0}
[
}...(

A

e
o
[
w

[t
o
o
::j
6]
s
£
th
h
o
n
!.._4
el
]

{(conductive material out or other materials in}) and also

serves as a current conductor, although it is a less
efficient conductor than the electrical conductive lay

[00165] Cther embodiments can alsco comprise interconnection
metal layers with fewer or more layers, with some

embodiments being provided without an adhesion/barrier
stack. Instead, these embodiments can comprise only a
conductive layer with barrier. One such embodiment can
comprise Ni TiW, with the Ni layer having different
thicknesses such as approzimately 4000 angstroms, although

other thicknesses can alsc be used.

(001667 1t is understood that other embodiments of
interconnection metal layvers can comprise different
performing the same or similar functions as described
above, but may not include an adhesion/barrier stack. These
layers «can comprise a layer of material with some
emboediments using Ti, Pt or TiW of different thickness with
different electrically conductive layers. Some embodiments
of these layers can comprise Ti Ni TiW with the Ni layer
having thicknesses 1in the range of ©50-500 angstroms or
more. It dis understood that other Iinterconnection metal
ayer embodiments c¢an comprise many different layers
arranged in different ways. For example, one embodiment can

comprise TiPdNi 4kAu TiW.

[O)%
~1
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[00167] FIG. 27 and 28 show the electrical path through the
LED chip 600 during operation, with the electrical signal

th through the emitter that is similar to the
LED chip 350 shown in FIG. 21. In different embodiments the
active regions 352 can be arranged in many different ways
and as shown in FIG. 24, they can arranged in a linearly.
In FIG. 28, the active regions 352 are arranged in a square
with an electrical path 610 in FIGS. 27 and Z8 showing

current flowing between the active regions 352, with active

regions 352 Dbeing serially connected such that the
electrical signal conducts around the LED chip. This is
only one of the ways that current can flow through LED
chips acceording to the present invention. Although only two

~J

and four active regions 352 are shown in FIGS. 26 and 27

respectively, it 1

[}

understood that LED chips according to
the present invention can have many more active regions,

and in those embodiments, the signal then passes on to the

next of the active regions 352 connected in series and this

continues until the last of the active regions 332. In
different embodiments the active regions c¢an be coupled

together in different series and parallel interconnections.

[00168] During operation an electrical signal following a

path through the active regions as shown by arrows 404,

with the portion of the path between the active regions
shown by path 610. In LED chip €00 the electrical signal is
applied to the p-contact pad 382 and is conducted through
the barrier layer 376, metal layer 68, and current

spreading layer 364, to the p-~type layer 358. The signal

:,.J.
ot

£o the n-type layer 360 where

o

sses

¢t

then passes through P
through to the n-contact 384 and the n-type vias 388. The

signal then conducts along the interconnecting conductive



WO 2017/052886 PCT/US2016/048069

layer 386 where it passes into the first of the p-type vias
388 and into the barrier layer for the next in line of the
active regions 352. The steps above are generally repeated
for each of the second through until the last of the active
regions 352. At the last of the active regions the signal

is conducted to the p-type layer 358 in the last active

contact 384 and n-type vias 388. The signal is then
conductaed to the n-contact pad 400. As menticneaed above, the
third reflective

the other current carrying layers in the LED chip 800, but

I
electrical contact with one or more layers and can be

arranged to carry current during operation.

[00168] Tt is understood that other LED chip embodiments
according to the presen invention can be provided with
different arrangements to address electromigration, with
some of the embodiments not having separate reflective
layers. These embodimenits can have arrangements to maintain
the reflectivity of the interconnection metal laver 38¢

while

...l

alsoc minimizing electromigration. Referring now to
FIG. 29, some embodiments can comprise an interconnection
metal layer 386 comprising alternating layers o¢f different
materials with different properties. In some embodiments

the interconnect layer can comprise a first layer %20 that

o
=

F_J
)]

an efficient electrical conductor but may be susceptib
to electromigration. In some embodiments, the first layer

620 can also efficiently reflect LED chip light. A second

layer 622 can be included that is less reflective but has
higher resistance to electromigration than the first layer.
In some embodiments, the second layers can have reflective
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properties so that the interconnection metal layer is
reflects LED chip light.

[0G170] The interconnection metal layer 38¢ can comprise
alternating first and second layers 620, 622 that can
alternately exhibit the properties of high reflectivity and

resistance to

there can be different numbers

with one embodiment comprising

reflective layers sandw

electromigration.

(00171} The multilayer arrangement

different materials descr

electromigration.

iched

ibed above

In different embodiments,

of these alternating

layers

one or more conductive and

between layers that are

can comprise any o0f the
including metals and

dielectrics, or combinations therecf. Some embodiments can
comprising at least a first layer that comprises a metal
such as an Au for efficient electrical conductivity. This

first layer can be sandwiched between layers ©to resist
electromigration such as any of the materials discussed
above, including Al, Ti, TiW and Pt. Different embodiments
can have a plurality of alternating layers, with some
emboediments having Al layers as the bottommost and topmost
layers.

[O0L72) Still other conductive interconnect layer
arrangements according to the present invention can be

arranged differently to provide
with resistance to electromigration. In
the conductive intercon

reflectivity material that

to increase the resistance to e
above materials can be used
embodiments comprising Al with

nect layer 386 can

includes

the desired reflectivity
some embodiments,

comprise a high

an alloying materials
lectromigration. Many of the
in the layer, with some
various amounts of alloying
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materials such as copper, silicon, scandium other

o
H

pessibkle alloyving elements. The layer can be fabricated

using known methods described above.

[00173] Although applicants do not wish to be bound by any
one theory of how such alloyed layers function, it 1is
believed that when certain reflective metal materials

-
1
1

experience electromigration, the metal

material typical
migrates along grain boundaries of  the surrounding
material. It is alsc believed that the alloying materials
tend to crowd the grain boundaries, and that sometimes
relatively small amounts of alloying materials can be used.
This c¢rowding results in a “traffic Jjam” at the grain
boundaries that effectively blocks some or all of the

tromigration of the reflective metal. The alloying
material can be included in the conductive interconnect

ayer in different concentrations, with some embodiment

[}

lioying materials in the range of 1-20%. In stiil
other embodiments the concentration of alloving materials
10%. In still other embodiments

the concentration of alloying material can be approximately

[OGL74) 1t is understood that the ewmbodiments according to
the present invention can be used with many different LEDs

or LED chips having different architecture and layer

arrangements yond those described above. The embodiments
above are discussed with structures where the growth
substrate can be remcved as part of the fabrication

B

process, with these embodiments having active structures

mounted on a submount. The interconnecting layers are part

of the LED chip and are primarily in the submount. In some

]
|...i
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the current flow

(801751 The

these embodiments

PCT/US2016/048069

dielectrics can be used for isclating
on both sides of the chip.
invention can also be used in LED chip

embodiments where the growth substrate is not removed, with
some o0f these embodiments having a shaped or textured
substrate to enhance light extraction. One embodiment of
LED chip according to the present invention can comprise an
architecture similar tc those commercially available from
Cree Inc., under its DA family of LED chips. The growih
substrate can be nade of different materials =such as
silicon carbide ({21}, sapphire, gallium nitride (GaN} or
others. These types of chips are generally described in
7.8, patent application Ser. No. 12/4€3,709 to Donofrio et
al., entitled TSemiconduchtcr Light Emitting Diodes Having
Reflective Structures and Methods of Fabricating Same,”
which is incorporated herein by reference. The DA type chip
is not fabricated on a submount. Instead, the active region
or regions are on a growth substrate and the chip 1is
flipped over for attachment o a component that has
interconnect features. In some of these embodiments the
active region can be between the interconnect element and
the grow substrate. In some of these embodiments the
growth substrate can be the primary emission surface and
with the active region or regions between the substrate and
component. Some of these structures <an mprise entirely
or partially obligue facsts on one cor more surfaces of the
chifp,

[00176] Ancther
contact

such as

way to address the problem of dark areas
vias is through the use o©of a reflective
a self-aligned flcating mirrcr layer. An

72
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-
1
L

ezxample of a floating mirror layer that is self-aligned to
a via is shown at the chip level in FIG. {[31]] 30, which

shows a front sectional view of an LED chip 700 comprising

a semiconducto active region 702, a contact via 704,

sk

reflective layer 706 (in this embodiment shown as a

N
b

floatin mirror laver an additional mirror reflector
14

-

layer 708, and an electrical connection material 710, a
portion ¢of which is in the contact via 704, As shown in

FIe. [{31]] 30, the floating mirror layer 706 can extend

from the edge of the contact via 704 and therefore can
eliminate or mitigate dark regions around the contact via
704 that would ctherwise be present due to a spatial gap
necessitated by a tolerance distance. As discussed above,
such a tolerance distance between the is typically reguired

Lo prevent shorting, for example, in devices with mirror

-

yers carrying a current and/cr is present due to

-t
0

manufacturing and device fabrication tolerances. It is
understood that while the present disclosure describes
mirror layers aligned with the edge of a via or
substantially near the edge of & via, it is understood that
in some embodiments, the mirror layers are proximate or
adjacent to the wvia but are surrounded by an insu

material in the device in open space.

[00177] Various elements of the reflective layer 706 in FIG.

(31311 30, as well as its floating qgualities and the
quality of self-aligning to the contact via 704 present in

some embodiments, are apparent through discussion o©f an

example fabrication Pprocess. An example fabrication
process simplified for ease of description and
understanding for forming a self-aligned f1 leating mirror
layer with & contact wvia is shown in FIGS., 31-35. FIG.

73
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[[321]1 31 shows the first step of the process, showing a

poertion of an LED chip 800 in which a contact via is to be
formed. The LED chip 800 comprises a semiconductor layer
802. In the first step of the fabrication process, the
portion of the LED chip 800 in which the wvia is to be
formed is prepared for a fabrication process by multiple
additional layers being deposited on the semiconductor
layer 802. Any suitable fabrication process that allows
for the removal of the various layers can be used with this
method, for example, etching, cutting, machining, sawing,

-
H
A

grinding, dicing or drilling. In the embodiment shown, an

etching process is utilized.

[00178] First, a first insulating layer 804 is deposited on

Ui

the semiconductor layer 80Z. Second, a mirror layer 806 is
depcesited on the first insulating layer. Third, & second
insulating layer 808 can be deposited on the mirrcr layer

806. Accordingly, the mirror layer 806€ can be positioned

n
between the first dinsulating laver 804 nd the second
insulating layer 808. Fourth, a photoresist mask 810 can
be deposited on the second insulating layer an is

configured to define the area for the formation of the
ri

001781 The semiconductor layer 802 corresponds to a device

active region of the LED chip 800, and as mentioned above,

-

ayvers, Ior example, an
n-type layer and a p-type layer, with an active resgion

therebetween. Alsc as discussed above, the semiconductor

9]

layer 802 can comprise many suitable semiconductor-based

materials. In the embocdiment shown, the semiconductor
layer 802 comprises Gal. Iin the embodiment shown, & via
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through one of the oppositely doped lavers

the other lay

and
ame materi
materials
808 can

G

[

erial,

as silic

on
in

-
H
A,

in

.

licon nit

insulating layer

layer.

nprise any

reflective met

muiL

ibed

=

axsnr

(ShEeNa

the

-
1
=L

Al

reference to

ride,

25004

to

and/or

and/or
comprise
example,
dioxide,

the

the embodiment

with

-
1
L

suitab

allic

use 1in  a eflective layer, including omni-directional
reflectors (ODRs}), and distributed Bragg reflectors (DBRs}.
In the embodiment of FIG. [[32]] 31, the reflective layer
806 comprises aluminum. The reflective layer 806 can
function as the primary mirror layer for the LED chip 800
or can be configured to be a secondary reflector in the
device to provide additional reflection arcund the vias,
where traditional mirror layers would be insufficient due
to the tolerance issues as described above.

[00182] The photoresist mask 810 is deposited on the second
insulating layer 808 and 1is configured to define an
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unmasked area 812 of the LED chip 800 in which the contact

via will be formed. The use of photoresist materials for
etching processes is known and is therefore only briefly
describaed herein. Such materials can be easily applied,
patterned and removed without negatively affecting

underlying layers.

}..J

[00183] After the portion of the LED chip 800 in which the

Q.

via is to be forme

-4

is prepared for etching in the first

oty
H

b=
ud

t
step of the process shown in . [[321] 31, the etching
process can begin in the second step of the process shown
in FIG. [[331] 3Z. PIG. [{331] 32 shows the LED chip
comprising the semiconductor layer 842, the £
insulating layer 804, the mirror layer 806, the second
ating layer 808 and the photoresist mask 810. Etchin
of semiconductor and insulating materials is known in the
art and only briefly described herein. Any suitable etch
ized, with the preferred process being an
etching process that selectively removes the material that

the second insulatinc layer 808 comprises without

=

significantly affecting the underlying mirrcr layer 806,

In the embodiment shown, a reactive ilon etching process 1is

-

utilized to remove the portion of the silicon nitride

S

eccend insulating layer 808 that is in the unmasked area

812 of the LED chip 800, therefore exposing the mirror

{=mnt

ayer 80¢. In other embodiments, wvarious chemical wet or

dry etch processes are uti

[00184] After the portion of the second insulation layer B(08
that was in the unmasked area 812 of the LED chip 800 has

step of the process as shown

£

[oF

been etched away in the secon

in in FIG. [[33}] 32, the mirror layer 806 can now be
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etched in a third step as is shown in FIG. [[34]] 332. FIG.
[1341] 33 shows the LED chip 800 comprising the
semiconductor layer 802, the first insulating layer 804,
the mirror layer 806, the second insulating layer 808 and
the photoresist mask 810. In the third step of the
process, the portion of the mirror layer exposed 1in the
unmasked area 812 of the LED chip 800 1is etched away,
exposing the underlying first insulating layer 804.
[00185] The etching process used for this third step of
etching the mirror layer 806 can be the same process as
used for the second step of etching the second insulating
laye 808 or can be a different etching process. The
preferred etching process would be an etching process that
selectively etches fthe material that the mirror laver 806

comprises, while not significantly affecting the underlyin

first insulating layer. In the embodiment shown, a
chemical etching process which is slower than the process
utilized to etch the second insulating layer 808 is
utilized to remove the portion of the mirror layer 806 that
is in the unmasked area 812 of the LED chip 800, therefore
=zposing the first insulating layer 804.

[00186] After the portion of the mirror layer 808 that was
in the unmasked area 812 of the LED chip 800 has been
etched away in the third step of the process as shown in
FIG. [[341] 33, the first insulatin layer can now be
etched in a fourth step as 1is shown in FIG. [[351] 34.
FIG. [[351] 34 shows the LED chip 800 comprising the
semiconducter layer 802, the first insulating laver 804,
the mirror layer 806, the second insulating layer 808 and
the photoresist mask 810, In the curth step of the
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process, the portion of the first insulating layer 804 that
135 exposed in the unmasked area 812 of the LED chip 800 is
etched away, exposing the underlying semiconductor layer

802,

h

[00187] The etching process used for this fourth step o
etching the first insulating layer 804 can be the same
process as used for the second step of etching the second
insulating layer 808 <{(as 1is the case in the embodiment
shown) or can be a different etching process. The
preferred etching process would be an etching process that
selectively etches the material that the first insulating

layer 804 comprises, while nct significantly affecting the

3

underlying semiconductor layer 802Z. This fourth step

i

creates a wvia 850 to a pertion of the semiconductor layer

802, The semiconductor layer B02 can be further etched,
for example, using a different etching process that

selectively etches the material that the semiconductor
layer 802 comprises, to facilitate access to a particular
portion o¢of the semiconductor layer 802, for example, a

particular doped layer, such as the n~doped or p-doped

[00188] After the portion of the first oxide layer that was

in the unmasked area 812 of the LED chip 800 has been

etched away in the fourth step of he process in FIG.
[[3511 34, an electrical contact 854 can be deposited in

51

3

f—

e via 850 as shown in FIG. [[36]] 35. FIG. [[36]

h
shows the LED chip 800 comprising the semiconductor layer
0

; the first insulating layer 804, the mirror layer 8086,

the second insulating layer 808 and the photoresist mask
814, In the fifth step of the process, an electrical
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contact 854 is deposited in the wvia 850 to make contact to
the semiconductor laver 802.

4

[00188] As shown in FIG. [[36]] 35 this process of creating
a contact wvia results in a mirror layer 806 extending from
a position substantially near the edge of the via 8530 and
therefore substantially near the edge of the contact 854
deposited in the wvia. n some embodiments, the mirror
layer 806 extends directly from an edge of the wvia 850
£ and can physically touch the contact B854. In some

embodiments, the mirror layer 806 substantially surrounds

or completely surrounds the via 850. n some embodiments
the mirror layer 806 is substantially near an edge of the
via 850, In some embodiments, the wmirror later 806

physically and/or electrically contacts the contact via

contact wvia. In some

and/or conductive material within the
embodiments, at least one additional layer is between the
mirror layer 806 and the via 850 and/or conductive material
within the via 850. Such additional layers can include,
for example, an additional device laver and/or dielectric

layer. Also, as shown in FIG. [[3¢]] 35, the mirror layer

806 is a floating mirror layer and is electrically isclated
by the first and second insulatin layers 804, 808.

Accordingly, the mirror layer 806 can extend completely to
the edge of the wvia 850 without causing an electrical

short.

[C01%C] By utilizing a blanketed area of deposition for the
mirror laver €806 and forming the contact wvia through the
mirror layer 806 itself, rather than aligning the mirror
layer 806 with a pre-designated via, the pattern of the

mirror layer 806 is substantially aligned with the patter

79
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of the wvia. Furthermore, as the mirror layer is floating
and electrically isclated from any underlying interconnect

lavers of the device, device malfunction due to shorts
caused by a mirror layer interacting with other features

4

such as interconnect layers are eliminated.

(00181} It is understood that while an etching process 1is
described herein, and is a convenient method for forming a
ligned floating mirror layer and contact via, any
process that can etch away, drill through, machine away,

laser away or otherwise remove layers 1is within the scope

-

0of the present disclosure, provided the process is precise

enough to perform the steps described above with reference

to FIGS. 31~35.
[00182] The self~aligned Floating mirror layers
incorporating eatures of the present invention can be

utilized with LED chips and devices comprising other
integrated features described herein, for example, those
described herein in reference to FIGS. 27 and 28, FIG.

[[371] 36 shows an LED chip 900, similar to the LED chip

-
1
1

aligned

600 in FIG. 27, but further incorporating a self-
floating mirror layer $02 that extends from a poesition

substantially near the conductive n-type layer vias 388.

[00183] Like the LED chip 600 in FIG. 27, the LED chip 900
77

which comprises a p-type layer 358, an n-type layer 360,

T

s ]

-l
(9]

ng 352, each of

;_.x -

n G. [}

[ N

(Y]
>
G
O
T
=
0]
M
95

active regi

and an active layer 362 therebetween, an which are

i
T
M
fed
-
e
3
(@)
j-
(]
)
—
-

separated by streets 604, Also like the LE

FIG. 27, the LED chip 900 in FI

1
0

N
-

comprises a p-contact pad 38 a barrier layer 376, a first
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364,

388,

current 3

conductive rer vias an

fo]

vias
396,
refle

nterconnect layers 386,

~pad

p-type

-
1
L

ayer n~contact

hird

an pad 400, an n

ctive layer ©02.

[00184] Like in embodiment shown in FIG. 27,

FIG. an ele

900

-

lowing a path emitter as

An electrical signal 1s applied to

Ia]

382 and is conducted through the barrier

reflective layer 368, and current

he

- LIS

the laver 358. then

layer

p-type signal

the n-type 360 where 1t passes

388.

g

i1

tact 384 and the vias

Cco

“Lype

nterc

4o
¥
[

-
¥

icts along he ronnecti metal

]
A

nte the first of the
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K]

contact 384 and n-type vias
352

to

ns are shown, it 1s understood

the invention can have

present

those embodiments, the signal then passes

active regions

until the last “he achtive

&

.
¥

of the active 352, the elec

regions

the n-type vias 388 passes into the interc

1 386 and to the n-pad vias 402,

ayer
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current flow a high wvoltage

]
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[00185] While in the embodiment shown in FIG. [[37]] 36, the

3

Lop semiconductor layer 1s depicted as the n-doped layer
and the bottom semiconductor layer is depicted as the p-
deopad layer, it is understood that in some embodiments, the
p-doped layer is the topmost semiconductor layver and the n-
doped layer is the bottommost semiconductor

also understoocd that while the self-aligned floating mirror

ayer 1is shown near the edge of the n-type vias, in some
embodimants, the self-aligned floating mirror layer can be

substantially near p-type vias.

[001986] As shown in FIG. [[37]] 36, the mirror layer 902 1is
floating. It is not utilized to carry the current 402 such
as other reflective layers are, for example, the second
reflective layer 368, and therefore can contact the edges
of the n-type vias 388 and the interconnect material
therein without causing a short. The self-aligned floating

mirror layer 902 can be at least partially within the

insulation layer 808, and in some embodiments, the self-

aligned floating mirror layer 802 can be substantially

surrounded by the insulation layer  8083. In some
embodiments, the self-aligned floating mirror layer 902 is
surrounded by the insulation layer 808 except for a portion

of the self-aligned floating mirror layer 902 that contacts

the edge of the n~type layer vias 388, In some
embodiments, the self-aligned floating mirror layer 202 can

be completely surrounded by the insulation layer 808,

{00187} Although the present invention has been described in

detail with reference to certain preferred configurations
therecf, other versicns are possible. Embodiments of the
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present invention can comprise any combination of
compatible features shown in the various figures, and these
emboediments should ncot be limited to those expressliy
illustrated and discussed. Therefore, the spirit and scope
of the invention should not be limited to the versions

described above.

[G0188] The foregoing is intended to cover all
modifications and alternative constructions falling within
the spirit and scope of the invention as expressed in the
appended claims, wherein no portion of the disclosure 1is
intended, expressly or implicitly, to be dedicated to the

public domain if not set forth in the claims.
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h

said first active region with an oppositely doped layer o

said at least one additional active region.
8. The LED of claim 7, wherein said LED chip comprises at
least <four active regions physically separated from one

another and electrically connected by said at least one

¢]

interconnect layer to produce a 12 wvolt LED device.

9. The LED of claim 8, wherein said at 1least four active

regions are elechtrically connected in series.

10. The LED of claim 1, wherein said at least one contact

via comprises a contact comprising a material that is

resistant to electromigration.

-t

1. The LED of claim 10, wherein said contact comprises a
material selected from the group consisting of titanium,

platinum, nickel and tungsten.

}...l
0]

12. The LED of claim 1, further comprising at

additional reflector layer.

n

>
>

[ N

o]

13. A light emitting diode (LED}, compris

a plurality of active region physically separated
from one ancther, each active region comprising two
oppositely doped layers and an active layer therebebween;

at least one interconnect layer connecting one of said
depad layers of one active region with an oppositely doped
layer o¢f another active region, wherein at least a portion
of said at least one interconnect laver is in a contact via

providing a path for electrical connection to one of said

Al
=
o}

ity

active regiocns in said plura
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a reflective layer extending from a position

substantially near an edge of said contact via.

-

-

5
0]

4, T

=

IED of c¢laim 13, wherein said reflective layer

[

surrounds sald at least one contact via.

i5. The LED of claim 13, wherein said reflective layer

extends directly from an edge of said at least one contact

16. The LED of c¢laim 13, wherein said at least one

interconnect layer comprises a material that is resistant

at least one

S
~d
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oy
[0}
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h
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i
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interconnect layer comprises a material selected from the
group consisting of titanium, platinum, nickel and

tungsten.

18. The LED of claim 12, wherein said plurality of active

regions is electrically connected in series,
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bricating a contact wvia with a self-

aligned reflective layer in a light-emitting diode (LED),

first insulating material on a
semiconductor based active region comprising two oppositely

doped layers and an active laver thereb
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ct
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3

depositing a reflective layer on said first insulating
material;
depositing a second insulating material

reflective layer:

86
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depositing a phot
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st nask on said second

least one portion of the

surface of said second insulating layer unmasked; and

etching through said

said semiconductor based

via to

)

20. The method of claim

1}
=

271. The method of claim

through said at least

semiconductcecr based active

active region, creabing a contact

19,

electrical contact in said

19,

portion of said semiconductor kased active region.

further comprising depositing

contact via.

wherein said step o©

one

different selective etching

aver than

22. The method of claim

™

-
h

etching

unmasked portion to said

region comprises utllizing a

process fo

H
H

=tching said

etching said first and second

19,

ot

wherelin a reachtive ion etch

{RIE} is utilized for etching through said first and second

insulating materials.

o
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