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(57) ABSTRACT 

A light emitting diode (10) has a backside and a front-side 
with at least one n-type electrode (14) and at least one p-type 
electrode (12) disposed thereon defining a minimum elec 
trodes separation (did). A bonding pad layer (50) 
includes at least one n-type bonding pad (64) and at least one 
p-type bonding pad (62) defining a minimum bonding pads 
separation (da) that is larger than the minimum electrodes 
separation (died). At least one fanning layer (30) inter 
posed between the front-side of the light emitting diode (10) 
and the bonding pad layer (50) includes a plurality of 
electrically conductive paths passing through Vias (34, 54) 
of a dielectric layer (32, 52) to provide electrical commu 
nication between the at least one n-type electrode (14) and 
the at least one n-type bonding pad (64) and between the at 
least one p-type electrode (12) and the at least one p-type 
bonding pad (62). 
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FLIP-CHP LIGHT EMITTING DODE DEVICE 
WITHOUT SUB-MOUNT 

0001. This application is a continuation of prior applica 
tion Ser. No. 10/794.935 filed Mar. 5, 2004. Application Ser. 
No. 10/794.935 filed Mar. 5, 2004 is incorporated herein by 
reference in its entirety. 

BACKGROUND 

0002 The present invention relates to the lighting arts. It 
is especially relates to flip chip light emitting diodes for 
indicator lights, illumination applications, and the like, and 
will be described with particular reference thereto. However, 
the invention will also find application in conjunction with 
other applications that can advantageously employ Surface 
mount light emitting diodes. 
0003. The flip chip light emitting diode configuration has 
Substantial benefits, including reduced light losses due to 
shadowing by the electrodes, improved thermal coupling of 
the active layers with the mount, improved current spreading 
across the device through the use of larger distributed 
electrodes, reduction in electrical wiring or wire bonding, 
and compatibility of the flip chip mounting technique with 
automated die bonding equipment. Group III-nitride-based 
light emitting diodes on Sapphire or silicon carbide Sub 
strates have light-transmissive Substrates that are compatible 
with flip chip bonding. In certain material systems in which 
the preferred epitaxy Substrate is opaque or has poor light 
extraction properties, the substrate may be thinned, or the 
epitaxial layers may be transferred to a transparent host 
substrate after formation. 

0004. A problem arises, however, because existing auto 
mated device attachment tools typically have tolerances that 
are too large to reliably flip chip bond light emitting diodes. 
The electrodes of flip chip light emitting diodes have finely 
spaced features and structures to optimize current spreading 
and backside reflection. For example, in an exemplary 
p-on-n configuration, n-type electrode fingers are arranged 
in close proximity to p-type mesas to promote lateral current 
spreading. The n-type electrode fingers are preferably later 
ally spaced apart by about 0.20 mm to 0.25 mm, with p-type 
electrode material disposed therebetween. Larger lateral 
spacings result in increased resistive electrical losses and 
heating. These fine electrode features impose a tight toler 
ance on the precision and accuracy of the flip-chip bonding 
of no larger than about 0.15 mm. Placement errors of greater 
than about 0.15 mm can result in cross-bonding p-type 
regions to n-type bonding bumps and Vice versa. Similarly 
stringent tolerance limits are imposed on n-on-p configura 
tions. It is typically difficult or impossible to achieve such 
tight bonding tolerances in automated die attachment of the 
flip chip light emitting diode directly to a printed circuit 
board or other relatively large electrical component. Addi 
tionally the fine features on the LED cannot be duplicated in 
existing printed circuit boards due to limitations in the 
lithography and transfer processes currently in use. 
0005 To accommodate the fine electrode features, a 
Sub-mount is commonly arranged between the light emitting 
diode and the printed circuit board. The light emitting diode 
is flip chip bonded to the sub-mount, which is of similar size 
as the light emitting diode so that precise alignment during 
die attachment is readily achievable. The sub-mount has a 
first set of bonding pads for the flip chip bonding, and a 
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second set of more widely spaced-apart electrodes or bond 
ing pads for electrically connecting with the printed circuit 
board. The sub-mount with the light emitting diode flip-chip 
bonded thereto can be attached to the printed circuit board 
by a Surface-mount technique or by wire-bonding. 

0006 Use of a sub-mount, although heretofore generally 
employed to accommodate tight flip chip bonding toler 
ances, has substantial disadvantages, including introduction 
of additional packaging processing that increases manufac 
turing time and cost. The Sub-mount also introduces addi 
tional thermal resistance which limits heat sinking effi 
ciency. Mechanical reliability can be compromised by the 
intervening Sub-mount. The Sub-mount material usually is 
selected to be both thermally conductive for heat sinking and 
electrically insulating to provide electrode isolation. If an 
electrically conductive Sub-mount is used, dielectric layers 
are applied for electrical isolation. If these layers are too 
thin, they can capacitively limit Switching for in high speed 
applications. Another consideration is matching thermal 
expansion coefficients at interfaces between the light emit 
ting diode, the Sub-mount, and the printed circuit board. 
0007. The present invention contemplates an improved 
apparatus and method that overcomes the above-mentioned 
limitations and others. 

BRIEF SUMMARY 

0008 According to one aspect, a light emitting device is 
disclosed. A light emitting diode has a backside and a 
front-side with at least one n-type electrode and at least one 
p-type electrode disposed thereon defining a minimum elec 
trodes separation. A bonding pad layer includes at least one 
n-type bonding pad and at least one p-type bonding pad 
defining a minimum bonding pads separation that is larger 
than the minimum electrodes separation. At least one fan 
ning layer is interposed between the front-side of the light 
emitting diode and the bonding pad layer. The at least one 
fanning layer includes a plurality of electrically conductive 
paths passing through Vias of a dielectric layer to provide 
electrical communication between the at least one n-type 
electrode and the at least one n-type bonding pad and 
between the at least one p-type electrode and the at least one 
p-type bonding pad. 

0009. According to another aspect, a method of flip chip 
bonding a light emitting diode to a Support is provided. The 
light emitting diode has front-side n-type and p-type elec 
trodes defining a minimum electrodes separation therebe 
tween. A dielectric layer is deposited over at least the 
front-side of the light emitting diode. The dielectric layer at 
least partially seals the front-side. Vias accessing the n-type 
and p-type electrodes are formed through the dielectric layer. 
A first-type electrical contact is disposed over vias that 
access a first-type electrode selected from the group con 
sisting of the p-type electrode and the n-type electrode. The 
first-type electrical contact extends over the dielectric layer 
between the vias that access the first-type electrode to define 
a first-type contact pad. A second-type electrical contact is 
disposed over one or more Vias that access a second-type 
electrode selected from the group consisting of the other of 
the p-type electrode and the n-type electrode. The second 
type electrical contact extends over the dielectric layer to 
define a second-type contact pad. The first-type contact pad 
and the second-type contact pad define a minimum contact 
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pads separation therebetween that is larger than the mini 
mum electrodes separation. The first-type contact pad and 
the second-type contact pad are flip chip bonded to bonding 
bumps of a substrate via bonding bumps disposed on at least 
one of the contact pads and the Substrate. The bonding pads 
can include a metal stack, for example for conductive 
adhesive bonding, or a solderable metal stack, Such as an 
adhesion metal, barrier metal, Solderable metal stack, or a 
metal stack in which the outermost metal is composed of a 
solder or a solder alloy. 
0010. According to yet another aspect, a method is pro 
vided of flip chip bonding a light emitting diode having 
front-side n-type and p-type electrodes defining a minimum 
electrodes separation therebetween to mechanically secure 
the light emitting diode to a printed circuit board and to 
electrically connect the front-side n-type and p-type elec 
trodes with printed circuitry of the printed circuit board. A 
dielectric layer is disposed over at least the n-type and p-type 
electrodes. The dielectric layer has vias passing there 
through for accessing the n-type and p-type electrodes. 
Electrical contact pads are disposed over the vias and the 
dielectric layer. The electrical contact pads include a p-type 
contact pad connecting with the p-type electrode through 
selected vias and an n-type contact pad connecting with the 
n-type electrode through selected other vias. The contact 
pads are arranged over the dielectric layer with a minimum 
contact pads separation therebetween that is larger than the 
minimum electrodes separation. The contact pads are flip 
chip bonded to printed circuitry of the printed circuit board 
via bonding bumps arranged on one of the printed circuit 
board and the chip. The bumps can include a metal stack, 
Such as a solderable metal stack. The flip-chip bonding has 
a mechanical tolerance that is greater than the minimum 
electrodes separation and less than the minimum contact 
pads separation. There is no Sub-mount arranged between 
the contact pads and the printed circuit board. 
0011. According to still yet another aspect, a method of 
processing a wafer having a plurality of light emitting diodes 
fabricated thereon is provided. Each light emitting diode has 
front-side n-type and p-type electrodes defining a minimum 
electrodes separation therebetween. A dielectric layer is 
disposed over at least the n-type and p-type electrodes. The 
dielectric layer has vias passing therethrough for accessing 
the n-type and p-type electrodes. Electrical contact pads are 
disposed over the vias and the dielectric layer. The electrical 
contact pads for each light emitting diode include a p-type 
contact pad that connects with the p-type electrode and an 
n-type contact pad that connects with the n-type electrode, 
the connecting being through the Vias. The contact pads for 
each light emitting diode are arranged over the dielectric 
layer with a minimum contact pads separation therebetween 
that is larger than the minimum electrodes separation. After 
disposing the electrical contact pads, the wafer is diced to 
separate the light emitting diodes. 

0012) Numerous advantages and benefits of the present 
invention will become apparent to those of ordinary skill in 
the art upon reading and understanding the present specifi 
cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The invention may take form in various compo 
nents and arrangements of components, and in various 
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process operations and arrangements of process operations. 
The drawings are only for purposes of illustrating preferred 
embodiments and are not to be construed as limiting the 
invention. The drawings of the light emitting diode devices 
are not to Scale. 

0014 FIG. 1 shows an exemplary flip chip light emitting 
diode having front-side n-type and p-type electrodes. 

0015 FIG. 2 shows a side sectional view of the flip chip 
light emitting diode of FIG. 1 along Section A-A. 

0016 FIG. 3 shows a side sectional view of the flip chip 
light emitting diode of FIG. 1 along Section A-A". 

0017 FIG. 4 shows the light emitting diode of FIG. 1 
after application of a dielectric layer having vias passing 
therethrough accessing the n-type and p-type electrodes. 

0018 FIG. 5 shows the light emitting diode of FIG. 1 
after application of an electrically conductive material defin 
ing intermediate connecting pads on the dielectric layer of 
FIG. 4. 

0.019 FIG. 6 shows a side sectional view of the flip chip 
light emitting diode at the processing stage shown in FIG. 5, 
along Section B-B. 

0020 FIG. 7 shows a side sectional view of the flip chip 
light emitting diode at the processing stage shown in FIG. 5, 
along Section B'-B'. 

0021 FIG. 8 shows the light emitting diode of FIG. 1 
after application of a second dielectric layer disposed over 
the intermediate connecting pads shown in FIG. 5. 

0022 FIG. 9 shows the light emitting diode of FIG. 1 
after completion of the bonding pads formation process. 

0023 FIG. 10 shows a side sectional view of the flip chip 
light emitting diode with completed bonding pads shown in 
FIG. 9, along Section C-C. 

0024 FIG. 11 shows a side sectional view of the flip chip 
light emitting diode with completed bonding pads shown in 
FIG. 9, along Section C-C". 

0.025 FIG. 12 shows a side sectional view of the flip chip 
light emitting diode with completed bonding pads shown in 
FIG. 9, along Section C-C, after flip chip bonding to a 
printed circuit board. 

0026 FIG. 13 shows a side sectional view of the flip chip 
light emitting diode with completed bonding pads shown in 
FIG. 9, along Section C-C, after additional processing to 
form a third layer defining bonding pads with a yet larger 
minimum separation and a higher amount of symmetry. 

0027 FIG. 14 shows the light emitting diode of FIG. 9 
with completed bonding-pads formation, in its preferred 
embodiment as part of a Substrate wafer having other light 
emitting diodes fabricated thereon. 

0028 FIG. 15 diagrammatically shows a first preferred 
processing performed after formation of completed bonding 
pads but before dicing the substrate wafer of FIG. 14, in 
which an encapsulant is applied. 

0029 FIG. 16 diagrammatically shows a second pre 
ferred processing performed after formation of completed 
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bonding pads but before dicing the substrate wafer of FIG. 
14, in which a phosphor layer is applied and slanted reflec 
tive sidewalls are formed. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0030. With reference to FIGS. 1-11, a process is 
described for forming bonding pads on a flip chip light 
emitting diode 10 in a way which adapts fine features 
including a Small minimum spacing died between elec 
trodes 12, 14 of the light emitting diode 10 to a larger 
tolerance of the flip chip bonding process. 
0031. With reference to FIGS. 1-3, the exemplary light 
emitting diode 10 prior to formation of the bonding pads 
includes a Substrate 20, an n-type base layer 22, and one or 
more device mesas 24. To facilitate light extraction in the 
flip chip bonded configuration, the substrate 20 is preferably 
Substantially light transmissive for light generated by the 
light emitting diode 10. Optionally, the substrate 20 may be 
thinned to improve light extraction. 
0032. In one preferred embodiment, the light emitting 
diode 10 is a group III-nitride based light emitting diode, in 
which the substrate 20 is sapphire or silicon carbide, the 
n-type base layer 22 is an n-type gallium nitride layer or an 
n-type aluminum gallium nitride layer, and the device mesa 
or mesas 24 include an n-type gallium nitride or aluminum 
gallium nitride cladding layer adjacent the n-type base layer 
22, an active region adjacent the n-type cladding layer 
including one or more indium gallium nitride layers, a 
p-type gallium nitride or aluminum gallium nitride cladding 
layer adjacent a side of the active region distal from the 
Substrate 20, and a heavily doped p-type contact-enhancing 
layer of a group III-nitride material including one or more of 
indium, gallium, and aluminum adjacent a side of the p-type 
gallium nitride cladding layer distal from the substrate 20. 
0033 Although not shown, the exemplary group III 
nitride light emitting diode 10 optionally includes other 
layers, such as an epitaxy-enhancing buffer layer of alumi 
num nitride or another material interposed between the 
substrate 20 and the n-type base layer 22. Other group 
III-nitride layers can be included elsewhere in the epitaxial 
layers stack to provide other desired structural, electrical, 
and/or optical effects, such as current spreading, improved 
electrical conductance, optical confinement, carrier confine 
ment, abrupt interfaces between layers, and the like. The 
light emitting diode 10 is suitably formed by heteroepitaxi 
ally depositing group III-nitride layers on the substrate 20 
and removing selected portions of the deposited layers by 
lithographic processing to define the device mesa or mesas 
24 and to access the n-type material. 
0034. The described group III-nitride light emitting diode 

is exemplary only. The light emitting diode 10 can be 
constructed using other materials, such as group III-phos 
phides, group III-arsenides, and the like. Moreover, although 
formation of the bonding pads is described with reference to 
the exemplary p-on-n light emitting diode 10, the described 
bonding pads formation processing is also applicable to 
n-on-p light emitting diodes. 

0035) The light emitting diode 10 is suitably formed by 
depositing group layers on the Substrate 20 and removing 
material by lithographic processing to define the device 
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mesa or mesas 24 and to expose portions of the n-type base 
layer 22. The electrodes 12, 14 include one or more p-type 
electrodes 12 corresponding to and formed on the device 
mesa or mesas 24 and one or more n-type electrodes 14 
formed on exposed portions of the n-type base layer 22. 
Typically, the electrodes 12, 14 are metal stacks, such as a 
nickel/titanium/gold Stack which is Suitable for contacting 
group III-nitride materials. Those skilled in the art can 
readily select suitable materials or material stacks for the 
electrodes 12, 14. As best seen in FIG. 1, the exemplary light 
emitting diode 10 has four generally rectangular device 
mesas 24 and a corresponding four generally rectangular 
p-type electrodes 12. The n-type electrode 14 is arranged as 
fingers proximate to the four device mesas 24. Those skilled 
in the art can employ other electrode configurations to 
enhance current spreading or other diode aspects. Note that 
in FIG. 1, the Small lateral gap did between the p-type 
electrodes 12 and the n-type electrode 14 labeled in FIG. 2 
is not indicated. 

0036). In operation, electroluminescence is generated in 
the device mesas 24 by electrical current flowing between 
the electrodes 12, 14. The spacing des between the 
electrodes 12, 14 is preferably small to reduce resistance to 
current flow. Moreover, the device mesas 24 and the n-type 
electrode 14 are preferably distributed over the lateral area 
of the light emitting diode 10 to maximize lateral current 
spreading across the mesa 24. 

0037. The fine lateral features of the p-type and n-type 
electrodes 12, 14 and the Small minimum spacing died 
therebetween make flip-chip bonding of the light emitting 
diode 10 directly to a printed circuit board without an 
interposed sub-mount difficult. To quantify this difficulty, for 
the exemplary preferred group III-nitride embodiment, the 
n-type electrode fingers are preferably spaced apart by about 
0.20 mm to 0.25 mm. As the p-type electrodes 12 are 
interposed between the n-type electrode fingers, this makes 
de less than the fingers spacing. In To avoid the 
bonding bumps creating shunts between the p-type electrode 
12 and the n-type electrode 14 due to misalignment during 
the die attach process, the flip chip bonding should be 
performed with a lateral tolerance of about 0.15 mm or less. 
Such a tight tolerance is generally not achievable using 
existing automated die-attachment tools. 
0038. To address this problem, a bonding pads formation 
process described with reference to FIGS. 4-11 is employed 
to adapt the fine features of the electrodes 12, 14 to the larger 
tolerance of the flip chip bonding process. The bonding pads 
formation process includes formation of a fanning layer 30 
as shown in FIGS. 4-7. Formation of the fanning layer 30 
includes depositing a dielectric layer 32 in which vias 34 are 
formed to provide access to the p-type electrode 12 and the 
n-type electrode 14, followed by metallization processing 
that fills the vias 34 with an electrically conductive material 
36 and that forms intermediate connecting pads, specifically 
an intermediate p-type connecting pad 42 and an interme 
diate n-type connecting pad 44. 

0.039 The dielectric layer 32 preferably hermetically 
seals the n-type and p-type electrodes 12, 14 and the 
front-side of the light emitting diode 10. The hermetic 
sealing advantageously allows for optional omission of a 
separate encapsulant layer during later device packaging. 
FIG. 4 shows the light emitting diode 10 after the dielectric 
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layer 32 is disposed thereon and the vias 34 are formed, but 
before the electrically conductive material 36 is disposed. 
The dielectric layer 32 is suitably a polyamide material; 
however, other materials such as silicon nitride or silicon 
dioxide can be used. The dielectric layer 32 shown in FIG. 
4 is substantially light transmissive; hence, the lateral struc 
ture of the mesas 24 and n-electrode 14 remain visible in 
FIG. 4 through the dielectric layer 32. However, a translu 
cent or opaque dielectric material can also be employed. To 
provide adequate electrical isolation, the dielectric layer 32 
is preferably at least 2 microns thick. Depending upon the 
dielectric and structural characteristics of the dielectric layer 
32, a thinner dielectric layer may be suitable. 
0040. The vias 34 are suitably formed by a lithographic 
processing after blanket deposition of the preferably her 
metically sealing dielectric layer 32. Alternatively, litho 
graphic processing can be used to mask the Vias areas during 
deposition of the dielectric layer 32, after which the mask is 
removed leaving the vias 34. The vias 34 provide access to 
the p-type and n-type electrodes 12, 14. In a preferred 
embodiment, several vias 34 contacting each of the elec 
trodes 12, 14 are distributed across the lateral area of the 
light emitting diode 10 to promote current spreading across 
the light emitting diode 10. 

0041. The electrically conductive material 36 can be 
deposited by vacuum evaporation, sputtering, electroplating, 
or the like. If an evaporative technique is used, a lateral 
extent of the intermediate p-type and n-type connecting pads 
42, 44 is defined by lithographic techniques known in the art. 
For electroplating, a thin seed layer (not shown) is deposited 
inside the vias 34 and the electrically conductive material 36 
is electroplated to fill the vias 34 and to extend outside the 
vias 34. Extension or overflowing of the electroplated mate 
rial outside of the vias is known as “mushrooming in the 
art. The electrically conductive material 36 lying outside of 
the Vias 34 defines the connecting pads 42, 44. 

0042. Other layers can be included in the disposing of the 
electrically conductive material 36 which are not shown in 
FIGS. 6 and 7. Optionally, a thin adhesion layer is disposed 
between the electrically conductive material 36 and the 
electrodes 12, 14 to promote adhesion. Similarly, a thin 
diffusion barrier layer is optionally disposed at an interface 
between the electrically conductive material 36 and the 
electrodes 12, 14 to suppress intermixing of the electrically 
conductive material 36 and the material of the electrodes 12, 
14. In a suitable embodiment for a group III-nitride light 
emitting diode, a thin titanium and/or nickel layer is depos 
ited on the electrodes 12, 14, and the electrically conductive 
material 36 is gold or silver. Those skilled in the art can 
readily select other material stacks that control adhesion and 
intermixing at the interface between the electrodes 12, 14 
and the electrically conductive material 36. 

0043. The portion of the electrically conductive material 
36 residing in the vias 34 define electrically conductive 
paths providing electrical communication between the elec 
trodes 12, 14 and the connecting pads 42, 44. Preferably, the 
connecting pads 42, 44 have a minimum separation de 
that is greater than the minimum electrodes separation 
did. As best seen in FIGS. 5-7, the intermediate p-type 
connecting pad 42 extends laterally across the dielectric 
layer 32 to connect the vias that access the p-type electrode 
12 and to connect the four device mesas 24 to define a single 
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p-type connecting pad 42. Similarly, as best seen in FIG. 5 
the n-type connecting pad 44 extends laterally across the 
dielectric layer 32 to connect the vias that access the n-type 
electrode 14 to define a single n-type connecting pad 44. 
Furthermore, the connecting pads 42, 44 are preferably thick 
enough so that the pads 42, 44 are not limiting sources of 
electrical resistance. Pad thicknesses of about a micron or 
thicker are preferred. 

0044) The connecting pads 42, 44 have a lateral configu 
ration that is advantageously better adapted for flip chip 
bonding than the lateral configuration of the electrodes 12, 
14. First, the connecting pads 42, 44 have a simple rectan 
gular geometry that does not follow the complex lateral 
configuration of the four mesas 24 and the fingers of the 
n-type electrode 14. Thus, bonding bumps on a printed 
circuit board for die attachment can have a correspondingly 
simple geometry. Second, the minimum separation de 
of the connecting pads 42, 44 is larger than the minimum 
electrodes separation died. The minimum separation is 
related to the maximum lateral tolerance that can be per 
mitted in the flip chip bonding process, since for a small 
separation a correspondingly small error in lateral alignment 
during die attachment can shunt the separation. Hence, the 
larger minimum separation dense of the connecting pads 
42, 44 permits larger lateral tolerances in the flip chip 
bonding process. 

0045 Because of these advantages, the device as shown 
in FIGS. 5-7 with the fanning layer 30 disposed on the 
front-side of the light emitting diode 10 is contemplated for 
direct flip chip bonding without a Sub-mount to a printed 
circuit board, using the connecting pads 42, 44 as bonding 
pads. In this embodiment, the connecting pads 42, 44 are 
optionally coated with a bonding layer or layers stack (not 
shown) that promotes soldering, reflow alloy bonding, or 
another selected bonding method for electrically and 
mechanically securing the light emitting diode 10 to bonding 
bumps of a printed circuit board. 

0046) With further reference to FIGS. 8-11, however, in 
a preferred embodiment the bonding pads fabrication pro 
cess is continued to produce a second, bonding pad layer 50 
on top of the fanning layer 30. Although the connecting pads 
42, 44 provide a substantial adaptation for direct flip chip 
bonding of the LED 10 to a printed circuit board without a 
sub-mount, they have certain deficiencies. The vias 34 that 
communicate between the p-type electrode 12 and the p-type 
connecting pad 42 impose a Substantial lateral overlap 
between the p-type electrode 12 and the p-type connecting 
pad 42. This overlap constrains a maximum size of the 
minimum separation d of the connecting pads 42, 44. 
To provide a larger separation, the bonding pad layer 50 is 
disposed on a side of the fanning layer 30 that is distal from 
the electrodes 12, 14. 

0047 Formation of the bonding pad layer 50 includes 
deposition of a second dielectric layer 52 in which vias 54 
that provide access to the p-type connecting pad 42 and the 
n-type connecting pad 44 are formed, followed by a metal 
lization process that fills the vias 54 with an electrically 
conductive material 56 (which may be the same as the 
electrically conductive material 36, or which may be differ 
ent from the electrically conductive material 36) and forms 
bonding pads, specifically a p-type bonding pad 62 and an 
n-type bonding pad 64. 
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0048 FIG. 8 shows the light emitting diode 10 after the 
second dielectric layer 52 is disposed thereon and the vias 54 
are formed, but before disposition of the electrically con 
ductive material 56. The second dielectric layer 52 is suit 
ably a polyamide material, although other materials such as 
silicon nitride or silicon dioxide can be used. The second 
dielectric layer 52 shown in FIG. 8 is substantially light 
transmissive; hence, the intermediate connecting pads 42, 44 
remain visible in FIG. 8 through the second dielectric layer 
52. However, a translucent or opaque dielectric material can 
also be employed. To provide adequate electrical isolation, 
the dielectric layer 52 is preferably at least 2 microns thick. 
Depending upon the dielectric and structural characteristics 
of the dielectric layer 52, a thinner dielectric layer may be 
suitable. The second dielectric layer 52 may be made of the 
same material as the dielectric layer 32, or it may be made 
of a different material. 

0049. The vias 54 are suitably formed by a lithographic 
process after blanket deposition of the second dielectric 
layer 52. Alternatively, lithographic processing can be used 
to mask the Vias areas during deposition of the dielectric 
layer 52, after which the mask is removed leaving the vias 
54. The vias 54 provide access to the p-type and n-type 
intermediate connecting pads 42, 44. The electrically con 
ductive material 56 can be deposited by vacuum evapora 
tion, sputtering, electroplating, or the like. In the case of 
evaporative techniques, a lateral extent of the intermediate 
p-type and n-type bonding pads 62, 64 is defined by litho 
graphic techniques known in the art. 

0050 FIGS. 10 and 11 illustrate an electroplating 
embodiment in which a thin seed layer 66 is deposited inside 
the vias 54 and the electrically conductive material 56 is 
electroplated to fill the vias 54 and to mushroom outside the 
vias 54 to define the bonding pads 62, 64. Other layers can 
be included in the disposing of the electrically conductive 
material 56 which are not shown in FIGS. 10 and 11. 
Optionally, a thin adhesion layer and/or diffusion barrier 
layer is interposed between the electrically conductive mate 
rial 56 and the intermediate connecting pads 42, 44. In one 
Suitable embodiment, a thin titanium and/or nickel layer is 
deposited on the intermediate connecting pads 42, 44 and the 
electrically conductive material 56 is gold or silver. Those 
skilled in the art can readily select other material stacks that 
control adhesion and intermixing at the interface between 
the intermediate connecting pads 42, 44 and the electrically 
conductive material 56. 

0051. The portion of the electrically conductive material 
56 residing in the vias 54 define electrically conductive 
paths providing electrical communication between the con 
necting pads 42, 44 and the bonding pads 62, 64. Preferably, 
the bonding pads 62, 64 have a minimum separation d pads 
that is greater than the minimum electrodes separation 
d and that is greater than the minimum separation electrodes 

of the intermediate connecting pads 42, 44. The bond 
ing pads 62, 64 are preferably thick enough so that the pads 
62, 64 are not limiting sources of electrical resistance, and 
are also preferably thick enough to participate in the selected 
die attach process. Thicknesses of the bonding pads 62, 64 
of about two microns or thicker are preferred, although 
thinner bonding pads can be employed. 

0.052 With continuing reference to FIGS. 9-11 and with 
further reference to FIG. 12, a preferred flip chip bonding is 

May 24, 2007 

described which employs a reflow bonding process. As seen 
in FIGS. 10 and 11, the bonding pads 62, 64 are coated with 
a diffusion barrier layer 70 and a reflow layer stack 72. In 
one suitable embodiment, the diffusion barrier layer 70 is a 
nickel layer and the reflow stack 72 is a gold/tin stack having 
a desired composition. The reflow stack 72 can be config 
ured as distinct layers, staggered layers, or mixed layers to 
provide the desired diffusion characteristics during reflow. 
0053 With reference to FIG. 12, the light emitting diode 
10 is flip chip bonded to a printed circuit board 76 (partially 
shown in FIG. 12) having printed circuitry including at least 
positive and negative power traces 80, 82 on which bonding 
bumps 86 are disposed. The bonding bumps can be gold- or 
silver-plated copper bumps, gold bumps, silver bumps, or 
the like. The bonding bumps 86 can include multiple layers, 
Such as a stack including an adhesion layer, a diffusion 
barrier layer, and a bondable layer. The bonding bumps 86 
laterally align with the bonding pads 62, 64 for flip chip 
bonding. Die attachment is achieved by reflow alloying of 
the reflow layer 72 with material of the bonding bumps 86. 
The reflow alloying is performed using a heat source Such as 
an infra-red or convection reflow oven, a vapor phase, 
convection, or hotplate heat source, or the like. For a gold/tin 
reflow stack 72, the heating should elevate the temperature 
of the reflow stack 72 to greater than about 232° C. corre 
sponding to the tin melting point, to effect reflow alloying. 
The reflow causes alloying at the interface between the 
reflow stack 72 and the bonding bumps 86 to form mechani 
cally secure and electrically conductive bonds 72. For 
certain material combinations, an oxide reducing flux is 
advantageously applied to the die attach area to promote the 
reflow bonding process. 
0054 Although the described reflow process is preferred, 
the flip chip bonding attachment can be made using thermo 
Sonic bonding, ultrasonic bonding, conventional soldering, 
or the like. Moreover, while bonding to the printed circuit 
board 76 is described, the die attach techniques described 
herein can be used for die attach to substantially any type of 
Substrate. Such as a glass Substrate, or a Substrate of a 
composite material. 
0055. The preferred process for fabricating bonding pads 
described with reference to FIGS. 4-11 employs two layers, 
namely the fan layer 30 and the bonding pads layer 50. 
0056. With reference to FIG. 13, the bonding pad pro 
cessing can be extended to three layers. In the three-layer 
embodiment shown in FIG. 13, the bonding pad layer 50 
serves as a second fan layer, and the p-type and n-type 
bonding pads 62, 64 serve as a second set of intermediate 
connecting pads. A third layer 90 is disposed over the second 
layer 50. Formation of the third layer 90 includes depositing 
a third dielectric layer 92 followed by a metallizing process 
that fills vias through the dielectric layer 92 accessing the 
pads 62, 64 with an electrically conductive material 96 that 
also extends over the dielectric layer 92 to define exposed 
p-type and n-type bonding pads 102, 104. 

0057. As seen in FIG. 13, the third layer 90 has a 
minimum bonding pads separation d-e that is even larger 
than the minimum bonding pads separation da of the 
second layer 50. Moreover, the bonding pads 102, 104 are 
advantageously more symmetric with respect to the lateral 
area of the light emitting diode 10 than are the pads 62, 64. 
As seen in FIG. 13, moving upward from the intermediate 
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p-type connecting pad 42 to the p-type pad 62 which acts as 
a second intermediate connecting pad to the exposed bond 
ing pad 102, the center of the p-type contact region shifts 
outwardly toward an edge of the light emitting diode 10. 
Similarly, moving upward from the intermediate n-type 
connecting pad 44 to the n-type pad 64 which acts as a 
second intermediate connecting pad to the exposed bonding 
pad 104, the center of the n-type contact region shifts 
inwardly from an edge of the light emitting diode 10. Since 
the p-type electrode 12 was positioned near the center of the 
light emitting diode 10 while the n-type electrode 14 was 
positioned near an edge of the light emitting diode 10, the 
result of this shifting is that the exposed bonding pads 102. 
104 are more nearly symmetrically arranged respective to 
the light emitting diode 10 than are the electrodes 12, 14. 
Such symmetry coupled with the large minimum bonding 
pads separation date accommodates substantial lateral 
tolerances in the flip chip bonding process. 
0.058 With reference to FIGS. 4-13, bonding pads fabri 
cation processes that produce one, two, or three layers have 
been described. Each additional layer provides additional 
fanning to increase the minimum separation between the 
n-type and p-type pads. Each additional layer provides 
additional flexibility in arranging the topmost exposed bond 
ing pads. The described processing is readily extended to 
four or more layers to provide still greater flexibility: 
however, as fabrication of each layer involves several pro 
cesses including at least dielectric deposition, lithography to 
form vias, and metallization, the number of layers is pref 
erably kept small. Typically, the two layer process whose 
culmination is shown in FIGS. 9-12 is preferred, while the 
three layer process whose culmination is shown in FIG. 13 
may be preferred for use in conjunction with die attachment 
processes having especially large tolerances. 
0059 FIGS. 1-13 illustrate the bonding pads fabrication 
process applied to a single light emitting diode 10. In a 
preferred embodiment, however, the described processing is 
applied at wafer level, with the wafer diced after formation 
of the pads 42, 44 (for a one-layer process), or after 
formation of the bonding pads 62, 64 (for a two-layer 
process), or after formation of the bonding pads 102, 104 
(for a three-layer process). 
0060. In other words, with reference to FIG. 14, the 
substrate 20 of the light emitting diode 10 is preferably a 
portion of a substrate wafer 110 that is shared with other 
light emitting diodes. As shown in FIG. 14, the substrate 
wafer 110 has a plurality of light emitting diodes fabricated 
thereon using wafer-level processing, including the exem 
plary light emitting diode 10. The light emitting diode 10 has 
the bonding pads 62, 64 (for the exemplary two-layer 
process) which are fabricated in accordance with the bond 
ing pads fabrication described herein applied as wafer-level 
processing. Thus, all the light emitting diodes on the Sub 
strate wafer 110 have bonding pads corresponding to the 
bonding pads 62, 64. 
0061. In FIG. 14, the preferred dicing of the substrate 
wafer 110 after formation of the bonding pads 62, 64 is 
indicated by dashed die separation lines. Moreover, in a 
preferred embodiment additional wafer-level processing 
including at least disposition of one or more optical com 
ponents on the light emitting diode 10 and on the other light 
emitting diodes of the substrate wafer 110 is performed after 
formation of the bonding pads 62, 64 but before the dicing. 
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0062). With reference to FIG. 15, one suitable processing 
sequence applied after the bonding pads are fabricated is 
described. In this processing sequence, an encapsulant of 
selected thickness is applied to the transparent substrate 20 
and Sidewalls. The encapsulant provides improved light 
extraction through better index-matching, and optionally 
provides some refractive focusing. 
0063 FIG. 15 shows the processing by diagrammatically 
showing the substrate wafer 110 along the section D-D 
indicated in FIG. 14 at three points during the processing. 
The description particularly focuses on the exemplary light 
emitting diode 10. The substrate wafer 110 is adhered to a 
stretchable sticky tape 120 in a face-down position, that is, 
with the bonding pads layer 50 adjacent the sticky tape. 
Dicing is performed from the backside (i.e., from the side of 
the substrate 20) after securing to the tape 120. The dicing 
is performed using a diamond scribe, laser cutting, or the 
like. After the dicing, a tension force T (diagrammatically 
indicated by arrows) is applied to the tape 120 to introduce 
a selected separation S between the dice. After the tension 
ing, an encapsulant 122 Such as an epoxy is applied to the 
backside of the dice, and also flows into the separations S. 
The encapsulant 122 is cured at a low temperature. After 
curing, the encapsulated dice are removed from the ten 
Sioned stretchable sticky tape 120 and are placed encapsu 
lant-down on a second tape 126 for dicing of the encapsu 
lant. The dicing of the encapsulant is indicated by vertical 
dashed lines in the lower portion of FIG. 15. 
0064. The resulting devices are suitable for flip chip 
bonding as shown in FIG. 12. Advantageously, each die has 
a fixed thickness of encapsulant on the backside controlled 
by the thickness of the deposited encapsulant 122, and a 
fixed thickness of encapsulant on the sidewalls controlled by 
the separation S produced by the tensioning T. 
0065. With reference to FIG. 16, another suitable pro 
cessing sequence applied after the bonding pads are fabri 
cated is described. In this processing sequence, a phosphor 
layer of selected thickness is applied to the transparent 
substrate 20, and slanted sidewalls are formed and coated 
with a reflective coating. As is known in the art, group 
III-nitride light emitting diodes producing ultraviolet or blue 
electroluminescence are advantageously combined with a 
white, yellow, or other phosphor to generate Substantially 
white light. 
0066 FIG. 16 shows the processing by diagrammatically 
showing the substrate wafer 110 along the section D-D 
indicated in FIG. 14 at two points during the processing. The 
description particularly focuses on the exemplary light emit 
ting diode 10. The substrate wafer 110 is initially processed 
by making wedge-shaped cuts 130 formed from the front 
side using a laser or other cutting device. A reflective coating 
132 is disposed in the cuts 130 by electroplating, vacuum 
evaporation, or the like. The wafer is then mounted face 
down on a wax 136 to provide mechanical Support, and the 
substrate 20 is thinned. This thinning is done as a wafer-level 
process; that is, a backside of the substrate wafer 110 
including the Substrate 20 is thinned. A phosphor coating 
140 is applied to the backside and cured at low temperature. 
The wax 136 is then removed and the dice are separated at 
the cuts 130 to isolate, for example, the light emitting diode 
10. 

0067. The resulting devices are suitable for flip chip 
bonding as shown in FIG. 12. Advantageously, the reflective 
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coating 132 and the wafer thinning improve light extraction 
into the phosphor coating 140, while the phosphor coating 
140 provides a selected light conversion, for example from 
ultraviolet to white light for a group III-nitride light emitting 
diode. 

0068 The processing sequences of FIGS. 15 and 16 are 
applied after the bonding pads are fabricated, and are 
exemplary only. Those skilled in the art can readily modify 
the exemplary processing sequences for specific applica 
tions. It will be appreciated that the processing sequences of 
FIGS. 15 and 16 are enabled by the hermetic sealing of the 
front-side of the light emitting diode 10 by the encapsulant 
32, and more generally by the bonding pad layer or layers 
30, 50,90. By forming the bonding pads including hermetic 
sealing of the front-side before performing the end process 
ing sequences of FIGS. 15 and 16, wafer-level the end 
processing can be performed without additional intervening 
processes for protecting the relatively delicate front Surface. 
0069. For example, in certain existing wafer-level pro 
cessing, the front-side is protected by applying a thick 
photoresist to the front-side prior to processing. This has a 
number of disadvantages, including chemical contamination 
of the front-side by hydrocarbons or other substances in the 
photoresist, possible contamination of the processing tools 
by the photoresist, and additional time and cost of the 
photoresist application and stripping. By first applying the 
bonding pads processing as wafer-level processing as 
described herein, and then performing end processing Such 
as the processes of FIGS. 15 and 16, the need for a protective 
thick photoresist coating is obviated. 
0070 The invention has been described with reference to 
the preferred embodiments. Obviously, modifications and 
alterations will occur to others upon reading and understand 
ing the preceding detailed description. It is intended that the 
invention be construed as including all Such modifications 
and alterations insofar as they come within the scope of the 
appended claims or the equivalents thereof. 

What is claimed is: 
1. A light emitting device including: 
a light emitting diode having a backside and a front-side 

with at least one n-type electrode and at least one p-type 
electrode disposed thereon defining a minimum elec 
trodes separation; 

a bonding pad layer including at least one n-type bonding 
pad and at least one p-type bonding pad defining a 
minimum bonding pads separation that is larger than 
the minimum electrodes separation; and 

at least one fanning layer interposed between the front 
side of the light emitting diode and the bonding pad 
layer, the at least one fanning layer including a plurality 
of electrically conductive paths passing through Vias of 
a dielectric layer to provide electrical communication 
between the at least one n-type electrode and the at least 
one n-type bonding pad and between the at least one 
p-type electrode and the at least one p-type bonding 
pad. 

2. The light emitting device as set forth in claim 1, further 
including: 

a printed circuit board including electrical circuitry, at 
least one n-type bonding bump bonding connecting 
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electrical circuitry and the at least one n-type bonding 
pad, and at least one p-type bonding bump connecting 
electrical circuitry and the at least one p-type bonding 
pad, there being no Sub-mount disposed between the 
bonding bumps and the bonding pads. 

3. The light emitting device as set forth in claim 1, 
wherein the at least one fanning layer includes: 

a first fanning layer proximate to the front-side of the light 
emitting diode and distal from the bonding pad layer; 
and 

a second fanning layer distal from the front-side of the 
light emitting diode and proximate to the bonding pad 
layer. 

4. The light emitting device as set forth in claim 1, 
wherein the at least one fanning layer includes: 

at least one n-type connecting pad arranged between the 
at least one n-type electrode and the at least one n-type 
bonding pad and in electrical communication with the 
at least one n-type electrode and with the at least one 
n-type bonding pad; and 

at least one p-type connecting pad arranged between the 
at least one p-type electrode and the at least one p-type 
bonding pad and in electrical communication with the 
at least one p-type electrode and with the at least one 
p-type bonding pad. 

5. The light emitting device as set forth in claim 4, 
wherein the at least one p-type connecting pad and the at 
least one n-type connecting pad define a minimum connect 
ing pads separation therebetween that is Smaller than the 
minimum bonding pads separation. 

6. The light emitting device as set forth in claim 1, 
wherein the at least one fanning layer seals the n-type and 
p-type electrodes. 

7. The light emitting device as set forth in claim 1, 
wherein the at least one fanning layer includes a plurality of 
fanning layers, each fanning layer further including: 

n-type and p-type intermediate connecting pads disposed 
over a side of the fanning layer distal from the front 
side of the light emitting diode, the n-type and p-type 
intermediate connecting pads electrically communicat 
ing with the n-type and p-type electrodes, respectively, 
the n-type and p-type connecting pads defining a mini 
mum intermediate connecting pads separation; 

wherein the bonding pads are formed on the intermediate 
connecting pads of the fanning layer adjacent the 
bonding pad layer. 

8. The light emitting device as set forth in claim 1, 
wherein the at least one fanning layer includes a plurality of 
fanning layers, each fanning layer further including: 

n-type and p-type intermediate connecting pads disposed 
over a side of the fanning layer distal from the front 
side of the light emitting diode, the n-type and p-type 
intermediate connecting pads electrically communicat 
ing with the n-type and p-type electrodes, respectively, 
the n-type and p-type connecting pads defining a mini 
mum intermediate connecting pads separation; 

wherein the intermediate connecting pads of the fanning 
layer adjacent the bonding pad layer define the bonding 
pads. 
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9. The light emitting device as set forth in claim 1, 
wherein at least one of the n-type electrode and the p-type 
electrode includes a plurality of electrodes, and the corre 
sponding at least one of the n-type bonding pad and the 
p-type bonding pad electrically connects the plurality of 
electrodes. 

10. The light emitting device as set forth in claim 1, 
wherein the dielectric layer includes: 

a polyamide dielectric layer having a thickness of at least 
2 microns. 

11. A method comprising: 
providing a light emitting device including a light emit 

ting diode having a backside and a front-side with at 
least one n-type electrode and at least one p-type 
electrode disposed thereon defining a minimum elec 
trodes separation, a bonding pad layer including at least 
one n-type bonding pad and at least one p-type bonding 
pad defining a minimum bonding pads separation that 
is larger than the minimum electrodes separation, and at 
least one fanning layer interposed between the front 
side of the light emitting diode and the bonding pad 
layer, the at least one fanning layer including a plurality 
of electrically conductive paths passing through Vias of 
a dielectric layer to provide electrical communication 
between the at least one n-type electrode and the at least 
one n-type bonding pad and between the at least one 
p-type electrode and the at least one p-type bonding 
pad; and 

flip-chip bonding the provided light emitting device to a 
Support having electrical circuitry, the flip chip bonding 
electrically connecting the at least one n-type bonding 
pad and the at least one p-type bonding pad with the 
electrical circuitry of the support. 

12. The method as set forth in claim 11, wherein the 
flip-chip bonding employs a flip chip bonding process 
having a lateral tolerance that is larger than the minimum 
electrodes separation and Smaller than the minimum bond 
ing pads separation. 

13. The method as set forth in claim 11, wherein the 
flip-chip bonding employs a flip chip bonding process 
having a lateral tolerance that is greater than about 0.15 mm. 

14. The method as set forth in claim 11, wherein the 
providing includes: 

forming a dielectric layer having vias passing through the 
dielectric layer; and 

forming the electrical bonding pads by (i) depositing a 
seed layer inside Vias, and (ii) electroplating to fill the 
vias and to mushroom electroplated material over the 
dielectric layer to define the n-type and p-type bonding 
pads. 

15. The method as set forth in claim 11, wherein the 
providing includes: 

May 24, 2007 

forming a first dielectric layer having vias passing through 
the first dielectric layer; 

filling the vias with a first conductive material; 

disposing a second dielectric layer over the first conduc 
tive material, the second dielectric layer having vias 
passing through the second dielectric layer for access 
ing the first conductive material; and 

disposing the electrical bonding pads over the second 
dielectric layer, the electrical bonding pads electrically 
contacting the n-type and p-type electrodes through the 
first conductive material and the vias through the 
second dielectric layer. 

16. The method as set forth in claim 15, wherein the 
providing further includes: 

prior to the disposing of the electrical bonding pads, 
filling the vias through the second dielectric layer with 
a second conductive material and disposing a third 
dielectric layer having vias passing through the third 
dielectric layer over the second conductive material, 
the electrical bonding pads being disposed over the 
third dielectric layer and electrically contacting the 
n-type and p-type electrodes through the first conduc 
tive material, the second conductive material, and the 
vias through the third dielectric layer. 

17. The method as set forth in claim 11, wherein the flip 
chip bonding includes one of conductive adhesive bonding 
and soldering. 

18. The method as set forth in claim 11, wherein the flip 
chip bonding does not include interposing a sub-mount 
between the provided light emitting device and the Support. 

19. An apparatus including: 

a light emitting diode having a frontside metallization 
including (i) n-type and p-type electrodes and (ii) 
n-type and p-type bonding pads spaced apart from the 
n-type and p-type electrodes by at least one dielectric 
layer, the n-type bonding pad electrically connected 
with the n-type electrode and the p-type bonding pad 
electrically connected with the p-type electrode; and 

a Support including printed circuitry, the light emitting 
diode being flip-chip bonded to the support without an 
intervening Sub-mount Such that the n-type and p-type 
bonding pads electrically connect with the printed 
circuitry of the Support. 

20. The apparatus as set forth in claim 19, wherein the 
n-type and p-type electrodes have a relatively more complex 
lateral configuration and the n-type and p-type bonding pads 
have a relatively simpler lateral configuration. 


