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(57) ABSTRACT 

A light emitting diode (LED) chip has a multilayer semicon 
ductor structure that is at least 10 microns thick and does not 
require an attached groWth substrate or transfer substrate for 
structural rigidity or support. The multilayer semiconductor 
structure includes a ?rst doped layer, a second doped layer 
and an active region interposed between the ?rst doped layer 
and the second doped layer. Optionally, the multilayer semi 
conductor structure includes an undoped layer. At least one of 
the layers of the multilayer semiconductor structure is at least 
5 microns thick and is preferably deposited by hydride vapor 
phase epitaxy. 
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SUBSTRATE-FREE LIGHT EMITTING 
DIODE CHIP 

REFERENCE TO PRIOR APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 61/005,258, Which Was 
?led on Dec. 3, 2007, and Which is herein incorporated by 
reference. 

TECHNICAL FIELD 

[0002] The present invention is a thick light emitting diode 
chip. The chip is substrate-free or free-standing and requires 
no groWth substrate or transfer substrate for structural sup 
port. 

BACKGROUND OF THE INVENTION 

[0003] Conventional light emitting diodes (LEDs) are fab 
ricated by epitaxially growing multiple layers of semiconduc 
tors on a groWth substrate. Inorganic light-emitting diodes 
can be fabricated from GaN-based semiconductor materials 
containing, for example, gallium nitride (GaN), aluminum 
nitride (AlN), aluminum gallium nitride (AlGaN), indium 
nitride (InN), indium gallium nitride (InGaN) and aluminum 
indium gallium nitride (AlInGaN). Other appropriate mate 
rials for LEDs include, for example, aluminum gallium 
indium phosphide (AlGaInP), gallium arsenide (GaAs), 
indium gallium arsenide (InGaAs), indium gallium arsenide 
phosphide (InGaAsP), diamond, boron nitride and Zinc oxide 
(ZnO). 
[0004] The total thickness of the semiconductor layers for a 
conventional GaN-based LED excluding a substrate is less 
than about 5 microns and usually only about 3 to 4 microns. 
The layers are fabricated by epitaxially groWing a multilay 
ered semiconductor structure on a groWth substrate using 
metal organic chemical vapor deposition (MOCVD), Which 
has a very sloW groWth rate of approximately 0.1 micron per 
hour. This results in deposition times of tens of hours and 
makes the groWth of thicker layers prohibitively expensive. 
The approximately 3 to 4 micron thick multilayer semicon 
ductor structure is very fragile and Will break easily if 
removed from the groWth substrate to form a free-standing or 
substrate-free die. The semiconductor layers must therefore 
either remain attached to the groWth substrate or, alterna 
tively, be attached to a transfer substrate, using Wafer bonding 
techniques before being removed from the groWth substrate. 
The Wafer bonding techniques are expensive and can be unre 
liable. The added steps increase the cost of manufacturing 
LEDs. Removal of the groWth substrate can be done by a laser 
liftoff process, chemical processing or mechanical polishing. 
[0005] The groWth substrate for GaN-based LEDs is usu 
ally sapphire or silicon carbide and is chosen to closely match 
the crystallographic structure of the epitaxial layers. A trans 
fer substrate, if utiliZed, can be a metal, another semiconduc 
tor material such as silicon, or a ceramic material such as 
aluminum nitride. Such groWth or transfer substrates may not 
suitable for the ?nal LED device. For example, sapphire is a 
poor thermal conductor and is therefore not the most effective 
thermal conductor to direct heat aWay from the semiconduc 
tor layers. Thermal considerations are very important for 
LEDs, Which generate a signi?cant amount of heat during 
operation. The heat loWers the light output and operating 
lifetime of the LED. As LED siZes become larger, such heat 
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ing effects become more important and can seriously degrade 
the light-output performance and lifetime of the LEDs. 
[0006] Removing the groWth substrate and attaching a 
transfer substrate to the semiconductor layers also adds ther 
mal resistance to the device. The increased thermal resistance 
can come from the transfer substrate itself and from the bond 
ing layer used to attach the transfer substrate. 
[0007] In addition, the groWth or transfer substrate may 
absorb some of the light emitted by the LED, thereby loWer 
ing the optical output. The substrate may also trap or re?ect 
some of the light generated by the LED Within the LED, 
resulting in an additional loss in optical output. Light trapping 
is caused by the high refractive index of the substrate relative 
to air and results in total internal re?ection of emitted light 
back through the substrate and back through the epitaxial 
layers. 
[0008] It Would be desirable to develop thick, substrate-free 
or free-standing LED chips that do not need the original 
groWth substrate or an attached transfer substrate for struc 
tural support. Such thick, substrate-free or free-standing LED 
chips could be easily manipulated, lifted or handled Without 
breaking and could be subsequently bonded to other surfaces 
or leadframes in any desired pattern to form light emitting 
devices. Different groWth techniques Will be required to make 
such a structure since MOCVD is too sloW to fabricate thick 
multilayer semiconductor structures. 
[0009] In conventional LED designs, the back side of the 
LED opposite the light emitting side is a re?ective surface. It 
Would also be desirable to develop LED chips that do not have 
a back re?ecting surface and that can emit light from all sides. 
Eliminating the back re?ecting surface can reduce the aver 
age optical pathlength of the emitted light Within the LED 
structure, thereby reducing optical absorption Within the 
LED, increasing the external quantum e?iciency and increas 
ing the light output of the LED. 
[0010] Conventional LEDs are cooled by a submount or 
heat sink in thermal contact With the LED die. The conven 
tional LED die includes either a groWth substrate or a transfer 
substrate. Heat ?oWs from the LED semiconductor layers, 
through the groWth or transfer substrate and through the sub 
mount or heat sink to ambient. The heat sink may include ?ns 
or other types of structures to transfer heat to an ambient ?uid, 
such as air or Water. It Would be desirable to develop LED 
light sources Where the LED die does not include a groWth 
substrate or a transfer substrate and Where the LED die can be 
cooled directly Without having the added thermal resistance 
of a groWth substrate or a transfer substrate. 
[0011] The de?ciencies of conventional LEDs described 
above can be eliminated by the various embodiments of this 
invention that are described beloW in the summary, the ?gures 
and the detailed descriptions of the preferred embodiments. 

SUMMARY OF THE INVENTION 

[0012] A substrate-free or free-standing LED chip of this 
invention is an LED chip that does not include a groWth 
substrate or transfer substrate as an element of the LED chip. 
The groWth substrate is de?ned as the substrate onto Which 
the multilayer semiconductor structure is epitaxially groWn. 
For LED chips of this invention, the groWth substrate is 
removed after the multilayer semiconductor structure is fab 
ricated and no transfer substrate is permanently bonded to the 
multilayer semiconductor structure prior to the removal of the 
groWth substrate. The LED chips of this invention have mul 
tilayer semiconductor structures that are at least 10 microns 
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thick and do not require an attached growth substrate or 
transfer substrate for structural rigidity or support. The LED 
chips can be handled Without damage and Without breaking. 
[0013] After the LED chips of this invention are fabricated, 
the substrate-free or free-standing LED chips may be pack 
aged into more complex LED light sources. If desired, the 
LED chips may be attached to a surface, a submount, a heat 
sink, a leadframe or to any other structure. However, none of 
these additional surfaces, submounts, heat sinks, leadframes 
or other structures are elements of the LED chip. 

[0014] One embodiment of this invention is a thick light 
emitting diode chip. The LED chip is substrate-free, Which 
means that the chip requires no groWth substrate or transfer 
substrate for structural support. The LED chip includes a 
multilayer semiconductor structure that has a ?rst side and an 
opposing second side. The multilayer semiconductor struc 
ture includes a ?rst doped layer proximal to the ?rst side, an 
active region, and a second doped layer proximal to the sec 
ond side With the active region interposed betWeen the ?rst 
doped layer and the second doped layer. The ?rst doped layer 
can be an n-doped layer and the second doped layer can be a 
p-doped layer or the polarities of the tWo layers can be 
reversed. The total thickness of the multilayer semiconductor 
structure is at least 10 microns, preferably at least 20 microns 
and more preferably at least 30 microns. The LED chip also 
includes a ?rst electrode in electrical contact With the ?rst 
doped layer and a second electrode in electrical contact With 
the second doped layer. The active region emits internally 
generated light When a voltage is applied betWeen the ?rst 
electrode and the second electrode. 
[0015] An LED chip that has both electrodes on the ?rst 
side or the second side of the multilayer semiconductor struc 
ture may optionally include a substantially undoped layer on 
the side of the multilayer semiconductor structure opposite 
the electrodes. The undoped layer can add additional thick 
ness to the multilayer semiconductor structure Without affect 
ing the electrical properties of the structure. The additional 
thickness adds to the structural strength of the multilayer 
semiconductor structure. In addition, the heat transfer char 
acteristics of an additional undoped layer fabricated from the 
same semiconductor material (for example, gallium nitride) 
as the remainder of the multilayer semiconductor structure 
Will be better than the heat transfer characteristics of a groWth 
substrate or transfer substrate of the prior art made from a 
different material. 

[0016] The multilayer semiconductor structure of the thick 
LED chip has at least one thick semiconductor layer to pro 
vide structural support to the chip. The thick semiconductor 
layer can be the ?rst doped layer, the second doped layer, the 
optional undoped layer or a combination of tWo or more thick 
layers. The thick semiconductor layers preferably are fabri 
cated by hydride vapor phase epitaxy (HVPE). Each thick 
semiconductor layer is at least 5 microns thick, preferably at 
least 10 microns thick, more preferably at least 15 microns 
thick and most preferably at least 25 microns thick. When the 
LED chip includes at least one thick semiconductor layer to 
provide structural support, the groWth or transfer substrate is 
no longer needed and the LED chip can be handled as a 
substrate-free or free-standing device Without damage. 
[0017] Another embodiment of this invention is a sub strate 
free LED chip Where at least a portion of the ?rst side of the 
multilayer semiconductor structure and a portion of the sec 
ond side of the multilayer semiconductor structure transmit 
externally incident light. Externally incident light is light that 
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is directed to the LED chip from another light source or light 
that is emitted by the LED chip and that is recycled back to the 
chip. Preferably the LED chip transmits at least 60 percent of 
the externally incident light, more preferably the LED chip 
transmits at least 70 percent of the externally incident light 
and most preferably the LED chip transmits at least 80 per 
cent of the externally incident light. 
[0018] Another embodiment of this invention is a sub strate 
free LED chip Where substantially all of the ?rst side of the 
multilayer semiconductor structure or substantially all of the 
second side of the multilayer semiconductor structure re?ects 
light and Where, respectively, the second side or the ?rst side 
is a light emitting side of the LED. Preferably the LED chip 
re?ects at least 60 percent of the externally incident light 
directed to the light emitting side of the chip, more preferably 
the LED chip re?ects at least 70 percent of the externally 
incident light and most preferably the LED chip re?ects at 
least 80 percent of the externally incident light. 
[0019] In order for the substrate-free LED chip to have high 
external quantum e?iciency and to have either high transmis 
sion or high re?ectivity to externally incident light, the mul 
tilayer semiconductor structure should have loW optical 
absorption. The absorption coe?icient of the multilayer semi 
conductor structure should be less than 20 per centimeter, 
preferably less than 10 per centimeter, more preferably less 
than 5 per centimeter and most preferably less than 2 per 
centimeter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] A more detailed understanding of the present inven 
tion, as Well as other objects and advantages thereof not 
enumerated herein, Will become apparent upon consideration 
of the folloWing detailed description and accompanying 
draWings, Wherein: 
[0021] FIGS. 1A and 1B are illustrations of conventional 
LED chip of the prior art that has tWo electrodes on the upper 
side and includes a groWth substrate. FIG. 1A is a top plan 
vieW of the LED. FIG. 1B is a side cross-sectional vieW along 
the I-I plane illustrated in FIG. 1A. 
[0022] FIG. 2 is a side cross-sectional vieW of conventional 
LED chip of the prior art that has tWo electrodes on the loWer 
side and includes a groWth substrate. 
[0023] FIG. 3 is a side cross-sectional vieW of conventional 
LED chip of the prior art that has tWo electrodes on the loWer 
side and includes a transfer substrate. 
[0024] FIGS. 4A and 4B are illustrations of conventional 
LED chip of the prior art that has one electrode on the upper 
side, one electrode on the loWer side and includes a transfer 
substrate. FIG. 4A is a top plan vieW of the LED. FIG. 4B is 
a side cross-sectional vieW along the I-I plane illustrated in 
FIG. 4A. 
[0025] FIG. 4C is a heat ?oW diagram of the conventional 
LED chip illustrated in FIGS. 4A and 4B. 
[0026] FIGS. 5A, 5B and 5C illustrate a substrate-free LED 
chip of the present invention that has tWo upper electrodes, a 
thick ?rst doped layer and a loWer re?ecting layer. FIG. 5A is 
a top plan vieW of the chip. FIGS. 5B and 5C are side cross 
sectional vieWs along the I-I plane illustrated in FIG. 5A. 
[0027] FIG. 5D is a diagram of the heat ?oW from a sub 
strate-free LED chip of the present invention to ambient. 
[0028] FIGS. 6A and 6B are side cross-sectional vieWs of 
substrate-free LED chip of the present invention that has tWo 
upper electrodes and no loWer re?ecting layer. 
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[0029] FIG. 7 is a side cross-sectional vieW of substrate 
free LED chip of the present invention that has tWo upper 
electrodes, a thick second doped layer and a loWer re?ecting 
layer. 
[0030] FIG. 8 is a side cross-sectional vieW of substrate 
free LED chip that has tWo upper electrodes, a thick ?rst 
doped layer, a thick second doped layer and a loWer re?ecting 
layer. 
[0031] FIG. 9 is a side cross-sectional vieW ofa substrate 
free LED chip of the present invention that has tWo upper 
electrodes, a thick undoped layer and no loWer re?ecting 
layer. 
[0032] FIG. 10 is a side cross-sectional vieW ofa substrate 
free LED chip of the present invention that has tWo loWer 
electrodes. 
[0033] FIG. 11 is a side cross-sectional vieW of another 
substrate-free LED chip of the present invention that has tWo 
loWer electrodes. 
[0034] FIGS. 12A and 12B illustrate a substrate-free LED 
of the present invention that has one upper electrode and one 
loWer electrode. FIG. 12A is a top plan vieW. FIG. 12B is a 
side cross-sectional vieW along the I-I plane illustrated in 
FIG. 12A. 
[0035] FIG. 13 is a side cross-sectional vieW of another 
sub strate-free LED of the present invention that has one upper 
electrode and one loWer electrode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] The preferred embodiments of the present invention 
Will be better understood by those skilled in the art by refer 
ence to the above listed ?gures. The preferred embodiments 
of this invention illustrated in the ?gures are not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed. The ?gures are chosen to describe or to best explain 
the principles of the invention and its applicable and practical 
use to thereby enable others skilled in the art to best utiliZe the 
invention. For ease of understanding, the thicknesses of the 
layers in the semiconductor structures in the ?gures are not 
draWn to scale. 

[0037] Light emitting diodes can be fabricated by epitaxi 
ally groWing multiple layers of semiconductors on a groWth 
substrate. Inorganic light-emitting diodes can be fabricated 
from gallium nitride (GaN) based semiconductor materials 
containing, for example, gallium nitride (GaN), aluminum 
nitride (AlN), aluminum gallium nitride (AlGaN), indium 
nitride (InN), indium gallium nitride (InGaN) and/or alumi 
num indium gallium nitride (AlInGaN). Other appropriate 
materials for LEDs include, for example, aluminum gallium 
indium phosphide (AlGaInP), gallium arsenide (GaAs), 
indium gallium arsenide (InGaAs), indium gallium arsenide 
phosphide (InGaAsP), diamond, boron nitride (BN) and Zinc 
oxide (ZnO). 
[0038] Especially important LEDs for this invention are 
GaN-based LEDs that utiliZe epitaxially-groWn layers that 
can include, for example, GaN, AlN, AlGaN, InN, InGaN or 
AlInGaN. Depending on the composition of the semiconduc 
tor layers, GaN-based LEDs emit light in the ultraviolet, blue, 
cyan or green regions of the optical spectrum. The groWth 
substrate for GaN-based LEDs is typically sapphire (A1203), 
silicon carbide (SiC), bulk gallium nitride or bulk aluminum 
nitride. Although the embodiments of this invention Will be 
described using GaN-based LEDs, other types of LEDs 

Jun. 4, 2009 

including, but not limited to, AlGaInP and ZnO LEDs may 
also be utiliZed in the embodiments. 

[0039] Typical epitaxial groWth methods for thin semicon 
ductor layers of GaN-based materials include chemical vapor 
deposition (CVD), metal-organic chemical vapor deposition 
(MOCVD), vapor phase epitaxy (VPE), hydride vapor phase 
epitaxy (HVPE) and molecular beam epitaxy (MBE). 
MOCVD is the mo st common method for conventional GaN 
based LEDs Where the total thickness of the epitaxial layers is 
less than about 5 microns. MOCVD is a relatively sloW depo 
sition method With groWth rates of approximately 0.1 micron 
per hour. HVPE has much higher groWth rates (10 microns 
per hour is possible). HVPE can be used to fabricate sub 
strate-free LEDs that are described in this invention and 
Where the thickness of one of the layers is at least 5 microns 
and could be as much as 30 microns or more. 

[0040] Conventional GaN-based LED chips of the prior art 
are fabricated so that the total thickness of the epitaxial semi 
conductor layers, Which include a ?rst doped layer, an active 
region, and a second doped layer, With the active region 
interposed betWeen the ?rst doped layer and the second doped 
layer, is less than about 5 microns thick. The complete set of 
epitaxial semiconductor layers is denoted in this application 
as the multilayer semiconductor structure. The ?rst doped 
layer and the second doped layers of the multilayer semicon 
ductor structure can be, respectively, an n-doped layer and a 
p-doped layer or the layers can be reversed so that the ?rst 
doped layer is a p-doped layer and the second doped layer is 
an n-doped layer. 
[0041] When the multilayer semiconductor structure is less 
that about 5 microns thick, it is too fragile to form a self 
supporting device. To provide structural support, a conven 
tional LED chip of the prior art retains the groWth substrate 
upon Which the multilayer semiconductor structure is fabri 
cated or includes a transfer substrate that is bonded to the 
multilayer semiconductor structure opposite the groWth sub 
strate during the fabrication process. The transfer substrate, if 
present, provides structural support to the epitaxial layers 
once the groWth substrate is removed. 

[0042] A conventional LED chip of the prior art usually 
emits light predominately from one side of the chip. The 
opposing side is substantially covered by one or more re?ect 
ing layers and emits little, if any, light. 
[0043] Examples of conventional GaN-based LED chips of 
the prior art are illustrated in FIGS. 1 to 4. FIGS. 1A and 1B 
are illustrations of conventional LED chip 100. FIG. 1A is a 
top plan vieW of the chip. FIG. 1B is a side cross-sectional 
vieW along the I-I plane illustrated in FIG. 1A. Conventional 
LED chip 100 in FIG. 1 has both the n-electrode and p-elec 
trode on the “top” surface of the device and the chip includes 
a groWth substrate. Conventional LED chip 100 includes a 
?rst electrode 102, a multilayer semiconductor structure 104, 
a second electrode 114, a groWth substrate 106 and a back 
re?ector 115. The multilayer semiconductor structure 104 
includes a ?rst doped layer 108, an active region 110 and a 
second doped layer 112, Which is on the opposite side of the 
active region 110 from the ?rst doped semiconductor layer 
108. Consequently, the active region is interposed betWeen 
the ?rst doped layer and the second doped layer. The active 
region is in electrical contact With the ?rst doped layer and the 
second doped layer and the active region emits light in a ?rst 
Wavelength range When a current is applied through the ?rst 
and second electrodes. 
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[0044] The ?rst electrode 102 is in electrical contact With 
the ?rst doped layer 108 and the second electrode 114 is in 
electrical contact With the second doped layer 112. The ?rst 
electrode and the second electrode may be fabricated from 
re?ecting metals. 
[0045] The multilayer semiconductor structure 104 of the 
LED chip 100 can be fabricated from GaN-based semicon 
ductor materials containing GaN, AlN, AlGaN, lnN, lnGaN 
and/ or AllnGaN. 

[0046] The active region 110 of the multilayer semiconduc 
tor structure 104 is a p-n homojunction, a p-n heterojunction, 
a single quantum Well or a multiple quantum Well of the 
appropriate semiconductor material for the LED. 
[0047] A multilayer semiconductor structure 104 is fabri 
cated on a groWth substrate 106 of sapphire. The multilayer 
semiconductor structure includes a ?rst doped layer 108, an 
active region 110 and a second doped layer 112. The groWth 
substrate 106 has a ?rst surface 120 and a second surface 122 
opposite the ?rst surface. 
[0048] The ?rst doped layer 108 is an n-doped GaN layer, 
Which is epitaxially deposited or otherWise conventionally 
fabricated on the second surface 122 of the groWth substrate. 
The ?rst doped layer 108 has a ?rst surface 124 and a second 
surface 126 opposite the ?rst surface. The ?rst surface 124 of 
the ?rst doped layer is in contact With surface 122 of the 
groWth substrate. 
[0049] The active region 110 is a GaN-based multiple 
quantum Well structure, Which is epitaxially deposited or 
otherwise conventionally fabricated on the second surface 
126 of the ?rst doped layer 108. The active region 110 has a 
?rst surface 128 and a second surface 130 opposite the ?rst 
surface. The ?rst surface 128 of the active region is in elec 
trical contact With the second surface 126 of the ?rst doped 
layer. 
[0050] The second doped layer 112 is a p-doped GaN layer, 
Which is epitaxially deposited or otherWise conventionally 
fabricated on the second surface 130 of the active region 110. 
The second doped layer has a ?rst surface 132 and a second 
surface 134 opposite the ?rst surface. The ?rst surface 132 of 
the second doped layer is in electrical contact With the second 
surface 130 of the active region. 
[0051] A portion 116 ofthe second doped layer 112 and the 
active region 110 is removed to expose a portion 116 of the 
second surface 126 of the ?rst doped layer. The ?rst electrode 
102 and the second electrode 114 are fabricated from alumi 
num. An aluminum layer is deposited on the second surface 
134 of the second doped layer and the exposed portion 116 of 
the second surface 126 of the ?rst doped layer. The aluminum 
layer is patterned by standard photolitho graphic techniques to 
form the ?rst electrode 102 and the second electrode 114. 
First electrode 102 has a ?rst surface 136 and a second surface 
138. The ?rst surface 136 of the ?rst electrode is in electrical 
contact With the second surface 126 of the ?rst doped layer. 
Second electrode 114 has a ?rst surface 140 and a second 
surface 142. First surface 140 of the second electrode is in 
electrical contact With the second surface 134 of the second 
doped layer. 
[0052] The ?rst electrode 102 only partially covers the 
exposed portion 116 of the second surface 126 of the ?rst 
doped layer. The second electrode 114 only partially covers 
the second surface 134 of the second doped layer. The remain 
ing portion of the exposed portion 116 of the second surface 
126 of the ?rst doped layer and the second surface 134 of the 
second doped layer are an output or exit surface for the light 
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emitted by the LED 100. To form a back re?ector 115, a layer 
of silver is deposited on the ?rst surface 120 of the groWth 
substrate. 
[0053] In summary, LED chip 100 has a ?rst electrode 102, 
a multilayer semiconductor structure 104 that includes ?rst 
doped, active and second-doped layers, a groWth substrate 
106 and a second electrode 114. LED chip 100 has a ?rst side 
152 and a second side 154. The ?rst side 152 is substantially 
adjacent to the ?rst doped layer 108. The second side 154 is 
substantially adjacent to the second doped layer 112. The 
active region 110 emits internally generated light in a ?rst 
Wavelength range When a current is applied through the ?rst 
electrode 102 and the second electrode 114. The light is 
emitted from the second side 154 of the LED. 
[0054] The total thickness 150 of the multilayer semicon 
ductor structure 104 for conventional LED chip 100 of the 
prior art is less than 5 microns. For example, the thickness of 
the ?rst doped layer (the n-doped layer) is typically 3 
microns, the thickness of the active region (a multi-quantum 
Well structure) is typically 0.5 microns and the thickness of 
the second doped layer (the p-doped layer) is typically 0.5 
microns, resulting in a total thickness of 4 microns. In prior art 
LEDs, the semiconductor layers are usually groWn by 
MOCVD. 
[0055] Another conventional LED design of the prior art is 
illustrated in FIG. 2. Conventional LED chip 200 in FIG. 2 is 
similar to LED chip 100 in FIG. 1 except that the LED chip 
200 structure is inverted relative to LED chip 100 and has both 
the ?rst electrode and second electrode on the loWer surface 
of the device. This con?guration is sometimes called a ?ip 
chip design. LED 200 also includes a groWth substrate. 
[0056] Except for the back re?ecting surfaces, most of the 
elements of LED chip 200 of the prior art are the same as LED 
chip 100. Conventional LED chip 200 includes a ?rst elec 
trode 102, a multilayer semiconductor structure 104, a second 
electrode 114 and a groWth substrate 106. The multilayer 
semiconductor structure 104 includes a ?rst doped layer 108, 
an active region 110 and a second doped layer 112, Which is 
on the opposite side of the active region 110 from the ?rst 
doped semiconductor layer 108. 
[0057] The ?rst electrode 102 is in electrical contact With 
the ?rst doped layer 108 and the second electrode 114 is in 
electrical contact With the second doped layer 112. For LED 
chip 200, the second electrode is a re?ecting electrode and 
covers substantially all of surface 134 of the second doped 
layer 112. The ?rst electrode and the second electrode may be 
fabricated from re?ecting metals. 
[0058] The multilayer semiconductor structure 104 of LED 
chip 200 can be fabricated from GaN-based semiconductor 
materials containing GaN, AlN, AlGaN, lnN, lnGaN and/or 
AllnGaN. Alternatively, the multilayer semiconductor struc 
ture can be fabricated from any appropriate light-emitting 
semiconductor material. 
[0059] The active region 110 of the multilayer semiconduc 
tor structure 104 is a p-n homojunction, a p-n heterojunction, 
a single quantum Well or a multiple quantum Well of the 
appropriate semiconductor material for the LED chip 200. 
[0060] For purposes of illustration, LED chip 200 is 
assumed to be a GaN-based LED. The important fabrication 
steps for this GaN-based, illustrative example Will be brie?y 
summarized. Many of the fabrication steps are identical to the 
steps for LED chip 100 and Will not be repeated. 
[0061] First a multilayer semiconductor structure 104 of 
LED chip 200 is fabricated on a sapphire groWth substrate 
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106 using the same methods that are described above for LED 
100. The growth substrate 106 has a ?rst surface 120 and a 
second surface 122 opposite the ?rst surface. The multilayer 
semiconductor structure includes a ?rst doped layer 108 that 
is n-doped GaN, an active region 110 that is a GaN-based 
multiple quantum Well structure and a second doped layer 
112 that is p-doped GaN. 
[0062] A portion 116 of the second doped layer 112 and the 
active region 110 is removed to expose a portion 116 of the 
second surface 126 of the ?rst doped layer. The ?rst electrode 
102 and the second electrode 114 are fabricated from alumi 
num. An aluminum layer is deposited on the second surface 
134 of the second doped layer and the exposed portion 116 of 
the second surface 126 of the ?rst doped layer. The aluminum 
layer is patterned by standard photolitho graphic techniques to 
form the ?rst electrode 102 and the second electrode 114. The 
?rst surface 136 of the ?rst electrode is in electrical contact 
With the second surface 126 of the ?rst doped layer. First 
surface 140 of the second electrode is in electrical contact 
With the second surface 134 of the second doped layer. 
[0063] The ?rst electrode 102 partially covers the exposed 
portion 116 of the second surface 126 of the ?rst doped layer. 
The second electrode 114 substantially covers the second 
surface 134 of the second doped layer. Surface 136 of the ?rst 
electrode and surface 140 of the second electrode form the 
back re?ector for LED chip 200. 
[0064] In summary, LED chip 200 has a ?rst electrode 102, 
a multilayer semiconductor structure 104 that includes ?rst 
doped, active and second-doped layers, a groWth substrate 
106 and a second electrode 114. LED chip 200 has a ?rst side 
252 and a second side 254. The ?rst side 252 is substantially 
adjacent to the ?rst doped layer 108. The second side 254 is 
substantially adjacent to the second doped layer 112. The 
active region 110 emits internally generated light in a ?rst 
Wavelength range When a current is applied through the ?rst 
electrode 102 and the second electrode 114. The light is 
emitted from the ?rst side 252 of the LED. 
[0065] The total thickness 150 of the multilayer semicon 
ductor structure 104 for LED chip 200 of the prior art is less 
than 5 microns. For example, the thickness of the ?rst doped 
layer (the n-doped layer) is typically 3 microns, the thickness 
of the active region (a multi-quantum Well structure) is typi 
cally 0.5 microns and the thickness of the second doped layer 
(the p-doped layer) is typically 0.5 microns, resulting in a 
total thickness of 4 microns. The semiconductor layers are 
usually groWn by MOCVD. 
[0066] When utiliZed as in a light source, LED chip 200 is 
normally attached to a submount (not shoWn). The submount 
acts as a heat transfer element or heatsink to remove heat 

generated by the device during operation. The submount also 
includes electrical interconnections that attach to the ?rst 
electrode and second electrode. 
[0067] Another conventional LED design of the prior art is 
illustrated in FIG. 3. Conventional LED chip 300 in FIG. 3 is 
similar to LED chip 100 in FIG. 1 and LED chip 200 in FIG. 
2. The LED chip 300 structure is inverted and has both the 
n-electrode and p-electrode on the loWer side of the device. 
This con?guration is another version of a ?ip-chip structure. 
HoWever, for the LED chip 300 design, the LED structure is 
bonded to a transfer substrate 302 that includes electrical 
connections (not shoWn) to the n-electrode and the p-elec 
trode. The original groWth substrate has been removed. 
[0068] Except for the removal of the groWth substrate and 
the addition of a transfer substrate 302, most of the elements 
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of LED chip 300 are the same as LED chip 200. Conventional 
LED chip 300 of the prior art includes a ?rst electrode 102, a 
multilayer semiconductor structure 104, a second electrode 
114 and a transfer substrate 302 on the second side 354 of the 
chip. The multilayer semiconductor structure 104 includes a 
?rst doped layer 108 on the ?rst side 352 of the chip, an active 
region 110 and a second doped layer 112, Which is on the 
opposite side of the active region 110 from the ?rst doped 
semiconductor layer 108. 
[0069] The ?rst electrode 102 is in electrical contact With 
the ?rst doped layer 108 and the second electrode 114 is in 
electrical contact With the second doped layer 112. For LED 
300, the second electrode is a re?ecting electrode and covers 
substantially all of surface 134 of the second doped layer 112. 
The ?rst electrode and the second electrode may be fabricated 
from re?ecting metals. 
[0070] The active region 110 of the multilayer semiconduc 
tor structure 104 can be a p-n homojunction, a p-n hetero 
junction, a single quantum Well or a multiple quantum Well of 
the appropriate semiconductor material for the LED chip 300. 
[0071] For purposes of illustration, LED chip 300 is 
assumed to be a GaN-based LED. The important fabrication 
steps for this GaN-based, illustrative example Will be brie?y 
summariZed. Many of the fabrication steps are identical to the 
steps for LED chip 100 and Will not be repeated. 
[0072] First a multilayer semiconductor structure 104 of 
LED chip 300 is fabricated on a sapphire groWth substrate 
(not shoWn) using the same methods that are described above 
for LED 100. 

[0073] A portion 116 of the second doped layer 112 and the 
active region 110 is removed to expose a portion 116 of the 
second surface 126 of the ?rst doped layer. To form the 
electrodes, a metal layer is deposited on the second surface 
134 of the second doped layer and the exposed portion 116 of 
the second surface 126 of the ?rst doped layer. The metal 
layer is patterned by standard photolithographic techniques to 
form the ?rst electrode 102 and the second electrode 114. The 
?rst electrode 102 partially covers the exposed portion 116 of 
the second surface 126 of the ?rst doped layer. The second 
electrode 114 substantially covers the second surface 134 of 
the second doped layer. Surface 136 of the ?rst electrode and 
surface 140 of the second electrode form the back re?ector for 
LED chip 300. 
[0074] A transfer substrate 302 is bonded to surface 138 of 
the ?rst electrode and surface 142 of the second electrode. 
The transfer substrate includes electrical vias (not shoWn) in 
order to make electrical connections to the electrodes. After 
the transfer substrate is attached, the groWth substrate is 
removed by standard processing steps. For example, the 
groWth substrate can be removed by a laser liftoff process, a 
chemical process or by mechanical polishing. 
[0075] The total thickness 150 of the multilayer semicon 
ductor structure 104 for LED chip 300 of the prior art is less 
than 5 microns. For example, the thickness of the ?rst doped 
layer (the n-doped layer) is typically 3 microns, the thickness 
of the active region (a multi-quantum Well structure) is typi 
cally 0.5 microns and the thickness of the second doped layer 
(the p-doped layer) is typically 0.5 microns, resulting in a 
total thickness of 4 microns. The semiconductor layers are 
usually groWn by MOCVD. 
[0076] When utiliZed as in a light source, LED chip 300 
may also include a submount (not shoWn), Which acts as a 
heat transfer element or heatsink to remove heat generated by 
the device during operation. 
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[0077] Another conventional LED of the prior art has one 
electrode on the upper side of the device and one electrode on 
the loWer side. LED chip 400 illustrated in FIGS. 4A and 4B 
is one example of such a device of the prior art. 

[0078] FIGS. 4A and 4B are illustrations of a conventional 
LED chip 400 of the prior art that has a upper electrode, a 
loWer electrode and includes a transfer substrate. FIG. 4A is a 
top plan vieW of the chip. FIG. 4B is a side cross-sectional 
vieW along the I-I plane illustrated in FIG. 4A. The multilayer 
semiconductor structure of LED chip 400 is inverted relative 
to the LED chip 100 structure. HoWever, LED chip 400 has 
one electrode, in this case the n-electrode or ?rst electrode 
102, on the upper side of the device and the other electrode, 
the p-electrode or the second electrode 114, on the loWer side 
of the device. In a similar manner as the LED chip 300 design, 
the LED chip 400 structure is bonded to a transfer substrate. 
The transfer substrate 402 is either an electrical conductor or 
includes an electrical connection (not shoWn) to the second or 
p-electrode. The original groWth substrate has been removed. 
[0079] Except for the arrangement of the electrodes, most 
of the elements of LED chip 400 of the prior art are the same 
as for LED chip 300. Conventional LED chip 400 includes a 
?rst electrode 102 on the ?rst side 452 of the device, a mul 
tilayer semiconductor structure 104, a second electrode 114 
proximal to the second side 454 of the device and a transfer 
substrate 402. The multilayer semiconductor structure 104 
includes a ?rst doped layer 108, an active region 110 and a 
second doped layer 112, Which is on the opposite side of the 
active region 110 from the ?rst doped semiconductor layer 
108. 

[0080] The ?rst electrode 102 is in electrical contact With 
the ?rst doped layer 108 and the second electrode 114 is in 
electrical contact With the second doped layer 112. For LED 
chip 400, the second electrode is a re?ecting electrode and 
covers substantially all of surface 134 of the second doped 
layer 112. The ?rst electrode and the second electrode may be 
fabricated from re?ecting metals. 
[0081] The active region 1 1 0 of the multilayer semiconduc 
tor structure 104 can be a p-n homojunction, a p-n hetero 
junction, a single quantum Well or a multiple quantum Well of 
the appropriate semiconductor material for the LED chip 400. 

[0082] For purposes of illustration, LED chip 400 is 
assumed to be a GaN-based LED. The important fabrication 
steps for this GaN-based, illustrative example Will be brie?y 
summarized. Many of the fabrication steps, including the 
fabrication of the multilayer semiconductor structure, are 
identical to the steps for LED chip 100, LED chip 200 and 
LED chip 300 and Will not be repeated. 
[0083] The second electrode 114 is fabricated from a metal. 
A metal layer is deposited on the second surface 134 of the 
second doped layer of the multilayer semiconductor struc 
ture. The ?rst surface 140 of the second electrode is in elec 
trical contact With the second surface 134 of the second doped 
layer. Surface 140 of the second electrode also forms the back 
re?ector for LED chip 400. 
[0084] A transfer substrate 402, and in particular surface 
404 of the transfer substrate, is bonded to surface 142 of the 
second electrode. The transfer substrate 402 is either an elec 
trical conductor or includes an electrical interconnect (not 
shoWn) to the second electrode. 
[0085] After the transfer substrate is attached, the groWth 
substrate is removed by standard processing steps, exposing 
the ?rst surface 124 of the ?rst doped layer. For example, the 
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groWth substrate can be removed by a laser liftoff process, a 
chemical process or by mechanical polishing. 
[0086] The ?rst electrode 102 is fabricated from a metal. A 
metal layer is deposited on the ?rst surface 124 of the ?rst 
doped layer that Was exposed by removing the groWth sub 
strate. The metal layer is patterned by standard photolitho 
graphic techniques to form the ?rst electrode 102. The ?rst 
electrode 102 partially covers surface 124 of the ?rst doped 
layer. 
[0087] In summary, LED chip 400 has a ?rst electrode 102, 
a multilayer semiconductor structure 104 that includes ?rst 
doped, active and second-doped layers, a transfer substrate 
402 and a second electrode 114. LED chip 400 has a ?rst side 
452 and a second side 454. The ?rst side 452 is substantially 
adjacent to the ?rst doped layer 108. The second side 454 is 
substantially adjacent to the second doped layer 112. The 
active region 110 emits internally generated light in a ?rst 
Wavelength range When a current is applied through the ?rst 
electrode 102 and the second electrode 114. The light is 
emitted from the ?rst side 452 of the LED. 
[0088] The total thickness 150 of the multilayer semicon 
ductor structure 104 for LED chip 400 is typically less than 5 
microns. For example, the thickness of the ?rst doped layer 
(the n-doped layer) is typically 3 microns, the thickness of the 
active region (a multi-quantum Well structure) is typically 0.5 
microns and the thickness of the second doped layer (the 
p-doped layer) is typically 0.5 microns, resulting in a total 
thickness of 4 microns. The semiconductor layers are usually 
groWn by MOCVD. 
[0089] When utiliZed as in a light source, LED chip 400 
may also include a submount or heatsink (neither are shoWn) 
that acts as a heat transfer element to remove heat generated 
by the device during operation. 
[0090] The heat ?oW from the multilayer semiconductor 
structure of LED chip 400 of the prior art is illustrated sche 
matically in FIG. 4C. Heat ?oWs from the multilayer semi 
conductor structure to the transfer substrate With thermal 
resistance 482, then from the transfer substrate to the sub 
mount or heatsink With thermal resistance 484 and ?nally 
from the submount or heatsink With thermal resistance 486 to 
the ambient 488. The transfer substrate, the bonding material 
(not shoWn) used to bond the transfer substrate to the multi 
layer semiconductor structure and the submount/heatsink 
increase the thermal resistance of the device. 
[0091] FIGS. 1 to 4 illustrate conventional LED chips of the 
prior art that include multilayer semiconductor structures that 
are less than 5 microns thick and that include either a groWth 
substrate or a transfer substrate. 

[0092] In contrast to conventional LED chips of the prior 
are, the LED chips of this present invention are substrate-free. 
Alternatively, the LED chips of this invention may also be 
described as free-standing. A substrate-free or free-standing 
LED chip of this invention is an LED chip that does not 
include a groWth substrate or transfer substrate as an element 
of the LED chip. The groWth substrate is de?ned as the 
substrate onto Which the multilayer semiconductor structure 
is epitaxially groWn. For LED chips of this present invention, 
the groWth substrate is removed after the multilayer semicon 
ductor structure is fabricated and no transfer substrate is 
permanently bonded to the multilayer semiconductor struc 
ture prior to the removal of the groWth substrate. The LED 
chips of this present invention have multilayer semiconductor 
structures that are at least 10 microns thick and do not require 
an attached groWth substrate or transfer substrate for struc 
















