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(57) ABSTRACT 

A contact for a semiconductor device can be formed by 
forming a metal on a Silicon Carbide (SiC) substrate and 
annealing an interface location of the metal and the SiC 
substrate to form a metal-SiC material thereat and avoiding 
annealing at a location on the SiC substrate to avoid forming 
the metal-SiC material thereat. 
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LOCALIZED ANNEALING OF METAL-SILICON 
CARBIDE OHMIC CONTACTS AND DEVICES SO 

FORMED 

CROSS-REFERENCE TO PROVISIONAL 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/495,189, ?led Aug. 14, 2003, 
entitled, Laser Annealing of Ohmic Contacts to SiC, and the 
bene?t of US. Provisional Application No. 60/495,284, ?led 
Aug. 15, 2003, entitled Laser Annealing of Ohmic Contacts 
to SiC, Which are both assigned to the assignee of the present 
application, the disclosures of Which are incorporated herein 
by reference in their entireties as if set forth fully herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to microelectronic devices, 
and more particularly, to the fabrication of light emitting 
devices (LEDs) and LEDs so formed. 

BACKGROUND 

[0003] It is knoWn that the thickness of Silicon-carbide 
(SiC) substrates in SiC-based light emitting devices can 
affect the forWard voltage needed to operate the devices at 
a given current level. For eXample, the SiC-based light 
emitting diode C450-CB230-E1000 available from Cree, 
Inc. has a substrate thickness of about 250 pm (+/—25 pm) 
and has an associated forWard operating voltage of about 3.5 
volts at about 10 mA forWard operating current. Moreover, 
reducing the thickness of the SiC substrate of an LED may 
reduce the forWard voltage, Which may yield reduced poWer 
consumption in such diodes. 

[0004] It is also knoWn that many small electronic devices 
may incorporate individual devices having reduced thick 
nesses so that the overall thickness of the electronic device 
may be reduced. For eXample, manufacturers of cellular 
phones may use surface-mounted LED chips to reduce the 
thickness of the component used to backlight a display of the 
cellular phone. Accordingly, reducing the thickness of the 
SiC substrate may also alloW the device to be used in these 
types of small electronic devices. 

[0005] It is knoWn to form ohmic contacts on SiC at 
loW/room temperature by, for eXample, implanting ions into 
a backside of a SiC Wafer. HoWever, if an implanted SiC 
substrate is thinned prior to formation of ohmic contacts, the 
doped region may be removed during the thinning, Which 
may make the implant super?uous. Accordingly, metals 
deposited to form ohmic contacts may not have ohmic 
properties When deposited on the substrate as the implant 
may be performed in a later step. Ion implantation for the 
formation of ohmic contacts is discussed, for eXample, in 
US. patent application Ser. Nos. 09/787,189 and 10/003, 
331, the disclosures of Which are incorporated herein by 
reference in their entireties as if set forth fully herein. 

[0006] It is also knoWn to form metal ohmic contacts by 
depositing a metal, such as nickel, and annealing the metal 
at a high temperature (such as temperatures greater than 
900° C.). High temperature annealing may damage epitaXial 
layers of gallium nitride based materials included on the SiC 
substrate. Accordingly, there is a need for improved methods 
for forming ohmic contacts to substrates of materials such as 
SiC, GaN, InGaN or the like. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIGS. 1-4 are cross-sectional vieWs illustrating the 
formation of metal-silicon carbide ohmic contacts in light 
emitting devices according to some embodiments of the 
invention. 

[0008] FIGS. 5-7 are cross-sectional vieWs illustrating the 
formation of metal-silicon carbide ohmic contacts in light 
emitting devices according to further embodiments of the 
invention. 

[0009] FIGS. 8-11 are cross-sectional vieWs illustrating 
the formation of metal-silicon carbide ohmic contacts in 
light emitting devices according to further embodiments of 
the invention. 

[0010] FIGS. 12-17 are cross-sectional vieWs illustrating 
the formation of metal-silicon carbide ohmic contacts in 
light emitting devices according to further embodiments of 
the invention. 

[0011] FIGS. 18-20 are cross-sectional vieWs illustrating 
the formation of metal-silicon carbide ohmic contacts in 
light emitting devices according to further embodiments of 
the invention. 

[0012] FIGS. 21 and 22 are cross-sectional vieWs of 
metal-silicon carbide ohmic contacts in light emitting 
devices formed according to some embodiments of the 
invention. 

[0013] FIG. 23 is a schematic plan vieW of a silicon 
carbide substrate subject to laser annealing according to 
some embodiments of the invention. 

[0014] FIG. 24 is a simpli?ed schematic vieW of a metal 
silicon carbide ohmic contact including respective opposing 
ohmic contact boundaries according to some embodiments 
of the invention. 

[0015] FIG. 25 is a simpli?ed schematic plan vieW of a 
plurality of metal-silicon carbide ohmic contacts de?ning an 
oblique striped pattern according to some embodiments of 
the invention. 

[0016] FIG. 26 is a simpli?ed schematic plan vieW of a 
plurality of metal-silicon carbide ohmic contacts de?ning a 
striped circular pattern according to some embodiments of 
the invention. 

[0017] FIG. 27 is a simpli?ed schematic plan vieW of a 
plurality of metal-silicon carbide ohmic contacts de?ning a 
ringed circular pattern according to some embodiments of 
the invention. 

[0018] FIG. 28 is an exemplary laser mask through Which 
laser light can be projected to anneal metal-SiC ohmic 
contacts according to some embodiments according to the 
invention. 

[0019] FIG. 29A is an eXemplary mask having “softened” 
edge features according to some embodiments according to 
the invention. 

[0020] FIG. 29B is a detailed vieW of a portion shoWn in 
FIG. 29A. 

SUMMARY 

[0021] Embodiments according to the invention can pro 
vide localiZed annealing of metal-silicon carbide ohmic 
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contacts in semiconductor devices and devices so formed. 
Pursuant to these embodiments, a contact can be formed by 
forming a metal on a Silicon Carbide (SiC) layer and 
annealing an interface location of the metal and the SiC layer 
to form a metal-SiC material thereat and avoiding annealing 
at a location on the SiC layer to avoid forming the metal-SiC 
material thereat. In some embodiments according to the 
invention, the layer can be a SiC substrate. 

[0022] In some embodiments according to the invention, 
the annealing can include annealing at the interface location 
and annealing according to a pattern to avoid annealing at 
the location. In some embodiments according to the inven 
tion, the interface location can be a ?rst interface location 
and the location on the SiC substrate can be a second 
interface location of the metal and the SiC substrate. The 
annealing can include impinging laser light through an 
opening in a mask layer onto the metal layer at the ?rst 
interface location and blocking the laser light With the mask 
layer opposite the second interface location to avoid anneal 
ing at the second interface location. 

[0023] In some embodiments according to the invention, 
the annealing can include activating a laser opposite the 
interface location to impinge laser light onto the metal layer 
at the interface location and de-activating the laser opposite 
the location to avoid annealing at the location. In some 
embodiments according to the invention, forming the metal 
can include forming the metal on the SiC substrate to form 
the location spaced-apart from the SiC substrate. 

[0024] In some embodiments according to the invention, 
the metal can be formed in a pattern to eXpose a portion of 
the SiC substrate at the location and the annealing can 
include activating a laser opposite the interface location to 
impinge laser light onto the metal layer at the interface 
location. Activation of the laser can be maintained opposite 
the location. 

[0025] In some embodiments according to the invention, 
the metal-SiC material at the interface location can be a 
metal ohmic contact on a back side of the substrate opposite 
a front side of the substrate having an epitaxial layer thereon. 
In some embodiments according to the invention, the 
annealing can include impinging laser light on the interface 
location to form at least one ohmic contact including oppos 
ing ohmic contact boundaries having a non-ohmic contact 
region therebetWeen. 

[0026] In some embodiments according to the invention, 
the at least one ohmic contact can be a plurality of ohmic 
contacts including respective opposing ohmic contact 
boundaries de?ning a striped pattern forming an oblique 
angle With a side of the device. In some embodiments 
according to the invention, the at least one ohmic contact can 
include a plurality of ohmic contacts including respective 
opposing ohmic contact boundaries de?ning a striped pat 
tern parallel to a side of the device. 

[0027] In some embodiments according to the invention, 
the at least one ohmic contact can include a plurality of 
ohmic contacts including respective opposing ohmic contact 
boundaries de?ning a circular pattern. In some embodiments 
according to the invention, the interface location can be a 
?rst interface location and the location on the SiC substrate 
comprises a second interface location of the metal and the 
SiC substrate. Annealing can include impinging an electron 
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beam on the interface location and blocking the electron 
beam from impinging the second interface location. 

[0028] In some embodiments according to the invention, 
forming a contact for a light emitting device can include 
forming a metal on a Silicon Carbide (SiC) substrate and 
laser annealing interface locations of the metal and the SiC 
substrate according to a pattern to form a metal-SiC material 
thereat corresponding to the pattern. In some embodiments 
according to the invention, forming the metal can include 
forming a blanket metal on the substrate. The laser annealing 
can include impinging laser light on the interface locations 
through openings in a mask, that de?nes the pattern, to form 
the metal-SiC material thereat. The laser light can be 
blocked With the mask opposite other interface locations of 
the metal and the SiC substrate. 

[0029] In some embodiments according to the invention, 
forming the metal can include forming a blanket metal on 
the substrate, Wherein laser annealing can include activating 
a laser opposite the interface locations, according to the 
pattern, to impinge laser light onto the blanket metal layer at 
the interface location. The laser can be de-activated opposite 
other interface locations to avoid annealing at the other 
locations. 

[0030] In some embodiments according to the invention, 
the metal can be nickel, platinum, or titanium. In some 
embodiments according to the invention, laser annealing can 
include impinging laser light on the interface locations at an 
energy and Wavelength sufficient to form a silicide of the 
metal and the SiC substrate. 

[0031] In some embodiments according to the invention, 
the SiC substrate can be 6H SiC, Wherein laser annealing can 
include impinging laser light having a Wavelength of about 
248 nanometers to about 308 nanometers at an energy of 
about 2.8 joules/cm2 in a single pulse having a duration of 
about 30 nanoseconds. In some embodiments according to 
the invention, the SiC substrate can be 4H SiC, Wherein laser 
annealing can include impinging laser light having a Wave 
length of about 248 nanometers to about 308 nanometers at 
an energy of about 4.2 joules/cm2 in about ?ve pulses each 
having a duration of about 30 nanoseconds. In some embodi 
ments according to the invention, the laser light can be 
photon energies above a bandgap of the SiC substrate. In 
some embodiments according to the invention, the laser 
light can be pulsed or continuous Wave laser light. 

[0032] In some embodiments according to the invention, a 
contact for a light emitting device can include forming a 
metal on a Silicon Carbide (SiC) layer according to a pattern 
so that portions of the layer are eXposed. Laser light can be 
impinged on the eXposed portions of the SiC layer and on 
interface locations of the metal and the Si-C layer to form a 
metal-SiC material thereat corresponding to the pattern. In 
some embodiments according to the invention, the layer can 
be a SiC substrate. 

[0033] In some embodiments according to the invention, 
the metal can be nickel, platinum, or titanium. In some 
embodiments according to the invention, the laser annealing 
can include impinging laser light on the interface locations 
at an energy and Wavelength suf?cient to form a silicide of 
the metal and the SiC substrate. 

[0034] In some embodiments according to the invention, 
the SiC substrate can be 6H SiC, Wherein the laser annealing 
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can include impinging laser light having a Wavelength of 
about 248 nanometers to about 308 nanometers at an energy 
of about 2.8 joules/cm2 in a single pulse having a duration 
of about 30 nanoseconds. 

[0035] In some embodiments according to the invention, 
the SiC substrate can be 4H SiC, Wherein the laser annealing 
can include impinging laser light having a Wavelength of 
about 248 nanometers to about 308 nanometers at an energy 
of about 4.2 joules/cm2 in about ?ve pulses each having a 
duration of about 30 nanoseconds. 

[0036] In some embodiments according to the invention, 
the laser light can include photon energies above a bandgap 
of the SiC substrate. In some embodiments according to the 
invention, the laser light can be pulsed or continuous Wave 
laser light. 

[0037] In some embodiments according to the invention, a 
method of forming an ohmic contact for a semiconductor 
device can include forming a photoresist on a SiC layer 
according to a pattern to eXpose ?rst portions of the SiC 
layer and to cover second portions of the substrate. Ablanket 
metal can be formed on the ?rst portions and on the 
photoresist. Laser light can be impinged on interface loca 
tions of the blanket metal and the SiC layer corresponding 
to the ?rst portions to form a metal-SiC material thereat, 
Whereas impinging laser light on the blanket metal corre 
sponding to the second portions can be avoided. 

[0038] In some embodiments according to the invention, 
the method can further include removing metal from the 
photoresist so that metal-SiC material remains. An overlay 
can be formed on the metal-SiC material and the photoresist 
can be removed from the SiC substrate. In some embodi 
ments according to the invention, the method can further 
include forming an overlay on the metal-SiC material and on 
the photoresist and removing the photoresist from the SiC 
layer. 

[0039] In further embodiments according to the invention, 
the method can further include lifting-off the photoresist and 
the metal thereon leaving the metal-SiC material. An overlay 
can be formed on the metal-SiC material. In some embodi 
ments according to the invention, the metal can be nickel, 
platinum, or titanium. In some embodiments according to 
the invention, the laser annealing can include impinging 
laser light on the interface locations at an energy and 
Wavelength suf?cient to form a silicide of the metal and the 
SiC substrate. 

[0040] In some embodiments according to the invention, 
forming a contact can include impinging laser light on an 
interface location betWeen a metal and a Silicon Carbide 
(SiC) layer to form a metal-SiC material to provide at least 
one ohmic contact on the device including opposing ohmic 
contact boundaries having a non-ohmic contact region ther 
ebetWeen. 

[0041] In some embodiments according to the invention, a 
light emitting device (LED) can include at least one metal 
Silicon Carbide (SiC) ohmic contact on a SiC layer, the at 
least one metal-SiC ohmic contact including opposing 
ohmic contact boundaries having a non-ohmic contact 
region therebetWeen. 

[0042] In some embodiments according to the invention, 
the opposing ohmic contact boundaries are separated by 
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about 10 um. In some embodiments according to the inven 
tion, the at least one ohmic contact can include a plurality of 
ohmic contacts including respective opposing ohmic contact 
boundaries de?ning stripes in a striped pattern forming 
oblique angles With a side of the device. 

[0043] In some embodiments according to the invention, 
the stripes are separated about 106 um. In some embodi 
ments according to the invention, the at least one ohmic 
contact can include a plurality of ohmic contacts including 
respective opposing ohmic contact boundaries de?ning 
stripes a striped pattern parallel to a side of the device. 

[0044] In some embodiments according to the invention, 
the striped pattern de?nes a substantially circular shape 
having a diameter of about 95 um, Wherein the stripes are 
separated by distance of about 4.0 um to about 5.0 um. In 
some embodiments according to the invention, the at least 
one ohmic contact can include a plurality of ohmic contacts 
including respective opposing ohmic contact boundaries 
de?ning rings of a concentric circular pattern. In some 
embodiments according to the invention, the rings are sepa 
rated by a distance of about 4.0 um to about 5.0 um. 

[0045] In some embodiments according to the invention, a 
method of forming an ohmic contact for a semiconductor 
device can include forming a metal on a Silicon Carbide 
(SiC) layer and laser annealing the metal and the SiC layer 
to form a metal-SiC material at interface locations of the 
metal and the SiC layer. Portions of the metal-SiC material 
can be removed to eXpose the SiC layer according to a 
pattern to provide at least one ohmic contact on the semi 
conductor device. 

DETAILED DESCRIPTION OF EMBODIMENTS 
ACCORDING TO THE INVENTION 

[0046] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which embodiments of the invention are shoWn. 
HoWever, this invention should not be construed as limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will fully convey the scope of the 
invention to those skilled in the art. In the draWings, the 
thickness of layers and regions are exaggerated for clarity. 
Like numbers refer to like elements throughout. As used 
herein the term “and/or” includes any and all combinations 
of one or more of the associated listed items. 

[0047] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention. As used herein, the singular 
forms “a”, “an” and “the” are intended to include the plural 
forms as Well, unless the conteXt clearly indicates otherWise. 
It Will be further understood that the terms “comprises” 
and/or “comprising,” When used in this speci?cation, specify 
the presence of stated features, integers, steps, operations, 
elements, and/or components, but do not preclude the pres 
ence or addition of one or more other features, integers, 

steps, operations, elements, components, and/or groups 
thereof. 

[0048] It Will be understood that When an element such as 
a layer, region or substrate is referred to as being “on” or 
extending “onto” another element, it can be directly on or 
eXtend directly onto the other element or intervening ele 
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ments may also be present. In contrast, When an element is 
referred to as being “directly on” or extending “directly 
onto” another element, there are no intervening elements 
present. It Will also be understood that When an element is 
referred to as being “connected” or “coupled” to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
When an element is referred to as being “directly connected” 
or “directly coupled” to another element, there are no 
intervening elements present. Like numbers refer to like 
elements throughout the speci?cation. 

[0049] It Will be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various ele 
ments, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections 
should not be limited by these terms. These terms are only 
used to distinguish one element, component, region, layer or 
section from another region, layer or section. Thus, a ?rst 
element, component, region, layer or section discussed 
beloW could be termed a second element, component, 
region, layer or section Without departing from the teachings 
of the present invention. 

[0050] Furthermore, relative terms, such as “loWer” or 
“bottom” and “upper” or “top,” may be used herein to 
describe-one element’s relationship to another elements as 
illustrated in the Figures. It Will be understood that relative 
terms are intended to encompass different orientations of the 
device in addition to the orientation depicted in the Figures. 
For example, if the device in the Figures is turned over, 
elements described as being on the “loWer” side of other 
elements Would then be oriented on “upper” sides of the 
other elements. The exemplary term “loWer”, can therefore, 
encompasses both an orientation of “loWer” and “upper,” 
depending of the particular orientation of the ?gure. Simi 
larly, if the device in one of the ?gures is turned over, 
elements described as “beloW” or “beneath” other elements 
Would then be oriented “above” the other elements. The 
exemplary terms “beloW” or “beneath” can, therefore, 
encompass both an orientation of above and beloW. 

[0051] Embodiments of the present invention are 
described herein With reference to cross-section (and/or plan 
vieW) illustrations that are schematic illustrations of ideal 
iZed embodiments of the present invention. As such, varia 
tions from the shapes of the illustrations as a result, for 
example, of manufacturing techniques and/or tolerances, are 
to be expected. Thus, embodiments of the present invention 
should not be construed as limited to the particular shapes of 
regions illustrated herein but are to include deviations in 
shapes that result, for example, from manufacturing. For 
example, an etched region illustrated or described as a 
rectangle Will, typically, have rounded or curved features. 
Thus, the regions illustrated in the ?gures are schematic in 
nature and their shapes are not intended to illustrate the 
precise shape of a region of a device and are not intended to 
limit the scope of the present invention. 

[0052] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to Which this invention belongs. It Will be further 
understood that terms, such as those de?ned in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent With their meaning in the context of the 
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relevant art and Will not be interpreted in an idealiZed or 
overly formal sense unless expressly so de?ned herein. It 
Will also be appreciated by those of skill in the art that 
references to a structure or feature that is disposed “adja 
cent” another feature may have portions that overlap or 
underlie the adjacent feature. 

[0053] As used herein the term “ohmic contact” refers to 
contacts Where an impedance associated thereWith is sub 
stantially given by the relationship of Impedance=V/I, 
Where V is a voltage across the contact and I is the current, 
at substantially all expected operating frequencies (i.e., the 
impedance associated With the ohmic contact is substantially 
the same at all operating frequencies). For example, in some 
embodiments according to the invention, an ohmic contact 
can be a contact With a speci?c contact resistivity of less 
than about 10 e —03 ohm-cm2 and, in some embodiments 
less than about 10 e —04 ohm-cm2. Thus, a contact that is 
rectifying or that has a high speci?c contact resistivity, for 
example, a speci?c contact resistivity of greater than about 
10 e —03 ohm-cm2, is not an ohmic contact as that term is 
used herein. As used herein, a “metal-SiC material” includes 
mixtures containing a metal and Silicon Carbide fused 
together or dissolving into each other When annealed. It Will 
also be understood that, for example, a Ni—SiC material can 
be a mixture (or alloy) of nickel and silicon carbide When 
annealed so that a Ni-silicide is formed. 

[0054] As described herein in greater detail, embodiments 
according to the invention may provide methods of anneal 
ing interface locations of a metal and a silicon carbide 
substrate to form a metal-silicon carbide material thereat and 
avoid annealing other locations on the silicon carbide sub 
strate so as to avoid forming a metal silicon carbide material. 
It Will be understood that the interface locations Where the 
metal-silicon carbide material is formed can include bound 
aries at or near the outer area Where the laser light impinges 
the metal and the substrate. For example, as described in 
further detail herein in reference to FIG. 21, When the laser 
light is impinged on the interface, a metal-SiC ohmic contact 
is formed Which includes opposing ohmic contact bound 
aries and a non-ohmic area therebetWeen (Where for the laser 
light has directly impinged) a metal-SiC material is formed 
at an interface location 

[0055] Annealing at one location With, for example a laser 
beam, While avoiding annealing at another location on the 
silicon carbide substrate may avoid the type of damage 
caused by a conventional rapid thermal anneal to an epi 
taxial layer. For example, in some embodiments according 
to the invention, metal-silicon carbide ohmic contacts can be 
formed by annealing the interface locations on the substrate 
using laser light While avoiding annealing other locations on 
the substrate (by masking or modulating the laser light) after 
an epitaxial layer has been formed on the front side of the 
substrate. 

[0056] FIGS. 1-4 are cross-sectional vieWs that illustrate 
the formation of metal-silicon carbide (SiC) ohmic contacts 
in light emitting devices according to some embodiments of 
the invention. In particular, one or more epitaxial layers 100 
are formed on a front side of a SiC substrate 105. The 
epitaxial layers 100 may provide an active region of a light 
emitting device and may be formed of a GaN based material, 
such as, InGaN, GaAlInN or the like. A metal layer 110 is 
formed on a back side of the SiC substrate 105 opposite the 
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epitaxial layer 100. It Will be understood that the SiC 
substrate 105 can be any type of SiC material used to form 
light emitting devices such as 4H or 6H SiC. It Will also be 
understood that the metal layer 110 can be formed to a 
thickness of about 400 angstroms to about 1100 angstroms. 
The metal layer 110 can be a metal such as platinum, 
titanium, or preferably nickel. 

[0057] As shoWn in FIG. 2, laser light 225 is impinged on 
corresponding interface locations of the metal layer 110 and 
the SiC substrate 105 through openings 220 in a mask 215. 
Some of the laser light 225 is blocked by the mask 215 from 
impinging on other interface locations of the metal layer 110 
and the SiC substrate 105. 

[0058] As shoWn in FIG. 3, interface locations 330 Where 
the laser light 225 impinges the metal layer 110 and the SiC 
substrate 105 are annealed to form a metal-SiC material 
thereat. In some embodiments according to the invention, 
the metal-SiC material at the interface location is formed by 
the laser light 225 heating the metal and SiC to create a 
silicide of the metal. Conversely, the other interface loca 
tions of the SiC substrate 105 and metal layer 110 that are 
blocked by the mask 215 are not annealed so that the 
metal-SiC material is not formed. 

[0059] According to FIG. 4, portions of the metal layer 
110 that are not annealed by the laser light 225 are removed, 
using, for example in the case of a nickel metal layer 110, a 
solution of HNO3:3H2O or HCL and H20. Removal of the 
unannealed portions of the metal layer 110 exposes annealed 
metal-SiC ohmic contacts 435a-435a'. As described above, 
in some embodiments according to the invention, the 
annealed metal-SiC ohmic contacts are formed by annealing 
interface locations of the metal layer 110 and the SiC 
substrate 105 Whereas annealing of other locations on the 
substrate 105 is avoided by blocking the laser light from 
impinging on corresponding locations of the substrate. 

[0060] FIGS. 5-7 are cross-sectional vieWs that illustrate 
methods of forming metal-SiC ohmic contacts according to 
some embodiments of the invention. As shoWn in FIG. 5, 
laser light 525 is impinged on the metal layer 110 according 
to a predetermined pattern. That is, some interface locations 
of the metal layer 110 and the underlying substrate 105 are 
impinged by the laser light 525 Whereas other locations are 
not impinged by the laser light 525. In some embodiments 
according to the invention, the laser light 525 is impinged on 
the metal layer 10/substrate 105 by moving a laser beam 
above the metal layer 110 and activating/deactivating the 
laser to produce the laser light 525 according to the desired 
pattern. It Will be understood that the laser beam may be 
activated/de-activated by pulsing the laser on/off or by 
modulating the laser beam to form the metal-SiC material 
Where desired and to avoid the formation of the metal-SiC 
material otherWise. 

[0061] Regarding “moving” the laser beam described 
above, it Will be understood that in some embodiments 
according to the invention, the laser beam can be moved in 
discreet steps according to the pattern Whereas in other 
embodiments according to the invention, the laser beam is 
moved continuously and activated/deactivated at the appro 
priate intervals according to the pattern. It Will be further 
understood that the laser beam can be “moved” by, for 
example, moving a mirror above the metal layer 110 to 
re?ect the laser beam. Alternatively, the laser that generates 
the laser beam may be moved above the metal layer. 
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[0062] In still other embodiments according to the inven 
tion, the substrate can be moved beneath a “?xed” laser 
beam. For example, the substrate can be moved in incre 
ments of the mask pitch and stopped at each location Where 
the laser is activated for a number of pulses (or duration) at 
each location. In some embodiments according to the inven 
tion, a 1.8 mm><1.8 mm ?eld is used for a 6x6 array of 300 
pm pitch die. Alternatively, the substrate can be moved 
beneath a ?xed beam continuously along one axis, With 
activation of the laser beam being synchroniZed at every die 
pitch, Which may vary by device. The number of pulses 
delivered to each site can be based on the number of die 
positions in the mask along the axis along Which the 
substrate is moved. The Wafer may then be indexed by the 
mask pitch along the non-scanned axis, Whereupon the 
scanning can be repeated. FIG. 28 illustrates an exemplary 
laser mask through Which laser light can be projected to 
anneal metal-SiC ohmic contacts according to some embodi 
ments according to the invention. 

[0063] As shoWn in FIG. 6, the interface locations of the 
metal layer 110 and the substrate 105 that are impinged by 
the laser light 525 are annealed to form a metal-SiC material 
630 thereat. It Will be understood that the other interface 
locations 631 upon Which laser light 525 does not impinge 
remain unannealed. According to FIG. 7, the unannealed 
portions of the metal layer 110 are removed using, for 
example an etching solution described above in reference to 
FIG. 4, to expose annealed metal-SiC ohmic contacts 735a 
d. Accordingly, in some embodiments according to the 
invention, the annealed metal-SiC ohmic contacts are 
formed by impinging laser light at interface locations of the 
metal layer and the underlying SiC substrate according to a 
pattern. Annealing of other interface locations of the metal 
layer and the SiC substrate can be prevented by avoiding 
impinging the laser light on those corresponding portions of 
the metal layer and substrate. 

[0064] FIGS. 8-11 are cross-sectional vieWs illustrating 
methods of forming metal-SiC ohmic contacts in light 
emitting devices according to some embodiments of the 
invention. In FIG. 8, a metal layer 110 is formed on a SiC 
substrate 105 opposite an epitaxial layer(s) 100. The metal 
layer 110 is patterned, using for example a lift-off or etching 
process, and portions thereof are removed so that portions of 
the metal layer 940a-940d remain on the substrate 105 
having exposed portions of the substrate therebetWeen, as 
shoWn in FIG. 9. Accordingly, the remaining portions 
940a-a' of the metal layer 110 include interface locations 
With the underlying SiC substrate 105. 

[0065] As shoWn in FIG. 10, laser light 1025 is impinged 
on the remaining portions 940a-a' of the metal layer 110 and 
on the exposed portions of the SiC substrate 105 therebe 
tWeen. The laser light 1025 anneals the remaining portions 
940a-940d of the metal layer 110 to form annealed metal 
SiC ohmic contacts 1135a-1135d on the substrate according 
to the pattern described above in reference to FIG. 9. 
Accordingly, in some embodiments according to the inven 
tion, the metal-SiC ohmic contacts are annealed by forming 
remaining metal portions from the metal layer according to 
a pattern and laser light is impinged upon both the remaining 
metal portions and the exposed SiC substrate so that the 
formation of the metal-SiC material is avoided in locations 
other than those corresponding to the remaining metal 
portions. 
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[0066] It Will be understood by those skilled in the art, 
given the bene?t of this disclosure, that the laser light 1025 
should preferably not damage the boundaries of the metal 
SiC ohmic contacts 1135a-1135a' that are formed as 

described above. In particular, if un-addressed, laser light 
105 that impinges on the exposed portions of the SiC 
substrate 105 could damage the adjacent metal-SiC ohmic 
contacts 1135a-1135d. As described in reference to FIG. 24, 
the ohmic contacts can include opposing metal-SiC ohmic 
contact boundaries near or at the outer edges of Where the 
laser light impinges the interface of the metal and SiC 
substrate. In some embodiments according to the invention, 
the eradication of the metal-SiC ohmic contacts may be 
avoided by, for example, reducing the poWer of the laser 
light 1025 adjacent to the metal-SiC ohmic contacts. In some 
embodiments according to the invention, the Wavelength of 
the laser light may be changed to avoid eradicating the 
adjacent metal-SiC ohmic contacts. 

[0067] FIGS. 12-17 are cross-sectional vieWs that illus 
trate methods of forming annealed SiC ohmic contacts 
according to further embodiments of the invention. A layer 
of photoresist pattern 1245 is formed on the SiC substrate 
105 according to a pattern so that portions of the substrate 
105 remain covered by the photoresist 1245 Whereas other 
portions of the SiC substrate 105 are exposed. According to 
FIG. 13, a metal layer 1350 is formed on the photoresist 
pattern 1245 separated from the underlying SiC substrate 
105 and on the exposed portions of the substrate 105 to 
de?ne interface locations of the metal 1350 and the SiC 
substrate 105. 

[0068] As shoWn in FIG. 14, laser light 1425 is impinged 
upon interface locations 1460 on the exposed portions of the 
SiC substrate 105. The laser light 1425 anneals the metal 
1350 on the exposed portions of the SiC substrate 105 at the 
interface locations 1460 so that a metal-SiC material 
1535a-d is formed thereat as shoWn in FIG. 15. In some 
alternative embodiments according to the invention, the 
laser light 1425 may also be impinged upon the metal layer 
1350 on the photoresist pattern 1245, hoWever, the metal 
layer 1350 and the photoresist pattern 1245 may be damaged 
by the laser light 1425. 

[0069] According to FIG. 16, an overlay 1665 is formed 
on the metal on the photoresist pattern 1245 and on the 
metal-SiC (SiC) material 1535a-1535d. The photoresist pat 
tern 1245 and the metal 1350 thereon (including the corre 
sponding portion of the overlay 1665) can be removed using 
a lift-off process including, for example, etching the photo 
resist pattern to remove the photoresist, the metal and 
overlay thereon as shoWn in FIG. 17. 

[0070] It Will be understood that in some embodiments 
according to the invention, the laser light 1425 described 
above in reference to FIG. 14, can be impinged subsequent 
to formation of the overlay pattern 1665 illustrated in FIG. 
16. Furthermore, the overlay 1665 and the metal 1350 
located on the photoresist pattern 1245 may be removed in 
separate steps rather than together as described above in 
reference to FIG. 16. 

[0071] FIGS. 18-20 are cross-sectional vieWs illustrating 
the formation of metal-silicon carbide ohmic contacts in 
light emitting devices according to further embodiments of 
the invention. According to FIGS. 18 and 19, laser light 
2525 is impinged on a metal 2510/SiC substrate 2505 in a 
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blanket pattern to form an annealed metal-SiC layer 2660. 
Portions of the annealed metal-SiC layer 2660 are removed 
so that the remaining portions of the annealed metal-SiC 
layer 2660 form the metal-SiC ohmic contacts as shoWn in 
FIG. 20. It Will be understood that the removal of portions 
of the metal layer can be performed using, for example, 
Reactive Ion Etching and photolithography techniques 
knoWn to those skilled in the art. Accordingly, the metal-SiC 
ohmic contacts according to some embodiments of the 
invention can be formed using a blanket anneal via the laser 
light Whereas annealing can be avoided by removing por 
tions of the metal according to a pattern. 

[0072] FIGS. 21 and 22 are cross-sectional vieWs that 
illustrate light emitting devices including metal-SiC (SiC) 
ohmic contacts formed according to embodiments of the 
invention. In particular, FIG. 21 illustrates an annealed 
metal-SiC ohmic contact 1835 on a beveled edge SiC 
substrate 1805 opposite a stack of n/p type epitaxial layers 
1800. The reduced thickness of the substrate 1805 may 
alloW a saW tip to eliminate an upper portion of the substrate 
1805 When the Wafer is diced. The formation of such beveled 
edge devices is described, for example, in the US. Pat. No. 
5,087,949, and US. patent application Ser. No. 10/659,241, 
?led Sep. 9, 2003, by Slater et al., the disclosures of Which 
are incorporated herein by reference in their entireties. 

[0073] FIG. 22 illustrates a straight cut light emitting 
device including an annealed metal-SiC ohmic contact 
formed according to embodiments of the invention. In 
particular, an annealed metal-SiC ohmic contact 1935 is 
located on a substrate 1905 opposite a stack of n/p type 
epitaxially formed layers 1900. The structures shoWn in 
FIG. 21 can produce higher light output and higher light 
extraction. Furthermore, the structure of FIG. 21 may pro 
mote more conformal phosphor coatings to promote White 
light conversion efficiency due to the reduced thickness. 

[0074] FIG. 23 is a schematic plan vieW of a Wafer 2080 
having been annealed as described above in reference to 
FIGS. 1-20. In particular, pattern lines 2081 represent a laser 
light pattern used to anneal the metal-SiC ohmic contacts 
thereon according to some embodiments of the invention. As 
described above, the light can be impinged upon a metal 
layer on the Wafer 2080 according to the pattern lines 2081. 
Alternatively, the pattern lines 2081 may be generated 
according by activating and deactivated the laser light 
according to a pattern or impinged on the substrate through 
openings in a mask. Furthermore, the light may be impinged 
upon a substrate having a photoresist pattern and a metal 
thereon. 

[0075] FIG. 24 is a detailed vieW of a metal-SiC ohmic 
contact according to some embodiments of the invention. In 
particular, a metal-SiC ohmic contact 2100 includes oppos 
ing metal-SiC ohmic contact boundaries 2101, 2102 having 
a non-ohmic contact region 2103 therebetWeen. As appre 
ciated by the present inventors, When laser light impinges 
the interface location of the SiC substrate and overlying 
metal layer, the metal-SiC material is formed proximate at 
the boundaries of Where the laser light impacts the interface 
location. For example, as shoWn in FIG. 24, the ohmic 
contact boundaries 2101 and 2102 de?ne an outer area 
Where the laser light has impinged at the interface location 
of the metal layer in the SiC substrate. 

[0076] Therefore, in some embodiments according to the 
invention, the ohmic contact boundaries 2101 and 2102 
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de?ne the annealed metal-SiC ohmic contact Where the 
non-ohmic contact region 2103 is included betWeen the 
opposing ohmic contact boundaries 2101, 2102. It Will be 
understood that the non-ohmic contact region, 2103 is also 
impinged by the laser light that anneals the interface location 
to form a metal-SiC at the opposing ohmic contact bound 
aries 2101, 2102. It Will also be understood that the shape of 
the opposing ohmic contact boundaries 2101, 2102 can vary 
With the properties of the laser light used. For example, the 
laser light may be de-focused to provide the un-even con 
tours shoWn in FIG. 24 or focused to provide contours that 
are relatively narroW and relatively even in Width compared 
to those shoWn in FIG. 24. It Will be understood, hoWever, 
that the un-even contours shoWn in FIG. 24 are exemplary 
in nature and are not limited to those illustrated. 

[0077] In still other embodiments according to the inven 
tion, some edges in the laser mask can include features that 
measure less than a resolution of a lens (e.g., about 2 um) 
used to direct the laser light, Which is sometime referred to 
as “softening” the edges of the mask. In particular, the 
softening of the edges can cause the energy of the laser light 
to be gradually reduced toWard the edges of the image 
produced by the mask. Reducing the energy near the edges 
can increase the density of the feature edges produced by the 
laser light projected through the mask. Exemplary mask 
features are shoWn in FIG. 29A. FIG. 29B shoWs a detailed 
vieW of a portion of the edges of the mask shoWn in FIG. 
29A according to some embodiments according to the 
invention. 

[0078] FIG. 25 is a simpli?ed plan vieW shoWing a 
plurality of metal-SiC ohmic contacts 2200 that form an 
oblique angle With a side of the device 2270. It Will be 
understood that each of the stripes included in the plurality 
of metal-SiC ohmic contacts 2200 include opposing metal 
SiC ohmic contact boundaries and non-ohmic contact 
regions therebetWeen, as illustrated for example, in FIG. 24. 

[0079] FIG. 26 is a simpli?ed plan vieW of a plurality of 
metal-SiC ohmic contacts de?ning a striped circular pattern 
2300 Wherein the stripes are parallel to a side of the device 
2370. It Will be understood that each of the stripes in the 
pattern 2300 includes respective opposing metal-SiC ohmic 
contact boundaries and non-ohmic contact regions therebe 
tWeen, as illustrated for example in FIG. 24. 

[0080] FIG. 27 is a simpli?ed plan vieW of a pattern of 
metal-SiC ohmic contacts de?ning a circular concentric ring 
pattern 2400. It Will be understood that each of the rings in 
the pattern 2400 include metal-SiC opposing ohmic contact 
boundaries and non-ohmic contact regions therebetWeen, as 
illustrated for example in FIG. 24. 

[0081] It Will be understood that in some embodiments 
according to the invention, the stripes or rings included in 
the metal-SiC ohmic contacts described above in reference 
to FIGS. 23-27, can be formed having various thicknesses 
and spacing therebetWeen. For example, in some embodi 
ments according to the invention, the stripes in the metal 
SiC ohmic contacts can have a Width of about 10 microns 
and a spacing therebetWeen of about 100 microns or 106 
microns. In other embodiments according to the invention, 
the spacing betWeen the stripes can be about 4 to about 5 
microns Where the stripes are arranged in a substantially 
circular pattern having a diameter of about 95 microns, as 
illustrated for example in FIG. 26, or the concentric rings 
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illustrated in FIG. 27. It Will also be understood that 
although the stripe patterns shoWn in FIGS. 25-27 are 
shoWn separately, the stripe patterns may be combined to 
form metal-SiC ohmic contacts as described herein. 

[0082] It Will be understood that the laser light used to 
anneal the metal-SiC ohmic contacts described herein can be 
a laser light having a Wavelength and intensity sufficient to 
form the metal-silicide material at the interface of the metal 
layer and the SiC substrate. For example, in embodiments 
using 6H SiC as the substrate, laser annealing may be 
accomplished by impinging laser light having a Wavelength 
of about 248 nanometers to about 308 nanometers at an 
energy of about 2.8 joules per square centimeter in a single 
pulse having a duration of about 30 nanoseconds. In other 
embodiments according to the invention Where, for example, 
the SiC substrate is 4H SiC, the laser light may have a 
Wavelength of about 248 nanometers to about 308 nanom 
eters and an energy of about 4.2 joules per square centimeter 
applied in about 5 pulses, each having a duration of about 30 
nanoseconds. In still other embodiments according to the 
invention, other Wavelengths and energies may be used to 
provide annealing at the interface location of the metal layer 
and the SiC substrate via absorption of light including 
photon energies that are above the bandgap of the SiC 
substrate. It Will be understood that pulse and/or continuous 
loop lasers may also be utiliZed. 

[0083] It Will be also understood that electron beam 
annealing may be used as an alternative to laser light. 
Accordingly, in each of the embodiments described above, 
an electron beam may be used to anneal the interface 
locations of the metal layer and the SiC substrate to form the 
metal-SiC material thereat. It Will be understood that the 
metal-SiC ohmic contacts can be a contact for any SiC 
device and may be included on a SiC epitaxial layer. 

[0084] Many alterations and modi?cations may be made 
by those having ordinary skill in the art, given the bene?t of 
the present disclosure, Without departing from the spirit and 
scope of the invention. Therefore, it must be understood that 
the illustrated embodiments have been set forth only for the 
purposes of example, and that it should not be taken as 
limiting the invention as de?ned by the folloWing claims. 
The folloWing claims are, therefore, to be read to include not 
only the combination of elements Which are literally set 
forth but all equivalent elements for performing substan 
tially the same function in substantially the same Way to 
obtain substantially the same result. The claims are thus to 
be understood to include What is speci?cally illustrated and 
described above, What is conceptually equivalent, and also 
What incorporates the essential idea of the invention. 

What is claimed: 
1. A method of forming an ohmic contact for a semicon 

ductor device, comprising: 

forming a metal on a Silicon Carbide (SiC) layer; and 

annealing an interface location of the metal and the SiC 
layer to form a metal-SiC material thereat and avoiding 
annealing at a location on the SiC layer to avoid 
forming the metal-SiC material thereat. 

2. A method according to claim 1 Wherein the SiC layer 
comprises a SiC substrate. 

3. A method according to claim 2 Wherein annealing 
comprises: 








