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Description

Background

[0001] The present invention relates to light emitting diodes (LEDs) and in particular relates to LEDs formed with active
portions of Group III nitrides on silicon carbide substrates.
[0002] Significant improvements have recently been demonstrated in the output of light emitting diodes based on the
Group III nitride material system using conductive silicon carbide substrates. These include light emitting diodes that
have high brightness on a unit area basis.
[0003] A light emitting diode (LED) is a p-n junction semiconductor diode that emits photons when forward biased.
Thus, light emitting diodes produce light based upon the movement of electrons in a semiconductor material. Therefore,
LEDs do not require (although they can be used in conjunction with) vapors or phosphors. They share the desirable
characteristics of most semiconductor-based devices, including high efficiency (their emissions include little or no heat),
high reliability and long life. For example, typical LEDs have a mean time between failures of between about 100,000
and 1,000,000 hours meaning that a conservative half lifetime for an LED is on the order of 50,000 hours.
[0004] In particular, an LED’s emitted light has a frequency (which in turn relates directly to wavelength and color in
accordance with well-understood principles of physics) based upon the energy difference between permitted energy
levels in the material, a characteristic referred to as the bandgap. The bandgap is a fundamentally property of the
semiconductor material and its doping. Thus, LEDs formed in silicon (Si, bandgap of 1.12 electron volts (eV)) will have
energy transitions in the infrared (but not the visible) portions of the spectrum. Silicon-based diodes are thus used for
items such as low-cost sensors in which visibility to the human eye is either unimportant or specifically undesired. LEDs
formed in gallium arsenide (bandgap 1.42 eV), or most commonly in silicon-doped aluminum gallium arsenide (AlGaAs)
will emit in the visible portion of the spectrum, but at lower frequencies that produce infrared radiation and red and yellow
light.
[0005] In turn, because green, blue, and ultraviolet (UV) photons represent higher frequency colors (E = hυ) within
(and beyond) the visible spectrum, they can only be produced by LEDs with bandgaps of at least about 2.2 eV. Such
materials include diamond (5.47 eV), silicon carbide (2.99 eV) and Group III nitrides such as GaN (3.4 eV). In addition
to producing green, blue or ultraviolet light per se, wide bandgap LEDs can be combined with red and green LEDs to
produce white light, or with phosphors that produce white light when excited by blue or UV light, or both.
[0006] For several reasons, the Group III nitride compositions (i.e., Group III of the periodic table), particularly GaN,
AlGaN, InGaN and AlInGaN are particularly useful for blue-emitting LEDs. As one advantage, they are "direct" emitters,
meaning that when an electron transition occurs across the bandgap, much of the energy is emitted as light. By com-
parison, "indirect" emitters (such as silicon carbide) emit their energy partially as light (a photon) and predominantly as
vibrational energy (a phonon). Thus Group III nitrides offer efficiency advantages over indirect transition materials. The
Group III nitrides will also be referred to herein as the Group III nitride material system.
[0007] As another advantage, the bandgap of ternary and quaternary Group III materials (e.g., AlGaN, InGaN, AlInGaN)
depends upon the atomic fraction of the included Group III elements. Thus the wavelength (color) of the emission can
be tailored (within limits) by controlling the atomic fraction of each Group III element in a ternary or quaternary nitride.
[0008] Wide bandgap semiconductors have been, however, historically more difficult to produce and work with than
gallium-arsenide or gallium phosphide (GaP). As a result, blue and UV-emitting LEDs have lagged behind GaP-based
LED’s in their commercial appearance. For example, silicon carbide is physically very hard, has no melt phase, and
requires high temperatures (on the order of about 1500-2000 °C) for epitaxial or sublimation growth. The Group III nitrides
have relatively large nitrogen vapor pressures at their melting temperatures and thus are likewise difficult or impossible
to grow from a melt. Additionally, difficulties in obtaining p-type gallium nitride (and other Group III nitrides) remained a
barrier to diode production for a number of years. Accordingly, the commercial availability of blue and white-emitting
LEDs is more recent than the corresponding availability of GaP-based and GaAs-based LEDs.
[0009] For comparison and other relevant purposes, lighting is typically quantified as to its output. One typical unit of
measure is the lumen, defined as a unit of luminous flux equal to the light emitted in a unit solid angle by a uniform point
source of one candela (cd) intensity. In turn, the candela is the base unit of luminous intensity in the International System
of Units that is equal to the luminous intensity in a given direction of a source which emits monochromatic radiation of
frequency 540 x 1012 hertz and has a radiant intensity in that direction of 1/683 watt per unit solid angle.
[0010] Using lumens as the unit of measurement, an intensity of 1200-1800 lumens is typical of incandescent bulbs
and 1000-6000 lumens (depending upon circumstances) is typical in natural daylight. Light emitting diodes, however,
are much less intense, for example on the order of about 10-100 lumens. One reason is their small size. Thus, applications
for single (or small groups of) LEDs have historically gravitated towards indication (e.g. the register of a hand-held
calculator) rather than illumination (a reading lamp). Although the availability of blue LEDs and corresponding white-
emitting devices have moved such LEDs into wider commercial availability, for illumination purposes, several (or more)
LEDs are typically grouped together to provide the desired output.
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[0011] Because of their typical size and structure, the output of LEDs is often measured in units other than lumens.
Additionally, an LED’s output also depends upon the applied current, which in turn depends upon the potential difference
applied across the diode. Thus, the output of an LED is often referred to as its radiant flux (Rf) and is expressed in
milliwatts (mW) at a standard 20 milliamp (mA) drive current.
[0012] Blue LEDs are becoming more frequently included in consumer electronic devices, particularly small displays.
Common examples include items such as computer screens, personal digital assistants ("PDAs") and cellular phones.
In turn, these small devices drive demand for LEDs with reduced size ("footprint"). Such LEDs, however, must still
operate at low forward voltages (Vf) and high light output. To date, however, reducing the size of the blue-emitting Group
III nitride devices has tended to increase their forward voltage and reduce their radiant flux.
[0013] As noted above, the LEDs disclosed in the ’965 application offers significant advantages in increased brightness
(using the standard parameters noted above) and reduced forward voltage even at small size.
[0014] Although small, relatively thin LEDs are advantageous for smaller devices (such as cellular phone displays);
the incorporation of LEDs into larger devices presents different challenges. For example, using greater numbers of small
diodes in larger displays can reduce energy conversion, increase power consumption and require the manufacturer to
purchase, assemble and maintain a greater number of components. Larger numbers of smaller components can also
increase weight, size, volume and the number of required electrical connections. Statistically, larger numbers of smaller
devices will include a larger absolute number of defects and may require the manufacturer to maintain larger inventories
in order to maintain or increase a given reliability.
[0015] As one example, electronic visible displays such as oscilloscopes, televisions, and computer monitors, have
historically been based upon cathode ray tubes ("CRTs"). In recent years, however, the advances in various technologies
commonly grouped as "flat panel" displays have rapidly displaced cathode ray tubes for many purposes and in particular
for consumer uses such as televisions and monitors for personal computers.
[0016] Additionally, these and other technologies have in turn driven the growth of much larger displays for consumer
and other personal use. Examples include plasma-based and liquid crystal ("LCD") television screens that are quite
large compared to their technological ancestors; i.e., 46 inch flat-panel televisions in place of 21 inch CRT-based tele-
visions.
[0017] In particular, liquid crystal displays operate by changing the orientation of liquid crystals, and thus their appear-
ance, using appropriate electrical controls. Liquid crystals do not emit light, however, and thus LCD displays such as
televisions must be back lit by some additional source. The availability of "RGB" (red, green, and blue) or white light
emitting diodes in large quantity at competitive cost offers such an appropriate back lighting source.
[0018] A large display, however, requires a large number of light emitting diodes. In turn, the individual diodes must
be physically supported and functionally incorporated into electronic circuits. Furthermore, although light emitting diodes
are highly efficient in comparison to incandescent lighting, they still generate a finite amount of energy as heat. Thus,
incorporating hundreds or thousands of light emitting diodes into larger applications, particularly those used indoors,
correspondingly generates noticeable, or even troublesome amounts of heat and other technological challenges.
[0019] Because both complexity and heat are typical problems that must be addressed in designing and using electronic
equipment (including large flat-panel displays) that incorporates LEDs, a need exists, and corresponding benefits are
desired, for further increasing the efficiency and output of light emitting diodes. This need includes the call for light
emitting diodes that produce white light from blue emitting diodes either by incorporating phosphors or through their
combination with red and green LEDs.
[0020] Nakamura, Japan Journal of Applied Physics Volume 34 (1995) pages 1332-35 describes a green-emitting
indium gallium nitride single quantum well light emitting diode with a luminous intensity of 12 Candela. These diodes
(according to Nakamura) have an output power of three milliwatts, and external quantum efficiency of 6.3 percent, a
peak wavelength of 520 nanometers, and a full width at half maximum of 30 nanometers at a forward current of 20
milliamps.
[0021] Doverspike, U.S. Patent No. 6,610,551 discloses a vertical geometry light emitting diode that includes an indium
gallium nitride quantum well on a conductive buffer and a silicon carbide substrate along with a number of other Group
III nitride layers that enhance the performance of the diode. Doverspike plots some relative comparative data (Figure
2) but does not specifically describe quantitative luminous JP2004 260178 discloses the features of the pre-amble of
the independent claim.
[0022] Accordingly, a need exists for continual improvement in the output of small size LEDs formed in the Group III
nitride silicon carbide material system.

Summary

[0023] In one aspect, the invention provides a light emitting diode in accordance with claim 1. Such a diode may
comprise a silicon carbide single crystal substrate, a light emitting structure formed from the Group III nitride material
system on the single crystal substrate, the diode having an area greater than 100,000 square microns, and in many
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examples at least one side that is at least 400 microns in length, and the diode having a radiant flux at 20 milliamps
current of at least 29 milliwatts at its dominant wavelength between 390 and 540 nanometers.
[0024] In another aspect the invention is a light emitting diode comprising quantum efficiency a silicon carbide single
crystal substrate, a light emitting structure formed. from the Group III nitride material system on the single crystal substrate,
the diode having an area of at least 100,000 square microns, and in. many examples at least one side that is at least
400 microns in length and, and the diode having an external quantum efficiency greater than 50 percent at 20 milliamps
current at its dominant wavelength between 390 and 540 nanometers.
[0025] In yet another aspect the invention is a light emitting diode comprising a silicon carbide single crystal substrate,
a light emitting structure formed from the Group III nitride material system on the single crystal substrate, the diode
having an area of at least 100,000 square microns, and in many examples at least one side that is at least 400 microns
in length, and the diode having an optical power efficiency of at least 50 percent at a dominant wavelength between 450
and 460 nanometers.
[0026] The foregoing and other advantages of the invention and the manner in which the same are accomplished will
become clearer based on the followed detailed description taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0027]

Figure 1 is a cross sectional schematic view of one embodiment of a diode according to the present invention.
Figure 2 is a plot of radiant flux as against dominant wavelength in nanometers that includes LEDs according to the
present invention.
Figure 3 is a plot of external quantum efficiency as against dominant wavelength that includes LEDs according to
the present invention.
Figure 4 is a plot of optical power efficiency versus dominant wavelength for LEDs according to the present invention.
Figure 5 is a plot of light enhancement as against chip size for diodes according to the present invention.
Figure 6 is a plot of luminous efficiency versus wavelength for various diodes including those according to the present
invention, and in comparison to theoretical maxima.

Detailed Description

[0028] The invention is a light emitting diode formed in the Group III nitride material system, often on silicon carbide
(SiC) substrates. In particular, and in comparison to recent generations of light emitting diodes, the diodes according to
the present invention have an area greater than 100,000 square microns and, as set forth in the following discussion
and in the drawings, properties such as a radiant flux at 20 milliamps current of at least 29 milliwatts at the diode’s
dominant wavelength between 390 and 540 nanometers.
[0029] In particular, diodes of this size will typically have at least one side that is at least 400 microns in length, with
exemplary diodes forming a square with each side being 420 microns.
[0030] In the blue frequencies, the diodes have a radiant flux at 20 milliamps current of at least 29 milliwatts at the
dominant wavelength between 450 and 460 nanometers.
[0031] In the green frequencies, the diode has a radiant flux of at least 12 milliwatts at its dominant wavelength between
530 and 540 nanometers.
[0032] The performance of the diodes is set forth in the accompanying drawings, and these drawings, taken with this
detailed description, give a full clear, concise, and exact description of the diodes to those of ordinary skill practicing in
this art.
[0033] Figure 1 is a cross sectional view of a light emitting diode broadly designated at 20 having the performance
characteristics of the present invention. The diode 20 includes a transparent silicon carbide substrate 21 which is pref-
erably a single crystal and has a polytype selected from the 3C, 4H, 6H, and 15R polytypes of silicon carbide with 4H
often being preferred in the context of the present invention. Because Figure 1 illustrates the diode 20 in the "flip chip"
orientation (i.e., mounted for use with the active layers below the substrate), the substrate 21 appears at the top of the
diode 20 rather than the bottom. In this orientation, the SiC substrate becomes the primary emitting surface of the LED.
It will be understood of course, that light emitting diodes can be placed in a number of different positions and orientations
in end use. Thus with respect to the elements of the diode 20, the terms, "top," and "bottom," are relative and generally
indicate the orientation of the device in a structural sense. Additionally, references to layers being "on" one another can
include layers that are above, but not in direct contact with, other layers. The meaning will be clear in context. The use
of these terms is common and well understood in this art and will also be clear from the context herein.
[0034] The diode includes at least one, and preferably several, layers that form the light emitting ("active") portions.
These layers are selected from the Group III nitride material system. Two layers are shown in Figure 1, an n-type layer
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22 and a p-type layer 23. These opposite conductivity type layers provide the opportunity for current to flow through the
diode and the resulting combination of electrons and holes that generate the emitted photons. Although only two Group
III nitride layers are illustrated in Figure 1, it will be understood that in other contexts, additional layers can be used
including superlattice structures and multiple quantum wells. In particular, buffer layers are often included for providing
a crystal and electronic transition from the SiC substrate to the Group III light emitting layers.
[0035] Such structures are well-understood in this art and can be practiced in the context of the present invention
without undue experimentation.
[0036] The embodiment illustrated in Figure 1 also includes a mirror layer 24 which is typically formed of silver (Ag)
or a silver-platinum (Ag/Pt) alloy. The silver-based layer also provides electrical contact to the active layers 22, 23. A
barrier layer 25 typically formed of a titanium tungsten (TiW) alloy, or platinum, or both, or of titanium tungsten nitride
(TiWN), encloses the silver-based layer 24 in order to prevent undesired migration and reaction of silver with other
portions of the device.
[0037] A solder layer 26 is attached to the barrier layer 25 typically, but not exclusively, based upon the method of
making the diode. These and other structural features are set forth in the previously-incorporated ’042 and ’965 appli-
cations. A metal or conductive semiconductor layer 27 forms a physical support and a backside ohmic contact 30
completes the structure and, with the top ohmic contact 28, provides the full current path for injecting current through
the diode 20.
[0038] In an alternate embodiment, the metal or semiconductor support layer 27 can be omitted, with or without the
solder layer 26. In such embodiments, the backside ohmic contact 30 is positioned against the mirror and barrier metals
24, 25.
[0039] As illustrated in Figure 1, the active layers are typically selected from the Group III nitride material system, with
gallium nitride (GaN), indium gallium nitride (InGaN), aluminum gallium nitride (AlGaN), and aluminum indium gallium
nitride (AlInGaN) being appropriate selections. As known to those familiar with this art, the Group III nitride material
system offers the opportunity to change the dominant wavelength by changing the atomic fraction of the Group III element
in the ternary and quaternary combinations. As well understood in this art, these formulas can be more exactly expressed
as AlxInyGa1-x-yN in which x and y can range from 0 to 1, and inclusive of either, with the qualification that x + y must
always equal 1 or less.
[0040] Diodes according to the invention have an area greater than 100,000 square microns. Examples include, but
are not limited to diodes that have at least one side that is at least 400 microns in length and that are square or rectangular
in their geometry.
[0041] Diodes according to the invention can also incorporate lenticular surfaces.
[0042] Figure 2 is a comparative plot of radiant flux in milliwatts (mW) as against dominant wavelength in nanometers
(nm) for diodes according to the present invention. Data points for other diodes are plotted using the diamond shapes
(lower curve), while the larger diodes according to the present invention are plotted using the squares (upper curve).
[0043] In all of Figures 2-6, the respective diodes are operated and evaluated at 20 milliamps (mA) current. In this
regard, because the diodes are larger, the current density at any given current (including the standard specification
current of 20 milliamps) is lower. As known to those familiar with the art, the lower current density typically produces a
higher light output from the light emitting layer. Additionally, forward voltage decreases as chip area increases at any
given current. For example, diodes according to the present invention demonstrate forward voltage as low as 2.9 volts
versus 3.1 volts for diodes according to the ’965 application. Although a 0.2 V decrease may seem small, the cumulative
gain in wall plug efficiency is significant when hundreds or even thousands of diodes are incorporated into large items
such as liquid crystal display screens. Thus, diodes according to the present invention offer the capability for brighter
displays using power levels equivalent to current diodes or, as may be desired or necessary, brightness equivalent to
current diodes at lower power and higher efficiency.
[0044] In this regard, Figure 2 shows three diodes according to the present invention that emit at a wavelength of
approximately 450 nanometers (i.e., blue at a dominant wavelength of 453-456 nm) and produce a radiant flux of between
about 29 and 31 milliwatts. This compares (vertical dotted line) to an output of about 25-26 milliwatts for the somewhat
smaller diodes ("XT300;" about 90,000 square microns). In particular, when based on the smaller chip sizes, the invention
represents an increase of about 14 percent in radiant flux.
[0045] Radiant flux (e.g. Figure 2) is measured by placing an encapsulated lamp of the T1-ª type in an integrating
sphere attached to a spectrometer, with the Labsphere Omni LTS spectrometer for visible LEDs being an exemplary
measurement device. Radiant flux is measured in units of power (Watts). The other comparative factors-e.g. external
quantum efficiency, power efficiency, and brightness enhancement-are all based on these radiant flux measurements.
[0046] In the green wavelengths (approaching 540 nm in Figure 2), the improvement is about 2-3 milliwatts at each
data point representing an increase of about 25 percent as compared to the XT300 diodes. As illustrated in Figure 2,
the diodes have a radiant flux of at least 12 mW at dominant wavelengths between 520 and 540 nm; 13 mW between
524 and 535 nm; and 15 mW between 524 and 527 nm.
[0047] Figure 3 offers similar comparative data expressed as external quantum efficiency. Figure 3 plots data points
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from the XT300 diodes as diamonds and from the improved diodes according to the present invention as squares. Once
again at wavelengths of about 450 nanometers (blue), the external quantum efficiency increases from about 47 percent
to at least about 54 percent. Expressed as a comparative increase, this represents an increase of between about 15
percent, consistent with the increase in radiant flux shown in Figure 2.
[0048] Figure 3 further illustrates that in the green wavelengths (approaching 540 nm), the absolute increase is on the
order of five or six percent which, when based upon the XT300 diodes represents a comparative increase of about 25
percent.
[0049] As background and further explanation with respect to Figure 3, green LEDs saturate more quickly than do
blue LEDs. In this context, "saturation" refers to the observed point at which an increase in current no longer increases
the LED’s output (whether expressed as an external quantum efficiency or radiant flux). As a result of this, lower current
density has a larger positive effect on green LEDs. Specifically, at any given current (e.g., the normal 20 milliamps used
to specify LEDs) the current density will be a function of the size of the chip. Thus, a larger area LED exhibits a proportionally
smaller current density at 20 milliamps (or any other given current). This means that the saturation point for the larger-
size green LEDs according to the invention will increase as compared to smaller-area green LEDs. This is illustrated in
Figure 5.
[0050] Figure 4 plots optical power efficiency (as used herein, milliwatts of light output per milliwatts of electrical power
applied) for smaller-area diodes (shown as squares) and diodes according to the present invention (shown as diamonds).
These are again plotted against the dominant wavelength in nanometers. As illustrated in Figure 4, the absolute increase
in optical power efficiency is from 40 percent for the comparative diodes to 50-54 percent for the diodes according to
the invention. This 10 percent absolute increase represents a 20 percent relative increase as between the two diodes.
[0051] The efficiency for the green wavelengths is even more striking. As illustrated in Figure 4, the absolute increase
in efficiency is again on the order of about 10 percent, but given the lower optical power efficiency (less than 20 percent)
at the green wavelengths, this absolute increase of 10 percent represents a relative increase of 55 percent as between
the diodes according to the present invention and the smaller-area diodes.
[0052] Figure 5 is a comparative plot of brightness enhancement (arbitrary units) as against chip size for diodes,
including those according to the present invention. Although the compared diodes are not limited to chip sizes of 300
microns per side, the 300 micron side size is an appropriate breaking point for comparison purposes, particularly with
respect to diodes according to the present invention. In addition to a showing the enhancement based on chip size, the
diodes emitting in the blue frequencies (about 460 nanometers) are plotted using the diamond shapes and the lower
line, and those emitting in the green frequencies (about 530 nanometers) are plotted using the open squares and the
upper line.
[0053] Figure 5 is also normalized using the output of a 300 by 300 micrometers chip. Accordingly, Figure 5 clearly
demonstrates that both the blue and green emitting LEDs according to the invention offer strikingly enhanced comparative
output. The more linear nature of the results for the green-emitting diodes reflects lower absorption of green in the crystal
and the advantage of lower current density with a larger area. In comparison, the performance of the blue LEDs tends
to level out or tail over based upon a higher absorption and lesser advantage based on the lower current density.
[0054] Figure 5 also illustrates that diodes according to the present invention have their greatest increase in brightness
enhancement at areas between about 100,000 and 200,000 square microns.
[0055] Figure 6 is a plot of luminous efficiency (lumens per watt) for diodes according to the present invention and in
comparison to other diodes and to theoretical maxima.
[0056] As noted elsewhere herein, the output and performance of a light emitting diode can be characterized using
several related, but not identical, parameters. Luminous efficiency as plotted in Figure 6 is equal to the energy conversion
efficiency of the light emitting diode in converting electrical power into luminous flux. For an LED power (in watts) is the
product of the forward current and the forward voltage. Luminous efficiency is accordingly expressed as lumens per watt.
[0057] The human eye is sensitive to light having wavelengths of between about 410 and 720 nm (the "visible" spec-
trum). Furthermore, within the visible spectrum, the eye responds differently to different wavelengths. As a result, the
luminous flux is related to-and differs from-the radiant flux by a factor equivalent to the sensitivity of the human eye.
[0058] Thus, the solid bold line in Figure 6 illustrates the theoretical maximum luminous efficiency observable by the
human eye. At any given wavelength, the theoretical maximum is the "highest" point on the plot of Figure 6.
[0059] For comparison purposes, a luminous efficiency equivalent to half of the theoretical maximum is plotted as the
series of X’s that form a corresponding curve below the theoretical maximum curve.
[0060] As an additional point of comparison, Figure 6 plots the luminous efficiency curve for an aluminum indium
gallium phosphide (AlInGaP) light emitting diode as the series of triangles with emissions between about 570 and 650 nm.
[0061] As yet another point of comparison, a "world record" (with respect to efficiency regardless of wavelength) light
emitting diode from Osram is shown as the circle at approximately 620 nm and slightly above 100 lumens per watt.
[0062] Diodes according to the invention are plotted as the diamond shapes in Figure 6. They demonstrate a luminous
efficiency of between 15 and 20 lumens per watt at a dominant wavelength of between 450 and 460 nm and, even more
impressively, demonstrate a luminous efficiency greater than 100 lumens per watt at wavelengths between 520 and 540
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nanometers.
[0063] Accordingly, in another aspect the invention is a blue light emitting diode with a luminous efficiency above 15
lumens per watt at a dominant wavelength between 450 and 460 nm.
[0064] In a similar aspect, the invention is a green light emitting diode with a luminous efficiency greater than 100
lumens per watt at a dominant wavelength between 520 and 540 nanometers.
[0065] As used in the art (and herein), the term "dominant wavelength" describes a measure of the hue sensation
produced in the human eye by a light emitting diode. The dominant wavelength is determined by drawing a straight line
through the color coordinates of a reference illuminant and the measured chromaticity coordinates of the LED in the
International Commission on Illumination (CIE) 1931 chromaticity diagram. The intersection of the straight-line on the
boundary of the chromaticity diagram gives the dominant wavelength.
[0066] The peak wavelength is the wavelength at the maximum spectral power. The peak wavelength may have less
significance for practical purposes because two different light emitting diodes may have the same peak wavelength, but
different color perception.
[0067] Radiant flux, which is also referred to as the radiant power, is the rate (dθ/dt) at which the radiation field transfers
radiant energy from one region to another. As noted above, if theta (θ) is the radiant energy, the unit of radiant power
is the watt.
[0068] An appropriate discussion of these and other optical characteristics of light emitting diodes is set forth in the
Labsphere Technical Guide, "The Radiometry of Light Emitting Diodes," from Labsphere Inc. of North Sutton New
Hampshire.
[0069] As known to those familiar with light emitting diodes and their packages, of the photons generated by current
injected through the diode, less than 100% escape externally from the diode. Accordingly, in this art, the term "external
quantum efficiency" is used to describe the ratio of emitted light intensity to current flow (e.g., photons out/electrons in).
Photons can be lost through absorption within the semiconductor material itself, through reflection losses when light
passes from the semiconductor to air because of the differences in refractive index, and from the total internal refraction
of light at angles greater than the critical angle defined by Snell’s law. Accordingly, the external quantum efficiency (EQE)
as a percentage can be calculated from the radiant flux (Watts), the wavelength (nanometers), the drive current (amps)
and the conversion factor between wavelength and energy (λ = 1.24/eV) according to the following formula: 

[0070] As used herein, and for purposes of describing and defining the luminous output, the light emitting area or
surface is defined as the "footprint" of the device. For a chip or die with different portions having different dimensions,
the term "area" means the largest area of semiconductor or substrate material within the die or chip, because this largest
dimension is the one that the circuit or device designer must deal with in using the individual light emitting diode.
[0071] Expressed in alternative fashion, but with the same meaning, the area is the larger of either (i) the largest
semiconductor area in the diode or (ii) the substrate area of the diode that must or will be packaged. In almost all
circumstances, area (ii) is greater or equal to area (i).
[0072] In the drawings and specification there has been set forth a preferred embodiment of the invention, and although
specific terms have been employed, they are used in a generic and descriptive sense only and not for purposes of
limitation, the scope of the invention being defined in the claims.

Claims

1. A light emitting diode that demonstrates increased radiant flux, greater external quantum efficiency, and greater
optical power efficiency than analogous diodes under similar conditions, said diode comprising;
at least one light emitting active layer (22, 23) comprising a doped semiconductor layer (23);
an ohmic contact (30) to said at least one light emitting active layer;
a mirror layer (24) between the ohmic contact and the at least one light emitting active layer and directly on said
doped semiconductor layer (23), the mirror layer including a sidewall;
a barrier layer (25) between the ohmic contact and the mirror layer and extending onto the sidewall of the mirror
layer, characterized in barrier layer being directly on said mirror layer and enclosing said sidewall; and the diode
further comprising an area greater than 100,000 square microns and a radiant flux at 20 milliamps current of at least
29 milliwatts at its dominant wavelength between 390 and 540 nanometers.

2. A light emitting diode according to Claim 1 having a radiant flux at 20 milliamps current of at least 29 milliwatts at
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its dominant wavelength between 450 and 460 nanometers.

3. A light emitting diode according to Claim 2 having an area of about 200,000 square microns.

4. The light emitting diode of Claim 1 wherein the diode further comprises an area of at least 100,000 square microns
and an external quantum efficiency greater than 50 percent at 20 milliamps current at its dominant wavelength
between 390 and 540 nanometers.

5. The light emitting diode of Claim 1 wherein the diode further comprises an area of at least 100,000 square microns
and an optical power efficiency of at least 50 percent at a dominant wavelength between 450 and 460 nanometers.

6. The light emitting diode of Claim 1, wherein the at least one light emitting active layer emits in the green portion of
the visible spectrum and the diode further comprises an area of at least 100,000 square microns and a luminous
efficiency greater than 100 lumens per watt.

7. The light emitting diode of Claim 1, wherein said doped semiconductor layer (23) is a p-type semiconductor layer.

8. A light emitting diode according to any preceding Claim wherein the at least one light emitting active layer comprises
at least two layers of opposite conductivity type (22, 23) formed from the Group III nitride material system for providing
carriers for recombination and light emission under an applied current.

9. The light emitting diode of any preceding Claim, light emitting wherein the at least one active layer is formed from
the Group III nitride material system.

10. The light emitting diode according to any preceding claim, wherein said at least one light emitting active layer includes
at least one layer of indium gallium nitride.

11. The light emitting diode of any preceding Claim further comprising a silicon carbide substrate (21).

12. The light emitting diode according to Claim 11 wherein said silicon carbide substrate is n-type and has a polytype
selected from the 3C, 4H, 6H, and 15R polytypes of silicon carbide.

13. The light emitting diode according to any preceding Claim comprising a second ohmic contact (28) to said silicon
carbide substrate and to said Group III nitride light emitting structure.

Patentansprüche

1. Licht-emittierende Diode, die einen erhöhten Strahlungsfluss, eine größere externe Quantenausbeute und eine
größere optische Energieausbeute als analoge Dioden unter ähnlichen Bedingungen aufzeigt, wobei die Diode
aufweist:

zumindest eine Licht-emittierende Aktivschicht (22, 23), die eine dotierte Halbleiterschicht (23) aufweist;
einen Ohm’schen Kontakt (30) zu der zumindest einen Licht-emittierenden Aktivschicht;
eine Spiegelschicht (24) zwischen dem Ohm’schen Kontakt und der zumindest einen Licht-emittierenden Ak-
tivschicht und direkt auf der dotierten Halbleiterschicht (23), wobei die Spiegelschicht eine Seitenwand enthält;
eine Barriereschicht (25) zwischen dem Ohm’schen Kontakt und der Spiegelschicht und die sich auf die Sei-
tenwand der Spiegelschicht erstreckt, dadurch gekennzeichnet dass
die Barriereschicht direkt auf der Spiegelschicht ist und die Seitenwand umschließt; und
die Diode ferner eine Fläche, die größer als 100.000 Quadratmikron ist, und bei 20 Milliampere Strom einen
Strahlungsfluss von zumindest 29 Milliwatt bei ihrer Hauptwellenlänge zwischen 390 und 540 Nanometern
aufweist.

2. Licht-emittierende Diode nach Anspruch 1, die bei 20 Milliampere Strom einen Strahlungsfluss von zumindest 29
Milliwatt bei ihrer Hauptwellenlänge zwischen 450 und 460 Nanometer aufweist.

3. Licht-emittierende Diode nach Anspruch 2, die eine Fläche von etwa 200.000 Quadratmikron aufweist.
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4. Die Licht-emittierende Diode von Anspruch 1, wobei die Diode ferner eine Fläche von zumindest 100.000 Quadrat-
mikron und eine externe Quantenausbeute größer als 50 Prozent bei 20 Milliampere Strom bei ihrer Hauptwellen-
länge zwischen 390 und 540 Nanometern aufweist.

5. Die Licht-emittierende Diode von Anspruch 1, wobei die Diode ferner eine Fläche von zumindest 100.000 Quadrat-
mikron und eine optische Energieausbeute von zumindest 50 Prozent bei einer Hauptwellenlänge zwischen 450
und 460 Nanometern aufweist.

6. Die Licht-emittierende Diode von Anspruch 1, wobei die zumindest eine Licht-emittierende Aktivschicht im grünen
Anteil des sichtbaren Spektrums emittiert, und die Diode ferner eine Fläche von zumindest 100.000 Quadratmikron
und eine Leuchtwirkung größer als 100 Lumen pro Watt aufweist.

7. Die Licht-emittierende Diode von Anspruch 1, wobei die dotierte Halbleiterschicht (23) eine Halbleiterschicht vom
p-Typ ist.

8. Licht-emittierende Diode nach einem vorhergehenden Anspruch, wobei die zumindest eine Licht-emittierende Ak-
tivschicht zumindest zwei Schichten vom entgegengesetzten Leitfähigkeitstyp (22, 23) aufweist, die aus dem Gruppe-
III-Nitrid-Material-System gebildet ist, um Träger zur Rekombination und Lichtemission unter dem angelegten Strom
vorzusehen.

9. Die Licht-emittierende Diode nach einem vorhergehenden Anspruch, die Licht emittiert, wobei zumindest eine Ak-
tivschicht aus dem Gruppe-III-Nitrid-Material-System gebildet ist.

10. Die Licht-emittierende Diode nach einem vorhergehenden Anspruch, wobei die zumindest eine Licht-emittierende
Aktivschicht zumindest eine Schicht aus Indium-Gallium-Nitrid enthält.

11. Die Licht-emittierende Diode von einem vorhergehenden Anspruch, die ferner ein Silizium-Karbid-Substrat (21)
aufweist.

12. Die Licht-emittierende Diode nach Anspruch 11, wobei das Silizium-Karbid-Substrat vom n-Typ ist und einen Polytyp
aufweist, der aus 3C-, 4H-, 6H- und 15R-Polytypen von Silizium-Karbid ausgewählt ist.

13. Die Licht-emittierende Diode nach einem vorhergehenden Anspruch, die einen zweiten Ohm’schen Kontakt (28) zu
dem Silizium-Karbid-Substrat und zu der Gruppe-III-Nitrid-Licht-Emissionsstruktur aufweist.

Revendications

1. Diode électroluminescente qui présente un flux énergétique accru, une efficacité quantique externe supérieure et
une efficacité de puissance optique supérieure par rapport à des diodes analogues dans des conditions similaires,
ladite diode comprenant :

au moins une couche active électroluminescente (22, 23) comprenant une couche semi-conductrice dopée (23) ;
un contact ohmique (30) sur ladite au moins une couche active électroluminescente ;
une couche miroir (24) entre le contact ohmique et l’au moins une couche active électroluminescente et direc-
tement sur ladite couche semi-conductrice dopée (23), la couche miroir comportant une paroi latérale ;
une couche barrière (25) entre le contact ohmique et la couche miroir et s’étendant sur la paroi latérale de la
couche miroir, caractérisée en ce que
la couche barrière se trouve directement sur ladite couche miroir et enferme ladite paroi latérale ; et
la diode présente en outre
une surface supérieure à 100 000 microns carrés et un flux énergétique, à un courant de 20 milliampères, d’au
moins 29 milliwatts lorsque sa longueur d’onde dominante est comprise entre 390 et 540 nanomètres.

2. Diode électroluminescente selon la revendication 1, ayant un flux énergétique, à un courant de 20 milliampères,
d’au moins 29 milliwatts lorsque sa longueur d’onde dominante est comprise entre 450 et 460 nanomètres.

3. Diode électroluminescente selon la revendication 2, ayant une surface d’environ 200 000 microns carrés.
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4. Diode électroluminescente de la revendication 1, dans laquelle la diode présente en outre une surface d’au moins
100 000 microns carrés et une efficacité quantique externe supérieure à 50 pour cent à un courant de 20 milliampères
lorsque sa longueur d’onde dominante est comprise entre 390 et 540 nanomètres.

5. Diode électroluminescente de la revendication 1, dans laquelle la diode présente en outre une surface d’au moins
100 000 microns carrés et une efficacité de puissance optique d’au moins 50 pour cent à une longueur d’onde
dominante comprise entre 450 et 460 nanomètres.

6. Diode électroluminescente de la revendication 1, dans laquelle l’au moins une couche active électroluminescente
effectue une émission dans la partie verte du spectre visible et la diode présente en outre une surface d’au moins
100 000 microns carrés et une efficacité lumineuse supérieure à 100 lumens par watt.

7. Diode électroluminescente de la revendication 1, dans laquelle ladite couche semi-conductrice dopée (23) est une
couche semi-conductrice de type p.

8. Diode électroluminescente selon l’une des revendications précédentes, dans laquelle l’au moins une couche active
électroluminescente comprend au moins deux couches de type de conductivité opposé (22, 23) formées à partir
du système de matériau à base de nitrure du groupe III pour fournir des porteurs pour une recombinaison et une
émission de lumière sous un courant appliqué.

9. Diode électroluminescente de l’une des revendications précédentes, dans laquelle l’au moins une couche active
électroluminescente est formée à partir du système de matériau à base de nitrure du groupe III.

10. Diode électroluminescente selon l’une des revendications précédentes, dans laquelle ladite au moins une couche
active électroluminescente comporte au moins une couche de nitrure de gallium et d’indium.

11. Diode électroluminescente de l’une des revendications précédentes, comprenant en outre un substrat de carbure
de silicium (21).

12. Diode électroluminescente selon la revendication 11, dans laquelle ledit substrat de carbure de silicium est du type
n et a un polytype choisi entre les polytypes 3C, 4H, 6H et 15R de carbure de silicium.

13. Diode électroluminescente selon l’une des revendications précédentes, comprenant un deuxième contact ohmique
(28) sur ledit substrat de carbure de silicium et sur ladite structure électroluminescente à base de nitrure du Groupe III.
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