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Description
1. Field of the Invention.

[0001] The invention is related to light emitting diodes,
and more particularly, to highly efficient gallium nitride
based light emitting diodes via surface roughening.

2. Description of the Related Art.

[0002] Examples of prior art techniques can be found
in the following references:

JP 2003 332618 A (MITSUBISHI CABLE IND LTD)
21 November 2003 (2003-11-21), which describes
a GaN light emitting element. In one embodiment,
light is extracted through the structured surface of a
p-type layer, from which a portion of the silicon
growth substrate has been removed.

LIU L ET AL: "Substrates for gallium nitride epitaxy",
MATERIALS SCIENCE AND ENGINEERING R:
REPORTS, ELSEVIER SEQUOIA S.A,
LAUSANNE, CH, vol. 37, no. 3, 30 April 2002
(2002-04-30), pages 61-127,

EP 1 329 961 A (TOKYO SHIBAURA ELECTRIC
CO[JP]) 23 July 2003 (2003-07-23), which describes
a semiconductor light emitting element and method
for manufacturing same,

MINSKY M S; WHITE A M; HUEL: "Room-temper-
ature photoenhanced wet etching of GaN", APPLIED
PHYSICS LETTERS, AIP, AMERICAN INSTITUTE
OF PHYSICS, MELVILLE, NY, US, vol. 68, no. 11,11
March 1996 (1996-03-11),

IN JAE SONG ET AL: "Properties of Etched Ga- and
N-Faces of Freestanding GaN Substrate Using In-
ductively Coupled Plasma-Reactive lon Etching",
JAPANESE JOURNAL OF APPLIED PHYSICS, JA-
PAN SOCIETY OF APPLIED PHYSICS, JP, vol. 41,
no. 3B, PART 02, 15 March 2002 (2002-03-15), pag-
es L317-L319, and

EP 1 538 680 A (SUMITOMO ELECTRIC INDUS-
TRIES [JP]) 8 June 2005 (2005-06-08), which de-
scribes a light emitting device.

[0003] (Note: This application references a number of
different publications as indicated throughout the speci-
fication by one or more reference numbers. A list of these
different publications ordered according to these refer-
ence numbers can be found below in the section entitled
"References.")

[0004] Gallium nitride (GaN) based wide band gap
semiconductor light emitting diodes (LEDs) have been
available for about 10 years. The progress of LED devel-
opment has brought about great changes in LED tech-
nology, with the realization of full-color LED displays,
LED traffic signals, white LEDs and so on

[0005] Recently, high-efficiency white LEDs have
gained much interest as possible replacements for fluo-
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rescent lamps. Specifically, the efficiency of white LEDs
(74 Im/W) [1] is approaching that of ordinary fluorescent
lamps (75 Im/W). Nonetheless, more improvement in ef-
ficiency is desirable.

[0006] There are two principle approaches for improv-
ing LED efficiency. The first approach is increasing the
internal quantum efficiency (v;), which is determined by
crystal quality and epitaxial layer structure, while the sec-
ond approach is increasing the light extraction efficiency
(Mextraction)-

[0007] Increasing the internal quantum efficiency can-
not readily be done. A typical n; value for blue LEDs is
more than 70% [2] and an ultraviolet (UV) LED grown on
a low-dislocation GaN substrate has recently exhibited
an n; of about 80% [3]. There is little room for improve-
ment of these values.

[0008] On the other hand, there is plenty of room for
improving the light extraction efficiency. A number of is-
sues may be addressed in eliminating the internal loss
oflight, including: high reflective mirror, low reflection sur-
face such as roughened surface, highly thermal disper-
sion structure, etc.

[0009] For example, considering the refractive indices
of GaN (n »2.5) [4] and air, the critical angle for the light
escape cone is about 23°. Assuming that light emitted
from sidewalls and the backside is neglected, it is ex-
pected that approximately only 4% of the internal light
can be extracted. The light outside the escape cone is
reflected into the substrate and is reflected repeatedly or
absorbed by active layers or electrodes, unless it es-
capes through the sidewalls.

[0010] The LED structure affects how much light is
emitted. The impact of LED structure on light extraction
efficiency is best described by example. The following
examples describe several types of LED structures.
[0011] FIG. 1 is a schematic cross-section of a con-
ventional LED structure, which includes a p-type pad
electrode 10, semitransparent electrode 12, p-type layer
14, active region 16, n-type layer 18, n-type electrode
20, and substrate 22. Because GaN is usually grown on
an insulator substrate, such as sapphire, p-type and n-
type electrodes 10, 20 need to be fabricated on the same
plane and the resulting device structure of the electrodes
10, 20 imposes a lateral current flow. Due to the high
resistivity of p-type GaN, a thin metal film is employed
as a semitransparent electrode 12 for current spreading
on the p-type GaN. It is desirable that the transparency
of the semitransparent electrode 12 should be 100%;
however, its’ value for the thin metal electrodes used in
GaN based LEDs is 70% at most. Moreover, the pad
electrode 10 should be formed for wire bonding, which
obscures the light emitted from the inside of the LED;
consequently, the extraction efficiency is expected to be
quite low.

[0012] FIG.2isaschematic cross-section of a flip-chip
type LED structure, which includes a transparent sap-
phire substrate 24, n-type layer 26, n-type electrode 28,
active region 30, p-type layer 32, p-type electrode 34,
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solder 36, and host submount 38. In order to improve the
external efficiency, light can be extracted though the
transparent sapphire substrate 24 of the flip-chip type
LED structure. This method has an advantage over con-
ventional LEDs with respect to a reduction of the light
absorption by the thin metal film and the pad electrode.
However, most of the light emitted from the active region
would be reflected at the interface between the substrate
24 and n-type layer 26, and the interface between the
substrate 24 and the air.

[0013] A method that allows for GaN film detachment
from a sapphire substrate is called "laser lift off (LLO)
technique. By applying this method to flip-chip type GaN
based LEDs, sapphire substrate-free GaN LEDs can be
realized. Assuming that the resulting GaN surface is
worked into a non-planar orientation, a significant im-
provement of the extraction efficiency is expected.
[0014] Another approach to increasing extraction effi-
ciency is to roughen the LED’s surface [5], which discour-
ages internal light reflection and scatters the light upward.
However, surface roughened LEDs have been men-
tioned only in the context of the gallium phosphide (GaP)
family of materials, because GaN is very durable material
and an ordinary wet etching method does not have much
effect. Thus, although the idea of roughening the semi-
conductor surface for the sake of scattering light was first
considered in the 1970’s, it has been believed to be dif-
ficult and costly for this kind of LED structure to be pro-
duced.

[0015] However, as noted above, typical GaN-based
LEDs are comprised of a thin p-GaN/active layer/n-GaN
film on a sapphire or silicon carbide (SiC) substrate. Al-
though producing a roughened surface requires a certain
GaN layer thickness [6], growing thick p-GaN is not de-
sirable due to the relatively high resistivity of p-GaN,
which demands a semi-transparency contact on the p-
GaN surface if the light is extracted through the p-GaN,
and some treatments such as dry etching [7] for rough-
ening surfaces might cause electrical deterioration.
Growing a p-side down structure by metalorganic chem-
ical vapor deposition (MOCVD) is also undesirable, be-
cause of the magnesium (Mg) memory effect [8], which
deteriorates the active layer.

[0016] Recently, alaser lift off (LLO) method has been
used to detach a sapphire substrate from a GaN film
grown on the substrate [9-11]. Further, LLO has been
used to fabricate GaN-based LEDs [12, 13]. However,
there was no reference to the effect of this technique on
surface morphology or extraction efficiency.

[0017] On the other hand, in embodiments of the
present invention, utilizing flip-chip technology [14] and
the LLO method, a substrate-free nitrogen (N) side-up
GaN-based LED structure can be made. Thereafter, an
anisotropic etching process can be used to roughen the
surface of the N-side-up GaN-based LED. This results
in a hexagonal "cone-like" surface, which is beneficial for
light extraction. Extraction efficiency of an optimally
roughened surface LED shows an increase by more than
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100% compared to an LED before roughening.

[0018] Note that, for some time, GaN has been be-
lieved to be difficult to anisotropically etch. This is true
because GaN is a chemically stable material compared
with other semiconductor materials. The use of dry etch-
ing to make a textured surface is possible, but requires
extra processing, such as photolithography, and it is im-
possible to make a fine cone-like surface on the GaN.
[0019] When photo-enhanced chemical (PEC) etching
is used on gallium face (Ga-face) GaN, small pits are
formed on the surface. This is in contrast to PEC etching
of nitrogen face (N-face) GaN, which results in distinct
cone-like features. Although there are a few reports deal-
ing with GaN-based LEDs fabricated using the LLO tech-
nique, in embodiments of the present invention cone-like
structures on the N-face GaN surface of the GaN based
LED are fabricated using an anisotropic etching method.

SUMMARY OF THE INVENTION

[0020] The present invention provides a light emitting
diode (LED) as set out in claim 1. The present invention
also provides a method of creating an LED as set out in
claim 9.

[0021] The surface of the N-face may be roughened
by an anisotropic etching. The anisotropic etching may
comprise a dry etching or a photo-enhanced chemical
(PEC) etching.

[0022] Inoneembodiment,the N-face GaNis prepared
by alaser lift off (LLO) technique. In another embodiment,
the LED is grown on a c-plane GaN wafer, a p-type layer’s
surface is a galliumface (Ga-face), and the n-type layer’s
surface is a nitrogen face (N-face).

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Referring now to the drawings in which like ref-
erence numbers represent corresponding parts through-
out:

FIG. 1is a schematic cross-section of a conventional
LED structure;

FIG. 2 is a schematic cross-section of a flip-chip type
LED structure;

FIG. 3 is a schematic of a surface roughened LED;
FIG. 4 is a flowchart that illustrates the processing
steps used in the preferred embodiment of the
present invention;

FIGS. 5(a)-(f) further illustrate the fabrication steps
for the LEDs with surface roughening;

FIG. 6(a) shows an LED with a current-blocking lay-
er, while FIG. 6(b) shows an LED with a current-
confining frame;

FIGS. 7(a) and 7(b) are plan-view micrographs of an
LLO-LED with a cross-shaped n-electrode;

FIGS. 8(a) and 8(b) are scanning electron micro-
graph (SEM) images of the N-face of GaN after PEC
etching for different etching times;
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FIGS. 9(a) and 9(b) show an electroluminescence
(EL) spectra from a flat-surface LED and a rough-
ened-surface LED, respectively; and

FIG. 10 is a graph of upward EL output power vs.
DC injection current (L-1) characteristics for the LEDs
with different etching times at room temperature.

DETAILED DESCRIPTION OF THE INVENTION

[0024] In the following description of the preferred em-
bodiment, reference is made to the accompanying draw-
ings which form a part hereof, and in which is shown by
way of illustration a specific embodiment in which the
invention may be practiced. It is to be understood that
other embodiments may be utilized and structural chang-
es may be made without departing from the scope of the
present invention.

Overview

[0025] The preferred embodiment provides a means
of increasing the extraction efficiency by roughening the
surface of GaN based LEDs. Specifically, applying an
anisotropic PEC etching method to an N-face c-plane
GaN surface results in the fabrication of cone-shaped
surface features. This roughened surface reduces light
reflections occurring repeatedly inside the LED, and thus
extracts more light out of the LED. Moreover, the method
of the presentinvention is simple, repeatable and should
not damage the material, in contrast to other methods of
surface roughening that may compromise the material’s
quality, all of which renders the present invention more
suitable for manufacturing LEDs.

LED Structure

[0026] FIG. 3 is a schematic of a surface roughened
LED, which includes an n-type electrode 40, n-type layer
42, active region 44, p-type layer 46 and p-type electrode
48 which has been flip-chip bonded via a solder layer 50
to a silicon (Si) submount 52 that includes an n-type elec-
trode 54. The n-type layer 42, active region 44 and p-
type layer 46 are comprised of a (B, Al, Ga, In)N alloy. A
dry or PEC etching method is used to roughen the surface
of the n-type layer 42. Appropriate conditions, such as
plasma chemistries and plasma power for dry etching,
and electrolytes and lamp power for PEC etching, need
to be set so that a desirable surface can be obtained. It
is important that this GaN based LED should be grown
along its c-axis and this n-type GaN surface should be
N-face because anisotropic etching can be observed on
N-face GaN much more readily than Ga-face GaN.

[0027] Note that c-plane GaN is the structure where
the plane that contains only Ga atoms and the plane that
contains only N atoms are piled or stacked up alternately.
If one surface is Ga-face, then the opposing surface is
N-face. Due to the fact that Ga-face c-plane GaN is gen-
erally preferred from the point of view of crystal growth
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and device performance, N-face GaN needs to be pre-
pared by the LLO technique, or alternatively, the LED
structure could be grown on the c-plane bulk GaN wafer.
[0028] The light emitted from the active region 44 to-
ward the roughened n-type GaN surface 42 is scattered
by the surface, which does not reflect the light back to
the active region. It is desired that the p-type electrode
48 have a property of high reflection to decrease light
absorption and to increase light reflection toward the n-
type GaN surface 42. In experimental results, ithas been
determined that the present embodiment increases the
upward light output power for the LED with a roughened
surface two or three times as compared with an LED with
a flat surface.

Processing Steps

[0029] FIG. 4 is aflowchart thatillustrates the process-
ing steps usedin the preferred embodiment of the present
invention.

[0030] Block 56 represents the step of growing Ga-
face epitaxial layers on a c-plane sapphire substrate by
MOCVD, thereby creating a sample.

[0031] Block 58 represents the step of annealing the
sample for p-type activation, after the MOCVD.

[0032] Block 60 represents the step of performing a p-
type metallization process on the sample, including, but
not limited to, silver (Ag) or aluminum (Al), to create a
highly reflective p-GaN contact.

[0033] Block 62 represents the step of depositing thick
gold (Au) layers on the sample, followed by tin (Sn) layers
as a solder metal by Sn evaporation in a thermal evap-
orator.

[0034] Block 64 representsthe step of flipping the sam-
ple and bonding it to an Aucoated Si substrate/submount
at a temperature above 280°C, wherein an Au/Sn alloy
forms that contributions to the adhesion of the sample to
the Si substrate.

[0035] Block 66 represents the step of performing an
LLO process by irradiating the transparent sapphire sub-
strate of the sample using a krypton fluoride (KrF) eximer
laser light (248nm) through the backside of the sapphire
substrate, resulting in local decomposition of the GaN at
the GaN/sapphire substrate interface. Specifically, by
rastering the KrF eximer laser spot over the sample, the
GaN-based LED membrane is transferred to the Si sub-
strate/submount.

[0036] Block 68 represents the step of debonding the
sapphire substrate from the sample, after rastering the
KrF laser over the sample.

[0037] Block 70 represents the step of removing any
residual Ga droplets on the detached GaN surface of the
sample using an hydrochloride (HCI) solution.

[0038] Block 72 represents the step of thinning the
transferred GaN until the Si-doped N-face GaN is ex-
posed on the sample.

[0039] Block 74 represents the step of depositing a ti-
tanum/ aluminum/titanium/ gold (Ti/Al/Ti/Au) electrode
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as an n-type contact or electrode on the exposed N-face
GaN of the sample.

[0040] Block 76 represents the step of PEC etching by
immersing the sample in an electrolyte solution of potas-
sium hydroxide (KOH) and irradiating the N-face GaN
surface using a xenon/mercury (Xe/Hg) lamp, in such a
way thatthe top surface is roughened. The details of PEC
etching are described in [15].

[0041] Block 78 represents the step of separating each
device on the Si substrate of the sample using a dry etch-
ing, dicing or cleaving method.

[0042] FIGS. 5(a)-(f) further illustrate the fabrication
steps for the LEDs with surface roughening, wherein the
LED structureincludes a p-type electrode 80, GaN-based
LED membrane 82, sapphire substrate 84, solder metal
86, submount (carrier) 88 and n-type electrode 90. Spe-
cifically, FIG. 5(a) shows the results after the p-type elec-
trode 80 deposition, FIG. 5(b) shows the results after the
LED is bonded onto the host submount 88, FIG. 5(c)
shows the results after the sapphire substrate 84 removal
by LLO, FIG. 5(d) shows the results after n-type electrode
90deposition, FIG. 5(e) shows the results after the rough-
ening of the GaN surface 82, and FIG. 5(f) shows the
results after device isolation.

Possible Modifications

[0043] Although a basic structure has been described
above, a number of modifications and variations are pos-
sible.

[0044] FIG. 6(a) shows an LED with a current-blocking
layer, while FIG. 6(b) shows an LED with a current-con-
fining frame, wherein the LEDs include an n-type elec-
trode 92, n-type layer 94, active layer 96, p-type layer
98, p-type electrode 100, current-blocking layer 102, and
current confining frame 104.

[0045] InFIG.6(a),the LED has a current-blocking lay-
er 102 aligned under the n-type electrode 92. This cur-
rent-blocking layer 102 keeps the current from concen-
trating below the n-type electrode 92 so that absorption
of light emission under the electrode 92 can be avoided
and the extraction efficiency can be increased. It is suit-
able that an insulator such as SiO, is located on the p-
GaN layer 98 because the current spreading hardly oc-
curs in the resistive p-GaN layer 98.

[0046] In FIG. 6(b), the LED has a current-confining
frame 104 made of aninsulator. If a dry-etching or a dicing
method is used to separate the devices, the sidewalls of
the devices might conduct a leakage current, if the sur-
faces are damaged. Such leakage current decreases
both the efficiency and lifetime of the LED. The current-
confinement frame 104 contributes to the restraint of
leakage current through the sidewalls of the LED and
does not significantly decrease the emitting area, if the
width of the frame is chosen appropriately.

[0047] Although an Si substrate has been described
as a host submount in the LLO process, alternative sub-
strate materials may be used to practice this invention.
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Although Siis cheaper and has a higher thermal conduc-
tivity than sapphire, other substrates, such as SiC, dia-
mond, AIN, or various metals such as CuW, may be fit
for use from the point of view of thermal conductivity.
[0048] At present, GaN devices can be also grown di-
rectly on SiC and Si substrate. If a GaN-based LED is
grown on SiC or Si, conventional dry etching or wet etch-
ing can remove the substrate. By utilizing a bulk GaN
substrate, the LLO process can be eliminated.

[0049] Sample size is also an important point for LED
fabrication. Nowadays, LEDs with a large size are attract-
ing attention to meet demand for high-power LEDs. Even
though the resistivity of the n-type GaN is lower than that
of p-GaN, the size affects the n-type electrode geometry
for the purpose of current spreading.

Experimental Results

[0050] Inexperiments performed by the inventors, Ga-
face epitaxial layers were grown on a c-plane sapphire
substrate by MOCVD. The structure was comprised of
4pm-thick undoped and Si-doped GaN layers, a 5-period
GaN/InGaN multi-quantum-well (MQW), a 20nm-thick
Mg-doped Al, ,Gaj gN layer, and 0.3um-thick Mg-doped
GaN. After MOCVD, the sample was annealed for p-type
activation and then a p-type metallization process was
performed. An Ag-based electrode was adopted as a
highly reflective p-GaN contact. Thick Au was deposited
on the sample followed by Sn evaporation in a thermal
evaporator. The wafer was flipped and bonded to an Au-
coated Si submount at a temperature of 280 °C, resulting
in an alloy of Au and Sn, which contributes to firm adhe-
sion of the wafer to the submount. A KrF laser (248nm)
was used for the LLO process, in which the laser was
shone through the transparent sapphire substrate, caus-
ing local decomposition of GaN at the boundary between
GaN and sapphire. After rastering the KrF laser over the
sample, the sapphire substrate was debonded. The re-
maining Ga droplets on the transferred GaN surface were
removed by an HCI solution. Next, the transferred GaN
was thinned until the Si-doped GaN was exposed. An n-
contact was formed on the exposed N-face n-GaN and
each device was divided from its neighbors by reactive
ion etching (RIE). Finally, in order to roughen the top of
surface, PEC etching was used. A KOH solution and
Xe/Hg lamp were used as electrolyte and light source,
respectively. The output power of the LED was measured
with an Si-detector set at a height of 7mm over the LED
chips.

[0051] FIGS. 7(a) and 7(b) are plan-view micrographs
of an LLO-LED with a cross-shaped n-electrode, wherein
the LED is bonded on an Si substrate. FIG. 7(a) shows
the surface before roughening and FIG. 7(b) shows the
surface after roughening. Because the n-electrode
blocks UV light during PEC etching, the GaN beneath it
is not etched and the electrode remains on the GaN after
roughening. A transparent electrode such as indium tin
oxide (ITO) can be employed as a current spreading elec-
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trode.

[0052] FIGS. 8(a) and 8(b) are scanning electron mi-
crograph (SEM) images of the N-face of GaN after PEC
etching for different etching times. Notice that the PEC-
etched N-face GaN surfaces include a plurality of hex-
agonal shaped cones, which are distinct from the PEC-
etched GaN surfaces reported by Youtsey, et al. [16].
This difference is considered to be due to the surface
polarity of GaN. In comparing the 2 minute (min) etched
surface of FIG. 8(a) and the 10 min etched surface of
FIG. 8(b), the size of the features increases and the facets
of the hexagonal cones become more defined.

[0053] The cone-shaped surface appears very effec-
tive for light extraction from the LED. Moreover, experi-
mental results suggest that a cone shape can extract
more light. For example, the wavelength of a blue LED
in a GaN crystal is about 200 nm. If the size of the cone
shape is much smaller than that value, then the light might
not be affected by the roughness. On the other hand, if
the size of the cone shape is close to that value, the light
might be scattered or diffracted.

[0054] In experimental results, it has been determined
that the roughened surface is comprised of many hex-
agonal shaped cones that have an angle equal to or
smaller than:

2sin”!(n,, /n,)~47.2°

air

for GaN, where n;, is a refractive index of air and ny is
a refractive index of GaN. Similarly, it has been deter-
mined that the roughened surface is comprised of many
hexagonal shaped cones that have an angle equal to or
smaller than:

2sin"\(n,,, /n,)

for epoxy, where ng, is a refractive index of epoxy and
ng is a refractive index of GaN.

[0055] It is possible that the surface may not have to
be cone shaped, and a grating structure and photonic
crystal should be considered. These might be better
structures for light extraction. However, the fabrication
of photonic crystals requires precise design and process-
ing, which is more costly than fabricating a cone-shaped
surface roughness.

[0056] The "mirror-like" surface before PEC etching
becomes discolored as the etching time increases. If a
highly reflective metal is deposited on the other side of
GaN film, the surface appears white; otherwise, itis dark-
er. This is believed to be due to the light-reflection re-
straint at the air/GaN boundary, and if there is a highly
reflective metal on the backside of the GaN, the light
passing into GaN comes out again, scattering at the
roughened surface.

[0057] Electroluminescence (EL) spectra from a flat-
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surface LED and a roughened-surface LED are shown
in FIGS. 9(a) and 9(b), respectively. The measurement
was performed at a forward current density of 25 A/cm?
DC at room temperature (RT). The spectrum of the flat-
surface LED had multi-peaked emission, as shown in
FIG. 9(a), suggesting that the light emitted from the active
region was interfered in the vertical GaN cavity sand-
wiched between mirrors made of GaN/metal and
GaN/air. In contrast, as shown in FIG. 9(b), no longitudi-
nal mode was observed on the roughened surface LED.
This means that the roughened GaN/air interface scat-
tered the light, resulting in suppression of the resonance.
[0058] FIG. 10 is a graph of upward EL output power
vs. DC injection current (L-1) characteristics for the LEDs
with different etching times at room temperature. These
data were obtained from the same device before and
after PEC etching, so that any factor causing this differ-
ence except the surface morphology could be neglected.
Any L-I curves showed linear characteristics up to 50 mA.
Because of the relatively higher thermal conductivity of
Sithan that of sapphire, these devices are advantageous
for high power operation. The output power at a given
current increased with increasing PEC etching time. As
compared with the output power for a flat-surface LED
and the 10 min etched surface LED, this roughening treat-
ment resulted in an increase of output power by a factor
of 2.3. From other measurements on different devices,
the power also showed a two to three-fold increase after
the roughening process. Because a flat-surface LED
tends to emit more light from the sidewalls of the LED
chip than a roughened surface LED due to the lateral
propagation of light, the difference of output power would
be less if the total power were measured in an integrating
sphere. Nevertheless this enhancement of extraction ef-
ficiency by anisotropic etching technique shows signifi-
cant improvement.

[0059] In conclusion, an anisotropic etching method
has been applied to a GaN-based LED for the purpose
ofincreasing extraction efficiency. LED output test results
have indicated that, presumably due to the decrease in
light propagation in the GaN film, there is a relationship
between a roughened appearance and extraction effi-
ciency. Although total integrated optical power has not
been measured, the largest increase in extraction effi-
ciency was more than 100%. It is notable that the tech-
nique described herein is simple and does not require
complicated processes, which indicates thatit will be suit-
able for manufacturing GaN based-LEDs with surface
roughening.
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Conclusion

[0061] This concludes the description of the preferred
embodiment of the present invention. The following de-
scribes some alternative embodiments for accomplishing
the present invention.

[0062] A number of different growth methods other
than MOCVD could be used in the present invention.
[0063] In addition, substrates other than sapphire or
silicon carbide could be employed.

[0064] Also, different LED structures may be created.
For example, resonant cavity LEDs (RCLEDs) or micro
cavity LEDs (MCLEDs) could be created as well.
[0065] The foregoing description of one or more em-
bodiments of the invention has been presented for the
purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise
form disclosed. Many modifications and variations are
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possible in light of the above teaching. It is intended that
the scope of the invention be limited not by this detailed
description, but rather by the claims appended hereto.

Claims

1. An (Al, Ga, In)N light emitting diode comprised
of:

at least an n-type layer (42), an emitting layer
(44), and a p-type layer (46);

wherein light from the emitting layer (44) is ex-
tracted through a nitrogen face surface, termed
"N-face surface" in the following, of the light
emitting diode and the N-face surface of the light
emitting diode is comprised of a cone shaped
surface roughness that increases extraction ef-
ficiency of the light from the emitting layer (44)
out of the N-face surface of the light emitting
diode; and

wherein the cone shapes of the surface rough-
ness of the N-face surface have a size close to
a wavelength of the light within the light emitting
diode, so that the light within the light emitting
diode is scattered or diffracted, to reduce light
reflections occurring repeatedly inside the light
emitting diode, thereby enhancing extraction of
the light from the emitting layer (44) out of the
N-face surface as compared with a light emitting
diode having a flat surface.

2. The light emitting diode of claim 1, wherein the light
from the emitting layer is extracted through the N-
face surface of a layer (42) other than the emitting
layer (44) of the light emitting diode.

3. The light emitting diode of claim 2, wherein the light
from the emitting layer (44) is extracted through the
N-face surface of the n-type layer (42) of the light
emitting diode.

4. The light emitting diode of claim 3, wherein the light
emitting diode is further comprised of a p-type elec-
trode (48) on the p-type layer (46), and the p-type
electrode (48) has a property of high reflection to
increase light reflection toward the N-face surface of
the n-type layer (42).

5. The light emitting diode of claim 3, wherein the light
emitting diode is further comprised of an n-type elec-
trode (92) on the n-type layer (94), and a current-
blocking layer (102) is aligned under the n-type elec-
trode (92) to keep current from concentrating below
the n-type electrode (92), so that absorption of the
light under the n-type electrode (92) is avoided and
the extraction efficiency of the light is increased.
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The light emitting diode of claim 1, wherein the light
does not show any longitudinal modes.

The light emitting diode of claim 1, wherein the light
emitting diode includes a current-confining frame
(104) made of aninsulator to restrain leakage current
through sidewalls of the light emitting diode without
significantly decreasing an emitting area.

The light emitting diode of claim 1, wherein the light
emitting diode is mounted (52) on a high thermal
conductivity material made of silicon, sapphire, SiC,
diamond, AIN or various metals such as Cu\W.

A method of creating an (Al, Ga, In)N light emitting
diode, comprising:

fabricating at least an n-type layer (42), an emit-
ting layer (44), and a p-type layer (46) of the (Al,
Ga, In)N light emitting diode on or above a sub-
strate;

exposing a nitrogen face surface, termed "N-
face surface"inthe following, of the light emitting
diode by removing the substrate from at least
said layers (42, 44, 46); and

fabricating cone shaped surface roughness on
the exposed N-face surface of the light emitting
diode to increase extraction efficiency of the light
from the emitting layer (44) out of the N-face
surface of the light emitting diode;

wherein the cone shapes of the surface roughness
of the N-face surface have a size close to a wave-
length of the light within the light emitting diode, so
that the light within the light emitting diode is scat-
tered or diffracted, to reduce light reflections occur-
ring repeatedly inside the light emitting diode, there-
by enhancing extraction of the light from the emitting
layer (44) out of the N-face surface as compared with
a light emitting diode having a flat surface.

The method of claim 9, wherein the cone shapes of
the surface roughness on the N-face surface of the
light emitting diode are fabricated using an aniso-
tropic etching, the anisotropic etching may comprise
adry etching or a photo-enhanced chemical etching,
"PEC" etching.

The method of claim 9 or 10, wherein the emitting
diode is in accordance with any one of claims 1 to 8.

Patentanspriiche

1.

Eine (Al, Ga, In)N-Leuchtdiode, umfassend:

mindestens eine n-Typ-Schicht (42), eine emit-
tierende Schicht (44) und eine p-Typ-Schicht
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(46);

wobei Licht von der emittierenden Schicht (44)
durch eine Stickstoffflachen-Oberflache, im Fol-
genden "N-Flache", der Leuchtdiode extrahiert
wird, und wobei die N-Flache der Leuchtdiode
eine konusférmige Oberflachenrauigkeit auf-
weist, durch welche die Effizienz der Extraktion
von Licht von der emittierenden Schicht (44) aus
der N-Flache der Leuchtdiode erhoht wird; und
wobei

die Konusformen der Oberflachenrauigkeit der
N-Flache eine GréRe nahe einer Wellenlange
des Lichts in der Leuchtdiode aufweisen, so-
dass das Licht im Inneren der Leuchtdiode ge-
streut oder gebeugt wird, um Lichtreflexionen,
die im Inneren der Leuchtdiode wiederholt auf-
treten, zu reduzieren, wodurch die Extraktion
von Licht von der emittierenden Schicht (44) aus
der N-Flache im Vergleich zu einer Leuchtdiode
mit einer flachen Oberflache verbessert ist.

Leuchtdiode nach Anspruch 1, wobei das Licht von
der emittierenden Schicht durch die N-Flache einer
Schicht (42), die eine andere ist als die emittierende
Schicht (44) der Leuchtdiode, extrahiert wird.

Leuchtdiode nach Anspruch 2, wobei das Licht von
der emittierenden Schicht (44) durch die N-Flache
der n-Typ-Schicht (42) der Leuchtdiode extrahiert
wird.

Leuchtdiode nach Anspruch 3, wobei die Leuchtdi-
ode ferner eine p-Typ-Elektrode (48) auf der p-Typ-
Schicht (46) umfasst und die p-Typ-Elektrode (48)
eine Eigenschaft hoher Reflexion aufweist, um die
Lichtreflexion hin zur N-Flache der n-Typ-Schicht
(42) zu erhdhen.

Leuchtdiode nach Anspruch 3, wobei die Leuchtdi-
ode ferner eine n-Typ-Elektrode (92) auf der n-Typ-
Schicht (94) aufweist und wobei unter der n-Typ-
Elektrode (92) eine Stromblockierungsschicht (102)
ausgerichtet ist, um zu verhindern, dass Strom sich
unterhalb der n-Typ-Elektrode (92) konzentriert, so-
dass Absorption des Lichts unterhalb der n-Typ-
Elektrode (92) vermieden und die Effizienz der Licht-
extraktion erhéht wird.

Leuchtdiode nach Anspruch 1, wobei das Lichtkeine
longitudinalen Moden aufweist.

Leuchtdiode nach Anspruch 1, wobei die Leuchtdi-
ode einen Strombegrenzungsrahmen (104) aus ei-
nem Isolationsmittel umfasst, um einen Leckstrom
durch Seitenwande der Leuchtdiode einzuschran-
ken, ohne einen Emissionsbereich signifikantzu ver-
kleinern.
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Leuchtdiode nach Anspruch 1, wobei die Leuchtdi-
ode (52) auf einem Material mit hoher Warmeleitfa-
higkeit aus Silizium, Saphir, SiC, Diamant, AIN oder
verschiedenen Metallen wie CuW montiert ist.

Verfahren zur Erzeugung einer (AL, Ga, In)N-
Leuchtdiode, umfassend:

Herstellen von mindestens einer n-Typ-Schicht
(42), einer emittierenden Schicht (44) und einer
p-Typ-Schicht (46) der (Al, Ga, In)N-Leuchtdio-
de auf oder Uber einem Substrat;

Freilegen einer Stickstoffflachen-Oberflache, im
Folgenden "N-Flache", der Leuchtdiode durch
Entfernen des Substrats von mindestens den
genannten Schichten (42, 44, 46);

Herstellen einer konusférmigen Oberflachen-
rauigkeit auf der freigelegten N-Flache der
Leuchtdiode, um die Effizienz der Extraktion von
Licht von der emittierenden Schicht (44) aus der
N-Flache der Leuchtdiode zu erh6hen;

wobei die Konusformen der Oberflachenrauigkeit
der N-Flache eine GréRRe nahe einer Wellenlange
des Lichts innerhalb der Leuchtdiode aufweisen, so-
dass das Licht innerhalb der Leuchtdiode gestreut
oder gebeugt wird, um Lichtreflexionen, die in der
Leuchtdiode wiederholt auftreten, zu reduzieren,
wodurch die Extraktion von Licht von der emittieren-
den Schicht (44) aus der N-Flache im Vergleich zu
einer Leuchtdiode mit einer flachen Oberflache ver-
bessert ist.

Verfahren nach Anspruch 9, wobei die Konusformen
der N-Flache der Leuchtdiode durch anisotropes At-
zen hergestellt werden, wobei das anisotrope Atzen
Trockenatzen oder foto-verstarktes chemisches At-
zen, "PEC"-Atzen, umfasst.

Verfahren nach Anspruch 9 oder 10, wobei die
Leuchtdiode mit einem der Anspriiche 1 bis 8 iber-
einstimmt.

Revendications

1.

Diode électroluminescente de (Al, GA,
comprenant :

In)N,

aumoins une couche de type n (42), une couche
émettrice (44), et une couche de type p (46) ;

dans laquelle de la lumiére provenant de la cou-
che émettrice (44) est extraite a travers une sur-
face de face d’azote, appelée « surface de face
N » dans ce qui suit, de la diode électrolumines-
cente, et la surface de face N de la diode élec-
troluminescente est constituée d’une rugosité
de surface en forme de cdne qui augmente I'ef-
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ficacité d’extraction de la lumiére provenant de
la couche émettrice (44) a I'extérieur de la sur-
face de face N de la diode électroluminescente ;
et

dans laquelle les formes de cone de la rugosité
de surface de la surface de face N ont une taille
proche d’une longueur d’'onde de la lumiere
dans la diode électroluminescente, de sorte que
lalumiére dans la diode électroluminescente est
diffusée ou diffractée, pour réduire des ré-
flexions de lumiére survenant de maniére répé-
tée al'intérieur de la diode électroluminescente,
en favorisant ainsi I'extraction de la lumiére de-
puis la couche émettrice (44) a I'extérieur de la
surface de face N par comparaison a une diode
électroluminescente ayant une surface plate.

Diode électroluminescente selon la revendication 1,
dans laquelle la lumiére provenant de la couche
émettrice est extraite a travers la surface de face N
d’une couche (42) autre que la couche émettrice (44)
de la diode électroluminescente.

Diode électroluminescente selon la revendication 2,
dans laquelle la lumiére provenant de la couche
émettrice (44) est extraite a travers la surface de
face N de la couche de type n (42) de la diode élec-
troluminescente.

Diode électroluminescente selon la revendication 3,
dans laquelle la diode électroluminescente est en
outre constituée d’'une électrode de type p (48) sur
la couche de type p (46), et I'électrode de type p (48)
a une propriété de haute réflexion pour augmenter
la réflexion de lumiere vers la surface de face N de
la couche de type n (42)

Diode électroluminescente selon revendication 3,
dans laquelle la diode électroluminescente est en
outre constituée d’'une électrode de type n (92) sur
la couche de type n (94), et une couche de blocage
de courant (102) est alignée sous I'électrode de type
n (92) pour empécher le courant de se concentrer
en dessous de I'électrode de type n (92), de sorte
qu’une absorption de la lumiére sous I'électrode de
type n (92) est évitée, et I'efficacité d’extraction de
la lumiere est augmentée.

Diode électroluminescente selon la revendication 1,
dans laquelle la lumiére ne présente pas de quel-
conques modes longitudinaux.

Diode électroluminescente selon la revendication 1,
dans laquelle la diode électroluminescente com-
prend un cadre de confinement de courant (104)
constitué d’un isolant pour limiter un courant de fuite
a travers des parois latérales de la diode électrolu-
minescente sans diminuer significativement une sur-
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face émettrice.

Diode électroluminescente selon la revendication 1,
dans laquelle la diode électroluminescente est mon-
tée (52) sur un matériau a forte conductivité thermi-
que constitué de silicium, de saphir, de SiC, de dia-
mant, d’AiN ou de divers métaux, comme CuW.

Procédé de création d’'une diode électroluminescen-
te de (Al, GA, In)N, comprenant les étapes consistant
a

fabriquer au moins une couche de type n (42), une
couche émettrice (44) et une couche de type p (46)
de la diode électroluminescente de (Al, GA, In)N sur
ou au-dessus d’un substrat ;

exposer une surface de face d’azote, appelée
« surface de face N » dans ce qui suit, de la diode
électroluminescente en enlevant le substrat d’au
moins lesdites couches (42, 44, 46) ; et

fabriquer une rugosité de surface en forme de céne
sur la surface de face N exposée de la diode élec-
troluminescente pour augmenter l'efficacité d’ex-
traction de la lumiere provenant de la couche émet-
trice (44) a I'extérieur de la surface de face N de la
diode électroluminescente ;

dans lequel les formes de cbne de la rugosité de
surface de la surface de face N ont une dimension
proche d’une longueur d’onde de la lumiére dans la
diode électroluminescente, de sorte que la lumiére
dans la diode électroluminescente est diffusée ou
diffractée, pour réduire des réflexions de lumiéere sur-
venant de maniére répétée a l'intérieur de la diode
électroluminescente, en améliorant ainsi I’extraction
de la lumiére depuis la couche émettrice (44) a I'ex-
térieur de la surface de face N par comparaison a
une diode électroluminescente ayant une surface
plate.

Procédé selon la revendication 9, dans lequel les
formes de cone de la rugosité de surface sur la sur-
face de face N de la diode électroluminescente sont
fabriquées en utilisant une gravure anisotrope, la
gravure anisotrope pouvant comporter une gravure
a sec ou une gravure chimique photo-assistée, gra-
vure « PEC ».

Procédé selon la revendication 9 ou 10, dans lequel
la diode électroluminescente est selon I'une quel-
conque des revendications 1 a 8.
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