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METHOD OF MAKING FULL COLOR
MONOLITHIC GAN BASED LEDS

CROSS-REFERENCE T0 RELATED
APPLICATION
This application is related to 115, palent application Ser.
Mo, 08707056 filed Sep. 3. 1996, entitled “Selective Arca
Epitaxy of Gallium Nitride.” {Attorney Dockel No.
J0T04. LIUSDI.)

BACKGROUND OF THE INWENTION

1. Field of the Invention

A low power white or full visible spectrum light source is
a valuable electronic device, This invention relates in gen-
cral to a method for creating optoelectronic devices, and
more particulaly to a method for creating optoclectronic
devices that can produce the full visible spectrum of light.
2. Description of Related Art

In the ficld of electronics, new materials are being used 1o
perform previously unobtainable goals, e.g.. new devices,
smaller devices. and more efficient devices. The ability 1o
grow or otherwise manufaciure these new materials has been
limited by the understanding of the chemistry that is
occurring. the need for the finished devices, and the ability
to mass produce such devices.

The devices result from different areas of study. The first
arca is the ability to actually grow the material onto a
substrate. Several different types of growith techniques have
been approsched for various materials, The second area is
the ability to process those materinls onee they are grown
onte a subsirate. Many materials thm are now in their
infancy take their growth and processing technigues from
more esiablished materials, e.g.. silicon. gallium arsenide,
and others.

The Croup I {Al, Ga, In) nitrides are materials that are
producing devices previcusly unavailable in the electronics
markel. For example. Gallium Nitride {GaN), when grown
Of 4 sapphire substrate produces illumination in the blue
region (400 nm). These “blue diodes™ cannot be made with
any other malerials currently known. A further development
of materials. such as aluminum gallivm nitride {AIGaN)
produces ubiraviolet Light (200 am).

These advances in the ability of a material 10 produce
luminescence in those oplical regions allow for the e of the
electronics (o take the place of typical lighting fixtures.
Further, the use of blue and UY diodes in the recording
industry for the recording of CD-ROMs instead of the red
lasers (800 nm) currently being used in that industry allow
for a up 1o four times higher density of information per unit
distance on a CD-ROM track. Production of Light Emitting
Dicdes (LEDs) which wse a lens shaped protective cover
allow for high intensity light at low power levels. With the
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availability of blue diodes from the proper processing of s

Gallium Nitride, white Llight can now be produced. This
white light source can now be used for lighting in environ-
ments where incandescent or Huorescent lights could not be
used previously because of the robusiness of the LEDs with

respect to typical fluorescent and incandescent lighting 4

fixtures. Fusther, since white lght is a combination of the
tue light from the blue diodes. green lght from green
diodes. and red light from red diodes, all other colors can be
prodisced.

A two-flow technique is cumrently being used to grow
Gallium Nitride onto sapphire wafers of approximately two
inches in diameter. The reason that the two-flow technigue
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it limited 03 o two-inch waler @5 because the thermal
expansion cocflicient of Gallium Mitride is higher than il
of sapphire, causing the sapphire wafer or any other sub.
strate to crack and break if the growth area is too large, In
addition. the two=Now technigue sullers from prereaction of
ammonia and trimethyl gallivm when scaling up to multiple
waler reactors,

The two-flow technique for growth of Gallivm MNitride
does not allow efficient scale-up of the growth of good
quality Ciallium Nitride film on a wafer any larger than fwo
inches. This inability to efficiently produce Gallium Nitride
devices has kept the cost of Gallium Nitide devices high
and their availability low.

Further. there are no devices that combine blue, red and
green LEDs inte a single portable unit. The low power
requirements of LEDs make them naturally applicable to
portable devices because then the devices will pot have such
stringent power slorage requirements. Further, the use of
LEDs, utilizing lower power than conventional light
sources, that cap produce white Light. and therelore all colors
of light, would reduce home and business power consump-
Lion.

The uses for Gallium Nitride devices are especially atirac-
live in the low power region. Highly efficient devices are
required for currént applications that operate on battery
power, since most portable electroaics are constrained by the
amount of available battery power that can be carried with
the device.

It can seen then that there is a need for producing white
light for a reduced cosl. I can also be scen that there is a
need for the ability to produce white light at a lower power
copsumption,

SUMMARY OF THE INVENTION

To minimize the Lmitations in the prior art described
above, and to minimize other lmitations that will become
apparent upon reading and understanding the present
specification. the present invention discloses a powerful and
highly productive system and method for creating electronic
devices that produce while light. The present invention is
comprehensive and fully integrable with current processing
technigques,

The present invention solves the above-described prob-
lems by providing a method for producing individual wave-
length producing arcas on o single substrate, The method
allows for different illumination intensity from cach LED by
scaling the aren of each arca depending om the intensity
expected o be produced by that region, The wie of a single
substrate Lo produce all three wavelengihs required makes
the finished device easier and cheaper to produce.

A method in accordance with the principles of the present
invention comprises the steps of growing a nucleation layer
on a sapphire substrate to separate the active regions from
the substrate, growing an Si-doped p+GaN flm on the
nucleation layer to act as the anode layer of the individual
devices, scaling the growth regions on the Si-doped n+GaN
film to compensate for the intensity expected from each area.
and growing variably doped layers of various GaN alloys to
produce different wavelengihs.

The present invention will produce a single electronic
device that produces white light, The present invention will
also produce the electronic device cheaply and efliciently.
These and various olher advantages and features of novelty
which characterize the invention are pointed out with par-
ticularity in the claims annexed hereto and form a pant
hereof. However, for a better understanding of the invention,
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its advantages. and the objecis oblaimed by its use. reference
should be made to the drawings which form a further part
hereof. and Lo accompanying descriptive maiter, in which
Wiere i ilustrated and described specific examples of an
apparatus in accordance with the invention.

BRIEF DESCRIFTION OF THE DRAWINGS

Referring now to the drawings in which like reference
mumbers represent comesponding parts throughout.!

FIG. 1 is a block diagram depicting a device that embod-
jes e Invention; and

FIG. 2 is a Nlow chan describing the steps of employing
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the following description of the preferred embodiment,
reference is mads to the accompanying drawings which
form a part hereof. and in which is shown by way of
illustration the spedilfic embodiment in which the invention
may be practiced. It is to be understood that other embodi-
mients may be wilized as structural changes may be made
without departing from the scope of the present invention.

The present invention provides a method and article of
manufacture for producing white light from a monolithic
device.

The selective area growth MOUYD technique shows
promise in that the wafer has a pattern of “streets™ prede-
posited on the waler surface to allow for pre-stressing of the
waler prior 1o Gallium Nivide growth. Curvently, silicon
dioxlde (Si0, s being vsed as the street material, however
ihe $i0), begins to low from the patiern layout into the areas
where the Gallium Nitride is to be grown. Once this flow of
Si0, occurs, any area of the wafer that is covered by 510,
will prevent Gallium Nitide growth, thereby destroying the
shape of the patiern that the Si0, created on the wafer. The
use of aluminum oxide. (Al0,). should increase the ability
for the seet material to maintain its form during the
Gallium Nitride growth process. because AlL(), can with-
gtand higher temperatures than 5i0, can.

Selective area growth acts as an enabling feature for
Gallium Nitride processing. The ability to now grow (ial-
lium Nitride on a wafer larger than bwo inches increases the
availability of Gallium Nitride devices. This increased avail-
ability should lower prices and allow for tailoring of the
Gallium Nitride device characteristics. Further, selective
area growth can be used for other materials that have high
thermal cocfficient of expansion differemces between the
material to be grown and the substrate on which the material
will be grown. The strect material is then removed (rom the
wafer using an etching technique. providing easily defined
dicing lines 1o break up the waler into its individual inte-
grated circuil components.

The merit of this device will be the generation of white
light in a monolithic device based on selective aren epilaxy
and band gap engineering of GaN based semiconductor
alloys, These LEDs will have enormous polential a1 white
light sources as the estimate of energy efliciency is superior
to tungsten light bulbs. Nitride based LEDs are distin-
guished by long lifetimes and low power consumption
typical for solid state emitters. combines with the robustness
of nitride semiconductors which are capable of operating
under extreme thermal conditions in a harsh environment,

The approach for fabricating a full color LED wtilizes the
potential of the bandgap of the (Galn)N semiconductor
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alloy ranging for the ultraviolet to the red in the light
spectrum. Table 1 summarizes important physical properties
af the binary nitride semiconductors. The group-II1 nitrides
combing the merit of direct bandgap materials with a high
structural and thermal stability and thermal conductivity.
The emission wavelength of the LED is determined by the
composition of the GalaN and by the confinement of the
active region, Therely, GalnN quanium wells provide high
radintive recombinstion elliciency due 1o the optical con-
finement and lower tendency of forming misfit relaed
dislocations,

TABLE |

Physical Propeacs of Bewry Growp-[I Nirsle
- ongondeacrs

AN Tal¥ M SiC Gans

band gap 300 K E eV decr  demo bt mdirect  direct
&3 R ) 139 e 141

band edge emission 12 355 ]
wevelengthnm
kol energy in 153 23 158
teirahedral crystal
ApHie¥
thermal eomductivity 2 i 45 nas
oW em K

The key problem in manufacturing full color nitride LEDs
is the growth of high optical quality GalaN films, The main
obuacle for the growth of GalnN with high In coatents is the
low stability of the binary IaN component. Therefore,
CialnN films have 1o be grown af lemperatures below 007
C. where the commonly employed nitrogen precursor
amimonia (MH,) shows low decomposition efliciency caus-
ing In droplet formation and poor optical and structural film
gunlily,

For the growth of the GalaN active LED region, we
propose the application of selective area epitany, described
in related application Ser. No. 08707086, The use of
selective area epitaxy takes advantage of the lateral material
ransport which causes different alloy compositions in the
rowth windows.

In selective area growth. the composition of semiconduc-
tor alloys depends on the geomety of the mask design. The
vicinity of diclectric masks to uamasked semiconductor
areas causes an increase of the growth rate and the
In-content in regrowth windows, Furthermore, the indium
incorporation efficiency was found to increase due to the
catalysis of ammonia decomposition on the dielectric mask
next to the growth window. Simultameously. the vicinity of
rivasked and unmasked regioas prevents any growth on the
dielectric mask.

FIGS. 1A through IF are block diagrams depicting the
methad of the invention. In FIG. LA, a substrate 10 is shown
with a layer 12 grown on lop. The substrate 10 can be
sapphire, (AlyO,) or any other material. The layer 12 is
typically Gallium Nitide (GaN ). o doped CaN. GaN can be
doped as p-Ltype or n-type.

FIG, 1B shows the substrate 10 with layer 12 and an
additional mask layer 14 grown on top of the layer 12, The
mask layer 14 is typically silicon dicwide or aluminum
oklde, but can be amy material that can be casily deposited
or remvoved from the layer 12, The mask layer 14 defines first
opening 16, second opening 18, and third opening 20 such
that arcas of the layer 12 are alternatively exposed and
covered by the mask layer 14. The first opening 16. second
opening 18, and third opening 20 can be square as shown, or
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can be of some other shope, The sizes of first opening 16,
se¢ond opening 18, and third opening 20 are determuined by
the expected dopant density of the materials @0 be deposited
within the respeciive openings.

FIG. 1C shows a side wiew of the substrate 10 with the
first opening 16 filled with first material 22, second opening
18 filled with second material 24, and thied opening 20 filled
with third material 26, Mask layer 14 prevents the growth of
any of the first material 22, second matedal 24, and third
material 26 from growing anywhere on the mask layer 14,
Further. the growth of first material 22, second material 24,
anmd third material 26 can be dopped at any me, and a fourth
material 28, fifth material 30, and sixth material 32 can be
grovwen. Multiple layers of materials within first opening 16,
second opening 18, and third opening 20 can be grown, First
material 22 is typically InCaN, but can be another material.
second materinl 24 and third material 26 are typically
AlGaM, but can be other materials, Fourth material 28 is
typically p-type (GalM. but can be another material. Fifth
miaterial 30 and sixil matenad 32 are typically AlGas. bl
can be oller materials,

FIG. 10 shows the structure with mask layer 14 removed
from the substrate. FIG. 1E shows common conlacts 34
depositesd on layer 12, Common conlacts 34 are typically
titanium or aluminum, but can be other materials that
oftmically contact with layer 12, First contact 36 is deposited
on fourth material 28, Second contact 38 is deposited on fifth
materinl 30, Third contact 49 is deposited on sixth material
32, First contact 36, second contact 38, and third comact 40
are typically gold or nickel. but can be other materials that
chmically contact with fourth material 28, filth moterial 30,
and sixth material 32.

FI(i. 1F shows the projection of light from the structure.
The application of veltage between common contact 34 and
first contact 36 causes enussion of ficst Light 42 from the
combination of first material 22 and fourth material 28,
Similacly, the application of veliage belwesn commen on-
tact 34 and second contact M causes emission of second
light 44 from the combination of second material 24 and fifth
material 30, and the application of voltage between common
contact 34 and third contact 40 causes emission of third light
div from the combination of thied material 26 and sixth
material 32,

First Light 42 is typically blucish in color. Second light 44
is typically green in color, Third light 46 is typically red in
color, When first Llight 42, second light 44 and third light 46
are combined, the resullant combination is white light. By
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controlling the relative brighteess of first light 42, scoond
light 44 and third light 46, the combination can produce any
color of light desired.

FI(i 2 is a flow charl describing the steps of emploving
the present invenlion,

Block 48 shoaws the step of growing e nucleation layer
an the subsirate. Block 50 shows the step of growing the
mask layer, Block 52 shows the step of sizing the apertures
in the meask laver based on the expected or targeted alloy
compositions. Block 54 shows the step of growing the
variably doped regions within the aperures, Block 56 shows
the step of removing the mask layer,

In general. the present invention provides o method Tor
producing white light frem an electronic device. Further, the
invention provides a method of producing the white Light
productng device monolithically, Le., onoa single wafer. The
production of regions that produce different wavelengths of
light on a single wafer has nod been performed in the prior
art. This methed of electronic device production is casicr 1o
package and produce than current methods.

The lorepoing deseription of the preferred embodiment of
the invention has been presented for the purposes of illes.
traticon and description. It is pot intended to be exhaustive or
to limndt the invention to the precise form disclossd. Many
modifications and wariations are possible in light of the
above leaching. It is intended that the scope of the invention
b limited nod with this detailed descon ption, but rather by the
claims appended heredo,

What is claimed is:

1. Acmethod of producing o white Light source, comprising
the steps of:

growing a nucleation layver on a substrale;

depositing & mask on the nucleation layer. the mask
containing spertures;
depositing at least one conductive doped layer within the
aperiures of the mask; and
removing the mask,
Z The method of elaim 1. wherein the substeate i3
sapphire,
3. The method of claim 1, wherein the spertures are scaled
based on a tarpeted alloy composition of the doped layer.
4, The method of claim 1, wherein e doped layer
contains a fiest dopant within a ficst apertuee of the mask and
a second dopant within a second aperture of the mask.
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