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ABSTRACT

A light emitting diode (LED), and a method for producing
the same. The LED includes a substrate that may be made of
silicon, a ?rst conductive layer on one side, and a porous

insulating layer on the opposite side. The insulating layer
de?nes microcavities therein, the microcavities having sharp
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tips on their inner surfaces. The microcavities have gas
inside. A second conductive layer is disposed over the
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insulating layer. When an electrical potential is applied
betWeen the conductive layers, the gas-?lled microcavities
act as plasma discharge lamps, emitting light. The light may
be in the ultraviolet portion of the spectrum. The method
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includes etching a substrate to produce a porous insulating
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layer on one side, depositing a ?rst conductive layer on the
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opposite side, and depositing a second conductive layer over
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the insulating layer. The microcavities in the insulating layer
are then ?lled With gas
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SILICON-BASED ULTRA-VIOLET LED

When an electrical potential is applied betWeen the ?rst
conductive layer and the second conductive layer, the micro
cavities in the insulating layer act as tiny gas discharge

This application is a divisional of application Ser. No.
10/389,520, ?led Mar. 14. 2003, US. Pat. No. 6,759,686

lamps.

Which is a Non-Provisional of US. Provisional-Application

This occurs because the high electrical resistance of the

No. 60/364,683, ?led Mar. 15, 2002, Which applications are

insulating layer alloWs strong electric ?elds to develop

incorporated hereWith by reference.

Within the microcavities. As these strong electric ?elds

develop, the sharp tips of the asperities begin to eject

BACKGROUND OF THE INVENTION
The invention relates to an apparatus and method for

electrons, ioniZing the gas present in the microcavities. The
10

emitting light. The invention also relates more particularly to
a silicon-based light-emitting diode for emitting light that
may include Wavelengths in the ultraviolet portion of the

By controlling the physical properties of the device, ie

electromagnetic spectrum.
Light emitting diodes, or LEDs, are knoWn per se. Con

15

ventional LEDs utiliZe the semiconducting properties of
materials such as silicon.

In a conventional LED, light is generated When free
electrons drop from the conduction band of a semiconduct
ing diode into energy holes. Each such event releases energy
in the form of a photon, With the Wavelength of the photon
depending upon the energy gap betWeen the conduction
band and the holes. As the energy gap becomes larger, the

20

25

LEDs are Well knoWn, and are not further described herein.
30

Wavelength of light that is to be emitted, the larger the

35

produce a semiconducting LED With an energy gap large

In a method for producing an LED in accordance With the
40

a silicon-based LED of conventional design is 0.8%. That is,
no more than 0.8% of the energy applied to that LED is
45

It is the purpose of the present invention to overcome

and method for generating light, including but not limited to

having asperites.
insulating layer.

50

It is more particularly the purpose of the present invention
to provide an LED that is suited for producing light in

Wavelengths that may include the ultraviolet portion of the
electromagnetic spectrum, and a method for producing the

The microcavities are impregnated With gas.
An LED in accordance With the principles of the present
invention may be incorporated into an LED assembly.
In a method for producing an LED assembly in accor

55

An embodiment of an LED in accordance With the

dance With the principles of the present invention, an LED

is provided.
The LED is encapsulated With an encapsulation. The
encapsulation has a WindoW that is transparent to radiation

of the Wavelength emitted by the LED.
60

substrate. The insulating layer de?nes a plurality of micro
cavities therein. The microcavities have small points,

A ?rst contact pin is connected electrically to the ?rst
conductive layer, and a second contact pin is connected

electrically to the second conductive layer.

referred to herein as asperities, on their surfaces. In addition,
the microcavities contain gas therein.

Asecond conductive layer is disposed over the insulating
layer. The second conductive layer is transparent to radiation
of the frequency that the diode emits.

insulating layer With microcavities therein, the microcavities
A second conductive layer, transparent to radiation of the
Wavelength that the LED is to produce, is applied over the

these dif?culties, thereby providing an improved apparatus

principles of the present invention includes a substrate. A
?rst conductive layer is disposed on a ?rst side of the
substrate.
An insulating layer is disposed on a second side of the

principles of the present invention, a suitable substrate is
provided. A?rst conductive layer is applied to a ?rst side of
the substrate.
The second side of the substrate is etched to form an

emitted as light, the remainder typically being lost as heat.

same.

conductive layers. Thus, an electrical potential applied to the

emits light.

emitters of light in general. The best reported ef?ciency for

ultraviolet light.

An LED in accordance With the principles of the present
invention may be incorporated into an LED assembly.
An LED assembly in accordance With the principles of the
present invention includes an LED, With an encapsulation
enclosing it. The encapsulation has a WindoW that is trans

contact pins causes an electrical potential to be applied to the
?rst and second conductive layers, so that the LED then

enough that it emits ultraviolet light, i.e. light having a

SUMMARY OF THE INVENTION

Wavelengths.

LED. The assembly also includes ?rst and second contact
pins that are electrically connected to the ?rst and second

produce light With short Wavelengths, in particular ultravio

Wavelength of less than about 400 nm. HoWever, such LEDs
are difficult to produce, expensive, and inef?cient.
Indeed, silicon-based LEDs are extremely inef?cient

the claimed invention may produce ultraviolet light, the
invention is not limited only to embodiments that produce
ultraviolet light. Other embodiments may produce other

parent to the Wavelength of the light that is emitted by the

energy gap must be. It is therefore particularly dif?cult to

let light, using knoWn LEDs. In principle, it is possible to

It is emphasiZed that an LED in accordance With the
principles of the present invention does not rely on semi
conductive properties such as electron transport.

It is furthermore emphasiZed that although particular

The principles governing the operation of conventional
HoWever, knoWn LEDs suffer from several limitations.
For example, the Wavelengths that may be produced are
limited by the magnitude of the energy gap. The shorter the

the composition and pressure of the gas in the microcavities,
it is possible to control the frequency of the light emitted.
For example, under the proper conditions, the light is in the
ultraviolet portion of the spectrum.

embodiments of an LED in accordance With the principles of

photons released likeWise become more energetic. The more

energy an individual photon has, the shorter its Wavelength.

gas transforms into plasma, Which radiates light at one or
more plasma emission lines.

BRIEF DESCRIPTION OF THE DRAWINGS
65

Like reference numbers generally indicate corresponding
elements in the ?gures. Unless otherWise speci?ed herein,
these ?gures are not to scale.
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The thickness of the ?rst conductive layer 14 is suf?cient
to enable good electrical conductivity. It Will be appreciated
by those of skill in the art that the precise thickness of the
?rst conductive layer 14 that is necessary depends on the
material that is used for the ?rst conductive layer 14.
For example, When the ?rst conductive layer 14 is com

FIG. 1 shows a schematic cross-section of an embodiment

of a light emitting diode in accordance With the principles of
the present invention.
FIG. 2 shoWs an enlarged vieW of a microcavity of the
LED shoWn in FIG. 1.
FIG. 3 shoWs a schematic cross-section of an embodiment

posed of aluminum or a material With similar electrical
properties, a thickness of 0.25 to 1 pm may be suf?cient for

of an LED assembly in accordance the principles of the

present invention.
FIG. 4 shoWs an LED at a point in its production using a

method in accordance With the principles of the present

the ?rst conductive layer 14. More preferably, the thickness
10

exemplary only, and different thicknesses may be equally

invention.
FIG. 5 shoWs the LED of FIG. 4 at a later point in its

suitable.

production.
FIG. 6 shoWs the LED of FIG. 5 at a later point in its

15

production.

that, When solid, Would be poor transmitters of light.
Like the substrate 12, the insulating layer 16 may be made
20

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

ferred embodiment, the insulating layer 16 may comprise
the insulating layer 16 may comprise 100 direction type n+
25

Wide variety of alternative materials may be equally suitable
for use as the insulating layer 16.
30

As noted With regard to the substrate 12, the present
invention does not rely on semiconduction, and does not

14. The insulating layer 16 de?nes a plurality of tiny cavities

require an insulating layer 16 that is semiconductive.
In a preferred embodiment, the insulating layer 16 is

therein, hereinafter referred to as microcavities 18.

As illustrated in FIG. 2, the microcavities 18 include

formed from the same material as the substrate 12. In a more
35

preferred embodiment, the insulating layer 16 is formed
from a portion of the substrate 12.
It Will be appreciated by those of skill in the art that the

The substrate 12 may be made from a variety of materials.

precise thickness of the insulating layer 16 that is necessary
depends on the material that is used for the insulating layer

In a preferred embodiment, the substrate 12 may comprise
silicon. In a more preferred embodiment, the substrate 12
may comprise single-crystal silicon. In a still more preferred
embodiment, the substrate 12 may comprise 100 direction
type n+ silicon. In a yet more preferred embodiment, the

silicon. In a yet more preferred embodiment, the insulating

layer 16 may be doped With antimony.
HoWever, the above compositions are exemplary only. A

A ?rst electrically conductive layer 14 is disposed on a
?rst side of the substrate 12.

sharp tips therein, hereinafter referred to as asperites 20.
Returning to FIG. 1, a second electrically conductive
layer 22 is disposed over the insulating layer 16.

from a variety of materials. In a preferred embodiment, the
insulating layer 16 may comprise silicon. In a more pre

single-crystal silicon. In a still more preferred embodiment,

The LED 10 includes a substrate 12.

An electrically insulating layer 16 is disposed on a second
side of the substrate 12, opposite the ?rst conductive layer

The insulating layer 16 comprises a material that is
transparent to light of the Wavelength that is to be emitted by
the LED 10. HoWever, because the insulating layer 16 is
porous, With a portion of its volume being microcavities 18,
it may be suitable to use materials for the insulating layer 16

FIG. 7 shoWs an embodiment of an arrangement for

producing an insulating layer With microcavities therein in
accordance With the principles of the present invention.

Referring to FIG. 1, an embodiment of an light emitting
diode (LED) 10 in accordance With the principles of the
present invention is shoWn therein.

may be 0.3 to 0.4 pm. HoWever, these thicknesses are

40

16.

For example, When the insulating layer 16 is composed of
silicon, a thickness of 0.7 to 2.5 pm may be suitable for the

insulating layer 16. More preferably, the thickness may be 1
to 2 pm. HoWever, this thickness is exemplary only, and
different thicknesses may be equally suitable.
As noted above, the insulating layer 16 is porous, and

substrate 12 may be doped With antimony.

Such compositions are particularly suitable insofar as the 45
use of silicon substrates in electronic devices is Well
established and Well-understood. HoWever, the above com
de?nes a plurality of microcavities 18 therein.
positions are exemplary only. A Wide variety of alternative
For clarity, the microcavities 18 are illustrated in FIG. 1
materials may be equally suitable for use as the substrate 12.
as being spherical, closed, and arranged in an orderly

Substrates, in particular silicon substrates, are Well knoWn

50

pattern. Although they are so illustrated for purposes of

per se, and are not described further herein.

clarity, this is exemplary only.

It is emphasiZed that although silicon is Widely used for
its semiconductive properties, the present invention does not

A variety of other shapes, including but not limited to

rely on semiconduction, and does not require a substrate 12
that is semiconductive.
Rather, it is the classical resistance of the substrate 12 that
is of signi?cance to the present invention. In a preferred
embodiment, the substrate 12 has an electrical resistivity of
0.008 to 0.09 Q-cm. More preferably, the substrate 12 has an
electrical resistivity of 0.008 to 0.02 Q-cm.
The ?rst conductive layer 14 may be made of any rea

sonably conductive material, including but not limited to
metals and conductive polymers. In a preferred embodiment,
the ?rst conductive layer 14 comprises aluminum. HoWever,
this is exemplary only, and other conductive materials may
be equally suitable.

It is not necessary for the microcavities 18 to be spherical.
55

cylinders or tubes, and amorphous “blobs”, may be equally
suitable. It is also noted that different microcavities 18 may

have different shapes Within the same insulating layer 16.
LikeWise, it is not necessary for the microcavities 18 to be
closed off from one another. Microcavities 18 that are
60

interconnected may be equally suitable.
Furthermore, it is not necessary for the microcavities 18
to be distributed in a regular or orderly pattern. For certain
embodiments it is preferable that the microcavities 18 are
spread in a substantially uniform manner across the area of

65

the insulating layer 16. HoWever, a random or chaotic

distribution of microcavities 18 Within the insulating layer
16 may be equally suitable as an ordered arrangement.

US 6,869,814 B2
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As may be seen in FIG. 2, the microcavities 18 include

When an electrical potential is applied betWeen the ?rst

asperites 20 therein. The asperites 20 are sharp tips on the
surfaces of the microcavities 18.

and second conductive layers 14 and 22, the relatively high
resistivity of the insulating layer 16 prevents the free How of

As illustrated, the asperites 20 are discrete, conical points.

current therebetWeen. This results in the groWth of strong

electric ?elds Within the insulating layer 16.
In particular, strong electric ?elds form Within the micro

However, this is exemplary only. AWide variety of shapes of
asperites 20 may be equally suitable. It is only necessary that

cavities 18. If the microcavities 18 Were generally smooth,

they include some relatively sharp edge or point, so as to
facilitate the discharge of an electric ?eld as described
beloW.
Likewise, it is not necessary that each microcavity 18

the electric ?elds might eventually stabiliZe. HoWever, the
sharp tips of the asperites 20 Within the microcavities 18
results in local discontinuities in the electric ?elds. At some

point, the electric ?elds in a given microcavity 18 collapse,
Whereupon the asperites 20 therein inject streams of elec
trons from their sharp tips into the microcavity 18.

contain exactly tWo asperites 20, or that asperites 20 be
arranged at opposite ends of a microcavity 18. Although this

arrangement is illustrated for clarity, it is exemplary only,
and other numbers and arrangements of asperites 20 may be

equally suitable.

15

The microcavities 18 have a gas therein. The gas is one

that is suitable for producing light via a plasma discharge

tion at characteristic Wavelengths that depend upon the type
of gas present in the microcavity.
For example, for nitrogen, radiation With a Wavelength of

When an electric current ?oWs therethrough.
AWide variety of gases are suitable for use in the present
invention. Suitable gases include, but are not limited to,
nitrogen, xenon, and argon. The gases need not be pure;

approximately 337.1 nm is emitted. It is noted that this

Wavelength is in the ultraviolet portion of the electromag
netic spectrum. HoWever, this is exemplary only, and

mixtures of tWo or more gases may also be suitable.

A variety of pressures of gas Within the microcavities 18
may be suitable. The pressure of the gas depends at least in

This sudden electrical discharge ioniZes the gas Within the
microcavity 18 into a plasma by stripping aWay one or more
electrons from the gas atoms. When the freed electrons in the
plasma recombine With the gas atoms, the gases emit radia

embodiments of the present invention that emit other Wave
25

lengths may be equally suitable. In particular, embodiments

part upon the speci?c physical properties of the embodiment
of the LED 10 in question, ie the type of gas used, the siZe,
shape, and distribution of microcavities 18 and asperites 20,
the dimensions, composition, and resistivity of the insulat

that produce one or more Wavelengths of ultraviolet radia
tion betWeen 200 and 400 nm may be equally suitable.
Embodiments that produce light at one or more Wavelengths

ing layer 16, etc.

spectrum may also be equally suitable.

For example, for certain preferred embodiments, a gas
pressure of 1 to 100 mbar of nitrogen is suitable. HoWever,
this is exemplary only, and other gas pressures may be

So long as an electrical potential continues to be applied,
the electric ?eld Within the microcavity 18 Will regenerate
after each collapse, and the process Will repeat.

equally suitable.
Referring again to FIG. 1, the second conductive layer 22

that are not in the ultraviolet portion of the electromagnetic

In other Words, the microcavities 18 act as a plurality of
35

may be made of any reasonably conductive material, includ

plasma discharge lamps are Well knoWn per se, and are not
described further herein.
It is noted that the various microcavities 18 Will not

ing but not limited to metals and conductive polymers. In a

preferred embodiment, the second conductive layer 22 com
prises an alloy of gold and copper. In a more preferred
embodiment, the second conductive layer 22 comprises an

tiny plasma discharge lamps. The operational principles of

40

alloy of gold and copper in a ratio of 9:1 to 3:2. In a still

necessarily discharge in unison, nor is it necessary that they
do so. Furthermore, it is not even necessary that all of the

second conductive layer 22.
For example, When the second conductive layer 22 is

microcavities 18 that are present Within a given insulating
layer 16 discharge at all, so long as at least some do so.
The electric potential betWeen the ?rst and second con
ductive layers 14 and 22 is sufficient to generate electric
?elds that build and collapse in at least a signi?cant portion
of the microcavities 18. In a preferred embodiment, the
electric potential may need be no more than approximately
20 volts. In a more preferred embodiment, the electric
potential may need be no more than approximately 10 volts.
Turning to FIG. 3, an embodiment of an LED assembly 30
in accordance With the principles of the present invention is
shoWn therein.
The LED assembly 30 includes an LED in accordance
With the principles of the claimed invention, similar to the
LED 10 shoWn in FIG. 1.
The LED assembly thus includes a substrate 12, a ?rst
electrically conductive layer 14 is disposed on a ?rst side of

composed of an alloy of gold and copper in a ratio of 4:1 to
7:3 or a material With similar electrical and optical

disposed on a second side of the substrate 12. The insulating

more preferred embodiment, the second conductive layer 22
comprises an alloy of gold and copper in a ratio of 4:1 to 7:3.

HoWever, this is exemplary only, and other conductive
materials may be equally suitable.
The thickness of the second conductive layer 22 is suf
?cient to enable good electrical conductivity. It Will be
appreciated by those of skill in the art that the precise
thickness of the second conductive layer 22 that is necessary

45

depends on the material that is used for the second conduc

tive layer 22.
The second conductive layer 22 is transparent to light of
the Wavelength that is to be emitted by the LED. For certain
materials, including but not limited to metals, this require

55

ment may also help determine the suitable thickness of the

the substrate 12, and an electrically insulating layer 16 is

properties, a thickness of 20 to 100 nm may be suitable for

the second conductive layer 22. More preferably, the thick
ness may be 30 to 60 nm. It is noted that the gold and copper

alloy in question is transparent to certain Wavelengths of
light, including ultraviolet light, When applied in these
thicknesses. HoWever, these thicknesses are exemplary only,
and different thicknesses may be equally suitable.

65

layer 16 de?nes a plurality of microcavities 18 therein, With
asperites 20. A second electrically conductive layer 22 is
disposed over the insulating layer 16.
In addition, the LED assembly 30 includes an encapsu
lation 32, Which encapsulates the substrate 12, ?rst electri

cally conductive layer 14, electrically insulating layer 16,
and second electrically conductive layer 22.

US 6,869,814 B2
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The encapsulation 32 includes a WindoW 34 that is

silicon substrates, are Well knoWn per se, and are not

transparent to light of the Wavelength that the LED emits.
The encapsulation 32 encapsulates the LED, both to

described further herein.
As shoWn in FIG. 5, an insulating layer 16 is then formed
on the substrate 12. The insulating layer has microcavities

protect the LED, and also to protect persons or structures
that come in contact With it from damage that might be

18 and asperites 20 therein.
As may be seen from a comparison of FIGS. 4 and 5, in

caused by electric potential, plasma emission, etc.

the exemplary process illustrated therein the insulating layer

In addition, certain embodiments of encapsulation 32 may

16 is formed from a portion of the substrate 12. HoWever,

act as a barrier betWeen the microcavities 18 and the outside

atmosphere, in order to reduce any exchange of gas betWeen

the atmosphere and the microcavities 18 that might degrade
the performance of the LED. In those embodiments, the
encapsulation may be gas-tight.
The LED assembly 30 also includes a ?rst contact pin 36
that is in electrical contact With the ?rst conductive layer 14,
and a second contact pin 38 that is in contact With the second

10

16 With the microcavities 18 and the asperites 20 therein is
to electrochemically etch the substrate 12, so as to render a
15

conductive layer 22.
Thus, an electrical potential that is applied betWeen the
?rst and second contact pins 36 and 38 results in a similar

electrical potential being applied betWeen the ?rst conduc
tive layer 14 and the second conductive layer 22.
It is emphasiZed that incorporating the LED 10 previously
shoWn and described into the LED assembly 30 is exem
25

principles of the present invention into other assemblies, or
to use it as a stand-alone device.

A variety of materials may be suitable for use as the
encapsulation 32. Suitable materials include, but are not

ammeter 52 may be connected betWeen the cathode 52 and

The composition of the cathode depends at least in part on
the etching conditions and the type of etchant 50 used. For
example, a platinum cathode is suitable for many types of
electrochemical etching operations, as it is highly
conductive, heat tolerant, and highly resistant to corrosion.

Avariety of materials likeWise may be suitable for use as
the WindoW 34. Suitable materials include, but are not

limited to, glass transparent to light of the Wavelength
emitted by the LED.

made of metal Wire. HoWever, this is exemplary only, and
other materials may be equally suitable.
It is noted that, although only tWo contact pins 36 and 38
are shoWn, it may be equally suitable for certain embodi

35

40

HoWever, this is exemplary only, and other types of cathode
may be equally suitable.
A variety of etchants 50 and etching conditions may be
suitable for performing electrochemical etching of the sub
strate 12. It Will be appreciated by those of skill in the art that
the particular conditions and etchants 50 Will vary depend
ing on such factors as the material used to form the substrate
12.

ments to include additional contact pins.

As illustrated in FIG. 3, the second contact pin 38 passes

through the ?rst conductive layer 14, the substrate 12, and
the insulating layer 16 to reach the second conductive layer
22. As shoWn, in order to prevent short circuits (i.e. betWeen
the second contact pin 38 and the ?rst conductive layer 14),

supply 54. As shoWn, the substrate is connected to the
positive terminal of the poWer supply 54, and so acts as the
anode.
A cathode 52 is also placed in the etchant 50, and is
connected to the negative terminal of the poWer supply 54.
In order to facilitate monitoring of the etching process, an

the poWer supply 54. HoWever, this is exemplary only.

limited to, plastics.

Similarly, a variety of materials may be suitable for use as
the ?rst and second contact pins 36 and 38. In a preferred
embodiment, the ?rst and second contact pins 36 and 38 are

portion of the substrate 12 porous.
Referring to FIG. 7, an exemplary arrangement for elec
trochemically etching the substrate 12 is shoWn therein.
As illustrated in FIG. 7, the substrate 14 With the ?rst
conductive layer 12 disposed therein is placed in a bath of
etchant 50.
The substrate 14 is connected electrically to a poWer

plary only. For certain applications, it may be equally
suitable to incorporate an LED 10 in accordance With the

this is exemplary only, and other methods, including but not
limited to forming an insulating layer 16 separately and
applying it to the substrate 12, may be equally suitable.
One exemplary method for producing the insulating layer

45

For example, for a substrate 12 comprised of silicon, a
preferred embodiment of an etching step may use an etchant
50 comprising an ethanoic hydrogen ?uoride solution. In a
more preferred embodiment, the etchant might have a con
centration of 10% to 25%. In a still more preferred

embodiment, the etchant might have a concentration of 24%.
LikeWise, for a substrate 12 comprised of silicon, a
preferred embodiment of an etching step may include etch

the LED assembly 30 may include insulation 40 to isolate
the second contact pin 38.

HoWever, this is exemplary only. For certain
embodiments, it may not be necessary to use insulation 40

ing With a current density of 1 to 4 mA/cm2. In a more

to isolate the second contact pin 38. For example, the second
contact pin 38 may be connected to the second conductive

preferred embodiment, the current density may be 2

mA/cm2.

connect the second contact pin 38 directly to the second

Similarly, for a substrate 12 comprised of silicon, a
preferred embodiment of an etching step may last for from
5 to 30 minutes. In a more preferred embodiment, etching

conductive layer 22 Without passing through other portions

may last for from 10 to 15 minutes.

layer 22 in such a Way that it does not contact the ?rst

55

conductive layer 14. One exemplary arrangement is to
of the LED. Another exemplary arrangement is to prepare an

In addition, for certain embodiments, it may be preferable

aperture in the ?rst conductive layer 14 proximate the

to apply a resist to some or all of the substrate 12, and/or any

location of the second contact pin 38, so as to avoid contact
therebetWeen. Other embodiments may likeWise be suitable.
FIGS. 4—6 shoW an LED similar to the LED 10 illustrated

in order to control the portions that are etched.

other elements of the LED 10 that are present during etching

HoWever, these parameters are exemplary only, and other
etchants and other etching conditions may be equally suit

in FIG. 1, at several points in an exemplary production
process.

As shoWn in FIG. 4, the exemplary process begins With a

substrate 12. Methods for producing substrates, in particular

65

able.
Furthermore, the use of an electrochemical etching step is

itself exemplary only. Other steps for producing an insulat
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ing layer 16 With microcavities 18 and asperites 20 therein
may be equally suitable.

claimed invention, this method, and in particular the order of
the steps as described, is exemplary only.
For example, although the addition of the ?rst conductive
layer is described after the addition of the insulating layer,

In some embodiments of a method according to the

principles of the present invention Wherein the insulating
layer 16 is formed by etching the substrate 12, it may be
preferable to heat the substrate 12 prior to etching in order

for certain embodiments it may be equally suitable to form

the insulating layer after forming the ?rst conductive layer.

to drive off impurities Within or on the surface of the

substrate 12 that might interfere With etching.
For example, for certain embodiments, heating the sub
strate 12 to a temperature of 200 to 300° C., for a duration

Thus, the order of the steps as described is exemplary

only, and other arrangements may be equally suitable.
10

of 3016 minutes may be suitable. Furthermore, for certain
embodiments, heating the substrate 12 While it is in a

An LED having a substrate 12, a ?rst electrically con

vacuum may also be suitable.

HoWever, heating the substrate prior to etching is exem

plary only.

A method of producing an LED assembly in accordance
With the principles of the present invention may be used to
produce an LED 30 similar to that shoWn in FIG. 3.

15

ductive layer 14, an electrically insulating layer 16 With a
plurality of microcavities 18 and asperites 20 therein, and a
second electrically conductive layer 22 is encapsulated in an

As shoWn in FIG. 6, a ?rst conductive layer 14 is then
applied to a ?rst side of the substrate 12.

encapsulation 32.

A variety of methods may be used to apply the ?rst
conductive layer 14 to the substrate 12. It Will be appreciated
by those of skill in the art that the methods suitable for
applying the ?rst conductive layer 14 depend at least in part
on the particular materials used in the ?rst conductive layer
14.
For example, When the ?rst conductive layer 14 is com
posed of aluminum, suitable methods may include, but are
not limited to, electroplating, vapor deposition, and sputter
ing. These methods are exemplary only, and different meth
ods may be equally suitable.
In addition, in the exemplary method described herein, a
second conductive layer 22 is formed over the insulating

transparent to radiation of the Wavelengths produced by the

The encapsulation 32 includes a WindoW 34 that is
20

Avariety of methods of forming the encapsulation 32 and
the WindoW 34 may be suitable.
A ?rst contact pin 36 is connected electrically With the
?rst conductive layer 14, and a second contact pin 38 is
25

30

include, but are not limited to, the use of a conductive

adhesive betWeen a contact pin 36, 38 and its corresponding

conductive layer 14, 22.
35

The above speci?cation, examples and data provide a
complete description of the manufacture and use of the
composition of the invention. Since many embodiments of
the invention can be made Without departing from the spirit
and scope of the invention, the invention resides in the

40

claims hereinafter appended.
We claim:

may include, but are not limited to, electroplating, vapor

1. A method for producing an light emitting diode, com

deposition, and sputtering. These methods are exemplary
only, and different methods may be equally suitable.
When the second conductive layer 22 is applied, the
resulting LED resembles that illustrated in FIG. 1.
According to this exemplary method, once the solid
structure of the LED is complete, gas is introduced into the
microcavities 18.
A variety of methods may be used to introduce gas into

prising the steps of:
providing a substrate;
forming an insulating layer on said substrate de?ning
microcavities therein, said microcavities comprising

asperities;
applying a ?rst conductive layer to a side of said substrate
50

layer, said second conductive layer being transparent to

electromagnetic radiation; and

With gas may be suitable. In a preferred embodiment, the
microcavities 18 are impregnated to a pressure of 1 to 100
55
mbar for a duration of 3016 minutes.

impregnating said microcavities With a gas.

2. The method according to claim 1, Wherein:
said substrate comprises silicon.
3. The method according to claim 2, Wherein:

said substrate is doped With antimony.
4. The method according to claim 2, Wherein:
60

said substrate comprises silicon (100), type n".
5. The method according to claim 1, Wherein:

HoWever, these conditions and methods for introducing
gas into the microcavities are exemplary only. Other con
ditions and other methods may be equally suitable.
It is noted that, although FIGS. 4—6 and the preceding text
provide a description of an exemplary method of producing
an LED that is in accordance With the principles of the

opposite said insulating layer;
applying a second conductive layer on said insulating

the microcavities 18. For example, for certain embodiments,
impregnating the microcavities 18 by surrounding the LED

In addition, in certain embodiments of the method it may
be suitable to heat the LED While impregnating the micro
cavities 18 With gas. In a preferred embodiment, the LED is
heated to 100 to 150° C. While impregnating the microcavi
ties 18 With gas.

potential betWeen the ?rst conductive layer 14 and the
second conductive layer 22.
A variety of methods of connecting the ?rst and second
contact pins 36 and 38 may be suitable. Suitable methods

at least in part on the particular materials used in the second

conductive layer 22.
For example, When the second conductive layer 22 is
composed of an alloy of gold and copper, suitable methods

connected electrically With the second conductive layer 22,
so that an electrical potential applied betWeen the ?rst and
second contact pins 36 and 38 produces a similar electrical

layer 16.
A variety of methods may be used to apply the second
conductive layer 22 to the insulating layer 16. It Will be
appreciated by those of skill in the art that the methods
suitable for applying the second conductive layer 22 depend

LED.

said substrate has a resistivity of 0.008 to 0.09 Q-cm.

6. The method according to claim 1, Wherein:
65

said substrate has a resistivity of 0.008 to 0.02 Q-cm.

7. The method according to claim 1, Wherein:

said insulating layer is formed by etching said substrate.

US 6,869,814 B2
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8. The method according to claim 7, wherein:

30. The method according to claim 1, Wherein:

said insulating layer is formed by electrochemical etch

said microcavities are impregnated to a pressure of 1 to

ing.

100 mbar.

31. The method according to claim 1, Wherein:

9. The method according to claim 8, Wherein:
said electrochemical etching is conducted using an etha
noic hydrogen ?uoride solution.
10. The method according to claim 9, Wherein:
said ethanoic hydrogen ?uoride solution has a concentra
tion of 10% to 25%.

said microcavities are impregnated With said gas at a

temperature of 100 to 150° C.

32. The method according to claim 1, Wherein:
said microcavities are impregnated With said gas for 24 to
36 minutes.
10

11. The method according to claim 9, Wherein:
said ethanoic hydrogen ?uoride solution has a concentra
tion of 24%.

betWeen 200 and 400 nm in Wavelength.

34. Amethod for producing an LED assembly, comprising
the steps of:

12. The method according to claim 8, Wherein:
said insulating layer is formed using a current density of

producing a light emitting diode by:

1 to 4 mA/cm2.
13. The method according to claim 8, Wherein:

providing a substrate;
applying a ?rst conductive layer to a ?rst side of said

substrate;

said insulating layer is formed using a current density of

2 mA/cm2.

20

14. The method according to claim 8, Wherein:
said substrate is etched for from 5 to 30 minutes.
25

16. The method according to claim 8, Wherein:

second conductive layer.

said encapsulation is gas-tight.
35

said substrate is heated at a temperature of 200 to 300° C.

400 nm in Wavelength.

21. The method according to claim 1, Wherein:

said WindoW has a transmittance of at least 90%.
40

45

said second conductive layer has a thickness of 20 to 100

betWeen 200 and 400 nm in Wavelength.

applying a ?rst conductive layer to a ?rst side of said
50

substrate;
etching a second side of said substrate so as to form an

insulating layer de?ning microcavities therein, said
microcavities comprising asperities;
applying a second conductive layer on said insulating
55

nm.

layer;
impregnating said microcavities With a gas; and
applying an electrical potential betWeen said ?rst conduc

28. The method according to claim 1, Wherein:
said second conductive layer has a thickness of 30 to 60

tive layer and said second conductive layer such that

nm.

29. The method according to claim 1, Wherein:
said gas comprises at least one of the group consisting of
nitrogen, Xenon, and argon.

38. The method according to claim 34, Wherein:
said contact pins are bonded to said conductive layers
With conductive adhesive.
39. The method according to claim 34, Wherein:
said second conductive layer is transparent to radiation

40. A method for producing light, comprising the steps of:
providing a substrate;

and copper.

according to claim 24, Wherein:
gold:copper ratio of 9:1 to 3:2.
according to claim 25, Wherein:
gold:copper ratio of 4:1 to 7:3.
according to claim 1, Wherein:

36. The method according to claim 34, Wherein:
said WindoW is transparent to radiation betWeen 200 and
37. The method according to claim 34, Wherein:

said substrate is heated for 24 to 36 minutes.

25. The method
said alloy has a
26. The method
said alloy has a
27. The method

electrically connecting a ?rst contact pin to said ?rst
conductive layer and a second contact pin to said

35. The method according to claim 34, Wherein:

20. The method according to claim 17, Wherein:

said ?rst conductive layer comprises metal.
22. The method according to claim 21, Wherein:
said ?rst conductive layer comprises aluminum.
23. The method according to claim 1, Wherein:
said second conductive layer comprises metal.
24. The method according to claim 1, Wherein:
said second conductive layer comprises an alloy of gold

layer, said second conductive layer being transparent
to electromagnetic radiation; and

magnetic radiation; and
30

said substrate is heated in vacuum.

19. The method according to claim 17, Wherein:

insulating layer de?ning microcavities therein, said
microcavities comprising asperities;

impregnating said microcavities With a gas;
encapsulating said diode in an encapsulation, said encap
sulation comprising a WindoW transparent to electro

Wherein said substrate serves as an anode during etching,

and platinum is used as a cathode during etching.
17. The method according to claim 7, further comprising
the step of:
before said substrate is etched, heating said substrate.
18. The method according to claim 17, Wherein:

etching a second side of said substrate so as to form an

applying a second conductive layer on said insulating

15. The method according to claim 8, Wherein:
said substrate is etched for from 10 to 15 minutes.

33. The method according to claim 1, Wherein:
said second conductive layer is transparent to radiation

said gas forms a plasma that emits radiation in the
60

electromagnetic spectrum.
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