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(57) ABSTRACT

A method of fabricating an active matrix display is disclosed
in which one or more oxide thin film transistors is mono-
lithically integrated with an inorganic light emitting diode
structure. The method comprises forming an array of inor-
ganic light emitting diodes over a substrate defining a
plurality of sub-pixels, depositing an insulating layer over
the inorganic LED array, forming conductive vias through
the insulating layer, one via for each LED in the LED array,
and forming a metal oxide thin film transistor backplane,
including an array of pixel driver circuits, over the dielectric
layer and conductive vias, wherein one driver circuit elec-
trically controls each sub-pixel through the dielectric layer.
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METHOD OF INTEGRATING INORGANIC
LIGHT EMITTING DIODE WITH OXIDE
THIN FILM TRANSISTOR FOR DISPLAY

APPLICATIONS

CROSS-REFERENCE TO RELATED
APPLICATION

10001] This application claims priority to provisional pat-
ent application Ser. No. 62/139,888 filed in the United States
Patent and Trademark Office on Mar. 30, 2015, the entire
disclosure and drawings of which are incorporated in their
entirety by reference herein.

FIELD OF THE INVENTION

10002] The present invention relates generally to methods
of integrating light emitting diodes (LEDs) with thin film
transistors (TFTs) for display applications, and more par-
ticularly to a method of monolithically integrating inorganic
LEDs with metal oxide TFTs.

BACKGROUND OF THE INVENTION

10003] Two kinds of light emitting diodes (LED) exist
today. One is based on organic materials (OLED), while the
other one is based on inorganic materials. Both kinds of
LEDs essentially work on similar principles wherein posi-
tive and negative charge carriers are injected into a semi-
conducting material and light emission occurs when the
charge carriers recombine in the light emission zone of the
device stack. Both methods have their own advantages and
disadvantages. OLEDs are attractive because such devices
need not be produced on a crystalline substrate, the cost of
producing such devices is low, the devices are power effi-
cient operating at low voltages, the devices have flexible
potential, and the organic material enable devices that emit
light in a variety of attractive colors. However, OLEDs
devices lack very high brightness and are limited in lifetime.
Inorganic LEDs, on the other hand, are attractive because
they enable extremely robust devices, which can exhibit
very high efficiencies. In addition, the lifetime of inorganic
LED devices is extremely long. The notable drawbacks of
inorganic LEDs include limitations in fabrication technol-
ogy and the high cost of fabrication.

10004] Until now, the main problem with fabricating inor-
ganic LED technology for display applications was the drive
circuit. Inorganic LEDs are generally made with compound
semiconductor material including group Ill-V or Il-VI mate-
rials, for example, Gallium Nitride (GaN). Compound semi-
conductor materials require very high temperature for pro-
cessing (>700C). The drivers made using compound
semiconductor technology exhibit significantly higher volt-
ages compared to the standard silicon technology such as
complimentary metal-oxide semiconductor (CMOS) with
single crystal Su, TFTs using a-Si or poly-Si. Therefore, a
display device using just GaN had not been feasible. There
have been many attempts to combine the Si technology for
driving the GaN LEDs to fabricate displays, however, they
have been largely unsuccessful. As such, inorganic LEDs are
still not a part of the display industry.

10005] The display industry continues to rapidly change
with research and developments improvements which
reduce power consumption, improve image resolution, and
decrease device thickness. While at the same time, the
emersion of new trending markets including wearable dcc-
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tronics with flexible and bendable displays, has begun to
reshape technology requirements at many levels including
the backplane level.
10006] Generally, pixels in a flat panel display are
arranged in a matrix form, and generate light (luminescence)
upon electrical activation from an array of thin-film-tran-
sistors, also known as TFT backplane. A TFT backplane is
an important part of display applications as it functions as a
series of switches to control the current flowing to each
individual pixel. Until recently, there have been two primary
types of TFT backplane technologies, one using TFTs with
amorphous silicon (a-Si) active layer and the other using
TFTs with polycrystalline silicon (poly-Si) active layer.
Currently, backplane technologies rely on the presence of
conventional silicon materials. The present invention
teaches methods of integrating TFTs for display applications
using nonconventional materials.
10007] Therefore, there exists a need to provide a feasible
and economically viable method of fabricating display
devices integrating inorganic LEDs with metal oxide semi-
conductors (metal oxide TFTs), such as zinc oxide (ZnO)
and indium gallium zinc oxide (IGZO).
10008] It is therefore a primary object of the present
invention to provide a new and improved method for mono-
lithically integrating inorganic LEDs with metal oxide TFTs
using nonconventional materials with high transparency in
the visible spectrum and controllable carrier concentration.
10009] It is another object of the present invention to
provide a new and improved method for fabricating flexible
and transparent devices at lower temperatures.
10010] It is another object of the present invention to
provide an active matrix display incorporating an oxide TFT
directly with a Ill-V (e.g. GaN) LED array.
10011] It is another object of the present invention to
provide an active matrix display with an extremely high
brightness.
10012] It is another object of the present invention to
provide an active matrix display having higher contrast.

10013] It is another object of the present invention to
provide an active matrix display having longer lifetime.

SUMMARY OF THE INVENTION

10014] The present invention cures the deficiencies in the
prior art by providing a method for integrating inorganic
LED with oxide TFT for display applications. An oxide TFT
is a kind of field-effect transistor made by depositing thin
forms of semiconductor active layer as well as the dielectric
layer and metallic contacts over a supporting substrate. In
oxide TFT the material of the electron channel is oxide. The
present method involves the deposition of oxide TFT layers
onto a previously fabricated GaN type LED substrate. By
incorporating an oxide TFT with a Ill-V type (e.g. GaN)
LED array an active matrix display is realized with
extremely high brightness, high contrast, and extended life-
time.

10015] In an illustrative embodiment of the present inven-
tion, a method of fabricating an active matrix display is
disclosed. The steps include forming an array of inorganic
light emitting diodes (LEDs) over a substrate defining a
plurality of sub-pixels, depositing an insulating layer over
the inorganic LED array, forming conductive vias through
the insulating layer, one via for each LED in the LED array,
and forming a metal oxide thin film transistor backplane,
including an array of pixel driver circuits, over the dielectric
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layer and conductive vias, wherein one driver circuit elec-
trically controls each sub-pixel through the dielectric layer.

10016] The inorganic LED array may include forming a
first type semiconductive layer on the substrate, and a
second or opposite type semiconductive layer formed on the
first type semiconductive layer. The emission layer may be
positioned between the first and second semiconductive
layers. The method may further comprise an n-electrode
connected to the first type semiconductive layer and a p-type
electrode connected to the second type semiconductive
layer. The first and second semiconductive layers may
comprise Ill-V or Il-VI group semiconductor materials. The
Ill-V compound semiconductor may be GaN. The first type
semiconductive layer may be an n-type GaN semiconductor.
The n-electrode may be connected to the n-type GaN
semiconductor. The second type semiconductive layer may
be a p-type GaN semiconductor. The p-electrode may be
connected to the p-type GaN semiconductor.

10017] The metal oxide thin film transistor backplane may
be formed over the insulating layer by forming a gate
electrode made of a conductive material formed over a
portion of the insulating layer, depositing a gate insulating
film on the gate electrode, depositing a metal oxide semi-
conductor layer, patterning the semiconductor layer to form
a channel region on the gate insulating film, and depositing
a source electrode and drain electrode over the gate insu-
lating film.

10018] The display may further include a first conductive
via plug contacting the n-electrode of the LED to the source
electrode of the thin film transistor, and a second conductive
via plug contacting the p-electrode of the LED to the drain
electrode of the thin film transistor. The substrate may be
transparent or sapphire. The insulating layer may be silicon
dioxide.

10019] In accordance with another illustrative embodi-
ment of the present invention, a method of fabricating a light
emitting device is disclosed. The steps include forming a
compound stacked semiconductor structure over a substrate,
wherein the semiconductor structure includes an n-type type
semiconductive layer formed on the substrate comprising a
material selected from the group consisting of Ill-V and
Il-VI compounds, a p-type semiconductive layer overlying
the n-type semiconductive layer comprising a material
selected from the group consisting of Ill-V and IV-VI
compounds, electrically coupling a first electrode with the
n-type semiconductive layer, and electrically coupling a
second electrode with the p-type semiconductive layer.
Then, forming an insulating layer comprising dielectric
material over the semiconductor structure in a manner which
does not cause significant damage to the structure. Then,
forming conductive vias through the insulating layer, and
forming a metal oxide thin film transistor backplane over the
insulating layer and conductive vias in a manner which does
not cause significant damage to the semiconductor structure.

10020] The method may include forming a metal oxide
thin film transistor backplane over the insulating layer by
forming a gate electrode made of a conductive material
formed over a portion of the insulating layer, depositing a
gate insulating film on the gate electrode, depositing a metal
oxide semiconductor layer, patterning the semiconductor
layer to form a channel region on the gate insulating film,
and depositing a source electrode and drain electrode over
the gate insulating film.
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10021] The method may include a first conductive via
contacting the first electrode of the semiconductor structure
to the source electrode of the thin film transistor, and a
second conductive via contacting the second electrode of the
semiconductor structure to the drain electrode of the thin
film transistor.

10022] The conductive vias may be formed by patterning
by etching.

10023] In another illustrative embodiment of the present
invention, a method of fabricating a light emitting device is
disclosed by integrating a compound stacked semiconductor
structure over a substrate, wherein the semiconductor struc-
ture includes material selected from the group consisting of
Ill-V and Il-VI compounds; forming an insulating layer over
the semiconductor structure; and forming a metal oxide thin
film transistor backplane over the insulating layer.

10024] In another illustrative embodiment of the present
invention, a device comprising an array of inorganic LEDs
made by the method described above is disclosed. The
device may be a display or a microdisplay.

10025] These advantages of the present invention will be
apparent from the following disclosure and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

10026] To these and to such other objects that may here-
inafter appear, the present invention relates to methods of
monolithically integrating inorganic LEDs with metal oxide
TFTs for display applications as described in detail in the
following specification and recited in the annexed claims,
taken together with the accompanying drawings, in which
like numerals refer to like parts in which:

10027] FIG. 1 is a layer diagram illustrating a GaN LED
structure in a process for integrating light emitting diode
with oxide thin film transistor according to an illustrative
embodiment of the present invention.

10028] FIG. 2 is a layer diagram of the GaN LED of FIG.
1, illustrating the steps in the process of forming an insula-
tion layer over the GaN LED according to an illustrative
embodiment of the present invention.

10029] FIG. 3 is a layer diagram illustrating the steps in the
process of fabricating a gate dielectric layer and vias for
connecting electrodes of the LED to driver circuits above the
insulation layer according to an illustrative embodiment of
the present invention.

10030] FIG. 4 is a layer diagram illustrating the steps in the
process of fabricating a TFT array above the LED array of
FIG. 4 according to an illustrative embodiment of the
present invention.

10031] FIG. 5 is a layer diagram illustrating an oxide TFT
structure in a process for integrating light emitting diode
with oxide thin film transistor according to an illustrative
embodiment of the present invention.

DETAILED DESCRIPTION

10032] The present invention is directed to methods of
integrating light emitting diodes (LEDs) with thin film
transistors (TFTs) for display applications. In particular, the
present invention utilizes Ill-V or Il-VI group compound
semiconductor materials to form LED devices. These mate-
rials require temperatures greater than 700C for processing.
It should be noted that the materials and processes described
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herein are for illustrative purposes and the present invention
is not limited to the specific LED devices or TFT configu-
rations described.

10033] FIGS. 1-4 illustrate the sequence of steps used in
fabricating a TFT array on a LED array, having a plurality
of sub-pixels, according to the present method. FIG. 1
illustrates an LED wafer 10 according to an illustrative
embodiment of the present invention. The LED wafer 10
includes a stacked structure 14 composed on a transparent
substrate 12. The structure 14 includes a first type semicon-
ductive layer 16 positioned on the substrate 12, a p-n
junction 18 containing a light emission region, a second type
semiconductive layer 20 on top of the p-n junction 18, a
p-type electrode 22, and an n-type electrode 24. The LED
wafer 10 is patterned into an array of LEDs. It should be
understood that the LED wafer 10 may be formed in
accordance with techniques known in the art, such as by
forming, for example, a gallium nitride (GaN) LED structure
on a base sapphire substrate. It should be noted that while the
term "wafer" is used to depict the overall structure, any
wafer, portion of a wafer, chip, etc. may be used.

10034] In the preferred embodiment, the transparent sub-
strate 14 is sapphire. The first type semiconductive layer 16
is an n-type GaN semiconductor, which is formed over the
sapphire substrate 12. The p-n junction 18, or emission layer,
is then formed over the n-type GaN semiconductor. The
second type semiconductive layer 20 is a p-type GaN
semiconductor, which is formed over the emission layer 18.
Since sapphire is dielectric, a portion of the stacked structure
14 of the LED wafer 10 has to be etched, exposing a portion
26 of the n-type GaN semiconductor layer 16. The n-type
electrode 24 is formed on the exposed portion 26 of the
n-type GaN semiconductor layer 16. The p-type electrode 22
is formed on the p-type GaN semiconductor layer 20. It
should be noted that the first semiconductive layer may be
either n or p type conductivity, and the second semiconduc-
tive layer is of opposite conductivity material (i.e. p or n).

10035] FIG. 2 illustrates the fabricated LED wafer 10
covered with an insulating layer 30 of dielectric material,
preferably silicon dioxide (5i02). The insulating layer 30 is
deposited over the array of LEDs by techniques known in
the art, which may include at approximately 1 um using
thermal oxidation techniques. The insulating layer 30 may
have a thickness in the range of 0.5 to 2 microns. One driver
circuit electrically controls each sub-pixel through the insu-
lating layer 30.

10036] FIG. 3 illustrates the fabrication of conductive via
plugs 40 formed through the insulating layer 30. According
to an illustrative embodiment of the present invention,
patterning the insulated layer 30, which may include con-
ventional photolithographic techniques to mask portions of
the insulating layer 30 and to expose portions where future
vias 42a are to be formed, forms the conductive vias 42a.
The exposed portions are then removed by etching or other
suitable removal technique known in the art. One via is
formed for each LED in the LED array. The method of
patterning silicon dioxide is well known to experts in the
field.

10037] Following the patterning of the insulated layer 30,
conductive via plugs 40 are formed within vias 42. Accord-
ing to an illustrative embodiment of the present invention, a
material deposition system is used to deposit a conductive
material, for example (ADD), in vias 42 for forming via

Oct. 6, 2016

plugs 40 one at a time. It should be noted that other systems
and methods known in the art may be similarly used.
10038] FIG. 4 illustrates a sectional view of the steps
forming layers of the metal oxide thin film transistor struc-
ture 10 over the insulating layer 30 in accordance with an
illustrative embodiment of the present invention. The TFT
structure 50 has source 58, drain 60, channel 56, gate
insulator 54, and gate 52 regions.
10039] The gate metal 52 is deposited and patterned onto
the insulating layer, preferably using a mask technique. It
should be noted that other methods known in the art may be
similarly used. The gate insulator layer 54 of dielectric
material, is then deposited over the gate metal 52.
10040] Vias are needed to connect the gate metal to
subsequent metal layers to complete various circuits in the
active matrix. In other embodiments, vias between the gate
metal layer and the source/drain metal layer can be made
easily and efficiently by using a laser. In other embodiments,
vias are formed using photoresist, patterning, and an aniso-
tropic etching. Vias 42b are opened through the gate insu-
lating layer 54. A metal oxide semiconductor layer is then
deposited as a blanket layer and patterned to form the
channel 56 for a TFT.
10041] The blanket source and drain metallization layer is
then deposited over the structure and patterned to separate
the metal layer into source and drain electrode contacts 58,
60. In other embodiments, laser doping techniques known in
the art, may be used to form the TFT source and drain
regions. The source and drain contacts, 58 and 60 respec-
tively, are on opposite sides of the active area of the channel
56 and form a contact with the n-electrode 24 and p-elec-
trode 22 through vias 42.
10042] It is to be understood that the disclosure describes
a few embodiments and that many variations of the inven-
tion can easily be devised by those skilled in the art after
reading this disclosure and that the scope of the present
invention is to be determined by the following claims.

What is claimed is:
1. A method of fabricating an active matrix display, the

steps comprising:
forming an array of inorganic light emitting diodes
(LEDs) over a substrate defining a plurality of sub-
pixels;

depositing an insulating layer over the inorganic LED
array;

forming conductive vias through the insulating layer, one
via for each LED in the LED array; and

forming a metal oxide thin film transistor backplane,
including an array of pixel driver circuits, over the
dielectric layer and conductive vias, wherein one driver
circuit electrically controls each sub-pixel through the
dielectric layer.

2. The method of claim 1 wherein the inorganic LED
array including:

a first type semiconductive layer on the substrate; and
a second or opposite type semiconductive layer formed on

the first type semiconductive layer.
3. The method of claim 2 wherein an emission layer is

positioned between the first and second semiconductive
layers.
4. The method of claim 2 further comprising an n-elec-

trode connected to the first type semiconductive layer and a
p-type electrode connected to the second type semiconduc-
tive layer.
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5. The method of claim 3 wherein the first and second
semiconductive layers are comprised of 111-V or Il-VI group
semiconductor materials.
6. The method of claim S wherein the 111-V compound

semiconductor is GaN.
7. The method of claim 6 wherein the first type semicon-

ductive layer is an n-type GaN semiconductor.
8. The method of claim 7 further comprising an n-elec-

trode connected to the n-type GaN semiconductor.
9. The method of claim 6 wherein the second type

semiconductive layer is a p-type GaN semiconductor.
10. The method of claim 9 further comprising a p-elec-

trode connected to the p-type GaN semiconductor.
11. The method of claim 4 wherein the step of forming a

metal oxide thin film transistor backplane over the insulating
layer including:
forming a gate electrode made of a conductive material
formed over a portion of the insulating layer;

depositing a gate insulating film on the gate electrode;
depositing a metal oxide semiconductor layer;
patterning the semiconductor layer to form a channel

region on the gate insulating film; and
depositing a source electrode and drain electrode over the
gate insulating film.

12. The display of claim 11 further comprising:
a first conductive via plug contacting the n-electrode of

the LED to the source electrode of the thin film
transistor; and

a second conductive via plug contacting the p-electrode of
the LED to the drain electrode of the thin film transis-
tor.

13. The method of claim 1 wherein the substrate is
transparent.
14. The method of claim 1 wherein the substrate is

sapphire.
15. The method of claim 1 wherein the insulating layer is

silicon dioxide.
16. A method of fabricating a light emitting device,

comprising the steps of:
forming a compound stacked semiconductor structure
over a substrate, wherein the semiconductor structure
including:
an n-type type semiconductive layer formed on the

substrate comprising a material selected from the
group consisting of Ill-V and Il-VI compounds;

a p-type semiconductive layer overlying the n-type
semiconductive layer comprising a material selected
from the group consisting of Ill-V and IV-VI com-
pounds;

electrically coupling a first electrode with the n-type
semiconductive layer; and
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electrically coupling a second electrode with the p-type
semiconductive layer;

forming an insulating layer comprising dielectric material
over the semiconductor structure in a manner which
does not cause significant damage to the structure;

forming conductive vias through the insulating layer; and

forming a metal oxide thin film transistor backplane over
the insulating layer and conductive vias in a manner
which does not cause significant damage to the semi-
conductor structure.

17. The method of claim 16 wherein the step of forming
a metal oxide thin film transistor backplane over the insu-
lating layer including:

forming a gate electrode made of a conductive material
formed over a portion of the insulating layer;

depositing a gate insulating film on the gate electrode;

depositing a metal oxide semiconductor layer;

patterning the semiconductor layer to form a channel
region on the gate insulating film; and

depositing a source electrode and drain electrode over the
gate insulating film.

18. The method of claim 17 further comprising:

a first conductive via contacting the first electrode of the
semiconductor structure to the source electrode of the
thin film transistor; and

a second conductive via contacting the second electrode
of the semiconductor structure to the drain electrode of
the thin film transistor.

19. The method of claim 16 wherein the conductive vias
are formed by patterning by etching.

20. A method of fabricating a light emitting device by
integrating a compound stacked semiconductor structure
over a substrate, wherein the semiconductor structure
includes material selected from the group consisting of 111-V
and Il-VI compounds; forming an insulating layer over the
semiconductor structure; and forming a metal oxide thin film
transistor backplane over the insulating layer.

21. A device comprising a compound stacked semicon-
ductor structure over a substrate with a metal oxide thin film
transistor backplane made by the method of claim 16.

22. The device of claim 21, wherein the device is a
display.

23. The device of claim 21, wherein the display is a
microdisplay.

* * * * *
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