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DISPLAY DEVICE AND METHOD FOR
PRODUCING SUCH A DEVICE

[0001] The present patent application claims the priority
benefit of French patent application FR16/60225 which is
herein incorporated by reference.

BACKGROUND

[0002] The present disclosure concerns the field of emis-
sive display devices. It more particularly aims at a mono-
lithic emissive display device comprising a plurality of
light-emitting diodes and an electronic circuit capable of
individually controlling the diode to display images. It also
aims at a method of manufacturing such a device. The
present application more particularly relates to the field of
color image display devices.

DISCUSSION OF THE RELATED ART

[0003] Display devices comprising a plurality of organic
light-emitting diodes and one control circuit enabling to
individually control the diodes to display images have
already been provided. To display color images, such
devices may comprise organic light-emitting diodes capable
of emitting light of different wavelength ranges.

[0004] A disadvantage of such devices is the relatively
short lifetime of organic light-emitting diodes, particularly
when the latter are provided to operate at high luminance
levels, for example, above 10,000 cd/m?. In particular, if it
is known to form organic light-emitting diodes capable of
emitting green light or red light at high luminance levels
while having long lifetimes, it is to date difficult to obtain
light-emitting diodes capable of emitting blue light at high
luminance levels and having long lifetimes.

[0005] Display devices comprising a plurality of inorganic
gallium nitride light-emitting diodes and one control circuit
enabling to individually control the diodes to display images
have further been provided. Gallium nitride light-emitting
diodes are indeed capable of emitting at high luminance
levels and have long lifetimes. In such a device, the light-
emitting diodes generally all emit in a same wavelength
range, typically blue light. To be able to display color
images, the red and green pixel diodes are then coated with
color conversion elements, for example, made up of phos-
phorus, capable of converting into red light or into green
light the blue light emitted by the diodes.

[0006] A disadvantage of such devices lies in the con-
straints associated with the forming of color conversion
elements, particularly in terms of bulk and/or of manufac-
turing cost.

[0007] It would be desirable to have a color image display
device which overcomes all or part of the disadvantages of
known devices.

SUMMARY

[0008] Thus, an embodiment provides a monolithic dis-
play device comprising a plurality of first pixels capable of
emitting light in a first wavelength range, and a plurality of
second pixels capable of emitting light in a second wave-
length range, the first pixels each comprising a gallium
nitride light-emitting diode, and the second pixels each
comprising an organic light-emitting diode.

[0009] According to an embodiment, the device comprises
an integrated control circuit comprising, on the side of a first
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surface, for each pixel, a metal connection pad, the light-
emitting diodes of the first and second pixels being arranged
on the side of the first surface of the control circuit, and the
light-emitting diode of each pixel comprising a first elec-
trode connected to the metal connection pad of the pixel.
[0010] According to an embodiment, in each pixel, the
light-emitting diode of the pixel comprises at least one
semiconductor layer coating the surface of the first electrode
opposite to the control circuit, and a second electrode
coating the surface of said at least one semiconductor layer
opposite to the first electrode.

[0011] According to an embodiment, the second elec-
trodes of the light-emitting diodes of the first and second
pixels are interconnected.

[0012] According to an embodiment, the second elec-
trodes of the first pixels and the first electrodes of the second
pixels are arranged in a same conductor level of the device.
[0013] According to an embodiment, the semiconductor
layer of the second pixels is a continuous layer common to
all the second pixels of the device and extending over
substantially the entire surface of the device.

[0014] According to an embodiment, in each first pixel,
the second electrode of the pixel is insulated from said at
least one semiconductor layer of the second pixels by a local
insulation layer.

[0015] According to an embodiment, the semiconductor
layer of the second pixels is a discontinuous layer located at
the level of the light-emitting diodes of the second pixels
only.

[0016] Another embodiment provides a method of manu-
facturing a monolithic display device comprising a plurality
of first pixels capable of emitting light in a first wavelength
rage and a plurality of second pixels capable of emitting
light in a second wavelength range, the method comprising
the successive steps of:

[0017] a) forming an integrated control circuit comprising,
on a first surface, for each pixel of the device, a metal
connection pad,

[0018] D) for each first pixel, placing on the first surface of
the control circuit an active gallium nitride light-emitting
diode stack comprising a first electrode in contact with the
metal connection pad of the pixel, and at least one semi-
conductor layer coating the surface of the first electrode
opposite to the control circuit;

[0019] c) filling a volume laterally separating the active
stacks of the gallium nitride light-emitting diodes with an
insulating filling material;

[0020] d) forming, in a same conductive level, for each
first pixel, a second electrode coating the surface of the
semiconductor layer opposite to the first electrode and, for
each second pixel, a first electrode coating the filling mate-
rial and connected to the metal connection pad of the pixel.
[0021] According to an embodiment, the method further
comprises, after step d), a step e) of deposition, for each
second pixel, of at least one organic semiconductor layer
coating the surface of the first electrode of the pixel opposite
to the control circuit.

[0022] According to an embodiment, the organic semi-
conductor layer is a continuous layer common to all the
second pixels of the device and extending over substantially
the entire surface of the device.

[0023] According to an embodiment, the method further
comprises, between step d) and step e), a step of forming a



US 2019/0280048 A1

local insulating layer insulating the second electrodes of the
first pixels from the organic semiconductor layer.

[0024] According to an embodiment, the organic semi-
conductor layer is a discontinuous layer located at the level
of the light-emitting diodes of the second pixels only.
[0025] According to an embodiment, the method further
comprises, after step e), a step of depositing, for each second
pixel, a second electrode coating the surface of the organic
semiconductor layer opposite to the first electrode of the
pixel.

[0026] According to an embodiment, the second elec-
trodes of the second pixels form a continuous layer extend-
ing over substantially the entire surface of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The foregoing and other features and advantages
will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the
accompanying drawings, among which:

[0028] FIGS. 1A, 1B, 1C, and 1D are cross-section views
schematically illustrating an embodiment of a method of
manufacturing a color image display device;

[0029] FIG. 2 is a top view schematically illustrating an
embodiment of a color image display device; and

[0030] FIG. 3 is a cross-section view schematically illus-
trating another embodiment of a color image display device.

DETAILED DESCRIPTION

[0031] The same elements have been designated with the
same reference numerals in the various drawings and, fur-
ther, the various drawings are not to scale. For clarity, only
those steps and elements which are useful to the understand-
ing of the described embodiments have been shown and are
detailed. In particular, the composition and the arrangement
of the different layers of an active organic light-emitting
diode stack, and the composition and the arrangement of the
different layers of an active gallium nitride light-emitting
diode stack have not been detailed, the described embodi-
ments being compatible with usual active stacks of organic
light-emitting diodes and of gallium nitride light-emitting
diodes. Further, the forming of an integrated circuit for
controlling the light-emitting diodes has not been detailed,
the described embodiments being compatible with usual
structures and methods of manufacturing of such control
circuits.

[0032] In the following description, when reference is
made to terms qualifying absolute positions, such as terms
“front”, “back”, etc., or relative positions, such as terms
“above”, “under”, “upper”, “lower”, etc., or to terms quali-
fying directions, such as terms “horizontal”, “vertical”, etc.,
it is referred to the orientation of the cross-section views of
FIGS. 1A, 1B, 1C, 1D, or 3, it being understood that, in
practice, the described devices may be oriented differently.
The terms “approximately”, “substantially”, and “in the
order of” are used herein to designate a tolerance of plus or
minus 10%, preferably of plus or minus 5%, of the value in
question.

[0033] According to an aspect of an embodiment, it is
provided, in a monolithic color image display device, to
co-integrate inorganic gallium nitride light-emitting diodes
capable of emitting light in a first wavelength range, for
example, blue light (that is, having a wavelength in the range
from 450 to 490 nm), and organic light-emitting diodes
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capable of emitting light in one or a plurality of other
wavelength ranges, for example, green light (that is, having
awavelength in the range from 490 to 570 nm) and red light
(that is, having wavelength in the range from 600 to 700
nm).

[0034] FIGS. 1A, 1B, 1C, and 1D are cross-section views
schematically illustrating successive steps of an embodi-
ment of a method of manufacturing such a device. FIGS. 1A,
1B, 1C, and 1D more particularly show the forming of three
pixels B, R, and G of the device, each comprising a
light-emitting diode, and being capable of emitting light
respectively in three different wavelength bands. As an
example, the B, R, and G pixels are capable of respectively
emitting blue light, red light, and green light. In practice, the
display device may comprise a plurality of identical or
similar B pixels, a plurality of identical or similar R pixels,
and a plurality of identical or similar G pixels, and the pixels
of each type B, R, and G may be regularly distributed over
substantially the entire surface of the device, for example, in
an array layout.

[0035] FIG. 1A schematically shows an integrated control
circuit 110, previously formed inside and on top of a
semiconductor substrate 111, for example, a silicon sub-
strate. In this example, control circuit 110 comprises, on its
upper surface side, for each B, R, and G pixel of the device,
a metal connection pad 113 intended to be connected to one
of the electrodes (anode or cathode) of the light-emitting
diode of the pixel, to be able to control a current flowing
through the diode and/or a voltage applied to the diode. The
control circuit for example comprises, for each pixel, con-
nected to metal pad 113 of the pixel, an elementary control
cell comprising one or a plurality of transistors, enabling to
control the current and/or the voltage applied to the pixel
diode. Control circuit 110 is for example made in CMOS
technology. Metal pads 113 may be laterally surrounded
with an insulating material 114, for example, silicon oxide,
so that control circuit 110 has a substantially planar upper
surface comprising an alternation of metal pads 113 and of
insulating regions 114. As will be explained in further detail
hereafter, the contact on the other electrodes (not connected
to pads 113) of the light-emitting diodes may be taken
collectively, for example, in a peripheral region of control
circuit 110, via one or a plurality of connection pads (not
shown in the drawings) of control circuit 110.

[0036] FIG. 1A more particularly illustrates a step of
placing, on each connection pad 113 of a pixel B of the
device, an active gallium nitride light-emitting diode stack.
In this example, the active stack placed on the control circuit
is a vertical stack comprising, in the following order from
the surface of connection pad 113, a conductive layer 121,
for example, made of metal, a P-type doped gallium nitride
layer 123, an emissive layer 125, and an N-type doped
gallium nitride layer 127. Emissive layer 125 is for example
formed by a stack of one or a plurality of emissive layers,
each forming a quantum well, for example, made up of GaN,
InN, InGaN, AlGaN, AIN, AllnGaN, GaP, AlGaP, AllnGaP,
or of a combination of one or a plurality of these materials.
As a variation, emissive layer 125 may be an intrinsic, that
is, non-intentionally doped, gallium nitride layer, for
example having a residual donor concentration in the range
from 10"° to 10'® atoms/cm®, for example, in the order of
10" atoms/em®. In this example, the upper surface of
emissive layer 125 is in contact with the lower surface of
layer 127, the lower surface of emissive layer 125 is in
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contact with the upper surface of layer 123, the lower
surface of layer 123 is in contact with the upper surface of
layer 121, and the lower surface of layer 121 is in contact
with the upper surface of pad 113. Conductive layer 121
forms the anode electrode of the diode of pixel B, layers 123
and 127 respectively forming the semiconductor anode and
cathode layers of the diode. As a variation, it is possible for
the stack placed on control circuit 110 not to comprise
conductive layer 121, in which case the semiconductor layer
123 of the stack directly comes into contact with the metal
pad 113 of the control circuit, pad 113 then forming the
anode electrode of the diode of pixel B.

[0037] In the shown example, the stack placed on control
circuit 110 at the step of FIG. 1A does not comprise the
upper electrode of the diode of pixel B (its cathode electrode
in the present example), that is, the electrode coating the
surface of layer 127 opposite to layer 123. This upper
electrode will indeed be deposited at a subsequent step, at
the same time as the lower electrodes of the light-emitting
diodes of the R and G pixels.

[0038] The stack of the gallium nitride diode placed on
control circuit 110 at the step of FIG. 1A may be previously
formed by epitaxy on an adapted support substrate, for
example, a sapphire or corundum substrate (not shown).
More particularly, layers 127, 125, and 123 may be succes-
sively formed by epitaxy from a surface of the support
substrate, after which layer 121 may possibly be deposited
on the surface of layer 123 opposite to the support substrate.
The support substrate may then be removed, after which the
diodes may be individualized, for example, by sawing. To
cut the diodes into individual chips, an adhesive holding film
may previously be arranged on the surface side of the active
stack opposite to the support substrate. Once the diodes have
been individualized, they can be arranged one by one on
control circuit 110, to obtain the structure of FIG. 1A.

[0039] As a variation, the active stack may be placed in
one piece on the upper surface of control circuit 110, before
cutting of the stack into individual diodes, so that the stack
substantially covers the entire surface of control circuit 110.
The support substrate of the active stack may then be
removed, for example, by machining, after which the active
stack may then be locally removed by etching opposite the
R and G pixels, to only keep portions of the active stack
above the B pixels of the sensor, to obtain the structure of
FIG. 1A.

[0040] At the end of the step of FIG. 1A, the active
portions of the light-emitting diodes of pixels B form
separate pads or islands arranged on the upper surface of
control circuit 110. The pads or islands for example have a
thickness in the range from 0.1 to 1 um, for example, in the
order of 0.5 pm.

[0041] FIG. 1B illustrates a step of planarization of the
upper surface of the structure obtained at the end of the step
of FIG. 1A. During this step, the volume laterally separating
the active portions of the diodes of the B pixels is filled with
an insulating filling material 129, for example, silicon oxide
or resin, to obtain a structure having a substantially planar
upper surface. As an example, filling material 129 is first
deposited over the entire upper surface of the structure,
including above the B pixels, across a thickness greater than
that of the active stacks of diodes of the B pixels, after which
a planarization step is implemented, for example, by chem -
mech. polishing, during which the filling material is only
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kept around the active stacks of the diodes of the B pixels,
across a thickness substantially equal to that of the active
stacks.

[0042] FIG. 1C illustrates a step of simultaneous forming,
in a same conductive level M, for example, metallic, of
upper electrodes 131 of the inorganic diodes of the B pixels
of the device, and of lower electrodes 133 of the organic
diodes of the R and G pixels of the device. Conductive level
here means an assembly of conductive regions formed
simultaneously and arranged in a same mean plane substan-
tially parallel to the upper surface of control circuit 110.
[0043] More particularly, during this step, a cathode elec-
trode 131 arranged on top of and in contact with the upper
surface of cathode layer 127 of the pixel diode is formed on
each B pixel of the device. In this example, electrode 131
only covers a portion of the upper surface of the diode of
pixel B. Indeed, the device described in relation with FIGS.
1A, 1B, 1C, and 1D is intended to emit light from its upper
surface, and electrode 131 should thus not entirely mask the
upper surface of the diode of the B pixel. As an example,
electrode 131 extends, in top view, over all or part of a
peripheral region of the diode of the B pixel.

[0044] During this step, an electrode 133 arranged on the
upper surface of insulating filling layer 129, for example,
vertically in line with connection pad 113 of the pixel, is
further formed on each R pixel and on each G pixel of the
device. Electrode 133 for example extends all over the
surface of the organic light-emitting diode (not formed yet)
of the pixel. Electrode 133 is connected to the underlying
connection pad 113 of the pixel via a conductive via 135, for
example, made of tungsten or of copper, crossing insulating
layer 129. Vias 135 may be formed after the deposition of
insulating layer 129 and before the forming of electrodes
131 and 133, during a step, not detailed. It should be noted
that pad 113 has the function of electrically powering
electrode 133 through via 135. Thus, as a variation, pad 113
may have a surface area smaller or greater than that of
electrode 133 and/or be shifted (in top view) with respect to
electrode 133.

[0045] Preferably, electrodes 133 (and accordingly elec-
trodes 131, the latter being formed in the same conductive
level M as electrodes 133) are provided to have an upper
surface reflective for the light originating from the upper
portion of the device. This enables to increase the light
efficiency of the device by reflecting towards it upper surface
the light emitted by the organic light-emitting diodes
towards its lower surface. As an example, electrodes 133
comprise at least one upper layer made of silver, of tin oxide,
of aluminum, of an aluminum-copper alloy, or of a trans-
parent conductive oxide (ZnO, AZO, ITO, etc.).

[0046] Vias 135 and electrodes 131 and 133 may be
formed according to conventional photolithography meth-
ods of the type currently used for the manufacturing of
integrated circuits, for example, in CMOS technology.
[0047] FIG. 1C further illustrates a step subsequent to the
forming of electrodes 131 and 133, during which a local
insulation layer 137, for example, made of resin, is deposited
over the entire upper surface and on the sides of metalliza-
tions 131, to insulate metallizations 131 from the upper
layers (not shown in F1G. 1C) of the device. Insulation layer
137 however does not extend over at least a portion of the
upper surface of the lower electrodes 133 of the diodes of the
R and G pixels. In the shown example, insulation layer 137
extends over a peripheral region and on the sides of each
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electrode 133, to reinforce the insulation between the diodes
of neighboring pixels of the device, and to round the edges
formed by electrodes 133 for the subsequent deposition of
an organic semiconductor layer. Local insulation layer 137
is for example made of resist. The resist is for example first
spread all over the upper surface of the device, and then
illuminated and etched to only keep the resist in the desired
regions.

[0048] FIG. 1D illustrates a step of deposition of an
organic semiconductor layer 139 over the upper surface of
the structure obtained at the end of the sequence of steps of
FIG. 1C. Layer 139 is an active organic light-emitting diode
layer. Layer 139 may be a single layer made of a mixture of
organic semiconductor materials of opposite conductivity
types, or a vertical stack of at least two layers of organic
semiconductor materials of opposite conductivity types.
More generally, any stack of one or a plurality of organic
semiconductor layers capable of emitting light when crossed
by a current may be used. In this example, organic semi-
conductor layer 139 is selected to be capable of simultane-
ously emitting green light and red light. As a variation,
organic semiconductor layer 139 is selected to be capable of
emitting white light, that is, to be capable of simultaneously
emitting blue light, green light, and red light. Organic
semiconductor layer 139 continuously extends over substan-
tially the entire upper surface of the structure obtained at the
end of the sequence of steps of FIG. 1C. In particular,
organic semiconductor layer 139 has its lower surface in
electrical contact with lower electrodes 133 of the R and G
pixels of the device. Local insulation layer 137 however
enables organic semiconductor layer 139 not to be in electric
contact with the upper electrodes 131 of the B pixels of the
device. It should be noted that according to the materials
selected to form electrodes 133 and organic layer 139, one
or a plurality of conductive matching layers may be depos-
ited over the upper surface of the structure obtained at the
end of the sequence of steps of FIG. 1C, before the depo-
sition of organic semiconductor layer 139.

[0049] FIG. 1D further illustrates a step of deposition,
over the upper surface of organic semiconductor layer 139,
of a conductive layer 141 corresponding to the upper elec-
trode of the R and G pixels of the device. Layer 141 is
formed 1n a conductive level M+1 located above level M.
Conductive layer 141 forms an electrode common to all the
R and G pixels of the device. In this example, layer 141 is
a continuous layer extending over substantially the entire
upper surface of the device. The device being intended to be
viewed on its upper surface side, upper electrode layer 141
is selected to be capable of transmitting the most part of the
light emitted by the organic light-emitting diodes of the R
and G pixels, and by the inorganic light-emitting diodes of
the B pixels. As an example, electrode 141 is a metal
electrode, for example, made of silver, having a thickness
smaller than 10 nm, or an electrode made of a transparent
conductive material, for example, made of indium tin oxide.
In practice, according to the materials selected to form
organic semiconductor layer 139 and upper electrode 141,
one or a plurality of matching conductive layers may be
deposited over the upper surface of layer 139, before the
deposition of conductive layer 141.

[0050] FIG. 1D further illustrates a step of deposition,
over the upper surface of conductive layer 141, of an
encapsulation layer 143, particularly having the function of
preventing the penetration of air or moisture into organic
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semiconductor layer 139. As an example, encapsulation
layer 143 is deposited by ALD (“Atomic Layer Deposi-
tion”). Layer 143 is for example made of silicon oxide
(810,) or of aluminum oxide (Al,O;).

[0051] FIG. 1D further illustrates a step of deposition,
above the organic light-emitting diode of each R, respec-
tively G, pixel, of a color filter 145R, respectively 145G, for
example, made of colored resin. Filter 145R only transmits
a first portion of the spectrum of the light emitted by the
underlying light-emitting diode, and filter 145G only trans-
mits a second portion (different from the first portion) of the
spectrum of the light emitted by the underlying light-
emitting diode. In this example, filter 145R only transmits
red light and filter 145G only transmits green light. As a
variation, in each B pixel, the inorganic light-emitting diode
is further topped with a color filter (not shown), for example,
made of colored resin, having a bandwidth different from
that of filters 145R and 145G, for example, a filter capable
of only transmitting blue light. The provision of a filter on
the B pixels for example enables to correct a possible
dispersion of the wavelength of the light emitted by the
inorganic light-emitting diode of the pixel, induced by
organic semiconductor layer 139. The provision of a specific
filter on the B pixels may further enable to compensate for
a possible luminosity difference between the inorganic light-
emitting diodes of the B pixels and the organic light-emitting
diodes of the R and G pixels. Indeed, the elementary cells of
control of control circuit 110 are preferably all identical to
simplify the forming of circuit 110. In this case, the diodes
of the B, R, and G pixels receive substantially the same
power supply voltage. In the case where, for a same power
supply voltage, the inorganic diodes of the B pixels emit at
a higher luminance level than the organic light-emitting
diodes of the R and G pixels, the provision of a color filter
on the B pixels may enable to attenuate the luminance level
of the B pixels to take it to a level equivalent to that of the
R and G pixels.

[0052] Thus, the device obtained at the end of the
sequence of steps of FIG. 1D comprises B, R, and G pixels
capable of emitting light respectively in three different
wavebands, each pixel B comprising an inorganic light-
emitting diode and each R or G pixel comprising an organic
light-emitting diode.

[0053] In this example, the lower electrodes 133 of the
light-emitting diodes of the R and G pixels correspond to the
anode electrodes of the organic light-emitting diodes, and
the upper electrode 141 corresponds to the cathode electrode
of the organic light-emitting diodes.

[0054] FIG. 2 is a top view schematically illustrating an
example of layout of the B, R, and G pixels of the device of
FIG. 1D. In FIG. 2, the pixels are schematized by squares.
Further, on each B pixel, the upper electrode 131 of the pixel
diode is shown by a hatched square. FIG. 2 also shows, by
a rectangle in broken lines, the upper electrode 141 of the R
and G pixels. In top view, the B, R, and G pixels are for
example arranged in an array of rows and columns.

[0055] The upper electrodes 131 of the B pixels of the
device are connected to one another via a network of
conductive tracks 201 (not shown in FIGS. 1A, 1B, 1C, 1D)
formed in conductive level M at the same time as electrodes
131 and 133. The insulation layer 137 (FIGS. 1C and 1D)
covering the upper electrodes 131 of the B pixels further
covers the upper surface and the sides of conductive tracks
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201, to insulate the network of conductive tracks 201 from
the organic semiconductor layer 139 (FIG. 1D) of the
device.

[0056] Network 201 of conductive tracks of interconnec-
tion of electrodes 131 is connected, outside of the pixel
array, for example, at the periphery of the pixel array, to the
upper electrode 141 common to the organic light-emitting
diodes of the R and G pixels. This enables to interconnect
the upper electrodes of all the light-emitting diodes of the
device, the individual control of each diode being performed
by its lower electrode 121 or 133, via the corresponding
connection pad 113 of control circuit 110.

[0057] It should be noted that in the above-described
example, only the lower electrode layer 133 of the organic
light-emitting diodes is pixelated, organic semiconductor
layer 139 and upper electrode layer 141 being continuous
layers.

[0058] FIG. 3 is a partial simplified cross-section view
schematically illustrating another embodiment of a color
image display device.

[0059] The device of FIG. 3 differs from the above-
described device mainly in that, in the device of FIG. 3, the
continuous organic semiconductor layer 139 of the previ-
ously-described device is replaced with a discontinuous
organic semiconductor layer 339, located only at the level of
the organic light-emitting diodes of the R and G pixels of the
device.

[0060] The forming of the device of FIG. 3 for example
comprises the same steps as those described in relation with
FIGS. 1A, 1B, and 1C.

[0061] The forming of the device of FIG. 3 further com-
prises a step of deposition of an organic semiconductor layer
339 on the upper surface of the structure obtained at the end
of the sequence of steps of FIG. 1C. Layer 339 is a
discontinuous layer located at the level of the R and G pixels
of the device only, and in particular does not extend above
the B pixels of the device. More particularly, layer 339
comprises, at the level of each pixel R, a portion 339R in
electric contact with lower electrode 133 of the pixel and, at
the level of each pixel G, a portion 339G in electric contact
with lower electrode 133 of the pixel. Layers 339R and
339G are active organic light-emitting diodes layers of
different natures. More particularly, each portion 339R is
capable of emitting light in a first wavelength range when it
conducts an electric current, and each portion 339G is
capable of emitting light in a second wavelength range
different from the first range when it conducts an electric
current. As an example, layer 339R is selected to be capable
of emitting red light only, and layer 339G is selected to be
capable of emitting green light only. Local layers 339R and
339G are for example deposited by silk screening or by
means of stencils or by any other method of local deposition
of an organic semiconductor layer.

[0062] The upper electrode 141 common to the R and G
pixels is then deposited similarly or identically to what has
been previously described. In particular, electrode 141 may
be a continuous electrode extending over substantially the
entire surface of the device, including above the B pixels.
Encapsulation layer 143 can then be deposited identically or
similarly to what has been previously described, all over the
upper surface of the device.

[0063] It should be noted that in the example of FIG. 3,
since organic semiconductor layer 339 does not extend
above the B pixels of the device, the upper electrode 131 of
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the B pixels needs no insulation. Thus, local insulating layer
137 may be omitted at least at the level of the upper
electrodes 131 of the B pixels. In the case where, as shown
in FIG. 3, the upper electrode 141 of the R and G pixels
extends over substantially the entire surface of the device,
including above the B pixels, the lower surface of electrode
141 then directly comes into contact with the upper surface
of electrodes 131, which provides the interconnection of the
upper electrodes of all the diodes of the device.

[0064] Due to the provision of semiconductor layers 339R
and 339G specifically adapted to the emission wavelengths
of the R and G pixels, respectively, the color filters 145R,
145G topping the R and G pixels of the device of FIG. 1D
may be omitted in the device of FIG. 3.

[0065] In practice, the embodiment of FIG. 3 is well
adapted to display devices where the pixels have a signifi-
cant size, for example, their smallest dimension in top view
being greater than 20 pm and preferably greater than 50 pm.
The embodiment of FIG. 1D is well adapted to display
devices where the pixels have a relatively small size, for
example, their smallest dimension in top view being smaller
than 20 wm and preferably smaller than Spm, for which the
local deposition of an organic semiconductor layer would be
difficult to perform.

[0066] Specific embodiments have been described. Vari-
ous alterations and modifications will occur to those skilled
in the art. In particular, embodiments where, in each pixel of
the device, the lower electrode of the pixel diode is the anode
electrode and the upper electrode of the pixel diode is the
cathode electrode have been described. It will be within the
abilities of those skilled in the art to adapt the embodiments
by inverting the polarity of the diodes of the device.
[0067] Further, although only embodiments of display
devices comprising one inorganic pixel type (B pixels) and
two organic pixel types (R and G pixels) have been
described, the described embodiments are not limited to this
specific case. As a variation, the display device may com-
prise a plurality of types of inorganic pixels, each compris-
ing a gallium nitride light-emitting diode and capable of
emitting in different wavelength ranges. Further, the display
device may comprise a single type of organic pixel or more
than two types of organic pixel capable of emitting in
different wavelength ranges.

1. A monolithic display device comprising:

a plurality of first pixels capable of emitting light in a first
wavelength range, and a plurality of second pixels
capable of emitting light in a second wavelength range,
the first pixels each comprising a gallium nitride light-
emitting diode, and the second pixels each comprising
an organic light-emitting diode; and

an integrated control circuit comprising, on the side of a
first surface, for each pixel, a metal connection pad, the
light-emitting diodes of the first and second pixels
being arranged on the side of the first surface of the
control circuit, and the light-emitting diode of each
pixel comprising a first electrode connected to the
metal connection pad of the pixel,

wherein, in each pixel, the light-emitting diode of the
pixel comprises at least one semiconductor layer coat-
ing the surface of the first electrode opposite to the
control circuit, and a second electrode coating the
surface of said at least one semiconductor layer oppo-
site to the first electrode, the second electrodes of the
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first pixels and the first electrodes of the second pixels
being arranged in a same conductor level of the device.

2. The device of claim 1, wherein the second electrodes of
the light-emitting diodes of the first and second pixels are
interconnected.

3. The device of claim 1, wherein said at least one
semiconductor layer of the second pixels is a continuous
layer common to all the second pixels of the device and
extending over substantially the entire surface of the device.

4. The device of claim 3, wherein, in each first pixel, the
second electrode of the pixel is insulated from said at least
one semiconductor layer of the second pixels by a local
insulation layer.

5. The device of claim 1, wherein said at least one
semiconductor layer of the second pixels is a discontinuous
layer located at the level of the light-emitting diodes of the
second pixels only.

6. A method of manufacturing a monolithic display device
comprising a plurality of first pixels capable of emitting light
in a first wavelength range and a plurality of second pixels
capable of emitting light in a second wavelength range, the
method comprising the successive steps of:

a) forming an integrated control circuit comprising, on a
first surface, for each pixel of the device, a metal
connection pad,

b) for each first pixel, placing on the first surface of the
control circuit an active gallium nitride light-emitting
diode stack comprising a first electrode in contact with
the metal connection pad of the pixel, and at least one
semiconductor layer coating the surface of the first
electrode opposite to the control circuit;
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¢) filling a volume laterally separating the active stacks of
the gallium nitride light-emitting diodes with an insu-
lating filling material,

d) forming, in a same conductor level, for each first pixel,

a second electrode coating the surface of said at least
one semiconductor layer opposite to the first electrode
and, for each second pixel, a first electrode coating the
filling material and connected to the metal connection
pad of the pixel.

7. The method of claim 6, further comprising, after step
d), a step e) of deposition, for each second pixel, of at least
organic semiconductor layer coating the surface of the first
electrode of the pixel opposite to the control circuit.

8. The method of claim 7, wherein said at least one
organic semiconductor layer is a continuous layer common
to all the second pixels of the device and extending over
substantially the entire surface of the device.

9. The method of claim 8, further comprising, between
step d) and step e), a step of forming a local insulation layer
insulating the second electrodes of the first pixels from said
at least one organic semiconductor layer.

10. The method of claim 7, wherein said at least one
organic semiconductor layer is a discontinuous layer located
at the level of the light-emitting diodes of the second pixels
only.

11. The method of claim 7, further comprising, after step
e), a step of deposition, for each pixel, of a second electrode
coating the surface of said at least one organic semiconduc-
tor layer opposite to the first electrode of the pixel.

12. The method of claim 11, wherein the second elec-
trodes of the second pixels form a continuous layer extend-
ing over substantially the entire surface of the device.
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