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7) ABSTRACT

A process includes the following successive steps: a) pro-
viding a substrate including a structured first electrode; b)
forming in succession first and second bilayer stacks on the
structured first electrode, each bilayer stack including in
succession first and second layers made of first and second
materials that are transparent conductive oxides able to be
selectively etched; ¢) etching the second bilayer stack in a
zone intended to accommodate a blue subpixel and in a zone
intended to accommodate a green subpixel; d) etching the
first bilayer stack in the zone intended to accommodate the
blue subpixel; ) forming a stack of organic light-emitting
layers, the stack being configured to emit white light; f)
forming a second electrode on the stack of organic light-
emitting layers so as to obtain an optical resonator with the
first electrode.
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PROCESS FOR MANUFACTURING A PIXEL
OF AN OLED MICRO-DISPLAY

TECHNICAL FIELD

[0001] The invention relates to the technical field of
OLED micro-displays (OLED being the acronym of organic
light-emitting diode).

[0002] The invention is notably applicable to the manu-
facture of augmented- or virtual-reality headsets and glasses,
camera viewfinders, head-up displays, pico-projectors, etc.

PRIOR ART

[0003] A pixel of a top-emitting OLED micro-display
known in the prior art, notably from document EP 1 672 962
A1, comprises, in succession:

[0004] a substrate;

[0005] a first electrode, which is reflective in the visible
domain and formed on the substrate;

[0006] a spacer layer, formed on the first electrode;

[0007] a stack of organic light-emitting layers, said
stack being configured to emit white light and formed
on the spacer layer,

[0008] a second electrode, which is semi-transparent in
the visible domain and formed on the stack; the first and
second electrodes forming an optical resonator.

[0009] The spacer layer possesses first, second and third
segments having thicknesses chosen so that the optical
resonator respectively permits the transmission of red, green
and blue light (obtained from the white light emitted by the
stack) so as to respectively define red, green and blue
subpixels.

[0010] Such a prior-art pixel, by virtue of the Fabry-Perot
optical resonator, which forms an interference filter, makes
it possible to envisage not using colour filters. The range of
wavelengths filtered is defined by the thicknesses of the first,
second and third segments of the spacer layer, allowing the
thickness of the optical cavity (bounded by the first and
second electrodes) to be adjusted so that the optical reso-
nator respectively permits the transmission of red, green and
blue light (obtained from the white light emitted by the stack
of organic light-emitting layers).

[0011] This type of filtering may be obtained in an analo-
gous way in a bottom-emitting micro-display. To simplify
the terminology, reference will still be made to a resonator,
even though interference effects are much smaller in the case
of bottom emission.

[0012] However, such a prior-art pixel is not entirely
satisfactory in so far as the first, second and third segments
of the spacer layer are formed on the first electrode by
successive depositions, this possibly leading to a problem
with the precision to which their thicknesses may be con-
trolled.

[0013] Moreover, it is known from document US 2005/
0142976 Al to use:

[0014] apolycrystalline ITO layer for the third segment
of the spacer layer (blue subpixel),

[0015] astack of two polycrystalline ITO layers for the
second segment of the spacer layer (green subpixel),

[0016] astack of three polycrystalline ITO layers for the
first segment of the spacer layer (red subpixel).

[0017] Inthe manufacturing process, a first polycrystalline
ITO layer is formed on the first electrode then a first
amorphous ITO layer is deposited (wafer-scale deposition)
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on the first polycrystalline ITO layer. The first amorphous
ITO layer is then selectively etched—with a suitable
etchant—in a zone intended to accommodate a blue sub-
pixel, the first polycrystalline ITO layer forming a stop layer.
Next, a thermal anneal is applied to the first amorphous ITO
layer in order to form a second polycrystalline ITO layer.
[0018] Analogously, a second amorphous ITO layer is
deposited (wafer-scale deposition) then selectively etched:
[0019] in the zone intended to accommodate the blue
subpixel, the first polycrystalline ITO layer forming a
stop layer, and
[0020] in a zone intended to accommodate a green
subpixel, the second polycrystalline ITO layer forming
a stop layer.
[0021] Lastly, a thermal anneal is applied to the second
amorphous ITO layer in order to form a third polycrystalline
ITO layer.
[0022] Such a prior-art process allows the thickness of the
spacer layer for the red, green and blue subpixels to be very
satisfactorily controlled. However, such a prior-art tech-
nique is not entirely satisfactory in terms of manufacturing
time and ease of implementation. Specifically, the depositing
and etching phases cannot be carried out rapidly one after
the other because of the thermal anneals that must be applied
to the amorphous ITO.

SUMMARY OF THE INVENTION

[0023] The invention aims to remedy all or some of the
aforementioned drawbacks. To this end, the subject of the
invention is a process for manufacturing a pixel of an
organic-light-emitting-diode micro-display, comprising the
following successive steps:

[0024] a) providing a substrate comprising a structured
first electrode;

[0025] D) forming in succession first and second bilayer
stacks on the structured first electrode, each bilayer
stack comprising in succession first and second layers
respectively made of first and second materials that are
transparent conductive oxides able to be selectively
etched;

[0026] c) etching the second bilayer stack in a zone
intended to accommodate a blue subpixel and in a zone
intended to accommodate a green subpixel, the second
bilayer stack being left intact under a zone intended to
accommodate a red subpixel,

[0027] d) etching the first bilayer stack in the zone
intended to accommodate the blue subpixel, the first
bilayer stack being left intact under the zone intended
to accommodate the green subpixel;

[0028] e) forming a stack of organic light-emitting
layers, said stack being configured to emit white light
and extending through the zones intended to accom-
modate the red, green and blue subpixels;

[0029] ) forming a second electrode on the stack of
organic light-emitting layers so as to obtain an optical
resonator with the first electrode;

[0030] step b) being executed so that:

[0031] the first bilayer stack has a thickness chosen so
that the optical resonator permits the transmission of
green light,

[0032] the first and second bilayer stacks have a total
thickness chosen so that the optical resonator permits
the transmission of red light.
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[0033] Thus, such a process according to the invention
allows the thicknesses of the bilayer stacks to be satisfac-
torily controlled by virtue of step b), which permits wafer-
scale depositions to be carried out, and by virtue of the
etching steps ¢) and d). Furthermore, such a process accord-
ing to the invention allows a phase of depositing—step
b)—and phases of etching—steps ¢) and d)—the bilayer
stacks to be carried out one after the other (the interruptions
required for the thermal anneals in the prior art not being
necessary) this creating additional latitude with respect to
the control of the thicknesses. Such a process according to
the invention therefore decreases manufacturing time and
increases ease of implementation.

Definitions

[0034] By “micro-display” what is meant is a display
each pixel of which has an area smaller than or equal
to 30 um by 30 um.

[0035] By “substrate”, what is meant is a self-support-
ing physical carrier made of a basic material that
preferably allows an electronic device or an electronic
component to be integrated. For example, a substrate is
conventionally a wafer cut from a single-crystal semi-
conductor ingot.

[0036] By “bilayer stack” what is meant is either a
single bilayer structure comprising first and second
layers in succession, or a set of (e.g. from 2 to 4)
stacked bilayer structures each successively comprising
first and second layers.

[0037] By “structured electrode” what is meant is an
electrode having a discontinuous surface delineating a
set of patterns.

[0038] By “transparent conductive oxide” what is
meant is an oxide possessing: an intensity transmission
coefficient higher than or equal to 70%, preferably
higher than or equal to 80%, more preferably higher
than or equal to 85% and even more preferably higher
than or equal to 90%, averaged over the visible domain,
and an electrical conductivity at 300 K higher than or
equal to 10* S/cm.

[0039] By “visible domain” what is meant is an elec-
tromagnetic spectrum comprised between 380 nm and
780 nm.

[0040] By “selectively etched” what is meant is that the
second material may be etched without etching the first
material, and vice versa. In practice, the etchant is
chosen so that the etch rate of the second material (of
the first material, respectively) is at least ten times
higher than that of the first material (of the second
material, respectively).

[0041] By “thickness” what is meant is the dimension
along the normal to the surface of the pixel or of the
subpixel.

[0042] The method according to the invention may com-
prise one or more of the following features.

[0043] According to one feature of the invention, step a)
comprises a step consisting in coating the structured first
electrode with an intermediate layer made of the second
material, the intermediate layer having a thickness chosen so
that the optical resonator permits the transmission of blue
light;
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[0044] step b) being executed so that:

[0045] the first bilayer stack and the intermediate layer
have a total thickness chosen so that the optical reso-
nator permits the transmission of green light,

[0046] the first and second bilayer stacks and the inter-
mediate layer have a total thickness chosen so that the
optical resonator permits the transmission of red light.

[0047] Thus, one advantage of such an intermediate layer
is that it allows the structured first electrode to be protected
before step b), i.e. it plays an encapsulating role. To this end,
a second material allowing the structured first electrode to be
protected from air and moisture will preferably be chosen.
[0048] According to one feature of the invention, the first
material is a zinc oxide ZnO, preferably doped with alu-
minium, and the second material is tin oxide SnQO..

[0049] Thus, such first and second materials may be
selectively etched if a suitable etchant is chosen, a suitable
etchant for example being hydrochloric acid 0.1%, which
allows ZnO to be selectively etched with respect to SnO,.
Furthermore, such first and second materials have very
similar refractive indices, this allowing reflections at the
interface between the first and second layers of the bilayer
stacks to be avoided.

[0050] According to one feature of the invention, step c)
comprises the following successive steps:

c,) etching the tin oxide SnO, of the second bilayer stack
with a dry or wet etch,

c,) etching the zinc oxide ZnO of the second bilayer stack
with a wet etch.

[0051] According to one feature of the invention, step d)
comprises the following successive steps:

d,) etching the tin oxide SnO, of the first bilayer stack with
a dry or wet etch,

d,) etching the zinc oxide ZnO of the first bilayer stack with
a wet etch.

[0052] According to one feature of the invention, step c)
comprises a step ¢,) consisting in masking the zone intended
to accommodate the red subpixel with a photoresist.
[0053] Thus, one procured advantage is that it is possible
to leave the second bilayer stack intact under the zone
intended to accommodate the red subpixel.

[0054] According to one feature of the invention, step d)
comprises a step do) consisting in masking the zone
intended to accommodate the green subpixel with a photo-
resist.

[0055] Thus, one procured advantage is that it is possible
to leave the first bilayer stack intact under the zone intended
to accommodate the green subpixel.

[0056] According to one feature of the invention, step ¢)
is preceded by a step e,) consisting in etching the first and
second bilayer stacks in the zones intended to lie between
the red, green and blue subpixels.

[0057] Thus, one procured advantage is that it is possible
to electrically insulate the red, green and blue subpixels from
one another.

[0058] According to one feature of the invention, step b)
is executed so that:

[0059] the first layer of each bilayer stack has a thick-
ness comprised between 10 nm and 100 nm,

[0060] the second layer of each bilayer stack has a
thickness smaller than or equal to 10 nm.

[0061] According to one feature of the invention, the first
and second electrodes are made of a metal, preferably
selected from Al, Ag, Pt, Cr, Ni and W, and/or made of a
transparent conductive oxide.
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[0062] Such metals possess both a high intensity reflection
coefficient in the visible domain, and a high electrical
conductivity. An oxide that is electrically conductive and
transparent in the visible domain will be preferred when the
electrode must be transparent or semi-transparent.

[0063] According to one feature of the invention, the
substrate provided in step a) is transparent in the visible
domain, the structured first electrode provided in step a) is
semi-transparent in the visible domain, and the second
electrode formed in step f) is reflective in the visible domain.
[0064] By “transparent” what is meant is that the substrate
possesses an intensity transmission coefficient higher than or
equal to 70%, preferably higher than or equal to 80%, more
preferably higher than or equal to 85%, and even more
preferably higher than or equal to 90%, averaged over the
visible domain.

[0065] By “semi-transparent” what is meant is that the
structured first electrode possesses a an intensity transmis-
sion coeflicient comprised between 30% and 70% averaged
over the visible domain.

[0066] By “reflective” what is meant is that the second
electrode possesses an intensity reflection coeflicient higher
than or equal to 70%, preferably higher than or equal to
80%, more preferably higher than or equal to 85% and even
more preferably higher than or equal to 90%, averaged over
the visible domain.

[0067] Thus, one procured advantage is that a so-called
bottom-emitting structure, i.e. one that emits toward the
substrate, is obtained.

[0068] According to one feature of the invention, the
substrate provided in step a) is made of a semiconductor,
preferably silicon, or made of glass, the structured first
electrode provided in step a) is reflective in the visible
domain, and the second electrode formed in step f) is
semi-transparent in the visible domain.

[0069] By “semiconductor” what is meant is a material
that has an electrical conductivity of 300 Kelvin comprised
between 107 S-em™ and 10° S-em™.

[0070] By “reflective” what is meant is that the structured
first electrode possesses an intensity reflection coeflicient
higher than or equal to 70%, preferably higher than or equal
to 80%, more preferably higher than or equal to 85% and
even more preferably higher than or equal to 90%, averaged
over the visible domain.

[0071] By “semi-transparent” what is meant is that the
second electrode possesses an intensity transmission coef-
ficient comprised between 30% and 70%, averaged over the
visible domain.

[0072] Thus, one procured advantage is that a so-called
top-emitting structure, i.e. one that emits through the second
electrode, is obtained. The substrate may then comprise a
circuit for controlling the red, green and blue subpixels
without adversely affecting the luminous efficacy of the
micro-display. A TFT (acronym of thin-film transistor) cir-
cuit will be chosen when the substrate is made of glass, and
a CMOS (acronym of complementary metal-oxide-semicon-
ductor) circuit will be chosen when the substrate is made of
a semiconductor, in particular Si.

BRIEF DESCRIPTION OF THE DRAWINGS

[0073] Other features and advantages will become appar-
ent from the detailed description of various embodiments of
the invention, the description being accompanied by
examples and references to the appended drawings.
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[0074] FIGS. 1 to 15 are schematic cross-sectional views
cut normal to the substrate, illustrating steps of a process
according to the invention.

[0075] FIG. 1 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0076] FIG. 2 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0077] FIG. 3 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0078] FIG. 4 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0079] FIG. 5 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0080] FIG. 6 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0081] FIG. 7 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0082] FIG. 8 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0083] FIG. 9 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0084] FIG. 10 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0085] FIG. 11 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0086] FIG. 12 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0087] FIG. 13 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0088] FIG. 14 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0089] FIG. 15 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0090] FIG. 16 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0091] FIG. 17 is a schematic cross-sectional view cut
normal to the substrate, illustrating one step of a process
according to the invention.

[0092] It will be noted that the drawings described above
are schematic and are not to scale for the sake of readability
and to simplify the comprehension thereof.

DETAILED DESCRIPTION OF EMBODIMENTS

[0093] For the sake of simplicity, in the various embodi-
ments elements that are identical or that have form the same
function have been referenced with the same references.
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[0094] As illustrated in FIGS. 1 to 15, the subject of the
invention is a process for manufacturing a pixel of an
organic light-emitting-diode micro-display, comprising the
following successive steps:

[0095] a) providing a substrate 1 comprising a struc-
tured first electrode E1;

[0096] b) forming in succession first and second bilayer
stacks 2, 3 on the structured first electrode E1, each
bilayer stack 2, 3 comprising in succession first and
second layers 20, 21; 30, 31 respectively made of first
and second materials that are transparent conductive
oxides able to be selectively etched,

[0097] c¢) etching the second bilayer stack 3 in a zone
intended to accommodate a blue subpixel PB and in a
zone intended to accommodate a green subpixel PV, the
second bilayer stack 3 being left intact under a zone
intended to accommodate a red subpixel PR;

[0098] d) etching the first bilayer stack 2 in the zone
intended to accommodate the blue subpixel PB, the first
bilayer stack 2 being left intact under the zone intended
to accommodate the green subpixel PV;

[0099] e) forming a stack 5 of organic light-emitting
layers, said stack being configured to emit white light
and extending through the zones intended to accom-
modate the red, green and blue subpixels PR, PV, PB;

[0100] ) forming a second electrode E2 on the stack 5
of organic light-emitting layers so as to obtain an
optical resonator with the first electrode E1;

[0101] step b) being executed so that:

[0102] the first bilayer stack 2 has a thickness chosen so
that the optical resonator permits the transmission of
green light,

[0103] the first and second bilayer stacks 2, 3 have a
total thickness chosen so that the optical resonator
permits the transmission of red light.

[0104] Step a) is illustrated in FIG. 1. Step b) is illustrated
in FIG. 3. Step c) is illustrated in FIGS. 4 to 6. Step d) is
illustrated in FIGS. 7 to 9. Step e) is illustrated in FIG. 14.
Step 1) is illustrated in FIG. 15.

Substrate and Types of Architectures

[0105] In a so-called bottom-emitting first architecture:
[0106] the substrate 1 provided in step a) is transparent
in the visible domain, and may be made of glass,
[0107] the structured first electrode E1 provided in step
a) is semi-transparent in the visible domain, and may
for example be made of a transparent conductive oxide,
[0108] the second electrode E2 formed in step f) is
reflective in the visible domain, and may for example
be made of a metal.
[0109] In a so-called top-emitting second architecture:
[0110] the substrate 1 provided in step a) is made of a
semiconductor, preferably silicon, or made of glass,
[0111]  the structured first electrode E1 provided in step
a) is reflective in the visible domain, and may for
example be made of a metal,
[0112] the second electrode E2 formed in step f) is
semi-transparent in the visible domain, and may for
example be made of a transparent conductive oxide.

Structured First Electrode

[0113] The structured first electrode E1 is advantageously
made of a metal, preferably selected from Al, Ag, Pt, Cr, Ni,
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W, Mo, Ti, Ru and Pd, or made of a transparent conductive
oxide. The metal may be doped, for example with copper
when it is aluminium. The structured first electrode E1 may
have a thickness comprised between 100 nm and 300 nm.
The structured first electrode E1 may be covered with a
passivation layer. By way of nonlimiting example, the
passivation layer may be made of TiN, and preferably has a
thickness smaller than 10 nm.

[0114] The structured first electrode E1 is preferably an
anode. However, the first electrode E1 may be a cathode if
the structure of the stack 5 of organic light-emitting layers
is inverted.

[0115] Step a) may comprise the following steps:
[0116] a,) providing the substrate 1;
[0117] a,) depositing the first electrode E1 on the sub-

strate 1 by wafer-scale deposition, using a deposition
technique known to those skilled in the art;
[0118] a,) structuring the first electrode E1 by mask

transfer.
[0119] The patterns of the structured first electrode E1 are
preferably separated by a width comprised between 0.6 pm
and 1 um. This width allows a pitch, which is preferably
comprised between 4 pm and 5 pm, to be obtained for a
matrix array of subpixels of the micro-display.
[0120] When the architecture is a bottom-emitting archi-
tecture, the structured first electrode E1 has a thickness
chosen so that it is semi-transparent in the visible domain.
The first electrode E1 may then, for example, be made of a
transparent conductive oxide (e.g. ITO). When the architec-
ture is a top-emitting architecture, the structured first elec-
trode E1 has a thickness chosen so that it is reflective in the
visible domain. The first electrode E1 may then, for
example, be made of a metal.

Forming the Bilayer Stacks

[0121] The first material is advantageously a zinc oxide
Zn0, which is preferably doped with aluminium. The sec-
ond material is advantageously tin oxide SnO,. First and
second materials possessing refractive indices that are suf-
ficiently close to prevent reflections at the interface between
the first and second layers 20, 21; 30, 31 of the bilayer stacks
2, 3, will advantageously be chosen. By way of example, the
first and second materials advantageously possess refractive
indices that differ by 25% or less, and preferably by 20% or
less.
[0122] Step b) is executed using deposition techniques
known to those skilled in the art, for example ALD (acronym
of atomic layer deposition).
[0123] Step b) is advantageously executed so that:
[0124] the first layer 20, 30 of each bilayer stack 2, 3 has
a thickness comprised between 10 nm and 100 nm,
[0125] the second layer 21, 31 of each bilayer stack 2,
3 has a thickness smaller than or equal to 10 nm.

Etching the Bilayer Stacks

[0126] Step ¢) advantageously comprises the following
steps:
[0127] c,) etching the tin oxide SnO, of the second

bilayer stack 3 with a dry or wet etch,
[0128] c,) etching the zinc oxide ZnO of the second
bilayer stack 3 with a wet etch.
[0129] Step c,) is illustrated in FIG. 5. Step c,) is illus-
trated in FIG. 6.
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[0130] Step c) advantageously comprises a step ¢,) con-
sisting in masking the zone intended to accommodate the red
subpixel PR with a photoresist 6. Step ¢,) is illustrated in
FIG. 4. As illustrated in FIG. 10, the photoresist 6 is
removed before step ) using a stripping technique known to
those skilled in the art.

[0131] Step c,) is executed with an etchant allowing the
tin oxide SnO, to be selectively etched with respect to the
zine oxide ZnO. In step c,), the first layer 30 of the second
bilayer stack 3 acts as a stop layer for the etch of the second
layer 31 of the second bilayer stack 3. Alternatively, it is
possible to provide a thickness of ZnO (i.e. the first layer 30
of the second bilayer stack 3) that is sufficiently large to
compensate for any over etching of the Sn0O, (i.e. the second
layer 31 of the second bilayer stack 3).

[0132] Step c,) is executed with an etchant (for example
hydrofluoric acid (HF) 0.1%) allowing the zinc oxide ZnO
to be selectively etched with respect to the tin oxide SnO,.
In step c,), the second layer 21 of the first bilayer stack 2 acts
as a stop layer for the etch of the first layer 30 of the second
bilayer stack 3.

[0133] Step d) advantageously comprises the following
successive steps:

[0134] d,) etching the tin oxide SnO, of the first bilayer
stack 2 with a dry or wet etch,

[0135] d,) etching the zinc oxide ZnO of the first bilayer
stack 2 with a wet etch.

[0136] Step d,) is illustrated in FIG. 8. Step c,) is
illustrated in FIG. 9.

[0137] Step d) advantageously comprises a step do) con-
sisting in masking the zone intended to accommodate the
green subpixel PV with a photoresist 6. Step do) is illustrated
in FIG. 7. As illustrated in FIG. 10, the photoresist 6 is
removed before step ¢) using a stripping technique known to
those skilled in the art.

[0138] Step d,) is executed with an etchant allowing the
tin oxide SnO, to be selectively etched with respect to the
zinc oxide ZnO. In step d,), the first layer 20 of the first
bilayer stack 2 acts as a stop layer for the etch of the second
layer 21 of the first bilayer stack 2.

[0139] Step d,) is executed with an etchant allowing the
zinc oxide ZnO to be selectively etched with respect to the
tin oxide Sn0O,. In step d,), the intermediate layer 10 acts as
astop layer for the etch of the first layer 20 of the first bilayer
stack 2.

Intermediate Layer

[0140] As illustrated in FIG. 2, step a) advantageously
comprises a step a,) consisting in coating the structured first
electrode F1 with an intermediate layer 10 made of the
second material. Step a,) is carried out using a deposition
technique known to those skilled in the art, ALD for
example. The intermediate layer 10 is thus intermediate
between the structured first electrode E1 and the first bilayer
stack 2. The intermediate layer 10 has a thickness chosen so
that the optical resonator permits the transmission of blue
light.

[0141] Step b) is then executed so that:

[0142] the first bilayer stack 2 and the intermediate
layer 10 have a total thickness chosen so that the optical
resonator permits the transmission of green light,

Jun. 25, 2020

[0143] the first and second bilayer stacks 2, 3 and the
intermediate layer 10 have a total thickness chosen so
that the optical resonator permits the transmission of
red light.

[0144] Such an intermediate 10, made of tin oxide SnO,,
allows the structured first electrode E1 to be protected from
air and moisture. Furthermore, such an intermediate layer 10
partially contributes to forming the spacer layer of the
optical resonator.

Electrical Insulation of the Subpixels

[0145] As illustrated in FIGS. 11 and 12, step e) is
advantageously preceded by a step e,) consisting in etching
the first and second bilayer stacks 2, 3 in the zones intended
to lie between the red, green and blue subpixels PR, PV, PB.
Step e,) is preferably a step of dry etching. Step e;) is
illustrated in FIG. 12.

[0146] An etchant allowing the first and second bilayer
stacks 2, 3 to be simultaneously (and non-selectively) etched
in the zones intended to lie between the red, green and blue
subpixels PR, PV, PB will preferably be chosen, in order to
decrease the length of the process. By way of nonlimiting
example, the etchant may be hydroiodic acid. According to
one alternative, step e,) may be a step of reactive ion etching
(RIE), preferably with a chlorine-based chemistry (e.g.
CL/Ar).

[0147] As illustrated in FIG. 11, step e,) comprises before-
hand a step consisting in masking with the zones intended to
lie between the red, green and blue subpixels PR, PV, PB
with a photoresist 6. As illustrated in FIG. 13, the photoresist
6 is removed before step e) using a stripping technique
known to those skilled in the art.

[0148] Step e,) may be followed by a step (illustrated in
FIGS. 16 and 17) consisting in filling the zones intended to
lie between the red, green and blue subpixels PR, PV, PB
with a dielectric 7, for example taking the form of a resist.
By way of nonlimiting example, the dielectric 7 may be an
insulating resist deposited by spin coater and subjected to
photolithography in order to leave resist pads only between
two adjacent subpixels. A good electrical insulation between
the red, green and blue subpixels PR, PV, PB is achieved
thereby.

Stack of Organic Light-Emitting Layers

[0149] The stack 5 of organic light-emitting layers formed
in step c) has a constant thickness in each red, green and blue
subpixel PR, PV, PB.

[0150] By way of nonlimiting example, the stack 5 of
organic light-emitting layers may comprise three emissive
layers of tandem architecture. More precisely, when the
structured first electrode E1 is an anode and the second
electrode E2 is a cathode, the stack 4 may comprise:

[0151] a first hole-transport layer formed on the struc-
tured first electrode E1;

[0152] a first emissive layer that emits blue light and
that is formed on the first hole-transport layer;

[0153] afirst electron-transport layer formed on the first
emissive layer;

[0154] a charge-generating layer (also called an inter-
connection layer) formed on the first electron-transport
layer;

[0155] a second hole-transport layer formed on the
charge-generating layer;
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[0156] a second emissive layer that emits green light
and that is formed on the second hole-transport layer;

[0157] a third emissive layer that emits red light and
that is formed on the second emissive layer;

[0158] a second electron-transport layer formed on the
third emissive layer and intended to be coated with the
second electrode E2.

[0159] By way of variants, the stack 5 of organic light-
emitting layers may comprise:

[0160] three emissive layers that respectively emit blue,
green and red light without being arranged in a tandem
architecture (conventional structure);

[0161] two emissive layers that respectively emit yel-
low and blue light and that are arranged in a conven-
tional structure;

[0162] two emissive layers that respectively emit yel-
low and blue light and that are arranged in a tandem
structure.

[0163] Step e) is executed using deposition techniques
known to those skilled in the art.

Second Flectrode

[0164] The second electrode E2 is advantageously made
of a metal, and preferably one selected from Al, Ag, Pt, Cr,
Ni and W, or made of a transparent conductive oxide.
[0165] The second electrode E2 is preferably a cathode.
However, the second electrode E2 may be an anode if the
structure of the stack 5 of organic light-emitting layers is
inverted.

[0166] Step f) is executed using a deposition technique
known to those skilled in the art.

[0167] The second electrode E2 is advantageously coated
with an encapsulation layer (not illustrated) suitable for
protecting from air and from moisture the second electrode
E2 and the stack 5 of organic light-emitting layers.

[0168] When the architecture is a bottom-emitting archi-
tecture, the second electrode E2 has a thickness chosen so
that it is reflective in the visible domain. The second
electrode E2 may then for example be made of a metal.
When the architecture is a top-emitting architecture, the
second electrode E2 has a thickness chosen so that it is
semi-transparent in the visible domain. The second electrode
E2 may then for example be made of a transparent conduc-
tive oxide (e.g. ITO).

[0169] The invention is not limited to the described
embodiments. Anyone skilled in the art will be able to
envision technically workable combinations, and to substi-
tute equivalents thereof.

1. A process for manufacturing a pixel of an organic-light-
emitting-diode micro-display, comprising the following suc-
cessive steps:

a) providing a substrate comprising a structured first

electrode;

b) forming in succession first and second bilayer stacks on
the structured first electrode, each bilayer stack com-
prising in succession first and second layers respec-
tively made of first and second materials that are
transparent conductive oxides able to be selectively
etched;

¢) etching the second bilayer stack in a zone configured to
accommodate a blue subpixel and in a zone configured
to accommodate a green subpixel, the second bilayer
stack being left intact under a zone configured to
accommodate a red subpixel;
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d) etching the first bilayer stack in the zone configured to
accommodate the blue subpixel, the first bilayer stack
being left intact under the zone configured to accom-
modate the green subpixel,
e) forming a stack of organic light-emitting layers, said
stack being configured to emit white light and extend-
ing through the zones configured to accommodate the
red, green and blue subpixels;
f) forming a second electrode on the stack of organic
light-emitting layers so as to obtain an optical resonator
with the first electrode;
step b) being executed so that:
the first bilayer stack has a thickness chosen so that the
optical resonator permits the transmission of green
light,

the first and second bilayer stacks have a total thickness
chosen so that the optical resonator permits the
transmission of red light.
2. The process according to claim 1, wherein step a)
comprises a step comprising coating the structured first
electrode with an intermediate layer made of the second
material, the intermediate layer having a thickness chosen so
that the optical resonator permits the transmission of blue
light;
step b) being executed so that:
the first bilayer stack and the intermediate layer have a
total thickness chosen so that the optical resonator
permits the transmission of green light,

the first and second bilayer stacks and the intermediate
layer have a total thickness chosen so that the optical
resonator permits the transmission of red light.

3. The process according to claim 1, wherein the first
material is a zinc oxide ZnO, doped with aluminium, and the
second material is tin oxide SnO2.

4. The process according to claim 3, wherein step ¢)
comprises the following successive steps:

cl) etching the tin oxide SnO, of the second bilayer stack
with a dry or wet etch,

¢,) etching the zinc oxide ZnO of the second bilayer stack
with a wet etch.

5. The process according to claim 3, wherein step d)

comprises the following successive steps:

d,) etching the tin oxide SnO2 of the first bilayer stack
with a dry or wet etch,

d,) etching the zinc oxide ZnO of the first bilayer stack
with a wet etch.

6. The process according to claim 1, wherein step c)
comprises a step c0) comprising masking the zone config-
ured to accommodate the red subpixel with a photoresist.

7. The process according to claim 1, wherein step d)
comprises a step d,) comprising masking the zone config-
ured to accommodate the green subpixel with a photoresist.

8. The process according to claim 1, wherein step e) is
preceded by a step ¢0) comprising etching the first and
second bilayer stacks in the zones configured to lie between
the red, green and blue subpixels.

9. The process according to claim 1, wherein step b) is
executed so that:

the first layer of each bilayer stack has a thickness
comprised between 10 nm and 100 nm,

the second layer of each bilayer stack has a thickness
smaller than or equal to 10 nm.
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10. The process according to claim 1, wherein the first and
second electrodes are made of a metal, selected from Al, Ag,
Pt, Cr, Ni and W, and/or made of a transparent conductive
oxide.

11. The process according to claim 1, wherein:

the substrate provided in step a) is transparent in the

visible domain,

the structured first electrode provided in step a) is semi-

transparent in the visible domain,

the second electrode formed in step f) is reflective in the

visible domain.

12. The process according to claim 1, wherein:

the substrate provided in step a) is made of a semicon-

ductor, preferably silicon, or made of glass,

the structured first electrode provided in step a) is reflec-

tive in the visible domain,

the second electrode formed in step f) is semi-transparent

in the visible domain.

* % % k¥
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