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(57) ABSTRACT

The method for producing an OLED micro-display on a sili-
con wafer uses a collimating shadow mask formed on a sili-
con substrate. The mask is fabricated by depositing a material
layer on the front side and on the back side of the substrate and
etching a portion of the layer on the back side of the substrate
to a reduced thickness of at least 20 microns. At least one
opening is created in the etched portion of the substrate. The
substrate beneath the opening is removed to create the mask.
The mask is situated at a location spaced from the surface of
the silicon wafer and exposed to a linear evaporation source.
Organic layers are then deposited on the silicon wafer in a
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HIGH PRECISION, HIGH RESOLUTION
COLLIMATING SHADOW MASK AND
METHOD FOR FABRICATING A
MICRO-DISPLAY

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of provisional
patent application Ser. No. 62/080,795 filed in the United
States Patent and Trademark Office on Nov. 17, 2014, the
entiredisclosure of which is incorporated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

THE NAMES OF THE PARTIES TO A JOINT

RESEARCH AGREEMENT
[0003] Not applicable.
BACKGROUND OF THE INVENTION
[0004] 1. Field of the Invention
[0005] This invention relates to substrate processing, and

more particularly, to a high resolution, high precision colli-
mating shadow mask and a method of utilizing such a mask to
fabricate a patterned organic light emitting diode (OLED)
micro-display.

[0006] 2. Description of the Related Art

[0007] Shadow masks were developed for use in manufac-
turing cathode ray tube displays for televisions. Early shadow
masks consisted of a metal plate punched with tiny holes that
separate the colored phosphors in the layer behind the front
glass of the screen. Three electron guns at the back of the
screen sweep across the mask, with the beams only reaching
the screen if they pass through the holes. As the guns are
physically separated at the back of the tube, their beams
approach the mask from three slightly different angles, so
after passing through the holes they hit slightly different
locations on the screen.

[0008] The screen is patterned with dots of colored phos-
phor positioned so that each can only be hit by one of the
beams coming from the three electron guns. For instance, the
blue phosphor dots are hit by the beam from the “blue gun”
after passing through a particular hole in the mask. The other
two guns do the same for the red and green dots. This arrange-
ment allows the three guns to address the individual dot colors
on the screen, even though their beams are much too large and
too poorly aimed to do so without the mask in place.

[0009] Over the years, as new types of displays have been
developed and technologies have evolved for manufacturing
displays, the types of shadow masks and the manner in which
same are used have changed. Shadow masks are now com-
monly used in the manufacture of digital displays. However,
the current technology for making full color high resolution
OLED micro-displays is limited to having a white OLED
emitter patterned by color filter layers. Given the current state
of the art, this technology is the most feasible way to fabricate
full color high resolution OLED micro-displays.

[0010] The problem with this type of micro-display is the
loss of light emission efficiency. The color filters transmit
only about 20% of the light and the rest is absorbed in the
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filters. This leads to dimmer micro-displays, not suitable for
many applications where high luminance is required, such as
daylight displays.

[0011] An obvious solution to this problem is to remove the
color filters but still retain the individually addressable R, G
and B primary color sub-pixels. This can be achieved if the
white OLED emiitter is replaced by individually patterned R,
G and B color OLED sub-pixels.

[0012] Such methods have been developed and utilized for
large area displays which typically have large sub-pixels. For
example, LITI (Laser Induced Thermal Imaging) is one of the
methods for transferring OLED materials in a patterned form.
However, this method is only suitable for large area displays
with large sub-pixels, where the dimensional and positioning
accuracy is less demanding. When smaller sub-pixels are
being created, blurring or “feathering” of the light beam
which forms the sub-pixels on the silicon wafer occurs sub-
stantially degrading the performance of the display.

[0013] Another problem with the LITI method is the
change in stoichiometry of the organic materials transferred,
which results in compromised display performance. Another
method which has been successfully used in patterning large
area OLED displays uses a contact metal shadow mask. How-
ever, this technology suffers from resolution issues and is not
suitable for patterning sub-pixels smaller than 10 by 10
microns.

[0014] The present invention relates to a novel high reso-
lution, high precision collimating shadow mask which is
uniquely suited for fabrication of smaller patterned OLED
micro-displays and to a method of manufacturing smaller
patterned OLED micro-displays utilizing the mask. The high
precision, high resolution shadow mask of the present inven-
tion can be made of Si, Si and Si;N,, Si and SiO, or other
oxides and materials of high strength and dimensional stabil-
ity.

[0015] Itis,therefore, a primary object of the present inven-
tion to provide a high precision, high resolution collimating
shadow mask.

[0016] It is another object of the present invention to pro-
vide a high precision, high resolution collimating shadow
mask capable of providing sharp and precise definition of the
edges of the deposited areas on the substrate without contact-
ing the substrate.

[0017] It is another object of the present invention to pro-
vide a high precision, high resolution collimating shadow
mask capable of eliminating or substantially reducing feath-
ering or image shift due to the angle of deposition.

[0018] It is another object of the present invention to pro-
vide a high precision, high resolution collimating shadow
mask wherein feathering is reduced by increased mask thick-
ness or reduced sub-pixel size.

[0019] It is another object of the present invention to pro-
vide a high precision, high resolution collimating shadow
mask wherein image shift is reduced through the formation of
square shaped sub-pixels.

[0020] It is another object of the present invention to pro-
vide a high precision, high resolution collimating shadow
mask capable of achieving high dimensional and positional
accuracy without requiring that the mask and substrate be
perfectly flat.

[0021] It is another object of the present invention to pro-
vide a high precision, high resolution collimating shadow
mask capable of achieving high dimensional and positional
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accuracy without requiring the gap between the mask and
substrate be perfectly uniform.

BRIEF SUMMARY OF THE INVENTION

[0022] One aspect of the present invention relates to a
method for fabricating a high precision, high resolution col-
limating shadow mask on a silicon substrate. The mask is
designed for use in producing OLED micro-displays includ-
ing sub-pixels on a silicon wafer. The method includes the
steps of reducing the thickness of the silicon substrate to form
an area with a thickness of at least 20 microns and creating at
least one opening at a predetermined location on the silicon
substrate aligned with reduced thickness area. The silicon
substrate under the opening is removed to form the mask. The
mask may be aligned with the silicon wafer such that the
opening in the mask is in registration with the portion of a
silicon wafer where the sub-pixel will be formed during the
micro-display fabrication process.

[0023] Themethod further includes the step of depositing a
layer of material on a front side of the silicon substrate.
[0024] The method also includes depositing a layer of
material on the back side of the silicon substrate.

[0025] Atleastaportion ofthe material is removed from the
back side of the substrate, or the deposition layer (if present)
and the substrate. Preferably, removal of at least a portion of
the material from the back side of the substrate is accom-
plished by using well-known lithography techniques.

[0026] After the thickness of the substrate has been
reduced, at least one opening at a predetermined location is
created in the reduced thickness area by evaporating a portion
of the front side ofthe silicon substrate (or the layer deposited
on the front side of the substrate) to create a membrane with
the opening. Preferably, the evaporation step is performed
using well-known lithography techniques.

[0027] The step of depositing a layer of material on the
front side of the silicon substrate includes depositing a layer
of silicon oxide or silicon nitrate on the back side of the
silicon substrate.

[0028] The step of depositing a layer of material on the
front side of the silicon substrate includes depositing a layer
of material on a front side of the silicon substrate by deposi-
tion.

[0029] Thestep ofdepositing a layer of material on the back
side of the silicon substrate includes depositing a layer of
silicon oxide or silicon nitrate on the back side of the silicon
substrate.

[0030] Thestep of depositing a layer of material on the back
side of the silicon substrate includes depositing a layer of
material on the back side of the silicon substrate by deposi-
tion.

[0031] In accordance with another aspect of the present
invention, a method of fabricating a color OLED micro-dis-
play on a silicon wafer using the collimated shadow mask to
reduce feathering is provided. The method includes fabricat-
ing a collimated shadow mask on a silicon substrate by reduc-
ing the thickness of a silicon substrate to form an area with a
thickness of at least 20 microns, creating at least one opening
at a predetermined location on the silicon substrate aligned
with reduced thickness area and removing the silicon sub-
strate under the opening. The mask is placed at a given dis-
tance from the silicon wafer with the opening in the mask
aligned with the portion of the silicon wafer where a sub-pixel
will be formed. The mask is exposed to a beam from a linear
evaporation source and organic materials are deposited to
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form the sub-pixel. The amount to feathering resulting from
this technique equals (b/a) times ¢, where a=the wafer thick-
ness, b=the wafer size and c=the distance between mask and
wafer.

[0032] The thickness of the wafer is at least 20 microns.

[0033] The sub-pixel created is preferably square and has a
size if approximately 5x5 microns or less.

[0034] In accordance with another aspect of the present
invention, a method is provided for fabricating an OLED
micro-display on a silicon wafer using a collimated shadow
mask. The shadow mask is formed on a silicon substrate
having a front side and the back side. The method includes
creating a deposition layer on the front side of the substrate;
creating a deposition layer on the back side of the substrate;
and etching a substrate to create a reduced thickness layer of
at least 20 microns. Thereafter, at least one opening in the
reduced thickness layer is created. The substrate material
between the area in the front side having the evaporation
opening and the back side layer opening is removed to form
the shadow mask. The mask is then aligned with the wafer on
which the micro-display will be formed and the shadow mask
1s exposed to the light beam from a linear evaporation source
to form the display.

[0035] The collimated shadow mask is used in the above
fashion produces a high resolution, full color micro-display.

[0036] Themethod further includes positioning the shadow
mask at a given distance from the substrate with the mask
opening aligned with the wafer location where a sub-pixel
will be formed, exposing the shadow mask to a beam from a
linear evaporation source, and depositing the organic materi-
als through the mask opening to create an OLED sub-pixel on
the wafer.

[0037] In accordance with another aspect of the present
invention, a method is provided for producing an OLED
micro-display on a silicon wafer using a collimating shadow
mask formed on a silicon substrate. The method includes
depositing a material layer on the front side and on the back
side of the substrate and etching a portion of the substrate to
areduced thickness of at least 20 microns. At least one open-
ing is created in the etched portion of the substrate. The
substrate under the opening is removed to create the mask.
The mask is situated at a location spaced from the surface of
the silicon wafer and exposed to a linear evaporation source.
Organic layers are then deposited on the silicon wafer in a
location aligned with the mask opening.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0038] The present invention relates to a high precision,
high resolution collimating shadow mask and a method for
fabricating a micro-display as described in detail in the fol-
lowing specification and recited in the annexed claims, taken
together with the accompanying drawings, in which like
numerals refer to like parts in which:

[0039] FIG. 1 is a schematic rendering of the steps in the
method for creating the collimated shadow mask of the
present invention;

[0040] FIG. 2 consists of two idealized representations of a
micro-display formed in accordance with the present inven-
tion shown at 100 times magnification and 1000 times mag-
nification, respectively, and
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[0041] FIG. 3 is a schematic drawing illustrating the man-
ner in which the collimated shadow mask of the present
invention is used to reduce feathering in the fabrication of a
micro-display.

[0042] FIG. 1 illustrates a preferred embodiment of the
present invention showing the process flow for the fabrication
of a silicon, silicon nitride or silicon oxide shadow mask. In
this embodiment, a layer of silicon nitride, silicon oxide or
other oxides or material of high strength and dimensional
stability is vacuum deposited on the front surface and back
surface of a silicon substrate. The back surface of the silicon
substrate is then etched in the predetermined areas to a desired
thickness by lithography or other similar method to create a
“frame” opening.

[0043] The evaporation openings, through which the beam
from a linear evaporation source will travel during micro-
display fabrication, are then etched in the front surface of
membrane formed by the remaining silicon, silicon nitride or
the silicon oxide. The substrate beneath the openings in the
predetermined locations is then removed to form the shadow
mask.

[0044] It should be noted that while in this preferred
embodiment is described as including deposition layers on
the front and back surfaces of the silicon substrate, a silicon
substrate only one of those layers, or without any coating
layers applied could be etched to a desired thickness, the
openings in the remaining silicon membrane etched out in the
predetermined locations and the substrate beneath the open-
ings removed to form a high precision, high resolution
shadow mask.

[0045] The mask thickness in the membrane where the
evaporation openings are formed, whether it is formed of
silicon, silicon nitride, silicon oxide or other material, must be
at least 20 microns thick to provide significant collimating
properties and a reasonable mask to substrate gap. Organic
materials can be then deposited through these precisely
located openings for generating patterned OLED sub-pixels.

[0046] FIG. 2 is a micrograph showing a top view of a
typical silicon nitride shadow mask created by the method of
the present invention with the fine holes in it. The mask is
shown at 100x magnification and 1000x magnification. In the
latter magnification figure it can be seen that the evaporation
openings can be as small as approximately 2 in diameter.

[0047] FIG. 3 illustrates how the collimated shadow mask
of the present invention may be employed to reduce feathet-
ing and image shift in a method of fabricating a color OLED
micro-display on a silicon wafer. The method includes fabri-
cating a collimated shadow mask on a silicon substrate as
detailed above by reducing the thickness of the silicon sub-
strate to form an area at least 20 microns thick and creating at
least one opening at a predetermined location on the silicon
substrate aligned with reduced thickness area and removing
the substrate beneath the opening.

[0048] The mask is placed at a given distance from the
substrate of the silicon wafer with the front side facing the
wafer substrate and the openings in the mask aligned with the
portion of the wafer substrate where the sub-pixels will be
formed. The back side of the mask is exposed to a beam from
a linear evaporation source and organic materials are depos-
ited to form the sub-pixel.

[0049] In this situation, the amount of feathering or image
shift can be calculated as equal to (b/a) times ¢, where a=the
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wafer thickness, b=the wafer size and c=the distance between
mask and wafer. In this case, the thickness b of the wafer is at
least 20 microns.

[0050] The sub-pixel created is preferably square as
opposed to rectangular and preferably has a size if approxi-
mately 5x5 microns or less.

[0051] Using the high resolution, high precision collimat-
ing shadow mask created in accordance with the present
invention and phosphorescent organic materials, high resolu-
tion and very high brightness micro-displays can be fabri-
cated.

[0052] An advantage of directly patterning the OLED lay-
ers using this method is that there is no change in stoichiom-
etry of the organic materials and the physics and the chemis-
try of the materials are also not changed by the shadow mask.
As such, OLED display performance should be well main-
tained and should show no additional degradation in perfor-
mance due to the fabrication process of the OLED device.
[0053] To the accomplishment of the above and related
objects the invention may be embodied in the form illustrated
in the accompanying drawings. Attention is called to the fact,
however, that the drawings are illustrative only.

[0054] While only a single preferred embodiment of the
present invention has been disclosed for purposes of illustra-
tion, it is obvious that many modifications and variations
could be made thereto. It is intended to cover all of those
modifications and variations, which fall within the scope of
the present invention as defined by the following claims.

We claim:

1. A method for fabricating a high precision, high resolu-
tion collimating shadow mask on a silicon substrate for use in
producing an OLED micro-display including a sub-pixel on a
silicon wafer, the method comprising the steps of:

reducing the thickness of the silicon substrate to form an

area with a thickness of at least 20 microns;

creating at leastone opening ata predetermined location on

the silicon substrate aligned with reduced thickness
area;

removing the substrate beneath the opening to create the

mask; and

situating the mask such that the opening in the silicon

substrate is aligned with a portion of a silicon wafer
where a sub-pixel will be formed.

2. The method of claim 1 further comprising the step of
forming a layer of material on the front side of the silicon
substrate.

3. The method of claim 1 comprising with the step of
forming a layer of material on the back side of the silicon
substrate.

4. The method of claim 3 further comprising the step of
removing at least a portion of the formed layer of material on
the back side of the silicon substrate.

5. The method of claim 4 wherein the step of removing at
least a portion of the formed layer of material on the back side
of the silicon substrate using lithography.

6. The method of claim 3 wherein the step of creating at
least one opening at a predetermined location on the silicon
substrate in the reduced thickness area comprises the step of
evaporating a portion of the layer formed on the front side of
the silicon substrate to create the at least one opening.

7. The method of claim 6 wherein the step of evaporating a
portion of the layer formed on the front side of the silicon
substrate to create the at least one opening comprises the step
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of evaporating a portion of the layer formed on the front side
of the silicon substrate to create the at least one opening using
lithography.
8. The method of claim 3 wherein the step of reducing the
thickness of the silicon substrate comprises the step of remov-
ing at least a portion of the layer of material formed on the
back side of the silicon substrate.
9. The method of claim 2 wherein the step of forming a
layer of material on the front side of the silicon substrate
comprises depositing a layer of material on a front side of the
silicon substrate by deposition.
10. The method of claim 3 wherein the step of forming a
layer of material on the back side of the silicon substrate
comprises the step of depositing a layer of silicon oxide or
silicon nitrate on the back side of the silicon substrate.
11. The method of claim 3 wherein the step of forming a
layer of material on the back side of the silicon substrate
comprises depositing a layer of material on the back side of
the silicon substrate by deposition.
12. A method of fabricating a color OLED micro-display
on a silicon wafer with reduced feathering, the method com-
prising the steps of:
fabricating a collimated shadow mask on a silicon substrate
by reducing the thickness of the silicon substrate to form
an area with a thickness of at least 20 microns, creating
at least one opening at a predetermined location on the
silicon substrate aligned with reduced thickness area and
removing the substrate beneath the opening to form a
mask;
placing the mask a given distance from the silicon wafer
with the opening in the mask aligned with the portion of
the silicon wafer where a sub-pixel will be formed,

exposing the mask to a beam from a linear evaporation
source; and

depositing the organic materials to form the sub-pixel:
wherein the amount to feathering equals (b/a) times c, where
a=the wafer thickness, b=the wafer size and c=the distance
between mask and wafer.

13. The method of claim 12 wherein the reduced thickness
of the wafer is at least 20 microns.

14. The method of claim 12 wherein the size of the wafer
opening is approximately 5x5 microns.

15. The method of claim 12 wherein the sub-pixel is sub-
stantially square.
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20. A method for fabricating an OLED micro-display on a
silicon wafer using a collimated shadow mask formed on a
silicon substrate having a front side and the back side, the
method comprising the steps of:

creating a deposition layer on the front side of the substrate;

creating a deposition layer on the back side ofthe substrate;

etching the deposition layer on the back side of the sub-
strate to create a reduced thickness layer of at least 20
microns,

creating at least one opening in the reduced thickness layer;

removing the substrate material beneath the evaporation

opening to form a shadow mask;

aligning the shadow mask with the wafer on which the

micro-display will be formed; and

exposing the shadow mask to the light beam from a linear

evaporation source to etch the wafer to form the display.

21. The method of claim 20 wherein the collimated shadow
mask is used to produce a high resolution, full color micro-
display.

22. The method of claim 21 further comprising the steps of
positioning the shadow mask at a given distance from the
substrate with the opening in the mask aligned with the sub-
strate location where the sub-pixel will be formed;

exposing the shadow mask to a beam from a linear evapo-

ration source, and

depositing the organic materials through the mask opening

to create an OLED sub-pixel on the substrate.

30. A method for producing an OLED micro-display on a
silicon wafer using a collimating shadow mask formed on a
silicon substrate, the method comprising the following steps:

depositing a material layer on the front side and on the back

side of the substrate;

etching a portion of the back side of the substrate to a

reduced thickness of at least 20 microns;

creating at least one opening in the etched portion of the

substrate;

removing the substrate beneath the opening to create the

mask;

locating the mask a distance from the surface of the silicon

wafer;

exposing to mask to a linear evaporation source; and

depositing organic layers on the silicon wafer in a location

aligned with the mask opening.
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