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ORGANIC LIGHT-EMITTING DIODE
DISPLAY WITH GLASS ENCAPSULATION
AND PERIPHERAL WELDED PLASTIC SEAL

BACKGROUND

[0001] This relates generally to electronic devices with dis-
plays, and, more particularly, to encapsulating displays to
protect display components from moisture.

[0002] Electronic devices often include displays. Displays
such as organic light-emitting diode displays contain organic
emissive materials and other structures that are sensitive to
moisture. To prevent moisture intrusion, some organic light-
emitting diode displays include deposited thin-film moisture
barrier layers. The thin-film moisture barrier layers may be
formed from materials such as silicon nitride that are impet-
meable to water.

[0003] A display may also contain an inorganic barrier
layer that is attached to underlying display layers with a layer
of pressure sensitive adhesive. Inorganic barrier layers
formed on pressure sensitive adhesive in this way tend to
exhibit poor water blocking capabilities. Pressure sensitive
adhesive is associated with high water diffusivity and low
water solubility, so large amounts of moisture can also intrude
into a display through the edges of a pressure sensitive adhe-
sive layer. Moisture barrier layers that are not formed on
pressure sensitive adhesive may be better able to withstand
moisture, but are not perfect and can still allow moisture to
penetrate to sensitive organic material layers in a display. For
example, these moisture barrier layers may not be able to
block all moisture that has penetrated through the edges of a
pressure sensitive adhesive layer and the inorganic moisture
barrier layer on top of the pressure sensitive adhesive layer.
[0004] It would therefore be desirable to be able to provide
moisture barrier structures for preventing moisture intrusion
into a display such as an organic light-emitting diode display.

SUMMARY

[0005] A display may have thin-film transistor circuitry
that includes an array of organic light-emitting diodes. The
thin-film transistor circuitry may be formed on a substrate.
The thin-film transistor circuitry may be covered with mois-
ture barrier structures, functional layers, and a cover glass
layer. A moisture-barrier ring that is formed from a thermo-
plastic polymer may surround the thin-film transistor cir-
cuitry.

[0006] Themoisture barrier structures may include first and
second inorganic thin-film moisture-barrier layers such as
layers of silicon nitride. The first and second thin-film inor-
ganic moisture barrier layers may be deposited on top of the
thin-film transistor circuitry. An organic planarization layer
may be interposed between the first and second thin-film
inorganic moisture barrier layers.

[0007] A moisture barrier glass layer may be attached to the
second thin-film inorganic moisture barrier layer with a layer
of liquid adhesive. The moisture barrier glass layer may be a
layer of bulk glass such as silica glass with a thickness of
10-50 microns. The display may have functional layers such
as a touch sensor and circular polarizer that are interposed
between a cover glass layer and the moisture-barrier glass
layer. The thermoplastic polymer moisture barrier ring may
run around the peripheral edge of the display and may be laser
welded between the moisture barrier glass layer and the sub-
strate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic diagram of an illustrative
electronic device having a display in accordance with an
embodiment.

[0009] FIG. 2 is a top view of an illustrative display in an
electronic device in accordance with an embodiment.

[0010] FIG. 3 is a cross-sectional side view of a portion of
an illustrative organic light-emitting diode display in accor-
dance with an embodiment.

[0011] FIG. 4is cross-sectional side view of a portion of an
illustrative organic light-emitting diode display that includes
a glass moisture barrier layer in accordance with an embodi-
ment.

[0012] FIG. 5 is a cross-sectional side view of an edge
portion of an illustrative organic light-emitting diode display
having a welded plastic moisture bartier ring to block mois-
ture in accordance with an embodiment.

[0013] FIG. 6isa flow chart of illustrative steps involved in
forming a display in accordance with an embodiment.

DETAILED DESCRIPTION

[0014] Anillustrative electronic device of the type that may
be provided with a display is shown in FIG. 1. As shown in
FIG. 1, electronic device 10 may have control circuitry 16.
Control circuitry 16 may include storage and processing cir-
cuitry for supporting the operation of device 10. The storage
and processing circuitry may include storage such as hard
disk drive storage, nonvolatile memory (e.g., flash memory or
other electrically-programmable-read-only memory config-
ured to form a solid state drive), volatile memory (e.g., static
or dynamic random-access-memory), etc. Processing cir-
cuitry in control circuitry 16 may be used to control the
operation of device 10. The processing circuitry may be based
on one or more microprocessors, microcontrollers, digital
signal processors, baseband processors, power management
units, audio chips, application specific integrated circuits, etc.
[0015] Input-output circuitry in device 10 such as input-
output devices 12 may be used to allow data to be supplied to
device 10 and to allow data to be provided from device 10 to
external devices. Input-output devices 12 may include but-
tons, joysticks, scrolling wheels. touch pads, key pads, key-
boards, microphones, speakers, tone generators, vibrators,
cameras, sensors, light-emitting diodes and other status indi-
cators, data ports, etc. A user can control the operation of
device 10 by supplying commands through input-output
devices 12 and may receive status information and other
output from device 10 using the output resources of input-
output devices 12.

[0016] Input-output devices 12 may include one or more
displays such as display 14. Display 14 may be a touch screen
display that includes a touch sensor for gathering touch input
from a user or display 14 may be insensitive to touch. A touch
sensor for display 14 may be based on an array of capacitive
touch sensor electrodes, acoustic touch sensor structures,
resistive touch components, force-based touch sensor struc-
tures, a light-based touch sensor, or other suitable touch sen-
sor arrangements.

[0017] Control circuitry 16 may be used to run software on
device 10 such as operating system code and applications.
During operation of device 10, the software running on con-
trol circuitry 16 may display images on display 14 using an
array of pixels in display 14.
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[0018] Device 10 may be a tablet computer, laptop com-
puter, a desktop computer, a display, a cellular telephone, a
media player, a wristwatch device or other wearable elec-
tronic equipment, or other suitable electronic device.

[0019] Display 14 may be an organic light-emitting diode
display or may be a display based on other types of display
technology. Configurations in which display 14 is an organic
light-emitting diode display are sometimes described herein
as an example. This is, however, merely illustrative. Any
suitable type of display may be used, if desired.

[0020] Display 14 may have a rectangular shape (i.e., dis-
play 14 may have a rectangular footprint and a rectangular
peripheral edge that runs around the rectangular footprint) or
may have other suitable shapes. Display 14 may be planar or
may have a curved profile.

[0021] A top view of a portion of display 14 is shown in
FIG. 2. As shown in FIG. 2, display 14 may have an array of
pixels 22. Pixels 22 may receive data signals over signal paths
such as data lines D and may receive one or more control
signals over control signal paths such as horizontal control
lines G (sometimes referred to as gate lines, scan lines, emis-
sion control lines, etc.). There may be any suitable number of
rows and columns of pixels 22 in display 14 (e.g., tens or
more, hundreds or more, or thousands or more). Each pixel 22
may have a light-emitting diode 26 that emits light 24 under
the control of a pixel control circuit formed from thin-film
transistor circuitry such as thin-film transistors 28 and thin-
film capacitors). Thin-film transistors 28 may be polysilicon
thin-film transistors, semiconducting-oxide thin-film transis-
tors such as indium zinc gallium oxide transistors, or thin-film
transistors formed from other semiconductors.

[0022] A cross-sectional side view of an illustrative organic
light-emitting diode display is shown in FIG. 3. As shown in
FIG. 3, display 14 may include a substrate layer such as
substrate layer 30. Substrate 30 may be a planar layer or a
non-planar layer and may be formed from plastic, glass,
ceramic, sapphire, or other suitable materials. Configurations
for display 14 in which substrate 30 is formed from a material
such as plastic are sometimes described herein as an example.
[0023] Thin-film transistor circuitry 44 may be formed on
substrate 30. Thin film transistor circuitry 44 may include
anode structures such as anode 36 on layers 34. Layers 34
may include semiconductor layers, metal layers, and dielec-
tric layers that form circuitry 32. Circuitry 32 may include
transistors and capacitors for controlling light-emitting
diodes such as light emitting diode 26 of FIG. 3. During
operation, light-emitting diode 26 may emit light 24.

[0024] Light-emitting diode 26 may be formed within an
opening in pixel definition layer 40. Pixel definition layer 40
may be formed from a patterned photoimageable polymer. In
each light-emitting diode, organic emissive material 38 is
interposed between a respective anode 36 and cathode 42.
Anodes 36 may be patterned from a layer of metal on circuitry
32. Cathode 42 may be formed from a common conductive
layer that is deposited on top of pixel definition layer 40.
Cathode 42 is transparent so that light 24 may exit light
emitting diode 26.

[0025] Organic light-emitting diode display structures such
as emissive material 38 and other thin-film transistor circuitry
44 may be sensitive to moisture. Accordingly, thin-film tran-
sistor circuitry 44 may be covered with a layer of moisture
barrier structures. For example, thin-film transistor circuitry
44 may be covered with moisture barrier structures 46. Struc-
tures 46 may include one or more moisture barrier layers,
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planarization layers, adhesive layers, buffer layers, and other
structures. To help minimize moisture permeation, the use of
pressure sensitive adhesive in structures 46 may be mini-
mized. Moisture may also be blocked by incorporating a thin
layer of glass into structures 46. The glass layer may be
formed from a bulk glass material rather than a thin-film layer
deposited using thin-film deposition techniques. This helps
eliminate defects and thereby enhances moisture resistance.

[0026] Display 14 may have a protective outer display layer
such as cover glass layer 50. The outer display layer maybe
formed from a material such as sapphire, glass, plastic, clear
ceramic, or other transparent material. Configurations in
whichthe outermost layer of display 14 is formed from a clear
layer of glass are sometimes described herein as an example.
This is merely illustrative. In general, the outermost layer of
display 14 may be formed from any suitable material and may
be formed form a thickness sufficient to provide display 14
with damage from scratches, etc. For example, cover glass 50
may have a thickness of 0.05 to 2 mm, 0.1 to 0.5 mm, etc.

[0027] Ifdesired, display 14 may include functional layers
48. Functional layers 48 may include a touch sensor layer, a
circular polarizer layer, and other layers. A circular polarizer
layer may help reduce light reflections from metal traces in
thin-film transistor circuitry 44. A touch sensor layer may be
formed from an array of capacitive touch sensor electrodes on
a flexible polymer substrate. The touch sensor layer may be
used to gather touch input from the fingers of a user, from a
stylus, or from other external objects. Layers of optically
clear adhesive may be used to attach cover glass layer 50 and
functional layers 48 to underlying display layers such as
moisture barrier structures 46, thin-film transistor circuitry
44, and substrate 30,

[0028] A cross-sectional side view of display 14 in a con-
figuration in which a thin layer of glass is used to help prevent
moisture permeation is shown in FIG. 4. As shown in FIG. 4,
thin-film transistor circuitry 44 may be formed on substrate
30. Moisture barriers structures 46 may be formed on cathode
layer 42 and other thin-film transistor circuitry. Functional
layers 48 may be interposed between cover glass layer 50 and
moisture barrier structures 46.

[0029] Moisture barrier structures 46 may include a thin
layer of glass such as glass layer 66. Glass layer 66 may be
formed from bulk glass material and may have a thickness of
10-50 microns, 5-100 microns, less than 70 microns, more
than 2 microns, more than 5 microns, less than 30 microns, or
other suitable thickness.

[0030] Cathode 42 maybe covered with a capping layer
such as capping layer 52. Capping layer 52 may be a trans-
parent inorganic layer that helps protect cathode 42. A first
inorganic moisture barrier layer such as moisture bartrier layer
54 may be deposited on capping layer 52. Moisture barrier
layer 54 may be formed from silicon nitride or other inorganic
materials that are impermeable to moisture.

[0031] An organic buffer layer such as organic planariza-
tion layer 56 may be formed on moisture barrier layer 54.
Planarization layer 56 serves as a compliance layer that cov-
ers particles in the lower layers of display 14, but does not
block moisture. A second moisture barrier layer such as mois-
ture barrier layer 58 may be formed on planarization layer 56.
Moisture barrier layer 58 maybe a thin-film silicon nitride
layer or a layer of other inorganic material that is deposited on
the layers of display 14 after depositing planarization layer
56.
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[0032] Moisture barrier glass layer 66 may be attached to
the other layers of structures 46 such as moisture barrier layer
58 using a thin layer of adhesive such as adhesive layer 60.
Adhesive layer 60 may have a thickness of about 3 microns, 1
to 5 microns, more than 1 micron, less than 10 microns, or
other suitable thickness. Layer 60 may be formed from a layer
of liquid adhesive 62 that contains index-matched micro-
spheres 64. Microspheres 64 may have an index of refraction
that is the same as that of liquid adhesive 62 so that micro-
spheres 64 do not scatter light 24. The diameter of micro-
spheres 64 may be selected to adjust the thickness of adhesive
layer 60 to a desired value. For example, if adhesive layer 60
is to have a thickness of 3 microns, microspheres 64 may be
selected that have diameters of 3 microns. Liquid adhesive 62
may be optically clear epoxy that is cured using exposure to
ultraviolet light or other suitable adhesive.

[0033] Layers of optically clear adhesive 68 may be used to
attach functional layers 48 between cover glass 50 and mois-
ture barrier structures 46. As shown in FIG. 4, for example,
layers such as touch sensor layer 72 and circular polarizer 70
may be attached to the lower surface of cover glass 50 using
optically clear adhesive 68. Optically clear adhesive 68 may
also be used to attach functional layers 48 to the upper surface
of moisture barrier glass layer 66. Optically clear adhesive 68
may be aliquid optically clear adhesive or maybe an optically
clear adhesive film. Functional films 48 may have a thickness
of about 500 microns or other suitable thickness.

[0034] To help ensure that moisture does not penetrate dis-
play 14 through the edges of display 14, the peripheral edge of
display 14 may be provided with a solid plastic moisture
barrier ring. This type of arrangement is shown in the cross-
sectional side view of display 14 in FIG. 5. As shown in FIG.
5, thin-film transistor circuitry 44 may be formed on the upper
surface of substrate 30. Moisture barrier structures 46 may be
formed on top of thin-film transistor circuitry 44. Functional
layers 48 may be interposed between cover glass layer 50 and
glass layer 66 of moisture barrier structures 46. Adhesive
layer 64 may be used to attach glass layer 66 to underlying
structures such as moisture barrier layer 58.

[0035] The periphery of display 14 may be sealed against
moisture using moisture barrier ting 76. Ring 76 may have a
rectangular ring shape that surrounds pixels 22 (FIG. 2) and
that runs along the periphery of display 14 between layer 66
and substrate 30 (and/or layers on substrate 30). Ring 76 may
be formed from a polymer thatis impervious to moisture such
as a dense thermoplastic polymer. Light 24 does not pass
through ring 76, so the plastic material that makes up ring 76
need not be transparent. Ring 76 may have a thickness of 0.5
mm to 2 mm, 1.0 mm to 2 mm, more than 1 mm, less than 3
mm, or other suitable thickness. Techniques such as laser
welding techniques may be used to attach ring 76 within
display 14.

[0036] A flowchart of illustrative steps involved in forming
display 14 is shown in FIG. 6.

[0037] At step 80, plastic moisture barrier ring 76 may be
formed on glass moisture barrier layer 66. For example, plas-
tic moisture barrier ring 76 may be attached along the edges of
glass layer 66 by heating ring 76 and glass layer 66 in an oven.
Because sensitive structures such as the emissive material and
other structures of thin-film transistor circuitry 44 are not
present during the operations of step 80, the plastic material
that forms ring 76 may, if desired, have a relatively high
melting temperature (e.g., 250-350° C., 300° C., more than
275° C., less than 400° C., etc.).
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[0038] At step 82, a thin layer of adhesive such as adhesive
layer 64 may be applied to the underside of glass moisture
barrier layer 66. Adhesive layer 64 may be applied in liquid
form and may, if desired, contain index-matched micropar-
ticles that serve as spacers to help ensure that glass layer 66 is
separated from moisture barrier layer 58 by a desired amount
of adhesive. Following application of a thin liquid layer of
adhesive 64, layer 64 may be exposed to ultraviolet light to
activate adhesive layer 64.

[0039] Afteradhesive layer 64 has been applied, glass layer
66 and ring 76 may be attached to the other layers of display
14 (step 84). Adhesive 64 may be cured at room temperature
and/or adhesive 64 may be cured by exposing adhesive 64 to
heat and/or light (as examples).

[0040] During the operations of step 86, a laser may be used
to weld ring 76 between glass layer 66 and substrate 30. The
laser may emit light that passes through transparent display
layers during welding. For example, laser light may pass
through glass layer 66 during welding. The laser welding
process preferably only produces heat locally in the vicinity
of the applied laser beam and ring 76, thereby avoiding heat-
induced damage to thin-film transistor circuitry 44.

[0041] After ring 76 has been welded into place to seal the
periphery of display 14 against moisture, the remaining por-
tions of display 14 may be assembled. In particular, optically
clear adhesive 68 may be use to attach touch sensor 72,
circular polarizer 70, or other functional films 48 between
cover glass layer 50 and glass layer 66 (step 88).

[0042] The foregoing is merely illustrative and various
modifications can be made by those skilled in the art without
departing from the scope and spirit of the described embodi-
ments. The foregoing embodiments may be implemented
individually or in any combination.

what is claimed is:

1. A display having a peripheral edge, comprising:

first and second display layers;

thin-film transistor circuitry between the first and second

display layers; and

a moisture-barrier ring of thermoplastic polymer that is

attached between the first and second display layers to
prevent moisture from reaching the thin-film transistor
circuitry.

2. The display defined in claim 1 wherein the first layer
comprises a substrate layer, wherein the second layer com-
prises a moisture-barrier glass layer, and wherein the mois-
ture-barrier ring is laser welded between the substrate layer
and the moisture-barrier glass layer.

3. The display defined in claim 2 further comprising a layer
of liquid adhesive between the moisture-barrier glass layer
and the thin-film transistor circuitry.

4. The display defined in claim 3 further comprising first
and second moisture barrier layers interposed between the
thin-film transistor layer and the moisture-barrier glass layer.

5. The display defined in claim 4 further comprising an
organic layer between the first and second moisture barrier
layers.

6. The display defined in claim 5 wherein the first and
second moisture barrier layers are deposited thin-film inor-
ganic layers.

7. The display defined in claim 6 wherein the first and
second moisture barrier layers are silicon nitride layers.

8. The display defined in claim 6 wherein the moisture
barrier glass layer comprises a layer of bulk glass having a
thickness of 10 to 50 microns.
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9. The display defined in claim 1 wherein the thin-film
transistor circuitry comprises organic light-emitting diodes.

10. The display defined in claim 9 wherein the first layer
comprises a substrate layer and wherein the second layer
comprises a moisture-barrier glass layer, the display further
comptrising:

a thin-film inorganic moisture barrier layer between the
moisture-barrier glass layer and the thin-film transistor
circuitry; and

a layer of liquid adhesive between the moisture-barrier
glass layer and the thin-film transistor circuitry.

11. The display defined in claim 10 wherein the layer of

liquid adhesive includes index-matched microspheres.

12. The display defined in claim 10 further comprising:

a cover glass layer.

13. The display defined in claim 12 further comprising at
least one layer of optically clear adhesive interposed between
the cover glass layer and the moisture-barrier glass layer.

14. The display defined in claim 12 further comprising:

atouch sensor between the cover glass layer and the mois-
ture-barrier glass layer; and

a circular polarizer between the cover glass layer and the
moisture-barrier glass layer.

15. The display defined in claim 14 further comprising
optically clear adhesive that attaches the cover glass layer to
the touch sensor, that attaches the touch sensor to the circular
polarizer, and that attaches the circular polarizer to the mois-
ture-barrier glass layer.

16. A method of forming a display that has a peripheral
edge, comprising:

forming thin-film transistor circuitry on a substrate,
wherein the thin-film transistor circuitry includes
organic light-emitting diodes; and

attaching a thermoplastic ring around the peripheral edge
between a moisture-barrier glass layer and a display
substrate so that the thermoplastic ring surrounds the
organic light-emitting diodes.

17. The method defined in claim 16 wherein attaching the
thermoplastic ring comprises laser welding the thermoplastic
ring around the peripheral edge, the method further compris-
ing:
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depositing a first inorganic moisture barrier layer over the
thin-film transistor circuitry;

depositing an organic polarization layer over the first inor-
ganic moisture barrier layer; and

depositing a second inorganic moisture barrier layer over
the organic planarization layer.

18. The method defined in claim 17 further comprising:

attaching the moisture-barrier glass layer to the second
deposited inorganic moisture barrier layer with a layer of
adhesive.

19. An organic light-emitting diode display, comprising:

a substrate layer;

thin-film transistor circuitry including organic light-emit-
ting diodes on the substrate layer;

a first thin-film moisture barrier layer on the thin-film tran-
sistor circuitry;

an organic planarization layer on the first thin-film mois-
ture barrier layer;

a second thin-film moisture barrier layer on the thin-film
transistor circuitry;

a moisture-barrier glass layer; and

a thermoplastic polymer moisture-barrier ring that is
attached between the substrate layer and the moisture-
barrier glass layer and that surrounds the thin-film tran-
sistor circuitry.

20. The display defined in claim 19 wherein the thermo-
plastic polymer moisture-barrier ring is laser welded between
the moisture-barrier glass layer and the substrate, the display
further comprising:

a layer of liquid adhesive that attaches the moisture barrier
glass layer to the second thin-film moisture-barrier
layer;

a cover glass layer; and

functional layers interposed between the cover glass layer
and the moisture-barrier glass layer.

21. The display defined in claim 20 wherein the functional

layers include a touch sensor layer attached to the cover glass
layer with optically clear adhesive.
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