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(57) Abstract: An electronic device may have a flexible display with portions that are bent along a bend axis. The display may have
display circuitry such as an array of display pixels in an active area. Contact pads may be formed in an inactive area of the display.
Signal lines may couple the display pixels to the contact pads. The signal lines may overlap the bend axis in the inactive area of the
display. During fabrication, an etch stop may be formed on the display that overlaps the bend axis. The etch stop may prevent over
etching of dielectric such as a buffer layer on a polymer flexible display substrate. A layer of polymer that serves as a neutral stress
plane adjustment layer may be formed over the signal lines in the inactive area of the display. Upon bending, the neutral stress plane

adjustment layer helps prevent stress in the signal lines.
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Flexible Display With Bent Edge Regions

This application claims priority to United
States patent application No. 14/199,871 filed March 6,
2014, and United States provisional patent application No.
61/810,199 filed April 9, 2013, which are hereby

incorporated by reference herein in their entireties.

Background

This relates generally to electronic devices,
and more particularly, to electronic devices with
displays.

Electronic devices often include displays. For
example, cellular telephones and portable computers often
include displays for presenting information to a user.

It can be challenging to form displays for
electronic devices. Displays have active areas formed
from arrays of display pixels. 1Inactive border regions
surround the active regions. The inactive border region
in a display contains support circuitry such as signal
lines and thin-film transistor circuitry but does not
contain active pixels for producing images for a user. To

reduce the apparent size of the inactive border region, it
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may be desirable to use a flexible substrate in forming
the display. This allows portions of the inactive border
region to be bent out of sight, thereby reducing the size
of the visible inactive display border and enhancing the
appearance of the display. Challenges arise when forming
displays with bent edges. If care is not taken,
structures within the display may be damaged when
attempting to fabricate a display that can accommodate
bending and structures such as metal signal lines can
crack. Damage to display components may cause the display
to fail prematurely.

It would therefore be desirable to be able to

provide improved displays for electronic devices.

summary

An electronic device may be provided with a
flexible display. The display may have portions that are
bent along a bend axis. For example, the edges of the
display may be bent to help hide inactive display
components from view by a user of the electronic device.

The display may have display circuitry such as
an array of display pixels in an active area of the
display. The active area may, for example, have a
rectangular shape. The display may also have signal
lines, contact pads, and other structures in the inactive
area of the display. The inactive area may, for example,
have the shape of a rectangular ring that surrounds the
active area.

The display circuitry may be formed on a
substrate such as a flexible polymer substrate. A buffer
layer may be deposited on the polymer substrate before
other display structures are formed to help prevent the

egscape of contamination from the polymer substrate.
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The display may have portions that are bent
along a bend axis. Signal lines may couple display pixels
in the active area of the display to contact pads or other
structures in the inactive area of the display. The
signal lines may overlap the bend axis in the inactive
area of the display. During fabrication, an etch stop may
be formed on the display that overlaps the bend axis. The
etch stop may prevent over-etching of dielectric such as
the buffer layer on the surface of the flexible polymer
substrate while dry etching is being performed to remove
interlayer dielectric in the inactive area to prepare the
display for bending. A layer of polymer that serves as a
neutral stress plane adjustment layer may be formed over
the signal lines in the inactive area of the display.

Upon bending, the neutral stress plane adjustment layer
helps prevent stress from developing in the bent signal
lines.

Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the preferred embodiments.

Brief Description of the Drawings

FIG. 1 is a perspective view of an illustrative
electronic device such as a laptop computer with a display
in accordance with an embodiment of the present invention.

FIG. 2 is a perspective view of an illustrative
electronic device such as a handheld electronic device
with a display in accordance with an embodiment of the
present invention.

FIG. 3 is a perspective view of an illustrative
electronic device such as a tablet computer with a display

in accordance with an embodiment of the present invention.
3
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FIG. 4 is a perspective view of an illustrative
electronic device such as a computer display with display
structures in accordance with an embodiment of the present
invention.

FIG. 5 is diagram of an array of display pixels
in a display in accordance with an embodiment of the
present invention.

FIG. 6 is a circuit diagram of an illustrative
display pixel in a display in accordance with an
embodiment of the present invention.

FIG. 7 is a perspective view of an illustrative
display with bent edges in accordance with an embodiment
of the present invention.

FIG. 8 is a cross-sectional side view of an
illustrative display following deposition of interlayer
dielectric in accordance with an embodiment of the present
invention.

FIG. 9 is a cross-sectional side view the
illustrative display of FIG. 8 following patterning of the
interlayer dielectric in accordance with an embodiment of
the present invention.

FIG. 10 is a cross-sectional side view of the
illustrative display of FIG. 9 following formation of
metal and passivation layers for the display in accordance
with an embodiment of the present invention.

FIG. 11 is cross-sectional side view of the
illustrative display of FIG. 10 following formation of
contact pad structures in accordance with an embodiment of
the present invention.

FIG. 12 is a cross-sectional side view of an
illustrative display of the type shown in FIG. 11 in a
configuration in which additional interlayer dielectric

and contact pad structures are formed in an inactive
4
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portion of the display in accordance with an embodiment of
the present invention.

FIG. 13 is a cross-sectional side view of a
portion of an illustrative flexible display prior to
bending in accordance with an embodiment of the present
invention.

FIG. 14 is a cross-sectional side view of a
portion of the illustrative display of FIG. 13 following
bending of a portion of the display in accordance with an
embodiment of the present invention.

FIG. 15 is a cross-sectional side view of a
portion of an illustrative display in which a layer of
material that serves as a neutral stress plane adjustment
layer has been added to the upper surface of the display
to help reduce stress for metal structures in a bent
portion of the display in accordance with an embodiment of
the present invention.

FIG. 16 is a flow chart of illustrative steps
involved in forming a display with a bent edge region in

accordance with an embodiment of the present invention.

Detailed Description

Electronic devices may include displays. The
displays may be used to display images to a user.
Illustrative electronic devices that may be provided with
displays are shown in FIGS. 1, 2, 3, and 4.

FIG. 1 shows how electronic device 10 may have
the shape of a laptop computer having upper housing 12A
and lower housing 12B with components such as keyboard 16
and touchpad 18. Device 10 may have hinge structures 20
that allow upper housing 12A to rotate in directions 22
about rotational axis 24 relative to lower housing 12B.

Display 14 may be mounted in upper housing 12A. Upper
5
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housing 12A, which may sometimes referred to as a display
housing or lid, may be placed in a closed position by
rotating upper housing 12A towards lower housing 12B about
rotational axis 24.

FIG. 2 shows how electronic device 10 may be a
handheld device such as a cellular telephone, music
player, gaming device, navigation unit, or other compact
device. In this type of configuration for device 10,
housing 12 may have opposing front and rear surfaces.
Display 14 may be mounted on a front face of housing 12.
Display 14 may, if desired, have openings for components
such as button 26. Openings may also be formed in display
14 to accommodate a speaker port (see, e.g., speaker port
28 of FIG. 2).

FIG. 3 shows how electronic device 10 may be a
tablet computer. 1In electronic device 10 of FIG. 3,
housing 12 may have opposing planar front and rear
surfaces. Display 14 may be mounted on the front surface
of housing 12. As shown in FIG. 3, display 14 may have an
opening to accommodate button 26 (as an example).

FIG. 4 shows how electronic device 10 may be a
computer or television display or a computer that has been
integrated into a display. With this type of arrangement,
housing 12 for device 10 may be mounted on a support
structure such as stand 27. Display 14 may be mounted on
a front face of housing 12.

The illustrative configurations for device 10
that are shown in FIGS. 1, 2, 3, and 4 are merely
illustrative. 1In general, electronic device 10 may be a
laptop computer, a computer monitor containing an embedded
computer, a tablet computer, a cellular telephone, a media
player, or other handheld or portable electronic device, a

smaller device such as a wrist-watch device, a pendant
6
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device, a headphone or earpiece device, or other wearable
or miniature device, a television, a computer display that
does not contain an embedded computer, a gaming device, a
navigation device, an embedded system such as a system in
which electronic equipment with a display is mounted in a
kiosk or automobile, equipment that implements the
functionality of two or more of these devices, or other
electronic equipment.

Housing 12 of device 10, which is sometimes
referred to as a case, may be formed of materials such as
plastic, glass, ceramics, carbon-fiber composites and
other fiber-based composites, metal (e.g., machined
aluminum, stainless steel, or other metals), other
materials, or a combination of these materials. Device 10
may be formed using a unibody construction in which most
or all of housing 12 is formed from a single structural
element (e.g., a piece of machined metal or a piece of
molded plastic) or may be formed from multiple housing
structures (e.g., outer housing structures that have been
mounted to internal frame elements or other internal
housing structures).

Display 14 may be a touch sensitive display that
includes a touch sensor or may be insensitive to touch.
Touch sensors for display 14 may be formed from an array
of capacitive touch sensor electrodes, a resistive touch
array, touch sensor structures based on acoustic touch,
optical touch, or force-based touch technologies, or other
suitable touch sensor components.

Display 14 for device 10 includes display pixels
formed from organic light-emitting diode components or
other suitable display pixel structures. An optional
display cover layer such as a planar or curved transparent

glass or plastic sheet or other transparent member may be
7
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cover the outer surface of display 14 (if desired). Edge
portions of display 14 may be bent to hide inactive border
regions of display 14 from view or display 14 may
otherwise be provided with bend (curved) portions.

To ensure that bending operations do not damage
display 14, display 14 may be provided with a layer of
material such as a polymer layer that helps move the
neutral stress plane of the bent portion of the display
into alignment with metal lines and other sensitive
circuitry. This helps avoid damage to the sensitive
circuitry when the edge or other portion of the display is
bent.

FIG. 5 is a top view display 14. As shown in
FIG. 5, display 14 may include display pixel array 36.
Display pixel array 36 includes rows and columns of
display pixels 30. Display pixels 30 may be, for example,
organic light-emitting-diode pixels. Gate lines 32 and
data lines 34 may be used to supply control signals to the
array of display pixels 30. Display pixel array 36 may
have a rectangular shape in the center of display 14.
Display pixel array 36 may form an active region (active
area AA) of display 14 that displays images to a user of
device 10. The active area AA of display 14 may be
surrounded by an inactive border region such as
rectangular ring-shaped inactive area IA of FIG. 5.
Inactive area IA may contain support circuitry such as
thin-film transistors in display control circuitry and
other thin-film transistor circuits, signal lines formed
from metal traces, contact pads, and other display
circuitry that does not emit light for creating images for
the user. The support circuitry in inactive area IA and
the circuitry of display pixel array 36 in active area AA

may potentially be subjected to stresses when display 14
8
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is bent. By removing structures such as potentially
brittle interlayer dielectric materials and placing
flexible layers such as layers of polymer in inactive
region IA, the potential for damage to the structures of
display 14 in the bent region may be minimized.

FIG. 6 is a circuit diagram of an illustrative
organic light-emitting diode display pixel 30. As shown
in FIG. 6, display pixel 30 may have thin-film transistor
circuitry such as one or more thin-film transistors 38.
Thin-film transistor 38 in the example of FIG. 6 is
coupled between one of data lines 34 and a patch of light-
emitting organic material 40 and has a gate terminal
coupled to one of gate lines 32. Other types of display
pixels 30 may be used in display pixel array 36 of display
14 if desired (e.g., display pixels with two or more,
three or more, or four or more transistors). The example
of FIG. 6 is merely illustrative.

FIG. 7 is a perspective view of display 14 in an
illustrative configuration in which the right and left
edges of display 14 have been bent. 1In general, one or
more edges of display 14 may be bent (e.g., one edge may
be bent, two edges may be bent, three edges may be bent,
or four edges may be bent). The arrangement of FIG. 7 in
which there are two opposing bend edges in display 14 is
merely illustrative.

As shown in FIG. 7, left edge 14L and right edge
14R are each bent along a respective bend axis 44.

Display 14 may have display support circuitry that is
formed from thin-film transistors on a flexible substrate.
Integrated circuits such as display driver integrated
circuits mounted on display 14 or coupled to display 14
through a signal bus may also be used as display support

circuitry. One or more contacts such as contact pads 48P
9
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may be coupled to respective integrated circuit pads on an
integrated circuit using solder, may be coupled to
respective contacts on a flexible printed circuit bus, may
be coupled to connector contacts, or may be coupled to
other circuitry.

In active area AA, display pixels 30 may be
arranged to form array 36. Control lines 32 and 34 may
convey control signals to display pixels 30. Inactive
area IA may overlap bend axis 44. 1In this region,
conductive lines such as signal lines 48 may overlap bend
axis 44 and bend 50 in display 14. Lines 48 may be formed
from metal traces and may be coupled to control lines in
array 36 such as lines 32 and/or lines 34. Lines (metal
traces) 48 may be coupled to respective contacts such as
contacts 48P. Contacts 48P, which may sometimes be
referred to as contact pads, may be connected to
integrated circuits, signal bus cables, connectors, and
other circuits.

Display 14 may be formed by depositing and
patterning layers of dielectric and conductive material on
a flexible substrate. A cross-sectional view of an
illustrative partly formed version of display 14 is shown
in FIG. 8. As shown in FIG. 8, display 14 may have a
flexible substrate such as flexible substrate 60.
Substrate 60 may be a flexible dielectric layer such as a
layer of polyimide, polyethylene naphthalate (PEN),
polyethersulfone (PES), or a sheet of other flexible
polymer. A buffer layer such as silicon dioxide or other
inert dielectric (e.g., inorganic dielectric) such as
layer 62 may be deposited on the upper surface of
substrate 60 to prevent outgassing of solvent residue and
other contaminants that might otherwise contaminate the

display pixel structures formed on display 14 during high
10
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temperature processing steps. Layer 62 may have a
thickness of about 100 nm (e.g., about 30-200 nm) and may
therefore be sufficiently thin to be bend without cracking
(i.e., layer 62 may be sufficiently thin to ensure that
layer 62 is flexible and can be bent at a right angle or
other suitable angle along bend axis 44 without damage).

Following formation of buffer layer 62, a
patterned layer of material such as a metal, indium tin
oxide, indium zinc oxide, or other material that can serve
as an etch stop (i.e., etch stop 64E) in inactive region
IA can be formed on top of buffer layer 62. As shown in
FIG. 8, at the same time that layer 64E is being deposited
and patterned in inactive area IA, the same material that
is used in forming etch stop 64E can be used in forming
active area structures such as structure 64D (e.g., metal
structures or structures formed from an oxide containing
indium that serve as light leakage blocking structures,
portions of thin-film circuits, capacitor structures,
etc.).

Following formation of structures 64D and 64ES,
a layer such as thin-film transistor buffer layer 66 may
be deposited. Layer 66 may be, for example, a silicon
oxide layer, a silicon nitride layer, a layer that
includes a silicon oxide sublayer and a silicon nitride
sublayer, or other inorganic buffer layer.

Thin-film transistor devices can be formed on
buffer layer 66 using semiconductor deposition processes.
As an example, thin-film transistor polysilicon structures
such as polysilicon layer structures 68 or other
semiconductor transistor structures may be deposited using
a process such as a low temperature polysilicon deposition
process. Gate insulator 70 such as silicon dioxide or

other inorganic dielectric may be deposited over
11
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polysilicon structures 68.

Following formation of gate insulator 70, metal
structures 72 may be formed. Metal structures 72 may, for
example, form transistor gates for the transistors
associated with polysilicon layer 68. Metal gates 72 may
each overlap a corresponding polysilicon thin-film
transistor structure (see, e.g., polysilicon transistor
structures 68 of FIG. 8). Metal layer 72 may sometimes be
referred to as a first metal layer in display 14.

Layers such as metal layer 72 and the other
layers of material in display 14 may be patterned using
photolithography (e.g., deposition and development of
photoresist, wet and dry etching, etc.). After the first
metal layer (metal layer 72) for display 14 has been
deposited, interlayer dielectric (ILD) 74 may be
deposited. Interlayer dielectric 74 may be formed from a
layer of gilicon dioxide, silicon nitride, layers of
silicon dioxide and silicon nitride, or other inorganic
dielectric materials. Interlayer dielectric 74 may have a
thickness that is greater than that of underlying layers
such as buffer layer 62. For example, interlayer
dielectric 74 may have layers of silicon dioxide and
silicon nitride each of which has a thickness of about 300
nm (e.g., about 200 nm to 400 nm). Interlayer dielectric
74 may overlap both active area AA and inactive area IA.

To prevent cracking in interlayer dielectric 74,
it may be desirable to remove interlayer dielectric 74
from the portion of display 14 that will overlap the
display bend axis. It may, for example, be desirable to
remove interlayer dielectric 74 from some or all of
inactive area IA.

As shown in FIG. 9, a layer of patterned

photoresist such as photoresist 76 may be formed on the
12
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upper surface of interlayer dielectric 74. Etching (e.g.,
dry etching) may be used to edge vias 78 in the uncovered
portions of interlayer dielectric 74 in active area AA.

At the same time, interlayer dielectric 74 is completely
removed in inactive area IA (e.g., as part of the same dry
etching process). Etch stop layer 64ES exhibits a
substantially slower etch rate than interlayer dielectric
74 during the dry etch process. Due to the presence of
etch stop layer 64ES, the dry etch process stops at layer
64ES and does not penetrate buffer layer 62. This ensures
that buffer layer 62 will not be removed during the
process of etching interlayer dielectric 74 to form vias
78, even when the dry etch process for vias 78 is
completed sufficiently that the surfaces of polysilicon
layer 68 are exposed at the bottom of vias 78.

Following formation of vias 78 in interlayer
dielectric 74 and removal of interlayer dielectric 74 in
inactive area IA above etch stop 64ES, etch stop 64ES and
photoresist 76 can be removed. The structures in active
area AA that were formed from the same layer as etch stop
64ES (i.e., structures such as structures 64D) may remain
following removal of etch stop 64ES.

As shown in FIG. 10, a second layer of metal
(metal 80) can be deposited in vias 78 to form electrical
contact (source and drain contacts) with polysilicon 68.
In inactive region IA, metal 80 may be patterned to form
signal lines 48 of FIG. 7 to connect display pixel array
36 to contact pads 48P. Passivation layer 82 may be
formed on layer 80. Passivation layer 82 may be formed
from an inorganic dielectric such as silicon dioxide,
silicon nitride, or other dielectric material.

If desired, openings in passivation layer 82 may

be formed using photolithographic patterning (e.g.,
13
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photolithography and etching). The openings may be formed
in alignment with vias 78 in active area AA and contact
pad regions 90 in inactive area IA. Following formation
of the openings in passivation layer 82, contacts (e.g.,
contacts such as pads 48P of FIG. 7) may be formed by
depositing and patterning contact metal (third metal)
layer 86. Layer 86 may make contact with metal layer 80
in vias 78 and in contact pad regions 90. An integrated
circuit may have contacts that are coupled to metal layer
86 in bonding pad regions 90 using solder or other
structures such as metal traces on a flexible printed
circuit may be coupled to metal layer 86 in regions 90.

As shown in FIG. 12, contacts in regions 90 may
be formed on top of interlayer dielectric 74 (e.g., in a
configuration in which some of interlayer dielectric 74 is
retained along the outermost edge of inactive area IA).
The configuration of FIG. 11 in which all of interlayer
dielectric 74 is removed in inactive area IA is merely
illustrative.

Following formation of contacts in region 90,
display 14 may be bent around bend axis 44 (in the FIG. 11
example). The bend axis may lie within substrate 60 or
may lie under substrate 60 (as examplesgs). The portion of
display 14 in inactive area IA that overlaps bend axis 44
may be free from interlayer dielectric 74, thereby
avoiding the creation of cracks in interlayer dielectric
74 due to bending. Portions of layers 62, 80, and 82 may
be present in the inactive area that overlaps bend axis
44, so these layers are preferably sufficiently thin and
flexible to withstand the stresses introduced by bending
display 14.

To further reduce stress for sensitive

structures such as lines 48 formed from second metal layer
14
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80, an additional layer of dielectric may be formed on top
of the metal traces formed from layer 80 in region IA.
This optional addition layer of dielectric, which is
illustrated as additional layer 92 of FIG. 12, may be
formed from a dielectric such as a polymer (e.g., epoxy,
polyimide, etc.) or other suitable material.

Layer 92 helps reduce stress in the traces
formed from metal layer 80 by shifting the neutral stress
plane of display 14 into alignment with metal 80 (e.g.,
metal traces 48 formed from metal 80). Consider, as an
example, an unbent (planar) display of the type shown in
the cross-sectional side view of FIG. 13. As shown in
FIG. 13, metal 80 may lie within display layer 100 on
substrate 60. Layer 100 may include layers such as buffer
layer 62 and passivation layer 82. Following bending of
display 14 downwards about bend axis 44 of FIG. 14, the
upper portions of layer 100 may be subjected to tensile
stress, as indicated by arrows 102, whereas the lower
portions of substrate 60 may be subjected to compressive
stress, as indicated by arrows 104. There is a neutral
stress plane 106 in display 14 of FIG. 14 where the
tensile and compressive stresses from bending balance each
other and result in a low amount of stress. As shown in
FIG. 14, neutral stress plane 60 may lie within substrate
60 and out of alignment with metal 80 in the absence of
additional polymer layer 92.

In the presence of additional polymer layer 92
on the top of layer 100, tensile stress will develop
within the upper portions of polymer layer 92 upon bending
of display 14 about bend axis 44, as shown in FIG. 15.
This will cause the neutral stress plane (i.e., the plane
in which compressive stress 104 in substrate 60 is

compensated by tensile stress 102’ in layer 92) to move
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into vertical alignment with metal 80 (i.e., traces 48).
By selecting the thickness and material properties of
layer 92, neutral stress plane 106 can be configured to
minimize stress in metal structures 80, even in situations
in which display 14 is bent at a right angle (90° angle),
as shown in FIG. 15.

FIG. 16 is a flow chart of illustrative steps
involved in forming an electronic device such as
electronic device 10 with a display such as display 14
having one or more bent edges.

At step 110, a buffer layer such as a silicon
dioxide layer or other buffer layer 62 may be deposited on
substrate 60.

At step 112, structures such as etch stop 64ES
and, if desired, structures 64D in active area AA may be
formed on buffer layer 62. Structures such as structures
04ES and 64D may be formed by depositing a metal layer or
a layer of other material on buffer layer 62 and by
patterning the deposited layer using photolithographic
patterning (as an example).

At step 114, buffer layer 66 (e.g., silicon
oxide and/or silicon nitride or other inorganic
dielectric) may be formed on top of etch stop layer 64ES
and on top of other structures such as structures 64D.

At step 116, polysilicon 68 or other thin-film
transistor material may be deposited and patterned (e.g.,
using a low-temperature polysilicon deposition process and
photolithographic patterning).

At step 118, gate insulator 70 may be formed on
top of patterned polysilicon structures 68.

At step 120, first metal layer 72 may be formed
on top of gate insulator 70. For example, a layer of

metal may be deposited by sputtering or other deposition
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processes and may be patterned using photolithographic
patterning technigques.

At step 122, interlayer dielectric 74 may be
deposited on metal layer 72. Interlayer dielectric 74 may
include one or more sublayers of dielectric material.

At step 124, photolithographic patterning (e.g.,
photoresist patterning followed by etching using dry
etching tools or other semiconductor processing equipment)
may be used to form vias 78. During the same dry etch
process in which wvias 78 are formed, interlayer dielectric
74 may be removed from inactive region IA (i.e., from some
or all of region IA, including the portions of region IA
that overlap the position of bend axis 44). Etch stop
04ES stops the etching process, so that the structures in
region IA are not etched excessively.

At step 126, a wet etch or other removal process
may be used to remove etch stop 64ES. This exposes buffer
layer 62 in inactive area IA without damaging buffer lavyer
62. Structures 64D may remain in active area AA.

At step 128, second metal layer 80 may be formed
on display 14. For example, a layer of metal 80 may be
deposited and pattered using photolithographic patterning
techniques. Patterned metal layer 80 may form structures
such as signal lines 48 and contacts 48P in inactive area
IA.

At step 130, a dielectric passivation layer such
as passivation layer 82 may be formed on top of metal
layer 80.

At step 132, openings may be formed in
passivation layer 82 for forming contacts. For example,
an opening may be formed at the bottom of selected vias 78
(e.g., anode vias) to expose underlying metal 80 and

openings may be formed in regions 90 to expose metal 80.
17
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At step 132, planarization layer 84 may be
formed from a polymer (plastic) or other material. Layer
84 may be photolithographically patterned to form openings
in alignment with some of vias 78 (e.g., anode vias) and
contact regions 90.

At step 136, another layer of patterned metal
structures may be formed on display 14. For example,
third metal layer 86 may be deposited and patterned using
photolithographic patterning, thereby forming anode
contacts with second metal layer 80 in active area AA and
forming contact pads 48P in inactive area IA.

At step 138, polymer layer 92 (sometimes
referred to as a neutral stress plane adjustment layer)
may be deposited, as shown in FIG. 12. Display 14 may
then be bent along bend axis 44 or other suitable bend
axis to form one or more bent edges for display 14. The
bent display may be installed within housing 12 to form a
finished electronic device such as device 10 of FIGS. 1,
2, 3, and 4.

In accordance with an embodiment, a method of
forming a display is provided that includes depositing a
buffer layer on a polymer substrate, depositing
semiconductor transistor structures on the buffer layer,
forming an etch stop layer on the buffer layer, depositing
interlayer dielectric over the etch stop layer, removing
the interlayer dielectric over the etch stop layer, and
bending the display along a bend axis.

In accordance with another embodiment, the
display has an active area and an inactive area and
depositing the semiconductor transistor structures
includes depositing the semiconductor transistor
structures in the active area.

In accordance with another embodiment, the bend
18
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removing the interlayer

dielectric over the etch stop layer includes removing the

interlayer dielectric over the bend axis,

display includes bending the

and bending the
display along the bend axis

after removing the interlayer dielectric over the bend

axis.
In accordance with
the display includes bending
In accordance with
the etch stop layer includes
material, the method further
of material to form the etch

in the active area.

In accordance with

another embodiment, bending
the display at a right angle.
another embodiment, forming
depositing a layer of
includes patterning the layer

stop and to form structures

another embodiment,

depositing the layer of material includes depositing a

layer of metal.

In accordance with
method includes removing the
bending the display.

In accordance with
the etch stop layer includes

In accordance with

another embodiment, the

etch stop layer before
another embodiment, removing
wet etching.

another embodiment, the

method includes forming metal traces after removing the

etch stop layer.
In accordance with

method includes depositing a

another embodiment, the

polymer neutral stress plane

adjustment layer over the metal traces overlapping the

bend axis before bending the

In accordance with

display.

an embodiment, a method of

forming a display with an active area and an inactive area

is provided that includes depositing an etch stop that

prevents over etching of a dielectric layer in the

inactive area while etching an interlayer dielectric,
19
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removing the etch stop layer over a bend axis after
etching the interlayer dielectric, and bending the display
along the bend axis.

In accordance with another embodiment, the
method includes coupling display pixels in the active area
to contacts in the inactive area using metal traces that
overlap the bend axis.

In accordance with another embodiment, the
display includes a flexible polymer substrate having a
surface, the dielectric layer is a buffer layer on the
surface of the flexible polymer substrate, and coupling
the display pixels includes forming the metal traces on
the buffer layer.

In accordance with another embodiment, the
method includes depositing a neutral stress plane
adjustment layer on the metal traces before bending the
display along the bend axis.

In accordance with another embodiment,
depositing the etch stop includes depositing a metal
layer.

In accordance with another embodiment,
depositing the etch stop includes depositing a layer
containing indium.

In accordance with another embodiment,
depositing the etch stop includes depositing an oxide
layer that contains indium.

In accordance with an embodiment, a display is
provided that includes a display substrate, metal traces
on the display substrate that overlap a bend axis along
which the display substrate is bent, and a layer of
polymer overlapping the metal traces along the bend axis.

In accordance with another embodiment, the

display has an active area with an array of display pixels
20
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and an inactive area, the display further includes a first
buffer layer on the display substrate, a metal structure
on the first buffer layer in the active area, a second
buffer layer that overlaps the metal structure, and
polysilicon structures on the second buffer layer.

In accordance with another embodiment, the metal
structure is formed as part of a layer containing an etch
stop structure in the inactive area, the display includes
gate insulator on the polysilicon structures and the
second buffer layer, and interlayer dielectric on the gate
insulator.

The foregoing is merely illustrative of the
principles of this invention and various modifications can
be made by those skilled in the art without departing from

the scope and spirit of the invention.
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What 1s Claimed is:

1. A method of forming a display, comprising:

depositing a buffer layer on a polymer
substrate;

depositing semiconductor transistor
structures on the buffer layer;

forming an etch stop layer on the buffer
layer;

depositing interlayer dielectric over the
etch stop layer;

removing the interlayer dielectric over the
etch stop layer; and

bending the display along a bend axis.

2. The method defined in claim 1 wherein the
display has an active area and an inactive area and
wherein depositing the semiconductor transistor structures
comprises depositing the semiconductor transistor

structures in the active area.

3. The method defined in claim 2 wherein the
bend axis overlaps the inactive area, wherein removing the
interlayer dielectric over the etch stop layer comprises
removing the interlayer dielectric over the bend axis, and
wherein bending the display comprises bending the display
along the bend axis after removing the interlayer

dielectric over the bend axis.

4. The method defined in claim 2 wherein
bending the display comprises bending the display at a
right angle.

5. The method defined in claim 2 wherein
22
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forming the etch stop layer comprises depositing a layer
of material, the method further comprising patterning the
layer of material to form the etch stop and to form

structures in the active area.

6. The method defined in claim 5 wherein
depositing the layer of material comprises depositing a

layer of metal.

7. The method defined in claim 6 further
comprising removing the etch stop layer before bending the

display.

8. The method defined in claim 7 wherein

removing the etch stop layer comprises wet etching.

9. The method defined in claim 7 further
comprising forming metal traces after removing the etch

stop layer.

10. The method defined in claim 9 further
comprising depositing a polymer neutral stress plane
adjustment layer over the metal traces overlapping the

bend axis before bending the display.

11. A method of forming a display with an
active area and an inactive area, comprising:
depositing an etch stop that prevents over
etching of a dielectric layer in the inactive area while
etching an interlayer dielectric; and
removing the etch stop layer over a bend
axis after etching the interlayer dielectric; and

bending the display along the bend axis.
23
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12. The method defined in claim 11 further
comprising coupling display pixels in the active area to
contacts in the inactive area using metal traces that

overlap the bend axis.

13. The method defined in claim 12 wherein the
display includes a flexible polymer substrate having a
surface, wherein the dielectric layer is a buffer layer on
the surface of the flexible polymer substrate, and wherein
coupling the display pixels comprises forming the metal

traces on the buffer layer.

14. The method defined in claim 13 further
comprising depositing a neutral stress plane adjustment
layer on the metal traces before bending the display along

the bend axis.

15. The method defined in claim 11 wherein
depositing the etch stop comprises depositing a metal

layer.

16. The method defined in claim 11 wherein
depositing the etch stop comprises depositing a layer

containing indium.

17. The method defined in claim 11 wherein
depositing the etch stop comprises depositing an oxide

layer that contains indium.

18. A display, comprising:
a display substrate;

metal traces on the display substrate that
24
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overlap a bend axis along which the display substrate is
bent; and
a layer of polymer overlapping the metal

traces along the bend axis.

19. The display defined in claim 18 wherein the
display has an active area with an array of display pixels
and an inactive area, the display further comprising:

a first buffer layer on the display
substrate;

a metal structure on the first buffer layer
in the active area;

a second buffer layer that overlaps the
metal structure; and

polysilicon structures on the second buffer

layer.

20. The display defined in claim 19 wherein the
metal structure is formed as part of a layer containing an
etch stop structure in the inactive area, the display
further comprising:

gate insulator on the polysilicon
structures and the second buffer layer; and
interlayer dielectric on the gate

insulator.
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