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(54) FOLDABLE ELECTRONIC DEVICE WITH FOLDABLE DISPLAY AND GEARED HINGES

(57) An electronic device has a foldable display. First
and second portions of an electronic device housing for
the device may be joined using a hinge. A flexible display
may overlap the first housing portion and the second
housing portion and may bend along a bend axis as the
first and second housing portions are rotated relative to
each other using the hinge. The hinge may include
toothed members such as gears and a rack member.

The rack member may have a surface with curved por-
tions. The gears may include rotating gears that walk
along the curved portions of the rack member as the elec-
tronic device is folded and unfolded. The hinge may in-
clude gears that are fixedly attached to the first and sec-
ond housing portions and that engage the rotating gears.
Linkage members may hold together gears and the rack
member.
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Description

[0001] This application claims priority to U.S. patent
application No. 16/849,830, filed April 15, 2020, and U.S.
provisional patent application No. 62/868,590, filed June
28, 2019.

Field

[0002] This relates generally to electronic devices,
and, more particularly, to electronic devices with dis-
plays.

Background

[0003] Electronic devices often include displays. A
touch screen display may be used in a cellular telephone
or other portable device to display information for a user
and to gather user input.
[0004] If care is not taken, a display may not offer suf-
ficient screen real estate to display information of interest
to a user. At the same time, it can be difficult to enlarge
the size of electronic devices too much to accommodate
larger displays, because this can make devices bulky.

Summary

[0005] There is provided a foldable electronic device
according to the appended claims.
[0006] An electronic device may have a foldable dis-
play. A foldable housing or other support structure may
be used in supporting the foldable display during folding
and unfolding. First and second support structures may
be joined at a hinge. The hinge allows the support struc-
tures to rotate relative to each other during folding and
unfolding.
[0007] The hinge may include toothed members such
as gears and a rack member. The rack member may
have a surface with curved portions. The gears may in-
clude rotating gears that walk along the curved portions
of the rack member as the electronic device is folded and
unfolded. The hinge may include gears that are fixedly
attached to the first and second housing portions and
that engage the rotating gears. Linkage members may
hold together the rotating gears, fixed gears, and the rack
member.

Brief Description of the Drawings

[0008]

FIG. 1 is a perspective view of an illustrative elec-
tronic device in accordance with an embodiment.

FIG. 2 is a schematic diagram of an illustrative elec-
tronic device in accordance with an embodiment.

FIG. 3 is a cross-sectional side view of an illustrative

electronic device in accordance with an embodi-
ment.

FIG. 4 is side view of an illustrative electronic device
with a foldable display in accordance with an em-
bodiment.

FIG. 5 is a perspective view of an illustrative hinge
mechanism for an inwardly folding electronic device
in accordance with an embodiment.

FIGS. 6, 7, and 8 are side views of the illustrative
hinge mechanism of FIG. 5 in use during device fold-
ing in accordance with an embodiment.

FIG. 9 is a perspective view of an illustrative hinge
mechanism for an outwardly folding electronic de-
vice in accordance with an embodiment.

FIG. 10 is a side view of the illustrative hinge mech-
anism of FIG. 9 in use during device folding in ac-
cordance with an embodiment.

Detailed Description

[0009] An electronic device may have a display. The
display may have an array of pixels for displaying images
for a user. The display may be an organic light-emitting
diode display, a micro-light-emitting diode display formed
from an array of crystalline semiconductor light-emitting
diode dies, and/or may be any other suitable display. A
two-dimensional touch sensor such as a capacitive touch
sensor or other touch sensor may be incorporated into
the display (e.g., by forming capacitive sensor electrodes
from thin-film display circuitry) and/or a touch sensor lay-
er may be laminated to an array of pixels in the display.
[0010] The display of the electronic device may be op-
erated in unexpanded and expanded configurations. In
the unexpanded configuration, portability of the device
is enhanced. In the expanded configuration, viewable
display area is increased, making it easier to provide
touch input and to view images on the display.
[0011] A perspective view of an illustrative electronic
device of the type that may include an expandable display
is shown in FIG. 1. Device 10 may be a laptop computer,
a computer monitor containing an embedded computer,
a tablet computer, a desktop computer, a cellular tele-
phone, a media player, or other handheld or portable
electronic device, a smaller device such as a wristwatch
device, a wristband device, a pendant device, a head-
phone or earpiece device, a head-mounted device such
as glasses, goggles, a helmet, or other equipment worn
on a user’s head, or other wearable or miniature device,
a television, a computer display that does not contain an
embedded computer, a gaming device, a navigation de-
vice, an embedded system such as a system in which
equipment is mounted in a kiosk, in an automobile, air-
plane, or other vehicle, a removable external case for
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electronic equipment, an accessory such as a remote
control, computer mouse, track pad, wireless or wired
keyboard, or other accessory, and/or equipment that im-
plements the functionality of two or more of these devic-
es. In the illustrative configuration of FIG. 1, device 10 is
a portable electronic device such as a cellular telephone
or tablet computer. This configuration may sometimes
be described herein as an example.
[0012] As shown in FIG. 1, device 10 may have a hous-
ing such as housing 12. Housing 12 may be formed from
materials such as polymer, glass, metal, crystalline ma-
terials such as sapphire, ceramic, fabric, foam, wood,
other materials, and/or combinations of these materials.
Device 10 may have any suitable shape. In the example
of FIG. 1, device 10 has front face F with a rectangular
outline, opposing rear face R, and sidewall portions (side-
walls) W. Portions W may be formed as extensions of
the housing structures on front face F, rear face R, and/or
may be formed using one or more separate sidewall
members (as examples). Sidewall structures may be pla-
nar (e.g., to form vertical sidewalls extending between
front F and rear R) and/or may have curved cross-sec-
tional profiles. Input-output devices such as one or more
buttons may be mounted on housing 12 (e.g., on sidewall
portions W).
[0013] Device 10 may have one or more displays such
as display 14. In the example of FIG. 1, display 14 covers
front face F. Display 14 may also be mounted on other
portions of device 10. For example, one or more displays
such as display 14 may cover all of front face F, part of
front face F, some or all of rear face R, and/or some or
all of sidewalls W. Portions of housing 12 (e.g., support
structures such as first and second housing portions that
rotate relative to each other) may be used in supporting
display 14. Housing 12 may include outwardly facing
structures that form external device surfaces and/or may
include frame structures, supporting plates, and/or other
internal support structures. In some configurations, some
or all of display 14 may be covered with flexible or rigid
transparent members that serve as protective display
cover layers. Such transparent display cover layer struc-
tures, which may sometimes be referred to as housing
structures, may overlap at least some of display 14 and
may serve as a display cover layer. If desired, transparent
thin-film structures may serve as protective display layers
(e.g., scratch-resistance layers, oleophobic anti-smudge
coating layers, etc.).
[0014] Display 14 may have a planar shape, a shape
with a curved cross-sectional profile, or other suitable
shape. In the example of FIG. 1, front face F has a planar
shape and lies in the X-Y plane. Display 14 may have a
rectangular footprint (outline when viewed from above)
or other suitable footprint. Device 10 may be elongated
along longitudinal axis 56 (e.g., parallel to the Y axis of
FIG. 1) or along other directions (e.g., parallel to the X
axis of FIG. 1). The thickness of device 10 in dimension
Z, may be less than the width of device 10 in dimension
X and less than the length of device 10 in dimension Y

(as an example).
[0015] To help accommodate a user’s desire for com-
pactness while accommodating a user’s desire for large
amounts of display real estate, device 10 can have struc-
tures that allow the shape and size of device 10 and dis-
play 14 to be adjusted. In particular, device 10 may have
a display and associated housing structures that support
folding motions, sliding motions, scrolling motions,
and/or other behavior that allows device 10 to be adjusted
during use.
[0016] When expanded, display 14 exhibits an ex-
panded viewable area. In particular, the portion of display
14 that is viewable by a user of device 10 when device
10 is expanded (sometimes referred to as the expanded
viewable area of display 14) is larger than the unexpand-
ed viewable area of display 14 that is presented to a user
of device 10 when device 10 is unexpanded. In general,
device 10 may use any suitable arrangement that allows
display and/or device size and/or shape to be adjusted
(e.g., between a first configuration such as an unexpand-
ed viewable area configuration in which a first amount of
display 14 is visible to a user viewing the front face of
device 10 or other side of device 10 and a second con-
figuration such as an expanded viewable area configu-
ration in which a second amount of display 14 that is
greater than the first amount is visible to a user viewing
the front face of device 10 or other side of device 10).
These arrangements may exhibit inward and/or outward
folding, scrolling, sliding, and/or other housing and dis-
play movements as device 10 and display 14 are transi-
tioned between unexpanded and expanded states. Illus-
trative configurations in which device 10 is expanded and
unexpanded using folding mechanisms are described
herein as an example.
[0017] When compact size is desired in a folding con-
figuration, device 10 can be adjusted to be compact by
folding portions of device 10 together. Device 10 and
display 14 may, as an example, be folded inwardly and/or
outwardly about bend axis 58. In inwardly folding config-
urations, two halves of display 14 face each other when
device 10 is folded. In outwardly folding configurations,
two halves of display 14 face away from each other when
device 10 is folded. When a large screen size is desired,
device 10 and display 14 can be unfolded.
[0018] A schematic diagram of an illustrative electronic
device is shown in FIG. 2. As shown in FIG. 2, device 10
may include control circuitry 30, communications circuitry
32, and input-output devices 34.
[0019] Control circuitry 30 may include storage and
processing circuitry for supporting the operation of device
10. The storage and processing circuitry may include
storage such as nonvolatile memory (e.g., flash memory
or other electrically-programmable-read-only memory
configured to form a solid-state drive), volatile memory
(e.g., static or dynamic random-access-memory), etc.
Processing circuitry in control circuitry 30 may be used
to gather input from sensors and other input devices and
may be used to control output devices. The processing
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circuitry may be based on one or more microprocessors,
microcontrollers, digital signal processors, baseband
processors and other wireless communications circuits,
power management units, audio chips, application spe-
cific integrated circuits, etc.
[0020] To support communications between device 10
and external electronic equipment, control circuitry 30
may communicate using communications circuitry 32.
Communications circuitry 32 may include antennas, ra-
dio-frequency transceiver circuitry, and other wireless
communications circuitry and/or wired communications
circuitry. Circuitry 32, which may sometimes be referred
to as control circuitry and/or control and communications
circuitry, may, for example, support wireless communi-
cations using wireless local area network links, near-field
communications links, cellular telephone links, millimeter
wave links, and/or other wireless communications paths.
[0021] Input-output devices 34 may be used in gath-
ering user input, in gathering information on the environ-
ment surrounding the user, and/or in providing a user
with output.
[0022] Display 14 of input-output devices 34 has an
array of pixels for displaying images to users. Display 14
may be a light-emitting diode display (e.g., an organic
light-emitting diode or a display with a pixel array having
light-emitting diodes formed from crystalline semicon-
ductor dies), an electrophoretic display, a liquid crystal
display, or other display. Display 14 may include a two-
dimensional capacitive touch sensor or other touch sen-
sor for gathering touch input. Display 14 may have a sub-
strate formed from a flexible dielectric (e.g., a sheet of
polyimide or other bendable polymer layer) and/or may
have rigid substrate structures. Flexible display arrange-
ments may be used to provide display 14 with the ability
to alter size and shape by folding, scrolling, sliding, etc.
If desired, some or all of display 14 may include rigid
(non-flexible) display structures.
[0023] Devices 34 may include sensors 36. Sensors
36 may include force sensors (e.g., strain gauges, ca-
pacitive force sensors, resistive force sensors, etc.), au-
dio sensors such as microphones, capacitive touch sen-
sors, capacitive proximity sensors, non-capacitive touch
sensors, ultrasonic sensors, sensors for detecting posi-
tion, orientation, and/or motion (e.g., accelerometers,
magnetic sensors such as compass sensors, gyro-
scopes, and/or inertial measurement units that contain
some or all of these sensors), muscle activity sensors
(EMG), heart rate sensors, electrocardiogram sensors,
and other biometric sensors, radio-frequency sensors
(e.g., radar and other ranging and positioning sensors),
humidity sensors, moisture sensors, and/or other sen-
sors.
[0024] Sensors 36 and other input-output devices 34
may include optical components such as light-emitting
diodes (e.g., for camera flash or other blanket illumina-
tion, etc.), lasers such as vertical cavity surface emitting
lasers and other laser diodes, laser components that emit
multiple parallel laser beams (e.g., for three-dimensional

sensing), lamps, and light sensing components such as
photodetectors and digital image sensors. For example,
sensors 36 in devices 34 may include optical sensors
such as depth sensors (e.g., structured light sensors
and/or depth sensors based on stereo imaging devices
that can optically sense three-dimensional shapes), op-
tical sensors such as self-mixing sensors and light de-
tection and ranging (lidar) sensors that gather time-of-
flight measurements and/or other measurements to de-
termine distance between the sensor and an external
object and/or that can determine relative velocity, mon-
ochromatic and/or color ambient light sensors that can
measure ambient light levels, proximity sensors based
on light (e.g., optical proximity sensors that include light
sources such as infrared light-emitting diodes and/or la-
sers and corresponding light detectors such as infrared
photodetectors that can detect when external objects are
within a predetermined distance), optical sensors such
as visual odometry sensors that gather position and/or
orientation information using images gathered with digital
image sensors in cameras, gaze tracking sensors, visible
light and/or infrared cameras having digital image sen-
sors configured to gather image data, optical sensors for
measuring ultraviolet light, and/or other optical sensor
components (e.g., light sensitive devices and, if desired,
light sources), photodetectors coupled to light guides,
associated light emitters, and/or other optical compo-
nents (one or more light-emitting devices, one or more
light-detecting devices, etc.).
[0025] Input-output devices 34 may also include audio
components. The audio components may include one or
more microphones to sense sound (e.g., an audio sensor
in sensors 36 to sense audio signals) and may include
sound-emitting components such as tone generators and
one or more speakers. As shown in FIG. 2, for example,
input-output devices 34 may include speaker 38. Speak-
ers may be used to support speaker-phone operations
and/or may be used as ear speakers when device 10 is
being held to a user’s ear to make a telephone call, to
listen to a voicemail message, or to listen to other audio
output.
[0026] In addition to sensors 36, display 14, and speak-
er 38, input-output devices 34 may include user input
devices such as buttons and other devices 40. Devices
40 may include, for example, optical components such
as light-based output devices other than display 14 that
are used to provide visual output to a user. The light-
based output devices may include one or more light-emit-
ting diodes, one or more lasers, lamps, electrolumines-
cent devices, and/or other light emitting components. De-
vices 40 may also include power transmitting and/or re-
ceiving circuits configured to transmit and/or receive
wired and/or wireless power signals and output compo-
nents such as haptic output devices and other output
components (e.g., electromagnetic actuators or other ac-
tuators that can vibrate to provide a user with a haptic
alert and/or haptic feedback associated with operation
of a touch sensor or other input devices).
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[0027] A cross-sectional side view of device 10 taken
along line 60 of FIG. 1 and viewed in direction 62 is shown
in FIG. 3. As shown in FIG. 3, housing 12 may have one
or more portions such as sidewall portions 12W, front
portion 12F on front face F of device 10, and rear portion
12R on rear face R of device 10. These portions may be
formed from metal (e.g., aluminum, stainless steel, or
other metals) or may be formed from polymer, glass, ce-
ramic, and/or other materials.
[0028] Display 14 may be visible on front face F of de-
vice 10 and/or other portions of device 10. For example,
a viewer who is viewing device 10 in the -Z direction of
FIG. 3 (e.g., a user viewing device 10 from the front) may
view the pixels of display 14 on front face F that face the
user in the +Z direction). Display 14 may be overlapped
by transparent portions of housing 12, may have portions
that are supported on the outermost surface of housing
12, and/or may have portions that protrude from housing
12. In some configurations, rigid protective transparent
materials may form a display cover layer that protects
display 14. To allow bending about bend axis 58 of FIG.
1, such rigid display cover layer structures may be pro-
vided in multiple parts (e.g., first and second parts that
are supported by first and second respective halves of
housing 12 that bend about a hinge aligned with axis 58).
Display 14 may also be protected by attaching protective
films to the outermost surface of display 14 and/or by
incorporating protective films into display 14. As an ex-
ample, a clear polymer film may overlap the pixels of
display 14 to help protect the circuitry of the pixels from
damage and/or thin-film organic and/or inorganic layers
may be incorporated into display 14 to help protect dis-
play 14. In some arrangements, display 14 may include
flexible protective material (e.g., a bendable polymer thin
film, bendable inorganic thin-film layers, etc.). This allows
the protective material to bend about bend axis 58. Trans-
parent materials that overlap display 14 (e.g., to protect
display 14) may be formed from sapphire or other crys-
talline material, glass, polymer, transparent ceramic, in-
organic dielectric materials such as transparent metal
oxide thin films and/or other inorganic materials, and/or
other transparent material and/or other flexible and/or
rigid transparent materials.
[0029] The walls of housing 12 may separate interior
region 44 of device 10 from exterior region 50 surround-
ing device 10. Interior region 44 may include electrical
components such as components 46. Components 46
may include integrated circuits, discrete components, a
battery, wireless circuit components such as a wireless
power coil, and/or other components (see, e.g., control
circuitry 30, communications circuitry 32, and input-out-
put devices 34 of FIG. 2). Components 46 may be inter-
connected using signal paths such as paths formed from
traces on printed circuits (see, e.g., printed circuit 48).
[0030] To accommodate the sometimes-competing
desires for compact device size and large screen size,
device 10 can be adjusted between a first state in which
display 14 is unexpanded and a second state in which

display 14 is expanded and therefore larger than when
unexpanded. Device 10 may, for example, accommo-
date display bending. In an illustrative configuration, dis-
play 14 may be folded inwardly so that left and right halves
of display 14 face each other. As shown in FIG. 4, when
display 14 is formed on surface 62 of housing 12 of FIG.
4, first and second halves of display 14 may face each
other when device 10 is folded inwardly. In another illus-
trative configuration, display 14 may be folded outwardly
so that left and right halves of display 14 face away from
each other (e.g., when display 14 is formed on surface
60 of housing 12 of FIG. 4). If desired, device 10 may
support both inward and outward folding.
[0031] To allow device 10 to fold about bend (folding)
axis 58, device 10 may have a hinge that is aligned with
bend axis 58. The hinge may be formed from geared
structures and/or other hinge structures that are coupled
between respective first and second portions of device
10. The hinge may allow the first and second portions of
device 10 to rotate relative to each other about bend axis
58.
[0032] An exploded perspective view of an illustrative
hinge is shown in FIG. 5. As shown in FIG. 5, one or more
hinges such as hinge 100 may be coupled between one
or more first housing portions such as first housing portion
12-1 and one or more second housing portions such as
second housing portion 12-2. Display 14 may be a flexible
display that has a first portion coupled to first housing
portion 12-1 and a second portion coupled to second
housing portion 12-2 to allow display bending as device
10 is bent about hinge axis 58.
[0033] Hinge 100 may have one or more structures
such as first portion 100-1 to couple first housing portion
12-1 to rack member 72 and may have one or more struc-
tures such as second portion 100-2 to couple second
housing portion 12-2 to rack member 72. Hinge 100 al-
lows portions 12-1 and 12-2 and corresponding halves
of a supported flexible display to rotate relative to each
other. In the illustrative configuration of FIG. 5, device 10
is folded and portions 12-1 and 12-2 are folded and facing
each other. When desired to unfold device 10, portion
12-1 may be moved in direction 108 while portion 12-2
is moved correspondingly in direction 110.
[0034] Rack member 72, which may sometimes be re-
ferred to as the hinge’s central gear or a toothed hinge
member, may have a geared surface such as toothed
surface 102. Surface 120 may have a curved cross-sec-
tional profile (e.g., the profile of surface 120 may follow
an arc). Surface 102 may have teeth 76 and may be
characterized by a radius of curvature (with respect to
axis 70) of about 1-5 mm, 1-3 mm, at least 1 mm, less
than 3 mm, less than 7 mm, less than 5 mm, or other
suitable size.
[0035] Inverse gear 78 of first hinge portion 100-1 may
have teeth 80 that engage teeth 76 in a first region of
surface 120. The radius of gear 78 may be 0.8 mm, at
least 0.4 mm, less than 1.2 mm, or other suitable size. A
first pin may couple gear 78 to linkage member 84. The
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first pin may be received in opening 82 of gear 78 and
opening 88 of linkage member 84. A second pin may be
received in opening 74 of member 72 and opening 86 of
member 84. A third pin may be received in opening 90
of linkage member 84 and opening 96 of satellite gear
92 (sometimes referred to as a fixed gear). The radius
of gear 92 may be 0.8 mm, at least 0.4 mm, less than
1.2 mm, or other suitable size. The coupling pins that are
used to couple the gears of hinge 100 are not shown in
FIG. 5 to avoid over-complicating the drawing. Second
hinge portion 100-2 may have the same structures as
first hinge portion 100-1. For example, portion 100-2 may
have a satellite gear with teeth that engage teeth 76 in a
second region of surface 120, etc.
[0036] The ratio of the radius of gear 78 to the radius
of gear 92 may be 1.0, at least 0.1, at least 0.5, at least
0.7, at least 1, less than 1.5, less than 2, less than 10, or
other suitable ratio. The ratio of the radius of gear 78 to
the radius of gear 92 may be 0.25, at least 0.02, at least
0.07, at least 0.15, less than 0.5, less than 1.0, less than
2.0, less than 10, less than 20, or other suitable ratio.
The number of teeth of gear 78, gear 92, and member
72 may be 20, at least 3, at least 7, at least 10, at least
15, less than 200, less than 75, less than 30, or other
suitable number. The width (e.g., the dimension parallel
to axis 58 of FIG. 5) of gear 78, gear 92, and member 72
may each be between 1-100 mm, at least 0.5 mm, at
least 1.5 mm, at least 5 mm, at least 10 mm, at least 50
mm, at least 100 mm, less than 500 mm, less than 50
mm, less than 25 mm, less than 4 mm, or other suitable
width. Gear 78, gear 92, and member 72 may have teeth
that fully overlap or that partially overlap (e.g., by less
than 90%, less than 60%, less than 30%, or other suitable
amount of partial overlap). The height of each tooth may
be 0.1-10 mm, at least 0.2 mm, at least 0.5 mm, at least
1 mm, less than 20 mm, less than 10 mm, less than 3
mm, or other suitable size.
[0037] In hinge portion 100-1, a hinge structure reten-
tion member such as linkage member 84 holds the
toothed structures of hinge 100 together during hinge
operation. In particular, linkage member holds gear 78
against member 72 so that teeth 80 of gear 78 engage
teeth 76 of member 72 as gear 78 walks along curved
surface 102. Linkage member 84 also holds gear 78
against gear 92, so that teeth 80 engage teeth 94 of gear
92. Satellite gear 92 may be welded to housing portion
12-1 or otherwise fixedly attached to housing portion 12-1
(e.g., using adhesive, using fasteners, using structures
that are formed integrally with portion 12-1, etc.). The
gears of hinge portion 100-2 are coupled between mem-
ber 72 and housing portion 12-2 in the same fashion.
With this arrangement, gear 92 rotates with housing por-
tion 12-1.
[0038] A flexible display may be mounted to surfaces
106-1 and 106-2 of portions 12-1 and 12-2, respectively.
During operation, hinge 100 allows first housing portion
12-1 to rotate about bend axis 58 with respect to second
housing portion 12-2. The outer perimeter of hinge 100

passes along curved surface 104. Tip portions 108-1 and
108-2 of portions 12-1 and 12-2 and/or nearby portions
of an attached flexible display may be located at the ef-
fective pivoting points of the hinge. As a result, tip portions
108-1 and 108-2 rotate about these pivoting points during
folding and unfolding. During operation, the flexible dis-
play that is attached to surfaces 106-1 and 106-2 there-
fore bends evenly without an excessively small bend ra-
dius or undesired stretching.
[0039] FIGS. 6, 7, and 8 are cross-sectional side views
of hinge 100 showing how display 14 may bend during
folding of device 10. In the configuration of FIG. 6, device
10 has been folded in half and display 14 has been bent
180° from its unfolded state. Portions 12-1 and 12-2 and
corresponding surfaces 106-1 and 106-2 have retreated
away from each other in the unfolded state to allow suf-
ficient room for display 14 to bend without kinking. In the
configuration of FIG. 7, housing portion 12-1 has been
moved in direction 108 and housing portion 12-2 has
been moved in direction 110 to begin to unfold device
10. During unfolding, linkage member 84 pivots about
pin 74P in opening 74, gear 78 rotates about pin 82P in
opening 82 while walking along the curved toothed sur-
face of rack member 72. As gear 78 walks along the
surface of rack member 72, pin 82P in opening 82 traces
out an arc corresponding to the curved shape of the sur-
face of rack member 72. Gear 92 is fixed to housing por-
tion 12-1 and therefore does not rotate relative to housing
portion 12-1. Linkage member 84 holds gear 78 in en-
gagement with rack member 72 and holds gear 92 in
engagement with gear 78. The engagement of gear 92
and gear 78 restricts the angle A of housing portion 12-1
and display 14 relative to horizontal axis 112 versus the
location of a pivot point associated with gear 92 traveling
along pivot point arc 114. When device 10 is completely
unfolded, surfaces 106-1 and 106-2 are joined and form
a continuous planar support surface for display 14 as
shown in FIG. 8.
[0040] The ratio of gear 78 to gear 92 can be selected
to help minimize undue stress in display 14 as display
14 is folded an unfolded. For example, this gear ratio can
be selected so that the horizontal velocity component of
a pivot point such as pivot point 116 is zero or nearly zero
as device 10 is folded and unfolded. Pivot point 116 may
be located at any suitable location relative to display 14.
In a first embodiment, pivot point 116 is located on a
surface of display 14. In a second embodiment, pivot
point 116 is located within display 14. In a third embod-
iment, pivot point 116 is located away from the interior
of display 14 and away from the surfaces of display 14
(e.g., pivot point 116 is separated from display 14).
[0041] Two opposing movement effects are balanced
so as to cancel horizontal motion at pivot point 116 and
thereby reduce display stress. A leftward horizontal rel-
ative motion of pivot point 116 with respect to pin 96 arises
from the clockwise rotation of housing portion 12-1 as
device 10 unfolds. An equal and opposite rightward hor-
izontal motion of pivot point 116 arises during clockwise
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rotation of housing portion 12-1 as gear 78 rotates and
walks counterclockwise to the right along rack member
72, thereby causing linkage member 84 to rotate coun-
terclockwise so that gear 92 and pin 96 move to the right.
By balancing these leftward and rightward motions, pivot
points associated with flexible display 14 near the hinge
of device 10 such as pivot 116 may remain horizontally
stationary or nearly stationary as device 10 unfolds,
thereby helping to reduce stress on display 14.
[0042] In the example of FIG. 5, surface 102 of rack
member 72 has a circular arc shape and is characterized
by a single hinge point. As shown in FIG. 6, there is a
gap between the opposing surfaces of portions 12-1 and
12-2 when device 10 is in its folded configuration. With
this arrangement, a left-hand pivot point (e.g., point 116)
travels along a first axis that runs through opening 74
and a right-hand pivot point travels along a second axis
that runs through opening 74 during folding and unfold-
ing. The first and second axes are separated by a small
non-zero angle.
[0043] If desired, hinge 100 may be characterized by
a double hinge point. As shown in FIG. 9, for example,
each rack member 72 may have a toothed surface with
multiple separate and distinct arcs as shown by multiply
curved surface 102M of rack member 72 of FIG. 9. The
arcs of the first and second curved surface regions 102M-
1 and 102M-2 of member 72 are not part of a common
arc shape as is the case in a single hinge point configu-
ration of the type shown in FIG. 5. Hinge portion 100-1
may use the teeth of first region 102M-1 of surface 102M.
Hinge portion 100-2 may use the teeth of second region
102M-2 of surface 102M.
[0044] The teeth of each curved rack member surface
of FIG. 9 may be engaged by a respective one of rotating
gears 78. A corresponding gear 92 may be fixedly at-
tached to a portion of housing 12 (see, e.g., housing por-
tion 12-2 in the example of FIG. 9). A linkage member
84 may be used to couple the gears and member 72
together as described in connection with FIG. 5.
[0045] Curved surface 104M of FIG. 9 serves as a vis-
ual indicator of the outer perimeter of hinge 100 during
motion. With this type of arrangement, the left-hand pivot
point of the hinge travels along a first axis that runs ver-
tically and the right-hand pivot point of the hinge travels
along a second axis that runs vertically, parallel to the
first axis. There may be reduced amounts of horizontal
pivot point motion and reduced amounts of stress im-
posed on display 14 during folding with this type of ar-
rangement.
[0046] FIG. 10 is a cross-sectional side view of hinge
100 in an illustrative double hinge point configuration,
showing how display 14 may be mounted on the outer
surfaces of housing portions 12-1 and 12-2. In the illus-
trative configuration of FIG. 10, device 10 is an outwardly
folding device in which first and second halves of display
14 face away from each other when device 10 is folded.
Display 14 of FIG. 10 may be locally bent along two par-
allel axes (running into the page of FIG. 10) so that no

one portion of display 14 exhibits more than a 90° bend.
If desired, hinge structures such as hinge 100 (e.g., hinge
100 of FIG. 9) may be used to allow device 10 to fold
inwardly and/or to fold both inwardly and outwardly.
[0047] Device 10 may be operated in a system that
uses personally identifiable information. It is well under-
stood that the use of personally identifiable information
should follow privacy policies and practices that are gen-
erally recognized as meeting or exceeding industry or
governmental requirements for maintaining the privacy
of users. In particular, personally identifiable information
data should be managed and handled so as to minimize
risks of unintentional or unauthorized access or use, and
the nature of authorized use should be clearly indicated
to users.
[0048] According to an aspect of the invention, a fold-
able electronic device is provided that includes a housing
having a first housing portion and a second housing por-
tion that rotate with respect to each other, a flexible dis-
play that overlaps the first and second housing portions
and a hinge coupled between the first and second hous-
ing portions, the hinge includes a rack member and in-
cludes a first hinge portion and a second hinge portion
each of which has a first gear, a second gear, and a
linkage member that couples the first and second gears
of that hinge portion to the rack member.
[0049] Preferably, the second gear of the first hinge
portion is fixedly attached to the first housing portion and
the second gear of the second hinge portion is fixedly
attached to the second housing portion.
[0050] Preferably, the rack member has rack member
teeth that engage teeth on the first gear of the first hinge
portion and that engage teeth on the first gear of the
second hinge portion.
[0051] Preferably, the second gear of the first hinge
portion has teeth that engage the teeth of the first gear
of the first hinge portion and the second gear of the sec-
ond hinge portion has teeth that engage the teeth of the
first gear of the second hinge portion.
[0052] Preferably, the flexible display includes an or-
ganic light-emitting diode display with a first portion that
is supported on a surface of the first housing portion and
a second portion that is supported on a surface of the
second housing portion.
[0053] According to an aspect of the invention, a fold-
able electronic device is provided that includes a first
support structure, a second support structure, a flexible
display that has a first portion supported by the first sup-
port structure and a second portion supported by the sec-
ond support structure and that bends as the first and sec-
ond support structures rotate relative to each other during
folding and unfolding of the flexible display and a hinge
having a toothed member with a curved surface, the
hinge has a first hinge portion with first and second gears,
the first gear of the first hinge portion walks along the
curved surface and has a second hinge portion with first
and second gears, the first gear of the second hinge por-
tion walks along the curved surface.
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[0054] Preferably, the second gear of the first hinge
portion is coupled to the first support structure and does
not rotate relative to the first support structure during the
folding and unfolding of the flexible display and the sec-
ond gear of the second hinge portion is coupled to the
second support structure and does not rotate relative to
the second support structure during the folding and un-
folding of the flexible display.
[0055] Preferably, the curved surface has a first portion
that is curved along a first arc and has a second portion
that is curved along a second arc that is distinct from the
first arc.
[0056] Preferably, the curved surface forms a single
continuous arc that engages the first gear of the first hinge
portion and the first gear of the second hinge portion.
[0057] Preferably, the curved surface has first teeth in
a first region that engage teeth on the first gear of the
first hinge portion and has second teeth in a second re-
gion that engage teeth on the first gear of the second
hinge portion.
[0058] Preferably, the first hinge portion has a first link-
age member that holds the first gear of the first hinge
portion against the first region and that holds the first gear
against the second gear of the first hinge portion and the
second hinge portion has a second linkage member that
holds the first gear of the second hinge portion against
the second region and that holds the first gear of the
second hinge portion against the second gear of the sec-
ond hinge portion.
[0059] Preferably, the flexible display includes an or-
ganic light-emitting diode display.
[0060] Preferably, the first gear of the first hinge portion
and the first gear of the second hinge portion are rotatable
gears.
[0061] Preferably, the second gear of the first hinge
portion is attached to the first support structure and ro-
tates with the first support structure and the second gear
second hinge portion is attached to the second support
structure and rotates with the second support structure.
[0062] Preferably, the first hinge portion has a first link-
age member and the second hinge portion has a second
linkage member.
[0063] Preferably, the first linkage member holds the
first gear of the first hinge portion against the curved sur-
face while the first gear of the first hinge portion walks
along the curved surface and the second linkage member
holds the first gear of the second hinge portion against
the curved surface while the first gear of the second hinge
walks along the curved surface.
[0064] According to an aspect of the invention, a fold-
able electronic device is provided that includes a housing
having a first housing portion and a second housing por-
tion that rotate with respect to each other, a flexible dis-
play having a first portion that overlaps the first housing
portion and a second portion that overlaps the second
housing portion and a hinge with toothed structures, the
hinge has a first hinge portion coupled to the first housing
portion and a second hinge portion coupled to the second

housing portion, the first hinge portion is configured to
allow the flexible display to bend about a first pivot point
as the first housing portion is rotated and the second
hinge portion is configured to allow the flexible display to
bend about a second pivot point as the second housing
portion is rotated.
[0065] Preferably, the toothed structures include: first
and second gears in the first hinge portion and first and
second gears in the second hinge portion.
[0066] Preferably, the toothed structures include a rack
member with a curved surface and the first gear of the
first hinge portion and the first gear of the second hinge
portion have teeth that engage teeth on the curved sur-
face of the rack.
[0067] Preferably, the second gear of the first hinge
portion is fixedly attached to the first housing portion and
has teeth that engage the teeth of the first gear of the
first hinge portion and the second gear of the second
hinge portion is fixedly attached to the second housing
portion and has teeth that engage the teeth of the first
gear of the second hinge portion.
[0068] According to an aspect of the invention, a fold-
able electronic device is provided that includes a housing
having a first housing portion and a second housing por-
tion that rotate with respect to each other, a flexible dis-
play having a first portion that overlaps the first housing
portion and a second portion that overlaps the second
housing portion and a hinge with toothed structures in-
cluding a rack member with a curved surface, the hinge
is coupled between the first and second housing portions
and is configure to allow the flexible display to bend about
a pivot point as the first and second housing portions are
rotated with respect to each other.
[0069] Preferably, the toothed structures includes first
and second gears in the first hinge portion and first and
second gears in the second hinge portion, the second
gear of the first hinge portion is fixedly attached to the
first housing portion, the second gear of the second hinge
portion is fixedly attached to the second housing portion,
and the second gear of the first hinge portion and the
second gear of the second housing portion have teeth
that engage teeth on the curved surface of the rack.
[0070] The foregoing is illustrative and various modifi-
cations can be made to the described embodiments. The
foregoing embodiments may be implemented individual-
ly or in any combination.

Claims

1. A foldable electronic device (10), comprising:

a first support structure (12-1);
a second support structure (12-2) ;
a flexible display (14) that has a first portion sup-
ported by the first support structure (12-1) and
a second portion supported by the second sup-
port structure (12-2) and that bends as the first
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(12-1) and second (12-2) support structures ro-
tate relative to each other during folding and un-
folding of the flexible display (14); and
a hinge (100) having a toothed member with a
curved surface, wherein the hinge (100) has a
first hinge portion (100-1) with first (78) and sec-
ond (92) gears, wherein the first gear (78) of the
first hinge portion (100-1) walks along the curved
surface and has a second hinge portion (100-2)
with first (78) and second (92) gears, wherein
the first gear (78) of the second hinge portion
(100-2) walks along the curved surface.

2. The foldable electronic device (10) as defined in
claim 1 wherein the second gear (92) of the first hinge
portion (100-1) is coupled to the first support struc-
ture (12-1) and does not rotate relative to the first
support structure (12-1) during the folding and un-
folding of the flexible display (14) and wherein the
second gear (92) of the second hinge portion (100-2)
is coupled to the second support structure (12-2) and
does not rotate relative to the second support struc-
ture (12-2) during the folding and unfolding of the
flexible display (14).

3. The foldable electronic device (10) as defined in ei-
ther of claims 1 or 2 wherein the curved surface has
a first portion (102M-1) that is curved along a first
arc and has a second portion (102M-2) that is curved
along a second arc that is distinct from the first arc.

4. The foldable electronic device (10) as defined in ei-
ther of claims 1 or 2 wherein the curved surface forms
a single continuous arc that engages the first gear
(78) of the first hinge portion (100-1) and the first
gear (78) of the second hinge portion (100-2).

5. The foldable electronic device (10) as defined in any
preceding claim wherein the curved surface has first
teeth in a first region (102M-1) that engage teeth on
the first gear (78) of the first hinge portion (100-1)
and has second teeth in a second region (102M-2)
that engage teeth on the first gear (78) of the second
hinge portion (100-2).

6. The foldable electronic device (10) defined in claim
5 wherein the first hinge portion (100-1) has a first
linkage member (84) that holds the first gear (78) of
the first hinge portion (100-1) against the first region
(102M-1) and that holds the first gear (78) against
the second gear (92) of the first hinge portion (100-1)
and wherein the second hinge portion (100-2) has a
second linkage member (84) that holds the first gear
(78) of the second hinge portion (100-2) against the
second region (102M-2) and that holds the first gear
(78) of the second hinge portion (100-2) against the
second gear (92) of the second hinge portion
(100-2).

7. The foldable electronic device (10) as defined in any
preceding claim wherein the flexible display (14)
comprises an organic light-emitting diode display.

8. The foldable electronic device (10) as defined in any
preceding claim wherein the first gear (78) of the first
hinge portion (100-1) and the first gear (78) of the
second hinge portion (100-2) are rotatable gears.

9. The foldable electronic device (10) as defined in any
preceding claim wherein the second gear (92) of the
first hinge portion (100-1) is attached to the first sup-
port structure (12-1) and rotates with the first support
structure (12-1) and wherein the second gear (92)
of the second hinge portion (100-2) is attached to
the second support structure (12-2) and rotates with
the second support structure (100-2).

10. The foldable electronic device (10) as defined in any
preceding claim wherein the first hinge portion
(100-1) has a first linkage member (84) and wherein
the second hinge portion (100-2) has a second link-
age member (84).

11. The foldable electronic device (10) defined in claim
10 wherein the first linkage member (84) holds the
first gear (78) of the first hinge portion (100-1) against
the curved surface while the first gear (78) of the first
hinge portion (100-1) walks along the curved surface
and wherein the second linkage member (84) holds
the first gear (78) of the second hinge portion (100-2)
against the curved surface while the first gear (78)
of the second hinge portion (100-2) walks along the
curved surface.

12. The foldable electronic device (10) as defined in any
preceding claim wherein the flexible display (14)
comprises an organic light-emitting diode display
with a first portion that is supported on a surface
(106-1) of the first support structure (12-1) and a sec-
ond portion that is supported on a surface (106-2) of
the second support structure (12-2).

13. The foldable electronic device (10) as defined in any
preceding claim, wherein the first hinge portion
(100-1) is configured to allow the flexible display (14)
to bend about a first pivot point as the first support
structure (12-1) is rotated and wherein the second
hinge portion (100-2) is configured to allow the flex-
ible display (14) to bend about a second pivot point
as the second support structure (12-2) is rotated.

14. The foldable electronic device (10) as defined in any
preceding claim wherein the toothed member com-
prises a rack member (72) with a curved surface and
wherein the first gear (78) of the first hinge portion
(100-1) and the first gear (78) of the second hinge
portion (100-2) have teeth that engage teeth on the
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curved surface of the rack member (72).

15. The foldable electronic device (10) as defined in any
preceding claim wherein the second gear (92) of the
first hinge portion (100-1) is fixedly attached to the
first support structure (12-1) and has teeth that en-
gage the teeth of the first gear (78) of the first hinge
portion (100-1) and wherein the second gear (92) of
the second hinge portion (100-2) is fixedly attached
to the second support structure (12-2) and has teeth
that engage the teeth of the first gear (78) of the
second hinge portion (100-2).
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