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ROTATION SENSOR DEVICE

FIELD OF THE DISCLOSURE

[0001] Embodiments described herein generally relate to the field of electronic

devices, and more particularly, to a rotationsensor device.

BACKGROUND

[0002] End users have more electronic device choices than ever before. A number
of prominent technological trends are currently afoot (e.g., more computing devices, more
configurable displays, etc.), and these trends are changing the electronic device landscape.
One of the technological trends is a convertible or hybrid computer. The convertible
computer is any type of computer system that essentially functions as either a laptop or a
tablet computer. Current solutions often rely on a complex rotation detection mechanism to
determine the angle of rotation of the display and configure the system based on the angle of
rotation. In many instances, these mechanisms can be bulky, complex, expensive, and with
significant industrial design implications. Hence, there is a challenge in providing an electronic
device that allows the system to determine the rotation of the display that is not bulky,

complex, or has significant design implications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments are illustrated by way of example and not by way of limitation
in the FIGURES of the accompanying drawings, in which like references indicate similar
elements and in which:

[0004] FIGURE 1A is a simplified orthographic view illustrating an embodiment of an
electronic device, in accordance with one embodiment of the present disclosure;

[0005] FIGURE 1B is a simplified orthographic view illustrating an embodiment of an
electronic device, in accordance with one embodiment of the present disclosure;

[0006] FIGURE 1C is a simplified orthographic view illustrating an embodiment of an

electronic device, in accordance with one embodiment of the present disclosure;
1
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[0007] FIGURE 1D is a simplified orthographic view illustrating an embodiment of an
electronic device, in accordance with one embodiment of the present disclosure;

[0008] FIGURE 2 is a simplified block diagramillustrating an embodiment of a
portion of an electronic device, in accordance with one embodiment of the present disclosure;

[0009] FIGURE 3 is a simplified orthographic view illustrating an embodiment of a
portion of an electronic device, in accordance with one embodiment of the present disclosure;

[0010] FIGURE 4 is a simplified block diagram illustrating an embodiment of an
electronic device, in accordance with one embodiment of the present disclosure;

[0011] FIGURE 5is a simplified orthographic view illustrating an embodiment of an
electronic device, in accordance with one embodiment of the present disclosure;

[0012] FIGURE 6is a simplified block diagram associated with an example ARM
ecosystem system on chip (SOC) of the present disclosure; and

[0013] FIGURE 7 is a simplified block diagram illustrating example logic that may be
used to execute activities associated with the present disclosure.

[0014] The FIGURES of the drawings are not necessarily drawn to scale, as their
dimensions can be varied considerably without departing from the scope of the present

disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

OVERVIEW

[0015] In an example, there is disclosed a system, an apparatus, and a method for a
rotation sensor device. In one example embodiment, a device is provided and includes a
hinge to couple a first housing to a second housing. The hinge can include logic to detect a
rotation of the first housing around an axis of the hinge, relative to the second housing. The
logic may be included in a digital potentiometer integrated within the hinge.The logic can
include an inter-integrated circuit.

[0016] The device may further include a rotation detection module, where the
rotation detection module can receive an angle value signal from the logic and the angle
value signal can include an angle value that represents the angle the first housing rotated

around the axis of the hinge. In an example, the rotation detection module can determine
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the configuration of the device based on the angle value. The logicmay be integrated into a
shaft of the hinge. In addition, the detected rotation of first housingaround the axis may be

displayed on a display.

EXAMPLE EMBODIMENTS OF THE DISCLOSURE

[0017] A convertible or hybrid computer is any type of computer system that can
essentially function as either a computer or a tablet computer. Typical modern convertible
computers have a complex joint between the keyboard housing and the display and a
complex rotation detection mechanism to determine the angle of rotation of the display.
Typically, the base of a tablet computer attaches to the display at a single joint called a swivel
hinge or rotating hinge or through various other hinges, slots, supports, etc. The rotation of
the display on the hinge is detected by the rotation detection mechanism to determine the
configuration of the convertiblecomputer so the operating system can know the mode or
configuration of the convertible computer and set the system to operate appropriately.

[0018] Current convertible computer rotation detection mechanismsoften rely on
sensors and magnets in both of the display portion and the keyboard portion (or base) to do
the angle detection. Such a design can be complicated and greatly impact the design of the
convertiblecomputer.What is needed is a system and method that allows for a rotation
detection mechanism to determine the angle of rotation of the display without sacrificing
usability, performance, or cost and does not havesignificant industrial design implications.

[0019] The foregoing is offered by way of non-limiting examples in which the system
and method of the present specification may usefully be deployed. The following disclosure
provides many different embodiments, or examples, for implementing different features of
the present disclosure. Specific examples of components and arrangements are described
below to simplify the present disclosure. These are, of course, merely examples and are not
intended to be limiting. Further, the present disclosure may repeat reference numerals
and/or letters in the various examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between the various embodiments and/or
configurations discussed. Different embodiment many have different advantages, and no

particular advantage is necessarily required of any embodiment.
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[0020] In the examples of the present specification, a system and method can be
provided that allows for a rotation detection mechanismwithout sacrificing usability,
performance, or cost or having significant industrial design implications. In one example,a
hinge is integrated with asensor deviceto detect when afirst housing rotates from about zero
degrees (0°) to about three hundred and sixty degrees (360°) relative to a second housing.
The sensor devicecan share the same shaft with the hinge that connects or couples the first
housing with the second housing.

[0021] In a specific example, the sensor devicemay be a digital potentiometer. The
potentiometer can detect the angle position or angle value, convert the detected angle value
to digital signals, and send the angle value to a rotation detection module (e.g., application
processor, sensor hub,platform controller hub (PCH), etc.) in the electronic device. The
rotation detection module can use the detected angle value to determinethe configuration of
the system and set the system to operate in the correct mode or configuration and provide
the appropriate user experience. In an example, the detected angle value may be displayed
on a display to illustrate the angle of the display.

[0022] In an example, the digital potentiometercandetecttheangle changeofashaftof
the hinge andconverttheanglechangetodigitalsignals that include the detected angle value. In
an embodiment, thedigitalpotentiometer may bebondedwiththehinge and have an Inter-
Integrated Circuit(I2C)interfaceusingl2Csignals (e.g., Vcc,I12C_CLK,12C_DATA,GND)whichare
sent to the rotation detection module.The 12C interface can be a multimaster serial single-
ended computer bus used for connectingthe sensor device to the rotation detection module.
The 12C interface may use only two bidirectional open-drain lines, (Serial Data Line (SDA) and
Serial Clock (SCL)), pulled up with resistors. Typical voltages used are +5 V or +3.3 V although
other voltages may be used.

[0023] The sensor devicecan determine the angle of rotation of the first
housingwithout sacrificing usability, performance, or cost or having significant industrial
design implications. Due to its ability to be placed in the hinge, the sensor devicecan
savespaceforthechassisdesign and provide a lowcost when comparedtocurrentsolutions. Thus,
the sensor devicecan berelatively easy to implement in the system design, greatly reduce

hardware and software complexity, and save chassis space.
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EXAMPLE EMBODIMENTS

[0024] The following detailed description sets forth example embodiments of
apparatuses, methods, and systems relating todetection of display rotation mechanismsor
devices for an electronic device. Features such as structure(s), function(s), and/or
characteristic(s), for example, are described with reference to one embodiment as a matter
of convenience; various embodiments may be implemented with any suitable one or more of
the described features.

[0025] FIGURE 1A is a simplified orthographic view illustrating an embodiment of an
electronic device 10 in aclosed clamshell configuration in accordance with one embodiment
of the present disclosure. Electronic device 10 may include a first housing 12,a second
housing14, and a hinge 16. Hinge 16 may include a sensor device 18. Second housing 14 may
include a rotation detection module 20. In an embodiment, first housing 12 or hinge 16 may
include rotation detection module 20.

[0026] In an embodiment, hinge 16 can include two separate components (as
illustrated in FIGURE 1A). In other embodiments, hinge 16 may include only one component
or more than two components. Hinge 16 can define an axis of rotation (or multiple axes of
rotation) that is shared between first housing 12 and second housing14.Sensor device 18 can
share the same shaft with hinge 16. In an embodiment, hinge 16 can include a printed circuit
board (PCB) interconnector or some other type of interconnector.

[0027] Using hinge 16, electrical current and signals can be passed between first
housing12 and second housing 14 to recharge an on-board battery or capacitor, power any
number of items (e.g., display, a wireless module, a camera, speakers, etc.), and provide a
communication path between first housing12 and second housing 14. In other examples,
electrical current and signals can be passed through a plug-in connector (e.g., whose male
side protrusion connects to first housing12and whose female side connects to second housing
14 or vice-versa) or a wireless connector (e.g., Wi-Fi, Bluetooth, etc.). Note that any number
of connectors (e.g., Universal Serial Bus (USB) connectors (e.g., in compliance with the USB
3.0 Specification released in November 2008), Thunderbolt™ connectors, a non-standard

connection point such as a docking connector, etc.) can be provisioned in conjunction with
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electronic device 10. [Thunderbolt™ and the Thunderbolt logo are trademarks of Intel
Corporation in the U.S. and/or other countries.]. Virtually any other electrical connection
methods could be used and, thus, are clearly within the scope of the present disclosure.In
one or more embodiments, electronic device 10may be any suitable electronic device having
a display such as a mobile device, a tablet computer and/or a tablet device (e.g., iPad), a
personal digital assistant (PDA), a smartphone, an audio system, a movie player of any type, a
computer docking station, etc.

[0028] In an embodiment, an electronic device (e.g., electronic device 10) can be
configured to use a sensor device (e.g., sensor device 18)to detect the angle position of a first
housing(e.g., first housing 12)relative to a second housing (e.g. second housing 14), convert
the angle value to digital signals, and send the angle value to an application processor (e.g.,
rotation detection module 20) in the electronic device. The application processor can use the
angle value, determine the configuration of electronic device 10, and set the system (e.g.,
operating system) of electronic device 10 to operate in the correct mode or configuration and
to provide the appropriate user experience.

[0029] Turning to FIGURE 1B, FIGURE 1Bis a simplified orthographic view illustrating
electronic device 10 in an open clamshell configuration, in accordance with one embodiment
of the present disclosure. Second housing 14 may include an input device 26 (e.g., a
mechanical keyboard or a touch screen keyboard). First housingl2 may include a display 22.
Display 22 may be a liquid crystal display (LCD), organic light-emitting diode (OLED), or some
other type of display. Electronic device 10 can include a battery and various electronics (e.g.,
wireless module (e.g., Wi-Fi module, Bluetooth module, etc.) processor, memory, camera, a
microphone, speakers, etc.).

[0030] In one or more embodiments, second housing 14 can function as an input
device and may include a mechanical keyboard, touch screen, input area, etc. The touch
screen can detect the presence and location of a touch within the touch screen area. In one
example, the touch screen can be configured to allow for the input of letters, numbers,
characters, functions, etc. similar to a mechanical keyboard and the touch screen may be

used in place of (or instead of) a mechanical keyboard. In another example, the touch screen
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may supplement a mechanical keyboard and may be configured to operate as a number key
pad, design area, function call, or some other similar input area.

[0031] As illustrated in FIGURE 1B, first housing 12 has been rotated on hinge 16.
Sensor device 18 can detect the rotation of first housing 12 relative to the second housingand
send anangle value to rotation detection module 20. Rotation detection module 20 can
receive the angle value, determine the configuration of electronic device 10, and set the
system to operate in thecorrect mode or configuration. For example, sensor device 18 may
detect that first housing 12 has rotated to an angle of one hundred degrees (100°) on hinge
16. Sensor device 18 can send an angle value of 100° to rotation detection module 20 and
rotation detection module 20 can determine that electronic device 10 is in an open clamshell
configuration. The operating system of electronic device 10 can then configure electronic
device 10 to operate in an open clamshell configuration.

[0032] Turning to FIGURE 1C, FIGURE 1C is a simplified orthographic view illustrating
electronic device 10 in a flat configuration in accordance with one embodiment of the present
disclosure.As illustrated in FIGURE 1C, first housing 12 has been rotated on hinge 16 to the
flat configuration. Sensor device 18 can detect the rotation and send the angle value to
rotation detection module 20. Rotation detection module 20 can receive the angle value,
determine the configuration of electronic device 10, and set the system (e.g., operating
system) of electronic device 10 to operate in thecorrect mode or configuration. For example,
sensor device 18 may detect that first housing 12 has rotated to an angle of one hundred and
eighty degrees (180°) on hinge 16. Sensor device 18 can send an angle value of 180° to
rotation detection module 20 and rotation detection module 20 can determine that
electronic device 10 is in a flat configuration. The operating system of electronic device 10
can then configure electronic device 10 to operate in a flat configuration.

[0033] Turning to FIGURE 1D, FIGURE 1Dis a simplified orthographic view illustrating
electronic device 10 in a tablet configurationin accordance with one embodiment of the
present disclosure. As illustrated in FIGURE 1D, first housing 12 has been rotated on hinge 16
to a tablet configuration. Sensor device 18 can detect the rotation and send the angle value
to rotation detection module 20. Rotation detection module 20 can receive the angle value,

determine the configuration of electronic device 10, and set the system (e.g., operating
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system) of electronic device 10 to operate in the correct mode or configuration. For example,
sensor device 18 may detect that first housing 12 has rotated to an angle of 360° on hinge 16.
Sensor device 18 can send an angle value of 360° to rotation detection module 20 and
rotation detection module 20 can determine that electronic device 10 is in a tablet
configuration. The operating system of electronic device 10 can then configure electronic
device 10 to operate in a tablet configuration.

[0034] The following information may be viewed as a basis from which one or more
embodiments may be explained. Although the embodiments described are related to
convertible computers, tablets, laptops, hybrid laptops, etc. there may be other
embodiments that deal with phone, PDAs, audio systems, etc.

[0035] A convertible computer, (e.g., a hybrid laptop, 2:1 Ultrabooks, etc.) is a
mobile computer that can include a clamshell or laptop configuration and a tablet
configuration. To convert from the clamshell configuration to the tablet configuration, often
the tablet or display (e.g., first housing 12) can be rotated around the base or keyboard (e.g.,
second housing 14). While convertible computers are a compelling way of delivering
convertibility from a clamshell configuration to a tablet configuration, in some designs, the
rotation detection mechanism can be complicated and greatly impact the design of the
convertible computer and can provide a negative user experience. Rotation detection
mechanisms for convertible computerscan be challenging to design and current convertible
computer rotation detection mechanisms often rely on sensors and magnets in both of the
first housing and the second housing to do the angle detection. Such a design can be
complicated and greatly impact the industrial design of the convertible computer.

[0036] In an embodiment, an electronic device can be configured with a sensor
device that canmitigate against bulky, complex, expensive, and significant industrial design
implications without compromising the user experience.ln a specific implementation, the
sensor device may be a digital potentiometer. The potentiometer can detect the angle
position or angle value, convert the angle value to a digital signal, and send the angle value to
a rotation detection module (e.g., application processor, sensor hub, platform controller hub

(PCH), etc.) in the electronic device. The rotation detection module can use the angle value
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to determine the configuration of the system and set the system to operate in thecorrect
mode or configuration and provide the appropriate user experience.

[0037] Note that any of the hinge or sensor deviceconfigurations, examples, or
embodiment discussed herein may be of any appropriate shape and dimensions, where its
construction could reflect an integral piece (e.g., of plastic, metal, fiber, any combination of
these, etc.) or its construction could reflect a number of components being fit together. The
hinge and sensor devicecould have various sub-parts (e.g., two sub-parts on either end of the
second housing or the first housing). The components could be hidden from sight, or exposed.
In certain implementations, the sensor devicecould be located almost anywhere in the
electronic device that would allow the sensor device to detect the rotation of the first
housing. It is imperative to note that any such alternatives and permutations are clearly
within the broad scope of the present disclosure.

[0038] Turning to FIGURE 2, FIGURE 2 is a simplified orthographic view illustrating
electronic device 10 in accordance with one embodiment of the present disclosure. As
illustrated in FIGURE 2, when hinge 16 is two separate segments, only one segment may
include sensor device 18. In another embodiment, each segment may include a sensor device
18. Sensor device 18 may be located anywhere in hinge 16 that will allow sensor device 18 to
detect the rotation of first housing 12.

[0039] Turning to FIGURE 3, FIGURE 3 is a simplified orthographic view illustrating
sensor device 18 in accordance with one embodiment of the present disclosure. Sensor
device 18 can include an attachment arm 30 and a digital potentiometer 40. Attachment arm
30 can be used to attach sensor device 18 to hinge 16.

[0040] Digital potentiometer 40 can include a Vcc pin 32, a CLK pin 34, a DATA pin
36, and a ground pin 38. Vcc pin 32 can provide positive supply voltage and ground pin 38
can supply negative voltage or act as a ground. CLK pin 34 can provide a system clock and
may be an inter-integrated circuit (I12C) clock pin. DATA pin 36 can be a data pin for data
transfer such as angle values and may be an 12C data pin.

[0041] Generally, a digital potentiometer (also referred to as a digipot) is a digitally
controlled electronic component that mimics the analog functions of a potentiometer.

Through digital input signals, the resistance between two terminals can be measured, just as
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in an analog potentiometer. In the illustrative example, the resistance between Vcc pin 32
and ground pin 38 can be measured and converted to an angle value. The angle value can be
sent on DAT pin 36 to rotation detection module 20, where the configuration of electronic
device 10 can be determined. While sensor device 18 is illustrated as including a digital
potentiometer, sensor device 18 may include any device that is capable of detecting the
rotation of first housing 12 (e.g., biased magnet and sensor chip, etc.).

[0042] Turning to FIGURE 4, FIGURE 4 is a simplified orthographic view illustrating
anelectronic device 10 in accordance with one embodiment of the present disclosure. Hinge
16 can define an axis of rotation that is shared between first housing12 and second housing
14 and allow first housing12 to rotate on an axis relative tosecond housing 14. For example,
first housing may rotate around second housing 14about 360°. In an illustrative example, the
360° rotation may be broken up into six different configurations. In other examples, the
rotation may be less than 360°%r may be broken up into any number of different
configurations.

[0043] For example, about zero (0) to about sixty degrees (60°) may be designated
as a closed laptop configuration. About 60°to about one hundred and twenty degrees(120°)
may be designated as an open clamshell configuration. About 120° to about one hundred
and eighty degrees(180°) may be designed as an open flat configuration. About 180° to about
two-hundred and forty degrees(240°) may be designated as a movie mode configuration.
About 240° to about three hundred degrees (300°) may be designated as a transitioning
tablet configuration. About 300° to about 360° may be designated as a tablet configuration.

[0044] Sensor device 18 can detect the approximate angle of rotation and send the
data to rotation detection module 20. Rotation detection module 20 can receive the data
and determine the configuration of electronic device 10. Based on the configuration of
electronic device 10, different systems, processes, elements, etc. can be activated or
deactivated. For example, when electronic device 10 is determined to be in a movie mode
configuration, a transitioning tablet configuration, or a tablet configuration, keyboard 26 may
be turned off or only certain keys on keyboard 26 may be operational.

[0045] Turning to FIGURE 5, FIGURE 5 is a simplified orthographic view illustrating a

portion of electronic device 10 in accordance with one embodiment of the present disclosure.
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As illustrated in FIGURE 5, hinge 16 can include a display rotation indicator 28. Display
rotation indicator 28 can provide a visual indication of the display rotation determined by
sensor device 18. For example, sensor device 18 may determine that first housing 12 has
rotated about one hundred and thirty five degrees (135°) on hinge 16. Sensor device 18 can
send the angle value to rotation detection module 20. Rotation detection module 20 can
send a signal that causesthe number “135” to be displayed on display rotation indicator 28.

[0046] Note that the embodiments of FIGURES 1A-5 are simply reflective of one of
the many possible design choices for electronic device 10. In other cases, the location, shape,
and size of hinge 16,sensor device 18, and rotation detection module 20 may be varied
considerably. For example, in certain cases, the length of hinge 16may occupy the entire
length of one side of first housing’s 12 and second housing’s 14 framework. In other cases,
sensor device 18 may be located someplace else on hinge 16 other than where illustrated in
the figures.

[0047] Turning to FIGURE 6, FIGURE 6 is a simplified block diagram associated with
an example ARM ecosystem SOC600 of the present disclosure. At least one example
implementation of the present disclosure can include the rotation detection features
discussed herein and an ARM component. For example, the example of FIGURE 6 can be
associated with any ARM core (e.g., A-9, A-15, etc.). Further, the architecture can be part of
any type of tablet, smartphone (inclusive of Android™ phones, iPhones™, iPad™ Google
Nexus™, Microsoft Surface™, personal computer, server, video processing components,
laptop computer (inclusive of any type of notebook), Ultrabook™ system, any type of touch-
enabled input device, etc.

[0048] In this example of FIGURE 6, ARM ecosystem SOC600 may include multiple
cores 606-607, an L2 cache control 608, a bus interface unit 609, an L2 cache 610, a graphics
processing unit (GPU) 615, an interconnect 602, a video codec 620, and a liquid crystal display
(LCD) I/F 625, which may be associated with mobile industry processor interface (MIPI)/ high-
definition multimedia interface (HDMI) links that couple to an LCD.

[0049] ARM ecosystem SOC600 may also include a subscriber identity module (SIM)
I/F 630, a boot read-only memory (ROM) 635, a synchronous dynamic random access

memory (SDRAM) controller 640, a flash controller 645, a serial peripheral interface (SPI)
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master 650, a suitable power control 655, a dynamic RAM (DRAM) 660, and flash 665. In
addition, one or more example embodiment include one or more communication capabilities,
interfaces, and features such as instances of Bluetooth™670, a 3G modem 675, a global
positioning system (GPS) 680, and an 802.11 Wi-Fi685.

[0050] In operation, the example of FIGURE 6 can offer processing capabilities,
along with relatively low power consumption to enable computing of various types (e.g.,
mobile computing, high-end digital home, servers, wireless infrastructure, etc.). In addition,
such an architecture can enable any number of software applications (e.g., Android™,
Adobe™Flash™ Player, Java Platform Standard Edition (Java SE), JavaFX, Linux, Microsoft
Windows Embedded, Symbian and Ubuntu, etc.). In at least one example embodiment, the
core processor may implement an out-of-order superscalar pipeline with a coupled low-
latency level-2 cache.

[0051] Turning to FIGURE 7, FIGURE 7 is a simplified block diagram illustrating
potential electronics and logic that may be associated with electronic device 10 discussed
herein. In at least one example embodiment, system 700 can include a touch controller 702,
one or more processors 704, system control logic 706 coupled to at least one of processor(s)
704, system memory 708 coupled to system control logic 706, non-volatile memory and/or
storage device(s) 732 coupled to system control logic 706, display controller 712 coupled to
system control logic 706, display controller 712 coupled to a display device 710, power
management controller 718 coupled to system control logic 706, and/or communication
interfaces 716 coupled to system control logic 706.

[0052] Hence, the basic building blocks of any computer system (e.g., processor,
memory, 1/O, display, etc.) can be used in conjunction with the teachings of the present
disclosure. Certain components could be discrete or integrated into a System on Chip (SoC).
Some general system implementations can include certain types of form factors in which
system 700 is part of a more generalized enclosure. In alternate implementations, instead of
notebook device/laptops, etc., certain alternate embodiments deal with mobile phones,
tablet devices, etc.

[0053] System control logic 706, in at least one embodiment, can include any

suitable interface controllers to provide for any suitable interface to at least one processor
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704 and/or to any suitable device or component in communication with system control logic
706. System control logic 706, in at least one embodiment, can include one or more memory
controllers to provide an interface to system memory 708. System memory 708 may be used
to load and store data and/or instructions, for example, for system 700. System memory 708,
in at least one embodiment, can include any suitable volatile memory, such as suitable
dynamic random access memory (DRAM) for example. System control logic 706, in at least
one embodiment, can include one or more |/O controllers to provide an interface to display
device 710, touch controller 702, and non-volatile memory and/or storage device(s) 732.

[0054] Non-volatile memory and/or storage device(s) 732 may be used to store data
and/or instructions, for example within software 728. Non-volatile memory and/or storage
device(s) 732 may include any suitable non-volatile memory, such as flash memory for
example, and/or may include any suitable non-volatile storage device(s), such as one or more
hard disc drives (HDDs), one or more compact disc (CD) drives, and/or one or more digital
versatile disc (DVD) drives for example.

[0055] Power management controller 718 may include power management logic
730 configured to control various power management and/or power saving functions. In at
least one example embodiment, power management controller 718 is configured to reduce
the power consumption of components or devices of system 700 that may either be operated
at reduced power or turned off when the electronic device is in a closed configuration. For
example, in at least one embodiment, when the electronic device is in a closed configuration,
power management controller 718 performs one or more of the following: power down the
unused portion of the display and/or any backlight associated therewith; allow one or more
of processor(s) 704 to go to a lower power state if less computing power is required in the
closed configuration; and shutdown any devices and/or components that are unused when
an electronic device is in the closed configuration.

[0056] Communications interface(s) 716 may provide an interface for system 700 to
communicate over one or more networks and/or with any other suitable device.
Communications interface(s) 716 may include any suitable hardware and/or firmware.
Communications interface(s) 716, in at least one example embodiment, may include, for

example, a network adapter, a wireless network adapter, a telephone modem, and/or a
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wireless modem. System control logic 706, in at least one embodiment, can include one or
more 1/O controllers to provide an interface to any suitable input/output device(s) such as,
for example, an audio device to help convert sound into corresponding digital signals and/or
to help convert digital signals into corresponding sound, a camera, a camcorder, a printer,
and/or a scanner.

[0057] For at least one embodiment, at least one processor 704 may be packaged
together with logic for one or more controllers of system control logic 706. In at least one
embodiment, at least one processor 704 may be packaged together with logic for one or
more controllers of system control logic 706 to form a System in Package (SiP). In at least one
embodiment, at least one processor 704 may be integrated on the same die with logic for one
or more controllers of system control logic 706. For at least one embodiment, at least one
processor 704 may be integrated on the same die with logic for one or more controllers of
system control logic 706 to form a System on Chip (SoC).

[0058] For touch control, touch controller 702 may include touch sensor interface
circuitry 722 and touch control logic 724. Touch sensor interface circuitry 722 may be
coupled to detect, using a touch sensor 720, touch input over a first touch surface layer and a
second touch surface layer of a display (i.e., display device 710). Touch sensor interface
circuitry 722 may include any suitable circuitry that may depend, for example, at least in part
on the touch-sensitive technology used for a touch input device 714. Touch sensor interface
circuitry 722, in one embodiment, may support any suitable multi-touch technology. Touch
sensor interface circuitry 722, in at least one embodiment, can include any suitable circuitry
to convert analog signals corresponding to a first touch surface layer and a second surface
layer into any suitable digital touch input data. Suitable digital touch input data for at least
one embodiment may include, for example, touch location or coordinate data.

[0059] Touch control logic 724 may be coupled to help control touch sensor
interface circuitry 722 in any suitable manner to detect touch input over a first touch surface
layer and a second touch surface layer. Touch control logic 724 for at least one example
embodiment may also be coupled to output in any suitable manner digital touch input data
corresponding to touch input detected by touch sensor interface circuitry 722. Touch control

logic 724 may be implemented using any suitable logic, including any suitable hardware,
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firmware, and/or software logic (e.g., non-transitory tangible media), that may depend, for
example, at least in part on the circuitry used for touch sensor interface circuitry 722. Touch
control logic 724 for at least one embodiment may support any suitable multi-touch
technology.

[0060] Touch control logic 724 may be coupled to output digital touch input data to
system control logic 706 and/or at least one processor 704 for processing. At least one
processor 704 for at least one embodiment may execute any suitable software to process
digital touch input data output from touch control logic 724. Suitable software may include,
for example, any suitable driver software and/or any suitable application software. As
illustrated in FIGURE 7, system memory 708 may store suitable software 726 and/or non-
volatile memory and/or storage device(s).

[0061] Note that in some example implementations, the functions outlined herein
may be implemented in conjunction with logic that is encoded in one or more tangible, non-
transitory media (e.g., embedded logic provided in an application-specific integrated circuit
(ASIC), in digital signal processor (DSP) instructions, software [potentially inclusive of object
code and source code] to be executed by a processor, or other similar machine, etc.). In
some of these instances, memory elements can store data used for the operations described
herein. This can include the memory elements being able to store software, logic, code, or
processor instructions that are executed to carry out the activities described herein. A
processor can execute any type of instructions associated with the data to achieve the
operations detailed herein. In one example, the processors could transform an element or an
article (e.g., data) from one state or thing to another state or thing. In another example, the
activities outlined herein may be implemented with fixed logic or programmable logic (e.g.,
software/computer instructions executed by a processor) and the elements identified herein
could be some type of a programmable processor, programmable digital logic (e.g., a field
programmable gate array (FPGA), a DSP, an erasable programmable read only memory
(EPROM), electrically erasable programmable read-only memory (EEPROM)) or an ASIC that
can include digital logic, software, code, electronic instructions, or any suitable combination

thereof.
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[0062] It is imperative to note that all of the specifications, dimensions, and
relationships outlined herein (e.g., specific commands, timing intervals, supporting ancillary
components, angles, materials, etc.) have only been offered for purposes of example and
teaching only. Each of these data may be varied considerably without departing from the
spirit of the present disclosure, or the scope of the appended claims. The specifications apply
only to one non-limiting example and, accordingly, they should be construed as such. In the
foregoing description, example embodiments have been described. Various modifications
and changes may be made to such embodiments without departing from the scope of the
appended claims. The description and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense.

[0063] Numerous other changes, substitutions, variations, alterations, and
modifications may be ascertained to one skilled in the art and it is intended that the present
disclosure encompass all such changes, substitutions, variations, alterations, and
modifications as falling within the scope of the appended claims. In order to assist the United
States Patent and Trademark Office (USPTO) and, additionally, any readers of any patent
issued on this application in interpreting the claims appended hereto, Applicant wishes to
note that the Applicant: (a) does not intend any of the appended claims to invoke paragraph
six (6) of 35 U.S.C. section 112 as it exists on the date of the filing hereof unless the words
"means for" or "step for" are specifically used in the particular claims; and (b) does not intend,
by any statement in the Specification, to limit this disclosure in any way that is not otherwise

reflected in the appended claims.
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EXAMPLE EMBODIMENT IMPLEMENTATIONS

[0064] One particular example implementation of an electronic device may include
activities associated with the detection of rotation for a device. The sensor device allows for
the rotation detection to be relatively simple without sacrificing usability, performance, or
cost or having significant industrial design implications. The sensor device can be a digital
potentiometer included in a hinge that couples or connects a first housing and a second
housing. In an example, the sensor device can include an inter-integrated circuit. In another
example, a rotation detection module can receive an angle value signal from the sensor
device. The angle value signal can include an angle value that represents an angle the first
housing has rotated on the hinge relative to the second housing. The rotation detection
module can determine the configuration of the electronic device based on the angle value in
the angle value signal. The sensor device can be integrated into a shaft of the hinge. In
another example implementation, the detected rotation of the first housingcan be displayed

on a display.

OTHER NOTES AND EXAMPLES

[0065] Example Al is a device that includes a hinge to couple a first housing to
asecond housing, the hinge including logic to detect a rotation of the first housing around an
axis of the hinge relative to the second housing.

[0066] In Example A2, the subject matter of Example A1 may optionally include
where the logic is included in a digital potentiometer integrated within the hinge.

[0067] In Example A3, the subject matter of any of the preceding ‘A’ Examples can
optionally includewhere the logic includes an inter-integrated circuit.

[0068] In Example A4, the subject matter of any of the preceding ‘A’ Examples can
optionally include a rotation detection module, where the rotation detection module can
receive an angle value signal from the logic. The angle value signal can include an angle value
that represents an angle the first housing rotated around the axis of the hinge.

[0069] In Example A5, the subject matter of any of the preceding ‘A’ Examples can
optionally include where the rotation detection module can determine the configuration of

the device based on the angle value in the angle value signal.
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[0070] In Example A6, the subject matter of any of the preceding ‘A’ Examples can
optionally include wherethe logic is integrated into a shaft of the hinge.

[0071] In Example A7, the subject matter of any of the preceding ‘A’ Examples can
optionally include where the detected rotation of the first housing is displayed on a display.

[0072] Example AA1l can include anconvertible computer that includes a first
housing, a second housing, a hinge tocouple the first housing to the second housing, and a
sensor device located in the hinge, where the sensor device is configured to detect a rotation
of the first housingaround an axis of the hinge relative to the second housing.

[0073] In Example AA2, the subject matter of any of the preceding ‘AA’ Examples
can optionally include where the sensor device is a digital potentiometer and includes an
inter-integrated circuit.

[0074] In Example AA3, the subject matter of any of the preceding ‘AA’ Examples
can optionally include a rotation detection module, where the rotation detection module can
receive an angle value signal from the sensor device. The angle value signal can include an
angle value that represents an angle the first housing has rotated around the axis of the hinge.

[0075] In Example AA4, the subject matter of any of the preceding ‘AA’ Examples
can optionally include where the rotation detection module can determine a configuration of
the convertible computer based on the angle value in the angle value signal.

[0076] In Example AAS5, the subject matter of any of the preceding ‘AA’ Examples
can optionally include where the sensor device is integrated into a shaft of the hinge.

[0077] In Example AA6, the subject matter of any of the preceding ‘AA’ Examples
can optionally include where the detected rotation of the first housing is displayed on a
display.

[0078] Example C1 is one or more computer readable medium having instructions
stored thereon, the instructions, when executed by a processor, cause the processor
todetermine an angle of rotation of a first housingaround an axis of a hinge relative to a
second housing using logic, wherein the logic is integrated in the hinge.

[0079] In Example C2, the subject matter of any of the preceding ‘M’ Examples can

optionally include where the logic is included a digital potentiometer.
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[0080] In Example C3, the subject matter of any of the preceding ‘M’ Examples can
optionally include where the logic includes an inter-integrated circuit.

[0081] In Example C4, the subject matter of any of the preceding ‘M’ Examples can
optionally include further instructions that, when executed by the processor, cause the
processor to send an angle value signal to a rotation detection module, where the angle value
signal includes an angle value that represents the determined angle of rotation.

[0082] In Example C5, the subject matter of any of the preceding ‘M’ Examples can
optionally include further instructions that, when executed by the processor, cause the
processor todetermine a configuration of an electronic device using the angle value.

[0083] In Example C6, the subject matter of any of the preceding ‘M’ Examples can
optionally include further instructions that, when executed by the processor, cause the
processor to display the detected rotation of the first housing on a display.

[0084] An example system S1 can include means for determining an angle of
rotation of a first housing on a hinge using a sensor device, wherein the sensor device is
integrated in the hinge.

[0085] An example system SS1 can include a hinge to couple a first housing to a
second housing and logiclocated in the hinge to detect a rotation of the first housing around
an axis of the hinge relative to the second housing.

[0086] In Example SS2, the subject matter of any of the preceding ‘SS’ Examples can
optionally include where the logic is included in a digital potentiometer.

[0087] In Example SS3, the subject matter of any of the preceding ‘SS’ Examples can
optionally include where the logic includes an inter-integrated circuit.

[0088] In Example SS4, the subject matter of any of the preceding ‘SS’ Examples can
optionally include a rotation detection module, where the rotation detection module can
receive an angle value signal from the logic.The angle value signal can include an angle value
that represents an angle the first housing has rotated around the axis.

[0089] In Example SS5, the subject matter of any of the preceding ‘SS’ Examples can
optionally include where the rotation detection module can determine the configuration of
an electronic device that includes the first housing and the second housing based on the

angle value signal.
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[0090] In Example SS6, the subject matter of any of the preceding ‘SS’ Examples can
optionally include where the logic is integrated into a shaft of the hinge.

[0091] Example X1 is a machine-readable storage medium including machine-
readable instructions to implement a method or realize an apparatus as in any one of the
Examples A1-A8, AA1-AA6, C1-C6, S1, and SS1-SS6. Example Y1 is an apparatus comprising
means for performing of any of the example methods. In Example Y2, the subject matter of
Example Y1 can optionally include the means for performing the method comprising a
processor and a memory. In Example Y3, the subject matter of Example Y2 can optionally

include the memory comprising machine-readable instructions.
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WHAT IS CLAIMED |IS:

1. A device, comprising:
a hinge to couple a first housing to a second housing, the hinge including logic
to detect a rotation of the first housing around an axis of the hinge, relative to the second

housing.

2. The electronic device of Claim 1, wherein the logic is included in a digital

potentiometerintegrated within the hinge.

3. The electronic device of Claim 2, wherein the logic includes an inter-integrated

circuit.

4. The electronic device of Claim 1, further comprising:
arotation detection module, wherein the rotation detection module can receive an
angle value signal from the logic, wherein the angle value signal includes an angle value that

represents an angle the first housing rotated around the axis of the hinge.

5. The electronic device of Claim 4, wherein the rotation detection module can

determine a configuration of the device based on the angle value in the angle value signal.

6. The electronic device of Claim 1, wherein the logicis integrated into a shaft of
the hinge.
7. The electronic device of Claim 1, wherein the detected rotation of the first

housing is displayed on a display.
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8. A convertible computer, comprising:

afirst housing;

asecond housing;

a hinge tocouple the first housing to the second housing; and

a sensor device located in the hinge, wherein the sensor device is configured to detect

a rotation of the first housing around an axis of the hinge, relative to the second housing.

9. The convertible computerof Claim 8, wherein the sensor device is a digital

potentiometer and includes an inter-integrated circuit.

10. The convertible computerof Claim 8, further comprising:
a rotation detection module, wherein the rotation detection module can receive an
angle value signal from the sensor device, wherein the angle value signal includes an angle

value that represents an angle the first housing rotated around the axis of the hinge.

11. The convertible computerof Claim 10, wherein the rotation detection module
can determine a configuration of the convertible computerbased on the angle value in the

angle value signal.

12. The convertible computerof Claim 8, wherein the sensor device is integrated

into a shaft of the hinge.

13. The convertible computerof Claim 8, wherein the detected rotation of the first

housing is displayed on a display.

14. One or more computer readable medium having instructions stored thereon,
the instructions, when executed by a processor, cause the processor to
determine,relative to a second housing, an angle of rotation of a first housing around

an axis of a hinge using logic, wherein the logic is integrated in the hinge.
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15. The medium of Claim 14, wherein the logic is included in a digital

potentiometer.

16. Themedium of Claim 15, wherein the logic includes an inter-integrated circuit.

17. The medium of Claim 14, furtherincluding instructions that, when executed by
the processor, cause the processor to:
sendan angle value signal to a rotation detection module, wherein the angle value

signal includes an angle value that represents the determined angle of rotation.

18. The medium of Claim 17, further including instructions that, when executed by
the processor, cause the processor to:

determinea configuration of an electronic device using the angle value.
19. The medium of Claim 14, further including instructions that, when executed by

the processor, cause the processor to:

displaythe detected rotation of the first housing on a display.

20. A system, comprising:

a hinge to couple a first housing to a second housing; and

logiclocated in the hingeto detect a rotation of the first housing around an axis of the
hinge, relative to the second housing.

21. The system of Claim 20, wherein the logic is included in a digital potentiometer.

22. The system of Claim 20, wherein the logic includes an inter-integrated circuit.
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23. The system of Claim 20, further comprising:
a rotation detection module, wherein the rotation detection module can receive an
angle value signal from the logic, wherein the angle value signal includes an angle value that

represents an angle the first housing has rotated around the axis.
24, The system of Claim 23, wherein the rotation detection module can determine
a configuration of anelectronic device that includes the first housing and the second housing

based on the angle value signal.

25. The system of Claim 20, wherein the logic is integrated into a shaft of the hinge.
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