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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuantto the requirementsof the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for whichthe information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonmentof the application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Departmentof Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.
Arecord from this system of records may be disclosed, as a routine use,in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a requestinvolving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended,pursuantto 5 U.S.C. 552a(m).
Arecord related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A recordin this system of records may be disclosed, as a routine use, to anotherfederal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services,or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of recordsfor this
purpose, and any otherrelevant (i.e., GSA or Commerce)directive. Such disclosure shall not
be used to make determinations aboutindividuals.

A record from this system of records maybe disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedorin which the proceedings were terminated and which applicationis
referenced byeither a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency,if the USPTO becomes aware ofa violation or potential
violation of law or regulation.
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The document was recorded in the United States Patent and Trademark Office at
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractorof the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended,pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, underauthority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be madein accordance with the GSA regulations governing inspection of recordsforthis
purpose, and any otherrelevant(i.e., GSA or Commerce)directive. Such disclosure shall not
be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use,to the public if the record wasfiled in an application which
became abandonedor in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomesawareof a violation or potential
violation of law or regulation.
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ATTORNEY DOCKET PATENT APPLICATION
080900.1118

P027102QRG-COA

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

First Named Inventor: Harald Philipp

Application No.: Unassigned

Filing Date: Herewith

Confirmation No.: Unassigned

Title: Capacitive Position Sensor

Information Disclosure Statement

Applicant submits this Information Disclosure Statement under 37 C.F.R. §
1.97(b)(3). Applicant respectfully requests the Examiner to consider and cite in the
examination of this Application the documents listed in the attached Form PTO/SB/08. This
Application is a continuing application under 35 U.S.C. § 120 of U.S. Patent Application No.
12/703614, filed 10 February 2010. Under 37 C.F.R. § 1.98(d), Applicant has not provided
copies of references previously submitted to or cited by the Office in U.S. Patent Application
No. 12/703614. Moreover, under 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not provided
copies of U.S. patents and U.S. patent application publications.

Under 37 C.F.R. § 1.97(g), the filing of this IDS shall not be construed as a
representation that a search has been made. Moreover, under 37 C.F.R. § 1.97(h), the filing
of this IDS shall not be construed to be an admission that the information cited in this IDS is

or is considered to be material to patentability as defined by 37 C.F.R. §1.56(b).
Furthermore, the filing of this IDS shall not be construed to be an admission that any
information cited in this IDSis or is considered to be prior art under 35 U.S.C. §§ 102-103.

The Commissioner may charge any fee due and credit any overpayment in this
Application to Deposit Account No. 02-0384 of Baker Botts L.L.P.

Respectfully submitted,

BAKER BOTTSL.L.P.

Attorneys for Applicant

Travis Thomas

Reg. No. 48,667

Date: 27 May 2011

DALO1:1163997
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CAPACITIVE POSITION SENSOR

RELATED APPLICATIONS

[1] This application is a continuation under 35 U.S.C. § 120 of U.S. Patent

Application No. 12/703614, filed 10 February 2010, which is a continuation under 35 U.S.C. §

120 of U.S. Patent Application No. 11/868566, filed 8 October 2007, which claims the benefit

under 35 U.S.C. §119(e) of U.S. Provisional Patent Application No. 60/862358, filed 20 October

2006.

 

TECHNICAL FIELD

[2] This disclosure generally relates to touch sensors.

DALO1:1163950.1
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BACKGROUND

[3] Particular embodiments relate to capacitive position sensors. Particular

embodiments relate more particularly to capacitive position sensors for detecting the position of

an object around a curved path.

[4] Capacitive position sensors are applicable to human interfaces as well as material

displacement sensing in conjunction with controls and appliances, mechanisms and machinery,

and computing.

[5] Capacitive position sensors in general have recently become increasingly

common and accepted in human interfaces and for machine control. In the field of home

appliances, it is now quite commonto find capacitive touch controls operable through glass or

plastic panels. These sensors are increasingly typified by U.S. Patent No. 6,452,514 which

describes a matrix sensor approach employing charge-transfer principles. Electrical appliances,

such as TVs, washing machines, and cooking ovens increasingly have capacitive sensor controls

for adjusting various parameters, for example volume, time and temperature.

[6] Due to increasing market demand for capacitive touch controls, there is an

increased need for lower cost-per-function as well as greater flexibility in usage and

configuration. There exists a substantial demand for new human interface technologies which

can, at the right price, overcome the technical deficits of electromechanical controls on the one

hand, and the cost of touch screens or other exotica on the other.

[7] EP1273851A2 discloses a device for adjusting temperature settings, power

settings or other parameters of a cooking apparatus. The device comprises a strip sensor which

may be linear, curved or circular and may be a capacitive touch sensor or some other form of

touch sensor. A linear display is arranged in parallel to the sensor. The capacitive touch sensor

is sensitive to the touch of a finger and the display strip is made up of multiple display segments

which illuminate to show the current touch setting as defined by a finger touch on the capacitive

touch sensor. A predeterminedcalibration curve relating to a parameterto be adjusted is mapped

onto the strip, the range extending from a minimum value to a maximum value. The minimum

value may correspond to an off condition of the domestic appliance. Additional operational

modes may be associated with the adjustment strip to ascribe new functions to the sensorstrip.

DALO1:1163950.1
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These can be selected by touching the display for a certain time. For example, a first additional

modecan be entered by touching for 5 seconds, and a second additional mode by touching for 10

seconds. One of the additional operational modes is a zoom mode which provides for fine

adjustment of the parameter value. The zoom operational mode can be activated by a contact

time of, for example, 10 seconds. In the zoom mode an additional digital display is activated to

show the current numerical value of the parameter being adjusted. In the zoom mode, only a

fraction (e.g. 10%) of the original adjustment range is mapped onto the adjustment strip so that

moving a finger across the full length of the sensor strip from left to right (or right to left) will

only increase (decrease) the current setting of the parameter value, thereby providing a finer

adjustment. During this fine adjustment, the display strip keeps its original function as a relative

indicatorofthe full range between the minimum and maximum values.

[8] More generally, linear, curved and circular sensor strips for adjusting cooker

settings have been known for many years, for example see U.S. Patent No. 4,121,204 (resistive

or capacitive sensor), DE19645907A1 (capacitive sensor), DE19903300A1 (resistive sensor),

and EP1602882A 1 (optical sensor).

[9] W02006/133976A1, WO2007/006624A1 and WO2007/023067A1 are more

recent examples of work on touch-sensitive control strips for domestic appliances using

capacitive sensors. These three patent applications were filed before the priority date of the

present application, but first published after the priority date of the present application. In

particular, WO2006/133976A1 and WO2007/023067A1 disclose sensors with a zoom function

similar to the abovedescribed EP1273851A2 which is used for setting a timer.

[10]|W0O2006/133976A1 provides an adjustmentstrip with two operational modes. In

the first mode the full parameter value range is mapped acrossthe sensorstrip. For example 0 to

99 minutes in a timer function. If a user wishes to set the timer to 30 minutes, he touches the

strip approximately one third way along. A parameter value of say 34 minutes is sensed by the

capacitive sensor, and displayed to the user on a numeric display. Once the initial value has been

set, the effect of touching the sensor field is automatically changed to a second mode in which

the parameter value is decreased (or increased) finely from the initially selected value by an

amount that depends on the distance moved by the finger along the sensorstrip. In the example,

DALO1:1163950.1
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the user can then slide his finger from right to left to reduce the time from 34 minutes to the

desired 30 minutes, using the display for visual feedback. In this way, the user can initially make

a rough selection of the desired parameter value with a point and touch action, and then refine it

to the exact value desired by a fingersliding action.

[11] W0O2007/023067A1 provides an adjustmentstrip with two operational modes that

switch between mappingthe full parameter value range across the sensorstrip and a partial range

selected to show the sub-range of parameter values between which the parameter is most often

set by auser. The exampleofsetting the timer on a cookeris given.

[12] While a zoom function is useful, prior art implementations of the zoom function

have limitations regarding the manner in which the transition is effected from the full range

mode to the zoom mode. In EP1273851A2, the user is made to wait for a certain time, 10

seconds in the specific example, until the transition occurs. On the other hand, in

W02006/133976AIthe transition automatically occurs as soon as a value from the full range is

selected.

DALO1:1163950.1
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SUMMARY

[13] Particular embodiments provide an improved capacitive position sensor for an

electrical appliance in which a desired parameter value can be moreefficiently and accurately

selected.

[14] Particular embodiments provide a capacitive position sensor for detecting a

position of an object comprising: a sensing element comprising a sensing path; at least one

terminal connected to the sensing element; at least one sensing channel connected to theat least

one terminal in which the sensing channel is operable to generate a signal indicative of

capacitance between the terminal and a system ground; means to determine a position of an

object on the sensing element; and means to further refine the position of the object

corresponding to a value in a parameter range ofvalues.

[15] Particular embodiments provide a capacitive position sensor for setting a

parameter or function to a desired value in a range of parameter or function values by

determining the position of an object on a capacitive position sensor, the capacitive position

sensor comprising: a sensing element comprising a sensing path; at least one terminal connected

to the sensing element; at least one sensing channel connected to the at least one terminal in

which the sensing channel is operable to generate a signal indicative of capacitance between the

terminal and a system ground; meansto determinea position of an object on the sensing element;

means to further refine the position of the object corresponding to a value in the range of

parameter or function values; and a processor operable to interpret and process the signal to

determine the approximate position of an object on the sensing path, the processor being

configured to provide a first mode of the capacitive position sensor in which the range of

parameter or function values is mapped onto the sensing path and in which the parameter or

function can be set to approximately the desired value by a touch of the sensing path at a first

point, and a second modein which displacement of an object on the sensing element adjusts the

parameter or function from the value initially set in the first mode, wherein the processor is

configured to switch from the first mode to the second mode responsive to capacitive coupling

caused by moving displacement of an object along the sensing path in relation to the first point

of touch.

DALO1:1163950.1
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[16] Particular embodiments provide a method for determining the position of an

object on a capacitive position sensor as hereinbefore defined, the method comprising bringing

an object into proximity with the sensing element so as to determine a position of the object,

initiating a change in mode of the sensor to respond to capacitive coupling caused by moving

displacement of an object on the sensor element, displacing an object on the sensing element to

select a value in a parameter range of values, and processing the signal to determine the selected

parametervalue.

[17] Particular embodiments provide a method for setting a parameter or function to a

desired value in a range of parameter or function values by determining the position of an object

on a capacitive position sensor, the capacitive position sensor comprising: a sensing element

comprising a sensing path; at least one terminal connected to the sensing element; at least one

sensing channel connectedto the at least one terminal in which the sensing channelis operable to

generate a signal indicative of capacitance between the terminal and a system ground; meansto

determinea position of an object on the sensing element; and meansto furtherrefine the position

of the object corresponding to a value in the range of parameter or function values, the method

comprising: in a first mode of the capacitive position sensor in which the range of parameter or

function values is mapped onto the sensing path bringing an object into proximity with the

sensing elementat a first point so as to determine a position of the object and therebyinitially set

the parameter or function to approximately the desired value; initiating a change in modeofthe

sensor from thefirst mode to a second moderesponsive to capacitive coupling caused by moving

displacement of the object along the sensing path in relation to the first point of touch of the

object on the sensing element; in the second mode displacing the object on the sensing element

to adjust the parameter or function from the value initially set to the desired value; and

processing the signal to determine the selected parameter or function value.

[18] In particular embodiments, the capacitive sensor may work in a first mode and a

second mode. In a first mode, a signal may be generated which is indicative of capacitive

coupling of an object, for example a user’s finger, with the sensing element. The signal

generated in the first mode may provide an approximate position of an object in relation to a

desired parameter value the user wishes to select. A processor may be provided to interpret and
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process the signal to determine the approximate position of an object on the sensing element. In

the first mode of operation, the capacitive sensor may generate a signal indicative of capacitive

coupling caused by bringing an object into proximity with a desired location on the sensor or by

moving displacement of the object in proximity with the sensing element.

[19] In particular embodiments, the capacitive sensor may enter a second mode of

operation if moving displacement of the object in proximity with the sensing element during a

first mode ofoperation exceeds a minimum threshold value. For example, for a sensing element

in the form of a rotary capacitive sensor, if a user displaces an object in proximity with the

sensing element during a first mode of operation by a minimum threshold angle in relation to a

first point of touch of the object on the sensing element, the capacitive sensor may switch into a

second mode of operation. The minimum threshold angle may be determined by an algorithm

programmed into a microcontroller and the threshold angle may be set at different values

depending on the sensitivity required and the parameter which is being adjusted. In one

embodiment, the threshold angle may be set at 20 degrees before the capacitive sensor switches

from the first mode to the second mode of operation. An approximate parameter value may be

obtained in the first mode and in the second mode a desired parameter value may beselected.

[20] Inthe second modeofoperation, an object may be displaced in proximity with the

sensing element by a pre-determined threshold value, for example 20 degrees, to effect an

incremental change in the parameter value thereby allowing a desired specific parameter value to

be selected. Advantageously, a capacitive sensor of particular embodiments operating inafirst

mode mayallow a parameter value to be selected (which may be the desired value, or near to the

desired value, the user wishes to select) and in a second mode the sensor may effect an

incremental increase or decrease of the parameter value selected in the first mode. In the second

mode, a parameter value may be increased or decreased by a pre-determined amount, for

example + | unit, +5 units, or + 10 units, based on the numberoftimes an object is displaced on

the sensing element exceeding a pre-determined threshold value. Therefore, the threshold value

may correspond to an increase or decrease of the parameter value by, say, + | unit, and each time

the threshold value is reached (n times) the parameter value will increase or decrease by + | (n

times + 1).

DALO1:1163950.1
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[21] In particular embodiments, the capacitive sensor may enter a second mode of

operation by effectively “zooming-in” on a narrower range of parameter values, compared to the

parameter range displayed in the first mode, so that a user may accurately select a desired

parameter value. The narrower range of parameter values shown during the second mode will be

determined by the parameter value selected in the first mode, for example plus and minus 10

units from the value selected in the first mode. In the second mode of operation, an object may

be displaced along the sensing elementso asto select the desired parametervalue.

[22] The processor for determining the position of an object in proximity with the

sensing elementin a first mode ofoperation may be operable for also determining the position of

an object in proximity with the sensing element in a second modeofoperation.

[23] In particular embodiments, the capacitive sensor may function in a first mode of

operation in which an approximate parameter value may be selected followed by a second mode

of operation in which a specific parameter value may be selected. The range of parameter values

associated with the capacitive sensor (i.e. the resolution) may determine whether a desired

parameter value can be selected in the first mode of operation. The second mode ofoperation

will allow a desired parameter value to be accurately selected, for example, either by zooming-in

on a narrower range of parameter values around the parameter value selected in the first mode

and displacing an object in proximity with the sensing elementto select the desired value, or, by

displacing an object in proximity with the sensing element to exceed a predetermined threshold

value in order to change the parameter value selected from the first mode by one or more

increments. The numberof times the threshold value is exceeded may determine the number of

times the parameter value is increased or decreased.

[24] A capacitive sensor of particular embodiments maybe incorporated into a control

panel of an electronic appliance or gadget, for example a cooking oven, microwave oven,

television, washing machine, MP3 player, mobile phone, or other multimedia device. A wide

range of parameters or functions may be controlled by the capacitive sensor of particular

embodiments, dependent on the type of electronic appliance in which the capacitive sensor is

incorporated, for example, temperature, volume, contrast, brightness, or frequency. The

parameter or function to be controlled may be selected prior to use of the capacitive sensor.
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[25] Advantageously, the sensor has a higher degree of resolution in the second mode

allowing a user to movetheir finger in proximity with the sensing element to select a specific

parameter value. If the sensing elementis in the form of a closed loop, a user may be able to

scroll clockwise or anticlockwise around the sensing element to select the desired value. In the

second modefor example, a 20 degree rotation may be equivalent to changing a parameter value

by 1 unit. The amount of rotation required by an object on the sensing element to cause an

incremental change in a parameter value may be varied dependent on the parameter or function

being controlled. Control circuitry or a program-controlled microprocessor may be used to

control the degree of rotation required to cause a change in a parameter value.

[26] In particular embodiments, the sensing element is arcuate in shape. In particular

embodiments, the sensing elementis in the form of a closed loop for use in a rotary capacitive

position sensor. In a rotary capacitive position sensor embodiment, an object may be moved

along the sensing elementof the sensor for a plurality of revolutions and the distance moved by

the object may determinethe output signal which is generated by the sensing channel(s).

[27] In the first mode of operation of the capacitive sensor, capacitive coupling of an

object in proximity with a sensing element may be detected to give an approximate position in

relation to a range of values for a given parameter. If a user wishes to obtain different position

data, the object may be removed from proximity with the sensing element and then brought into

proximity with the said sensing element again. In other words, a user mayinitiate the first mode

of the sensor again simply by retouching the sensing element. When the second mode of

operation is initiated, a user may scroll the sensing element to select a specific value of a certain

parameter. An output signal may be generated indicative of a specific parameter value when an

object ceases displacementat a certain position on the sensing element. In an embodiment,if a

user releases touch from the sensing element in a second mode and retouches the sensing

elementthen the first mode ofoperation may beactivated again.

[28] In particular embodiments, the capacitive position sensor may further comprise

one or more discrete sensing areas in the centre region of a rotary sensing element. If the sensing

areas in the centre region of the sensing clement sense capacitive coupling to an object, any

signal produced from the sensing element is reduced or “locked out” using the Adjacent Key
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Suppression™ technology described in the applicant’s earlier U.S. Patent No. 6,993,607 and

U.S. Patent Application Publication No. 2006/0192690, both incorporated herein by reference.

Any output signal from the rotary sensing element caused by capacitive coupling with an object

may also lock out a signal from the central sensing areas. The sensing element may be embodied

by a single resistor, for example it may comprise a resistive material deposited on a substrate to

form a continuous pattern. This provides for an easy-to-fabricate resistive sensing element

which can be deposited on the substrate in any one of a range of patterns. Alternatively, the

sensing element may be made from a plurality ofdiscrete resistors. The discrete resistors may be

alternately connected in series with a plurality of conducting sense plates, the sense plates

providing for increased capacitive coupling between the object and the resistive sensing element.

This provides for a resistive sensing element which can be fabricated from widely available off-

the-shelf items. The disclosure of WO2005/019766 is incorporated herein by reference as an

example of the capacitance measurementcircuitry which may be used. Alternatively, a resistor-

less sensing elementsimilar to that described in U.S. Patent No. 4,264,903 may be used to form

the capacitive sensor of particular embodiments.

[29] The resistive sensing element may have a substantially constant resistance per

unit length. This provides for a capacitive position sensor having a simple uniform response.

Wheregreater positional resolution is required or when employingarelatively long resistive

sensing element, the resistive sensing element may includea plurality of terminals.

[30] The object to be detected may be a pointer, for example a finger or a stylus, which

can be freely positioned by a user. Alternatively, the object may be a wiperheld in proximity to

the resistive sensing element, the position of the wiper alongthe resistive sensing element being

detected by the capacitive position sensor. The position of the wiper may be adjusted by a user,

for example by turning a rotary knob, or may be coupled to a shaft driven by connected

equipment such that the capacitive position sensor can act as an encoder.

[31] Particular embodiments provide a sensor having highreliability, a sealed surface,

low power consumption, simple design, ease of fabrication, and the ability to operate using off-

the-shelf logic or microcontrollers.
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[32] In U.S. Patent No. 6,466,036, the applicant teaches a capacitive field sensor

employing a single coupling plate to detect change in capacitance to ground. This apparatus

comprises a circuit employing repetitive charge-then-transfer or charge-plus-transfer cycles

using common integrated CMOSpush-pull driver circuitry. This technology forms the basis of

particular embodiments andis incorporated by reference herein.

[33] Some definitions are now made. “Element” refers to the physical electrical

sensing element made of conductive substances. “Electrode” refers to one of the galvanic

connection points made to the element to connect it to suitable driver/sensor electronics. The

terms “object” and “finger” are used synonymously in reference to either an inanimate object

such as a wiper or pointer or stylus, or alternatively a human finger or other appendage, any of

whose presence adjacent the element will create a localized capacitive coupling from a region of

the element back to a circuit reference via any circuitous path, whether galvanically or non-

galvanically. The term “touch” includes either physical contact between an object and the

element, or, proximity in free space between object and element, or physical contact between

object and a dielectric (such as glass) existing between object and element, or, proximity in free

space including an intervening layer of dielectric existing between object and element.

Hereinafter the terms “circle” or “circular” refer to any ellipsoid, trapezoid, or other closed loop

of arbitrary size and outline shape having an open middle section.
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BRIEF DESCRIPTION OF THE DRAWINGS

[34] FIGURE | shows a control panel of an apparatus embodying a rotary capacitive

sensor, the sensor being usedin a first mode of operation.

[35] FIGURE 2A showsthe capacitive sensor of FIGURE | being used in a second

modeof operation, with the user scrolling around the sensor in an anticlockwise direction.

[36] FIGURE 2B showsthe capacitive sensor of FIGURE | being used in a second

modeofoperation, with the user scrolling around the sensorin a clockwisedirection.

[37] FIGURE 3 shows a control panel of an apparatus according to another

embodiment, in which a rotary capacitive sensor is being used in a first mode of operation.

 
[38] FIGURE 4 showsthe capacitive sensor of FIGURE 3 being used in a second

modeofoperation.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[39] FIGURE1 illustrates part of a control panel 50 having a capacitive sensor 60 and

a digital readout display 70. The control panel 50 may be incorporated into an electronic

appliance such as a cooking oven, microwave oven, washing machine, fridge freezer, television,

MP3 player, mobile telephone or the like. The parameter or function to be controlled by the

capacitive sensor will depend on the type of electrical appliance in which the capacitive sensoris

incorporated. Parameters like volume, temperature, operating program, brightness, contrast are

some examples of functions that may be controlled by the capacitive sensor of particular

embodiments. In particular embodiments, the parameter to be controlled may be chosen from a

predetermined list of parameters so that a user may advantageously adjust different parameters

on an electrical appliance or apparatus. The capacitive sensor 60 shown in FIGURE|isset to

control cooking temperature of a microwaveor cooking oven.

[40] The capacitive sensor 60 comprises a rotary sensing element 100 for detecting

capacitive coupling with an object, typically an operator’s finger. A Liquid Crystal Display 75

(or other known display) is formed in the control panel 50 to illuminate the temperature scale

around the sensing element. The temperature scale ranges from 0 to 300 degrees Centigrade.

The capacitive sensor 60 is showninafirst mode of operation in which a user’s finger is used to

select a cooking temperature. A user’s finger 80 is shown in proximity with a portion of the

sensing element 100 corresponding to a temperature of 175 degrees Centigrade (°C) which is

displayed on the digital readout display 70. The selected temperature of 175°C may be the

desired temperature required by the user, but in most cases the temperature selected in thefirst

modeofoperation will indicate a temperature near to the actual temperature required bythe user.

A user may re-touch the sensing element 100 of the sensor to reactivate the first mode of

operation and select a different temperature. The resolution of the sensor may determine how

close the temperature selected in the first modeis to the desired temperature sought by the user.

[41] Turning now to FIGURES 2A and 2B, the capacitive sensor 60 is shown in a

second mode of operation. The capacitive sensor automatically enters the second mode of

operation after a temperature has been selected in the first mode of operation. In the second

mode, a user is able to increase or decrease the temperature selected in the first mode by a pre-
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determined increment. Changing the temperature by a given increment depends on a user

displacing their finger in proximity with the sensing element 100 by a pre-determined threshold

angle. The embodiment shown in FIGURES 2A and 2B requires a 20° rotation (i.e. threshold

angle is 20°) to effect a temperature change of + 1°C.

[42] As shown in FIGURE 2A,a user has displaced their finger in proximity with the

sensing element 100 in an anti-clockwise direction to decrease the temperature of 175°C selected

in the first mode. The user has movedhis finger by 40° (i.e. 2x the threshold angle) from the

first point of touch in the first mode of operation, to cause a temperature decrease by 2°C to

173°C (shown by arrow C). As shown in FIGURE2B,the user has movedhis finger by 40° in a

clockwise direction from the first point of touch in the first mode of operation, to cause a

temperature increase by 2°C to 177°C (arrow D). Advantageously, the capacitive sensor in the

second mode of operation allows a user to accurately select a desired temperature. The

resolution of the capacitive sensor in the second modeofoperation is typically finer than that in

the first mode of operation. The threshold angle may bere-settable and is typically determined

by a program stored in a microcontroller.

[43] In the second modeofoperation asillustrated in FIGURES 2A and 2B, a+ and-

indicator display 92 is present above the capacitive sensor 60 to indicate to the user that the

temperature can be increased or decreased by 1 unit(s). The digital display 70 shows the

temperature as it is changed by the user. The LCD 75 showingthe temperature scale in thefirst

modeis no longer highlighted during the second modeofoperation.

[44] FIGURE3 illustrates a rotary sensing element 20 of a capacitive position sensor

10 embodying particular embodiments. The capacitive sensor 10 is incorporated into a control

panel of a cooking oven. The capacitive sensor 10 shown in FIGURE|is used to select a

desired cooking temperature, although the sensor could be used for selecting any particular

parameter value based on the electrical appliance in use. The sensor of FIGURE | is shown in a

first mode of operation. A user’s finger 30 approaches the rotary sensing element 20 and is

capacitively coupled to the sensing element in the region between 150 to 200°C. A temperature

of 175°( is shownin the digital display 70. The first mode of operation of the sensor allowsthe

user to select an approximate cooking temperature. The rotary sensing element 20 may have a
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diameter of about 2 inches which, previously, would have made it difficult for a user to

accurately select a certain temperature.

[45] The capacitive sensor 10 automatically enters a second mode ofoperation after a

temperature has been selected in the first mode, as illustrated in FIGURE 4. As shown in

FIGURE 4,the temperature scale around the sensing element 20 has been modified or reset to

expand the temperature range in the capacitively coupled region determined from the first mode

of operation. The user may now select a desired temperature for cooking by scrolling his finger

clockwise or anticlockwise around the sensing element until the desired temperature is reached,

in this case 180°C as shown on the digital display 70. The temperature scale illustrated in

FIGURE4is only an example of how the capacitive sensor may be programmed to zoom in on a

pre-determined temperature range. In the second mode ofoperation, the number of degrees of

rotation required to effect a temperature change by a certain increment may be adjusted. The

temperature selected may be displayed on an analogueor digital readout display formed within

the control panel, such as on digital display 70.

[46] Herein, “or” is inclusive and not exclusive, unless expressly indicated otherwise

or indicated otherwise by context. Therefore, herein, “A or B” means “A, B, or both,” unless

expressly indicated otherwise or indicated otherwise by context. Moreover, “and”is both joint

and several, unless expressly indicated otherwise or indicated otherwise by context. Therefore,

herein, “A and B” means “A andB,jointly or severally,” unless expressly indicated otherwise or

indicated otherwise by context.

[47] This disclosure encompassesall changes, substitutions, variations, alterations, and

modifications to the example embodiments herein that a person having ordinary skill in the art

would comprehend. Similarly, where appropriate, the appended claims encompassall changes,

substitutions, variations, alterations, and modifications to the example embodiments herein that a

person having ordinary skill in the art would comprehend. Moreover, reference in the appended

claims to an apparatus or system or a component of an apparatus or system being adapted to,

arranged to, capable of, configured to, enabled to, operable to, or operative to perform a

particular function encompasses that apparatus, system, component, whether or not it or that
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particular function is activated, turned on, or unlocked, as long as that apparatus, system, or

componentis so adapted, arranged, capable, configured, enabled, operable, or operative
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WHAT IS CLAIMEDIS:

1, A method comprising:

receiving one or morefirst signals indicating one or morefirst capacitive couplings of an

object with a sensing element that comprises a sensing path that comprises a length, the first

capacitive couplings corresponding to the object coming into proximity with the sensing element

at a first position along the sensing path of the sensing element

determining based on one or moreofthefirst signals the first position of the object along

the sensing path;

setting a parameter to an initial value based on the first position of the object along the

sensing path, the initial value comprising a particular parameter value and being associated with

a range of paratemeter values, the range of parameter values being associated with the length of

the sensing path;

receiving one or more secondsignals indicating one or more second capacitive couplings

of the object with the sensing element, the second capacitive couplings corresponding to a

displacement of the object along the sensing path from the first position; and

determining based on one or more of the second signals the displacement of the object

along the sensing path; and

adjusting the parameter within the range of paratemeter values based on the displacement

of the object along the sensing path.

2. The method of Claim 1, wherein the sensing path comprises a closed loop.

3. The method of Claim 1, further comprising switching from a first mode of

operation to a second modeof operation in response to one or more of the second signals if the

displacement corresponding to the second capacitive couplings indicated by the second signals

exceeds a pre-determined threshold, the second mode of operation being for adjusting the

parameter within the range of parameter values based on the displacementof the object along the

sensing path, the first mode ofoperation being for setting the parameterto the initial value.
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4, The method of Claim 3, wherein the pre-determined threshold value is determined

at least in part by the initial value and a sensitivity setting, the pre-determined threshold value

being different for different initial values or different sensitivity settings.

5. The method of Claim 1, wherein adjusting the parameter comprises effecting an

incremental change in the parameter from the initial value based on an amount of the

displacement exceeding a pre-determined displacement threshold.

6. The method of Claim 1, wherein adjusting the parameter comprises changing the

parameter from the initial value by a numberof units based on a numberoftimes an amount of

the displacement exceeds a pre-determined displacementthreshold.

7. The method of Claim 1, further comprising mappingall or a portion of the range

of parameter values onto the sensing path aroundthe initial value.

8. The method of Claim 1, wherein the parameter is selected from the group

consisting of temperature, volume, contrast, brightness, and frequency.

9. The method of Claim 1, wherein the sensing element is part of an electronic

appliance selected from the group consisting of a cooking oven, microwave oven,television,

washing machine, MP3 player, mobile phone, and multimedia device.

10. One or more computer-readable non-transitory storage media embodying logic

that is operable when executed to:

receive one or morefirst signals indicating one or more first capacitive couplings of an

object with a sensing element that comprises a sensing path that comprises a length, thefirst

capacitive couplings corresponding to the object coming into proximity with the sensing element

at a first position along the sensing path of the sensing element
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determine based on one or moreofthe first signals the first position of the object along

the sensing path;

set a parameter to an initial value based on the first position of the object along the

sensing path, the initial value comprising a particular parameter value and being associated with

a range of parameter values, the range of parameter values being associated with the length of

the sensing path;

receive one or more secondsignals indicating one or more second capacitive couplings of

the object with the sensing element, the second capacitive couplings corresponding to a

displacementof the object along the sensing path from thefirst position; and

determine based on one or more of the second signals the displacement of the object

along the sensing path; and

adjust the parameter within range of parameter values based on the displacement of the

object along the sensing path.

11. |The media of Claim 10, wherein the sensing path comprises a closed loop.

12. The media of Claim 10, wherein the logic is further operable to switch fromafirst

mode of operation to a second mode of operation in response to one or more of the second

signals if the displacement corresponding to the second capacitive couplings indicated by the

second signals exceeds a pre-determined threshold, the second mode of operation being for

adjusting the parameter within the range of parameter values based on the displacement of the

object along the sensing path, the first mode of operation being for setting the parameter to the

initial value.

13. The media of Claim 12, wherein the pre-determined threshold value is determined

at least in part by the initial value and a sensitivity setting, the pre-determined threshold value

being different for different initial values or different sensitivity settings.
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14. The media of Claim 10, wherein adjusting the parameter comprises effecting an

incremental change in the parameter from the initial value based on an amount of the

displacement exceeding a pre-determined displacementthreshold.

15. The media of Claim 10, wherein adjusting the parameter comprises changing the

parameter from the initial value by a number of units based on a numberof times an amount of

the displacement exceeds a pre-determined displacementthreshold.

16. The media of Claim 10, wherein the logic is further operable to map all or a

portion of the range of parameter values onto the sensing path aroundtheinitial value.

17. The media of Claim 10, wherein the parameter is selected from the group

consisting of temperature, volume, contrast, brightness, and frequency.

18. The media of Claim 10, wherein the media and the sensing element are part of an

electronic appliance selected from the group consisting of a cooking oven, microwave oven,

television, washing machine, MP3player, mobile phone, and multimedia device.

19. An apparatus comprising:

a sensing element that comprises a sensing path that comprises a length; and

one or more computer-readable non-transitory storage media embodying logic that is

operable when executedto:

receive one or morefirst signals indicating one or morefirst capacitive couplings

of an object with the sensing element, the first capacitive couplings corresponding to the

object coming into proximity with the sensing element at a first position along the

sensing path of the sensing element

determine based on one or moreofthefirst signals the first position of the object

along the sensing path;
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set a parameter to an initial value based on the first position of the object along

the sensing path, the initial value comprising a particular parameter value and being

associated with a range of parameter values, the range of parameter values being

associated with the length of the sensing path;

receive one or more second signals indicating one or more second capacitive

couplings of the object with the sensing element, the second capacitive couplings

corresponding to a displacement of the object along the sensing path from the first

position; and

determine based on one or more of the second signals the displacement of the

object along the sensing path; and

adjust the parameter within range of parameter values based on the displacement

of the object along the sensing path.
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CAPACITIVE POSITION SENSOR

ABSTRACT

In one embodiment, a method includes receiving one or morefirst signals indicating one

or more first capacitive couplings of an object with a sensing element that comprises a sensing

path that comprises a length. Thefirst capacitive couplings correspond to the object coming into

proximity with the sensing elementat a first position along the sensing path of the sensing

element. The method includes determining based on one or moreofthe first signals the first

position of the object along the sensing path and setting a parameter to an initial value based on

the first position of the object along the sensing path. The initial value includes a particular

parameter value and is associated with a range of paratemeter values. The range of parameter

values is associated with the length of the sensing path.
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PTO/SB/14 (11-08)
Appreved for use through 09/30/2010. OMB 0651-0032

ULS. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76
Application Number

 
 

Title of Invention|Capacitive Position Sensor  
The application data sheetis part of the provisional or nonprovisional application for whichit is being submitted. The following form contains the
bibliographic data arrangedin a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may beprinted and included in a paper filed application.

  
 

Secrecy Order 37 CFR 5.2
Portionsorall of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuantto
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may not befiled electronically.}

Applicant Information:
Applicant 1

Applicant Authority @/nventor|()Legal Representative under 35 U.S.C. 117 Party ofInterest under 35 U.S.C. 118

 

 
   
 

 

Prefix} Given Name Middle Name Family Name Suffix

Harald Philipp

Residence Information (Select One) ©) US Residency (@) NonUS Residency (©) Active US Military Service

City|Zug Country Of Residencei|CH

Citizenship under 37 CFR 1.41{b}i DE

Mailing Address of Applicant:

Address1 Baer & Karrer AG

Address 2 Baarerstrasse 8

Postal Code CH-6301 CH

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button. ae

Correspondence Information:

Enter either Customer Number or complete the CorrespondenceInformation section below.
For further information see 37 CFR 1.33(a). 

 An Addressis being provided for the correspondenceInformation of this application. 
 
 

  

 

 

  
 

  Customer Number 12323

Email Address ptomail1 @bakerbotts.com

Application Information:

Title of the Invention Capacitive Position Sensor

Attorney Docket Number} 080900.1118 Small Entity Status Claimed [_]|

Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) | Sub Class(if any)
Suggested Technology Center(if any) 2858

Total Number of Drawing Sheets {if any) 3 
EFS Web 2.2.2
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PTO/SB/14 (11-08)
Appreved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT GF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

Attorney Docket Number|080900.1118
 Application Data Sheet 37 CFR 1.76  Application Number
 

Title of Invention|Capacitive Position Sensor 
 

Publication Information:

Request Early Publication (Fee required at time of Request 37 CFR 1.219)
 
 

  
 

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.
[]©. 122(b) and certify that the invention disclosed in the attached application has not andwill not be the subject of

an application filed in another country, or under a multilateral international agreement, that requires publication at
eighteen monthsafterfiling.

  
Representative Information:
 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Numberwill be used for the Representative Information during processing.

 
Please Select One: (#) Customer Number ©) US PatentPractitioner ©) Limited Recognition (37 CFR 11.9)

Customer Number 12323

 
 

Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365{c) or indicate National Stage
entry from a PCTapplication. Providing this information in the application data sheet constitutes the specific reference required by
35 U.S.C. 119{e) or 120, and 37 CFR 1.78{a\(2) or CFR 1.78(a}(4), and need not otherwise be madepart of the specification.
 

Prior Application Status|Pending Remove

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

 
Continuation of 12/703614 2010-02-10

Prior Application Status|Abandoned
 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

12/703614 Continuation of 11/868566 2007-10-08

 

 

 Prior Application Status|Expired

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

11/868566 non provisional of 60/862358 2006-10-20

Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.
 

Foreign Priority Information:
This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim forpriority as required by 35 U.S.C. 119{b)
and 37 CFR1.55(a).
 

Application Number ParentFiling Date (YYYY-MM-DD) Priority Claimed 
© Yes (@ No

 
 
EFS Web 2.2.2
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PTO/SB/14 (11-08)
Appreved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT GF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

oo Attorney Docket Number|080900.1118
Application Data Sheet 37 CFR 1.76
 

Application Number   
Title of Invention|Capacitive Position Sensor  
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Assignee Information:
Providing this information in the application data sheet does not substitute for compliance with any requirementof part 3 of Title 37
of the CFRto have an assignment recordedin the Office.

Assignee 1
If the Assignee is an Organization check here.

Organization Name Atmel Corporation

Mailing Address Information:

 

 

 

 

 
 

 

 

Address 1 2325 Orchard Parkway

Address 2

City San Jose State/Province CA  

 
 

Country | Postal Code
Phone Number Fax Number

Email Address

  
Additional Assignee Data may be generated within this form by selecting the Add
button. Add 

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature=|/Travis Thomas/ Date (YYYY-MM-DD)| 2011-05-27

 

 
 
 

  
First Name|Travis Last Name|Thomas Registration Number|48667

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTG. Time will vary depending uponthe individual case. Any comments on the amountof time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.2
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Privacy Act Statement

 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) fumishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom ofInformation Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, whenthe individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having needfor the information in
order to perform a contract. Recipients ofinformation shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related te an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agencyfor purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA aspart of that agency's responsibility to recommend improvements in records
managementpractices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be madein accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant(i.e., GSA or Commerce)directive. Such
disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which became abandonedorin which the proceedings were|
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency,if the
USPTO becomes aware ofa violation or potential violation of law or regulation.

 

EFS Web 2.2.2
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PPOSRRASTA ARPS
. Saproved forage thraugn Q6Kve0 1), OME 0851 <2LS @stent and Trateman Office,5 CERARTMENT Ct COMMER

iveler the Paperwork Riecuction Act of 182%, po oerinns ate sequined to suagin to a coltection of infonmation unless # dapiave a veh CMG contd cumber.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET(87CFR 1.76)

  

 
lriteet|Capacitive Position Sensor

invention

As the below named Inventor(s), wwe deciare that

: This deciaration is directed tor

iv] The allached application, or

P] Apeliestion No.

rm AS amended an _. tif seolinatle):

ifwe Helieve fhat Nae arvare the original and fret iveentor(s} of the subject matier wruch a claimed anc fur which a petantis |
sOugTH

i lave have reviewed sil cralerstand the suntents of the above-identtied apoliogtam, including tte claime, ap amended by any
f arierdniant Spectioally referred to above:

| ive ackcowlatdge the duty te disclose fo the United Giates Astent and Tracemars Cffioe all information knawn ip mess to be|
maiedsl to patentability asdefined in SY OFR 1.55, including for continuation-in-part apgications, maledal information which |
became avaiiahle between the Ming date of the over applination and the sationai or PCT infemational fing date of fhe |
cantinuation-in-part application. :

WARNING:
| Pettioner/apoicant is ceufioned in avoid subroiiting gersanal Mormation in documents fled in 8 patent auplication that may
| contribute to identity theft. Personal informatio: such as seckal secwity cumihers, bank accacunt numbers, or cred card
} rumtess tedher tharra check or cradit card quttewizetion form PTD-2038 supnifted lor payrrient purposes) is ever recuired b
“the USPTO ts suppert s pelitien or an application, Hf this fype of Gersorial informetion is incluried in domaenenis submitted io]
Pihe USPTO, pet@ioners/apritinants snouk! cansider redacting such personal information from the deaunents before sulmitiing |

them if ihe USPTO. Petiticnerfagsticant is advised that tes record of a paderd appiication is availlatde te ine public affer
puidigaton ai the apaicetion (uniess @ nan-nuivication request in compliance wilh 37 CSR 1.213is9 is made in ihe application}
or iseuance of a patent. Furthermore, the record frord an abandoned «pplication may giso be available iy the public Hf the |

t application is referenced ie @ cublished application or an issued gatent (see SF OFR 7.14}. Ohecks and cred card |
{| authorization forms PTO-gO38 sutmnitied for payment purposes are not retained in the applination Me and therefore sre not |
} publicly available.

; All statements made herein of myfour own knowledge are tne, a cistements made hergin on information and belief are t
balieved io be true, and further that these sistemenis were made wah Ihe knowlsdge thet wiliul false siatements and the Uke ard
punishable by fine or imprisonment, or bath, under 18 LL9.0, 001, and may jecpardize the vatidhy of the application or any i
patentissuingthereon.

PROLD NSMEOF INGENTORIS:

 I Inventor one: _HaraktPhiep

Signature: ; OE «ccnaizen ef US
ayaaSenneeeennaennanS

inventor hat,

Sipnnakire, Ciigen off
_—avraanenewanosircroneasanersiamessteronaanedyateceowremanyt sierrapearanegeacenacenranesrpenrennbreasaands ieee

my Adkhiionel MVERiOrs oF a lays!regrsceritay
TNs cotnensn of fermion ie reqndnal by OS UO. Phd ard SP CER TSS, The inforsiaiion & radu ahaor retain os henefit by ine guidics winch is kr He
fond by the USPTO ta process) an apotitauon. Donidentelty is governed by 35 018.0. 122 ged AY OPM 114 and 144 Thee notiecion is estimated to tee 1
Hirata & toenete, Matahng gathering. propaing, and suhoshties the cemytetad aoolicates fore to the UDPTE) Thne wif vary Sepending Upon fre sutivitiuat
Seee, Any cotements oe the accuaf frees yore aaQuire f campliete this font gedor suggestions for reducing tts burden, shoud he sent to the Chist information
Oofoer U6. Patent and Tretmark GieseUs, DenanmentCorre #4) Rew 1450. Algrandiy VA a073-1880. GO NOY GENO PRES ON CUMPLETED
PORMS TR THIS ADCS, SENT TC: Cammissionsr for Patents, P.O. Box 1490, Alexandria, VA 22373-1480,

# You NOG AgsiaIS tt commie Nie Soon, cat TERA TOL TaY end gevect opae: S
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Unrrep Stares Parent AND TRADEMARK OFFIGE UNTTED STATES DEPARTMENTOF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTSPO. Be 44 

Alexandria, Vingznia 22313-1450WWW.usptogov

  
APPLICATION FILING or GRP ART

NUMBER 371 (¢) DATE FIL FEE RECD ATTY.DOCKET.NO

13/118,280 05/27/2011 2858 1090 080900.1118 19 3
CONFIRMATIONNO.9244

12323 FILING RECEIPT
Baker Botts L.L.P.

2001 ose Avenue,6th Foo WH09.0044
Dallas, TX 75201

Date Mailed: 06/16/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER,FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Feestransmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented onthis receipt.If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copyof this Filing Receipt with the
changesnoted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any correctionsto this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Harald Philipp, Zug, SWITZERLAND;

AssignmentFor Published Patent Application
ATMEL CORPORATION, San Jose, CA

Powerof Attorney: The patent practitioners associated with Customer Number 12323
 

Domestic Priority data as claimed by applicant
This application is a CON of 12/703,614 02/10/2010 PAT 7,952,367 *
which is a CONof 11/868,566 10/08/2007 ABN
which claims benefit of 60/862,358 10/20/2006

(*)Data provided by applicant is not consistent with PTO records.

Foreign Applications (You may beeligible to benefit from the Patent Prosecution Highway programatthe
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 06/10/2011

The country code and numberof yourpriority application, to be used for filing abroad under the Paris Convention,
is US 13/118,280

Projected Publication Date: 09/22/2011

Non-Publication Request: No

Early Publication Request: No

page 1 of 3
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Title

Capacitive Position Sensor

Preliminary Class

324

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughoutthe territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies thefiling
of patent applications on the sameinvention in membercountries, but does not result in a grant of "an international
patent" and doesnot eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patentin a particular country must make an
application for patent in that country in accordancewithits particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advisedthat in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidanceasto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guideis available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTOwebsite at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Mvww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears onthis form. Such licenses are issuedin all applications where
the conditions for issuanceof a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

Thislicenseis to be retained by the licensee and may be usedat any time on or after the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (31 CFR Parts 500+) and the Departmentof Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been grantedat this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875

APPLICATION AS FILED - PART|

FOR
BASIC FEE
(37 CFR 1.16/a), (b), or (c})
SEARGH FEE
(37 CFR 1.16(k),(i), or (m))
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q))
TOTAL CLAIMS
(37 CFR 1.16(i))

{Column 1)

rcrRvet)

lf the specification and drawings exceed 100
sheets of paper, the application size fee due is

(97 CFR 1.16(h))

APPLICATION SIZE
FEE
(37 CFR 1,16(s))

$270 ($135 tor small entity) for each additio50 sheets or fraction thereot. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 GFR 1.16(j))

(Column 2)

NUMBER EXTRA

* lf the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

Independent(37 CFR 1.16(h)}AMENDMENTA
(Golumn 1)

CLAIMS
REMAINING

AFTER
AMENDMENT

{Golumn 2)
HIGHEST
NUMBER

PREVIOUSLY
PAID FOR

Application Size Fee (37 GFR 1.16(s))

(Column 3)

FIRST PRESENTATION OF MULTIPLE DEPENDENTGLAIM (37 CFR 1.16()))

Total
(37 CFR 1.16(0)
Independent

(37 CFR 1.16(h)}

Application Size Fee
AMENDMENTB
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AMENDMENT
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NUMBER.
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(37 CFR 1.16(s))
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* Ifthe entry in column 1 is less than the entry in column 2, write "0" in column3.
“* Ifthe "Highest Number Previously Paid For" IN THIS SPACEis less than 20, enter "20".

“* lf the “Highest Number Previously Paid For IN THIS SPACEis less than 3, enter "3".
The “Highest Number Previously Paid For* (Total or Independent) is the highest found in the appropriate box in column 1.
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Unrrep Stares PareNT AND TRADEMARK OFFIGE UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address;COMMISSIONER FOR PATENTSPO. Box 1450

Alexandra, Viggnia 22313-1450WWW.lsptogov
 
  APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

13/118,280 05/27/2011 Harald Philipp O80900.1118
CONFIRMATIONNO.9244

POA ACCEPTANCE LETTER12323

2001FassAvenve,6th Flor UMM0)
Dallas, TX 75201

Date Mailed: 06/16/2011

NOTICE OF ACCEPTANCE OF POWEROF ATTORNEY

This is in response to the Powerof Attorneyfiled 05/27/2011.

The Powerof Attorney in this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

/dpham/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Unrrep Stares Parent AND TRADEMARK OFFIGE UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTSPO. Box 1450 
 

 

Alexandria, Virgnia 22313-1450WWWlsptogov
APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

13/118,280 05/27/2011 Harald Philipp 080900.1118
CONFIRMATION NO. 9244

12323 PUBLICATION NOTICE
BakerBotts L.L.P.

2001 oes Avenve,6th Flor N04.904,
Dallas, TX 75201

Title:Capacitive Position Sensor

Publication No.US-201 1-0227589-A1
Publication Date:09/22/201 1

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuantto 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon paymentof the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephoneat (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 orvia the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the
dates of receipt of correspondencefiled in the Office, may also be accessedvia the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The directlink to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistancein electronically accessing the publication, or about PAIR,is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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  Application Number: First Named Inventor:
13/118280 Harald Philipp

Attorney Docket No:|Art Unit: Filing Date:
080900.1118 Unassigned 27 May 2011 _—

ISSUED U.S. PATENTS AND PUBLISHEDU.S. APPLICATIONS

DOCUMENT|||POCUMENT - PUBLICATION OR ISSUE DATE FIRST NAMED INVENTOR
A 7,663,607 02-16-2010 Hotelling |
B 7,920,129 04-05-2011 Hotelling .

|fc|8,031,094 10-04-2011 Hotelling
|[dD| 8,031,174 10-04-2011 Hamblin
|[Ee| 8,049,732 11-01-2011 Hotelling

UNPUBLISHED U.S. APPLICATIONS

PTO/SB/08

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT  
 

 

 

 

  
 

 

DOCUMENT
NUMBER FILING DATE FIRST NAMED INVENTOR 

 
P||EEETT[
 

pT

FOREIGN PATENT DOCUMENTS

DOCUMENT PUBLICATION ORISSUE TRANSLATION

NUMBER DATE COUNTRY (YES OR NO)
J
K

NON-PATENT LITERATURE (NPL)

|_| DOCUMENT(Including Author, Title, Source, and Pertinent Pages

 
2

 

 
}

 
 

 BeOuEG   
EXAMINER DATE CONSIDERED

  
EXAMINER:Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation if not in conformance and not
considered. Include copy ofthis form with next communication to the applicant.
 

U.S. PATENT AND TRADEMARK OFFICE

DALO1:1187331 Page 1 of 1
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Electronic AcknowledgementReceipt

EFS ID: 11617254
 

Application Number:

International Application Number:

Confirmation Number:

Title of Invention:

First Named Inventor/Applicant Name:

Customer Number:

13118280 
9244

Capacitive Position Sensor 
Harald Philipp

12323
 

Filer: Jeffery D Baxter/Darla Rupert 

Filer Authorized By:

Attorney Docket Number:

Jeffery D Baxter

080900.1118
 

Receipt Date:

Filing Date:

Time Stamp:

Application Type:

Paymentinformation:

14-DEC-2011

27-MAY-2011

15:16:47

Utility under 35 USC 111(a)

 
 

 

 

 
Submitted with Payment | no
File Listing:

Document se : File Size(Bytes)/ Multi Pages
Ninnbier DocumentDescription File Name Message Digest|Pait/zip| Gfapph)

1118ids.pdf
SaFF3BSbIeble2df) 9 60e}

dab 

51



52

 

Multipart Description/PDFfiles in .zip description 

 

 

 
 

 
DocumentDescription Start End

Transmittal Letter 1 1

Information Disclosure Statement(IDS) Form (SBO8) 2 2

Warnings:

Information:

Total Files Size (in bytes); 96614  This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar toa
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish the filing date of the application.

 

National Stageof an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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ATTORNEY DOCKET PATENT APPLICATION

080900.1118 13/118280

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor:—Harald Philipp

Application No.: 13/118280

Filing Date: 27 May 2011
Confirmation No.: 9244

Group Art Unit: Unknown

Title: Capacitive Position Sensor

Information Disclosure Statement

Applicant submits this Information Disclosure Statement (IDS) under 37 C.F.R. §
1.97(b)(3). Applicant respectfully requests the Examiner to consider andcite in the examination
of this Application the documents listed in the attached Form PTO/SB/08. Under 37 C.F.R. §
1.98(a)(2)(ii), Applicant has not provided copies of U.S. patents or U.S. patent application
publications.

Under 37 C.F.R. § 1.97(g), the filing of this IDS shall not be construed as a
representation that a search has been made. Moreover, under 37 C.F.R. § 1.97(h), the filing of
this IDS shall not be construed to be an admission that the information cited in this IDSis or is

considered to be material to patentability as defined by 37 C.F.R. §1.56(b). Furthermore, the
filing of this IDS shall not be construed to be an admission that any information cited in this IDS
is or is considered to be prior art under 35 U.S.C. §§ 102-103.

The Commissioner may charge any fee due and credit any overpayment in this Patent
Application to Deposit Account No. 02-0384 of Baker Botts L.L.P.

Respectfully submitted,

BAKER BOTTSL.L.P.

Attorneys for Applicant

TO TO
Travis W. Thomas

Reg. No. 48,667
Date: 14 December 2011

DALO1:1187330
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.Usplo,gov

 
NOTICE OF ALLOWANCEAND FEE(S) DUE

EXAMINER

NGUYEN, VINCENTQ

12323 7590

Baker Botts L.L.P.

2001 Ross Avenue, 6th Floor
Dallas, TX 75201

06/19/2012

 ARTUNIT PAPER NUMBER

2858

DATE MAILED: 06/19/2012

FIRST NAMED INVENTORAPPLICATION NO. FILING DATE ATTORNEY DOCKET NO. CONFIRMATION NO.

080900.1118 9244
 

13/118,280 05/27/2011
TITLE OF INVENTION: CAPACITIVE POSITION SENSOR

Harald Philipp

SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEEAPPLN. TYPE

nonprovisional NO $1740 $300 $0 $2040
 TOTAL FEE(S) DUE DATE DUE

09/19/2012

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCEIS NOT A GRANTOF PATENTRIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE

MAILING orgie OF THIS ROTC% OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED.—THISSEE35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT ‘A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARDTHEISSUE FEE NOW
DUE.

 

 

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shownabove.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE(if required)
and twice the amount of the ISSUE FEEshownabove, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUEshownabove, or

B. If applicant claimed SMALL ENTITYstatus before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE(if required) and 1/2
the ISSUE FEEshownabove.

I. PART B - FEE(S) TRANSMITTAL,orits equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE(ifrequired). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paperas an equivalent ofPart B.

HL All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEEunless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees.It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page | of 3
PTOL-85 (Rev. 02/11)
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PARTB - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE(if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1. by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"formaintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS(Note; Use Block 1 for any change of address) Note: A certificate of malline can only be used for domestic mailings of theFee(s) Transmittal. This certificate cannot be used for any other accompanying
apers. Each additional paper, such as an assignment or formal drawing, must
aveits own certificate of mailing or transmission.

 

12323 7590 06/19/2012

Baker Botts L.L.P. Certificate of Mailing or Transmission
ke ara 7 I hereby certify that this Fee(s) Transmittal is being deposited with the United2001 Ross Avenue, 6th Floor States Postal Service with sufficient postage for first class mail in an envelope

Dallas, TX 75201 addressed to the Mail Stop ISSUE FEE address above, or being facsimiletransmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name }
(Signature }

(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

13/118.280 05/27/2011 Harald Philipp 080900.1118 9244
TITLE OF INVENTION: CAPACITIVE POSITION SENSOR

 
 APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 3300 SO $2040 09/19/2012

EXAMINER ART UNIT CLASS-SUBCLASS

NGUYEN, VINCENTQ 2858 324-686000
 

1. Change ofcorrespondence address or indication of "Fee Address”(37
CER 1.363).

LJ Change ofcorrespondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(J "Fee Address”indication (or "Fee Address” Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

2. Forprinting on the patent front page,list

(1) the names ofup to 3 registered patent attorneys I
or agents OR,alternatively,

(2) the nameofa single firm (having as amembera 2
registered attorney or agent) and the names of up to
2 registered patent altorneys or agents. Ifnonameis 3
listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(print or type)

PLEASE NOTE: Unless an eure is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed forrecordation as set forth in 37 CFR 3.11. Completion of this form is NOTa substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : Oi individuat Corporation or other private groupentity (2d Government

  
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

L} issue Fee LL] A check is enclosed.

J Publication Fee (No small entity discount permitted) LJ Payment bycredit card. Form PTO-2038 is attached.
Ly Advance Order - # of Copies | The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Lda. Applicant claims SMALL ENTITYstatus. See 37 CFR 1.27. LI b. Applicantis no longer claiming SMALL ENTITYstatus. See 37 CFR 1.27(g)(2).

NOTE: TheIssue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interestas shown bythe records of the United States Patent and Trademark Office.

Authorized Signature _ = Date

Typed or printed name _ Registration No.
  

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public whichis to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, andsubmitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the chiet Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450, DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O, Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformation unless it displays a valid OMBcontrol number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: MISSNER FOR PATENTS
 

Alexandria, Virginia 22313-1450www.Usplo,gov

 APPLICATIONNO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO.|CONFIRMATION NO.

13/118,280 05/27/2011 Harald Philipp 080900.1118 9244

EXAMINER12323 7590 06/19/2012

Baker Botts L.L.P. NGUYEN, VINCENTQ

ARTUNIT PAPER NUMBER

2858

2001 Ross Avenue, 6th Floor
Dallas, TX 75201  

DATE MAILED: 06/19/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustmentis the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEBsite (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Centerof the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonmentofthe application or
expiration ofthe patent.

The information provided by you in this form will be subject to the following routine uses:

1.

0.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records fromthis system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
recordsis required by the Freedomof Information Act.

. Arecord fromthis system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whomthe record pertains, when the individual has
requested assistance from the Member with respect to the subject matter ofthe record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandonedor in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.
A record fromthis system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency,if the USPTO becomes awareofa violation or potential violation of law or
regulation.
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Application No. Applicant(s)

 
- on 13/118,280 PHILIPP, HARALD

Notice of Allowability Examiner Art Unit

Vincent Q. Nguyen 2858
 

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDinthis application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OFPATENTRIGHTS.This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. (] This communication is responsive to

2. (Anelection was madeby the applicantin response to a restriction requirementsetforth during the interview on ;
the restriction requirement and election have been incorporated into this action.

3. J The allowed claim(s)is/are 7-79.

4. (] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f).
a) All=b)L)Some* c)[ None ofthe:

1. [1] Certified copies of the priority documents have been received.

2. CL] Certified copies of the priority documents have been received in Application No.

3. (J Copiesof the certified copies of the priority documents have been receivedin this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE”of this communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTHPERIOD IS NOT EXTENDABLE.

5. [1] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declarationis deficient.

6. (] CORRECTED DRAWINGS( as “replacement sheets”) must be submitted.
(a) CJ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) [1] hereto or 2) [[] to Paper No./Mail Date.

(b) (J including changes required by the attached Examiner's Amendment / Commentorin the Office action of
Paper No./Mail Date_

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawingsin the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7.) DEPOSIT OF and/or INFORMATION aboutthe deposit of BIOLOGICAL MATERIAL mustbe submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 

 

Attachment(s)
1. [] Notice of References Cited (PTO-892) 5. [1] Notice of Informal Patent Application

2. (1 Notice of Draftperson's Patent Drawing Review (PTO-948) 6. L] Interview Summary (PTO-413),
Paper No./Mail Date é

3. BJ Information Disclosure Statements (PTO/SB/08), 7. C] Examiner's Amendment/Comment
Paper No./Mail Date 12/14/11, 5/27/11

4. (1) Examiner's Comment Regarding Requirement for Deposit 8. X] Examiner's Statementof Reasonsfor Allowance
of Biological Material

9. [] Other ;

 

/Vincent Q Nguyen/
Primary Examiner, Art Unit 2858
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Application/Control Number: 13/118,280 Page 2
Art Unit: 2858

DETAILED ACTION

Allowable Subject Matter

1. Claims 1-19 are allowed.

2. The following is an examiner's statement of reasonsfor allowance:

The prior art of record does not teach orfairly suggest, in combination with the

rest of the limitation of the claims,

a method having the steps of setting a parameterto an initial value based on the

first position of the object along the sensing path, the initial value comprising a particular

parameter value and being associated with a range of parameter values, the range of

parameter values being associated with the length of the sensing path; determining

based on one or more of the second signals the displacementof the object along the

sensing path; and adjusting the parameter within the range of parameter values based

on the displacementof the object along the sensing path, as recited in the independent

claim 1;

an apparatus, one or more computer-readable non-transitory storage media

operable when execute to set a parameterto aninitial value based on thefirst position

of the object along the sensing path, the initial value comprising a particular parameter

value and being associated with a range of parameter values, the range of parameter

values being associated with the length of the sensing path; determine based on oneor

more of the second signals the displacementof the object along the sensing path; and

adjust the parameterwithin range of parameter values based on the displacementof the

object along the sensing path; as recited in the independentclaims 10 and 19.
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Application/Control Number: 13/118,280 Page 3
Art Unit: 2858

Any comments considered necessary by applicant must be submitted nolater

than the paymentof the issue fee and, to avoid processing delays, should preferably

accompanythe issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasonsfor Allowance.”

Contact Information

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Vincent Q. Nguyen whose telephone numberis

(571)272-2234. The examiner can normally be reached on 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Melissa J. Koval can be reached on (571) 272-2121. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA)or 571-272-1000.

/Vincent Q Nguyen/ Vincent Q Nguyen
Primary Examiner, Art Unit 2858 Primary Examiner

Art Unit 2858

June 13, 2012
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Electronic Devices With Flexible Displays

This application claims priority to United

 States patent application No. 13/171,295, filed June 28,

2011, United States patent application No. 13/108,256,

filed May 16, 2011, United States patent application No.

13/184,303, filed July 15, 2011, United States patent

application No. 13/422,724, filed March 16, 2012,

provisional patent application No. 61/454,894, filed March 
21, 2011, provisional patent application No. 61/454, 936,

filed, March 21, 2011, and provisional patent application

No. 61/454,950, filed March 21, 2011 which are hereby

incorporated by reference herein in their entirety.

Background

This relates generally to flexible displays, and

more particularly, to electronic devices with flexible

displays.

Electronic devices such as portable computers

5 and cellular telephones are often provided with rigid

displays made from rigid display structures. For example,

 a liquid crystal display (LCD) may be formed from a stack

of rigid display structures such as a thin-film transistor

layer with display pixels for providing visual feedback to

10 a user, a color filter layer for providing the display

1
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pixels with color, a touch screen panel for gathering

touch input from a user, and a cover glass layer for

protecting the display and internal components.

Conventional devices may also have input-output

components such as buttons, microphones, speakers, and

other components. Openings are commonly formed in the

housing of a conventional device to accommodate operation

of these input-output components. For example, openings

may be formed in a device housing to accommodate speaker

and microphone ports and openings may be formed in a

display cover glass layer to accommodate a speaker port

and menu button.

The inclusion of these openings to accommodate

input-output components may not be desirable. For

example, the presence of openings may be aesthetically

unappealing, may raise the risk of damage from

environmental exposure, and may reduce the amount of

active display area that is available to display images

for a user.

There is often very little real estate available

for mounting these input-output components. For example,

input-output components are often mounted under an

inactive portion of a display or within the sidewalls of

an electronic device housing.

The size and number of input-output components

such as speakers may be limited by the amount of space

available in these locations. For example, a conventional

device may have a single speaker mounted under an inactive

portion of a display. The size and quality of such a

speaker may be limited by a lack of space in the inactive

portion of the display. Additionally, mounting a speaker

in the inactive portion of a display may add undesirable

width to the inactive portion of the display.

Devices with planar cover glass layers may be prone

2
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to scratches and damage when dropped on a surface. Users

can minimize scratches and damage from drop events using a

protective case. Protective cases may not, however, be

convenient or aesthetically appealing for many users.

It is often desirable to produce portable

devices of minimal size. Users of portable electronic

devices may find a thinner device more desirable than a

thicker device. Compact portable devices are sometimes

provided with convex housing shapes. A convex housing

shape may increase the internal volume of a device while

preserving a sleek, thin look that is aesthetically

pleasing to a user.

A portable compact device with a convex housing

may have a display. In conventional arrangements, the

display is flat, so only the portions of the device other 
than the display have a convex shape. This may limit the

internal volume of the device and may detract from its

appearance.

It would therefore be desirable to be able to

provide improved electronic devices.

summary

Electronic devices may be provided with flexible

displays. The flexible displays may be composed of one or

more flexible layers and may be mounted on top of or under

a cover layer. For example, a flexible display may be

mounted on top of a rigid support member or may be mounted

on the underside of a rigid cover layer.

Electronic devices may also be provided with

user interface components (input-output components) such

as buttons, microphones, speakers, piezoelectric actuators

(for receiving electrical input from a user or tactile

feedback to users), or other actuators such as vibrators,

pressure sensors, and other components. These components

3

86



87

10

ES

20

25

30

WO 2012/129247 PCT/US2012/029844

may be mounted under portions of a flexible display.

During operation of the electronic device, the

flexibility of the display may allow a user to interact

with the component through the display. For example,

sound waves from a speaker or localized vibrations from an

actuator in an electronic device may pass through the

flexible display. The flexible display may also allow an

internal microphone, pressure sensor, or force sensor (or 
other internal components) to receive external input. For

example, a user may deflect a flexible display using a

finger or other external object, barometric pressure may

be monitored through the flexible display, or sound waves

may be received through the flexible display.

Components may receive input or may supply

 output through a physically deformed portion of the

flexible display (e.g., a deformation that occurs when a

user presses on the display to compress the component).

In some configurations, a portion of the flexible display

may serve as a membrane that forms part of a microphone,

speaker, pressure sensor, or other electronic component.

The ability cf a user to compress a component

such as a button switch by deforming the flexible display

may allow the area of a device available for visual

display to be enlarged. For example, the active area of a

flexible display may overlap a component such as a button

or speaker.

If desired, a flexible display may be deformed

by an internal component to provide audio or tactile

feedback to a user. For example, structures inside an

electronic device may be pressed against portions of a

flexible display to temporarily create an outline fora

virtual on-screen button or to temporarily create a grid

of ridges that serve to delineate the locations of keys in

a keyboard (keypad).
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Electronic devices may be provided with concave

displays. Peripheral edge portions of a concave display

may be raised relative to depressed central portions of

the concave display. This helps reduce scratches and

other damage due to contact with the central portion of

the display.

Concave displays may include one or more

flexible display layers and may be mounted on top of or

under a cover layer. For example, a flexible display

layer may be mounted on top of a rigid support member or

may be mounted on the underside of a rigid cover layer

Concave displays may also include touch-

sensitive capabilities by stacking a touch sensor array

layer on top of or under flexible display layers. Rigid 
concave displays may be formed from a flexible display

layer, a touch-sensitive layer, and a rigid cover layer or

rigid support structure.

Devices having concave displays formed from

curved flexible display layers may help maximize the use

 of the internal volume of an electronic device.

Electronic devices may be provided with convex

displays. The convex displays may include one or more

flexible display layers and may be mounted on top of or

under a cover layer with a curved shape. For example, a

flexible display layer may be mounted on top of a rigid

support member having a convex surface or may be mounted

on the concave underside of a rigid convex display cover

layer.

Convex displays may be provided with touch-

sensitive capabilities by stacking a touch sensor array on

top of or under flexible display layers. Rigid convex

displays may be formed from a flexible display layer, a

touch-sensitive layer, and a rigid cover layer or support

structure.
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Devices having convex displays formed from

curved flexible display layers may help maximize the use

of the internal volume of an electronic device.

A display cover such as a cover glass layer may

be mounted over a flexible display. The flexible display

may be an organic light-emitting diode display having a

flexible substrate formed from one or more sheets of

polymer. The flexible display may include a touch sensor

layer having an array of capacitive touch sensor

electrodes.

There may be one or more display-based speaker

structures in the electronic device. The display-based

speaker structures may be mounted under the flexible

display. Portions of the flexible display may be used as

speaker membranes for the display-based speaker

structures.

The flexible display may have an active area

that is configured to display images to a user. Speaker

membranes may be formed from the active portion of the

 flexible display. The display-based speaker structures

may be driven by transducers that receive an electrical

audio signal input from circuitry in the electronic

device. Piezoelectric transducers or transducers formed

from coils and magnets may be used to drive the display-

based speaker structures.

A stiffening structure may be used to stiffen a

portion of a flexible display that is used as a speaker

membrane. The stiffening structure may be formed from a

 layer of foam interposed between sheets of stiffening

material. The stiffening structure may form a stiff and

lightweight support structure that allows the speaker

membrane to respond accurately to the transducer.

A suspension structure may be used to attach a

display-based speaker structure to surrounding housing

6

89



90

10

ES

20

25

30

WO 2012/129247 PCT/US2012/029844

structures. The suspension structure may form a pliant

interface between the speaker structure and the

surrounding housing structures. The suspension structure

may allow the speaker structure to vibrate during speaker

 operation while inhibiting lateral motion of the speaker

structure.

Speaker structures may be configured to achieve

a desired frequency response. The electronic device

housing in which a speaker structure is mounted may be

provided with an acoustic port to tune speaker frequency

response. The type of transducer that is used ina

speaker may be selected to tune speaker frequency

response. The size and placement of internal device

components that affect speaker volume and speaker mass may

also be selected to tune speaker frequency response.

An electronic device may be provided with an

array of display-based speaker structures. The speaker

membrane for each speaker structure may be stiffened with

an associated stiffening structure. Each stiffened

speaker membrane may be surrounded by a ring of flexible

display that is configured to absorb lateral vibrations

and thus prevent interference between neighboring

speakers.

Further features of the invention, its nature

and various advantages will be more apparent from the

accompanying drawings and the following detailed

description of the preferred embodiments.

 Brief Description of the Drawings

FIG. 1 is a perspective view of an illustrative

electronic device with a flexible display and internal

components in accordance with an embodiment of the present

invention.

FIG. 2 is a diagram of an illustrative set of

7
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display layers that may be used to form a flexible display

in accordance with an embodiment of the present invention.

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

portion of an illustrative electronic device in the

vicinity of an internal user interface component in
 

accordance with an embodiment of the present invention.

FIG. 4 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of a button in accordance with an embodiment of
 

the present invention.

FIG. 5 is a cross-sectional side view of another

embodiment of a portion of an illustrative electronic

device in the vicinity of a button in accordance with an

embodiment of the present invention.

FIG. 6 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of an audio component in accordance with an

embodiment of the present invention.

FIG. 7 is a cross-sectional side view of another

embodiment of a portion of an illustrative electronic

device in the vicinity of an audio component in accordance

with an embodiment of the present invention.

FIG. 8 is a cross-sectional side view of yet

another embodiment of a portion of an illustrative

electronic device in the vicinity of an audio component in

accordance with an embodiment of the present invention.

FIG. 9 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of an actuator such as a piezoelectric actuator

in accordance with an embodiment of the present invention.

FIG. 10 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of an internal structural component in accordance

with an embodiment of the present invention.
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FIG. 11 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of a combined internal interface component in

accordance with an embodiment of the present invention.

FIG. 12 is a perspective view of a portion of an

illustrative electronic device with a flexible display and

a combined internal interface component in accordance with

an embodiment of the present invention.

 FIG. 13 is a perspective view of a portion of an

illustrative electronic device with a flexible display and

a combined internal interface component mounted to

actuator stage in accordance with an embodiment of the

present invention.

FIG. 14 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of an internal structural component mounted to an

actuator stage in accordance with an embodiment of the

present invention.

FIG. 15 is a cross-sectional side view of a

portion of an illustrative electronic device with a cover

and an internal structural component mounted to an

actuator in accordance with an embodiment of the present

invention.

FIG. 16 is a cross-sectional side view of a

portion of an illustrative electronic device in the

vicinity of a pressure sensor in accordance with an

embodiment of the present invention.

FIG. 17 is a perspective view of an illustrative

electronic device with a concave display and a bezel in

accordance with an embodiment of the present invention.

FIG. 18 is a cross-sectional side view of an

illustrative electronic device having a concave display

with a flexible display layer that conforms to the concave

shape of a support structure in accordance with an

2

92



93

10

ES

20

25

30

WO 2012/129247 PCT/US2012/029844

embodiment of the present invention.

 FIG. 19 is a cross-sectional side view of a

portion of an illustrative electronic device having a

cover layer and a flexible display layer joined by an

adhesive layer in accordance with an embodiment of the

present invention.

FIG. 20 is a cross-sectional side view of a

portion of an illustrative electronic device having a

 flexible display layer, a flexible touch-sensitive layer,

and a cover layer joined by adhesive layers in accordance

with an embodiment of the present invention.

FIG. 21 is a cross-sectional side view of an

illustrative electronic device having a concave display

with a radius of curvature chosen to protect the device

 from a drop surface in accordance with an embodiment of

the present invention.

FIG. 22 is a perspective view of an illustrative

electronic device with a convex display and a bezel formed

from a housing structure in accordance with an embodiment 
of the present invention.

FIG. 23 18 a cross-sectional side view of an 
illustrative electronic device with a convex display and

internal components in accordance with an embodiment of

the present invention.

FIG. 24 is a cross-sectional side view of a

portion of an illustrative electronic device having a

convex display with a flexible display layer that conforms

to a support structure in accordance with an embodiment of

the present invention,

FIG. 25 is a cross-sectional side view of a

portion of an illustrative electronic device having a

convex cover layer and a flexible display layer joined by

an adhesive layer in accordance with an embodiment of the

present invention.
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FIG. 26 is a cross-sectional side view of a

portion of an illustrative electronic device having a

flexible display layer, a touch-sensitive layer and a

convex cover layer joined by adhesive layers in accordance

with an embodiment of the present invention.

FIG. 27 is a cross-sectional perspective view of

an illustrative electronic device having a convex display

and a connector port arranged to use the internal volume

 of the device in accordance with an embodiment of the

present invention.

FIG. 28 is a cross-sectional perspective view of

an illustrative electronic device having a convex display

and internal components in accordance with an embodiment

of the present invention.

FIG. 29 is a cross-sectional side view of an

illustrative electronic device substantially surrounded by

a convex display in accordance with an embodiment of the

present invention.

FIG. 30 is a diagram of an illustrative

electronic device such as a portable computer having a

display and one or more speaker structures in accordance

with an embodiment of the present invention.

FIG. 31 is a diagram of an illustrative

electronic device such as a cellular telephone or other

handheld device having a display and one or more speaker

structures in accordance with an embodiment of the present

invention.

FIG. 32 is a diagram of an illustrative

electronic device such as a tablet computer having a

display and one or more speaker structures in accordance

with an embodiment of the present invention.

FIG. 33 is a diagram of an illustrative

electronic device such as a computer monitor with a built-

in computer having a display and one or more speaker

11
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structures in accordance with an embodiment of the present

invention.

FIG. 34 is a diagram of an illustrative set of

display layers that may be used to form a flexible display

in accordance with an embodiment of the present invention.

FIG. 35 is a diagram of an illustrative set of

layers that may be used to form an organic light-emitting

diode display in accordance with an embodiment of the

present invention.

FIG. 36 is a cross-sectional side view of a

portion of an illustrative electronic device in which a

flexible display forms part of a speaker structure in

accordance with an embodiment of the present invention.

FIG. 37 is a cross-sectional side view of a

portion of an illustrative electronic device in which a

flexible display forms part of a speaker structure in

accordance with an embodiment of the present invention.

FIG. 38 is a cross-sectional side view of a

portion of an illustrative electronic device in which a

 flexible display forms part of a speaker structure in

accordance with an embodiment of the present invention.

FIG. 39 is a perspective view of an illustrative

electronic device of the type shown in FIG. 38 having a

cover layer with speaker openings in accordance with an

embodiment of the present invention.

FIG. 40 is a cross-sectional side view of a

portion of an illustrative electronic device in which a

flexible display is stiffened with a support structure in

accordance with an embodiment of the present invention.

FIG. 41 is a cross-sectional side view of a

portion of an illustrative electronic device having a

curved flexible display with a curved support structure in

accordance with an embodiment of the present invention.

FIG. 42 is a cross-sectional side view of a

12
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portion of an illustrative electronic device in which a

flexible display forms part of a single speaker structure

in accordance with an embodiment of the present invention.

FIG. 43 is a cross-sectional side view of a

portion of an illustrative electronic device in which a

flexible display forms part of an array of speaker

structures in accordance with an embodiment of the present

invention.

FIG. 44 is a bottom view of an illustrative

electronic device of the type shown in FIG. 43 having a

flexible display that forms part of an array of speaker

structures in accordance with an embodiment of the present

invention.

Detailed Description

Electronic devices may be provided with flexible

displays. A flexible display may include one or more

flexible layers. If desired, the flexible display may

include a display cover layer such as a flexible or rigid

display cover layer.

In some configurations, an electronic device may

be provided with a flexible display and user interface

components that are positioned behind, abutted against or

integrated into the flexible display. FIGS. 1-16 show

examples of configurations in which user interface

components may be positioned behind, abutted against or

integrated into the flexible display.

In some configurations, an electronic device may

be provided with a concave display having one or more

flexible display layers. FIGS. 1, 2, and 17-21 show

examples of configurations in which an electronic device

may be provided with a concave display having one or more

flexible display layers.

In some configurations, an electronic device may

13
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be provided with a convex display having one or more

flexible display layers. FIGS. 1, 2, and 22-29 show

examples of configurations in which an electronic device

may be provided with a convex display having one or more

flexible display layers.

In some configurations, a portion of the

flexible display may form a membrane structure of an

electronic component such as a speaker, a microphone, a

laser microphone or a pressure sensor. FIGS. 30-44 show

examples of configurations in which a portion of the

flexible display may form a membrane structure of an

electronic component.

As shown in the examples of FIGS. 1-16, an

electronic device may be provided with a flexible display 
and user interface components. User interface components

may include buttons, switches, microphones, actuators such

as solenoids, motors, and piezoelectric actuators,

connector ports, touch screens, proximity sensors and

other components for accepting input from, or transmitting

 information to, a user or the surrounding environment.

Flexible displays may be formed from flexible

layers such as a flexible display layer (e.g., a flexible

 organic light-emitting diode array), a flexible touch-

sensitive layer (e.g., a sheet of polymer with an array of

transparent capacitor electrodes for a capacitive touch

sensor), a flexible substrate layer, etc. These flexible

layers may, if desired, be covered by a flexible or rigid

cover layer (sometimes referred to as a cover glass) or

may be supported by a support structure (e.g., a rigid

support structure on the underside of the flexible

layers). In electronic devices with flexible displays

that are covered by rigid cover layers, the cover layers

may be provided with openings that provide access to the

flexible layers of the display in the vicinity of a user

14
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interface device. For example, a cover glass layer may

have an opening that allows a button member to move

relative to the cover glass layer. As the button member

moves within the opening, underlying portions of the

flexible display may be deformed (e.g., to allow actuation

of an associated switch).

To maximize the area of the portion of the

flexible display that is available for displaying visual

 information to the user, user interface components may be

positioned behind, abutted against or integrated into the

flexible display. The deformable nature of the flexible

display may allow a user to interact with the user

interface components (input-output components) by moving

the display into contact with the user interface

components or by otherwise allowing the display to locally

flex (e.g., to allow sound to pass through the flexible

display or to allow a barometric pressure measurements of

the exterior environment to be made by an internal

pressure sensor). If desired, a portion of the flexible

display may form a membrane portion of an electrical

component. Components that may be provided with a

membrane that is formed from a portion of a flexible

display include microphones, laser microphones, pressure

sensors, speakers, etc.

An illustrative electronic device of the type

that may be provided with a flexible display is shown in

FIG. 1.

Electronic device 10 may be a portable electronic device

or other suitable electronic device. For example,

electronic device 10 may be a laptop computer, a tablet

computer, a somewhat smaller device such as a wrist-watch

device, pendant device, or other wearable or miniature

device, a cellular telephone, a media player, etc.

Device 10 may include a housing such as housing

15
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12. Housing 12, which may sometimes be referred to as a

case, may be formed of plastic, glass, ceramics, fiber

composites, metal (e.g., stainless steel, aluminum, etc.),

other suitable materials, or a combination of these

materials. In some situations, parts of housing 12 may be

formed from dielectric or other low-conductivity material.

In other situations, housing 12 or at least some of the

structures that make up housing 12 may be formed from

metal elements.

Device 10 may have a flexible display such as

flexible display 14. Flexible display 14 may be formed

from multiple layers of material. These layers may

include a touch sensor layer such as a layer on which a

pattern of indium tin oxide (ITO) electrodes or other

suitable transparent electrodes have been deposited to

form a capacitive touch sensor array. These layers may

also include a layer that contains an array of display

pixels. The touch sensor layer and the display layer may

be formed using flexible sheets of polymer or other

substrates having thicknesses of 10 microns to 0.5 mm or

other suitable thicknesses (as an example).

The display pixel array may be, for example, an

organic light-emitting diode (OLED) array. Other types of

flexible display pixel arrays may also be formed (e.g.,

electronic ink displays, etc.). The use of OLED

technology to form flexible display 14 is sometimes

described herein as an example. This is, however, merely

illustrative. Flexible display 14 may be formed using any

suitable flexible display technology. The use of flexible

displays that are based on OLED technology is merely

illustrative.

In addition to these functional display layers

(i.e., the OLED array and the optional touch sensor

array), display 14 may include one or more structural
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layers. For example, display 14 may be covered with a

flexible or rigid cover layer and/or may be mounted ona

support structure (e€.g., a rigid support). Layers of

adhesive may be used in attaching flexible display layers

 to each other and may be used in mounting flexible display

layers to rigid and flexible structural layers.

In configurations for display 14 in which the

cover layer for display 14 is flexible, input-output 
 

 components that rely on the presence of flexible layers
 

may be mounted at any suitable location under the display

{e.g., along peripheral portions of the display, ina

 
central portion of the display, etc.). In configurations

for display 14 in which the flexible layers are covered by

a rigid cover glass layer or other rigid cover layer, the

rigid layer may be provided with one or more openings and

the electronic components may be mounted under the

openings. For example, a rigid cover layer may have

openings such as a circular opening 16 for button 17 anda

speaker port opening such as speaker port opening 18

(e.g., for an ear speaker for a user). Device 10 may also

have other openings (e.g., openings in display 14 and/or

housing 12 for accommodating volume buttons, ringer

buttons, sleep buttons, and other buttons, openings for an

audio jack, data port connectors, removable media slots,

etc.).

In some embodiments, portions of flexible

display 14 such as peripheral regions 20I may be inactive

and portions of display 14 such as rectangular central

portion 20A (bounded by dashed line 20) may correspond to

the active part of display 14. In active display region

ZOA, an array of image pixels may be used to present text

and images to a user of device 10. In active region 20A,

display 14 may include touch sensitive components for

 input and interaction with a user of device 10. If
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desired, regions such as regions 201 and 20A in FIG. 1 may

both be provided with display pixels (i.e., all or

substantially all of the entire front planar surface of a

device such as device 10 may be covered with display

pixels).

Device 10 may, if desired, have internal user

interface components such as buttons 17 or speaker

component 19 that occupy openings such as openings 16 and

18 respectively in an optional rigid cover layer of

flexible display 14. Buttons 17 may be based on dome

switches or other switch circuitry. Buttons 17 may

include button members that form push buttons (e.g.,

momentary buttons), slider switches, rocker switches, etc.

Device 10 may include internal structural components such

as structural component 22 that add a raised structure to

a portion of flexible display 14. Device 10 may include

components such as interface components 24 and 26 that may

be fully internal to device 10, but that receive input

from the user or from the surrounding environment through

physical interaction with flexible display 14. Interface

components 22, 24, and 26 may be positioned in active

region 20A or inactive region 20I of flexible display 14.

 Interface components 22, 24, and 26 may be positioned

separately from one another or may be commonly located to

form a combined component with structural and internal

 features. Interface components 24 and 26 may be

positioned underneath flexible display 14 so that flexible

display 14 must be deformed in order to contact components

24 or 26 or, if desired may be positioned to remain in

constant contact with flexible display 14.

An exploded perspective view of an illustrative

display is shown in FIG. 2. As shown in FIG. 2, flexible

display 14 may be formed by stacking multiple layers

including flexible display layer 14A, touch-sensitive

18
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layer 14B, and cover layer 14C. Flexible display 14 may

also include other layers of material such as adhesive

layers, optical films, or other suitable layers. Flexible

display layer 14 may include image pixels formed form

 light-emitting diodes (LEDs), organic LEDs (OLEDs), plasma

cells, electronic ink elements, liquid crystal display

(LCD) components, or other suitable image pixel structures

compatible with flexible displays.

Touch-sensitive layer 14B may incorporate

capacitive touch electrodes such as horizontal transparent

electrodes 32 and vertical transparent electrodes 34.

Touch-sensitive layer 14B may, in general, be configured

to detect the location of one or more touches or near

touches on touch-sensitive layer 14B based on capacitive,

resistive, optical, acoustic, inductive, or mechanical

measurements, or any phenomena that can be measured with

respect to the occurrences of the one or more touches or

near touches in proximity to touch sensitive layer 14B.

Software and/or hardware may be used to process

the measurements of the detected touches to identify and

track one or more gestures. A gesture may correspond to

stationary or non-stationary, single or multiple, touches

or near touches on touch-sensitive layer 14B. A gesture

may be performed by moving one or more fingers or other

objects in a particular manner on touch-sensitive layer

14B such as tapping, pressing, rocking, scrubbing,

twisting, changing orientation, pressing with varying

pressure and the like at essentially the same time,

contiguously, or consecutively. A gesture may be

characterized by, but is not limited to a pinching,

sliding, swiping, rotating, flexing, dragging, or tapping

motion between or with any other finger or fingers. A

single gesture may be performed with one or more hands, by

one or more users, or any combination thereof.

19
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Cover layer 14C may be formed from plastic or

glass (sometimes referred to as display cover glass) and

may be flexible or rigid. If desired, the interior

surface of peripheral inactive portions 201 of cover layer

14C may be provided with an opaque masking layer on such

as black ink.

Touch-sensitive flexible display section 14AB

may be formed from display pixel array layer 14A and

optional touch sensor layer 14B.

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

portion of flexible display 14 in the vicinity of internal

user interface component 24. Flexible display 14 may be

deformed away from its natural shape under pressure. For

example, flexible display 14 may be deflected by pressure

 exerted by a user or by other external forces in direction

40. As shown in FIG. 3, pressure in direction 40 may

cause flexible display 40 to deform as indicated by dashed

lines 44. Internal component 24 may be configured to

receive input due to deformation of flexible display 14.

Internal component 24 may also provide a temporary return

(restoring) pressure in direction 42.

Pressure in direction 42 may cause flexible

 display 14 to temporarily deform outward of device 10 as

indicated by dashed lines 46. Pressure in direction 42

may, if desired, be formed by an internal actuator that

deforms display 14 to provide a desired tactile sensation

on the surface of display 14 to a user of device 10.

Flexible display 14 may have a natural resiliency that,

following deformation as indicated by dashed lines 44,

causes flexible display to temporarily deform outward of

device 10 as indicated by dashed lines 46 before returning

to its natural shape. Internal component 24 may be a

button, an actuator such as a motor, solenoid, vibrator,

or piezoelectric actuator, a pressure sensor, an audio
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component such as a microphone or speaker, or other

component. Because display 14 is flexible, these

components may operate effectively, even when covered by

display 14. For example, audio components such as

microphones and speakers may receive and transmit sound

through flexible display 14. A barometric pressure sensor

or a force sensor may also receive input through flexible

display 14. Components such as actuators may be used to

temporarily create raised ridges or other external

features on the surface of the flexible display (e.g., to

indicate to a user where an on-screen button or group of

buttons is located). The portion of display 14 under

which components 24 are mounted may be active (i.e., a

portion of the display that contains OLED pixels or other

display pixels) or inactive (i.e., a peripheral portion of

the display outside of the active region).

FIG. 4 is a cross-sectional side view of a

portion of device 10 in the vicinity of button 17 of

device 10. As shown in FIG. 4, button 17 may have a

button member such as button member 52 that reciprocates

within opening 16 of cover layer 14C. When a user presses

the exterior of button member 52 in direction 58, button

member 52 may press against touch-sensitive flexible

display section (layer) 14AB. Touch-sensitive flexible

display section 14AB may be deformed to depress a dome

switch such as dome switch 56 or other switch mechanism,

thereby activating the switch (e.g., shorting internal

switch terminals together to close the switch). Dome

 switches such as dome switch 56 may, if desired, be

mounted to printed circuits such as printed circuit 54.

Dome switch 56 may have a dome-shaped biasing member that

pushes touch-sensitive flexible display section 14AB

outward in direction 60 when the user releases pressure

from button member 52. Dome switch 54 and printed circuit

21
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54 may be recessed in a support structure such as support

structure 50 behind flexible display 14. Other types of

Switches may used if desired, such as switches with

spring-based biasing members or other biasing structures

that bias button members such as button member 52. The

use of a dome switch with a dome-shaped biasing structure

is merely illustrative.

FIG. 5 is a cross-sectional side view of a

 portion of device 10 in the vicinity of button 17 of

device 10. The illustrative embodiment of FIG. 5 differs

from the illustrative embodiment of FIG. 4 in that cover

layer 14C of flexible display 14 is not a rigid cover

layer, but a flexible cover layer. In an embodiment in

which flexible display 14 contains a flexible cover layer

14C, button 17 includes dome switch 56 and printed circuit

54. In the embodiment of FIG. 5, a user may press the

exterior of flexible display 14 in direction 58. Flexible

display 14 may be deformed to depress dome switch 56 or

other switch mechanism, thereby activating the switch. As

in FIG. 4, dome switches such as dome switch 56 may, if

desired, be mounted to printed circuits such as printed

circuit 54. Dome switch 56 may have a dome-shaped biasing

member that pushes flexible display 14 outward in
 

direction 60 when the user releases pressure from button

member 52. Dome switch 54 and printed circuit 54 may be

mounted in support structures 50 behind flexible display

14. Other types of switches may use spring-based biasing

members or other biasing structures to bias button members

such as button member 52. The use of a dome switch with a

dome-shaped biasing structure is merely illustrative.

Providing device 10 with flexible display 14

without the need for an opening in flexible display 14 to

access button 17 allows flexible display 14 to extend over

button 17 without disruption. In both the FIG. 4 and FIG.

22
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5 configurations, the portion of the flexible display that

overlaps the button may be an active display portion or an

inactive display portion. When an active display portion

is configured so as to overlap buttons and other

components, there is generally more area available for the

active display portion. The presence of flexible display 
14 over button 17 (or other components) may also reduce

the risk of moisture or dirt entering into the interior of

device 10.

FIG. 6 is a cross-sectional side view of a

portion of device 10 in the vicinity of audio component

19. Audio component 19 may be recessed in a chassis 50

behind flexible display 14. Audio component 19 may be a

speaker for providing sound to a user of device 10 or a

microphone for receiving input from a user or the external

environment. In the embodiment shown in FIG. 6, sound may

be transmitted through flexible display 14 to a microphone

or from a speaker. The portion of flexible display 14

that overlaps audio component 19 may be active or

inactive. Arrangements in which component 19 is covered

with part of the active area of display 14 may allow the

size of active region 20A of flexible display 14 to be

increased. The presence of flexible display 14 over audio

component 19 may also reduce the risk of moisture or dirt

entering into the interior of device 10.

FIG. 7 is a cross-sectional side view of a

portion of device 10 in the vicinity of another embodiment

of audio component 19. In the illustrative embodiment of

FIG. 7, audio component 19 may be a speaker or microphone

that contains a diaphragm such as diaphragm 70. Diaphragm

70 may be formed from a separate structure that is

attached to the underside of flexible display 14 or may be

formed from a part of flexible display 14. As in the

embodiment shown in FIG. 6, audio component 19 may be
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mounted within support structures 50. Audio component 19

may include a magnet such as magnet 74 and a coil such as

coil 72 in which current may flow. If audio component 19

is a speaker, current may be driven through coil 72 to

induce motion in diaphragm 70 and thereby emit sound

through flexible display 14. If audio component 19 is a

microphone, sound waves originating from the exterior of

device 10 may induce vibrations in flexible display 14

which are transmitted to diaphragm 70 and ultimately to

coil 72 in which current may be induced. The current

produced in coil 72 may be used to transmit sound

information to device 10. Diaphragm 70 may be a separate

member in contact with flexible display 14 or may be an

integral part of flexible display 14.

FIG. 8 is a cross-sectional side view of a

portion of device 10 in the vicinity of another possible

embodiment of audio component 19. As shown in FIG. 8,

audio component 19 may be a laser microphone which uses

vibrations in flexible display 14 induced by sound

originating external to device 10 to produce an signal to

be transmitted to device 10. As shown in FIG. 8, audio

component 19 may be recessed in support structures 50.

Audio component 19 may include a light emitting component

such as laser component 80. Laser component 80 may emit a

laser beam such as laser beam 84 in the direction of

  flexible display 14. Laser beam 84 may reflect off of

flexible display 14 and a reflected laser beam such as

reflected laser beam 86 may be absorbed by a laser

absorbing component 82.

Laser beam 84 and reflected laser beam 86 may be

used in combination with laser 80 and photosensitive

element 82 to monitor variations in distance 88 from

flexible display 14 to component 80 and component 82.

Sound waves originating external to device 10 may induce
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vibrations in flexible display 14 causing distance 88 to

oscillate. The oscillations in distance 88 may be

converted into sound-related information by device 10.

FIG. 9 is a cross-sectional side view of a

 portion of device 10 in the vicinity of a component such

as component 22 of FIG. 1. In the embodiment shown in

FIG. 9, component 22 may contain an actuator such as a

piezoelectric (actuator 90). Piezoelectric actuators such

as piezoelectric actuator 90 may vary in shape (e.g.,

thickness) in response to applied control voltages and may

produce an output voltage when compressed (i.e., the

piezoelectric element in actuator 90 may serve as a force

sensor in addition to serving as a controllable actuator).

A user of device 10 may exert force on flexible display 14

in direction 92. Flexible display 14 may be deformed to

exert a mechanical pressure on piezoelectric element 30 or

other force sensor, inducing a voltage which may be

transmitted to device 10. Conversely, piezoelectric

actuator 90 may be used to provide tactile feedback to a

user of device 10. A voltage difference applied to the
 

surfaces of piezoelectric actuator 90 may induce an

expansion of piezoelectric actuator 90. Piezoelectric

actuator 30 may then deform flexible display 90 in

direction 94 providing tactile feedback to a user of

device 10.

FIG. 10 is a cross-sectional side view of a

portion of device 10 in the vicinity of structural

component 22 of device 10. Structural component 22 may

cause a permanent deformation such as deformation 102 in

flexible display 14 to indicate the location of portion

101 of touch-sensitive layer 14B in display 14 to the user

of device 10. Portion 101 may be, for example, a letter

key or other button in a virtual keypad (keyboard)

displayed on flexible display 14. A touch sensor array
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associated with display 14 may be used to gather user

input (i.e., the touch sensor array may be used to

determine when a user has pressed the virtual key

associated with portion 101). The location of portion 101

may also be indicated visually using associated display

pixels in flexible display 14. At times, a user may

desire to be able to locate portion 101 without having to

look at flexible display 14. Deforming flexible display

14 in the vicinity of portion 101 using structural

component 22 may allow a user to locate portion 101

without visual aid. Structural component 22 may be an

isolated component indicating the location of a single

portion 101 of touch-sensitive layer 14B or may be one of

an array of components 22 indicating the locations of an

array of portions 101 (e.g., the array of letter, number,

and symbol keys in a virtual keypad displayed on display

14). Structural component 10 may be a separate component

mounted to support structures 50 or may be an integral

part of support structures 50.

FIG. 11 is a cross-sectional side view of a

portion of device 10 in the vicinity of a hybrid component

such as component 100. Component 100 may include both an

internal interface component such as internal component 24

and a structural component such as structural component

22. Structural component 22 may cause a permanent

deformation such as deformation 102 in flexible display 14

in the vicinity of internal component 24 to indicate the

location of internal component 22 to the user of device

10. The presence of flexible display 14 between the user

of device 10 and internal component 24 may obscure the

location of internal interface component 24. The location

of interface component 24 may be indicated visually using 
display pixels in flexible display 14. The deformation of

flexible display 14 in the vicinity of interface component

26
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24 using structural component 22 may also allow the user

to locate interface component 24 without visual aid.

Component 100 may be an isolated component indicating the

location of a single interface component 24 of touch-

 sensitive layer 14B or may be one of an array of

components 100 indicating the locations of an array of

interface components 24.

FIG. 12 is a perspective view of an embodiment

of device 10 in which internal component 24 is a button

such as button 17. In the embodiment of FIG. 12, as in

FIG. 11, component 100 includes internal component 24 and

structural component 22 (shown in FIG. 11). As shown in 
FIG. 12, a ridge or other deformation such as deformation

102 in flexible display 14 may be used to indicate the

location of button 17.

FIG. 13 is a cross-sectional side view of a

portion of device 10 in the vicinity of another

illustrative embodiment of a hybrid component such as

component 100 which includes an internal interface

component such as internal component 24 and a structural

component such as structural component 22 mounted to an

actuator such as actuator stage 110. Component 100 may be

recessed in chassis 50. Actuator stage 110 may be

electrically or mechanically raised in direction 112 to

temporarily produce deformations such as deformations 102

 in flexible display 14. Deformations 102 in flexible
 

display 14 may indicate the location of internal interface

device 24 to a user of device 10. Actuator stage 110 may 
be electrically or mechanically lowered in direction 114

to remove deformations 102 in flexible display 14

returning flexible display 14 to its original shape.

Component 100 may be an isolated component indicating the

location of a single interface component 24 of touch- 
sensitive layer 14B or may be one of an array of
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components 100 indicating the locations of an array of

respective interface components 24.

FIG. 14 is a cross-sectional side view of a

portion of device 10 in the vicinity of another

illustrative embodiment of a component such as structural

component 22. In the arrangement of FIG. 14, structural

component 22 is mounted an actuator such as actuator stage

110. Some modes of operating device 10 may require visual

interaction with a user of device 10 (e€.g., a mode

involving the display of images or video). In these

visual modes, the location of portion 101 of touch-

sensitive layer 14B of flexible display 14 may be

indicated visually using display pixels in flexible

display 14.

 In other modes of operation of device 10, a user

of device 10 may wish to determine the location of portion

101 without visual aid. In the embodiment shown in FIG.

14, component 22 may be recessed in support structures 50.

Actuator stage 110 may be electrically or mechanically

raised in direction 112 to move structural component 22

into contact with flexible display 14 to temporarily

produce deformations such as deformations 102 in flexible

display 14. Deformations 102 may indicate the location of

portion 101 to a user of device 10. When no longer needed

for tactile interaction (e.g., upon switching to a video

display mode), actuator 110 may be electrically or

mechanically moved in direction 114 to lower structural

component 22 and remove deformations 102 in flexible

display 14.

FIG. 15 is a cross-sectional side view of an

embodiment of device 10 in which device 10 includes

housing 12 and cover member 122. Cover member 122 may be

formed of plastic, glass, ceramics, fiber composites,

metal (e.g., stainless steel, aluminum, etc.), other
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 suitable materials, or a combination of these materials.

Cover member 122 may be a single structure or may include

multiple cover structures. In order to facilitate lifting

of cover 122 by a user of device 10, structural component

22 may be coupled to an actuator 130 which may be used to

lift structural component 122 in direction 134. When

lifted, structural component 134 may cause a deformation

such as deformation 102 in flexible display 14. Flexible

display 14 may exert a pressure on cover member 122,

lifting cover member 122 in direction 134 allowing the

user to grip cover member 122 in order to lift cover

member 122 to an open position such as open position 140.

Actuator 130 may then be used to lower structural

component 22 in direction 132 in order to allow flexible

display 14 to return to its original shape. Actuator 130

may be activated in response to a control signal produced

by the user using actuator switch 124 or by a control

signal from other suitable control circuitry.

FIG. 16 is a cross-sectional side view of a

 portion of device 10 in the vicinity of another

illustrative embodiment of internal interface component

245 In the embodiment shown in FIG. 16, interface

component 24 may be a pressure sensor that includes a

pressure sensing module 140. Pressure sensing module 140

may be coupled between a contact member such as contact

member 142 (which is in contact with flexible display 14)

and electrical contacts 144. Pressure may be exerted on

flexible display 14 (e.g., by a user of device 10 or due

to atmospheric pressure changes in the surrounding

environment of device 10). Pressure exerted on flexible

display 14 may be transmitted to pressure sensing module

140 by contact member 142. Pressure information may be

transmitted to device 10 through electrical contacts 144.

Pressure sensing module 140 may sense pressure changes
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using piezoelectric, capacitive, inductive, resistive,

optical or other mechanisms. Providing device 10 with

flexible display 14 allows flexible display 14 to extend

over interface component 24, increasing the area of active

region 20A of flexible display 14. The presence of

flexible display 14 over interface component 24 may also

reduce the risk of moisture or dirt entering into the

interior of device 10.

In accordance with an embodiment, an electronic

device is provided that includes a flexible display and an

internal component, where the flexible display may be

deformed by an action external to the device and

deformation of the flexible display creates a response

from the internal component.

In accordance with another embodiment, the

flexible display includes a flexible display layer anda

touch-sensitive layer.

In accordance with another embodiment, the

flexible display layer of the flexible display includes an

active display region and the internal component is

covered with a portion of the active display region of the

flexible display.

In accordance with another embodiment, the

internal component includes a button and deformation of

the flexible display compresses the button.

In accordance with another embodiment,

the flexible display further includes a rigid cover layer

having at least one opening.
 
In accordance with another embodiment, the

opening includes a hole in the rigid cover layer, the

button further includes a button member in the opening,

the button member moves within the hole in the rigid cover

layer, and the movement of the button member in the

opening causes deformation of the flexible display.
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In accordance with another embodiment, the

internal component includes a pressure sensor and

deformation of the flexible display exerts a mechanical

pressure on the pressure sensor.

In accordance with another embodiment, the

pressure sensor includes a piezoelectric actuator and the

mechanical pressure induces a voltage on the piezoelectric

actuator.

In accordance with another embodiment, the

internal component includes a laser microphone for

detecting a sound originating external to the electronic

device and detecting the sound includes, with a laser,

detecting deformation of the flexible display.

In accordance with an embodiment, an electronic

device is provided that includes a flexible display and an

audio component that transmits or receives sound through

the flexible display.

In accordance with another embodiment, the

flexible display includes an active display region and the

audio component is mounted behind the active display

region of the flexible display.

In accordance with another embodiment, the

flexible display includes a flexible display layer anda

touch-sensitive layer.

In accordance with another embodiment, the audio

component includes a diaphragm and the diaphragm is

mounted in contact with the flexible display.

In accordance with another embodiment, an

electronic device is provides that includes a housing, a

flexible display mounted on the housing, and a first

internal component mounted under a portion of the flexible

display, where the first internal component is configured

to deform the portion of the flexible display.

In accordance with another embodiment, the first
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internal component includes a piezoelectric actuator,

where a voltage applied to the piezoelectric actuator

causes an expansion of the piezoelectric actuator and the

portion of the flexible display deforms in response to the

expansion of the piezoelectric actuator.

In accordance with another embodiment, the first

internal component includes a structural component, where

the portion of the flexible display deforms in response to 
physical contact with the structural component and

deformation of the portion of the flexible display causes

the portion of the flexible display to conform to a

 surface of the structural component.

In accordance with another embodiment, the

electronic device further includes a second internal

component mounted under the portion of the flexible

display, where the portion of the flexible display that

conforms to the surface of the structural component

indicates the location of the second internal component.

In accordance with another embodiment, the

second internal component includes a button, where the

portion of the flexible display is configured to be

further deformed by an action external to the electronic

device and further deformation of the portion of the

flexible display compresses the button.

In accordance with another embodiment, the first

internal component further includes an actuator, where the

structural component is mounted on the actuator, where

raising the actuator moves the structural component into

contact with the portion of the flexible display, and

where lowering the actuator moves the structural component

out of contact with the flexible display.

In accordance with another embodiment, the

flexible display includes a touch-sensitive layer, where

deformation of the portion of the flexible display
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conforming to the surface of the structural component

indicates the location of a portion of the touch-sensitive

layer of the flexible display.

In accordance with another embodiment, the

electronic device further includes a second internal

component mounted on the actuator and deformation of the

portion of the flexible display conforming to the surface

of the structural component indicates the location of the

second internal component.

In accordance with another embodiment, the

electronic device further includes a cover member and an

actuator switch coupled to the actuator, where deformation

of the flexible display exerts a pressure on the cover

member and the pressure on the cover member lifts the

cover member.

The foregoing is merely illustrative of the

principles of this invention and various modifications can

be made by those skilled in the art without departing from

the scope and spirit of the invention.

As shown in the examples of FIGS. 1, 2 and 17-

21, an electronic device may be provided with a concave

display. The concave display may include a flexible

display layer that has been bent to curve the display.

Concave displays may be formed from flexible

layers such as a flexible display layer (e.g., a flexible

 organic light-emitting diode array), a flexible touch-

sensitive layer (e.g., a sheet of polymer with an array of

transparent capacitor electrodes for a capacitive touch

sensor), a flexible substrate layer, etc. These flexible

layers may, if desired, be covered by a flexible or rigid

cover layer (sometimes referred to as a cover glass) or

may be supported by a support structure (e.g., a rigid

support structure on the underside of the flexible

layers). In electronic devices with concave displays that
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are covered by rigid cover layers, the cover layers may

be provided with openings that provide access to the

flexible layers of the display. For example, a cover

glass layer may have an opening that allows a button 
member to move relative to the cover glass layer. As the

button member moves within the opening, underlying

portions of the flexible display may be deformed (e.g., to

allow actuation of an associated switch).

Electronic devices may also be provided with

user interface components (input-output components) such

as buttons, microphones, speakers, piezoelectric actuators

or (for receiving electrical input from a user or tactile

feedback to users), other actuators such as vibrators,

pressure sensors, and other components. These components

may be mounted under portions of a flexible display.

User interface components may be mounted under

the flexible display or may be integrated into the

flexible display. The deformable nature of the flexible

display may allow a user to interact with the user

 interface components (input-output components) by moving

the display into contact with the user interface

components or by otherwise allowing the display to locally

flex (e.g., to allow sound to pass through the flexible

display or to allow barometric pressure measurements of

the exterior environment to be made by an internal

 pressure sensor). If desired, a portion of the flexible

display may form a membrane portion of an electrical

component. Components that may be provided with a

membrane that is formed from a portion of a flexible

display include microphones, laser microphones, pressure

sensors, speakers, etc.

Concave displays formed from flexible and rigid

layers that all have concave shapes (i.e., displays formed 
from a collection of layers in which no layer of the
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display is planar) may provide reduced vulnerability to

damage during a drop event in which an electronic device

strikes the ground or other external objects while

maximizing the internal volume of the device that is

available to hold electrical and mechanical device

components.

An illustrative electronic device of the type

that may be provided with a concave display is shown in

FIG. 1. Electronic device 10 may be a portable electronic

device or other suitable electronic device. For example,

electronic device 10 may be a laptop computer, a tablet

computer, a somewhat smaller device such as a wrist-watch

device, pendant device, or other wearable or miniature

device, a cellular telephone, a media player, etc.

Device 10 may include a housing such as housing

12. Housing 12, which may sometimes be referred to as a

case, may be formed of plastic, glass, ceramics, fiber

composites, metal (e.g., stainless steel, aluminum, etc.),

other suitable materials, or a combination of these

materials. In some situations, parts of housing 12 may be

formed from dielectric or other low-conductivity material.

In other situations, housing 12 or at least some of the

 structures that make up housing 12 may be formed from

metal elements.

Device 10 may have a concave display such as

concave display 14. Concave display 14 may be formed from

multiple layers of material. These layers may include a

touch sensor layer such as a layer on which a pattern of

indium tin oxide (ITO) electrodes or other suitable

transparent electrodes have been deposited to form a

capacitive touch sensor array or a touch sensor layer

formed using other touch technologies (e.g., resistive

touch, acoustic touch, optical touch, etc.). These layers

may also include a layer that contains an array of display
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pixels. The touch sensor layer and the display layer may

 be formed using flexible sheets of polymer or other

substrates having thicknesses of 10 microns to 0.5 mm or

other suitable thicknesses (as an example).

 The display pixel array may be, for example, an

organic light-emitting diode (OLED) array containing rows

and columns of OLED display pixels. Other types of

flexible display pixel arrays may also be formed (e.g.,

 electronic ink displays, etc.). The use of OLED

technology to form flexible display 14 is sometimes

described herein as an example. This is, however, merely

 illustrative. Flexible display 14 may be formed using any

suitable flexible display technology. The use of flexible

displays that are based on OLED technology is merely

illustrative.

In addition to these functional display layers

{i.e., the OLED array and the optional touch sensor

array), display 14 may include one or more structural

layers. For example, display 14 may be covered with a

 flexible or rigid cover layer and/or may be mounted ona

support structure (e.g., a rigid support). Layers of

adhesive may be used in attaching flexible display layers

 to each other and may be used in mounting flexible display

layers to rigid and flexible structural layers.

In configurations for display 14 in which the

cover layer for display 14 is flexible, input-output

components that rely on the presence of flexible layers

may be mounted at any suitable location under the display

(e.g., along peripheral portions of the display, ina

central portion of the display, etc.). In configurations

for display 14 in which the flexible layers are covered by

a rigid cover glass layer or other rigid cover layer, the

rigid layer may be provided with one or more openings and

the electronic components may be mounted under the
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openings. For example, a rigid cover layer may have

openings such as a circular opening 16 for button 17 anda

speaker port opening such as speaker port opening 18

{e.g., for an ear speaker for a user). Device 10 may also

have other openings (e.g., openings in display 14 and/or

housing 12 for accommodating volume buttons, ringer

buttons, sleep buttons, and other buttons, openings for an

audio jack, data port connectors, removable media slots,

GEG: )

In some embodiments, portions of concave display

14 such as peripheral regions 20I may be inactive and

portions of display 14 such as rectangular central portion

20A (bounded by dashed line 20) may correspond to the

active part of display 14. In active display region 20A,

an array of image pixels may be used to present text and

images to a user of device 10. In active region 20A,

display 14 may include touch sensitive components for

input and interaction with a user of device 10. If

desired, regions such as regions 20I and 20A in FIG. 1 may

both be provided with display pixels (i.e., all or

substantially all of the entire front planar surface of a

device such as device 10 may be covered with display

pixels).

Device 10 may, if desired, have internal user

interface components such as buttons 17 or speaker

component 19 that occupy openings such as openings 16 and

18 respectively in an optional rigid cover layer of

concave display 14. Buttons 17 may be based on dome

switches or other switch circuitry. Buttons 17 may

include button members that form push buttons (e.g.,

momentary buttons), slider switches, rocker switches, etc.

Device 10 may include internal structural components such

as structural component 22 that add a raised structure to

a portion of concave display 14. Device 10 may include
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components such as interface components 24 and 26 that may

 be fully internal to device 10, but that receive input

from the user or from the surrounding environment through

physical interaction with concave display 14. Interface

components 22, 24, and 26 may be positioned in active

region 20A or inactive region 20I of concave display 14.

Interface components 22, 24, and 26 may be positioned

separately from one another or may be commonly located to

 form a combined component with structural and internal

features. Interface components 24 and 26 may be

positioned underneath concave display 14 so that concave

display 14 must be deformed in order to contact components

24 or 26 or, if desired may be positioned to remain in

constant contact with concave display 14.

An exploded perspective view of an illustrative

display is shown in FIG. 2. As shown in FIG. 2, concave

display 14 may be formed by stacking multiple layers

including flexible display layer 14A, touch-sensitive

layer 14B, and cover layer 14C. Display 14 may also

include other layers of material such as adhesive layers,

optical films, or other suitable layers. Flexible display

layer 14 may include image pixels formed form light-

emitting diodes (LEDs), organic LEDs (OLEDs), plasma

cells, electronic ink elements, liquid crystal display

(LCD) components, or other suitable image pixel structures

compatible with flexible displays.

Touch-sensitive layer 14B may incorporate

capacitive touch electrodes such as horizontal transparent

electrodes 32 and vertical transparent electrodes 34.

Touch-sensitive layer 14B may, in general, be configured

to detect the location of one or more touches or near

touches on touch-sensitive layer 14B based on capacitive

sensors, resistive sensors, optical sensors, acoustic

sensors, inductive sensors, or force sensors.
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Software and/or hardware may be used to process

the measurements of the detected touches to identify and

track one or more gestures. A gesture may correspond to

stationary or non-stationary, single or multiple, touches

or near touches on touch-sensitive layer 14B. A gesture

may be performed by moving one or more fingers or other

objects in a particular manner on touch-sensitive layer

14B such as tapping, pressing, rocking, scrubbing,

twisting, changing orientation, pressing with varying

pressure and the like at essentially the same time,

contiguously, or consecutively. A gesture may be

characterized by, but is not limited to a pinching,

sliding, swiping, rotating, flexing, dragging, or tapping

motion between or with any other finger or fingers. A

single gesture may be performed with one or more hands, by

one or more users, or any combination thereof.

Cover layer 14C may be formed from plastic or

glass (sometimes referred to as display cover glass) and

may be flexible or rigid. If desired, the interior

 surface of peripheral inactive portions 201 of cover layer

14C may be provided with an opaque masking layer on such

as black ink.

Touch-sensitive flexible display section 14AB

may be formed from display pixel array layer 14A and

optional touch sensor layer 14B.  
FIG. 17 is perspective view of an illustrative

embodiment of device 10 with concave display 14 in which

device 10 is provided with a bezel such as bezel 200

surrounding the periphery of concave display 14. In the

illustrative embodiment shown in FIG. 17, housing 12 of

device 10 has an opening 204 that may provide access to a

data port. The surface of bezel 200 may be formed in-

plane with the surface of display 14 (i.e., so that bezel

200 and display 14 form a single smooth surface) or may be
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formed at a right angle to the walls of housing 12 (as

examples). Bezel 200 may be a separate bezel member or 
may be formed as a portion of housing 12. As shown in

FIG. 17, top and bottom portions 202 of bezel 200 may have

a concave (curved) shape that matches the cross-sectional

curved shape of concave display 14.

FIG. 18 is a cross-sectional side view of an

illustrative embodiment of device 10 in which concave

display 14 is formed by mounting flexible display layer

14A to a concave support structure such as support

structure 210 (e.g., a rigid support structure having at

least a concave external surface such as a metal, glass,

or plastic support structure) using a layer of adhesive

material such as adhesive layer 212. As shown in FIG. 18,

the internal volume of device 10, defined by housing 12,

bezel 202 and concave display 14 may include volume 216

above a plane (indicated by dashed line 214) defined by

the deepest point in the curvature of display 14. This is

because the inner surface of support structure 210 is

convex (in the FIG. 18 example). Volume 216 provides

space in addition to rectangular volume 218 in which

internal components such as component 220 (e.g., printed

circuit boards, antennas or other components) may be

positioned. The ability to bend flexible display 14 into

the concave shape of FIG. 18 may therefore help maximize

the interior space that is available within device 10 to

mount device components.

FIG. 19 is a cross-sectional side view of a

portion of device 10. In the illustrative embodiment of

FIG. 19, concave display 14 is formed from flexible

display layer 14A, adhesive layer 212, and rigid cover

layer 14C (e.g., a layer of rigid plastic or a layer of

rigid cover glass having a concave external surface anda

convex inner surface to which flexible display layer 14A
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 conforms). Concave display 14 may be formed adjacent to

bezel portion 200 of housing 12 or may be joined to

housing 12 by an additional mounting member. The concave

shape of cover layer 14C of display 14 may provide reduced

susceptibility to damage if device 10 is dropped. Forming

flexible display layer 14A in a shape that matches the

concave shape of cover layer 14C (i.e., so that layer 14A

conforms to the convex inner surface of layer 14C) may

provide additional internal volume 216 to device 10.

FIG. 20 is a cross-sectional side view of a

portion of another embodiment of device 10. In the

illustrative embodiment of FIG. 20, concave display 14 is

formed from flexible display layer 14A attached to

optional touch-sensitive layer 14B by adhesive layer 212.

Touch-sensitive layer 14B may further be attached to rigid

cover layer 14C (e.g., a glass or plastic layer) using

adhesive layer 230 such that all layers (212, 14B, 230,

and 14C) of display 14 conform to the concave shape of

cover layer 14C. Concave display 14 may be directly

adjacent to bezel portion 200 of housing 12 or may be

joined to housing 212 by an additional mounting member.

The concave shape of all layers (14A, 212, 14B, 230, and

14C) of display 14 may provide reduced susceptibility to

damage in the event that device 10 is dropped and may

provide additional internal volume 216.

FIG. 21 is a cross-sectional side view of device

10 and a common drop surface such as drop surface 240

(e.g., sidewalk concrete, asphalt, tile, or any other

 surface) on which device 10 may be dropped. Drop surface

240 may have a surface roughness due to surface features

such as surface features 242. Surface features 242 may

have a characteristic height such as height 244 (e.g., 1-2

mm for a concrete surface). As shown in FIG. 21, device

10 may be provided with concave display 14. Concave
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display 14 may be provided with a curvature defined by

maximum depth 248 defined by the distance from the

 outermost surface of device 10, indicated by dashed line

246 and the deepest point in the curvature of display 14

(indicated by dashed line 214). The outermost surface of

device 10 may be defined by bezel 200, or, in the absence

of bezel 200, may be defined by juncture point 250 at

which the peripheral edges of display 14 meet housing 12.

Maximum depth 248 may be chosen to be larger

than characteristic size 244 of surface features 242 of

common drop surface 240. Providing device 10 with a

concave display having curvature chosen to provide a

maximum depth (depth 248) that is larger than

characteristic height 244 may significantly reduce the

risk of damage (e.g., scratches or other damage) to device

10 during a drop event.

Providing concave display 14 with flexible

display layer 14A capable of conforming to the shape of

cover layer 14C allows all layers of display 14 to be

conformed to same concave shape. Providing device 10

with concave display 14 in which all layers of concave

display 14 conform to the same concave shape may reduce

the susceptibility of device 10 to damage when dropped on

common drop surface 240 while providing additional

internal volume 216 in which internal components may be

positioned.

Electronic devices may be provided with concave

displays that reduce the risk of damage in the event of a

drop while maximizing the internal volume of the device.

Concave displays may be formed from one or more flexible

layers including a flexible display layer. The flexible

display layer may be mounted to a rigid support structure

or a rigid cover layer. Flexible display layers that

conform to the curved shape of a rigid cover structure
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provide additional internal volume in which internal

components of the device may be positioned.

In accordance with an embodiment, an electronic

device is provided that includes a housing and a concave

display mounted in the housing, where the concave display

has a rigid internal support structure having a concave

surface and a flexible display layer attached to the rigid

internal support structure that conforms to the concave

 surface of the rigid support structure.

In accordance with another embodiment, the

concave display further includes a first adhesive layer

 and the first adhesive layer attaches the flexible display

layer to the concave surface of the rigid internal support

structure.

In accordance with another embodiment, the

concave display further includes a touch-sensitive layer.

In accordance with another embodiment, the

concave display further includes first and second adhesive

layers, where the first adhesive layer attaches the

 flexible display layer to the touch-sensitive layer and

where the second adhesive layer attaches the flexible

display layer to the rigid internal support structure.

In accordance with another embodiment, the

housing includes a bezel and the bezel surrounds a

periphery of the concave display.

In accordance with another embodiment, the rigid

internal support structure has a convex inner surface and

the electronic device further includes at least one

internal component mounted adjacent to the convex inner

surtace.

In accordance with another embodiment, the rigid

internal support structure has at least one opening.

In accordance with another embodiment, the at

least one opening includes a hole in the rigid internal
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support structure and the at least one internal component

is mounted in the hole in the rigid internal support

structure.

In accordance with another embodiment, an

electronic device is provided that includes a housing and

a concave display mounted in the housing, where the

concave display includes a rigid cover layer having at

least one concave outer surface and at least one

corresponding convex inner surface and includes a flexible

display layer, where the flexible display layer conforms

to the convex inner surface of the rigid cover layer.

In accordance with another embodiment, the

flexible display layer includes image pixels formed from

organic light-emitting diodes.

In accordance with another embodiment, the

concave display further includes a first adhesive layer,

where the first adhesive layer attaches the flexible

display layer to the convex inner surface of the rigid

cover layer.

In accordance with another embodiment, the rigid

cover layer has at least one opening, where the electronic

device further includes an internal component and where

the internal component is mounted adjacent to the flexible

display layer under the at least one opening in the rigid

cover layer.

In accordance with another embodiment, the

internal component includes a speaker and the speaker

transmits sound through the flexible display layer.

In accordance with another embodiment, the

internal component includes a button, where the electronic

device further includes a button member in the at least

one opening in the rigid cover layer, where the button

member moves within the at least one opening in the rigid

 cover layer, and where the movement of the button member
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compresses the button.

In accordance with another embodiment, an

electronic device is provided that includes an electronic

device housing and a concave display mounted in the

electronic device housing, where the concave display

includes a rigid cover layer having a concave outer

surface and a convex inner surface, a flexible display

layer, and a touch-sensitive layer, where the flexible

display layer and the touch-sensitive layer each conform

to the convex inner surface of the rigid cover layer.

In accordance with another embodiment, the

concave display further includes first and second adhesive

layers, where the flexible display layer is attached to

the touch-sensitive layer with the first adhesive layer

and where the touch-sensitive layer is attached to the

convex inner surface of the rigid cover layer with the

second adhesive layer.

In accordance with another embodiment, the

electronic device further includes at least one internal

component mounted adjacent to the flexible display layer

of the concave display.

In accordance with another embodiment, the rigid

cover layer of the convex display has at least one

opening, where the at least one internal component is an

audio component, and where the audio component is mounted

under the at least one opening in the rigid cover layer.

In accordance with another embodiment, the

concave outer surface of the concave display has a

curvature and peripheral edges, where the curvature has a

deepest point, where the deepest point and at least some

of the peripheral edges define a maximum depth associated

with the curvature of the concave display and where the

maximum depth of the concave display is between 0.5

millimeter and 20 millimeters.
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In accordance with another embodiment, the

electronic device further includes an internal component,

where the internal component is mounted at a distance from

the peripheral edges of the concave outer surface, and

where the distance is smaller than the maximum depth.

The foregoing is merely illustrative of the

principles of this invention and various modifications can

be made by those skilled in the art without departing from

the scope and spirit of the invention.

As shown in the examples of FIGS. 1, 2 and 22-

29, an electronic device may be provided with a convex

display. The convex display may include a flexible

display layer that has been bent to form a curved surface.

Convex displays may be formed from flexible

layers such as a flexible display layer (e.g., a flexible

organic light-emitting diode array), a flexible touch-

sensitive layer (e.g., a sheet of polymer with an array of

transparent capacitor electrodes for a capacitive touch

sensor), a flexible substrate layer, etc. These flexible

 layers may, if desired, be covered by a flexible or rigid

cover layer (sometimes referred to as a cover glass) or

may be supported by a support structure (e.g., a rigid

 support structure on the underside of the flexible

layers). In electronic devices with convex displays

partially covered by rigid cover layers, the cover layers

may be provided with openings that provide access to the

flexible layers of the display. For example, a cover

glass layer may have an opening that allows a button

member to move relative to the cover glass layer. As the

button member moves within the opening, underlying

portions of the flexible display may be deformed (e.g., to

allow actuation of an associated switch).

Electronic devices may also be provided with

user interface components (input-output components) such
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as buttons, microphones, speakers, piezoelectric actuators

or (for receiving electrical input from a user or tactile

feedback to users), other actuators such as vibrators,

pressure sensors, and other components. These components

may be mounted under portions of a flexible display.

User interface components may be mounted under

the flexible display or may be integrated into the

flexible display. The deformable nature of the flexible

display may allow a user to interact with the user

interface components (input-output components) by moving

the display into contact with the user interface

components or by otherwise allowing the display to locally

flex (e.g., to allow sound to pass through the flexible

display or to allow a barometric pressure measurements of

the exterior environment to be made by an internal

pressure sensor). If desired, a portion of the flexible

display may form a membrane portion of an electrical

component. Components that may be provided with a

membrane that is formed from a portion of a flexible

display include microphones, laser microphones, pressure

sensors, speakers, etc.

Convex displays formed from flexible and rigid

layers that all have convex shapes i.e., displays formed

from a collection of layers in which no layer of the

display is planar) may provide an aesthetically desirable

external appearance while maximizing the internal volume

of the device that is available to hold electrical and

mechanical device components.

An illustrative electronic device of the type

that may be provided with a convex display is shown in

FIG: Ls.

Electronic device 10 may be a portable electronic device

or other suitable electronic device. For example, 
electronic device 10 may be a laptop computer, a tablet
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computer, a somewhat smaller device such as a wrist-watch

device, pendant device, or other wearable or miniature

device, a cellular telephone, a media player, etc.

Device 10 may include a housing such as housing

 12. Housing 12, which may sometimes be referred to as a

case, may be formed of plastic, glass, ceramics, fiber

composites, metal (e.g., stainless steel, aluminum, etc.),

other suitable materials, or a combination of these

materials. In some situations, parts of housing 12 may be

formed from dielectric or other low-conductivity material.

In other situations, housing 12 or at least some of the

structures that make up housing 12 may be formed from

metal elements.  
Device 10 may have a convex display such as

convex display 14. Convex display 14 may be formed from

multiple layers of material. These layers may include a

touch sensor layer such as a layer on which a pattern of

indium tin oxide (ITO) electrodes or other suitable

transparent electrodes have been deposited to forma

capacitive touch sensor array or a touch sensor layer

formed using other touch technologies (e.g., resistive

touch, acoustic touch, optical touch, etc.). These layers

may also include layer that contains an array of display

pixels. The touch sensor layer and the display layer may

be formed using flexible sheets of polymer or other

substrates having thicknesses of 10 microns to 0.5 mm or

other suitable thicknesses (as an example).

The display pixel array may be, for example, an

organic light-emitting diode (OLED) array containing rows

and columns of OLED display pixels. Other types of

flexible display pixel arrays may also be formed (e.g.,

 electronic ink displays, etc.). The use of OLED

technology to form flexible display 14 is sometimes

described herein as an example. This is, however, merely
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illustrative. Flexible display 14 may be formed using any

suitable flexible display technology. The use of flexible

displays that are based on OLED technology is merely

illustrative.
 

In addition to these functional display layers

{l.e., the OLED array and the optional touch sensor

array), display 14 may include one or more structural

layers. For example, display 14 may be covered with a

 flexible or rigid cover layer and/or may be mounted ona

support structure (e.g., a rigid support). Layers of

adhesive may be used in attaching flexible display layers

 to each other and may be used in mounting flexible display

layers to rigid and flexible structural layers.

In configurations for display 14 in which the

cover layer for display 14 is flexible, input-output

components that rely on the presence of flexible layers

may be mounted at any suitable location under the display

(e.g., along peripheral portions of the display, ina

central portion of the display, etc.). In configurations

 for display 14 in which the flexible layers are covered by

a rigid cover glass layer or other rigid cover layer, the

rigid layer may be provided with one or more openings and

the electronic components may be mounted under the

openings. For example, a rigid cover layer may have

openings such as a circular opening 16 for button 17 anda

speaker port opening such as speaker port opening 18

(e.g., for an ear speaker for a user). Device 10 may also

have other openings (e.g., openings in display 14 and/or

housing 12 for accommodating volume buttons, ringer

buttons, sleep buttons, and other buttons, openings for an

audio jack, data port connectors, removable media slots,

SEC.)

In some embodiments, portions of convex display

14 such as peripheral regions 20I may be inactive and
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portions of display 14 such as rectangular central portion

20A (bounded by dashed line 20) may correspond to the

active part of display 14. In active display region 20A,

an array of image pixels may be used to present text and

images to a user of device 10. In active region 20A,

display 14 may include touch sensitive components for

input and interaction with a user of device 10. If

desired, regions such as regions 20I and 20A in FIG. 1 may

both be provided with display pixels (i.e., all or

substantially all of the entire front planar surface of a

device such as device 10 may be covered with display

pixels).

Device 10 may, if desired, have internal user

interface components such as buttons 17 or speaker

component 19 that occupy openings such as openings 16 and

18 respectively in an optional rigid cover layer of convex

display 14. Buttons 17 may be based on dome switches or

other switch circuitry. Buttons 17 may include button

members that form push buttons (e.g., momentary buttons),

slider switches, rocker switches, etc. Device 10 may

include internal structural components such as structural

component 22 that add a raised structure to a portion of

convex display 14. Device 10 may include components such

as interface components 24 and 26 that may be fully

internal to device 10, but that receive input from the

user or from the surrounding environment through physical

interaction with convex display 14. Interface components

22, 24, and 26 may be positioned in active region 20A or

inactive region 20I of convex display 14. Interface

components 22, 24, and 26 may be positioned separately

from one another or may be commonly located to forma

combined component with structural and internal features.

Interface components 24 and 26 may be positioned

underneath convex display 14 so that convex display 14
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must be deformed in order to contact components 24 or 26

or, if desired may be positioned to remain in constant

contact with convex display 14.

An exploded perspective view of an illustrative

display is shown in FIG. 2. As shown in FIG. 2, convex

display 14 may be formed by stacking multiple layers

including flexible display layer 14A, touch-sensitive

layer 14B, and cover layer 14C. Display 14 may also

include other layers of material such as adhesive layers,

optical films, or other suitable layers. Flexible display

layer 14 may include image pixels formed form light-

emitting diodes (LEDs), organic LEDs (OLEDs), plasma

cells, electronic ink elements, liquid crystal display

(LCD) components, or other suitable image pixel structures

compatible with flexible displays.

Touch-sensitive layer 14B may incorporate

capacitive touch electrodes such as horizontal transparent

electrodes 32 and vertical transparent electrodes 34.

Touch-sensitive layer 14B may, in general, be configured

to detect the location of one or more touches or near

touches on touch-sensitive layer 14B based on capacitive

sensors, resistive sensors, optical sensors, acoustic

sensors, inductive sensors, or force sensors.

Software and/or hardware may be used to process

the measurements of the detected touches to identify and

track one or more gestures. A gesture may correspond to

stationary or non-stationary, single or multiple, touches

or near touches on touch-sensitive layer 14B. A gesture

may be performed by moving one or more fingers or other

objects in a particular manner on touch-sensitive layer

14B such as tapping, pressing, rocking, scrubbing,

twisting, changing orientation, pressing with varying

pressure and the like at essentially the same time,

contiguously, or consecutively. A gesture may be
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characterized by, but is not limited to a pinching,

sliding, swiping, rotating, flexing, dragging, or tapping

motion between or with any other finger or fingers. A

single gesture may be performed with one or more hands, by

one or more users, or any combination thereof.

Cover layer 14C may be formed from plastic or

glass (sometimes referred to as display cover glass) and

may be flexible or rigid. If desired, the interior

 surface of peripheral inactive portions 201 of cover layer

14C may be provided with an opaque masking layer on such

as black ink.

Touch-sensitive flexible display section 14AB

may be formed from display pixel array layer 14A and

optional touch sensor layer 14B.  
FIG. 22 is perspective view of an exemplary

embodiment of device 10 with convex display 14 and convex

housing 12 in which housing 12 has an opening 300 that may

provide access to, ¢.g., an audio port. A portion of

housing 12 may form a bezel such as bezel 304. Bezel 304

 may be formed so that bezel 304 and display 14 forma

common smooth surface or may be formed raised above or

depressed below the outer surface of display 14. Bezel

304 may be a separate bezel member or may be formed as a

portion of housing 12. As shown in FIG. 22, top and

bottom portions 306 of bezel 200 may have a convex

(curved) shape that matches the cross-sectional curved

shape of convex display 14.

FIG. 23 is a cross-sectional side view of an

illustrative embodiment of device 10 taken along line 302

of FIG. 22 and viewed in direction 303. As shown in FIG.

23, device 10 has a convex shape formed by convex housing

12 and convex display 14. Device 10 may also include

internal components such as battery 310 and components 
312. The convex shape of housing 12 and display 14 of
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device 10 may provide device 10 with a thin appearance

while providing an interior space that is able to

accommodate internal components such as battery 310.

FIG. 24 is a cross-sectional side view of an

illustrative embodiment of device 10 in which convex

display 14 is formed by mounting flexible display layer

14A to a convex support structure such as support

structure 320 (e.g., a rigid support structure having at

least a convex external surface such as a metal, glass, or

plastic support structure) using a layer of adhesive

material such as adhesive layer 322. As shown in FIG. 24,

the internal volume of device 10, defined by housing 12

and convex display 14 may include volume 326 above plane

324 (defined by inner edges 328 of display 14) and below

inner surface 330 of display 14. This is because inner

surface 330 of support structure 320 is concave (in the

FIG. 24 example). Volume 326 provides space which may be

used for placement of internal components such as

component 332 (e.g., printed circuit boards, antennas or

 other components). The ability to bend flexible display

layer 14A into the convex shape of FIG. 24 that matches

the convex outer surface of support structure 320 may

 therefore help maximize the interior space that is

available within device 10 to mount device components.

FIG. 25 is a cross-sectional side view of a

portion of device 10. In the illustrative embodiment of

FIG. 25, convex display 14 is formed from flexible display

layer 14A, adhesive layer 322, and rigid cover layer 14C

(e.g., a layer of rigid plastic or a layer of rigid cover

glass having a convex external surface and a concave inner

surface to which flexible display layer 14A conforms).

Convex display 14 may be formed adjacent to bezel portion

housing 12 or may be joined to housing 12 by an additional

mounting member. Providing device 10 with a layer such as
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flexible display layer 14A that conforms to the convex

shape of cover layer 14C (i.e., so that layer 14A conforms

to the concave inner surface of layer 14C) may provide

additional internal volume 326 between plane 324 (defined

 by inner edges 328 of display 14) and inner surface 330 of

display 14.

FIG. 26 is a cross-sectional side view of a

portion of another embodiment of device 10. In the

illustrative embodiment of FIG. 26, convex display 14 is

formed from flexible display layer 14A attached to

optional touch-sensitive layer 14B by adhesive layer 322.

Touch-sensitive layer 14B may further be attached to rigid

cover layer 14C (e.g., a glass or plastic layer) using

adhesive layer 340 such that all layers (322, 14B, 340,

and 14C) of display 14 conform to the convex shape of

cover layer 14C (i.e., so that layers 14A and 14B conform

to the concave inner surface of cover layer 14C). Convex

display 14 may be formed adjacent to housing 12 or may be

joined to housing 212 by an additional mounting member.

The convex shape of all layers (14A, 322, 14B, 340, and

14C) may combine with convex housing 12 to provide a thin

appearance for device 10 and may provide additional

internal volume 326 between plane 324 (defined by inner

edges 328 of display 14) and inner surface 330 of display

14.

FIG. 27 is a cross-sectional perspective view of

an illustrative electronic device 10 in the vicinity of a

connecting structure such as connecting structure 350

(e.g. an audio port or other female connector). As shown

in FIG. 27, audio port 350 may have electrical contacts

352 for mating with contacts 356 of a connector such as

mating connector 354 (e.g., a mating audio plug or other

male connector). In the embodiment of FIG. 27, a portion

of audio port 350 may occupy a portion of internal volume
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326 above plane 324 (defined by inner edges 328 of display

14). The convex shape of display 14 of device 10 may

provide a thin appearance and may provide additional

internal volume 326 between plane 324 (defined by inner

 edges 328 of display 14) and inner surface 330 of display

14 in which a portion of mating connectors such as

connector 350 may be mounted.

FIG. 28 is a cross-sectional side view of an

illustrative electronic device 10 in the vicinity of a

stack of components 360 such as printed circuit boards

(PCBs), sensors, Switches, connectors, battery structures,

or other electronic components. In the embodiment shown

in FIG. 28, some components 360 may be mounted partially

or completely in a portion of internal volume 326 above

 plane 324 (defined by inner edges 328 of display 14). The

convex shape of display 14 of device 10 may provide a thin

appearance and may provide additional internal volume 326

between plane 324 (defined by inner edges 328 of display

14) and inner surface 330 of display 14 in which PCBs and

other components 360 may be mounted. The example of FIG.

29 in which components 360 are mounted in volume 326 is

merely illustrative. Other components or structures may

occupy volume 326, if desired.

FIG. 29 is a cross-sectional side view of an

illustrative electronic device in which display 14 of

device 10 completely surrounds device 10. As shown in FIG,

29, device 10 may have convex front (upper) and rear

(lower) surfaces that are joined along curved sidewalls.

Display 14 may cover the front, rear, and sidewall

surfaces of device 10 so as to completely surround

electrical components 360 (e.g., printed circuit boards,

integrated circuits, switches, sensors, etc.). Edges 372

may be joined by a joining member such as joining member

 370. Member 370 may be a separate member formed of
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plastic, glass, ceramics, fiber composites, metal (e.g.,

stainless steel, aluminum, etc.), other suitable

materials, or a combination of these materials, or may be

formed from an adhesive material.

In the example of FIG. 29, display 14 may be

formed by stacking multiple layers including flexible

display layer 14A, touch-sensitive layer 14B, and cover

layer 14C. Display 14 may also include other layers of

 material such as adhesive layers, optical films, or other

suitable layers. As an example, display 14 may be formed

by mounting flexible display layer 14A to a rigid convex

support structure having one or more convex outer surfaces

and one or more associated concave inner surfaces that

completely surrounds device 10. In another configuration,

display 14 may be formed from flexible display layer 14A,

adhesive layer 322, and rigid cover layer 14C (e.g., a

rigid cover layer with one or more convex outer surfaces

and one or more associated concave inner surfaces). In

another possible configuration, convex display 14 may be

 formed by attaching flexible display layer 14A to optional

touch-sensitive layer 14B using adhesive layer 322.

Touch-sensitive layer 14B may further be attached to rigid

cover layer 14C (e.g., a glass or plastic layer) using

adhesive layer 340 so that all layers (322, 14B, 340, and

14C) of display 14 conform to the convex shape of cover

layer 14C. These examples are merely illustrative and

other configurations of display 14 may be used.

The convex shape of display 14 of device 10 may

provide a thin appearance for device 10 and may help to

maximize the internal volume of the device in which

components such as battery 310, PCBs 360 or other

components such as component 312 may be mounted.

Surrounding device 10 completely with convex display 14

may allow the area of a device available for visual
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display to be enlarged.

The foregoing is merely illustrative of the

principles of this invention and various modifications can

be made by those skilled in the art without departing from

the scope and spirit of the invention.

Electronic devices may be provided with convex

displays. A convex display may be used to maximize the

internal volume of a device. Convex displays may be

  formed from one or more flexible layers. A flexible

display layer may be mounted to a rigid support structure

or a rigid cover layer. Flexible display layers that

 conform to the curved shape of a rigid structure may

provide additional internal volume in which internal

components of the device may be positioned.

In accordance with another embodiment, an

electronic device is provided including a housing anda

display mounted in the housing, where the display has a

flexible display layer that conforms to a convex outer

surface of a rigid support structure.

In accordance with another embodiment, the

display further includes an adhesive layer and the

adhesive layer attaches the flexible display layer to the

convex outer surface of the rigid support structure.

In accordance with another embodiment, the

display further includes a touch-sensitive layer. 
In accordance with another embodiment, the

display further includes first and second adhesive layers,

where the first adhesive layer attaches the flexible

display layer to the touch-sensitive layer and the second

adhesive layer attaches the flexible display layer to the

convex outer surface of the rigid support structure.

In accordance with another embodiment, the

flexible display layer includes image pixels formed from

organic light-emitting diodes.
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In accordance with another embodiment, the

housing has at least one opening, where the opening is

associated with a connector port and the electronic device

further includes a connector structure mounted in the

connector port.

In accordance with another embodiment, an

electronic device is provided that includes a housing and

a display mounted in the housing, where the display

includes a rigid cover layer having at least one convex

outer surface and having at least one associated concave

inner surface and includes a flexible display layer that

 conforms to the concave inner surface.

In accordance with another embodiment, the

display further includes an adhesive layer and the

adhesive layer bonds the flexible display layer to the

concave inner surface of the rigid cover layer.

In accordance with another embodiment, the rigid

cover layer includes glass.

In accordance with another embodiment, the

 flexible display layer includes image pixels formed from

organic light-emitting diodes.

In accordance with another embodiment, the

flexible display layer includes image pixels formed from

organic light-emitting diodes.

In accordance with another embodiment, the

display further includes a touch sensor layer that

conforms to the concave inner surface.

In accordance with another embodiment, the

concave display further includes first and second adhesive

layers, where the first adhesive layer attaches the

flexible display layer to the touch sensor layer and the

second adhesive layer attaches the touch sensor layer to

the concave inner surface of the display.

In accordance with another embodiment, the touch
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sensor layer includes indium-tin-oxide electrodes.

In accordance with another embodiment, the

electronic device further includes an internal component,

where the concave inner surface of the display provides an

additional internal volume for the electronic device and

where the internal component is mounted at least partially

in the additional internal volume.

In accordance with another embodiment, an

electronic device is provided having at least a front

surface and a rear surface and including electronic

components interposed between the front and rear surfaces

and a display that substantially covers at least the front

and rear surfaces and that surrounds the electronic

components, where the display includes a rigid cover layer

having at least one inner surface and a flexible display

layer that is bent to conform to the inner surface.

In accordance with another embodiment, the

display further includes a touch-sensitive layer attached

to at least a portion of the flexible display layer.

In accordance with another embodiment, the inner

surface includes a concave inner surface and the

electronic device further includes a connector structure

and a housing having an opening, where the connector

structure is mounted in the opening to form a connector

port.

In accordance with another embodiment, the

electronic device has at least two sidewall surfaces and

the display substantially covers the two sidewall

 surfaces.

In accordance with another embodiment, the

display has at least two edges and the edges of the

display are joined by a joining member.

The foregoing is merely illustrative of the

principles of this invention and various modifications can
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be made by those skilled in the art without departing from

the scope and spirit of the invention. The foregoing

embodiments may be implemented individually or in any

combination.

As shown in the examples of FIGS. 30-44, an

electronic device may be provided with a flexible display

and other user interface components. The user interface

components may include buttons, switches, microphones,

actuators such as solenoids, motors, and piezoelectric

actuators, connector ports, touch screens, proximity

sensors and other components for accepting input from, or

transmitting information to, a user of the electronic

device.

Flexible displays may be formed from flexible

layers such as a flexible display layer (e.g., a flexible

organic light-emitting diode array), a flexible touch-

sensitive layer (e.g., a sheet of polymer with an array of

transparent capacitor electrodes for a capacitive touch

sensor), a flexible substrate layer, etc. These flexible

 layers may, if desired, be covered by a flexible or rigid

cover layer (sometimes referred to as a cover glass) or

may be supported by a support structure (e.g., a rigid

 support structure on the underside of the flexible

layers). In electronic devices with flexible displays

that are covered by rigid cover layers, the cover layers

may be provided with openings that provide access to the

flexible layers of the display in the vicinity of a user

interface device. For example, a cover glass layer may

have an opening that allows a button member to move

relative to the cover glass layer. As another example, a

cover glass layer may have one or more speaker openings

through which sound may pass.

To maximize the area of the portion of the

flexible display that is available for displaying visual
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information to the user, user interface components may be

positioned behind, abutted against, or integrated into the

flexible display. The deformable nature of the flexible

display may allow a user to interact with the user

interface components (input-output components) by moving

the display into contact with the user interface

components or by otherwise allowing the display to locally

flex (e.g., to allow sound to pass through the flexible

display or to allow barometric pressure measurements of

the exterior environment to be made by an internal

pressure sensor).

 If desired, a portion of the flexible display

may form a membrane structure for an electrical component.

For example, a portion of the flexible display may form a

speaker membrane for a speaker component. Components that

may be provided with a membrane structure formed from a

portion of a flexible display include speakers,

microphones, laser microphones, pressure sensors, etc.

An illustrative electronic device of the type

that may be provided with a flexible display is shown in

FIG. 30. Electronic device 10 may be a computer such as a

computer that is integrated into a display. For example,

electronic device 10 may be a computer monitor, a laptop

computer, a tablet computer, a somewhat smaller portable

device such as a wrist-watch device, pendant device, or

other wearable or miniature device, a cellular telephone,

a media player, a tablet computer, a gaming device, a

speaker device, a navigation device, a computer monitor, a

television, or other electronic equipment.

Device 10 may include a housing such as housing

412. Housing 412, which may sometimes be referred to as a

case, may be formed of plastic, glass, ceramics, fiber

composites, metal (e.g., stainless steel, aluminum, etc.),

other suitable materials, or a combination of these
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materials. In some situations, parts of housing 412 may

 be formed from dielectric or other low-conductivity

material. In other situations, housing 412 or at least

some of the structures that make up housing 412 may be

formed from metal elements.

Housing 412 may be formed using a unibody

configuration in which some or all of housing 412 is

machined or molded as a single structure or may be formed

using multiple structures (e.g., an internal frame

structure, one or more structures that form exterior

housing surfaces, etc.).

As shown in FIG. 30, housing 412 may have

multiple parts. For example, housing 412 may have upper

portion 412A and lower portion 412B. Upper portion 412A

may be coupled to lower portion 412B using a hinge that

allows portion 412A to rotate about rotational axis 416

relative to portion 412B. A keyboard such as keyboard 418

and a touch pad such as touch pad 420 may be mounted in

housing portion 412B.

Device 10 may have a flexible display such as

flexible display 414. Flexible display 414 may be formed

from multiple layers of material. These layers may

include a touch sensor layer such as a layer on which a

pattern of indium tin oxide (ITO) electrodes or other

suitable transparent electrodes have been deposited to

 form a capacitive touch sensor array. These layers may

also include a display layer that contains an array of

display pixels. The touch sensor layer and the display

layer may be formed using flexible sheets of polymer 

(e.g., polyimide) or other substrates having thicknesses

of 10 microns to 0.5 mm, having thicknesses of less than

0.2 mm, or having other suitable thicknesses (as

examples).

The display pixel array may be an organic light-
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emitting diode (OLED) array, for example. Other types of

flexible display pixel arrays may also be formed (e.g.,

electrowetting displays, electrophoretic displays,

flexible liquid crystal displays, flexible electrochromic

displays, etc.). The use of OLED technology to form

flexible display 414 is sometimes described herein as an

example. This is, however, merely illustrative. In
 

general, any suitable type of flexible display technology

may be used in forming display 414.

In addition to these functional display layers

{i.e., the OLED array and the optional touch sensor

array), display 414 may include one or more structural

layers. For example, display 414 may be covered with a

flexible or rigid cover layer and/or may be mounted ona

support structure (e.g., a rigid support). If desired,

layers of adhesive may be used to attach flexible display

layers to each other and/or to mount flexible display

layers to rigid and flexible structural layers.

In some embodiments, display 414 may have an

active area such as active area AA and an inactive area

such as area IA. In active display region AA, an array of

image pixels may be used to present text and images to a

user of device 10. In active region AA, display 414 may

include touch sensitive components for input and

interaction with a user of device 10. If desired, both

central portion AA and peripheral portion IA may be

provided with display pixels (i.e., all or substantially

all of the entire front planar surface of upper housing

portion 412A may be provided with display pixels).

In the example of FIG. 31, device 10 has been

implemented using a housing that is sufficiently small to 
fit within a user’s hand (e.g., device 10 of FIG. 31 may

be a handheld electronic device such as a cellular

telephone). As show in FIG. 31, device 10 may include a

63

146



147

10

ES

20

25

30

WO 2012/129247 PCT/US2012/029844

display such as display 414 mounted on the front of

housing 412. Display 414 may be substantially filled with

active display pixels or may have an inactive portion such

as inactive portion IA that surrounds an active portion

such as active portion AA. Display 414 may have openings

(e.g., openings in inactive region IA or active region AA

of display 414) such as an opening to accommodate button

422 and an opening to accommodate speaker port 424.

FIG. 32 is a perspective view of electronic

device 10 in a configuration in which electronic device 10 
has been implemented in the form of a tablet computer. As

shown in FIG. 32, display 414 may be mounted on the upper

(front) surface of housing 412. An opening may be formed

in display 414 to accommodate button 422 (e.g., an opening

may be formed in inactive region IA surrounding active

region AA).

FIG. 33 is a perspective view of electronic

device 10 in a configuration in which electronic device 10

has been implemented in the form of a television or in the

 form of a computer integrated into a computer monitor. As
 

shown in FIG. 33, display 414 may be mounted on the front

surface of housing 412. Stand 426 may be used to support

housing 412. Display 414 may include an inactive region

such as inactive region IA that surrounds active region

AA.

An exploded perspective view of an illustrative

display is shown in FIG. 34. As shown in FIG. 34,

flexible display 414 may be formed by stacking multiple

layers including flexible display layer 414A and touch-

sensitive layer 414B. An optional cover layer such as

cover layer 462 may be formed over flexible display 414.

Cover layer 462 may be a layer of glass, plastic, or other

protective display layer.

Flexible display 414 may also include other
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layers of material such as adhesive layers, optical films,

sealant layers, or other suitable layers. Flexible

display layer 414A may include image pixels formed from

light-emitting diodes (LEDs), organic LEDs (OLEDs), plasma 
cells, electrowetting display elements, electrophoretic

display elements, liquid crystal display (LCD) components,

or other suitable image pixel structures compatible with

flexible displays.

Touch-sensitive layer 414B may incorporate

capacitive touch electrodes such as horizontal transparent

electrodes 432 and vertical transparent electrodes 434.

Touch-sensitive layer 414B may, in general, be configured

to detect the location of one or more touches or near

touches on touch-sensitive layer 414B based on capacitive,

resistive, optical, acoustic, inductive, or mechanical

measurements, or any phenomena that can be measured with

respect to the occurrences of the one or more touches or

near touches in proximity to touch sensitive layer 414B.

 Flexible display 414 may be formed from display

pixel array layer 414A and optional touch sensor layer

414B. In the example of FIG. 34, touch-sensitive layer

414B is interposed between cover layer 462 and flexible

display layer 414A. This arrangement is merely

illustrative. If desired, flexible display layer 414A may

be interposed between cover layer 462 and touch-sensitive

layer 414B (e.g., flexible display layer 414A may be

arranged on top of touch-sensitive layer 414B). If

desired, touch-sensitive layer 414B and flexible display

layer 414A may be integrated as a single layer. For

example, capacitive touch electrodes such as electrodes

432 and 434 and display pixels such as display pixels 430

may be formed on a common substrate, if desired.

FIG. 35 is a cross-sectional side view of a
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portion of flexible display layer 414A. As shown in FIG.

35, flexible display layer 414A may contain multiple

sublayers. For example, display layer 414A may include a 
substrate layer such as substrate layer 415. Substrate

layer 415 may be formed from a flexible or rigid

dielectric such as glass, ceramic, or plastic. As an

example, substrate layer 415 may be formed from one or

more flexible sheets of polymer (e.g., polyimide).

 Substrate layer 415 may have a thickness of 10 microns to

0.5 mm, may have a thickness of less than 0.2 mm, or may

have other suitable thickness (as examples).

A thin-film transistor (TFT) layer such as TFT

layer 417 may include a layer of thin-film transistor

structures (e.g., polysilicon transistors and/or amorphous

silicon transistors) formed on substrate layer 415.

An organic emissive layer such as OLED layer 419

may be formed over TFT layer 417. OLED layer 419 may

include a light-emitting material such as an array of

organic light-emitting diode structures that are used to

 form display pixels such as display pixels 430 of FIG. 34.

A sealant layer such as sealant layer 421 may be

formed over OLED layer 419 to protect the structures of

OLED layer 419 and TFT layer 417. Sealant layer 421 may

be formed from one or more layers of polymer (e.g., one or

more layers of polymer that are deposited onto OLED layer

419), metal foil (¢e.g., a layer of metal foil that is

laminated, sputtered, evaporated, or otherwise applied

onto OLED layer 419), or other suitable coating or

 conformal covering.

Electronic device 10 may be provided with one or

more speaker structures for providing sound to a user of

electronic device 10. FIG. 36 is a cross-sectional side

view of a portion of electronic device 10 in the vicinity

of a speaker structure such as speaker structure 448.
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Sound produced by speaker structure 448 may be transmitted

 through flexible display 414 to the exterior of device 10.

Flexible display 414 may be used as a speaker membrane

structure for speaker 448. Portions such as portion 414M

that serve as a speaker membrane for speaker 448 may be

located in an active or inactive portion of display 414.

Arrangements in which speaker membrane 414M forms an

active display area may allow the size of the active 
  

region of flexible display 414 to be increased relative to
 

its inactive region.

As shown in FIG. 36, speaker structure 448 may

be driven by a transducer such as transducer 450.

Transducer 450 may be configured to receive electrical

audio signal input from circuitry in device 10 and to

convert the electrical signal into sound. In the example

of FIG. 36, transducer 450 is formed from a magnet such as

magnet 440 surrounded by coils such as coils 442. Magnet

440 may be a permanent magnet formed from ferrite

material, ceramic material, iron alloy material, rare

earth material, other suitable material, or a combination

of these materials. Coils 442 may be formed from copper,

aluminum, silver, other suitable materials, etc. If

desired, there may be one or more sets of coils

surrounding magnet 440.

When current passes through coils 442, a

magnetic field is produced. This allows coils 442 to act

as a variable electromagnet with a magnetic field that

interacts with the constant magnetic field produced by

permanent magnet 440. For example, the negative pole of

the electromagnet may be repelled by the negative pole of

permanent magnet 440. The magnetic force created by this

repulsion will force magnet 440 away from coils 442. When

the current flowing through coils 442 changes direction,

the polarity of the variable electromagnet reverses.
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Magnet 440 may be pushed back and forth rapidly (along the

z-axis) as the current in coils 442 alternates directions.

Portions of flexible display 414 such as portion

414M may form a speaker membrane for speaker 448. As

magnet 440 moves back and forth along the z-axis, attached

speaker membrane 414M will in turn vibrate the air in

front of speaker membrane 414M, creating sound waves.

In some arrangements, an optional support

structure such as support structure 446 (sometimes

referred to as a stiffening structure or stiffener) may be

interposed between transducer 450 and speaker membrane

414M. Support structure 446 may be used to stiffen

speaker membrane portion 414M of display 414. Support

structure 446 may be formed from a metal plate, from

specialized composite structures (e.g., a layer of foam

interposed between layers of stiffener, etc.), from other

support materials or stiffening structures, or from a

combination of these materials. Using a support structure

such as support structure 446 may allow speaker membrane

414M to respond more accurately to the movement of magnet

440. In arrangements where optional support structure 446

is not used, magnet 440 may be configured to stiffen

portion 414M of display 414 that serves as a speaker

membrane structure.

There may be one or more speaker structures 448

in device 10. Some or all of speaker structures 448 in

device 10 may have speaker membranes that are formed from

flexible display 414. If desired, some, all, or

substantially all of flexible display 414 may be used as a

speaker membrane for one speaker, for two speakers, for

three speakers, or for more than three speakers.

A suspension structure such as suspension

structure 454 may be used to attach portions of flexible

display 414 to a rigid support structure such as housing
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412. Suspension structure 454 may prevent speaker

membrane 414M from moving laterally along the x-axis

and/or the y-axis, but may allow free motion of speaker

membrane 414M along the z-axis as speaker 448 produces

 sound. Suspension structure 454 may be formed from an

elastomeric material, foam material, resin coated

material, other suitable materials, or a combination of

these materials. As shown in the example of FIG. 36,

suspension structure 454 may form a pliant interface

between speaker membrane 414M and housing sidewalls 4125.

This is merely illustrative. If desired, suspension

structure 454 may form a pliant interface between speaker

membrane 414M and any suitable surrounding housing

structure or any suitable rigid support structure.

If desired, other suspension structures may be

incorporated into speaker structure 448. For example,

there may be one or more suspension structures attached to

magnet 440. This type of suspension structure may provide

a restoring force that returns magnet 440 to an

equilibrium position after being displaced by magnetic

forces.

The desired range of frequencies produced by

speaker 448 may depend on several factors. For example,

the desired range of frequencies produced by speaker 448

may depend on the type of electronic device in which

speaker 448 is implemented, may depend on the location of

speaker 448 in device 10, may depend on the other speaker

structures that are being used in combination with speaker

structure 448, etc. Design choices may be made to obtain

a desired frequency response from speaker 448. For

example, materials used in forming speaker 448 may be

selected based on the desired frequency response.

The type of enclosure that surrounds speaker 448

 may also be selected based on the desired frequency
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response. For example, the enclosure that surrounds the

 speaker may be ported. As shown in FIG. 36, housing 412

may optionally be provided with an opening or port such as

acoustic port 452 (sometimes referred to as a funnel,

horn, vent, hole, etc.). Port 452 may be used to equalize

the pressure between the inside of housing 412 and the

outside of housing 412. This may in turn augment the

sound waves produced by speaker 448. A ported enclosure

such as the ported enclosure shown in the example of FIG.

36 may increase the magnitude of low-frequency sound waves

produced by speaker 448 (e.g., a speaker with a ported

enclosure may have a higher bass output than a speaker

with a sealed enclosure).

As shown in FIG. 36, port 452 may have a portion

such as portion 452P that protrudes into the enclosure.

The size and shape of protruding portion 452P may be

customized to obtain a desired frequency response. For

example, protruding portion 452P of port 452 may have a

“horn” shape, in which the diameter of opening 452 varies

along the length of portion 452P. Protruding portion 452P

may have a curved shape, if desired. In general,

protruding portion 452P may have any suitable shape, and

opening 452 may have any suitable size. The

characteristics of port 452 will depend on the desired

frequency response of speaker 448, the structure of device

10, etc., and may be modified accordingly. The example

shown in FIG. 36 is merely illustrative.

If desired, speaker 448 may be provided with a 
sealed enclosure that does not have a port. The example

of FIG. 36 in which housing 412 is provided with port 452

is merely illustrative. The type of enclosure into which

speaker 448 is implemented (e.g., a sealed enclosure, a

ported enclosure, etc.) will depend on the desired

frequency response of speaker 448, the structure of device
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10, etc., and may be modified accordingly.

Electronic device 10 may have internal

components or structures such as internal component 456.

Internal components such as internal component 456 may

optionally be used to tune the resonant frequency of

speaker 448. Internal component 456 may be a battery or

other internal structure. If desired, optional component

456 may be omitted or may otherwise not be used to tune

the resonant frequency cf speaker 448.

If desired, housing 412 may have one or more

raised edges such as optional raised portion 412’. Raised

portion 412’ may have an upper surface that lies above the

upper surface of display 414 (e.g., the upper surface of

raised portion 412’ may protrude above the upper surface

of flexible display 414 in vertical dimension z).

Optional raised housing 412’ may allow a user to hold

device 10 in hand without disrupting the speaker

functionality of display 414. Raised portion 412’ of

housing 412 may surround the entire periphery of display

414, or may be located on one side of display 414, on two

sides of display 414, on three sides of display 414, or on

all four sides of display 414. Raised portion 412’ may be

formed as an integral part of housing 412 or may be formed

as a separate structure in contact with housing 412.

FIG. 37 is a cross-sectional side view of a

portion of electronic device 10 in the vicinity of another

possible embodiment of speaker structure 448. As shown in

FIG. 37, speaker structure 448 may be driven by a

transducer such as transducer 450. In the example of FIG.

37, transducer 450 may be formed from one or more central

sets of coils 442 surrounded by a magnet such as magnet 
440. In some arrangements, inner portion 444 of coils 442

may also contain a magnet structure (e.g., coils 442 may

surround a magnet structure). Magnet structures that are
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formed within inner portion 444 of coils 442 may be formed

as an integral part of outer magnet 440 (e.g., may be

joined above and/or below coils 442) or may be a separate

magnet structure. If desired, inner portion 444 of coils

442 may be free of magnet structures.

As with the transducer of FIG. 36, transducer

450 of FIG. 37 may be configured to receive electrical

audio signal input from circuitry in device 10 and to

convert the electrical signal into sound. As current

passes through coils 442, a magnetic field is produced.

The magnetic field produced by coils 442 interacts with

the constant magnetic field produced by permanent magnet

440. The interaction of the electromagnet with the

constant magnetic field will create a magnetic force

between coils 442 and magnet 440 (e.g., an attractive or

repulsive force). When the current flowing through coils

442 changes direction, the polarity of the variable

electromagnet (and thus the direction of magnetic force)

is reversed. Coils 442 may be pushed back and forth

 
(along the z-axis) by the varying magnetic force as the

current in coils 442 alternates directions.

As coils 442 move back and forth, attached

speaker membrane 414M will in turn vibrate the air in

front of speaker membrane 414M, creating sound waves.

Support structure 446 may be used to stiffen speaker

membrane 414M so that membrane portion 414M of flexible

display 414 responds accurately to the movement of

transducer 450.

In the example of FIG. 37, speaker 448 may be

provided with a sealed enclosure that does not have a

port. This is merely illustrative. Any suitable type of

enclosure (e.g., a sealed enclosure, a ported enclosure,

etc.) may be used. The type of enclosure into which

speaker 448 is implemented will depend on the desired
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frequency response of speaker 448, the structure of device

10, etc., and may be modified accordingly.

FIG. 38 is a cross-sectional side view of a

portion of device 10 in the vicinity of another possible

embodiment of speaker structure 448. In the example of

FIG. 38, speaker 448 is supported by a rigid structure

within device 10 such as rigid structure 466. Rigid

structure 466 may be formed from housing structures or

internal components, or may be a dedicated structure used

to form a frame (sometimes referred to as a chassis or

“basket”) or other rigid support structure for speaker

 
448, Suspension structure 454 may be used to form a
 

pliant interface between speaker 448 and rigid structure

466. As with the suspension structure of FIGS. 7 and 8

(in which suspension structure 454 is attached to housing

Sidewalls 412S), suspension structure 454 of FIG. 38 may

prevent speaker membrane portions 414M of display 414 from

moving laterally along the x-axis and/or the y-axis, but

may allow free motion of speaker membrane 414M along the

Z-axis as speaker 448 produces sound. Suspension

structure 454 may be attached to any suitable portion of

speaker 448 (e.g., support structure 446, magnet 440,

speaker membrane portion 414M, etc.)

The type of arrangement shown in FIG. 38 may be

beneficial for configurations in which speaker 448 is not

in the vicinity of housing sidewalls 4125S or in other

configurations in which speaker 448 is not attached to

housing 412. For example, speaker 448 may be located in

the central portion of a large display. In this type of

configuration, a rigid structure such as rigid structure

466 of FIG. 38 may be used to support speaker 448, if

desired.

There may be one or more speakers 448 in device

10. Multiple speakers 448 may be attached to a common
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rigid structure 466 or each speaker 448 may be attached to

a separate rigid structure 466.

If desired, a cover layer such as optional cover

layer 462 may be formed over flexible display 414. Cover

layer 462 may be formed from glass, plastic, or other

suitable material. Cover layer 462 may allow a user to

hold device 10 in hand without disrupting the speaker

functionality of display 414. Cover layer 462 may also

serve to protect display 414 and other parts of device 10

while still allowing speaker membrane 414M to move freely

along the z-axis as speaker 448 produces sound. Cover

layer 462 may be in contact with display 414 or there may

be a gap 463 interposed between cover layer 462 and

display 414. Gap 463 may be filled with air or may

include a layer of material such as a layer of sealant (as

an example).

One or more holes such as holes 464 (sometimes

referred to as openings or speaker openings) may be formed

in cover layer 462 so that sound may pass from speaker 448

to the exterior of device 10.

A perspective view of device 10 showing how

holes 464 may be formed in cover layer 462 is shown in

FIG. 39. As shown in FIG. 39, holes 464 may be formed in

a “speaker grill” fashion in which an array of openings is

formed in front of one or more speakers. Holes 464 may be

 formed in cover layer 462 in any suitable location. For

example, holes 464 may be formed in localized areas of

cover layer 462 that overlap a speaker structure, or holes

464 may be formed in a uniform array that covers some,

all, or substantially all of the front surface of display

414. Holes 464 may have any suitable size. For example,

holes 464 may have a diameter between .25 mm and .5 mm,

between .5 mm and 1 mm, between 1 mm and 1.5 mm, more than

1.5 mm, less than 1.5 mm, etc. The size, shape, and
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 number of openings 464 formed in cover layer 462 may

depend on the type and number of speakers 448 in device

TOs.

FIG. 40 is a cross-sectional side view of device

10 in the vicinity of support structure 446. Support

structure 446 may be used to stiffen portions of flexible

display 414. As discussed in connection with FIG. 36,

stiffening structure 446 may be formed from a metal plate, 
   rom fiber-based composite materials, from laminated
 

layers of one or more materials, or from other suitable

materials. As shown in the example of FIG. 40, stiffening

 structure 446 may be formed from a layer of foam 474

interposed between first and second stiffening sheets 472.

Sheets 472 may be formed from polymer, metal, glass,

ceramic, fiber-based composites, or other suitable

materials. This type of structure may provide a stiff and

lightweight support structure for display 414. If

desired, support structure 446 may be used to stiffen

speaker membrane portions 414M of display 414, may be used

to stiffen other portions of display 414, or may be used
 

to stiffen all or substantially all of display 414.

Support structure 446 may be shaped in any

desired fashion. For example, support structure 446 may

be curved, may be planar, or may have a combination of

curved and planar portions.

FIG. 41 is a cross-sectional side view of device

10 in the vicinity of curved support structure 446. As

shown in FIG. 41, flexible display 414 may conform to the

shape of stiffening structure 446. In the example of FIG.

41 stiffening structure 446 has a curved shape so that

flexible display 414 is concave. This is, however, merely

illustrative. In general, stiffening structure 446 and

the attached portion of display 414 may have any suitable

shape. For example, stiffening structure 446 may have a
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curved shape so that flexible display 414 is convex. The

example of FIG. 41 in which display 414 has a concave

shape may be suitable for configurations in which display

414 forms a speaker membrane for speaker 448. A concave

shaped speaker membrane may improve the quality of sound

produced by speaker 448. Speakers with convex membranes

may also be used.

FIG. 42 is a cross-sectional side view of

device 10 in the vicinity of a single speaker structure.

As shown in FIG. 42, portion 414M of flexible display 414

may form a speaker membrane for speaker structure 448.

Transducer 450 for speaker 448 may be any suitable type of

transducer (e€.g., one or more sets of coils surrounded by

a magnet, one or more sets of coils surrounding a magnet,

a piezoelectric transducer, a microphone transducer, a

sensor, an actuator, etc.). Speaker 448 may be the only

speaker in device 10 or may be one of a plurality of

speakers in device 10. Display-based speaker structure

448 may be used in conjunction with speaker structures

that are not display-based. For example, there may be

other speakers in device 10 which do not use display 414

as a speaker membrane. Speaker structure 448 of FIG. 42

may use all or substantially all of display 414 as a

speaker membrane (e.g., the entire front face of device 10

may be occupied by a speaker), or may use only a portion

of display 414 as a speaker membrane.

In the example of FIG. 43, an array of

transducers 450 may be used to form a plurality of

display-based speakers 448. Display-based speaker

structures 448 may be used in conjunction with speaker

structures that are not display-based. Each display-based

speaker 448 may have an associated transducer 450. Each

associated transducer 450 may be any suitable type of

transducer (€.g., one or more sets of coils surrounded by
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a magnet, one or more sets of coils surrounding a magnet,

a piezoelectric transducer, a microphone transducer, a

sensor, an actuator, etc.). The type of transducer 450

used may be different for each speaker 448 (e.g., the

 array of speakers 448 in FIG. 43 may include different

types of transducers, if desired). Providing speakers 448

with different types of transducers, different structures,

and different characteristics may give device 10 the

ability to produce sound with a wider range of

frequencies.

FIG. 44 is a bottom view of a portion of device

10 showing how an array of display-based speakers such as

the array shown in FIG. 43 may be implemented in device

10. In the example of FIG. 44, support structure 446 is 
formed on the underside of display 414. Support structure

446 may be used to stiffen speaker membrane portions 414M

of display 414 (e.g., support structure 446 may be

interposed between transducer 450 and display 414).

Support structure 446 may also be used to stiffen portions

 of display 414 between adjacent speakers 448.

Each speaker 448 may be surrounded by a ring 
414’ of flexible display 414 that is not stiffened by

support structure 446. Flexible ring-shaped portions 414’

of flexible display 414 may provide a barrier structure

around each speaker 448 that prevents interference between

adjacent speakers 448. For example, as speaker membrane

414M vibrates, ring 414’ (which is surrounded by support

structure 446) may absorb vibrations moving laterally in

display 414 (e.g., in directions along the x-axis and/or

y-axis). This may allow adjacent speakers 448 to operate

independently without being disrupted by the vibrations of

a neighboring speaker.

If desired, speakers 448 may include a variety

of speaker types. Examples of speaker types that may be

TT
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used for speakers 448 include subwoofers, woofers, mid-

range speakers, tweeters, supertweeters, etc. If desired,

different channels of audio input may be routed to each

speaker. For example, speakers 448 may include a center

channel speaker, a left channel speaker, a right channel

speaker, a surround channel speaker, etc. Any suitable

characteristic of speakers 448 (e.g., size, type,

location, input channel, etc.) may be modified to achieve

a desired frequency response and/or to accommodate the 

structure of device 10.

Electronic devices that contain flexible

displays and one or more display-based speaker structures

may be provided. The speaker structures may be positioned

under the flexible display. Portions of the flexible

display may be used as speaker membranes for the speaker

structures. The speaker structures may be driven by

transducers that convert electrical audio signal input

into sound. Piezoelectric transducers or transducers

formed from coils and magnets may be used to drive the

speaker structures. Speaker membranes may be formed from

active display areas of the flexible display. Some, all,

or substantially all of the flexible display may be used

as a speaker membrane for one or more display-based

speaker structures. An optional cover layer may be

provided with speaker openings so that sound may pass from

the display-based speaker structures to the exterior of

the device.

In accordance with another embodiment, an

 electronic device is provided including a flexible display

and a speaker structure having a speaker membrane, where

the speaker membrane is formed from a portion of the

flexible display.

In accordance with another embodiment, the 
electronic device further includes a stiffening structure
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configured to stiffen the portion of the flexible display

that forms the speaker membrane.

In accordance with another embodiment, the

stiffening structure includes a layer of foam.

In accordance with another embodiment, the

stiffening structure includes first and second stiffening

sheets that are attached to opposing first and second

sides of the layer of foam.

In accordance with another embodiment, the

flexible display includes an active portion configured to

display images and the speaker membrane is formed from the

active portion of the flexible display.

In accordance with another embodiment, the

electronic device further includes a rigid structure and a

suspension structure configured to attach portions of the

speaker structure to the rigid structure.

In accordance with another embodiment, the

electronic device further includes an electronic device

housing in which the flexible display is mounted, where

the rigid structure is formed at least partly from the

electronic device housing.

In accordance with another embodiment, the

electronic device further includes a cover layer formed

over the flexible display, where the cover layer includes

at least one opening formed over the speaker membrane.

In accordance with another embodiment, the

electronic device further includes an electronic device

housing in which the flexible display is mounted, where

the electronic device housing has at least one acoustic

port.

In accordance with another embodiment, the

flexible display includes an organic light-emitting diode

display having a substrate formed from a flexible sheet of

polymer.
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In accordance with another embodiment an

electronic device is provided including a flexible display

and a plurality of speaker structures, where portions of

the flexible display form speaker membranes for the

plurality of speaker structures. 
In accordance with another embodiment, the

electronic device further includes a plurality of

stiffening structures configured to stiffen the portions

of the flexible display that form the speaker membranes.

In accordance with another embodiment, the
 

flexible display includes a set of stiffened regions,

where each of the stiffened regions in the set of

stiffened regions forms part of a respective one of the

speaker structures, flexible regions, where each of the

 flexible regions surrounds a respective one of the

stiffened regions in the set of stiffened regions, anda

surrounding stiffened region, where each of the flexible

regions is surrounded by portions of the surrounding

stiffened region.

In accordance with another embodiment, the

speaker structures include a left channel speaker anda

right channel speaker.

In accordance with another embodiment, the

electronic device further includes transducers configured

to drive the speaker structures, where each transducer

includes coils and a magnet.

In accordance with another embodiment, the

electronic device further includes piezoelectric

transducers configured to drive the speaker structures.

In accordance with another embodiment, the

flexible display includes an organic light-emitting diode

display having a substrate formed from a flexible sheet of

polymer.

In accordance with another embodiment, a
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portable electronic device is provided, including a

housing, a flexible organic light-emitting diode display

mounted in the housing, where the flexible organic light-

emitting diode display has a substrate formed from a

flexible sheet of polymer, and at least one speaker having

a speaker membrane formed from a portion of the flexible

sheet of polymer.

In accordance with another embodiment, the

portable electronic device further includes a stiffening

structure interposed between the at least one speaker and

the speaker membrane, where the stiffening structure

includes a composite material.

In accordance with another embodiment, the

speaker membrane has a concave shape. 
In accordance with another embodiment, the

housing includes a rectangular housing with four

peripheral edges and the flexible organic light-emitting

diode display and the speaker membrane extend between the

four peripheral edges.

The foregoing is merely illustrative of the

principles of this invention and various modifications can

be made by those skilled in the art without departing from

the scope and spirit of the invention. The foregoing

embodiments may be implemented individually or in any

combination.
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What is Claimed is: 

Les An electronic device, comprising:

a flexible display; and

an internal component, wherein the flexible

display may be deformed by an action external to the

device, and wherein deformation of the flexible display

creates a response from the internal component.

Zs The electronic device defined in claim 1

wherein the flexible display comprises:

a flexible display layer; and

a touch-sensitive layer.

 Si. The electronic device defined in claim 2

wherein the flexible display layer of the flexible display

includes an active display region, and wherein the

internal component is covered with a portion of the active

display region of the flexible display.

4. The electronic device defined in claim 3

wherein the internal component comprises a button, and

wherein deformation of the flexible display compresses the

button.

 De The electronic device defined in claim 4

wherein the flexible display further comprises a rigid

cover layer having at least one opening.

C. The electronic device defined in claim 5

wherein the opening comprises a hole in the rigid cover

layer, wherein the button further comprises a button

member in the opening, wherein the button member moves

within the hole in the rigid cover layer, and wherein the
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movement of the button member in the opening causes

deformation of the flexible display.

Ts The electronic device defined in claim 3

wherein the internal component comprises a pressure

sensor, and wherein deformation of the flexible display

exerts a mechanical pressure on the pressure sensor.

8. The electronic device defined in claim 7

wherein the pressure sensor comprises a piezoelectric

actuator, and wherein the mechanical pressure induces a

voltage on the piezoelectric actuator.

o. The electronic device defined in claim 3

wherein the internal component comprises a laser

microphone for detecting a sound originating external to

the electronic device, and wherein detecting the sound

comprises with a laser, detecting deformation of the

flexible display.

10. An electronic device, comprising:

a flexible display; and

an audio component that transmits or

receives sound through the flexible display.

 11. The electronic device defined in claim 10

wherein the flexible display includes an active display

region, and wherein the audio component is mounted behind

the active display region of the flexible display.

12. The electronic device defined in claim il

wherein the flexible display comprises:

a flexible display layer; and

a touch-sensitive layer.
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13. The electronic device defined in claim 11

wherein the audio component comprises a diaphragm, and

wherein the diaphragm is mounted in contact with the

flexible display.

14. An electronic device, comprising:

a housing;

a flexible display mounted on the housing;

and

a first internal component mounted under a

portion of the flexible display, wherein the first

internal component is configured to deform the portion of

the flexible display.

15. The electronic device defined in claim 14

wherein the first internal component comprises a 

piezoelectric actuator, wherein a voltage applied to the

piezoelectric actuator causes an expansion of the   
piezoelectric actuator, and wherein the portion of the

flexible display deforms in response to the expansion of

the piezoelectric actuator.

16. The electronic device defined in claim 14

wherein the first internal component comprises a

structural component, wherein the portion of the flexible

display deforms in response to physical contact with the

structural component, and wherein deformation of the

portion of the flexible display causes the portion of the

flexible display to conform to a surface of the structural

component.

17. The electronic device defined in claim 16

further comprising a second internal component mounted
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under the portion of the flexible display, wherein the

portion of the flexible display that conforms to the

surface of the structural component indicates the location

of the second internal component.

18. The electronic device defined in claim 17

wherein the second internal component comprises a button,

wherein the portion of the flexible display is configured

to be further deformed by an action external to the
 

electronic device, and wherein further deformation of the

portion of the flexible display compresses the button.

19. The electronic device defined in claim 16

wherein the first internal component further comprises an

actuator, wherein the structural component is mounted on

the actuator, wherein raising the actuator moves the

structural component into contact with the portion of the

flexible display, and wherein lowering the actuator moves

the structural component out of contact with the flexible

display.

20. The electronic device defined in claim 19

wherein the flexible display comprises a touch-sensitive

layer and wherein deformation of the portion of the

flexible display conforming to the surface of the

structural component indicates the location of a portion

of the touch-sensitive layer of the flexible display.

21. The electronic device defined in claim 19

further comprising a second internal component mounted on

the actuator, and wherein deformation of the portion of

 the flexible display conforming to the surface of the

structural component indicates the location of the second

internal component.
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22. The electronic device defined in claim 19

further comprising:

a cover member; and

an actuator switch coupled to the actuator,

wherein deformation of the flexible display exerts a

pressure on the cover member, and wherein the pressure on

the cover member lifts the cover member.

23. An electronic device, comprising:

a housing; and

a concave display mounted in the housing,

wherein the concave display has a rigid internal support

structure having a concave surface and a flexible display

layer attached to the rigid internal support structure

that conforms to the concave surface of the rigid support

structure.

24. The electronic device defined in claim 23

wherein the concave display further comprises a first

adhesive layer, and wherein the first adhesive layer

attaches the flexible display layer to the concave surface

of the rigid internal support structure.

25. The electronic device defined in claim 23

wherein the concave display further comprises a touch-

sensitive layer.

26. The electronic device defined in claim 25

wherein the concave display further comprises first and

second adhesive layers, wherein the first adhesive layer

attaches the flexible display layer to the touch-sensitive

layer, and wherein the second adhesive layer attaches the

flexible display layer to the rigid internal support
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structure.

27. The electronic device defined in claim 23

wherein the housing comprises a bezel, and wherein the

bezel surrounds a periphery of the concave display.

28. The electronic device defined in claim 26

wherein the rigid internal support structure has a convex

inner surface and wherein the electronic device further

comprises at least one internal component mounted adjacent

to the convex inner surface.

29. The electronic device defined in claim 28,

wherein the rigid internal support structure has at least

one opening.

30. The electronic device defined in claim 29

wherein the at least one opening comprises a hole in the

rigid internal support structure, and wherein the at least

one internal component is mounted in the hole in the rigid

internal support structure.

31. An electronic device, comprising:

a housing; and

a concave display mounted in the housing,

wherein the concave display includes a rigid cover layer

having at least one concave outer surface and at least one

corresponding convex inner surface and includes a flexible

display layer, wherein the flexible display layer conforms

to the convex inner surface of the rigid cover layer.

32. The electronic device defined in claim 31

wherein the flexible display layer comprises image pixels

formed from organic light-emitting diodes.
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33. The electronic device defined in claim 31

wherein the concave display further comprises a first

adhesive layer, and wherein the first adhesive layer

attaches the flexible display layer to the convex inner

surface of the rigid cover layer.

34. The electronic device defined in claim 33

wherein the rigid cover layer has at least one opening,

wherein the electronic device further comprises an

internal component, and wherein the internal component is

mounted adjacent to the flexible display layer under the

at least one opening in the rigid cover layer.

 35. The electronic device defined in claim 34

wherein the internal component comprises a speaker and

wherein the speaker transmits sound through the flexible

display layer.

36. The electronic device defined in claim 34

wherein the internal component comprises a button, wherein

the electronic device further comprises a button member in

the at least one opening in the rigid cover layer, wherein

the button member moves within the at least one opening in

the rigid cover layer, and wherein the movement of the

button member compresses the button.

37. An electronic device, comprising:

an electronic device housing; and

a concave display mounted in the electronic

device housing, wherein the concave display comprises a

rigid cover layer having a concave outer surface and a

convex inner surface, a flexible display layer, anda

touch-sensitive layer, wherein the flexible display layer
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 and the touch-sensitive layer each conform to the convex

inner surface of the rigid cover layer.

38. The electronic device defined in claim 37

wherein the concave display further comprises first and

second adhesive layers, wherein the flexible display layer

is attached to the touch-sensitive layer with the first

adhesive layer, and wherein the touch-sensitive layer is

attached to the convex inner surface of the rigid cover 

layer with the second adhesive layer.

39. The electronic device defined in claim 38

 
further comprising at least one internal component mounted

adjacent to the flexible display layer of the concave

display.

40. The electronic device defined in claim 39

wherein the rigid cover layer of the convex display has at

least one opening, wherein the at least one internal

component is an audio component, and wherein the audio

component is mounted under the at least one opening in the

rigid cover layer.

41. The electronic device defined in claim 38

wherein the concave outer surface of the concave display

has a curvature and peripheral edges, wherein the

curvature has a deepest point, wherein the deepest point

and at least some of the peripheral edges define a maximum

depth associated with the curvature of the concave display

and wherein the maximum depth of the concave display is

between 0.5 millimeter and 20 millimeters.

42. The electronic device defined in claim 41

further comprising an internal component, wherein the
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internal component is mounted at a distance from the

peripheral edges of the concave outer surface, and wherein

the distance is smaller than the maximum depth.

43. An electronic device, comprising:

a housing; and

a display mounted in the housing, wherein

the display has a flexible display layer that conforms to

a convex outer surface of a rigid support structure.

44. The electronic device defined in claim 43

wherein the display further comprises an adhesive layer,

and wherein the adhesive layer attaches the flexible

display layer to the convex outer surface of the rigid

support structure.

45. The electronic device defined in claim 43

wherein the display further comprises a touch-sensitive

layer.

46. The electronic device defined in claim 45

wherein the display further comprises first and second

adhesive layers, wherein the first adhesive layer attaches

the flexible display layer to the touch-sensitive layer,

and wherein the second adhesive layer attaches the

  flexible display layer to the convex outer surface of the

rigid support structure.

47. The electronic device defined in claim 46

wherein the flexible display layer comprises image pixels

formed from organic light-emitting diodes.

48. The electronic device defined in claim 46,

wherein the housing has at least one opening, wherein the
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opening is associated with a connector port, the

electronic device further comprising a connector structure

mounted in the connector port.

49. An electronic device, comprising:

a housing; and

a display mounted in the housing, wherein

the display includes a rigid cover layer having at least

one convex outer surface and having at least one

associated concave inner surface and includes a flexible

display layer that conforms to the concave inner surface.

50. The electronic device defined in claim 49

wherein the display further comprises an adhesive layer,

and wherein the adhesive layer bonds the flexible display

layer to the concave inner surface of the rigid cover

layer.

51. The electronic device defined in claim 49

wherein the rigid cover layer comprises glass.

52. The electronic device defined in claim 51

wherein the flexible display layer comprises image pixels

formed from organic light-emitting diodes.

 53. The electronic device defined in claim 49

wherein the flexible display layer comprises image pixels

formed from organic light-emitting diodes.

54. The electronic device defined in claim 49

wherein the display further comprises a touch sensor layer

  that conforms to the concave inner surface.

55. The electronic device defined in claim 54
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wherein the concave display further comprises first and

second adhesive layers, wherein the first adhesive layer

attaches the flexible display layer to the touch sensor

layer, and wherein the second adhesive layer attaches the

 touch sensor layer to the concave inner surface of the

display.

56. The electronic device defined in claim 55

wherein touch sensor layer comprises indium-tin-oxide

electrodes.

 57. The electronic device defined in claim 49

further comprising an internal component, wherein the

concave inner surface of the display provides an

additional internal volume for the electronic device, and

wherein the internal component is mounted at least

partially in the additional internal volume.

58. An electronic device having at least a

 front surface and a rear surface, comprising:

electronic components interposed between

the front and rear surfaces; and

a display that substantially covers at

least the front and rear surfaces and that surrounds the

electronic components, wherein the display comprises a

rigid cover layer having at least one inner surface and a

flexible display layer that is bent to conform to the

inner surface.

59. The electronic device defined in claim 58

wherein the display further comprises a touch-sensitive

 layer attached to at least a portion of the flexible

display layer.
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60. The electronic device defined in claim 58

wherein the inner surface comprises a concave inner

surface, the electronic device further comprising a

connector structure and a housing having an opening,

wherein the connector structure is mounted in the opening

to form a connector port.

61. The electronic device defined in claim 58

wherein the electronic device has at least two sidewall

surfaces, and wherein the display substantially covers the

two sidewall surfaces.

62. The electronic device defined in claim 61

wherein the display has at least two edges, and wherein

the edges of the display are joined by a joining member.

63. An electronic device, comprising:

a flexible display; and

a speaker structure having a speaker

 membrane, wherein the speaker membrane is formed from a

portion of the flexible display.

 64. The electronic device defined in claim 63,

further comprising:

a stiffening structure configured to

 stiffen the portion of the flexible display that forms the

speaker membrane.

65. The electronic device defined in claim 64

wherein the stiffening structure comprises a layer of

foam.

66. The electronic device defined in claim 65

wherein the stiffening structure comprises first and
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second stiffening sheets that are attached to opposing

first and second sides of the layer of foam.

67. The electronic device defined in claim 63

wherein the flexible display comprises an active portion

configured to display images and wherein the speaker

membrane is formed from the active portion of the flexible

display.

68. The electronic device defined in claim 63,

further comprising:

a rigid structure; and

a suspension structure configured to attach

portions of the speaker structure to the rigid structure.

69. The electronic device defined in claim 68,

further comprising:

an electronic device housing in which the

flexible display is mounted, wherein the rigid structure

 is formed at least partly from the electronic device

housing.

 70. The electronic device defined in claim 63,

further comprising:

a cover layer formed over the flexible

display, wherein the cover layer comprises at least one

opening formed over the speaker membrane.

71. The electronic device defined in claim 63

further comprising an electronic device housing in which

the flexible display is mounted, wherein the electronic

device housing has at least one acoustic port.

72. The electronic device defined in claim 63
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wherein the flexible display comprises an organic light-

emitting diode display having a substrate formed from a

flexible sheet of polymer.

73. j.(An electronic device, comprising:

a flexible display; and

a plurality of speaker structures, wherein

portions of the flexible display form speaker membranes

 for the plurality of speaker structures.

74. The electronic device defined in claim 73,

further comprising:

a plurality of stiffening structures

configured to stiffen the portions of the flexible display

 that form the speaker membranes.

75. The electronic device defined in claim 73

wherein the flexible display comprises:

a set of stiffened regions, wherein each of

  the stiffened regions in the set of stiffened regions

forms part of a respective one of the speaker structures;

flexible regions, wherein each of the

flexible regions surrounds a respective one of the

stiffened regions in the set of stiffened regions; and

a surrounding stiffened region, wherein

each of the flexible regions is surrounded by portions of

the surrounding stiffened region.

76. The electronic device defined in claim 73

wherein the speaker structures comprise a left channel

speaker and a right channel speaker.

77. The electronic device defined in claim 73,

further comprising:
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transducers configured to drive the speaker

structures, wherein each transducer comprises coils anda

magnet.

78. The electronic device defined in claim 73

further comprising piezoelectric transducers configured to

drive the speaker structures.

79. The electronic device defined in claim 73

wherein the flexible display comprises an organic light-

emitting diode display having a substrate formed from a

flexible sheet of polymer.

80. A portable electronic device, comprising:

a housing;

a flexible organic light-emitting diode

display mounted in the housing, wherein the flexible

organic light-emitting diode display has a substrate

formed from a flexible sheet of polymer; and

at least one speaker having a speaker

membrane formed from a portion of the flexible sheet of

polymer.

81. The portable electronic device defined in

claim 80, further comprising:

a stiffening structure interposed between

the at least one speaker and the speaker membrane, wherein

the stiffening structure comprises a composite material.

82. The portable electronic device defined in

claim 80 wherein the speaker membrane has a concave shape.

83. The portable electronic device defined in

claim 80 wherein the housing comprises a rectangular
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housing with four peripheral edges and wherein the

flexible organic light-emitting diode display and the

speaker membrane extend between the four peripheral edges.
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