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PROXIMITY SENSOR

RELATED APPLICATIONS

[1] This application is a continuation under 35 U.S.C. § 120 of U.S. Patent
Application No. 12/179769, filed 25 July 2008, which claims the benefit under 35 U.S.C. §
119(e) of U.S. Provisional Patent Application No. 60/952053, filed 27 July 2007.

TECHNICAL FIELD

[2] This disclosure generally relates to proximity sensors.
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BACKGROUND

[3] Capacitive position sensors have recently become increasingly common and
accepted in human interfaces and for machine control. For example, in the fields of portable
media players it is now quite common to find capacitive touch controls operable through glass or
plastic panels. Some mobile telephones are also starting to implement these kinds of interfaces.

(4] Many capacitive touch controls incorporated into consumer electronic devices for
appliances provide audio or visual feedback to a user indicating whether a finger or other
pointing object is present or approaches such touch controls. A capacitive sensing
microprocessor may typically be comprised in touch-controlled devices which are arranged to
provide an “on” output signal when a finger is adjacent to a sensor and an “off” output signal
when a finger is not adjacent to a sensor. The signals are sent to a device controller to implement
a required function dependent on whether a user’s finger is in proximity with or touching an
associated touch control.

[5] Some touch-controlled devices remain “on” or “active” despite the user having
moved away from the device or a particular function no longer being required. This results in

the device consuming a large amount of power which is not efficient.
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OVERVIEW

[6] Particular embodiments provide a sensor for determining the presence of an
object comprising: a sensing element; a capacitance measurement circuit operable to measure the
capacitance of the sensing element; and a control circuit operable to determine whether an object
is in proximity with the sensor based on a measurement of the capacitance of the sensing
element, the control circuit further being operable to provide an output signal to control a
function of an apparatus when it is determined that an object has not been in proximity with the
sensor for a predetermined time duration.

[7] The control circuit may be configured so that the predetermined time duration is
selectable from a number of different predefined time durations.

[8] The control circuit may include a time input terminal and the predetermined time
duration may selectable from the number of different predefined time durations according to a
voltage applied to the time input terminal.

[9] The control circuit may include a delay multiplier terminal and be configured so
that a selected one of the number of different predefined time durations is multiplied by a
multiplication factor according to a voltage applied to the delay multiplier terminal so as to
provide the predetermined time duration.

[10] The control circuit may be configured so that the predetermined time duration is
programmable by a user to provide a user-selected time duration.

[11] The sensor may comprise a resistor-capacitor (RC) network coupled to the control
circuit and the predetermined time duration may depend on a time constant of the RC network.

[12]  The control circuit may include a delay multiplier terminal and be configured so
that the user-selected time duration is multiplied by a multiplication factor according to a voltage
applied to the delay multiplier terminal to provide the predetermined time duration.

[13] The control circuit may be configured such that the provision of the output signal
to control a function of an apparatus after the predetermined time duration may be overridden so
the output signal is not provided when it is determined that an object has not been in proximity
with the sensor for a predetermined time duration. For example, the control circuit may be

operable to receive an override pulse and on receipt of the override pulse to retrigger the
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predetermined time duration to so as to extend the time before the output signal to control a
function of an apparatus is provided.

[14] The control circuit may be configured such that the provision of the output signal
to control a function of an apparatus after the predetermined time duration may be overridden so
the output signal is provided before it is determined that an object has not been in proximity with
the sensor for a predetermined time duration. For example, the control circuit may be operable
to receive an override pulse and on receipt of the override pulse to provide the output signal to
control a function of an apparatus.

[15] The sensor may be configured to perform a recalibration when the sensor is
powered up, when an object is determined to be in proximity with the sensor for more than a
timer setting, and / or when an override is released.

[16] The control circuit may be configured such that the output signal is toggled
between a high state and a low state when an object is determined to be in proximity with the
Sensor.

[17]  The function of an apparatus controlled by the output signal may be a switch-off
function.

[18] The capacitance measurement circuit may employ bursts of charge- transfer
cycles to acquire measurements.

[19] The capacitance measurement circuit may be configured to operate in one of more
than one acquisition modes depending on the output signal, for example a low-power mode or a
fast mode.

[20] The capacitance measurement circuit and the control circuit may be comprised in
a general purpose microcontroller under firmware control.

[21] The capacitance measurement circuit and the control circuit may be comprised
within a six-pin integrated circuit chip package, such as an SOT23-6.

[22] Particular embodiments provide an apparatus including a sensor as described
above.

[23] Particular embodiments provide a method for controlling a function of an

apparatus comprising: determining whether an object is in proximity with a sensor based on a
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measurement of the capacitance of a sensing element and providing an output signal to control
the function of the apparatus when it is determined that an object has not been in proximity with
the sensor for a predetermined time duration.

[24] The function of the apparatus controlled by the output signal may be a switch-off
function.

[25] Particular embodiments provide a sensor for determining the presence of an
object comprising: a sensing element, a capacitance measurement circuit operable to measure the
capacitance of the sensing element, and a control circuit operable to determine whether an object
is in proximity with the sensor based on a measurement of the capacitance of the sensing
element, the control circuit also being operable to provide an output signal to control a function
of an apparatus based on an object not being in proximity with the sensor and the output signal

being produced after a predetermined time duration.
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BRIEF DESCRIPTION OF THE DRAWINGS

[26] Reference is now made by way of example to the accompanying drawings in
which:

[27] FIGURE 1 schematically shows sense electrode connections for an example chip
for implementing an auto-off function in particular embodiments;

[28] FIGURE 2 schematically represent an application of drift compensation in the
chip of FIGURE 1;

[29] FIGURE 3 schematically shows a basic circuit configuration for providing a 15
minute auto switch-off function in an active high output implementation of particular
embodiments;

[30] FIGURE 4 schematically shows a series of fast mode bursts on the SNSK pin of
the chip shown in FIGURE 1 where in an on condition;

[31] FIGURE 5 schematically shows a series of low-power mode bursts and a switch
to fast mode power bursts on the SNSK pin of the chip shown in FIGURE 1 when switching
from an off condition to an on condition;

[32] FIGURE 6 schematically shows use of an output configuration resistor Rop to
configure the chip of FIGURE 1 to have an active high or an active low output;

[33] FIGURE 7 schematically shows an example circuit configuration for the chip
shown in FIGURE 1 with the output connected to a digital transistor;

[34] FIGURE 8 schematically shows an example circuit configuration for the chip
shown in FIGURE 1 configured to provide a predefined auto-off delay;

[35] FIGURE 9 schematically shows an example circuit configuration for the chip
shown in FIGURE 1 configured to provide a programmable auto-off delay;

[36] FIGURE 10 schematically shows an example pulse applied to the chip shown in
FIGURE 1 to override an auto-off delay;

[37] FIGURE 11 schematically shows another example pulse applied to the chip
shown in FIGURE 1 to override an auto-off delay;

[38] FIGURE 12 schematically shows example voltage levels for the chip shown in
FIGURE 1 in overriding of an auto-off delay;
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[39] FIGURES 13 and 14 schematically show typical values of RC divisor K as

[40] a function of supply voltage VDD for the chip shown in FIGURE 1 with active
high output and active low output respectively;

[41] FIGURE 15 schematically shows typical curves of auto-off delay as a function of
timing resistor value for different capacitor values and different supply voltages for an active
high output configuration;

[42] FIGURE 16 schematically shows typical curves of auto-off delay as a function of
timing resistor value for different capacitor values and different supply voltages for an active low
output configuration;

[43] FIGURE 17 schematically shows an example application of the chip shown in
FIGURE 1 in an active low output configuration driving a PNP transistor with an auto-off time
of 3.33 hours;

[44] FIGURE 18 schematically shows another example application of the chip shown
in FIGURE 1 in an active high output configuration driving a high impedance with an auto-off
time of 135 seconds;

[45] FIGURE 19 schematically shows an implementation of the chip shown in
FIGURE 1 in an SOT23-6 package; and

[46] FIGURE 20 schematically shows a pin diagram for an implementation of the chip
shown in FIGURE 1 in an SOT23-6 package.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[47] Particular embodiments may be implemented in an integrated circuit chip
providing a proximity sensor function. The integrated circuit chip may thus be incorporated into
a device or apparatus to provide and control a proximity sensor functionality for the device or
apparatus in particular embodiments. For the purposes of explanation, a specific integrated
circuit chip providing the functionality of an example embodiment will be described further
below. The chip will in places be referred to by product name QT102. However, it will be
appreciated that the QT102 chip is merely a specific example application of an example
embodiment. Particular embodiments need not be implemented in a chip in this way, and
furthermore, particular embodiments may be provided in conjunction with all, some or none of
the additional features of the QT 102 chip described further below.

[48] Before turning specifically to the QT102 chip embodiment, a summary is
provided.

[49] It is known that a touch sensitive sensor may comprise a sensor element, such as
an etched copper electrode mounted on a PCB substrate, and a control circuit for measuring a
capacitance of the sensor element to a system reference potential. The sensor element may be
referred to as a sense electrode. The capacitance of the sense electrode is affected by the
presence of nearby objects, such as a pointing finger. Thus the measured capacitance of the
sense electrode, and in particular changes in the measured capacitance, may be used to identify
the presence of an object adjacent the sense electrode. The control circuit may be configured to
provide an output signal, ¢.g. by setting an output logic level as high or low, indicating whether
or not an object is deemed to be adjacent the sense electrode. A controller of a device in which
the touch sensitive sensor is implemented may receive the output signal and act accordingly.

[S0] There are various known technologies for measuring capacitance of a sense
electrode in a capacitive touch sensor. Particular embodiments may be implemented in
conjunction with any of these technologies or measurement circuits. For example, the
fundamental principles underlying the capacitive sensors described in U.S. Patent No. 5,730,165,

U.S. Patent No. 6,466,036, and U.S. Patent No. 6,452,514 could be used.
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[S1]  In particular embodiments, the control circuit of the sensor can determine whether
an object or a user’s finger is no longer in proximity with the sensor and based on a pre-
determined time duration, the control circuit can produce an output signal automatically to
prevent the capacitance measurement circuit from continually measuring changes in capacitance
due to, for example, the perceived presence of an object in proximity with the sensor.

[52] Therefore, the control circuit is able to deactivate, turn-off, or power down the
capacitance measurement circuit where an apparatus has inadvertently been left on or with the
erroneous perception that a user is still present. This may, for example, be referred to as an
“auto-off” feature. The signal for preventing the capacitance measurement circuit from
continually measuring changes in capacitance may be referred to as an auto-off signal. The
capacitance measurement circuit and the auto-off control circuit may be comprised in a general-
purpose microcontroller under firmware control, for example, such as the QT102 chip described
further below.

[S3] As described in Section 3.5 of the below numbered sections, and in conjunction
with the drawings, the control circuit of the sensor may be implemented by different methods—
for example, the auto-off signal output may be produced automatically after different pre-
determined time durations to effect powering down the capacitance measurement circuit due to
no presence of the user; the control circuit may be programmed by a user so that it may power
down an apparatus based on a user-selected time duration; the control circuit output signals may
be overridden, for example, to extend time durations before an apparatus is turned-off or to
immediately turn-off an apparatus when a user is no longer present.

[S4] The sensor of particular embodiments may be useful in various applications, for
example in kitchen appliances, light switches, headsets, and other electronic consumer devices.
For example, a coffeec machine incorporating a sensor of particular embodiments may be
programmed to power-down after a time period of, say, 30 minutes, where the coffee machine
has been left on inadvertently. This will beneficially conserve energy use and minimize the
possibility of damage or accidents caused by the coffee machine or glass container(s)

overheating.
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[S5] Aspects of the QT102 chip referred to above will now be described in the
following numbered sections.

[S6] The numbered sections may be considered to relate generally to features of the
QT102 chip as follows: Section 1 — Overview (including 1.1 Introduction, 1.2 Electrode Drive,
1.3 Sensitivity, 1.3.1 Introduction, 1.3.2 Increasing Sensitivity, 1.3.3 Decreasing Sensitivity, 1.4
Recalibration Timeout, 1.5 Forced Sensor Recalibration, 1.6 Drift Compensation, 1.7 Response
Time, 1.8 Spread Spectrum). Section 2 — Wiring and Parts (including 2.1 Application Note, 2.2
Cs Sample Capacitor, 2.3 Rs Resistor, 2.4 Power Supply, PCB Layout, 2.5 Wiring). Section 3 —
Operation (including 3.1 Acquisition Modes, 3.1.1 Introduction, 3.1.2 OUT Pin “On” (Fast
Mode), 3.1.3 OUT Pin “Off” (Low Power Mode), 3.2 Signal Processing, 3.2.1 Detect Integrator,
3.2.2 Detect Threshold, 3.3 Output Polarity Selection, 3.4 Output Drive, 3.5 Auto Off Delay,
3.5.1 Introduction, 3.5.2 Auto Off — Predefined Delay, 3.5.3 Auto Off — User-programmed
Delay, 3.5.4 Auto Off — Overriding the Auto Off Delay, 3.5.5 Configuring the User-programmed
Auto-off Delay, 3.6 Examples of Typical Applications). Section 4 — Specifications (including
4.1 Absolute Maximum Specifications, 4.2 Recommended Operating Conditions, 4.3 AC
Specifications, 4.4 Signal Processing, 4.5 DC Specifications, 4.6 Mechanical Dimensions, 4.7

Moisture Sensitivity Level (MSL)).

1 Overview

1.1 Introduction

[S7] The QT102 is a single key device featuring a touch on / touch off (toggle) output
with a programmable auto switch-off capability.

[S8] The QT102 is a digital burst mode charge-transfer (QT) sensor designed
specifically for touch controls; it includes hardware and signal processing functions to provide
stable sensing under a wide variety of changing conditions. In examples, low cost, non-critical

components are employed for configuring operation.
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[S9] The QT102 employs bursts of charge-transfer cycles to acquire its signal. Burst
mode permits power consumption in the microampere range, dramatically reduces radio
frequency (RE) emissions, lowers susceptibility to electromagnetic interference (EMI), and yet
permits good response time. Internally the signals are digitally processed to reject impulse noise,
using a “consensus” filter which in this example requires four consecutive confirmations of a
detection before the output is activated.

[60] The QT switches and charge measurement hardware functions are all internal to

the QT102.

1.2 Electrode Drive

[61] FIGURE 1 schematically shows the sense electrode connections (SNS, SNSK) for
the QT102.

[62] For improved noise immunity, it may be helpful if the electrode is only connected
to the SNSK pin.

[63] In examples the sample capacitor Cs may be much larger than the load
capacitance (Cx). E.g. typical values for Cx are 5 to 20pF while Cs is usually 1 or 2 to 50nF.
(Note: Cx is not a physical discrete component on the PCB, it is the capacitance of the touch
electrode and wiring. It is shown in FIGURE 1 to aid understanding of the equivalent circuit.)

[64] Increasing amounts of Cx destroy gain, therefore it is important to limit the
amount of load capacitance on both SNS terminals. This can be done, for example, by
minimizing trace lengths and widths and keeping these traces away from power or ground traces
Or COpper pours.

[65] The traces and any components associated with SNS and SNSK will become
touch sensitive and so may need to be considered to help in limiting the touch-sensitive area to
the desired location.

[66] A secries resistor, Rs, may be placed in line with SNSK to the electrode to
suppress electrostatic discharge (ESD) and Electromagnetic Compatibility (EMC) effects.
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1.3 Sensitivity

1.3.1 Introduction

[67] The sensitivity of the QT102 is a function of such things as:
» the value of Cs
» clectrode size and capacitance
» clectrode shape and orientation
+ the composition and aspect of the object to be sensed
 the thickness and composition of any overlaying panel material

+ the degree of ground coupling of both sensor and object

1 3.2 Increasing Sensitivity

[68] In some cases it may be desirable to increase sensitivity; for example, when using
the sensor with very thick panels having a low dielectric constant. Sensitivity can often be
increased by using a larger electrode or reducing panel thickness. Increasing electrode size can
have diminishing returns, as high values of Cx will reduce sensor gain.

[69] The value of Cs also has an effect on sensitivity, and this can be increased in
value with the trade-off of slower response time and more power. Increasing the electrode’s
surface area will not substantially increase touch sensitivity if its diameter is already significantly
larger in surface area than the object being detected. Panel material can also be changed to one
having a higher dielectric constant, which will better help to propagate the field.

[70] Ground planes around and under the electrode and its SNSK trace may lead to
high Cx loading and destroy gain. Thus in some cases the possible signal-to-noise ratio benefits
of ground arcas may be more than negated by the decreased gain from the circuit, and so ground
arcas around electrodes may be discouraged in some circumstances. Metal areas near the
electrode may reduce the field strength and increase Cx loading and so it may be helpful if these

are avoided if possible. It may be helpful to keep ground away from the electrodes and traces.
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1.4  Recalibration Timeout

[71]  If an object or material obstructs the sense electrode the signal may rise enough to
create a detection, preventing further operation. To help reduce the risk of this, the sensor
includes a timer which monitors detections. If a detection exceeds the timer setting (known as
the Max On-duration) the sensor performs a full recalibration. This does not toggle the output
state but ensures that the QT102 will detect a new touch correctly. The timer is set to activate

this feature after ~ 30 seconds. This will vary slightly with Cs.

1.5 Forced Sensor Recalibration

[72] The QT102 has no recalibration pin; a forced recalibration is accomplished when
the device is powered up, after the recalibration timeout or when the auto-off override is
released.

[73] However, supply drain is low so it is a simple matter to treat the entire IC as a
controllable load; driving the QT102’s VDD pin directly from another logic gate or a
microcontroller port will serve as both power and “forced recal(ibration)”. The source resistance
of most CMOS gates and microcontrollers are low enough to provide direct power without

problems.

1.6  Drift Compensation

[74] Signal drift can occur because of changes in Cx and Cs over time. It may be
helpful if drift is compensated for, otherwise false detections, nondetections, and sensitivity
shifts may follow.

[75]  Drift compensation is schematically shown in FIGURE 2. Drift compensation is
performed by making a reference level track the raw signal at a slow rate, but only while there is

no detection in effect. It may be helpful if the rate of adjustment is performed relatively slowly,
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otherwise there may be a risk that legitimate detections may be ignored. The QT102 drift
compensates using a slew-rate limited change to the reference level; the threshold and hysteresis
values are slaved to this reference.

[76] Once an object is sensed, the drift compensation mechanism ceases since the
signal is legitimately high, and therefore should not cause the reference level to change (as
indicated in FIGURE 2 during the period between the vertical dotted lines).

[771 The QTI102’s drift compensation is “asymmetric”’; the reference level drift-
compensates in one direction faster than it does in the other. Specifically, it compensates faster
for decreasing signals than for increasing signals. It may be helpful if increasing signals are not
compensated for quickly, since an approaching finger could be compensated for partially or
entirely before approaching the sense electrode.

[78] However, an obstruction over the sense pad, for which the sensor has already
made full allowance, could suddenly be removed leaving the sensor with an artificially elevated
reference level and thus become insensitive to touch. In this latter case, the sensor will
compensate for the object’s removal more quickly, for example in only a few seconds.

[79] With relatively large values of Cs and small values of Cx, drift compensation will
appear to operate more slowly than with the converse. Note that the positive and negative drift

compensation rates are different.
1.7 Response Time

[80] The QT102’s response time is dependent on burst length, which in turn is
dependent on Cs and Cx. With increasing Cs, response time slows, while increasing levels of Cx
reduce response time.

1.8  Spread Spectrum

[81] The QT102 modulates its internal oscillator by +7.5 percent during the

measurement burst. This spreads the generated noise over a wider band reducing emission
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levels. This also reduces susceptibility since there is no longer a single fundamental burst

frequency.

2 Wiring and Parts

[82] FIGURE 3 schematically shows a basic circuit configuration for an

implementation of particular embodiments.

2.1 Application Note

[83] Although not necessarily relevant to particular embodiments, for completeness,
reference may be made to Application Note AN-KDO02 (“Secrets of a Successful QTouch™
Design”), included herein in its entirety by reference, and downloadable from the Quantum
Research Group website, for information on example construction and design methods. Go to

hifp//swww qprox.com, click the Support tab and then Application Notes.

2.2 Cs Sample Capacitor

[84] Cs is the charge sensing sample capacitor. The required Cs value depends on the
thickness of the panel and its diclectric constant. Thicker panels require larger values of Cs.
Typical values are 1 or 2 nF to 50nF depending on the sensitivity required; larger values of Cs
may demand higher stability and better diclectric to ensure reliable sensing.

[85] The Cs capacitor may be a stable type, such as X7R ceramic or PPS film. For
more consistent sensing from unit to unit, 5 percent tolerance capacitors are recommended. X7R
ceramic types can be obtained in 5 percent tolerance for little or no extra cost. In applications
where high sensitivity (long burst length) is required, the use of PPS capacitors is recommended.

[86] Series resistor Rs is in line with the electrode connection and may be used to limit
electrostatic discharge (ESD) currents and to suppress radio frequency interference (RF1). It

may be approximately 4.7kQ to 33k€, for example.
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[87] Although this resistor may be omitted, the device may become susceptible to
external noise or RF1. For more details of how to select these resistors see the Application Note

AN-KDQOQ2 referred to above in Section 2.1.

2.4 Power Supply, PCB Layout

[88] The power supply (between VDD and VSS / system ground) can range between
2.0V and 5.5V for the QT102 implementation. If the power supply is shared with another
electronic system, it may be helpful if care is taken to ensure that the supply is free of digital
spikes, sags, and surges which can adversely affect the device. The QT102 will track slow
changes in VDD, but it may be more affected by rapid voltage fluctuations. Thus it may be
helpful if a separate voltage regulator is used just for the QT102 to isolate it from power supply
shifts caused by other components.

[89] If desired, the supply can be regulated using a Low Dropout (LDO) regulator.
See Application Note AN-KDO02 (see Section 2.1) for further information on power supply
considerations.

[90] Suggested regulator manufacturers include:

*  Toko (XC06215 series)
» Seiko (S817 series)
« BCDSemi (AP2121 series)

[91] Parts placement: The chip may be placed to minimize the SNSK trace length to
reduce low frequency pickup, and to reduce Cx which degrades gain. It may be helpful if the Cs
and Rs resistors (see FIGURE 3) are placed close to the body of the chip so that the trace
between Rs and the SNSK pin is relatively short, thereby reducing the antenna-like ability of this
trace to pick up high frequency signals and feed them directly into the chip. A ground plane can
be used under the chip and the associated discretes, but it may be helpful if the trace from the Rs

resistor and the electrode do not run near ground, to reduce loading.
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[92] For improved Electromagnetic compatibility (EMC) performance the circuit may
be made entirely with surface mount technology (SMT) components.

[93] Electrode trace routing: It may be helpful to keep the electrode trace (and the
electrode itself) away from other signal, power, and ground traces including over or next to
ground planes. Adjacent switching signals can induce noise onto the sensing signal; any
adjacent trace or ground plane next to, or under, the electrode trace will cause an increase in Cx
load and desensitize the device.

[94] Note: a 100nF (0.1 pF) ceramic bypass capacitor (not shown in FIGURE 3) might
be used between VDD and VSS in cases where it is considered appropriate to help avoid latch-up
if there are substantial VDD transients; for example, during an ESD (electrostatic discharge)
event. It may furthermore be helpful if the bypass capacitor is placed close to the device’s power

pins.

Table 2.1 QT102 Pin Descriptions (referring to the pin numbering shown in FIGURE 3)

PIN |NAME | TYPE DESCRIPTION
1 ouT O | To switched circuit and output polarity selection resistor (Rop)
2 VSS P |Ground power pin
3 SNSK | 10 |To Cs capacitor and to sense electrode
4 SNS I0 | To Cs capacitor and multiplier configuration resistor (Rm). Rm

connected to either VSS or VDD. Refer to Section 3.5 for details.

VDD P | Positive power pin

0 TIME | Timeout configuration pin, connected to either VSS, VDD, OUT or
an RC network. Refer to Section 3.5 for details.

Type: P — Ground or power; IO — Input and output; OD — Open drain output; O — Output only,
push-pull; I- Input only

[95] Regarding FIGURE 3, the following sections provide guidance for some example
component values: Section 2.2 for Cs capacitor (Cs); Section 2.3 for Sample resistor (Rs);

Section 2.4 for Voltage levels; Section 3.5.2 for Rm; and Section 3.3 for Rop.
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3 Operation

3.1  Acquisition Modes

3.1.1 Introduction

[96] The polarity for the OUT pin of the QT102 can be configured to be “active high”
or “active low” (see Section 3.3). If configured active high, then “on” is high and “off” is low.
If configured active low, then “on” is low and “off” is high.

[97] The QT102 has more than one acquisition mode with the mode depending on the
state of the OUT pin (on or off) and whether a touch is detected. In the following text “on” is
when the output is in its active state (which could be high or low depending on how the polarity

for the OUT pin is configured).

3.1.2  OUT Pin “On” (Fast Mode)

[98] The QTI102 runs in a “Fast mode” when the OUT pin is on. In this mode the
device runs at maximum speed at the expense of increased current consumption. The delay
between bursts in Fast mode is approximately 2.6ms. FIGURE 4 schematically shows bursts on

the SNSK pin during fast mode acquisition.

3.1.3 OUT Pin “Off” (Low Power Mode)

[99] The QT102 runs in Low Power (LP) mode if the OUT pin is off. In this mode it
sleeps for approximately 85ms at the end of each burst, saving power but slowing response. On
detecting a possible key touch, it temporarily switches to Fast mode until either the key touch is
confirmed or found to be spurious (via the detect integration process). If the touch is confirmed

the QT102 will switch to Fast mode. If a touch is denied the device will revert to normal LP
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mode operation automatically. FIGURE 5 schematically shows bursts on the SNSK pin during a
touch detection event. Also schematically represented is the output signal on the OUT pin. A
key touch occurs around halfway along the figure. Prior to the key touch, the OUT pin is off
(schematically shown here as a low logic level) and the QT102 is running in Low Power mode
with sleep periods between bursts. The capacitance measured during the first burst after the key
touch is higher and this triggers Fast mode acquisition. Following four burst in which the higher
capacitance is seen (see Section 3.2.1), the OUT pin switches to on (schematically shown here as

a high logic level) and Fast mode acquisition continues.
3.2 Signal Processing
3.2.1 Detect Integrator

[100] It is desirable to suppress detections generated by electrical noise or from quick
brushes with an object. To accomplish this, the QT102 incorporates a “detect integration” (DI)
counter that increments with each detection until a limit is reached, after which the output is
activated. If no detection is sensed prior to the final count, the counter is reset immediately to
zero. In the QT102, the required count is four. The DI can also be viewed as a “consensus”
filter, that requires four successive detections to create an output.

3.2.2 Detect Threshold

[101] The device detects a touch when the signal has crossed a threshold level, in this

example the threshold level is fixed at 10 counts.

3.3 Output Polarity Selection

[102] The output (OUT pin) of the QT102 can be configured to have an active high or

active low output by means of the output configuration resistor Rop. The resistor is connected
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between the output an output configuration voltage Vop, which may be either VSS or VDD as
schematically shown in FIGURE 6. For the QT102, if Vop is VSS, the output polarity is
configured active high. If Vop is VDD, the output polarity is configured active low

[103] It is noted that some devices, such as Digital Transistors, have an internal biasing
network that will naturally pull the OUT pin to its inactive state. If these are being used then the

resistor Rop is not required, as schematically shown in FIGURE 7.

3.4  Output Drive

[104] The OUT pin in the QT102 embodiment can sink or source up to 2mA. When a
relatively large value of Cs (e.g. >20nF) is used, it may be helpful if the OUT pin current is
limited to <1 mA to reduce the risk of gain-shifting side effects. These may happen when the
load current creates voltage drops on the die and bonding wires; in some cases these small shifts

can materially influence the signal level to cause detection instability.

3.5  Auto Off Delay

3.5.1 Introduction

[105] In addition to toggling the output on/off with key touch, the QT102 can
automatically switch the output off after a specific time. This feature can be used to save power
in situations where the switched device could be left on inadvertently.

[106] The QT102 has:

+ three predefined delay times (Section 3.5.2)
+ the ability to set a user-programmed delay (Section 3.5.3)
+ the ability to override the auto off delay (Section 3.5.4)
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[107] The QT102 chip is programmed such that the TIME and SNS pins may be used to
configure the auto-off delay t, and may be connected in one of the ways described in Sections

3.5.2,3.5.3 and 3.5.4 to provide different functionality.

3.5.2 Auto Off — Predefined Delay

[108] To configure a predefined delay t, the TIME pin may be wired to a voltage Vi, as
schematically indicated in FIGURE 8. Voltage V; may be VSS, VDD or OUT. These provides
nominal values of t, = 15 minutes, 60 minutes or infinity (remains on until toggled off) as
indicated in Table 3.2 for an active high output configuration and in Table 3.3 for an active low
output configuration.

[109] Furthermore, also as shown in FIGURE 8, a resistor Rm (e.g. a 1 MQ resistor)
may be connected between the SNS pin and the logic level Vm to provide three auto off
functions: namely delay multiplication, delay override and delay retriggering. On power-up the
logic level at Vm is assessed and a delay multiplication factor is set to X1 or X24 accordingly (see
Table 3.4). At the end of each acquisition cycle the logic level of Vm is monitored to see if an
Auto off delay override is required (see Section 3.5.4).

[110] Setting the delay multiplier to X24 will decrease the key sensitivity. Thus in some

cases it may be appropriate to compensate for this by increasing the value of Cs.

Table 3.2 Predefined Auto-off Delay

(Active High Output)
Vit Auto-off delay (t,)
VSS Infinity (remain on until toggled to
off)
VDD 15 minutes
ouT 60 minutes

Table 3.3 Predefined Auto-off Delay

(Active Low Output)
Vit Auto-off delay (t,)
VSS 15 minutes
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VDD Infinity (remain on until toggled to
off)
ouT 60 minutes

Table 3.4 Auto-off Delay Multiplier

Vm Auto-off delay multiplier
VSS t, ¥ 1
VDD t, * 24

3.5.3 Auto Off — User-programmed Delay

[111] If a user-programmed delay is desired, a resistor Rt and capacitor Ct can be used
to set an auto-off delay (see Table 3.5 and FIGURE 9). The delay time is dependent on the RC
time constant (Rt * Ct) the output polarity (i.e. whether active high or active low), and the supply
voltage. Section 3.5.5 gives more details of how to configure the QT102 to have auto-off delay

times ranging from 1 minute to up to 24 hours.

Table 3.5 Programmable Auto Off Delay

Output type Auto Off Delay (seconds)

Active high (Rt * Ct * 15)/ 42

Active low (Rt*Ct*15)/14.3

[112] Notes: The RC divisor values K(42 and 14.3) may be obtained from FIGURES 13
and 14. In this example the values are for a supply voltage VDD = 3.5 volts. For the

parameterization shown in Table 3.5, Rt is in k€ and Ct is in nF.

3.54 Auto Off — Overriding the Auto Off Delay
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[113] In normal operation the QT102 output is turned off automatically after the auto-
off delay. However, in some applications it may be useful to extend the auto-off delay (“sustain”
function), or to switch the output off immediately (“cancel” function). This can be achieved by
pulsing the voltage on the delay multiplier resistor Rm as schematically shown in FIGURE 10
(positive-going pulse from VSS to VDD for delay multiplier Xl configuration) and FIGURE 11
(negative- going pulse from VDD to VDD for delay multiplier x24 configuration). The pulse
duration tp may determine whether a retrigger of the auto-off delay or a switch of the output to
off is desired. To help ensure the pulse is detected it may be present for a time greater than the

burst length as shown in Table 3.6.

Table 3.6 Time Delay Pulse

Pulse Duration Action

tp > burst time Retrigger (reload auto-off delay
10ms (typical

value 25ms) counter)

tp > burst time + Switch output to off state and
50ms (typical inhibit further touch detection until
value 65ms) Vm returns to original state

[114] While Vm is held in the override state (i.c. the duration of the pulse) the QT102
inhibits bursts and waits for Vm to return to its original state (at the end of the pulse). When Vm
returns to its original state the QT102 performs a sensor recalibration before continuing in its
current output state.

[115] FIGURE 12 schematically shows override pulses being applied to a QT102 with
delay multiplier set to XI (i.e. Vm normally at VSS with positive going pulses). The QT102 OUT
signal is shown at the top of FIGURE 12. Vm is shown in the middle. Acquisition bursts on
SNSK are shown at the bottom. Each short pulse P on Vm causes a sensor recalibration C and a
restart of the auto-off timer. During the long pulse applied to Vm (i.e. where tp > tos), the output
is switched off at O. When the pulse finishes, the output remains switched off and a sensor

recalibration C is performed.
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3.5.5 Configuring the User-programmed Auto-off Delay

[116] As described in Section 3.5.3 the QT102 can be configured to give auto-off delays
ranging from minutes to hours by means of a simple CR network and the delay multiplier input.
[117] With the delay multiplier set at X1 the auto-off delay is calculated as follows:
Delay value = integer value of (Rt * Ct /K) * 15 seconds.

(i.e. Rt * Ct = Delay value (in seconds) * K/ 15

Note: Rtis in kQ, Ctis in nF.

[118] In some applications improved operation may be achieved if the value of Rt * Ct
is between 4 and 240. Values outside this range may be interpreted as the hard wired options
TIME linked to OUT and TIME linked to “off” respectively, causing the QT102 to use the
relevant predefined auto-off delays (see Tables 3.2 and 3.3).

[119] FIGURES 13 and 14 show typical values of K versus supply voltage for a QT102

with active high or active low output.

Example using the formula to calculate Rt and Ct

[120] Requirements / operating parameters:
» Active high output (Vop connected to VSS)
» Auto-off delay 45 minutes
« VDD =3.5v

[121] Proceed as follows:

Calculate Auto-off delay in seconds 45 * 60 = 2700

Obtain K from FIGURE 13 (active high): K= 42 for VDD = 3.5v
Calculate Rt * Ct=2700 * 42 / 15= 7560

Select a value for Ct (or conversely Rt). E.g. Ct =47nF

Sl
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5. Calculate Rt (or conversely Ct) = 7560 / 47 = 160k

[122] As an alternative to calculation, Rt and Ct values may be selected from pre-
calculated curves such as shown in FIGURES 15 and 16. FIGURES 15 and 16 show charts of
typical curves of auto-off delay against resistor and capacitor values for active high (FIGURE

15) and active low (FIGURE 16) outputs at various values of VDD and for delay multiplier = x1.

Example using plot shown in FIGURE 15 or 16 to calculate Rt and Ct

[123] Requirements / operating parameters:
+ Active low output (Vop connected to V55)
* Auto-off delay 10 hours
« VDD =4V

[124] Proceed as follows:
1. Calculate Auto-off delay in seconds 10 x 60 x 60 = 36000. This value is outside of the
range of the charts so use the x24 multiplier (connect Rm to VDD).

Note: this will decrease the key sensitivity, so in some circumstances it may be helpful to

increase the value of Cs.

2. Find 36000 /24 = 1500 on the 4V chart in FIGURE 16

3. Read across to see appropriate Rt / Ct combinations. This example shows the following
Rt / Ct combinations to be appropriate: 100nF / 10kQ, 47nF / 27kSQ, 22nF / 60k, and
10nF / 130kQ.

[125] Of course the Auto-off delay times given here are nominal and will vary slightly

from chip to chip and with capacitor and resistor tolerance.
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3.6  Examples of Typical Applications

[126] FIGURE 17 shows a first example application of a QT102 chip in particular
embodiments. Here the QT102 is in an active low configuration and is shown driving a PNP
transistor with an auto off time of 500s x 24 (3.33 hours)

[127] The auto off time for the circuit configuration shown in FIGURE 16 may be
obtained from the VDD = 3V chart in FIGURE 16. Setting the delay multiplier to x24 will
decrease the key sensitivity, so it may be helpful in some cases to increase the value of Cs.

[128] FIGURE 17 shows a second example application of a QT102 chip in particular
embodiments. Here the QT102 is in an active high configuration and is shown driving high
impedance with an auto off time of 135s X 1 (2.25 minutes).

[129] The auto off time for the circuit configuration shown in FIGURE 18 may be
obtained from the VDD = 5V chart in FIGURE 15.

4. Example Specifications for an example QT102 chip

[130] An example chip incorporating particular embodiments may have the following

specifications.

4.1 Suggested Maximum Operating Specifications

[131] Operating temperature:  -40°C to +85°C

Storage temperature: -55°C to +125°C

VDD: 0 to +6.5V

Maximum continuous pin current, any control or drive pin: +20mA
Short circuit duration to VSS, any pin: infinite

Short circuit duration to VDD, any pin: infinite

Voltage forced onto any pin: -0.6 to (VDD + 0.6) Volts
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4.2 Recommended Typical Operating Conditions

[132] VDD: +2.0to 5.5V
Short-term supply rippletnoise: +£5mV
Long-term supply stability: +100mV

Cs value: 1 or 2 nF to 50nF
Cx value: 5 to 20pF

4.3  AC Specifications

[133] VDD = 3.0V, Cs = 10nF, Cx = 5pF, Ta = recommended range, unless otherwise

noted
Parameter Description Min | Typ | Max | Units | Notes
Tre Recalibration time 250 ms Cs and Cx dependent
Tpc Charge duration 2 s +7.5% spread spectrum
variation
Tpr Transfer duration 2 s +7.5% spread spectrum
variation
Time between end of 2.6 ms
T burst and start of the
next (Fast mode)
Tgz Time between end of &5 ms Increases with reducing
burst and start of the VDD
next (LP mode)
. Burst length 20 ms VDD, Cs and Cx
dependent. See Section
2.2 for capacitor
selection.
Tr Response time 100 | ms

Petitioners Samsung and Sony Ex-1004, 0031



ATTORNEY DOCKET PATENT APPLICATION
080900.1059
P031213QRG-COA

28 of 37
4.4  Signal Processing
Description Min | Typ | Max | Units Notes
Threshold differential 10 counts
Hysteresis 2 counts
Consensus filter length 4 samples
Recalibration timer 40 secs Will vary with VDD
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4.5  DC Specifications

[134] VDD = 3.0V, Cs = 10nF, Cx = 5pF, Ta = recommended range, unless otherwise

noted
Parameter Description Min Typ | Max | Units Notes
Vop Supply voltage 2 5/5.5 v
'op Supply current 5 60 HA Depending on
supply and run
mode
IddI Supply current, LP 23 LA 2V
Mode 37 3V
90 5V
Vbps Supply turn-on 100 V/s Required for
slope proper start-up
Vi Low input logic 0.8 v
level
VL High input logic 22 v
level
VoL Low output 0.6 v OUT, 4tA sink
voltage
Vou High output VDD-0.7 \Y OUT. 1 mA source
voltage
In, Input leakage +1 HA
current
Cx Load capacitance 0 100 pF
range
Acquisition 9 14 bits
Agr )
resolution
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4.6 Mechanical Dimensions

[135] In one example embodiment a chip implementing the above-described QT102
chip functionality may be provided in an SOT23-6 package type. Referring to FIGURE 19, the

chip may thus have the following dimensions.

Package type: SOT23-6
Symbol Millimeters Inches
Min Max Notes Min Max Notes
M 2.8 3.10 0.110 0.122
W 2.6 3.0 0.102 0.118
Aa 1.5 1.75 0.059 0.069
H 0.9 1.3 0.035 0.051
h 0.0 0.15 0 0.006
D - - 0.95BSC | - - 0.038 BSC
L 0.35 0.5 0.014 0.02
E 0.35 0.55 0.014 0.022
e 0.09 0.2 0.004 0.008
o 0° 10° 0° 10°

[136] A QT102 chip provided in an SOT23-6 package type may have a pin arrangement
as schematically indicated in FIGURE 20.

4.7  Moisture Sensitivity Level (MSL)

[137] A chip implementing the above-described QT102 chip functionality may be rated

as follows:
MSL Rating Peak Body Specifications
Temperature
MSL1 260°C 1PC/JEDEC J-STD-020C

[138] Thus, in particular embodiments, the QT102 charge-transfer (QT) touch sensor is

a self-contained digital IC capable of detecting near-proximity or touch. It may project a touch
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or proximity field through any dielectric like glass, plastic, stone, ceramic, and even most kinds
of wood. It can also turn small metal-bearing objects into intrinsic sensors, making them
responsive to proximity or touch. This capability, coupled with its ability to self calibrate, can
lead to entirely new product concepts. It may be implemented in human interfaces, like control
panels, appliances, toys, lighting controls, or anywhere a mechanical switch or button may be
found.

[139] The QT102 example embodiment may be seen as a single key chip combining a
touch-on / touch-off toggle mode with timeout and timing override functions, oriented towards
power control of small appliances and battery- operated products, for example. With a small
low-cost SOT-23 package, this device can suit almost any product needing a power switch or
other toggle-mode controlled function.

[140] An environmentally friendly (“green”) feature of the QT102 is the timeout
function, which can turn off power after a specified time delay ranging from minutes to hours.
Furthermore, external “sustain” and “cancel” functions permit designs where the timeout needs
to be extended further or terminated early. A user’s interaction with a product might trigger a
“sustain” input, prolonging the time to shutoff. A safety sensor, such as a tip-over switch on a
space heater, can feed the “cancel” function to terminate early.

[141] The QTI102 embodiment(s) features automatic self-calibration, drift
compensation, and spread-spectrum burst modulation. The device can in some cases bring
inexpensive, ecasy-to-implement capacitive touch sensing to all kinds of appliances and
equipment, from toys to coffee makers. The small, low cost SOT-23 package lets this unique
combination of features reside in almost any product.

[142] The QT102 chip embodying particular embodiments may be summarized as

having the following operational features / application parameters:

Number of keys: One touch on/touch off (toggle mode), plus hardware programmable
auto switch-off / switch-off delay and external cancel

Technology: Spread-spectrum charge-transfer (direct mode)
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Example key outline sizes: 6mm x 6mm or larger (generally panel thickness dependent);
widely different sizes and shapes possible

Example electrode design: Solid or ring electrode shapes
PCB Layers required: One

Example electrode materials: Etched copper, silver, carbon, Indium Tin Oxide (ITO),
Orgacon (RTM)

Example electrode substrates: PCB, FPCB, plastic films, glass

Example panel materials: Plastic, glass, composites, painted surfaces (including relatively
low particle density metallic paints)

Example panel thickness: Up to 50mm glass, 20mm plastic (generally electrode size
dependent)

Key sensitivity: Settable via external capacitor

Interface: Digital output, active high or active low (hardware configurable)
Moisture tolerance: Good

Power: 2V ~ 5.5V; drawing , for example, 23pA at 2V

Example package: SOT23-6 (3x3 mm) RoHS compliant

Signal processing: Self-calibration, auto drift compensation, noise filtering

Example Applications: Power switch replacement in countertop appliances, irons, battery
powered toys, heaters, lighting controls, automotive interior lighting, commercial and industrial
equipment such as soldering stations and cooking equipment

[143] In particular embodiments, the above-described sensors may be used in apparatus
or devices with one touch key. In particular embodiments the sensing element of the sensor may
include more than one key, for example two, three, or more keys.

[144] 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,
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herein, “A and B” means “A and B, jointly or severally,” unless expressly indicated otherwise or
indicated otherwise by context.

[145] This disclosure encompasses all 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 encompass all 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
particular function is activated, turned on, or unlocked, as long as that apparatus, system, or

component is so adapted, arranged, capable, configured, enabled, operable, or operative.
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WHAT IS CLAIMED I8S:

1. An apparatus comprising:
a sensing element of a touch screen; and
one or more computer-readable non-transitory storage media coupled to the sensing
element and embodying logic that is operable when executed to:
determine an amount of time that has elapsed since the sensing element last
detected a change of capacitance indicative of a key touch on the touch screen; and
if the amount of time that has elapsed exceeds a predetermined time duration,

then initiate a particular function of the apparatus.

2. The apparatus of Claim 1, wherein the particular function comprises deactivation

of measurement of changes in capacitance by the sensing element.

3. The apparatus of Claim 1, wherein the particular function comprises recalibration

of measurement of changes in capacitance by the sensing element.

4. The apparatus of Claim 1, wherein the logic is further operable to calculate the
predetermined time duration based on one of a plurality of power supply voltages or an output
voltage of the sensing element.

5. The apparatus of Claim 1, wherein the logic is further operable to calculate the
predetermined time duration based on one of a plurality of delay multipliers determined by a

polarity of a voltage pulse.

6. The apparatus of Claim 1, wherein the particular function comprises turning off

the apparatus.

7. The apparatus of Claim 1, wherein sensing element comprises a control circuit.
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8. The apparatus of Claim 7, wherein the sensing clement further comprises a

pattern of electrodes within the touch screen, the electrodes being coupled to the control circuit.

9. The apparatus of Claim 8, wherein the electrodes comprise indium tin oxide

(ITO).

10. A method comprising:

monitoring detection by a sensing element of a key touch on a touch screen, the sensing
element being of the touch screen;

determining an amount of time that has elapsed since the sensing element last detected a
change of capacitance indicative of a key touch on the touch screen; and

if the amount of time that has elapsed exceeds a predetermined time duration, then

initiating a particular function of an apparatus.

11.  The method of Claim 10, wherein the particular function comprises deactivating

measurement of changes in capacitance by the sensing element.

12. The method of Claim 10, wherein the particular function comprises recalibrating

measurement of changes in capacitance by the sensing element.

13.  The method of Claim 10 further comprises calculating the predetermined time
duration based on one of a plurality of power supply voltages or an output voltage of the sensing

clement.
14.  The method of Claim 10 further comprises calculating the predetermined time

duration based on one of a plurality of delay multipliers determined by a polarity of a voltage

pulse.
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15.  The method of Claim 10, wherein the particular function comprises turning off

power to an apparatus.

16. A computer-readable non-transitory storage media embodying logic that is
operable when executed to:

monitor detection by a sensing element of a key touch on a touch screen, the sensing
element being of a touch screen;

determine an amount of time that has elapsed since the sensing element last detected a
change of capacitance indicative of a key touch on the touch screen; and

if the amount of time that has elapsed exceeds a predetermined time duration, then

initiate a particular function of an apparatus.

17.  The media of Claim 16, wherein the particular function comprises deactivation of

measurement of changes in capacitance by the sensing element.

18.  The media of Claim 16, wherein the particular function comprises recalibration of

measurement of changes in capacitance by the sensing element.

19.  The media of Claim 16, wherein the logic is further operable to calculate the
predetermined time duration based on one of a plurality of power supply voltages or an output

voltage of the sensing element.
20.  The media of Claim 16, wherein the logic is further operable to calculate the

predetermined time duration based on one of a plurality of delay multipliers determined by a

polarity of a voltage pulse.
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PROXIMITY SENSOR

ABSTRACT

In one embodiment, a method includes monitoring detection by a sensing element of a
key touch on a touch screen; determining an amount of time that has elapsed since the sensing
clement last detected a change of capacitance indicative of a key touch on the touch screen; and,
if the amount of time that has elapsed exceeds a predetermined time duration, then initiating a

particular function of an apparatus.
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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.5.C. 2(b)(2); (2) furnishing of the information sclicited 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 abandonment of 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.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information 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, when the 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 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.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A 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 abandoned or in 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 of a violation or potential violation of law or regulation.

EFS Web2.2.2
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PTO/SB/O1A (07-07)

Approved for use through 06/30/2010. OMB 0651-0032

U.8. 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 unless if displays a valid OMB contro! number.

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

Titte of | Proximity Sensor
Invention

As the below named inventor(s), |/we declare that:
This declaration is directed to:

[ The attached application, or
] Application No. _12/179.769 filed on _July 25,2008

O As amended on (if applicable);

|/we believe that /we am/are the original and first inventor(s) of the subject matter which is claimed and for which a patent is
sought;

I/we have reviewed and understand the contents of the above-identified application, including the claims, as amended by any
amendment specifically referred to above;

I/we acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me/us to be
material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information which
became available between the filing date of the prior application and the national or PCT international filing date of the-
continuation-in-part application.

WARNING:

Pestitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PT0O-2038 submitted for payment purposes) is never required by
the USPTO to support a petition or an application. If this type of personal information is included in documents submitted to
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting
them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after
publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application)
or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the
application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card
authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not.
publicly available.

All statements made herein of my/our own knowledge are true, all statements made herein on information and belief are
believed to be true, and further that these statements were made with the knowledge that willful false statements and the like arg
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the application or any
patent issuing thereon.

FULL NAME OF INVENTOR(S)

inventor one: _Haraid Philipp . Date: \7 W o O 08
Signature: é/// /_/'\ — Citizen of: _US

Inventor two: _Kevin Snoad Date: ‘3 A *‘a«w.jb ) 2 00 X
Signature: //VAS\V\/{)’W N Citizen of. GB

O I Additional inventors or a legal representative are being named on additional form(s) attached hereto.

This collection of Information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information Is required to obtain or retain a henefit by the public which is to file
(and by the USPTOQ to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1
minute to complete, including gathering, preparing, and submitting 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 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: Commissloner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTQ-9199 and select option 2.
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ATTORNEY DOCKET PATENT APPLICATION
080900.1059 13/116764
P031213QRG-COA

1of4

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: ~ Harald Philipp

Application No.: 13/116764
Filed: 26 May 2011
Confirmation No.: 6159

Title: Proximity Sensor

Preliminary Amendment

Please amend this Application as follows prior to its initial examination.

PALO1:112200.1
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ATTORNEY DOCKET PATENT APPLICATION
080900.1059 13/116764

P031213QRG-COA
20f4

The Specification

Please amend Paragraph 1 as follows:

[1] This application is a continuation under 35 U.S.C. § 120 of U.S. Patent
Application No. 12/179769, filed 25 July 2008, which claims the benefit under 35 U.S.C. §
119(e) of U.S. Provisional Patent Application No. 60/952053, filed 2726 July 2007.

PALO1:112200.1
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ATTORNEY DOCKET PATENT APPLICATION
080900.1059 13/116764
P031213QRG-COA

3of4

Remarks
Applicant has amended the Specification of this Application to correct a typographical

CIIor.

PALO1:112200.1
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ATTORNEY DOCKET PATENT APPLICATION
080900.1059 13/116764
P031213QRG-COA

4 of 4

Conclusion
The Commissioner may charge any fee due and credit any overpayment for this

Application to Deposit Account No. 02-0384 of Baker Botts LLP.

If a telephone conference would advance prosecution of this Application, please call

Travis Thomas, Attorney for Applicant, at 650.739.7503.

Respectfully submitted,

BAKER BOTTS L.L.P.
Attorneys for Applicant

&wﬂ&}& " [
E ; &m‘&\\\\\\\\\\\m.

Travis Thomas
Reg. No. 48667

Date: 1 June 2011

PALO1:112200.1

Petitioners Samsung and Sony Ex-1004, 0066



SUPPLEMENTAL APPLICATION DATA SHEET

APPLICATION INFORMATION
Application No.::

Filing Date::

Application Type::

Subject Matter::

CD-ROM or CD-R?::

Title::

Attorney Docket Number::

Request for Early Publication?::
Request for Non-Publication?::
Suggested Drawing Figure::
Total Drawing Sheets::

Small Entity?::

Petition included?::

APPLICANT INFORMATION

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Family Name::

City of Residence::

Country of Residence::
Street of mailing address::

City of mailing address::

PAL01:112199

13116764
05-26-2011

Regular
Utility

None
Proximity Sensor
080900.1059
No

No

1

10

No

No

Inventor

DE

Full Capacity

Harald

Philipp

Zug

CH

Baer & Karrer AG, Baarerstrasse 8

Zug

Supplemental 6/1/2011
Serial No. 13116764
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Country of mailing address::

Postal or Zip Code of mailing address::

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Family Name::

City of Residence::

Country of Residence::
Street of mailing address::

City of mailing address::
Country of mailing address::
Postal or Zip Code of mailing address::

CORRESPONDENCE INFORMATION

Correspondence Customer Number::
Name::

Company Name::

Street of mailing address::

City of mailing address::

State or Province of mailing address::
Postal or Zip Code of mailing address::
Phone number::

Fax Number::

REPRESENTATIVE INFORMATION

PAL01:112199

CH
CH-6301

Inventor

GB

Full Capacity

Kevin

Snoad

Chicester

GB

QRG Limited, 1560 Parkway, Solent
Business Park, Whitely
Fareham, Hampshire
GB

PO15 7AG

12323

Travis Thomas

Baker Botts L.L.P.

2001 Ross Avenue, Suite 600
Dallas

TX

75201-2980

214-953-6500

214-953-6503

Supplemental 6/1/2011
Serial No. 13116764
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Representative Customer Number:: 12323

DOMESTIC PRIORITY INFORMATION

Application:: Continuity Type:: Parent Application:: | Parent Filing Date::
13116764 Continuation of 12179769 07-25-2008
12179769 An application 60952053 07-26-2007

claiming the benefit
under 35 USC 119(e)
of

ASSIGNEE INFORMATION

Assignee name:: Atmel Corporation

Street of mailing address:: 2325 Orchard Parkway

City of mailing address:: San Jose

State or Province of mailing address:: CA

Country of mailing address:: us

Postal or Zip Code of mailing address:: 95131

PALO1:112199 -3- Supplemental 6/1/2011

Serial No. 13116764
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Electronic Acknowledgement Receipt

EFSID: 10205821
Application Number: 13116764
International Application Number:
Confirmation Number: 6159

Title of Invention:

Proximity Sensor

First Named Inventor/Applicant Name:

Harald Philipp

Customer Number:

12323

Filer:

Travis W. Thomas/Paula Hurley

Filer Authorized By:

Travis W. Thomas

Attorney Docket Number:

080900.1059

Receipt Date: 01-JUN-2011
Filing Date:
Time Stamp: 13:26:56

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
Number ocument Lescription rie Mame Message Digest | Part/.zip| (ifappl.)
Prelimi A d t_0809 108499
L reliminary_Amendment_
1 Preliminary Amendment 00_1059.pdf no 4
6378454628e30628c8499c0095d3 1bdda
eel04
Warnings:

Information:
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74150
2 Application Data Sheet Supplemental_ADS_080900_1 no 3
059.pdf
264¢539a7da%4edc610417c42f276d55b45

480b9
Warnings:
Information:
This is notan USPTO supplied ADS fillable form

Total Files Size (in bytes); 182649

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a 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 shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of 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 under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
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 Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/116,764
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 330
SEARCH FEE
o o o N/A N/A N/A N/A 540
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 220
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 20 minus 20= OR |« 52 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total . i “ =
s (37 CF% ?.16(i)) Minus = OR |« =
= Independent * Minus | *** =
E (37 oiR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = _ OR M _
w (37 CFR 1.16(h) = -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is 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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
13/116,764 05/26/2011 Harald Philipp 080900.1059
CONFIRMATION NO. 6159
12323 POA ACCEPTANCE LETTER
Baker Botts L.L.P.
2001 Ross Avenue, 6th Floor ORI I TR
0000000480854 7

Dallas, TX 75201
Date Mailed: 06/10/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 05/26/2011.

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

/dgela/

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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/116,764 05/26/2011 Harald Philipp 080900.1059
CONFIRMATION NO. 6159
12323 FORMALITIES LETTER
Baker Botts L.L.P.
2001 Ross Avenue, 6th Floor O O AR
000000048102200

Dallas, TX 75201
Date Mailed: 06/10/2011

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings submitted to the Office are not electronically reproducible because portions of figures 15-16
are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

page 1 of 2
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/1dvan/

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

page 2 of 2
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
13/116,764 05/26/2011 3742 1090 080900.1059 20 3
CONFIRMATION NO. 6159
12323 FILING RECEIPT
Baker Botts L.L.P.
2001 Ross Avenue, 6th Floor OO0 R
000000048102199

Dallas, TX 75201
Date Mailed: 06/10/2011

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 must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Harald Philipp, Zug, SWITZERLAND;
Kevin Snoad, Chicester, UNITED KINGDOM;
Assignment For Published Patent Application
ATMEL CORPORATION, San Jose, CA
Power of Attorney: The patent practitioners associated with Customer Number 12323

Domestic Priority data as claimed by applicant
This application is a CON of 12/179,769 07/25/2008 PAT 7,952,366
which claims benefit of 60/952,053 07/26/2007

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

If Required, Foreign Filing License Granted: 06/07/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/116,764

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No

page 1 of 3
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Title

Proximity Sensor
Preliminary Class

219

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the 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 the filing 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-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not 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 patent in a particular country must make an
application for patent in that country in accordance with its 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 advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

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 deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website 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://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline 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 on this form. Such licenses are issued in all applications where
the conditions for issuance of 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 and limitations 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.

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract 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, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing 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 may foreign file the application pursuant to 37 CFR 5.15(b).
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ATTORNEY DOCKET PATENT APPLICATION
080900.1059 13/116764
P031213QRG-COA

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: ~ Harald Philipp

Application No.: 13/116764

Filed: 26 May 2011
Confirmation No.: 6159

Title: Proximity Sensor

Response to Notice to File Corrected Application Papers

In response to the Notice to File Corrected Application Papers mailed 10 June 2011,
Applicant submits the attached replacement sheets for Figures 15 and 16 of the drawings. The

attached replacement drawings contain no new matter.

The Commissioner may charge any fee due and credit any overpayment for this

Application to Deposit Account No. 02-0384 of Baker Botts L.L.P.

Respectfully submitted,

BAKER BOTTS L.L.P.
Attorneys for Applicant
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Travis W. Thomas
Reg. No.: 48,667

Date: 16 June 2011
Customer Number: 12323

PALO1:112486
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Electronic Acknowledgement Receipt

EFSID: 10324451
Application Number: 13116764
International Application Number:
Confirmation Number: 6159
Title of Invention: Proximity Sensor
First Named Inventor/Applicant Name: Harald Philipp
Customer Number: 12323

Filer: Travis W. Thomas/Paula Hurley
Filer Authorized By: Travis W. Thomas
Attorney Docket Number: 080900.1059
Receipt Date: 16-JUN-2011
Filing Date: 26-MAY-2011
Time Stamp: 18:15:26

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
Applicant R to Pre-E 89424
1 pplicant response fo Fré-txam Response_080900_1059.pdf no 1
Formalities Notice
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Drawings-only black and white line Replacement_Figures_080900_|

2 drawings 1059.pdf no 2
9a2340a1e1e109786e3646886dface80fhoky
4753
Warnings:
Information:
Total Files Size (in bytes); 351686

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a 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 shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of 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 under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
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 Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
13/116,764 05/26/2011 3742 1090 080900.1059P031213QRG-COA 20 3
CONFIRMATION NO. 6159
12323 UPDATED FILING RECEIPT
Baker Botts L.L.P.
2001 Ross Avenue, 6th Floor O O A
000000048387309

Dallas, TX 75201
Date Mailed: 06/28/2011

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 must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Harald Philipp, Zug, SWITZERLAND;
Kevin Snoad, Chicester, UNITED KINGDOM;
Assignment For Published Patent Application
ATMEL CORPORATION, San Jose, CA
Power of Attorney: The patent practitioners associated with Customer Number 12323

Domestic Priority data as claimed by applicant
This application is a CON of 12/179,769 07/25/2008 PAT 7,952,366
which claims benefit of 60/952,053 07/26/2007

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

If Required, Foreign Filing License Granted: 06/07/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/116,764

Projected Publication Date: 10/06/2011
Non-Publication Request: No

Early Publication Request: No
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Title

Proximity Sensor
Preliminary Class

219

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the 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 the filing 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-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not 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 patent in a particular country must make an
application for patent in that country in accordance with its 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 advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

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 deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website 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://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline 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 on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations 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.

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract 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, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing 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 may foreign file the application pursuant to 37 CFR 5.15(b).
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/116,764
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 330
SEARCH FEE
o o o N/A N/A N/A N/A 540
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 220
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 20 minus 20= OR |« 52 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total . i “ =
s (37 CF% ?.16(i)) Minus = OR |« =
= Independent * Minus | *** =
E (37 oiR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = _ OR M _
w (37 CFR 1.16(h) = -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is 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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/116,764 05/26/2011 Harald Philipp 080900.1059
CONFIRMATION NO. 6159
12323 PUBLICATION NOTICE
Baker Botts L.L.P.
2001 Ross Avenue, 6th Floor IR L AR A
000000050234 185

Dallas, TX 75201

Title:Proximity Sensor

Publication No.US-2011-0242051-A1
Publication Date:10/06/2011

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 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/patft/.

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 payment of 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 telephone at (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 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via 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 direct link 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 assistance in 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
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‘ Application Number: First Named Inventor:
PTO/SB/08 13/116764 Harald Philipp
INFORMATION DISCLOSURE Attorney Docket No: | Art Unit: Filing Date:
STATEMENT BY APPLICANT 080900.1059 Unassigned 26 May 2011
ISSUED U.S. PATENTS AND PUBLISHED U.S. APPLICATIONS
DOCUMENT
NUMBER PUBLICATION OR ISSUE DATE FIRST NAMED INVENTOR
A 7,663,607 02-16-2010 Hotelling
B 7,920,129 04-05-2011 Hotelling
C 8,031,094 10-04-2011 Hotelling
D 8,031,174 10-04-2011 Hamblin
E - 8,049,732 11-01-2011 Hotelling
UNPUBLISHED U.S. APPLICATIONS
DOCUMENT
NUMBER FILING DATE FIRST NAMED INVENTOR
F
G
H
1
FOREIGN PATENT DOCUMENTS
DOCUMENT PUBLICATION OR ISSUE TRANSLATION

NUMBER DATE COUNTRY (YES OR NO)
J
K

NON-PATENT LITERATURE (NPL)
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
L
M
N
O
P
Q
R
EXAMINER DATE CONSIDERED

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

U.S. PATENT AND TRADEMARK OFFICE

DALO01:1187336 Page 1 of 1
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Electronic Acknowledgement Receipt

EFSID: 11617288
Application Number: 13116764
International Application Number:
Confirmation Number: 6159
Title of Invention: Proximity Sensor
First Named Inventor/Applicant Name: Harald Philipp
Customer Number: 12323
Filer: Jeffery D Baxter/Darla Rupert

Filer Authorized By: Jeffery D Baxter
Attorney Docket Number: 080900.1059
Receipt Date: 14-DEC-2011
Filing Date: 26-MAY-2011
Time Stamp: 15:18:06
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t . . .
Number ocument Lescription File Name Message Digest | Part/.zip| (ifappl.)
94600
1 1059ids.pdf yes 2
cd0fed0ad87d2c386¢5cfe0374ecdb327be))]
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Information Disclosure Statement (IDS) Form (SB08) 2 2
Warnings:
Information:
Total Files Size (in bytes); 94600

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a 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 shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of 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 under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
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 Acknowledgement Receipt will establish the international filing date of
the application.
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ATTORNEY DOCKET PATENT APPLICATION
080900.1059 13/116764

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: ~ Harald Philipp

Application No.: 13/116764

Filing Date: 26 May 2011
Confirmation No.: 6159 |

Group Art Unit: Unknown

Title: Proximity 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 and cite 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 CFR. § 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 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 BOTTS L.L.P.
Attorneys for Applicant

T —

Travis W. Thomas
Reg. No. 48,667

Date: 14 December 2011

DALO1:1187335
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Application Number: First Named Inventor:
PTO/SB/08 13/116764 Harald Philipp
INFORMATION DISCLOSURE Attorney Docket No: | Art Unit: Filing Date:
STATEMENT BY APPLICANT 080900.1059 2858 26 May 2011
ISSUED U.S. PATENTS AND PUBLISHED U.S. APPLICATIONS
DOCUMENT
NUMBER PUBLICATION OR ISSUE DATE FIRST NAMED INVENTOR
A 7,875,814 01-25-2011 Chen
B 8,040,326 10-18-2011 Hotelling
C 8,179,381 05-15-2012 Frey
D 2009/0315854 12-24-2009 Matsuo
UNPUBLISHED U.S. APPLICATIONS
DOCUMENT
NUMBER FILING DATE FIRST NAMED INVENTOR
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FOREIGN PATENT DOCUMENTS
DOCUMENT PUBLICATION OR ISSUE TRANSLATION
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DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
K
L
M
N
o
p
Q
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 of this form with next communication to the applicant.
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Electronic Acknowledgement Receipt

EFSID: 13529791
Application Number: 13116764
International Application Number:
Confirmation Number: 6159

Title of Invention:

Proximity Sensor

First Named Inventor/Applicant Name:

Harald Philipp

Customer Number:

12323

Filer:

Travis W. Thomas/Paula Hurley

Filer Authorized By:

Travis W. Thomas

Attorney Docket Number:

080900.1059

Receipt Date: 18-AUG-2012
Filing Date: 26-MAY-2011
Time Stamp: 16:58:57

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
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Information Disclosure Statement (IDS)

2 Form (SB0S) SB08_080900_1059.pdf no 1
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Warnings:
Information:
This is notan USPTO supplied IDS fillable form
Total Files Size (in bytes); 168198

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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Electronic Devices With Flexible Displays

This application claims pricrity 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, 93¢,
filed, March 21, 2011, and provisional patent application
No. 61/454,950, filed March 21, 2011 which are herecby

incorporated by reference herein in their entirety.

Rackground

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 wvisual 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 laver 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 c¢f 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 cn 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
