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A capacitive touch sensor providing an automatic switch-off function for

an apparatus in which the sensor is incorporated is provided. The sensor

comprises a sensing element coupled to a capacitance measurementcircuit for

measuring the capacitance of the sensing element. A control circuit is operable

to determine from the capacitance measurement whether an objectis in

proximity with the sensor. The determined presence of an object may be used

to toggle a function of the apparatus. Furthermore, when it is determined that

an object has not been in proximity with the sensor for a predetermined time

duration, an output signal for switching off the apparatus is provided. The

predetermined time duration may be selected from a numberof predefined

time durations, or may be programmedusing anresistor-capacitor network.

Pulses may be applied to the control circuit to override features of the

automatic switch-off functionality.
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BACKGROUND ART

[0001] This invention relates to proximity sensors. In particular, the invention

relates to capacitive sensors for sensing the presence or touch of an object

adjacent to a sensor.

[0002] Capacitive position sensors have recently become increasingly

common and accepted in humaninterfaces and for machine control. For

example, in the fields of portable media players it is now quite common tofind

capacitive touch controls operable through glass or plastic panels. Some mobile

(cellular) telephonesare also starting to implement these kinds of interfaces.

[0003] Many capacitive touch controls incorporated into consumer electronic

devices for appliances provide audio and/or visual feedback to a user indicating

whethera 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

whena finger is adjacent to a sensor and an “off’ output signal whena finger is

not adjacent to a sensor. The signals are sent to a device controller to

implement a required function dependent on whethera user’s finger is in

proximity with or touching an associated touch control.

[0004] 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 whichis

not efficient.

[0005] There is therefore a need for an improved capacitive touch sensor

which can regulate power usage.
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SUMMARYOF THE INVENTION

[0006] According to a first aspect of the invention there is provided a sensor

for determining the presence of an object comprising: a sensing element; a

capacitance measurementcircuit 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 ofthe capacitance of

the sensing element, the control circuit further being operable to provide an

output signal to control a function of an apparatus whenit is determined that

an object has not been in proximity with the sensor for a predetermined time

duration.

[0007] The control circuit may be configured so that the predetermined time

duration is selectable from a numberof different predefined time durations.

[0008] The control circuit may include a time input terminal and the

predetermined time duration may selectable from the numberof different

predefined time durations according to a voltage applied to the time input

terminal.

[0009] The control circuit may include a delay multiplier terminal and be

configured so that a selected one of the numberof 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.

[0010] The control circuit may be configured so that the predetermined time

duration is programmable by a user to provide a user-selected time duration.
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[0011] The sensor may comprise a resistor-capacitor (RC) network coupled to

the control circuit and the predetermined time duration may depend on atime

constant of the RC network.

[0012] 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.

[0013] 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 whenit 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

predetermined time duration to so as to extend the time before the output

signal to control a function of an apparatus is provided.

[0014] 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 beforeit is

determined that an object has not been in proximity with the sensor fora

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.

[0015] 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.

IPR2020-00998

Apple EX1022 Page 8



IPR2020-00998 
Apple EX1022 Page 9

[0016] The control circuit may be configured such that the output signalis

toggled between a high state and a low state when an object is determined to

be in proximity with the sensor.

[0017] The function of an apparatus controlled by the output signal may be a

switch-off function.

[0018] The capacitance measurementcircuit may employ bursts of charge-

transfer cycles to acquire measurements.

[0019] The capacitance measurementcircuit may be configured to operate in

one of more than one acquisition modes depending on the outputsignal, for

example a low-power modeor a fast mode.

[0020] The capacitance measurementcircuit and the control circuit may be

comprised in a general purpose microcontroller under firmware control.

[0021] The capacitance measurementcircuit and the control circuit may be

comprised within a six-pin integrated circuit chip package, such as an SOT23-6.

[0022] According to a second aspect of the invention there is provided

apparatus comprising a sensor accordingto the first aspect of the invention.

[0023] According to athird aspect of the invention there is provided a method

for controlling a function of an apparatus comprising: determining whether an

object is in proximity with a sensor based on a measurementof the capacitance

of a sensing element and providing an output signal to control the function of

the apparatus whenit is determined that an object has not been in proximity

with the sensor for a predetermined time duration.

[0024] The function of the apparatus controlled by the output signal may bea

switch-off function.
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[0025] According to another aspect of the present invention, there is

provided a sensor for determining the presence of an object comprising: a

sensing element, a capacitance measurementcircuit operable to measure the

capacitance of the sensing element, and a control circuit operable to determine

whetheran object is in proximity with the sensor based on a measurementof

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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Fora better understanding of the invention and to show how the same

may be carried into effect reference is now made by way of example to the

accompanying drawings in which:

[0027] Figure 1 schematically shows sense electrode connections for an

example chip for implementing an auto-off function according to an

embodiment of the invention;

[0028] Figure 2 schematically represent an application of drift compensation

in the chip of Figure 1;

[0029] Figure 3 schematically shows a basic circuit configuration for

providing a 15 minute auto switch-off function in an active high output

implementation of an embodimentof the invention;

[0030] Figure 4 schematically showsa series of fast mode bursts on the SNSK

pin of the chip shownin Figure 1 when in an on condition;
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[0031] Figure 5 schematically showsa series of low-power mode bursts and a

switch to fast mode power bursts on the SNSK pin of the chip shownin Figure1

when switching from an off condition to an on condition;

[0032] 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;

[0033] Figure 7 schematically shows an example circuit configuration for the

chip shown in Figure 1 with the output connected to a digital transistor;

[0034] Figure 8 schematically shows an example circuit configuration for the

chip shownin Figure 1 configured to provide a predefined auto-off delay;

[0035] Figure 9 schematically shows an example circuit configuration for the

chip shownin Figure 1 configured to provide a programmable auto-off delay;

[0036] Figure 10 schematically shows an example pulse applied to the chip

shownin Figure 1 to override an auto-off delay;

[0037] Figure 11 schematically shows another example pulse applied to the

chip shownin Figure 1 to override an auto-off delay;

[0038] Figure 12 schematically shows example voltage levels for the chip

shownin Figure 1 in overriding of an auto-off delay;

[0039] Figures 13 and 14 schematically show typical values of RC divisor K as

a function of supply voltage VDD for the chip shownin Figure 1 with active high

output and active low output respectively;

[0040] Figure 15 schematically showstypical curves of auto-off delay asa

function of timing resistor value for different capacitor values and different

supply voltages for an active high output configuration;
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[0041] Figure 16 schematically showstypical curves of auto-off delay asa

function of timing resistor value for different capacitor values and different

supply voltages for an active low output configuration;

[0042] Figure 17 schematically shows an example application of the chip

shownin Figure 1 in an active low output configuration driving a PNP transistor

with an auto-off time of 3.33 hours;

[0043] Figure 18 schematically shows another example application of the

chip shownin Figure 1 in an active high output configuration driving a high

impedance with an auto-off time of 135 seconds;

[0044] Figure 19 schematically shows an implementation of the chip shownin

Figure 1 in an SOT23-6 package; and

[0045] Figure 20 schematically shows a pin diagram for an implementation of

the chip shownin Figure 1 in an SOT23-6 package.

DETAILED DESCRIPTION

[0046] In one example, an embodiment of the invention 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 / apparatus

in accordance with an embodimentof the invention. For the purposes of

explanation, a specific integrated circuit chip providing the functionality of an

embodiment ofthe invention 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 embodiment
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of the invention. Other embodiments of the invention need not be implemented

in a chip in this way, and furthermore, other embodiments of the invention may

be provided in conjunction with all, some or none of the additional features of

the QT102 chip described further below.

[0047] Before turning specifically to the QT102 chip embodiment, a summary

is provided.

[0048]_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 electrodeis 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, e.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.

[0049] There are various known technologies for measuring capacitance of a

sense electrode in a capacitive touch sensor. Embodimentsof the present

invention may be implemented in conjunction with any of these technologies /

measurementcircuits. For example, the fundamental principles underlying the

capacitive sensors described in US 5,730,165, US 6,466,036 and US 6,452,514

could be used.

[0050] In accordance with embodiments of the invention, 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 onapre-determined time duration, the
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control circuit can produce an output signal automatically to prevent the

capacitance measurementcircuit from continually measuring changesin

capacitance due to, for example, the perceived presence of an object in

proximity with the sensor.

[0051] Therefore, the control circuit is able to deactivate, turn-off, or power

downthe capacitance measurementcircuit 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 measurementcircuit from continually

measuring changes in capacitance may be referred to as an auto-off signal. The

capacitance measurementcircuit 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.

[0052] As described in Section 3.5 of the below numberedsections, 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 measurementcircuit due to no presence

of the user; the control circuit may be programmedbya user So that it may

power downan 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.

[0053] The sensorof the invention may be useful in various applications, for

example in kitchen appliances, light switches, headsets, and other electronic

consumer devices. For example, a coffee machine incorporating a sensor of the

invention may be programmed to power-downafter a time period of, say, 30

minutes, where the coffee machine has been left on inadvertently. This will
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beneficially conserve energy use and minimise the possibility of damage and/or

accidents caused by the coffee machine or glass container(s) overheating.

[0054] Aspects of the QT102 chip referred to above, and which incorporates

an embodimentof the invention, will now be described in the following

numbered sections.

[0055] 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-

programmedDelay, 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
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1.1 Introduction

[0056] The QT102is a single key device featuring a touch on / touchoff

(toggle) output with a programmable auto switch-off capability.

[0057] The QT102is 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.

[0058] 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 (RF) emissions, lowers susceptibility to

electromagnetic interference (EMI), and yet permits good responsetime.

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 outputis activated.

[0059] The QT switches and charge measurement hardwarefunctionsareall

internal to the QT102.

1.2 Electrode Drive

[0060] Figure 1 schematically shows the sense electrode connections (SNS,

SNSK) for the QT102.
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[0061] For improved noise immunity, it may be helpful if the electrode is only

connected to the SNSKpin.

[0062] 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.)

[0063] 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 poweror ground traces or copper pours.

[0064] Thetraces and any components associated with SNS and SNSKwill

become touch sensitive and so may need to be consideredto help in limiting

the touch-sensitive area to the desired location.

[0065] A Series resistor, Rs, may be placed in line with SNSK to the electrode

to suppress electrostatic discharge (ESD) and Electromagnetic Compatibility

(EMC)effects.

1.3 Sensitivity

1.3.1 Introduction

[0066] Thesensitivity of the QT102 is a function of such things as:

- the value of Cs
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- electrode size and capacitance

- electrode 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

[0067] In some casesit may be desirable to increase sensitivity; for example,

when using the sensorwith 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.

[0068] 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 thefield.

[0069] Ground planes around and under the electrode and its SNSK trace may

lead to high Cx loading and destroy gain. Thus in somecases the possible

signal-to-noise ratio benefits of ground areas may be more than negated by the

decreased gain from the circuit, and so ground areas around electrodes may be

discouraged in some circumstances. Metal areas near the electrode may reduce
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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.

1.4 Recalibration Timeout

[0070] 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. Ifa

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

[0071] 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.

[0072] 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 CMOSgates and microcontrollers

are low enough to provide direct power without problems.
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1.6 Drift Compensation

[0073] 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.

[0074] Drift compensation is schematically shown in Figure 2. Drift

compensation is performed by making a reference level track the raw signal ata

slow rate, but only while there is no detection in effect. It may be helpful if the

rate of adjustment is performed relatively slowly, otherwise there may be a risk

that legitimate detections may be ignored. The QT102 drift compensates using

a slew-rate limited changeto the reference level; the threshold and hysteresis

values are slaved to this reference.

[0075] 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).

[0076] The QT102'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 compensatedfor partially or entirely before

approaching the senseelectrode.

[0077] However, an obstruction over the sense pad, for which the sensor has

already madefull allowance, could suddenly be removed leaving the sensor

with an artificially elevated reference level and thus becomeinsensitive to
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touch. In this latter case, the sensor will compensate for the object's removal

more quickly, for example in only a few seconds.

[0078] 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

[0079] 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

[0080] The QT102 modulates its internal oscillator by +7.5 percent during the

measurementburst. This spreads the generated noise over a wider band

reducing emission levels. This also reduces susceptibility since there is no

longer a single fundamental burst frequency.

2 Wiring and Parts

[0081] Figure 3 schematically showsa basic circuit configuration for an

implementation of an embodiment of the invention.
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2.1 Application Note

[0082] Although not directly relevant for embodiments of the invention, for

completeness, reference may be made to Application Note AN-KDOQ2 (“Secrets of

a Successful QTouch (TM) 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 http://www.qprox.com,

click the Support tab and then Application Notes.

2.2 Cs Sample Capacitor

[0083] Cs is the charge sensing sample capacitor. The required Cs value

dependson the thickness of the panel and its dielectric constant. Thicker

panels require larger values of Cs. Typical values are 1 or 2 nF to 50nF

depending on thesensitivity required; larger values of Cs may demand higher

stability and better dielectric to ensure reliable sensing.

[0084] 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.

2.3 Rs Resistor
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[0085] 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 (RFI). It may be approximately 4.7kQ to 33kQ, for

example.

[0086] Although this resistor may be omitted, the device may become

susceptible to external noise or RFI. For more details of how to select these

resistors see the Application Note AN-KDO2 referred to above in Section 2.1.

2.4 Power Supply, PCB Layout

[0087] 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 QT102will track slow changes in VDD,butit

may be moreaffected by rapid voltage fluctuations. Thus it may be helpful if a

separate voltage regulator is used just for the QT102to isolate it from power

supply shifts caused by other components.

[0088] If desired, the supply can be regulated using a Low Dropout (LDO)

regulator. See Application Note AN-KDO2 (see Section 2.1) for further

information on power supply considerations.

[0089] Suggested regulator manufacturers include:

Toko (XC6215 series)
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Seiko (S817 series)

BCDSemi (AP2121 series)

[0090] Parts placement: The chip may be placed to minimize the SNSKtrace

length to reduce low frequency pickup, and to reduce Cx which degradesgain.

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 SNSKpin 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 Rsresistor and the electrode do not run near ground, to reduce

loading.

[0091] For improved Electromagnetic compatibility (EMC) performance the

circuit may be made entirely with surface mount technology (SMT) componerts.

[0092] 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.

[0093] Note: a 100nF (0.1pF) ceramic bypass capacitor (not shownin Figure

3) might be used between VDD and VSSin cases whereit 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 powerpins.
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Table 2.1 QT102 Pin Descriptions (referring to the pin numbering shown

in Figure 3) 

PIN|NAME|}TYPE DESCRIPTION

o switched circuit and output polarity selection
resistor (Rop)

P (Ground powerpin
lO {To Cs capacitor and to sense electrode

To Cs capacitor and multiplier configuration resistor
IO \Rm). Rm connected to either VSS or VDD. Refer to

Section 3.5 for details.

P__[Positive power pin

Timeout configuration pin, connected to either VSS,
6|TIME | MDD, 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; | - Input only

[0094] Regarding Figure 3, the following sections provide guidance for some

example componentvalues: 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.

3 Operation

3.1 Acquisition Modes

3.1.1 Introduction

[0095] Thepolarity 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.
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[0096] 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 touchis

detected. In the following text ‘on’ is when the outputis in its active state

(which could be high or low depending on howthepolarity for the OUT pin is

configured).

3.1.2 OUT Pin ‘On’ (Fast Mode)

[0097] The QT102 runs in a “Fast mode” when the OUTpin is on. In this

mode the device runs at maximum speedat the expense of increased current

consumption. The delay between bursts in Fast modeis 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)

[0098] The QT102 runs in Low Power (LP) modeif the OUTpin is off. In this

modeit sleeps for approximately 85msat the end of each burst, saving power

but slowing response. On detecting a possible key touch, it temporarily

switches to Fast modeuntil 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 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 OUTpin. A key touch occurs around halfway along
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the figure. Prior to the key touch, the OUTpin 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 thefirst 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

[0099] 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 outputis 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

[0100] The device detects a touch when the signal has crossed a threshold

level. in this example the threshold level is fixed at 10 counts.

IPR2020-00998

Apple EX1022 Page 27



IPR2020-00998 
Apple EX1022 Page 28

3.3 Output Polarity Selection

[0101] The output (OUT pin) of the QT102 can be configured to have an

active high or active low output by meansof the output configuration resistor

Rop. The resistor is connected between the output an output configuration

voltage Vop, which may be either VSS or VDD as schematically shownin 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

[0102] 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

shownin Figure 7.

3.4 Output Drive

[0103] The OUTpin in the QT102 embodiment can sink or source up to 2mA.

Whena relatively large value of Cs (e.g. >20nF) is used, it may be helpful if the

OUTpin current is limited to <1 mA to reducethe 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
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[0104] 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 beleft on

inadvertently.

[0105] 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)

[0106] 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 connectedin oneof 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

[0107] To configure a predefined delay t, the TIME pin maybe wired to a

voltage V,, as schematically indicated in Figure 8. Voltage V. may be VSS, VDDor

OUT. These provides nominal values of t, = 15 minutes, 60 minutesor 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.

[0108] Furthermore, also as shownin Figure 8, a resistor Rm (e.g. a 1 MQ

resistor) may be connected between the SNS pin and the logic level Vm to
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provide three auto off functions: namely delay multiplication, delay override

and delay retriggering. On power-up the logic level at Vm is assessed anda

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).

[0109] Setting the delay multiplier to x24 will decrease the key sensitivity.

Thus in some cases it may be appropriate to compensatefor this by increasing

the value of Cs.

(Active High Output)
Table 3.2 Predefined Auto-off Delay
 

 

   
Vt Auto-off delay(t,)

Infinity (remain on until
VSS toggled to off)
VDD 15 minutes

OUT 60 minutes
 
 

Table 3.3 Predefined Auto-off Delay
(Active Low Output)

Vt Auto-off delay (t,) 

VSS

VDD 
OUT

 15 minutes

Infinity (remain on until
toggled to off)

60 minutes
 
 

Table 3.4 Auto-off Delay Multiplier

Vm

VSS

Auto-off delay multiplier

t,*1 

VDD
  

t,* 24
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3.5.3 Auto Off - User-programmed Delay

[0110] 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

Active high|(Rt * Ct * 15) / 42

Auto Off Delay (seconds) 

  
Active low|(Rt * Ct * 15) / 14.3

  
 

[0111] 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 kQ and Ct is in

nF.

3.5.4 Auto Off - Overriding the Auto Off Delay
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[0112] 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 x1 configuration) and Figure 11 (negative-

going pulse from VDD to VDDfor delay multiplier x24 configuration). The pulse

duration tp may determine whethera 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 shownin Table 3.6.

Table 3.6 Time Delay Pulse
 

Pulse Duration Action 

tp > burst time +
10ms (typical
value 25ms)

Retrigger (reload auto-off delay
counter) 

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

 
 

[0113] While Vm is held in the override state (i.e. the duration of the pulse)

the QT102 inhibits bursts and waits for Vm to returnto its original state (at the

end of the pulse). When Vm returns toits original state the QT102 performs a

sensor recalibration before continuing in its current output state.

[0114] Figure 12 schematically shows override pulses being applied to a

QT102 with delay multiplier set to x1 (i.e. Vm normally at VSS with positive

going pulses). The QT102 OUTsignal is shownat the top of the Figure. Vm is

shownin the middle. Acquisition bursts on SNSK are shownat the bottom. Each

short pulse P on Vm causesa sensor recalibration C and a restart of the auto-off

timer. During the long pulse applied to Vm (i.e. where tp > t,,.), the outputis
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switched off at O. When the pulse finishes, the output remains switched off and

a sensor recalibration C is performed.

3.5.5 Configuring the User-programmed Auto-off Delay

[0115] 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.

[0116] 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: Rt is in kQ, Ct is in nF.

[0117] In some applications improved operation may be achievedif 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).

[0118] Figures 13 and 14 showtypical 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
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[0119] Requirements / operating parameters:

Active high output (Vop connected to VSS)

Auto-off delay 45 minutes

VDD = 3.5v

[0120] Proceed asfollows:

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

2. Obtain K from Figure 13 (active high): K= 42 for VDD = 3.5v

3. Calculate Rt * Ct = 2700 * 42/15 = 7560

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

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

[0121] As an alternative to calculation, Rt and Ct values may be selected from

pre-calculated curves such as shownin Figures 15 and 16. Figures 15 and 16

show chartsof 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

[0122] Requirements / operating parameters:
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Active low output (Vop connected to VSS)

Auto-off delay 10 hours

VDD = 4V

[0123] Proceed asfollows:

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 circumstancesit

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

showsthe following Rt / Ct combinations to be appropriate: 100nF / 10kQ,

47nF / 27kQ, 22nF / 60kQ and 10nF / 130kQ.

[0124] Of course the Auto-off delay times given here are nominal andwill

vary slightly from chip to chip and with capacitor and resistor tolerance.

3.6 Examples of Typical Applications

[0125] Figure 17 showsa first example application of a QT102 chip in

accordance with an embodimentof the invention. Here the QT102is in an

active low configuration and is shown driving a PNP transistor with an auto off

time of 500s x24 (3.33 hours)
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[0126] 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.

[0127] Figure 17 shows a second example application of a QT102 chip in

accordance with an embodimentof the invention. Here the QT102is in an

active high configuration and is shown driving high impedance with an auto off

time of 135s x 1 (2.25 minutes).

[0128] 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

[0129] Achip incorporating an embodiment of the invention may have the

following specifications.

4.1 Suggested Maximum Operating Specifications

[0130] 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, anypin: infinite
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Short circuit duration to VDD, anypin: infinite

Voltage forced onto any pin: -0.6 to (VDD + 0.6) Volts

4.2 RecommendedTypical Operating Conditions

[0131] VDD: +2.0 to 5.5V

Short-term supply ripple+noise: +5mV

Long-term supplystability: +100mV

Cs value: 1 or 2 nF to 50nF

Cx value: 5 to 20pF

4.3 AC Specifications

[0132] VDD = 3.0V, Cs = 10nF, Cx = 5pF, Ta = recommendedrange, unless

otherwise noted

Description Units/Notes 
Recalibration time 250 ms |Cs and Cx

dependent
RC

 

Charge duration 2 Us |+7.5% spread
Spectrum
Variation

(Transfer duration 2 us |+7.5% spread
Spectrum
Variation
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Time between end of 2.6 ms
burst and

start of the next (Fast
mode)

ime between end of ms [Increases with

burst and reducing VDD
start of the next (LP
mode)
Burst length ms NDD, Cs and Cx

dependent. See
Section 2.2 for

Gl

 

 
     
 

 
 

Capacitor
selection.

Response time 100 |ms

4.4 Signal Processing

Description Min |Typ |[Max|Units Notes

hreshold differential 10 ||counts|
Hysteresis 2 |counts
Consensus filter length 4 samples

Recaibration timer 40 secs |Will vary with VDDuration
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4.5 DC Specifications

[0133] VDD = 3.0V, Cs = 10nF, Cx = 5pF, Ta = recommendedrange, unless

otherwise noted

Description i Units Notes

Tv—~«|«SSupplyvoltage|2+=«~1~+~«~4(45/5)VJ|voltage

Supply current Depending on
supply and run

mode

Supply current, LP 2V
Mode 3V

5V

Supply turn-on Required for
slope proper start-up

 

 

Low input logic
level

High input logic
level

Low output OUT, 4mAsink

Vvoltag
voltage source

current

 

  
 

Load capacitance 100) pF
range

A. Acquisition 9|14) bits
resolution

    
 

4.6 Mechanical Dimensions
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[0134] 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.

 

  
Inches

Max Notes 

 

 

 

 

 
  

 
 

 

0.95 BSC | 0.038 BSC
 

 

 @mImire|S|S
 

 

o

     
 

[0135] 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)

[0136] Achip implementing the above-described QT102 chip functionality
may be rated as follows:

 
MSL Rating Peak Body Specifications

Temperature
MSL1 260°C IPC/JEDEC J-STD-020C
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[0137] Thus, in accordance with an embodiment of the invention, 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 or proximity field

through anydielectric 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 humaninterfaces, like control panels, appliances, toys, lighting

controls, or anywhere a mechanical switch or button may be found.

[0138] The QT102 example embodiment may be seen asa 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.

[0139] An environmentally friendly (‘green’) feature of the QT102is 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 extendedfurther 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 ona

space heater, can feed the ‘cancel’ function to terminate early.

[0140] The QT102 embodimentof the invention features automatic self-

calibration, drift compensation, and spread-spectrum burst modulation. The

device can in somecasesbring inexpensive, easy-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.
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[0141] The QT102 chip embodying an example of the invention may be

summarised as having the following operational features / application

parameters:

Numberof keys: One touch on/touchoff (toggle mode), plus hardware

programmable auto switch-off / switch-off delay and external cancel

Technology: Spread-spectrum charge-transfer (direct mode)

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, 23yA at 2V
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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

[0142] The above-described sensors may be used in apparatus or devices

with one touch key or the sensing element of the sensor of an embodiment of

the invention may comprise more than one key, for example two, three, or

more keys.
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CLAIMS

1. A sensorfor determining the presence of an object comprising:

a sensing element;

a Capacitance measurementcircuit 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 measurementof 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.

2. The sensorof claim 1, wherein the control circuit is configured so that the

predetermined time duration is selectable from a numberofdifferent

predefined time durations.

3. The sensorof claim 2, wherein the control circuit includes a time input

terminal and the predetermined time duration is selectable from the number of

different predefined time durations according to a voltage applied to the time

input terminal.

4, The sensorof claim 2, wherein the control circuit includes a delay

multiplier terminal and is configured so that a selected one of the numberof
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different predefined time durations is multiplied by a multiplication factor

according to a voltage applied to the delay multiplier terminal to provide the

predetermined time duration.

5. The sensor of claim 1,|wherein the control circuit is configured so that

the predetermined time duration is programmable by a user to provide a user-

selected time duration.

6. The sensor of claim 5, further comprising a resistor-capacitor (RC)

network coupled to the control circuit and wherein the predetermined time

duration depends ona time constant of the RC network.

7. The sensorof claim 5, wherein the control circuit includes a delay

multiplier terminal and is 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.

8. The sensorof claim 1, wherein the control circuit is 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.
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9. The sensorof claim 8, wherein the control circuit is operable to receive an

override pulse and on receipt of the override pulse to retrigger the

predetermined time duration to so as to extend the time before the output

signal to control a function of an apparatus is provided.

10. The sensor of claim 1, wherein the control circuit is 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 signalis

provided beforeit is determined that an object has not been in proximity with

the sensor for a predetermined time duration.

11. The sensor of claim 10, wherein the control circuit is 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.

12. The sensor of claim 1, wherein the sensor is 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.

13. The sensor of claim 1, wherein the control circuit is configured such that

the output signal is toggled between a high state and a low state when an

object is determined to bein proximity with the sensor.
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14. The sensor of claim 1, wherein the function of an apparatus controlled by

the output signal is a switch-off function.

15. The sensor of claim 1, wherein the capacitance measurementcircuit

employs bursts of charge-transfer cycles to acquire measurements.

16. The sensor of claim 1, wherein the capacitance measurementcircuit is

configured to operate in one of more than one acquisition modes depending on

the output signal.

17. The sensor of claim 16, wherein a one of the more than one acquisition

modesis a low-power mode.

18. The sensor of claim 16, wherein a one of the more than one acquisition

modesis a fast mode.

19. The sensor of claim 1, wherein the capacitance measurementcircuit and

the control circuit are comprised in a general purpose microcontroller under

firmware control.
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20. The sensorof claim 1, wherein the capacitance measurementcircuit and

the control circuit are comprised within a six-pin integrated circuit chip

package.

21. An apparatus comprising a sensor according to claim 1.

22. A methodfor controlling a function of an apparatus comprising:

determining whetheran object is in proximity with a sensor based ona

measurementof the capacitance of a sensing element and providing an output

signal to control the function of the apparatus whenit is determined that an

object has not been in proximity with the sensor for a predetermined time

duration.

23. The method of claim 22, wherein the function of the apparatus controlled

by the output signal is a switch-off function.
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P - override (reload auto off delay)
O - switch output off (to¢¢ burst time + 50ms)
C - sensor recalibration
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Receiptwill establish the internationalfiling date of the application.
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PTO/SB/06 (12-04)

Filing Date: 07/25/08 Approvedfor use through 7/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.
PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 1 2/1 79 769

APPLICATION AS FILED — PART| OTHER THAN
(Column1) (Column 2) SMALL ENTITY OR SMALL ENTITY

2

FEE ($)
$

BASIC FEE

(37 CFR 1.16(a), (b), or (c)) NIA NSEARCH FEE

VA NIA

TOTAL CLAIMS

(37 CFR 1.16()) minus 20 XS50INDEPENDENT CLAIMS

(7 CFR 1.16(h)) _X8210
If the specification and drawings exceed 100

APPLICATION SIZE . sheets of paper, the application size fee dueis
FEE $250 ($125 for small entity) for each additional

(37 CFR 1.16(s)) 50 sheets orfraction thereof. See35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16())) 370

N

ON
EXAMINATION FEE

Ca CPR0,0,(9D “
3

2

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

APPLICATION AS AMENDED — PARTII OTHER THAN
(Column 1) (Column 2) (Column 3) . . SMALL ENTITY

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY RATE(8)AMENDMENT
Total

(37 CFR 1.16(i))
Independent
(37 CFR 1.16(h))
Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A
TOTAL
ADO'T FEE

=<e
=z
Ww
=
a
zWw
=
<

(Column 1) ° (Column2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER
AFTER PREVIOUSLY

AMENDMENT PAID FOR
RATE($)

Total
(37 CFR 1.16(i))
independent
(37 CFR 1.16(h))
Application Size Fee (37 CFR 1.16(s))

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

AMENDMENTB
<5

TOTAL
ADD'T FEE ADD'T FEE

* If the entry in column 1 is less than the entry in column 2, write *0" in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter “20”.

“** If the “Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For’ (Total or independent) is the highest numberfound in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public whichis to file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any comments
on the amountoftime you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chiet Information Officer, U.S. Paten
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 
If you need assistance in completing the form, cail 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

 
 APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TTILE

12/179,769 07/25/2008 Harald Philipp QAP
CONFIRMATION NO.8745

20191 FORMALITIES LETTER
DAVID KIEWIT

5901 THIRD ST SOUTH MTA00000003 13415388
ST PETERSBURG,FL 33705

Date Mailed: 08/05/2008

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number andfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom thedate of this Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accampanied by the extensian fee under the provisions of 37 CFR 1.136(a).

«The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number andFiling Date, is required.
Note:If a petition under 37 CFR 1.47is being filed, an oath or declaration in compliance with 37 CFR 1.63
Signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

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 becauseportions of figures 15 &
16 are missing and/orblurry.

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at htto:/Awww.uspto.gov/ebc.

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

/tvo/

 

Office of Data Management, Application Assistance Unit (571) 272-4000,or (571) 272-4200, or 1-888-786-0101
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UNITED StaTreS PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
APPLICATION FILINGor GRP AR’

NUMBER 371 (¢) DATE UNI FIL FEE REC'D ATTY.DOCKET.NO [TOT CLAIMS§IND CLAIMS

 
 

12/179,769 07/25/2008 ——«2878 1310 CONFIRMATION NO.‘8745
20191 FILING RECEIPT
DAVID KIEWIT

5901 THIRD ST SOUTH IAEA000000031341587
ST PETERSBURG, FL 33705

Date Mailed: 08/05/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Pleaseverify the accuracy of the data presented onthis receipt. If an error is noted onthis Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy ofthis Filing Receipt with the
changesnotedthereon.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 processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Harald Philipp, Southampton, UNITED KINGDOM;
Kevin Snoad, Chicester, UNITED KINGDOM;

Assignment For Published Patent Application
QRG LIMITED, Eastleigh, UNITED KINGDOM

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 60/952,053 07/26/2007

Foreign Applications

If Required, Foreign Filing License Granted: 08/01/2008

The country code and numberof your priority application, to be usedforfiling abroad under the Paris Convention,
is US 12/179,769

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No

Early Publication Request: No
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Title

Proximity Sensor

Preliminary Class

250

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 thefiling
of patent applications on the same invention in membercountries, but does notresult in a grant of "an international
patent" and doesnot eliminate the need of applicantsto 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 accordancewithits particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
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:/Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin 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 andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis 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 licenseis to be retained by the licensee and may be usedat any time onorafter the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any waylessen 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 themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (81 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted atthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling 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 foreignfile the application pursuant to 37 CFR 5.15(b).
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Electronic Acknowledgement Receipt 

3869076

Confirmation Number: 

Title of Invention: Proximity Sensor

 

First Named Inventor/Applicant Name: Harald Philipp

eC
Filer Authorized By:

Attorney Docket Number: QAP

Time Stamp: 20:34:15

 

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

409619
Drawings-only black and white line

drawings
qapFMLdwg.pdf £4881af8243753d 14971603 18259112 1c2c}

Information:
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Total Files Size (in bytes) 409619 

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOof 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 applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application asa
nationalstage 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 componentsfor
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application. 
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REPLACEMENTSHEET2/10
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REPLACEMENTSHEET3/10
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REPLACEMENT SHEET4/10
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REPLACEMENTSHEET5/10

 
P - override (reload auto off delay)
O - switch output off (tog burst time + 50ms)
C - sensor recalibration
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REPLACEMENTSHEET6/10
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AutoOffDelay(s)

AutoOffDelay(s) 

REPLACEMENT SHEET7/10
Vm = Vss (delay multiplier = x1)
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REPLACEMENTSHEET8/10
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REPLACEMENTSHEET 10/10
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

 

 
APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TTILE

12/179,769 07/25/2008 Harald Philipp QAP
CONFIRMATION NO.8745

20191 FORMALITIES LETTER
DAVID KIEWIT

5901 THIRD ST SOUTH MTAAE0000000319) 9g
ST PETERSBURG,FL 33705 6800

Date Mailed: 09/10/2008

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 08/31/2008 to the Notice to File Missing Parts
(Notice) mailed 08/05/2008 and it has been entered into the nonprovisional application. The reply, however, does
not include the following items required in the Notice.

The period of reply remains as set forth in the Notice. You may, however, obtain EXTENSIONS OF TIME under
the provisions of 37 CFR 1.136(a) accompanied by the appropriate fee (37 CFR 1.17(a)).

A complete reply mustbe timely filed to prevent ABANDONMENTofthe above-identified application. Replies
should be mailed to: Mail Stop Missing Parts, Commissioner for Patents, P.O. Box 1450, Alexandria VA
22313-1450.

«The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Numberand Filing Date, is required.
Note:If a petition under 37 CFR 1.47is being filed, an oath or declaration in compliance with 37 CFR 1.63
Signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at htto:/Awww.uspto.gov/ebc.

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

/malemahu/

 

Office of Data Management, Application Assistance Unit (571) 272-4000,or (571) 272-4200, or 1-888-786-0101
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PTO/SB/01A (07-07)
Approved for use through 06/30/2010. OMB 0651-0032

U.S. 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 unlessif displays a valid OMB contrat number.

 

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

APPLICATION DATA SHEET(37 CFR 1.76)

Title of|Proximity Sensor
invention

As the below named inventor(s), I/we declare that:

This declaration is directed to:

[J The attached application,or

7] Application No. _12/179,769 filed on_July 25,2008

LJ As amended on (if applicable);
 

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

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
materia! 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:
Petitioner/applicant is cautioned to avoid submitting personal information in documentsfiled 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 checkor credit card authorization form PTO-2038 submitted for payment purposes)is never required by
the USPTOto 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 knowledgearetrue,all statements made herein on information and belief are
believed to be true, and further that these statements were made with the knowledgethat willful false statements and the like are
punishable byfine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the application or anypatent issuing thereon.

 
FULL NAME OF INVENTOR(S)

inventor one: _Haraid Philipp Date: \7AKeedes ao 08Load

Signature: C AADLN ae Citizen of: US
ate:3

 

 

 
Inventor two: Kevin Snoad D. A wanna) s 2 oo b
Signature: LtDinas Yr Co nal Cihzen of: GB

OO|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 ta obtain or retain a benefit by the public whichis tofile
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.17 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 wil! vary depending upon the individual
case. Any comments on the amountoftime you require to complete this form and/or suggestionsfor reducing this burden, should be sentto the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 andselect option 2.
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Electronic Patent Application Fee Transmittal

Filing Date: 25-Jul-2008

Title of Invention: Proximity Sensor

First Named Inventor/Applicant Name: Harald Philipp 

Filer: David A. Kiewit

Attorney Docket Number:

Filed as Large Entity

Utility under 35 USC 111(a)Filing Fees

Basic Filing:

Pages:

Claims:
 

Miscellaneous-Filing:

Late filing fee for oath or declaration 1 130 130 

Petition:
 

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Sub-Totalin

Description Fee Code Quantity USD($) 

Miscellaneous: 
Total in USD ($)
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Electronic Acknowledgement Receipt
 

3962288

Confirmation Number:
 

Title of Invention: Proximity Sensor

 

First Named Inventor/Applicant Name: Harald Philipp

eC
Filer Authorized By:

Attorney Docket Number: QAP

Time Stamp: 09:46:17

 

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Submitted with Payment

Payment Type 

Payment wassuccessfully received in RAM

RAM confirmation Number

Deposit Account

Authorized User

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)
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(57) A headset (100) includes a capacitive sensor (160) to
detect the presence of a user. Capacitive sensing is
advantageoussince it provides a reliable sensor that
can accurately detect the presence or absence of a
usereither by detecting user proximity or user contact.
The sensitivity of a capacitive sensor may be adjusted
to account for user movement or changes in
environmental conditions such as the presence of
water or sweat on the headsetto further improve
sensingreliability. A contro! circuit is operable to control
a function of the headset depending on whethera user
wears the headset or not. Such a circuit may be a
power managementcircuit to reduce powerto the
headset whena useris not sensed. User presence
signals based on capacitive sensing in a headset could
also control other functions of the headsetor control

external devices, such as a phone, to which the 102b
headset is connected,either wirelessly or by wires. : Fig. 1
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Headsets and headset power management

Field

The invention relates to apparatus comprising headsets and more especially but not
exclusively to power management and/or function contro! of such apparatus. In
pasticular, the invention relates to power management in a headset that comprises one

or more circuit elements that consumeelectrical power such as, for example, a

Bluetooth™ or other wireless receiver.

Background .

Manydifferent types of headset have been designed by numerous manufacturers with

various types of end user application in mind. For example, stereo headphones for

listening to music have been around for many years, as have ear pieces for use with

hearing aids, portable radios and the like [1-3].

Recently, many new types of headset that can be worn by a user have been developed

with a view to using them with mobile cellular telephones or other portable electronic

devices. Numerous headset designs have been created to enable a user to use such a

portable electronic device without the need to hold the electronic device: the so-called

“hands-free” mode ofoperation.

Many of the recently developed headsets are cordless devices that incorporate a
Bluetooth™ receiver or a Bluetooth™ receiver/transmitter. Bluetooth™ is a radio-

frequency communications standard developed by a group of electronics

manufacturers that allows various types of electronic equipment to interconnect,

without the need for wires, cables or detailed user intervention. The Bluetooth™

standard enables various electronic devices to inter-operate, since all electronic
products that use Bluetooth™ have to use an agreed standard that dictates when data

bits are sent, how many data bits are sent at any one time, how data transmission errors

are handled, etc.
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Whilst improved design has {cad to improvements in the size and weight of headsets,

the functionality ofheadsets has increased dramatically. This has increased pressure on
engineers to consider how most efficiently to use the electrical power svailable,

particularly for cordless battery-operated headsets where battery life and available

power are limited.

With a view to improving power usage, various manufacturers have developed

headsets that incorporate power management features.

One prior art design is that of the Sony™ MDR-DS8000 headset available from

Sony™ Corporation. In this headset, an electromechanical switch is provided that

changes state when the ear pieces are pulled apart when the headset is being put on by

a user. This is done by the headband expanding and pulling on a switch mechanism.

In another prior art design [4], an inductive noise signal is provided by a metallic ring

built into an ear piece when the ear piece contacts a user. This signal is used to detect

the presence or absence ofa user to determine whether or not to power-down a signal

amplifier. .

While these known power-saving headsets fulfil the desired function, they are not

without various drawbacks. For example, mechanical switches are relatively bulky and

expensive, and they can also suffer from long-term reliability problems. Moreover, the

mechanical headband switch approach is not transferable to non-headband based

headsets such as single-ear devices, for example ones that operate wirelessly by

Bluetooth™ or otherwise. Sensing user presence based upon detecting inductive noise
is also less than ideal, particularly given the random nature of such noise and its

amplitude variability according to differing physical conditions, such as the degree of

electrode contact with the user (e.g. if a user is jogging), prevailing environmental
conditions (e.g. ifa user is sweating or is exposed to rain), etc.
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Summary ofthe invention

Accordingto a first aspect ofthe invention, there is provided an apparatus comprising:

a headset including a sensing element; a capacitance measurement circuit operable to

measure the capacitance of the sensing clement; and a control circuit operable to

determine whether a user is wearing the headset based on a measurement of the

capacitance of the sensing element, and to control a function of the apparatus

accordingto whetherthe headset is being wom. :

Thus a simple and reliable way of controlling functions ofan apparatus in dependence

on whether or nota headset is being wom is provided. Various functions can be

controlled. For example, the controlled function may be a power saving function.

Alternatively, the function may relate to activation of an audio amplifier, activation of

a wireless communications transceiver, outputting of an audio signal by an audio

generator, and/or the inhibition ofuser input signals, for example.

Any form of capacitance. measurement circuitry may be employed, for example

circuitry based on RC circuits, relaxation oscillators, phase shift measurements, phase

locked loop circuitry, capacitive divider circuitry may be used. Capacitance

measurement based on charge transfer techniques in particular are well suited to this

application. Thus the capacitance measurementcircuit may include a sample capacitor

and be operable to transfer charge from the sensing element to the sample capacitor to

generate an electric potential at the sample capacitor for measuring. Furthermore, the

capacitance measurement circuit may comprise a switch operable to transfer a burst of

charge packets sequentially from the sensing element to the sample capacitor prior to a
measurementofthe electric potential being made.

The contro} circuit may be operable to determine whether a user is wearing the headset
by comparing a measured capacitance of the sensing element to one or more

predetermined threshold values. The measured capacitance may be an absolute value

ofcapacitance or a differential measurement of capacitance, e.g. a difference from an

earlier measured value.
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The capacitance measurement circuit may be external to the headset, e.g. in a base

unit, or may be intemal to the headset. Furthermore, the control circuit and/or a circuit

element providing the function to be controlled may be externalto the headset, e.g. in

a base unit, or may be internal to the headset.

According to a second aspect ofthe invention, there is provided a method ofoperating

an apparatus comprising a headset, the method comprising: measuring the capacitance

of a sensing element in the headset; determining from the measured capacitance

whether a user is wearing the headset; and controlling a function of the apparatus in

response to determining whether the headset is being worn.

The measuring the capacitance ofthe sensing element mayinclude: transferring charge

from the sensing element to a sample capacitor, measuring the electric potential at the
sample capacitor; and determining the capacitance of the sensing element from the
measured electric potential of the sample capacitor. Furthermore, the transferring
charge from the sensing element to a sample capacitor may comprise transferring a
burst ofcharge packets in sequence from the sensing element to a sample capacitor.

The determining whether a user is wearing the headset or not may comprise comparing
the measured capacitance of the sensing clement to one or more predetermined
threshold values in order to determine whether the capacitance of the sensing element

has been changed due to the proximity ofa user. Furthermore, the method may include

adjusting one or more of the threshold values in response to changes in operating

conditions.

According to a third aspect ofthe invention, there is provided an energy saving headset
comprising a power managementunit operable to reduce the power consumption of

the headset when it is not being worn by a user. The power management unit includes

a sensing circuit coupled to a capacitive sensor. The sensing circuit is operable to

measure the capacitance ofthe capacitive sensor and to generate a user presence signal
in dependence upon the measured capacitance. The user presence signal is indicative

of whether a user is present or not. The power management unit is operable in
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accordance with the user presence signal to control one or more circuit elements that

are provided in the headset, typically a power control.

Power control will normally be by switching the circuit element on or off. However,

the power contro! need not be a simple binary function, but may include reducing the
power to a stand by fevel for example, or reducing the power supplied to a power

amplifier so that it is still operable but at reduced gain, e.g. to suppress feedback that
may otherwise occur. However, it will be understood that the user presence signal can

be used, by the power management unit or otherwise, to contro! other functions not

directly related to power. For example, the user presence signal can be used to contro]

other functions of the headset, or to oufput an external output signal that can be

received by other devices to which the headset is connected, either wirelessly or wired.

For example, removal of the headset may be used to pause playing activity ofa sound

or video track, whereafter putting the headset back on will cause resumption ofplaying

responsive once more to the user presence signal. Another example would be when

placing the headset on by the user causes playback to be switched from an external

loudspeaker to the headset speaker. Headsets with ambient noise canceling are also

well known. For example, such headsets are successful in reducing flight noise and for

increasing the fidelity ofclassical music playback. It is also well known that the noise

canceling circuitry consumes significant power, so selective activation and

deactivation of the noise canceling circuitry is one useful application ofthe invention.

Accordingly the invention further relates to a headset with reduced power
consumption, comprising: at least one circuit element requiring power; a capacitive

sensor operable to provide a capacitance measurement signal; and a power

management unit including a sensing circuit operable to generate a user. presence

signal responsive to the capacitance measurement signal indicating whether the

headset is being wom and operable to control the at least one circuit element

dependent on said user presence signal, or to output an externa] output signal that is

dependent on said user presence signal for receipt by another device to which the

headset is connected. The at least one circuit element may control a function of the

headset, such as its power delivery. Alternatively, the at least one circuit clement may
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be used indirectly to control the function of an external device by transmitting the user

presence signal externally.

According to a fourth aspect ofthe invention, there is provided a method ofoperating
a headset in order to reduce power consumption. The method comprises measuring the
capacitance of a capacitive sensor, determining from the measured capacitance
whether a user is present or not, and powering-down one or more circuit elements in
the headset in response to determining that no user is present in order to reduce the

power consumption of the headset.

As mentioned above, the userpreference detection may be used to contro! functions

other than power consumption. Consequently, the invention also relates to a method of
operating a headset, the method comprising: measuring the capacitance ofa capacitive

sensor; determining from the measured capacitance whether a user is present or not;

and controlling @ function ofthe headset, or outputting an external output signal that
can be received by another device to which the headset is connected, in response to

_ determining whether the user is present or not. The external device to which the

headset is connected may be connected wirelessly or by wires.

The claimed capacitive sensing solution provides a simple, inexpensive and reliable

sensor which is superior to the prior art mechanical solution described above.

The capacitive sensor canoperate either on proximity or direct contact depending on

how its sensitivity is calibrated. The sensitivity of the capacitive sensor may also be

dynamically adjusted to account for changes in environmental conditions, such as, for
example, humidity. ,

According to a further aspect ofthe invention there is provided a headset with reduced

power consumption, comprising: at least one circuit element requiring power, 2

capacitive sensor operable to provide a capacitance measurement signal; and a power

management unit including a sensing circuit operable to gencrate a user presence

signal responsive to the capacitance measurement signal indicating whether the
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headset is being worn and operable to control the at least one circuit element

dependent on said user presence signal.

The sensing circuit may include a sample capacitor and be further operable to transfer

charge from the capacitive sensor to the sample capacitor to generate an electric

potential at the sample capacitor for measuring.

The headset mayfurther comprise at least one switch operable to transfer a burst of
charge packets sequentially from the capacitive sensor to the sample capacitor prior to

any measurementofthe electric potential being made.

The sensing circuit may comprise a consensus filter for generating the user presence

signal.

The sensing circuit may further be operable automatically to perform a self-calibration .
operation.

The capacitive sensor may comprise an electrode that is electrically isolated from the

user when the headset is being wom.

For example, the sense electrode of the capacitive sensor may be located under the

casing of a traditional hi-fi format twin ear headset or within the housing of an ear-

piece that forms part of a single ear or twin ear modern-style ear-piece headset of a

portable music player, Bluetooth™ accessory headset, hearing aid, etc. The sense

electrode of the capacitive sensor could alternatively be provided on the headband of a

traditional hi-fi format twin ear headset. It could also be provided in the form of a

conductive strip within the speaker area ofa headset. In generalit is desirable that the

sense electrode of the capacitive sensor is provided relatively near to the user's skin,

since signal strength correlates with proximity.

At least one ofthe circuit elements may comprise a Bluetooth™ receiver.
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According to a still further aspect of the invention there is provided a method of
operating a headset in order to reduce power consumption, the method comprising:

measuring the capacitance of a capacitive sensor; determining from the measured

capacitance whether a user is present or not; and’powering down one or more circuit

elements in the headset in response to determining that no user is present in order to

reduce the power consumption of the headset.

The measuring the capacitance of the capacitive sensor may include: transferring

charge from the capacitive sensor to a sample capacitor; measuring the electric

potential at the sample capacitor, and determining the capacitance of the capacitive

sensor from the measured electric potential ofthe sample capacitor.

The transferring charge from the capacitive sensor to a sample capacitor may comprise

transferring a burst of charge packets in sequence from the capacitive sensor to a
sample capacitor.

The determining whether a user is present or not may comprise comparing the

measured capacitance of the capacitive sensor to one or more predetermined threshold

values in order to determine whether the capacitance of the capacitive sensor has been

changed by the proximity of the user.

The method may comprise adjusting one or more ofthe threshold values in response to
changes in operating conditions.
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Briefdescription ofthe drawings

For a better understanding of the invention and to show how the same maybe carried

into effect, reference is now made to the accompanying drawings in which:

Figure ! shows a schematic diagram of an energy saving headset according to an
embodimentofthe present invention;

Figure 2 shows a schematic diagram of headset electronics for use in various headsets
made in accordance with the present invention;

Figure 3 shows a schematic diagram i)lustrating the physical configuration of various
components for use in various headsets made in accordance with the present invention;

Figure 4 shows a power management unit for use in various embodiments of the

present invention;

Figure 5 shows a charge transfer capacitance measurement circuit for use in various

embodiments ofthe present invention; -

Figure 6 shows a switching table indicating the switching sequence of the switches

used in the charge transfer capacitance measurement circuit ofFigure 5;

Figure 7 shows a schematic circuit diagram depicting an electrically equivalent

rearrangement of a part of the charge transfer capacitance measurement circuit of

Figure 5;

Figure 8 shows a plot of voltage across capacitor Cs of the charge transfer capacitance

measurementcircuit of Figure 5 as a function of cycle number during a burst-mode

operation;

Figure 9 shows a schematic diagram of an apparatus according to another embodiment

of the invention; and

Figures 10A and 10B show schematic diagrams of an apparatus according to a further

embodimentofthe invention.
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Detaileddescription

Figure I shows a schematic diagram of an energy saving headset 100. The headset 100

comprises first and second casings 102a and 102b housing respective loudspeakers

1)2a and 112b for reproducing stereo sound. The casings 102a and 102b are physically

connected together by a headband 104 that comprises a recess for housing electrical

cabling (not shown) which connects the loudspeaker 112b in the second casing 102b to

headset electronics 120 housed in the first casing 102a.

The casings 102a and 102b are formed ofan outer casing cover 108 and an inner cover

106 that contacts a user’s ear when the headset 100 is being worm. The casing cover

108 may be used to mount various user operable controls (not shown), such as, for

example, volume controls, channel controls etc. The cover 106 can be provided over

padding for user comfort and be made from various materials, mcluding, for example,

a flexible water-resistant polymeric sheet material. An opening in the cover 106

exposes the loudspeaker 112 to the user’s respective ear when the headset 100 is being
worn.

The headset electronics 120 provides a power management function in order to lessen

power consumption when no user is wearing the headset 100. The headset electronics

120 uses capacitive sensing in order to detect whether or not a user is wearing the

headset 100. In addition to power management, the headset electronics 120 may also

provide various other functions, such as those described below.

Capacitive sensing is achieved by the headset electronics 120 measuring the

capacitance of a sense plate 160, for example, by using a charge transfer technique

such as that described in more detail below. The sense plate 160 is provided in the

headset 100 underneath the cover 106. Hence, in this embodiment, the sense plate 160

does not contact the user when the headset is being worm, and is used to detect user

presence by sensing proximity of the user rather than any physical contact of the user
with the sense plate 160. This makes the headset 100 as comfortable as a conventional

headset that does not incorporate a power management function, and also enables a
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conventional headset design to be used since the cover 106 does not need to be cut or

otherwise further modified to accommodate a touch sensor.

Figure 2 shows a schematic diagram of headset electronics 120 for use in various
embodiments of headsets made in accordance with the present invention. The headset

electronics 120 includes a power supply 122 for powering a radio frequency (RF)
receiver 130 that receives and decodes signals that are transmitted to the headset 100.

The headset electronics 120 also includes a power amplifier 114 which amplifies audio

signals that are decoded by the receiver 130 and feeds the amplified audio signals to

respective loudspeakers 112a and 112b for stereo sound reproduction. The receiver
130 may be a conventional Bluetooth™ receiver, or other wireless receiver such as

Zigbee™. Reference to wireless includes the possible use of an infrared link or radio
link.

The power supply 122 can include a rechargeable battery plus associated charging and

a power conditioning circuit. In alternative embodiments, the headset 100 can be

powered by conventional batteries or from an external power source. However, in the

embodiment ofFigure 2, use of a rechargeable battery conveniently allows for cordless

operation ofthe headset 100.

A positive output of the power supply 122 is electrically coupled to a positive supply

rail 124. The negative or ground output ofthe power supply 122 is electrically coupled

to a negative supply rail 126. The electronic components that form the headset

electronics 120 are electrically coupled to the negative supply rail 126. In addition, a

power management unit 150 is provided that is operable to electrically connect the

positive supply rail 124 to a disconnectable portion of the positive supply rail 124°.
Operation of the power managementunit 150 to disconnect the portion ofthe positive

supply rail 124° from the positive supply rail 124 cuts off the power supply to any

electronic components that are powered from the portion of the positive supply rail

124’, thereby reducing the total power that is consumed by the headset electronics 120

when the power management unit 150 is in a disconnect state.
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When the power management unit 150 is in the disconnect state, only the power

. Management unit 150 itself need draw any power from the power supply 122. In
variants of this embodiment, any electronic components that need to be permanently in
an active state are electrically connected between the positive supply rail 124 and the
negative supply rail 126, while any electronic components that can be switched off
when the headset 100 is not being wom are electrically connected between the portion

ofthe positive supply rail 124° and the negative supply rail 126.

Figure 3 shows a schematic diagram illustrating the physical configuration of various

components that form partofthe headset 100 shown in Figure 1.
Aportion of the cover 106is shown in proximity to the car of a user 110. The cover
106 separates the user 110 from the sense plate 160 that is provided m the headset 100.

Also shown, electrically coupled to the sense plate 160 by sense plate connector 154,

is a charge sensing circuit 152 that forms a part of the power management unit 150.
The chargesensing circuit 152 is electrically connected between the positive supply
rail 124 and the negative supply rail 126 in order to draw power from the power supply
122, Two outputs, a control output 156 and a measurement output 158, are provided by

the charge sensing circuit 152, these are further described below in connection with

various components ofthe power managementunit 150.

Figure 4 schematically shows a power management unit 150 for use in various

embodiments of the present invention. The power management unit 150 comprises a

charge sensing circuit 152 that is electrically coupled to a sense plate 160 by way ofa

sense plate connector 154.

The charge sensing circuit 152 is electrically connected between the positive supply

rail 124 and the negative supply rail 126, and is operable to measure the capacitance of

the sense plate 160. The charge sensing circuit 152 has two outputs 156 and 158. One

ofthese outputs is a measurement output 158, the voltage leve! ofwhich indicates the

measured capacitance of the sense plate 160. The other output is a control output 156

that is used to indicate to a signal processor 162 when the voltage level of the

measurement output 158 is available to be read.

IPR2020-00998

Apple EX1022 Page 122



IPR2020-00998 
Apple EX1022 Page 123

%

15

20

25

13

The signal processor 162is electrically connected between the positive supply rail 124

and the negative supply rail 126. It is operable to process measured capacitance values

and to determine whether those measured capacitance values for the sense plate 160

indicate the presence of the user 110, a process that is described in greater detail

below. The signal processor 162 provides a control output 168 whose output level

indicates the presence of a user (output level = logic one) or the absence of a user

(output level = logic zero).

An optional driver circuit 164 is also provided in the power managementunit 150 for

embodiments where the output current that can be provided by the control output 168

is not sufficient to drive field-effect transistor (FET) switch 166 directly. The FET

switch 166 is operable to electrically couple the positive supply rail 124 to the portion

of the positive supply rail 124* in order to activate electrical components connected to
the latter supply rail 124’. Where such a driver circuit 164 is provided, it is itself

powered by drawing power from between the positive supply rail 124 and the negative

supply rail 126.

Optionally, the charge sense circuit 152 and the signal processor 162 may be provided

together by using an integrated circuit (IC) device, such as, for example, the QT1IO

sensor IC available from Quantum Research Group ofHamble, Great Britain.

Figure 5 shows a charge transfer capacitance measurement circuit 155. A similar

charge transfer capacitance measurement circuit is described in US patent number US-

B)-6,466,036 [5], and the content of this document is hereby incorporated herein by

reference in its entirety.

Although any suitable capacitance measurement technique may be used, the circuit of

the charge transfer capacitance measurement circuit 155 is well suited for

implementing on an IC. Additionally, the measuring of capacitance using a charge

transfer technique can be advantageous because it provides superior performance at a

lower manufacturing cost when compared to various other user presence detection

techniques.
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A first switching element, S1, is used to drive electric charge through both a sampling

capacitor, Cs, and a capacitance to be measured, Cx, during Step C (as summarised in

the table ofFigure 6). This leaves residual charges on both Cs and Cx after $1 opens in

step D of Figure 6. Kirchoff's current law and the principle of charge conservation

dictate that these charges, Qx and Qs, are equal. However, because Cs>>Cx, a greater

residual voltage is found on Cx, and conversely, a lesser voltage is found on Cs. Figure

7 reveals that the arrangement of Figure 5 may be viewed as a capacitive voltage

divider when considering the closure ofS1 in step C ofFigure 6.

In Figure 5, a sense plate 160 is explicitly depicted to indicate that in uses of the

invention the presence or motion of an object that is not part of the apparatus of the

invention is to be sensed by a capacitive measurement. Although the Figures

sometimes show both a sense plate 160 and an unknown capacitance, Cx, it will be

understood to those skilled in the art that in these depictions Cx is the capacitance of

the sense plate 160 to free space or to an electrical ground. The value of Cx is

modified by the presence or proximity ofa user.

Again referring to the depiction of Figure 5, a second switching element, S2, is used to

clear the voltage and charge on Cx, and also to allow the measurement of Ves, the

voltage across Cs. It may be noted that the use of S2 allows S1 to be cycled repeatedly

in order to build up the charge on Cs. This provides a larger measurable voltage value

and greater accuracy, increasing sense gain or sensitivity without the use of active

amplifiers. A third switching element, S3, acts as a reset switch and is used to reset the

charge on Cs prior to beginning a charge transfer burst as explained below.

A preferred control circuit 172 controls the switching sequence and also the operation

of the measurement circuit 170. The control circuit 172 is operable to switch the

switches Si, S2 and S3 using the schematically-illustrated contro! lines 174. A signal

processor, indicated as block 162, may be required to translate an output of the

measurement circuit into a usable form. For example, this may involve converting

cycle counts to a binary representation of signal strength. The signal processor 162

may also contain linear signal processing elements such as filters and/or non-linear
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functions such as threshold comparisons, so as to provide an output suitable for an

intended application.

Although the contro! circuit 172 and signal processor 162 are depicted only
schematically in Figure 5, it will be clear to those skilled in the art that such circuit

elements may also-be used with circuit elements depicted elsewhere (e.g. as indicated
by the bold output arrow from the measurement circuit 170), and that various circuit
elements and connections have been omitted only in the interest of clarity of

presentation.

The table ofFigure 6 shows the switching sequence used in one implementation using
the circuit of Figure 5. First, in step A, switching elements S2 and S3 are closed to

clear charge on Cs and Cx. After a suitable pause in step B during which all switches

are held open, $1 is closed to drive charge through Cs and Cx (Step C). The resulting

first voltage increment across Csis defined bythe capacitive divider equation:

AVes(1}-V,Cx/(Cst+Cx) ¢)

where V,is the reference voltage connected to S1.

In step D,all switches are held open.

In Step E, S2 is closed, and AVcs appears as a ground-referenced signal on the

positive, distal, terminal of Cs. Dead-time steps B and D are employed to prevent

switch cross-conduction, which would degrade the charge build-up on Cs. The dead-

time can be quite short, measuring a few nanoseconds, or longer if desired. Steps B

through E may be repeated in a looping manner, to provide a “burst” ofcharge transfer
cycles. After a suitable charge transfer burst length, the charge transfer cycle is

terminated and Ves is measured in the aforementioned manner, e.g. by using an

analogue-to-digital converter (ADC), in Step F, with S2 closed and the other switches

open. Following the measurement of Vcs, S3 may also be closed to reset Cs in

preparation for the next charge transfer burst, during which a further plurality of

packets ofcharge will be transferred from Cx to Cs.
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In an alternative variant, steps E and F may be combined so that a measurementis

made at each charge transfer cycle. By combining steps E and F, which are

functionally identical, the measurementcircuit 170 can be madeto consist of a simple

voltage comparator with a fixed reference. In such cases, the looping action of the

charge transfer cycles is terminated when the voltage comparison indicates that Vcs

has risen above a selected threshold value. The number of cycles taken to reach this

point becomes the signal reading which is indicative of the value of the capacitance

Cx. This technique is explained further below.

Duringthe repeating loop ofsteps B through E, voltage builds up on Cs but not on Cx.

Cx is continuously being discharged in step E, and hence Cx cannot build up an

increasing amount of charge. However, Cs freely accumulates charge, so that the
resulting incremental voltage is dependent on the difference in the voltages V, and Vcs
as follows:

AVes(n) = K(V--Ves(n-1)) Q)

where V, is a supply voltage that may be a fixed reference voltage; n is the charge

transfer cycle number; and K = Cx/(Cs+Cx).

Thefinal voltage across Vcs is equal to the sum ofthe initial value ofVcs plus Vcs(N)

whichis equal to the sum ofall ofthe subsequent values ofAVcs. That is:

Ves(N) = AVes(1)+ AVes(2)+ AVes(3)+...+ AVes(N) @)

or,

Ves(N) = ZAVcs(n)=K £ ( AV-Ves(n-1)) (4)

where the summation runs over the range from n=1 to n=N.

During each charge transfer cycle, the additional incremental voltage on Vcs is less

than the increment from the prior cycle and the voltage build-up can be described as a

limiting exponential function:

VINV-Ve™ (5)
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wheredis a time scaling factor. This producesthe profile that is shown in Figure 8.

In practice, a burst is terminated well before Ves rises to be approximately the same as

V,. In fact, if the rise in Ves is limited to <10% of V,, the linearity can be made

acceptable for most applications. For simple limit sensing applications, Vcs can be

permitted to rise higher, at the expense of increasingly degraded signal-to-noise ratios

in the threshold comparison function.

The charge transfer burst can be terminated after a fixed orafter a variable number of

cycles. If a fixed number is used, the measurement circuit 170 should be capable of

representing continuous signals much as in the fashion of an ADC or an analogue

amplifier. [fa variable burst length is used, a simple comparator with a fixed reference

can be employed for the measurementcircuit 170, and the length of the burst required

is that at which Vcs has built up to a level where it equals the comparison voltage. The

burst can continue beyond the required number, but the extra charge transfer cycles are

superfluous. A count of the charge transfer cycles required to achieve the comparison

voltage is the output result, and for all practical purposes is indistinguishable from an

ADC result. Such a resutt may be obtained by repeating the switching sequence of

Figure 6, including a number of loop cycles, in order to periodically check for the

presence ofa user (e.g. once per second).

Note that in Figure 5 the measurementcircuit 170 is connected to the (+), distal, side

of Cs, and the reading is taken when S2 is closed. Although the (+) side of Cs is the

most convenient measurement point for a ground-referenced signal, it is also possible

to measure Ves on the (-), proximal, side of Cs by holding $1 closed instead of S2.

The reading is then V_-referenced instead of ground referenced, which those skilled in

the art will recognise as being generally inferior but still possible. In either case, the

measurement being made is the de facto value of Vcs. Whether the reading is made

with respect to ground or V,is irrelevant to the invention, what is important is the

differentia} voltage across Cs.

Although Figure $ describes the use of a measurementcircuit 170, those skilled in the

art will realise that this is only one way ofputting the invention into effect and that use
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embodiments ofthe invention.

Various optional improvements can be made to the charge transfer capacitance

measurement circuit 155 by incorporating additional post-acquisition algorithms into

the processing capability ofthe signal processor 162. Examples are:

1. A drift compensation mode,in whichthecircuit 155 can continuously adjust its

threshold in accordance with slow changesthat affect signa! strength. These changes

may include temperature fluctuations, moisture build-up, or mechanical creep, etc.
This can be accomplished by altering one or more reference level slowly at a slew-rate

limited rate when no detection is being sensed.

2. Incorporation of hysteresis, in which in order to prevent ‘contact bounce’ the

circuit 155 can incorporate detection threshold hysteresis so that the initiation

detection levelis different, i.e. higher, than the non-detection level, thus requiring the
signal to transit though a lower signal level than the threshold level before a ‘no detect’
state is entered.

3. Incorporation of a consensus filtering function into the charge wansfer

capacitance measurement circuit 155. This feature can be provided by one or more

comparators acting to compare the measured capacitance value to a predetermined

threshold value. It can also be provided by the signal processor 162 sequentially

comparing the measured capacitance value to a threshold value muttiple times. A poll

of the results is obtained and the consensus as to whether the measured capacitance
value is above or below the threshold value is accepted as thefinal result. This feature

reduces the amount offalse triggering of the charge transfer capacitance measurement

circuit 155 when detecting the presence or absence of a user, and consequently
improves thereliability ofthe power management unit 150.

The above numbered optional features may be provided by various algorithms encoded

in the signal processor, for example. They are also useful in various combinations and

degrees in conjunction with various ofthe circuits described herein, to provide a more
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robust sensing solution that can adapt to a variety of real-world sensing challenges,

such as dirt accumulation, the presence ofmoisture, thermal drift, etc.

Figure 9 schematically shows an apparatus according to another embodiment of the

invention. The apparatus is a portable music player and comprises a headset 180 which
includes a flexible lead 202 which allowsit to be connected to a base unit 182. The

apparatus is configured so that playback of an audio signal is automatically paused
when a user removes the headset and automatically restarted when a user re-dons the

headset.

The headset in this example is a stereo headset and comprises two audio speakers (not

shown) located within respective first 186 and second 188 car-piece housings. The car-

piece housings 186, 188 are designed to be worn in a user’s ear so that the user can

hear audio from the speakers. Within the first ear-piece housing 186 is a sensing

element in the form ofan electrically conducting sense plate 196. The sense plate in
this example is a metal ring located adjacent an internal surface of the ear-piece
housing 186. The audio speakers in the ear-piece housings are connected to the base

unit 182 via wiring within flexible lead 202 and removable jack plug 200 using

generally conventional techniques. However, the flexible lead 202 and jack plug 200

are also configured to establish an electrical connection between the sense plate 196

and the base unit 182 via sense plate connector wire 197.

The base unit 182 comprises a housing 192, user accessible control buttons 194 for
allowing a user to provide inputs to govern aspects of the operation of the apparatus,

control circuitry (also referred to as controller) 204, capacitance measurementcircuitry

205 and an audio signal generator 190. In this case the base unit 182 is e hard-disk -

based audio player and the audio generator 190 comprises a hard-disk 206 for storing

audio files and associated drive and read circuitry 208 and amplifier circuitry 210. The

amplifier circuitry supplies signals to the speakers in the ear-piece housings via the

wiring in the jack plug 200 and flexible lead 202 to allow the audio files to be played
to a user.
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In use, a user inserts the ear-pieces 186, 188 of the headset 180 into his respective ears

and, using the control buttans 194, instructs the base unit 182 to play a desired audio

track to be supplied to the speakers in the ear-pieces. This is achieved in a substantially
conventional manner. Le., the contro] circuitry 204 responds to inputs from the control
buttons to configure the hard-disk drive 206 and read circuitry 208 appropriately to

play back the desired audio track through the amplifier circuitry 210, to the speakers
via jack plug 200 and flexible Iead 202.

The sense plate 196 is connected to the capacitance measurementcircuit via sense
plate connector wire 197. During operation, the capacitance measurement circuitry
monitors the capacitance of the sense plate 196, e.g. to a system ground or other
reference potential. This canbe done using any known capacitance measurement
technique. For example, the capacitance measurement circuitry 205 could be based on

charge transfer (as described above), measuring the time constant of an RC circuit
including the sense plate, or other techniques, such as those based on relaxation

oscillators, phase shift measurements, phase locked loop circuitry, capacitive divider

circuitry, and so on, as are known in the art. The capacitance measurement circuitry
may be configured to continually monitor the capacitance of the sense plate 196, or to

take readings less often, for example once every five seconds orso.

The capacitance measurement circuitry 205 is configured to supply a capacitance

measurement signal representing the measured capacitanceto the control circuitry 204.

On receipt of the capacitance measurementsignal, the contro! circuitry compares it

with a stored threshold level Cy, which relates to the capacitance of the sense plate as
measured when the headset is not being worn.Ifthe measured capacitance is less than
the threshold level it is assumed that the headset is not being worn.If, on the other

hand, the measured capacitance is greater than the threshold level, it is assumed that

the head set is being worn on the basis that, as described above, the presence of the
user has increased the measured capacitance of the sense plate. Thus the threshold

corresponds to the capacitance of the sense plate as measured when the headset is not

being wom plus a margin to account for noise and variations in measured capacitance

not associated with the presence ofa user. Ifan average measured capacitance ofCp is

expected when the headset is not being worn, and an average measured capacitance of
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Cyes is expected when the headset is being worn,the threshold may, for example, be set

midway between C,, and Cys.

Thus depending on whether the measured capacitance exceeds the thresholdJevel, the

controller can determine whether or not the headset is being worn and activate or

disable functions of the apparatus as appropriate (i.e. in accordance with how it has

been programmed to operate). In this case, if the measured capacitance is less than the
threshold level Cy, so that it is determined the headset is not being worn, the controller

instructs the drive and read circuitry in the audio generator to pause playback.

The operation of the apparatus may be controlled in stages depending on the duration

over which the capacitance is measured to be less than the threshold. For example,

during the initial pause in playback, the apparatus may continuc to be fully powered,
with the hard disk continuing to spin, and so on. However,if after 2 given period of
time, for example, 30 seconds, the measured capacitance is stil] less than the threshold

level Cy, the control circuitry may instruct the read and drive circuitry to stop the hard-

disk from spinning, e.g., to reduce wear. If after another period of time, for example,

another 30 seconds, the measured capacitance remains less than the threshold level Cu,
thecontrol circuitry may then instruct the read and drive circuitry and the power

amplifier to enter a power saving mode. After yet a further period of time, for example

a further minute or two, if the measured capacitance still remains less than the

threshold level Cy, the controller may be configured to fully power down the apparatus

on the assumption that the user has permanently stopped listeningto it.

If at any stage the measured capacitance rises above the threshold level Cy, the
controller determines that a user has re-donned the headset, and playback continues

from the point at which it wes initially paused. Thus the user is provided with

continued playback of an audio track without requiring him to contro! the apparatus
himself.

For ease of explanation, the contro] circuitry 204, the capacitance measurement
circuitry 205 and the drive and read and amplifier circuitry in the audio generator 190

are shown as discrete elements in Figure 9. However, it will be understood that the
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functionality of someor all of these circuit elements could be provided by a single

integrated circuit. For example, an application specific integrated circuit (ASIC), or a

suitably programmed micro-processor could be used. Thus, the division of the above

described circuitry functions amongintegrated circuit components is not significant.

For example, the comparison between an analogue representation of the measured

capacitance and a thresholdlevel may occur within the capacitance measurement
circuitry, with the capacitance measurement circuitry then supplying a binary signal to
the controlcircuitry to indicate whether or not the capacitance exceeds a threshold.

Furthermore, it will be appreciated that rather than rely on a threshold level based on
an absolute measure of capacitance, the control circuitry may be configured tb

‘determine whenauser putsonor removes theheadset based on changes in measured
capacitance. Thishastheadvantage of accommodating drifts in the measurement, e.g.
associated with changes in environmental conditions. For example a significant

increase in measured capacitance from one measurement to the next (or occurring over

a given time period such as a few seconds, depending onthe rate st which

measurements are made) would be associated with a user putting on the headset.

Conversely, a significant decrease in measured capacitance from one measurement to

the next (or over a given time period) would be associated with a user removing the
headset. A significant increase/decrease might be deemed to be a change of 50% or

more of the expected difference in measured capacitance between the headset being
wom and not wom, for example.

‘It will also be appreciated that the same techniques can be applied to many other

apparatuses. For example, rather than the base unit being a hard-disk based audio

player, the apparatus might be a CD player, an audio cassette player, a radio, a DVD

player, a mobile telephone, a solid state based audio player, or any other apparatus that

may be associated with providing an audio signal toa headset.

Furthermore, in some embodiments the headset itself may include all of the necessary

circuitry such that no separate base unit is required. This is likely to be impractical for

some apparatuses, for example CD players, but may be useful for other devices, such

as solid state music players, mobile phone headsets and so on. In some cases, a base
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unit may be used, but aspects of the above described circuitry nonetheless be located in

the headset. For example, the capacitance measurement circuitry may be located in the

_... headsetifthere is a concer that the lead to the sense plate would cause too much pick-

10

15

20

25

. up for reliable capacitance measurement.

’ What is more, in addition to (or-instead of) pausing the playback, the invention can be

used to control many other functions of an apparatus. For example, the control

circuitry may be configured to automatically route audio signals to an extemal

amplifier driving conventional (i.e. not headset) box speakers when the headset is

removed. In another example, the control circuitry may be configured to inhibit

response to user inputs depending on whether the headset is being worn. For example,
if the headset is not being worn, a button for switching on the apparatus may be

inhibited to prevent accidental activation when in a user’s pocket or bag. Alternatively,

some control buttons, e.g. an increase volume button, may be inhibited when the
headset is being worm to prevent accidentally increasing volume to an uncomfortable
level.

The headset need not be stereo, but could be monaural. Where it is stereo, sense plates

could be incorporated in the headset in association with both of o user’s ears, if

desired. This could allow an apparatus to respond to one or other (or both) ear-piece

housings from being removed from a user’s head. For example, the apparatus might

pause if any one ear-piece is removed, or only if both are removed. Furthermore, the

function to be controlled could depend on which ear-piece (speaker housing) is

removed. For example, if a left-ear ear-piece is removed, the audio signal to the

speaker in that ear-piece could be stopped while the other was maintained.

it will be understood that the communication (both of audio signals and capacitance

measurement related signals) between the headset and the base unit (in embodiments

where there is one) could be established wirelessly rather than through a flexible lead

and jack plug as shown in Figure 9. For example, any of the communications protocols
described above could be used.
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Figures 10A and 10B are schematic diagrams of an apparatus used to describe a

further embodiment of the invention.

Figure 10A shows a wireless car-mounted single-ear headset 300 of the kind offered

currently as Bluetooth™ transceivers. These are widely used with mobile telephones,

home-usecordless telephones connected to landlines or internet telephony connections

as well as with other equipment, for example software applications running on 3
personal computer. The headset 300 has a housing 301 which includes: an earclip 293

for fitting the device over a user's ear; a loudspeaker 290 for aural communication with

a user's ear; and a microphone 295 for receiving speech signals from the user.

Within the housing 301 proximate the ear clip 293 there is a sensing element in the

form ofan electrically conducting sense plate 296. The sense plate in this example is a

metal ring located adjacent an internal surface of the ear-piece housing so as to be
close to the user’s skin. The sense plate 296 supplies a capacitive signal to capacitance
measurement circuitry 305 which in turn supplies a user presence signal to control

circuitry 304 which is connected to the device's wireless transceiver 297 as well as to

the audio transmitter and receiver elements of the device, namely the audio signal

generator 290 and microphone 295,

During operation, the capacitance measurement circuitry 305 monitors the capacitance

of the sense plate 296, e.g. to a system ground or other reference potential. This can be

done using any known capacitance measurement technique, as mentioned above with

reference to the example of Figure 9. The example of Figure 9 is also referred to in

respect of further details of the configuration of the device including the use of

thresholds.

A concrete example of the use of the wireless headset device of Figure 10A is

described in conjunction with Figure 10B.

Figure 10B shows schematically a mobile phone or cell phone 310. (This could

equally well be a cordless landline phoneor intemet telephony phone.) The phone 310

has a housing 311. On one side a display 314 and keypad 316 are evident. The display

or keypad, or both, may have an integral two-dimensional capacitive touch sensor, for
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example for text messaging input of Chinese, Japanese, Korean or other language

characters. The phone 310 further includes a wireless transceiver 320 for

communicating with peripheral devices, such as Bluetooth™ devices. An antenna 318

for transmitting and receiving signals to and from a mobile phone base station is also

illustrated. The phone 310 also includes a loudspeaker 312 for transmitting speech

Signal to a user's ear and a microphone 313 for receiving speech signals from a user.

- Use of the headset ofFigure 10A in conjunction with the phone of Figure 10B is now
described.

Ifa communication channel is established between the headset and the phone, then the

audio transmission and reception (loudspeaker and microphone) is switched between

the headset and the phone dependent on the user presence signal in the headset. Ifthe

user presence signal indicates the headset is being worn, then the audio circuits of the
headset are activated and those of the phone deactivated. Conversely, if the user

presence signal indicates the headset is not being wom, then the audio circuits of the

headset are deactivated and those ofthe phone activated. This can provide savings in

power consumption. It can also suppress feedback interference that might otherwise
occur. Moreover, it can divert the phone's ring tone to the headset if the headset is

being worn, and suppress the ring tone from the phone. This mode ofoperation may be

useful in an environment where it is not permitted, or impolite, to allow mobile phone

ring tones, such as an auditorium, restaurant or train. If the user presence signal
indicates the headset is being worn, further power consuming circuits of the phone
may be deactivated also, cither by switching them to a lower power standby mode or

more fully powering down. For example, the display backlight could be switched off,

or sensing circuitry ofa two-dimensional capacitive touch sensor array associated with

the display or keypad could be powered down.

It will be appreciated the headset may operate similarly with a plethora of other

devices in addition to the phone example just described.
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While the invention is susceptible to various modifications and altemative forms,
specific embodiments are shown by way of example in the drawings and are herein

described in detail. Accordingly, the skilled man will be aware that many different

embodiments of the invention are possible. It should thus be understood that the

drawings and corresponding detailed description are not intended to limit the invention

to the particular form disclosed, but on the contrary, the invention is to cover all

modifications, equivalents and alternatives falling within the spirit and scope of the

present invention as defined by the appended claims.

For example, the skilled man would be aware that capacitive sensing may entail use of

a sensor circuit for measuring the absolute or relative capacitance of a two-leaded

capacitor or ofa free-space sense plate, and for providing as an output, a measurement

of the capacitance in any usable form. For example, a device only capable of

generating a single-bit thresholded “detect" output would still be considered a sensor

circuit for the purposes ofthis disclosure.

The skilled man would also be aware that a capacitive sensor may be located remotely

from a headset. For example, a capacitive sensor may be provided on an electronic

device, such as a mobile telephone, to which the headset is operably coupled.

In addition, the skilled man would be aware that various of the switches described

herein may be implemented using an electronically controlied switch, such as, for

example, by way of a bipolar or field effect transistor, a relay, an opto-electronic

device, or any functionally similar circuit. He would also be aware that a controller or

contro! circuit may comprise a circuit or system capable of generating digital control

Signals. Such a controller or contro! circuit may control a capacitance measurement

circuit sensor (including contro! of switching elements therein) and the measurement

circuit, and may generate a decision output if required. Such controllers or control

circuits may comprise digital logic means such as a programmable logic array or a

microprocessor, for example.

Those skilled in the art will also be aware that headsets according to the present

invention need not necessarily be cordless devices that incorporate receivers and
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transmitters, or merely receivers, whether they be Bluetooth™ enabled or otherwise.

Moreover, they will also be aware that various embodiments of the invention may be

wearable by a user in proximity to only a single ear, and not require the use of stereo

loudspeakers.
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1, An apparatus comprising:

a headset including a sensing element:

a capacitance measurementcircuit operable to measure the capacitance of the

sensing element; and
a contro! circuit operable to determine whether a user is wearing the headset

based on a measurement of the capacitance of the sensing element, and to contro) a

function ofthe apparatus according to whether the headset is being worn.

2. The apparatus of claim 1, wherein the capacitance measurement circuit

includes a sample capacitor and is further operable to transfer charge from the sensing

element to the sample capacitor to generate an electric potential at the sample capacitor
for measuring.

3. The apparatus of claim 2, comprising at Jeast one switch operable to transfer a

burst ofcharge packets sequentially from the sensing element to the sample capacitor

prior to a measurement ofthe electric potential being made.

4. The apparatus of claim 1, 2 or 3, wherein the contro! circuit is operable to

determine whether a user is wearing the headset by comparing a measured capacitance

ofthe sensing elementto at least one predetermined threshold value.

5, The apparatus of any ofclaims 1 to 4, wherein thesensing element comprises

an electrode that is electrically isolated from the user when the headset is being wom.

6. The apparatus of any of claims I to 5, wherein the capacitance measurement
circuit is internal to the headset. ,

7. The apparatus ofclaim 6, wherein the control circuit is internal to the headset.
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8. The apparatus ofclaim 7, wherein the function to be controlled is provided by a

circuit element which is internal to the headset.

9. The apparatus of any of claims 1 to 8, wherein the function to be controlled is

provided by a circuit element which is external to the headset.

10.‘ The apparatus ofclaim 9, wherein the contro} circuit is external to the headset.

11. The apparatus of claim [0, wherein the capacitance measurement circuit is

external to the headset.

12. The apparatus ofany ofclaims 1 to 11, wherein the function to be controlled is

a power saving function.

13. The apparatus of any ofclaims 1 to 11, further comprising an audio amplifier
for supplying audio signals to speakers in the headset, and wherein the function to be

controlled is the activation ofthe audio amplifier.

14. The apparatus of any of claims 1 to 11, further comprising s wireless

communications transceiver, and wherein the function to be controlled {s the activation

ofthe wireless communications transceiver.

15. ‘The apparatus of any ofclaims 1 to 11, further comprising an audio generator

for outputting en audio signa), and wherein the function to be controlled is the
outputting ofan audio signal by the audio generator.

16. The apparatus of any of claims { to 11, further comprising input buttons for

supplying operating signals to the contro! circuit to allow a user to govern the

operation of the apparatus, and the function to be controlled is the inhibition of signals

from the input buttons.
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17. A method of operating an apparatus comprising a headset, the method

comprising:

measuring the capacitance ofa sensing elementin the headset;

determining from the measured capacitance whether a user is wearing the

headset; and ;

controlling a function of the apparatus in response to determining whether

headset is being worn.

18... The method of claim !7, wherein measuring the capacitance of the sensing
element includes:

transferring charge from the sensing element to a sample capacitor;

measuring the electric potential at the sample capacitor; and

determining the capacitance of the sensing element from the measured electric

potential of the sample capacitor.

19. The method ofclaim 18, wherein transferring charge from the sensing element

to a sample capacitor comprises transferring a burst of charge packets in sequence

from the sensing element to a sample capacitor.

20. The method of claim 17, 18 or 19, wherein determining whether a user is

wearing the headset or not comprises comparing the measured capacitance of the

sensing element to at least one predetermined threshold value in order to determine
whether the capacitance of the sensing element has been changed dueto the proximity
of a user.

21. The method of claim 20, comprising adjusting one or more of the threshold

values in response to changes in operating conditions.

22. The method ofany ofclaims 17 to 21, wherein the controlling a function of the
apparatus comprises controlling whether or not the apparatus is in a power saving

mode.
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23. The method ofany ofclaims 17 to 21, wherein the controlling a function ofthe
apparatus comprises controlling whether or not wireless communications transceiver is

activated.

24. The method ofany ofclaims 17 to 21, wherein the controlling a function of the

apparatus comprises controlling whether or not an audio signal generator is activated.

25. The method of any ofclaims 17 to 21, wherein the controlling a function of the

apparatus comprises contro}ling whether or not user inputs for governing the operation
ofthe apparatus are inhibited.

26. A headset comprising:

at least one circuit element;

a capacitive sensor operable to provide a capacitance measurement signal; and

a sensing circuit operable to generate a user presence signal responsive to the

capacitance measurement signal indicating whether the headset is being worn and
operable to control the at least one circuit element dependent on said user presence

Signa}, or to output an external output signal that is dependent on said user presence

signal for receipt by another device to which the headset is connected.

27. The headset of claim 26, wherein the sensing circuit includes a sample

capacitor and is further operable to transfer charge from the capacitive sensor to the

sample capacitor to genérate anelectric potential at the sample capacitor for

measuring.

28. The headset of claim 27, comprising at least one switch operableto transfer a

burst ofcharge packets sequentially from the capacitive sensor to the sample capacitor

prior to any measurement ofthe electric potential being made.

29. The headset of claim 26, 27 or 28, wherein the sensing circuit comprises a
consensusfilter for generating the user presence signal.
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30. The headset of any of claims 26 to 29, wherein the sensing circuit is further

operable automatically to perform a self-calibration operation.

31. The headset ofany of claims 26 to 30, wherein the capacitive sensor comprises

an electrode that is electrically isolated from the user when the headset is being wom.

32. The headset of any of claims 26 to 31, wherein at least one of the circuit

elements comprises a wireless communications transceiver.

33. The headset ofany ofclaims 26to 32, further comprising a powermanagement
unit, of which the sensing circuit is a part, and wherein the power management unit is
operable to reduce power consumptionofthe at least one circuit element dependent on
said user presence signal, thereby to reduce power consumption of the headset.

34. A method of operating a headset in orderto reduce power consumption, the
method comprising:

measuring the capacitance ofa capacitive sensor;

determing from the measured capacitance whether a user is present of not;
and

powering down one or more circuit elements in the headset in response to

determining that no user is present in order to reduce the power consumption ofthe
headset.

35. The method of claim 34, wherein measuring the capacitance of the capacitive
sensor includes:

transferring charge from the capacitive sensor to a sample capacitor;

measuring theelectric potential at the sample capacitor; and

determiningthe capacitance ofthe capacitive sensor from the measured electric
potential of the sample capacitor.
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36. The method of claim 35, wherein wansferring charge from the capacitive

sensor to a sample capacitor comprises transferring a burst of charge packets in

sequence from the capacitive sensor to a sample capacitor.

37. The method of claim 34, 35 or 36, wherein determining whether a user is

present or not comprises comparing the measured capacitance of the capacitive sensor

to one or more predetermined threshold values in order to determine whether the

capacitance ofthe capacitive sensor has been changed by the proximity ofthe user.

38. The method of claim 37, comprising adjusting one or more of the threshold

values in response to changes in operating conditions.

39. A method ofoperating a headset, the method comprising:
measuring the capacitance ofa capacitive sensor;

determining from the measured capacitance whether a user is present or not;
and

controlling a function of the headset, or outputting an external output signal

that can be received by another device to which the headset is connected, in response

to determining whether the user is present or not.

40. The method ofclaim 39, wherein measuring the capacitance of the capacitive
sensor includes:

transferring charge from the capacitive sensor to a sample capacitor;

measuring the electric potential at the sample capacitor; and

determining the capacitance ofthe capacitive sensor from the measured electric

potentialofthe sample capacitor.

41. The method of claim 40, wherein transferring charge from the capacitive

sensor to a sample capacitor comprises transferring a burst of charge packets in
sequence from the capacitive sensor to a sample capacitor.
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42. The method of claim 39, 40 or 41, wherein determining whether a user is

present or not comprises comparing the measured capacitance ofthe capacitive sensor

to one or more predetermined threshold values in order to determine whether the

capacitance ofthe capacitive sensor has been changed bythe proximity ofthe user.

43. The method of claim 42, comprising adjusting one or more of the threshold
values in response to changes in operating conditions.

44. The method of any of claims 39 to 43, wherein said device to which the

headset is connected is connected thereto wirelessly.

45. The method of any of claims 39 to 43, wherein said device to which the

headset is connected is wired thereto.

46. A headset substantially as hereinbefore described with reference to the

accompanying drawings.

4?. A method of operating an apperatus comprising a headset substantially as

hereinbefore described with reference to the accompanying drawings.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to power management
in electronic devices that communicate via a wireless
link.

BACKGROUNDOFTHE INVENTION

[0002] Wireless communication between electronic
devices overrelatively short distances is a common and
increasingly important feature of modem life. In some
cases,for example, an electronic device or other appii-
ance is controlled by another electronic device which
must communicateinstructions to the controlled device

(and perhapsreceive information from the controlled de-
vice). Examples include computerinput devices (e.g.,
mice, trackballs, joysticks, game controllers) and re-
mote control units (for, e.g., televisions or other appli-
ances). In other cases,it is necessary for one electronic
device to transmit more complex data to and/or receive
such data from another device. Examples include com-
puter keyboards,digital cameras and other devices able
to transmit data to a computer or other device. Among
other advantages, wirelessly transmitting data and/or
control signals can dramatically increase user conven-
ience and reduce clutter from multiple connecting ca-
bles.

[0003] Although there are several standardsfor wire-
less communication, BLUETOOTHis becoming the de
facto standard for many applications. Developed by
Bluetooth SIG, Inc., the BLUETOOTHwireless specifi-
cation establishes protocols and standards for two-way
wireless communication betweenelectronic devices us-

ing relatively low power radio communication. BLUE-
TOOTHis describedby, e.g., "Specification of the Blue-
tooth System” (versions 1.1 and 1.2), "Human Interface
Device (HID) Profile version 1.0° and various other doc-
uments available from Bluetooth SIG, Inc. at <http://
www. bluetooth.com>. Among other things, BLUE-
TOOTHprovidesfor two-way radio links between mul-
tiple devices in a short-range radio network called a "pi-
conet.”

[0004] As one example of a BLUETOOTHpiconet, a
personal computer may be configured to receive input
from one or more wireless input devices such as a wire-
less mouse and/or a wireless keyboard. In some cases,
a user connects a device to the piconet by simply bring-
Ing the device within range of the computer's Bluetooth
controller. In other cases, more steps may be required
so that the device becomes bonded with the computer
BLUETOOTHhostsoas to authenticate the device and
establish secure communication between the devices.

In either case,a series of inquiry, paging and other mes-
sages are exchanged betweentheinput device and the
computer to set up a connection over which user data
(€.g., Mouse movementor button press, keyboard key
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down,etc.) is transmitted to the computer. In some cas-
es, data from applications or other software executing
on the computeris also transmitted over that connection
to the input device. Details of the messages exchanged
between devicesto establish a connection are setforth
in the above-referenced BLUETOOTH documents and
are knownin the art. .

[0005} To maintain a connection, even whenthe input
device has no userdata to transmit, requires a periodic
exchange betweenthe input device and the computer.
In effect, the input device periodically transmits a mes-
sage saying "I am still here." The computer responds
"OK,youarestill on mylist,” and maintains the connec-
tion. Althoughthe interval betweenuserdata and/or"I'm
here" messagesfrom the input device can be varied,it
is generally on the order of tens of milliseconds.If the
computer does not receive a message from the input
device before expiration of a timeout period, the com-
puter assumesthe input device is turned off or absent,
and breaks (or "de-lists”) the connection with the device.
In orderfor the input device to again communicate with
the computer, another series of messages must be ex-
changedto re-establish the connection.
jooo6] This can create a conflict with regard to design
requirements for a wireless input device such as a com-
puter mouseorkeyboard. Because wireless devices are
battery powered,it is desirable to reduce the device's
power consumption as much as possidie so as to pro-
long battery life. A significant amount of the device pow-
er is consumed by the radio transceiver that communi-
cates with the controller. tf other considerationsare ig-

nored, the period between transmissions should be re-
duced as much as possible during times when the de-
vice is idle, f.e., not actually communicating user data
to the computer.If the interva! between transmissionsis
too large, however, the connection to the computeris
lost. Although the connection can be re-established,do-
ing so is relatively time-consuming and increases the
amount of time needed for user input(e.g., moving a
mouse) to cause the appropriate response by the com-
puter (e.g., moving a cursor).
[0007] This input-to-response delay, or latency, can
be noticeable to a humanif it is approximately 100 mil-
liseconds or more. The acceptable amountof perceived

latency varies underdifferent conditions and with differ-
ent users and usage styles. For computers and input
devices operating under the earlier version (1.1) of the
BLUETOOTHspecification, the time to re-establish the
connection can be approximately 1 second or more. Un-
der version 1.2 of the BLUETOOTH specification, the
reconnect time is reduced, and in some cases may be

as little as approximately 250 milliseconds.This is a sig-
nificant improvement, and may result in acceptablela-
tency in some circumstances. Underother conditions,
this maystill result in excessive latency. However, the
BLUETOOTHspecification allows manufacturers to in-
corporate additional features into a BLUETOOTH-com-
pliant device (whether a computer, an input device or
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otherwise), so long as those additional features do not
preventthatdevice from providingcertain other features
that are mandatory for BLUETOOTH compliance. Ac-
cordingly, manufacturers are able to develop BLUE-
TOOTH-compliant chipsets providing a re-connect pro-
cedurethat is faster than the "default" connection pro-

cedure of the BLUETOOTHspecification.
[0008] Unfortunately, advantages of faster BLUE-
TOOTHversion 1.2 and proprietary re-connection pro-
cedures may not be achievable in many cases. For ex-
ample, a computer mouse could be equipped with the
hardware and firmware necessary to implementa pro-
prietary fast re-connect procedure, but the mouse might
be used with a computerthat does not support the fast
re-connect procedure.If used with a computer support-
ing the fast re-connect procedure, the mouse could im-
plement a power-managementalgorithm that suspends
radio communication with the computerfor time periods
that may cause the mouse-computer radio connection
to be broken. Upon needfor transmission of data to the
computer(e.g., the user movesthe mouseafter a period
of no mouse use), the connection can be re-established
sufficiently fast to avoid (or minimize) any perceived la-
tency. If, however, the mouse is used with a computer
not supporting a fast re-connect procedure, that power
managementalgorithm would likely resutt in unaccept-
able latency.
(0009) Various systems and methods are known for
automatic detection of a protocol by which a device com-
municates with a computer. U.S. Patents 6,442,734 and
5,754,890, assigned to the assignee of the presentin-
vention, are two examples. However, neither these pat-
ents nor other known prior art describes optimizing (or
otherwise modifying) a power managementalgorithm
based on parameters of a communicationlink between
devices, and in particular, based on parameters of a
wireless communication connection.

SUMMARYOFTHE INVENTION

[0010] Embodimentsof the invention allow a wireless
device to determine characteristics of a connection es-

tablished (or being established) with a remote device,
and to then impiement a power managementalgorithm
based on those characteristics. In one embodiment, a

wireless device includes a battery powersource, a radio
transceiver powered by the battery, a memory and a
controller. The controller is configured to create, via the
transceiver, wireless connections with remote devices -
in any of a plurality of connection configurations. The
controller detects the presence,in a wireless transmis-
sion from a remote device, of one or more parameters

identifying one of the plurality of configurations. Based
on the configuration identified, the controller implements
one of a plurality of power managementalgorithms.
[0011] These and other features and advantages of
the present invention will be readily apparent andfully
understood from the following detailed description of
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preferred embodiments, taken in connection with the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG.1 is a view of a computing system environment
implementing at least one embodimentof the inven-
tion.

FIG. 2 is a cutawayside view of the wireless mouse
of FIG. 1.

FIG. 3 is a block diagram forcircuitry of the mouse
of FIGS. 1 and 2.

FIG.4 is a state diagram showing an example pow-
er managementalgorithm.

FIG. 5is a state diagram showing another example
power managementalgorithm.

FIG. 6 illustrates transmissionof a protocol data unit
to a wireless mouse.

FIG.7 illustrates transmission of a protocol data unit
to a wireless keyboard.

FIG. 8 is a block diagram for circuitry of a wireless
keyboard according to at least ane embodimentof
the invention.

FIG. 9 is a state diagram for a wireless computer
input device according to at least one embodiment
of the invention.

FIG. 10 is a state diagram for a wireless computer
input device according to another embodimentof
the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] The present invention provides systems and
methods by which a wireless device may detect infar-
mation about a communicationlink with anotherdevice,

and then adopt or modify a power management
scheme. The invention is described by example of a

desktop computer and wireless computerinput device
communicating underthe BLUETOOTHstandard. How-
ever, the invention is not limited to these specific types
of devices or to the BLUETOOTHstandard. Theinven-

tion may also be implemented with numerousother gen-
eral purpose or special purpose computing system en-
vironments or configurations, with other types of devic-
es, and in devices communicating via other wireless
communication standards and/or protocols.
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[0014] FIG. 1 illustrates one example of a suitable
computing system environment1 in which the invention
may be implemented. Shownin FIG.1, in side view, are
a desktop computer 2 having a monitor 4 and keyboard
6. Also shownis wireless mouse 100, which communi-
cates with computer 2 via an RFtransceiver within don-
gle 8. Dongle 8 is connected to a USB orotherport of
computer 2, and is located externally to computer 2 (as
shown). In at least one embodiment, dongle 8 houses
the required electronic components andfirmwarefor re-
ceiving BLUETOOTH communications from and trans-
mitting BLUETOOTH communications to remote devic-

es (such as a mouse or keyboard). In at least one em-
bodiment, componentswithin dongle 8 convert received
BLUETOOTHdata to a format which may be passed ta
computer 2 via a USB port, and similarly convert USB
data to a format which may be transmitted by BLUE-
TOOTHlink. In particular, dongle 8 contains compo-
nents and firmware needed to implement the radio,
baseband,link manager and L2CAP BLUETOOTHlay-
ers for computer 2. In other embodiments, electronic
components and firmware for implementing BLUE-
TOOTH communications maybeinternal to computer 2
and directly connected to a system or other bus without
an intermediate USB connection.

[0015] FIG. 2 is a side, cutaway view of mouse 100.
Mouse 100 may have one or more buttons 102 which
can be pressed by a user, a scroll wheel 104, or other
types of input controls which can be actuated by a user.
The number, arrangement and typesof input controls
shown are merely exemplary, and other combinations
and arrangementsare within the scope of the invention.
The operation of switches, scroll wheels and other types
of input controls is knownin the art and thus not further
described herein. Mouse 100 may also have one or
moreinternal circuit boards 106 or other substrates up-

on whichvarious electronic components are connected
andphysically supported.
[0016] These components mayinclude an imagingar-
ray 108, a LED orlaser source 110, a RF antenna 112,
a controller 114 and a battery/powersource 126. Other
components,not shownin FIG. 2, may include memory
and other electrical components. LED or laser source
110 emits light which illuminates an area of a desktop
or other surface, and which is imaged by imaging array
108. Images from array 108 are then compared to detect
movement of mouse 100 across the desktop or other
surface.

[0017] FIG. 3 is a block diagram of the internalcircuit-
ry of mouse 100 according to one preferred embodiment
of the invention. Operation of mouse 100 is controlled
by a microprocessor (uP) controller 114. Although con-
troller 114 is shown as a microprocessor, controller 114
could alternatively include state machinecircuitry or oth-
er suitable components capable of controlling operation
of mouse 100 as described herein. Controller 114 com-

municates with memory 116. Memory 116, which may
include volatile and non-volatile memory, is a machine-
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readable medium used for storage of software (or
firmware) instructions, imaging data and configuration
settings (such as power managementalgorithms dis-
cussed in more detail below). Memory 116 mayinclude
a rewritable non-volatile component, such battery-
backed SRAM or EEPROM, and/or a non-rewritable

component such as ROM.Controller 114 also controls
LEDorlaser source 110 (FIG. 2) and imaging array 108
(FIG. 2), as well as other imaging elements,all of which
are represented collectively by block 118. Controller 114
further controls RF communication circuitry 120, and

passes data to RF communicationcircuitry 120 for com-
munication to computer 2 over antenna 112 (FIG. 2).
Similarly, data communicated to mouse 100 is received
via antenna 112 (FIG. 2) and RFcircuitry 120, and trans-
mitted to controller 114. Controller 114 communicates

with imaging elements 118, RF circuitry 120 and mem-
ory 116 over one or more buses 122, showncollectively
as bold bi-directional arrows. Controller 114 also re-

ceiveselectrical signals that correspond to a user’s ac-
tuation of a mouse button 102 (FIG. 2), scroll wheel 104
(FIG. 2) or other input control. These electrical signals
are representedcollectively by User Input 124. The var-
ious electrical components of mouse 100 are powered
by a power source 126, which could include one or more
batteries. :

[0018] Although FIG. 3 shows controller 114, imaging
circuitry 118, RF circuitry 120 and memory 116as dis-
crete components, this need not be the case. For exam-
pie, one or more of these components might be con-
tained in a single Integrated Circuit (IC) or other compo-
nent. As another example, controller 114 may include
interna! program memory such as ROM.Similarly, the
herein described functions of these components could
be distributed across additional components (é.g., mul-
tiple controllers or other components).
[0019] The present invention permits mouse 100 to
automatically implement a power management algo-
rithm based on parameters of a wireless BLUETOOTH
connection with computer 2. For purposes of explana-
tion, two simplified power management algorithms are
presented.It is understood, however, that devices ac-
cording to other embodimentsofthe invention may have
additional and/or more complex power managemental-
gorithms.
[0020] First power management algorithm 200 is
shownin the state diagram of F!G.4. In Active state 202,
mouse 100 is configured for immediate use. In other
words, Active state 202 assumesthat the useris cur-
rently moving the mouse, pressing mouse buttons or
otheriseproviding input to computer 2 with mouse 100.
Controller 114 causes LED 110 (FIG. 2) and imagingar-
ray 108 (FIG. 2) to create images at a rapid rate. Con-
troller 114 also causes RFcircuitry 120 to transmit pe-
riodic messages to computer2 (via dongle 8) containing
data or to maintain the connection with computer2.
[0021] After 1 second of no useractivity, mouse 100
transitionsto Idle state 204. As used herein, “no activity”

IPR2020-00998
Apple EX1022 Page 154



IPR2020-00998 
Apple EX1022 Page 155

7 EP 1 536 314 A2 8

includes circumstances whena useris not using the
mouse to provide user data to computer 2. In other
words, a user is not moving the mouse, pressing a
mousebuttonor rotating a scroll wheel. In some embod-
iments, mouse 100 is equipped with a proximity sensor
(not shown)able to detect the presence of a user hand
on or near mouse 100. In such an embodiment, mouse
100 could be configured to treat non-proximity of a user
hand as a “no activity” condition. in Idle state 204, Con-
troller 114 causes LED 110 (FIG. 2) and imaging array
108 (FIG. 2) to create images at a reducedrate. Con-
troller 114 also reduces the rate at which RF circuitry
120 transmits messages to computer2. In particular,
messagesare onlytransmitted at an intervalsufficiently
short to ensure that latencyis not noticeable if the user
moves mouse 100, pushes a mousebutton or otherwise
resumes use of mouse 100. Because mouse 100is in
Idle state 204, there is no user data to transmit to com-
puter2. If.there is mouse motion or other user activity
while in idle state 204, the corresponding user data is
sent in the next scheduled Idle state transmission, after
which mouse100returns to Active state 202. In one em-
bodiment, RF messagesare transmitted to computer 2
at the rate of one message every 70 millisecondsin Idie
state 204. If mouse 100 sensesactivity (e.g., movement,

button press, hand proximity) within 10 minutesafteren-
tering Idle state 204, mouse 100 returns to Active state
202. After 10 minutes of no activity, mouse 100 enters
Extend Idle state 206. Upon entering Extended Idie
state 206, controller 114 sends a message to dongle &
terminating the connection; in other embodiments, don-
gle 8 terminates the connection with mouse 100 after
mouse 100 has been in Extended Idle state 206 (and
therefore not transmitted) longer than the timeout period
of dongle 8. In Extended Idle state 206, controlier 114
deactivates RF circuitry 120 and no longer transmits to
(orlistens for transmissions from) computer 2. The im-
agingrate is also further reduced. Upon sensing move-
ment, a button push, hand proximity or other indication
that mouse 100 is needed by a user, mouse 100 returns
to Active state 202. If the connection with computer 2
has been terminated,It must be recreated prior to (or as

part of) a return to Active state 202.
[0022] FIG.5 shows a second power managemental-
gorithm 220. Active state 222 is similar to Active state
202 of algorithm 200 (FIG. 4). The imaging components
(LED 110 and imaging array 108) and RF circuitry 120
are activated at rapid rates. After 1 second of no activity,
mouse 100 transitions to Idle state 224. Similarto Idle

state 204 of algorithm 200, imaging and RF transmis-
sion rates are reduced. Unlike algorithm 200, however,
mouse 100 remainsin Idle state 224for less time before

transitioning to ExtendedIdle state 226. In one embod-
iment, mouse 100 transitions backto Active state 222if
activity is detected within 1 minutein Idle state 224.If

. no activity is detected after 1 minute, mouse 100 tran-
sitions to ExtendedIdle state 226. Similar to Extended

Idle state 206 of algorithm 200, controller 114 deacti-
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vates RF circuitry 120 and no longertransmits to (orlis-
tens for transmissions from) computer2 while in Extend-
ed Idle state 226. Upon detection of useractivity, mouse
100 returnsto Active state 222. Upon entering Extended
Idle state 226, mouse 100 will have terminated the con-
nection with dongle 8, and the connection mustbe re-
established prior to (or as a part of) return to Active state
222. a ,
[0023] As can be appreciated from the preceding de-
scription, algorithm 220 allows mouse 100 to more
quickly deactivate RFcircuitry 120, thereby saving pow-
er. However, this comes at a cost of more frequently re-
establishing the connection with computer2.If the time
to reestablish this connection is too long, the userwill

perceive a delay betweenthe time he or she attempts
to resume input with mouse 100 andthe time that the
input is acknowledged by computer 2. In some cases
this may only be an annoyance,while in other cases it
may actually result in data loss (e.g., a mouseclick might
not be detected by computer2, and the user might not
realize this nondetection).

[0024} Accordingly, and as further illustrated with FIG.
6, mouse 100 chooses between power managemental-
gorithms 200 and 220 based on one or more parameters
of a connection created between mouse 100 and com-

puter 2. When a connection between mouse 100 and
computer2 is initially established, a series of messages
are transmitted between mouse 100 and dongle 8. The
content, format, sequence and other details of these
messages are described in the previously-referenced
BLUETOOTH documents, and thus not further de-
scribed herein. As part of these messages,various Link
Manager(LM) protocol data units (PDU) 300 are trans-
mitted from dongle 8 to mouse 100. Contained within
one or more PDUs 300are dataidentifying features sup-

ported by dongle 8 and/or computer 2. Many such fea-
tures are specific to version 1.1 or to version 1.2 of the
BLUETOOTH standard,orto a proprietary feature that

may be supported by dongle 8 and/or computer2. For
example, Adaptive Frequency Hopping (AFH) is one
feature supported by BLUETOOTHversion 1.2 but not
by version 1.1. If dongle 8 is a BLUETOOTHversion 1.2
device,it will enable AFH by issuing (within a PDU 300)
aLMP_set_AFH command.If mouse 100 receives such
a command, controller 114 thereby determines that
computer 2 is communicating via the BLUETOOTH ver-
sion 1.2 standard.

{0025]_ In at least one embodiment, the default recon-
nection times for BLUETOOTHversion1.2 is within ac-

ceptable limits of latency of mouse 100. For example,
mouse 100 may be designedfor (or configured for) use
by an individual morewilling to accept some degree of
jatency in return for longerbattery life. In this embodi-
ment, controller 114 is programmed to implement power
managementalgorithm 220 upondetection of a param-
eter indicative of a BLUETOOTHv1.2 connection with

a computer, and to otherwise implement power man-
agementalgorithm 200.In another embodiment, mouse
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100 is designed(or configured) for a user whois unwill-
ing to accept a degree of latency associated with the
default reconnection time of BLUETOOTHv1.2. In this

embodiment, however, mouse 100 is further equipped
with hardware and/or firmware that permit mouse 100
to reconnect more quickly than the default BLUETOOTH
v1.2 connection time, so long as the connection is es-
tablished with another device that is also equipped with
the required hardware and/orfirmware. If a mouse 100

in this embodiment receives a PDU 300 from dongle 8
indicating that dongle 8 has the required hardware and/
or firmware, controller 114 implements power manage-
ment algorithm 220. Otherwise, mouse 100 implements
power managementaigorithm 200.
[0026] As previously indicated, the invention is not
limited to computer mice. FIG. 7 shows a computer key-
board 6’ according to another embodimentof the inven-
tion. FIG. 8 is a block diagram for internal circuitry for
keyboard 6' according to one embodimentof the inven-
tion. Operation of keyboard 6' is controlled. by micro-
processor 152. Microprocessor 152 scans for one or
more presses (or releases) of a key by scanning key
conductor matrix 154, and upon detecting a key press
(or release), causes the appropriate makeor break code
(s) to be transmitted by RFcircuitry 156. Microprocessor
152 also communicates with memory 160, upon which
power managementalgorithms 200 and 220 are stored.
Microprocessor 152 and othercomponents of keyboard
6’ are poweredbybattery 158. In one embodiment, mi-
craprocessor 152, upon receiving a PDU 300' (FIG. 7)
indicating computer 2 communicates via BLUETOOTH
v1.2, implements power managementalgorithm 220.

- Otherwise, microprocessor implements power manage-
ment algorithm 200. In another embodiment, keyboard
6'is further equipped with hardware and/orfirmware that
permit keyboard 6’ to reconnect more quickly than the
default BLUETOOTH v1.2’ connection time, so long as
the connection is established with another device that

is also equipped with the required hardware and/or
firmware. If a keyboard 6' of this embodiment receives
a PDU 300’ from dongle 8 indicating that dongle 8 has
the required hardware and/orfirmware, microprocessor
152 implements power managementalgorithm 220.
Otherwise, keyboard 6' implements power management
algorithm 200.
[0027] FIG. 9is a state diagram for a controller (such
as controller 114 of FIG. 3 or microprocessor 152 of FIG.
8) of an input device configured to operate in accord-
ance with at least one embodimentof the invention.FIG.

9 combines FIGS.4 and 5 in certain respects. In state
301, the controller is establishing (or re-establishing) a
connection with another BLUETOOTHdevice. Whenin-

itially establishing the connection, the controller re-
ceives one or more PDUsproviding parameters for the
connection. In state 302, the controller determines,

based on parametersidentified in state 301, which pow-
er managementalgorithm to implement. If the parame-
ters of the connection correspond to a connection type
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that supports sufficiently fast re-establishment of a con-
nection,a first (more power-conserving)algorithm is im-
plemented. In particular, the controller piaces the input
device in Active state 304, whichis similar to active state
222 (FIG. 5). After 1 second of no activity, the controller
transitions the input device to Idle state 306, which is
similarto Idle state 224 of FIG. 5. The input device tran-
sitions back to Active state 304 if activity is detected
within 1 minutein Idle state 306.If no activity is detected
after 1 minute, the input device transitions to Extended
Idle state 308. Similar to Extended Idle state 226 of al-

gorithm 220, the controller deactivates RF circuitry and
no longertransmits to (or listens for transmissions from)
from a remote device while in Extended Idle state 308.

Upon detection of useractivity, the controller transitions
the input device to state 301 and establishes or re-es-
tablishes a connection. If the connection is a re-estab-

lished connection with the same remote device,this is
determinedin state 301, the various connection param-
eters (previously received wheninitially establishing the
connection) are not retransmitted, and the input device
transitions directly from state 301 to state 304.if the con-
nection is with another remote device, the connection

parameters for the new remote device are received, and
a determination is made at state 302 as to whether the

newly connected remote device supports a sufficiently
fast re-establishmentof a connection.If so, the input de-
vice again transitions to state 304.
[0028] tf it is determined in state 302 afterinitially es-
tablishing a connection with a remote device that the pa-
rameters of the just-established connection do not cor-
respond to a connection type supporting sufficiently fast
re-establishmentof a connection, a second(less power-
conserving)algorithm is implemented.In particular, the
controller places the input device in Active state 310,
which is similar to active state 202 (FIG. 4). After 1
minute of no activity, the controller transitions the input
device to Idle state 312, whichis similarto Idle state 204
of FIG. 4. The input device transitions back to Active
state 310 if activity is detected within 10 minutesin Idle
state 312.If no activity is detected after 10 minutes, the
input device transitions to ExtendedIdle state 314. Sim-
ilar to ExtendedIdle state 206 of algorithm 200,the con-
troller deactivates RFcircuitry and no longer transmits
to (or listens for transmissions from) from a remote de-
vice while in Extended Idle state 314. Upon detection of
useractivity, the controller transitions the input device
to state 301 and establishes or re-establishes a connec-
tion. If the connection is a re-established connection

with the same remote device, the input device returns
to Active state 310 directly from state 301.
[0029] FIG. 10 is a state diagram for a computerinput
device according to another embodimentof the inven-
tion. Similar to state 301 of FIG. 9, a controller of a de-

vice according to FIG. 10 establishes (or re-establishes)
a connection with another BLUETOOTHdevice in state

401. As part of establishing the connection, the control-
ler receives one or more PDUsproviding parametersfor
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the connection. In state 402, and similar to state 302 of
FIG.9, the controller determines, based on parameters
identified in state 401, which power managementalgo-
rithm to implement. In the embodimentof FIG. 10, how-
ever, the controller selects from three or more power
managementaigorithms 404, 406, 408,etc.
[0030] Although specific examplesof carrying out the
invention have been described, thoseskilled in the art

will appreciate that there are numerousvariations and
permutations of the above described systems and tech-
niquesthat fall within the spirit and scope of the inven-
tion as set forth in the appended claims. These and other
modifications are within the scope of the invention as
defined by the attached claims.

Claims

1. Adevice comprising:

a battery power source;
a radio transceiver powered bythe battery and
having components for transmission and re-
ceipt of data;
a memory having instructions stored thereon;
and

a controller coupled to the transceiver and to
the memory and configured execute the in-
structions so as to:

create, via the transceiver, wireless con-
nections with remote devices in any of a

plurality of connection configurations,
detect the presence,in a wireless trans-
mission from a remote device, of one or

more parametersidentifying one of the plu-
rality of configurations, and
implement, based on the configuration
identified, one of a plurality of power man-
agementalgorithms.

2. The device of claim 1, wherein the controller is con-

figured to detect the presence of one or more pa-
rameters by determining if a wireless connection
with the remote device has at least one parameter

corresponding to an acceptably fast re-connection
procedure.

3. The device of claim 2, wherein the controller is con-
figured to:

implement, upon determining the presence of
the at least one parameter, a power manage-
mentalgorithm in which the transceiver is de-
activatedafter a first period of device inactivity,
and

implement, upon determining the absence of
the at least one parameter, a power manage-
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ment algorithm in which the transceiveris de-
activated after a second period of device inac-
tivity, the second period being longer than the
first period.

4. The device of claim 3, wherein the controller is con-

_ figured such that the device is inactiveif the device
is not being used to generate or transmit data based
on input from a humanuserof the device.

5. The device of claim 1, wherein the controlleris fur-

ther configured detect the presence of one or more
parameters at the time of establishing a wireless
connection with a remote device.

6. The device of claim 1, wherein the plurality of power
managementalgorithms comprises three or more
power managementalgorithms.

7. The device of claim 1, wherein the device is a com-

puter input device.

8. The device of claim 7, wherein the device is a com-
puter mouse.

9. The device of claim 7, wherein the device is a com-

puter keyboard.

10. A method for automatically selecting a power man-
agementalgorithm in a battery-powered wireless
device capable of creating wireless connections
with a remote device in any of a plurality of connec-
tion configurations, comprising:

establishing a wireless connection with a re-
mote device;
determining wireless communication features
supported by the remote device;
implementing a first power managementalgo-
rithm if the remote device supports a first com-
munication feature; and

implementing a second power managemental-
gorithm if the remote device does not support
the first feature.

11. The method of claim 10, wherein the first commu-
nication feature comprises support for an accepta-
bly fast re-connection procedure.

12. The method of claim 11, wherein:

the first power managementalgorithm compris-
es deactivating a transceiveraftera first period
of wireless device inactivity, and
the second power managementalgorithm com-
prises deactivating the transceiverafter a sec-
ond period of wireless device inactivity, the sec-
ond period being longer thanthefirst period.
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13.

14.

15.

16.

17.

18.

19.

20.
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The method of claim 12, wherein the wireless de-
vice is inactive if the wireless device is not being
used to generate or transmit. data based on input
from a humanuser.

The method of claim 10, further comprising:

implementing a third power managementalgo-
rithm if the remote device does not support the
first feature but supports a second feature.

The method of claim 10, wherein said determining
wireless communication features comprises deter-
mining wireless communication featuresat the time
of establishing a wireless connection with a remote
device.

A machine-readable medium having stored thereon
data representing sequences ofinstructions which,
when executed by a processor, cause the processor
to perform steps comprising:

establishing, from a battery-powered wireless
device capable of creating wireless connec-
tions with a remote device in any of a plurality
of connection configurations, a wireless con-
nection with a remote device;

determining wireless communication features
supported by the remote device;
implementing a first power managementalgo-
rithm if the remote device supports a first com-
munication feature; and
implementing a second power managemental-
gorithm if the remote device does not support
thefirst feature.

The machine-readable medium of claim 16, where-
in the first communication feature comprises sup-
port for an acceptably fast re-connection procedure.

The machine-readable medium of claim 17, where-
In:

the first power managementalgorithm compris-
es deactivating a transceiveraftera first period
of wireless device inactivity, and
the second power managementalgorithm com-
prises deactivating the transceiverafter a sec-
ondperiod of wireless device inactivity, the sec-
ond period being longerthanthefirst period.

The machine-readable medium of claim 18, where-
in the wireless device is inactive if the wireless de-

vice is not being used to generate or transmit data
based oninput from a humanuser.

The machine-readable medium of claim 16, com-
prising further sequences of instructions which
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cause the processorto perform steps comprising:

implementing a third power management algo-
rithm if the remote device does not support the
first feature but supports a secondfeature.

The machine-readable medium of claim 16, where-

in said determining wireless communication fea-
tures comprises determining wireless communica-
tion features at the time of establishing a wireless
connection with a remote device.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to power management
in electronic devices that communicate via a wireless
link.

BACKGROUND OF THE INVENTION

[G002] Wireless communication between electronic
devices over relatively short distances is a common and
increasingly important feature of modem life. In some
cases,for example, an electronic device or other appli-
ance is controlled by another electronic device which
must communicate instructions to the controlled device

(and perhapsreceive information from the controlled de-
vice). Examples include computer input devices (e.g.,
mice, trackballs, joysticks, game controllers) and re-
mote control units (for, e.g., televisions or other appli-
ances). In other cases, itis necessary for one electronic
device to transmit more complex data to and/or receive
such data from another device. Examples include com-
puter keyboards,digital cameras and other devices able
lo lransmil dala lo a compuleror olher device. Among
other advantages, wirelessly transmitting data and/or
control signals can dramatically increase user conven-
ience and reduceclutter from multiple connecting ca-
bles.

[0003] Although there are several standards for wire-
less communication, BLUETOOTHis becoming the de
facto standard for many applications. Devclopcd by
Bluetooth SIG, Inc., the BLUETOOTH wireless specifi-
cation establishes protocols and standards for two-way
wireless communication betweenelectronic devices us-

ing relatively low power radio communication. BLUE-
TOOTHis described by, ¢.g., "Specification of the Blue-
tooth System"(versions 1.1 and 1.2), "Human Interface
Device (HID) Profile version 1.0" and various other doc-
uments available from Bluetooth SIG, Inc. at <http://
www. bluetooth.com>. Among other things, BLUE-
TOOTHprovides for two-way radio links between mul-
tiple devices in a short-range radio networkcalled a "pi-
conet."

[0004] As one example of a BLUETOOTHpiconet, a
personal computer may be configured to receive input
from one or more wireless input devices such as a wire-
less mouse and/or a wireless keyboard. In some cases,
a user connects a deviceto the piconet by simply bring-
ing the device within range of the computer's Bluetooth
controller. In other cases, more steps may be required
so that the device becomes bonded with the computer
BLUETOOTHhostso as to authenticate the device and
establish secure communication between the devices.

In either case, a series of inquiry, paging and other mes-
sages are exchanged betweenthe input device and the
computerto set up a connection over which user data
(€.g., Mouse movementor button press, Keyboard key
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down, etc.) is transmitted to the computer. In some cas-
es, data from applications or other software executing
on the computeris also transmitted over that connection
to the input device. Details of the messages exchanged
between devices to establish a connection are set forth
in the above-referenced BLUETOOTH documents and
are known in the art.

[Q005] To maintain a connection, even whenthe input
device has no user data to transmit, requires a periodic
exchange betweenthe input device and the computer.
In effect, the inout device periodically transmits a mes-
sage saying "I am still here." The computer responds
"OK, you arestill on mylist," and maintains the connec-
tion. Although the interval between user data and/or"I'm
here" messages from the input device can be varied, it
is generally on the order of tens of milliseconds. If the
computer does not receive a message from the input
device before expiration of a timeout period, the com-
puter assumes the input device is turned off or absent,
and breaks(or "de-lists") the connection with the device.
In orderfor the input device to again communicate with
the computer, another series of messages must be ex-
changed to re-establish the connection.
[0006] This can create a conflict with regard to design
requirements for a wireless inpul device such as a com-
puter mouseor keyboard. Because wireless devices are
battery powered, it is desirable to reduce the device's
power consumption as muchaspossible so as to pro-
long battery life. A significant amount of the device pow-
er is consumed bythe radio transceiver that communi-
cates with the controller. If other considerations are ig-
nored, the period between transmissions should bere-
duced as much as possible during times when the de-
vice is idle, i.e., not actually communicating user data
to the computer.If the interval between transmissionsis
too large, however, the connection to the computeris
lost. Although the connection can be re-established, do-
ing so is relatively time-consuming and increases the
amount of time needed for user input (e.g., moving a
mouse) to cause the appropriate response by the com-
puter (e.g., moving a cursor).
[0007] This input-to-response delay, or latency, can
be noticeable to a humanif it is approximately 100 mil-
liseconds or more. The acceptable amountof perceived
latency varies underdifferent conditions and with differ-
ent users and usage styles. For computers and input
devices operating under the earlier version (1.1) of the
BLUETOOTHspecification, the time to re-establish the
connection can be approximately 1 second or more. Un-
der version 1.2 of the BLUETOOTHspecification, the
reconnecttime is reduced, and in some cases may be
aslittle as approximately 250 milliseconds. This is a sig-
nificant improvement, and may result in acceptable la-
tency in some circumstances. Under other conditions,
this may still result in excessive latency. However, the
BLUETOOTHspecification allows manufacturers to in-
corporate additional features into a BLUETOOTH-com-
pliant device (whether a computer, an input device or
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otherwise), so long as those additional features do not
preventthat device from providing certain other features
that are mandatory for BLUETOOTH compliance. Ac-
cordingly, manufacturers are able to develop BLUE-
TOOTH-compliant chipsets providing a re-connect pro-
cedure that is faster than the "default" connection pro-
cedure of the BLUETOOTHspecification.
[0008] Unfortunately, advantages of faster BLUE-
TOOTHversion 1.2 and proprietary re-connection pro-
cedures may not be achievable in many cases. For ex-
ample, a computer mouse could be equipped with the
hardware and firmware necessary to implement a pro-
prietary fast re-connect procedure, but the mouse might
be used with a computer that does not support the fast
re-connect procedure.If used with a computer support-
ing the fast re-connect procedure, the mouse could im-
plement a power-managementalgorithm that suspends
radio communication with the computerfor time periods
that may cause the mouse-computer radio connection
to be broken. Upon need for transmission of data to the
computer(e.g., the user moves the mouseafter a period
of no mouse use), the connection can be re-established
sufficiently fast to avoid (or minimize) any perceived la-
tency. If, however, the mouse is used with a computer
nol supporling a fasl re-connecl procedure, Lhal power
managementalgorithm would likely result in unaccept-
able latency.
[0009] Various systems and methods are knownfor
automatic detection of a protocol by which a device com-
municates with a computer. U.S. Patents 6,442,734 and
5,754,890, assigned to the assignee of the presentin-
vention, arc two cxamplcs. However, ncither these pat-
ents nor other Known prior art describes optimizing (or
otherwise modifying) a power management algorithm
based on parameters of a communication link between
devices, and in particular, based on parameters of a
wireless communication connection.

SUMMARY OF THE INVENTION

[0010] Embodiments of the invention allow a wireless
device to determine characteristics of a connection es-

tablished (or being established) with a remote device,
and to then implement a power managementalgorithm
based on those characteristics. In one embodiment, a
wireless device includes a battery power source, a radio
transceiver powered by the battery, a memory and a
controller. The controller is configured to create, via the
transceiver, wireless connections with remote devices
in any of a plurality of connection configurations. The
controller detects the presence, in a wireless transmis-
sion from a remote device, of one or more parameters
identifying one of the plurality of configurations. Based
on the configuration identified, the controller implements
oneof a plurality of power managementalgorithms.
[0011] These and other features and advantages of
the presentinvention will be readily apparent and fully
understood from the following detailed description of
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preferred embodiments, taken in connection with the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is aview of a computing system environment
implementing atleast one embodimentof the inven-
tion.

qa G. 2 is a cutaway side view of the wireless mouse
FIG. 1.°

TT G. 3 is a block diagram for circuitry of the mouse
FIGS. 1 and 2.°

TT G. 4 is a state diagram showing an example pow-
r management algorithm.

@

mn G. 5 is a state diagram showing another example
power managementalgorithm.

FIG.6 illustrates transmission of a protocol data unit
lo a wireless mouse.

FIG. 7 illustrates transmission of a protocol data unit
to a wireless keyboard.

 
FIG. 8 is a block diagram for circuitry of a wireless
keyboard according to at least one embodimentof
the invention.

FIG. 9 is a state diagram for a wireless computer
input device according to at least one embodiment
of the invention.

FIG, 10 is a state diagram for a wireless computer
input device according to another embodiment of
the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] The present invention provides systems and
methods by which a wireless device may detect infor-
mation about a communicationlink with another device,
and then adopt or modify a power management
scheme. The invention is described by example of a
desktop computer and wireless computer input device
communicating under the BLUETOOTHstandard. How-
ever, the invention is not limited to these specific types
of devices or to the BLUETOOTHstandard. The inven-

tion may also be implemented with numerous other gen-
eral purpose or special purpose computing system en-
vironments or configurations, with other types of devic-
es, and in devices communicating via other wireless
communication standards and/or protocols.
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[0014] FIG. 1 illustrates one example of a suitable
computing system environment 1 in which the invention
may be implemented. Shown in FIG. 1, in side view, are
a desktop computer2 having a monitor 4 and keyboard
6. Also shownis wireless mouse 100, which communi-
cates with computer 2 via an RF transceiver within con-
gle 8. Dongle 8 is connected to a USB orotherport of
computer 2, and is located externally to computer 2 (as
shown). In at least one embodiment, dongle 8 houses
the required electronic componentsandfirmware for re-
ceiving BLUETOOTH communications from and trans-
mitting BLUETOOTH communications to remote devic-
es (Such as a mouse or keyboard). In at least one em-
bodiment, components within dangle 8 convert received
BLUETOOTHdata to a format which may be passed to
computer 2 via a USB port, and similarly convert USB
data to a format which may be transmitted by BLUE-
TOOTHlink. In particular, dongle 8 contains compo-
nents and firmware needed to implement the radio,
baseband, link manager and L2ECAP BLUETOOTHlay-
ers for computer 2. In other embodiments, electronic
components and firmware for implementing BLUE-
TOOTH communications may be internal to computer 2
and directly connected to a system or other bus without
an inlermediale USB conneclion.

[0015] FIG. 2is a side, cutaway view of mouse 100.
Mouse 100 may have one or more buttons 102 which
can be pressed byauser, a scroll wheel 104, or other
types of input controls which can be actuated by a user.
The number, arrangement and types of input controls
shown are merely exemplary, and other combinations
and arrangementsare within the scope of the invention.
The operation of switches, scroll wheels and other types
of input controls is known in the art and thus not further
described herein. Mouse 100 may also have one or
more internal circuit boards 106 or other substrates up-
on which various electronic components are connected
and physically supported.
[0016] These components mayinclude an imaging ar-
ray 108, a LED or laser source 110, a RF antenna 112,
a controller 114 and a battery/power source 126. Other
components, not shownin FIG. 2, may include memory
and otherelectrical components. LED or laser source
110 emits light which illuminates an area of a desktop
or other surface, and which is imaged by imaging array
108. Images from array 108 are then comparedto detect
movement of mouse 100 across the desktop or other
surface.

[0017] FIG. 3is a block diagram of the internal circuit-
ry of mouse 100 according to one preferred embodiment
of the invention. Operation of mouse 100 is controlled
by a microprocessor (uP) controller 114. Although con-
troller 114 is shown as a microprocessor, controller 114
could alternatively include state machine circuitry or oth-
er suitable components capable of controlling operation
of mouse 100 as described herein. Controller 114 com-

municates with memory 116. Memory 116, which may
include volatile and non-volatile memory, is a machine-
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readable medium used for storage of software (or
firmware) instructions, imaging data and configuration
settings (such as power management algorithms dis-
cussedin more detail below). Memory 116 mayinclude
a rewritable non-volatile component, such battery-
backed SRAM or EEPROM, and/or a non-rewritable

component such as ROM. Controller 114 also controls
LEDor laser source 110 (FIG. 2) and imaging array 108
(FIG. 2), as well as other imaging elements, all of which
are represented collectively by block 118. Controller 114
further controls RF communication circuitry 120, and
passes data to RF communicationcircuitry 120 forcom-
munication to computer 2 over antenna 112 (FIG. 2).
Similarly, data communicated to mouse 100 is received
via antenna 112 (FIG. 2) and RF circuitry 120, and trans-
mitted to controller 114. Controller 114 communicates

with imaging elements 118, RF circuitry 120 and mem-
ory 116 over one or more buses 122, showncollectively
as bold bi-directional arrows. Controller 114 also re-

ceives electrical signals that correspondto a user's ac-
tuation of a mouse button 102 (FIG. 2), scroll wheel 104
(FIG. 2) or other input control. These electrical signals
are represented collectively by User Input 124. The var-
ious electrical components of mouse 100 are powered
by a power source 126, which could include one or more
batteries.

[0018] Although FIG. 3 showscontroller 114, imaging
circuitry 118, RF circuitry 120 and memory 116 as dis-
crete components, this need not be the case. For exam-
ple, one or more of these components might be con-
tained in a single Integrated Circuit (IC) or other compo-
nent. As another example, controller 114 may include
internal program memory such as ROM. Similarly, the
herein described functions of these components could
be distributed across additional components(e.g., mul-
tiple controllers or other components).
[0019] The present invention permits mouse 100 to
automatically implement a power management algo-
rithm based on parameters of a wireless BLUETOOTH
connection with computer 2. For purposes of explana-
tion, two simplified power management algorithms are
presented. It is understood, however, that devices ac-
cording to other embodimentsof the invention may have
additional and/or more complex power managemental-
gorithms.
[0020] First power management algorithm 200 is
shownin the state diagram of FIG.4. In Active state 202,
mouse 100 is configured for immediate use. In other
words, Active state 202 assumesthat the useris cur-
rently moving the mouse, pressing mouse buttons or
otherwise providing input to computer 2 with mouse 100.
Controller 114 causes LED 110 (FIG. 2) and imaging ar-
ray 108 (FIG. 2) to create images at a rapid rate. Con-
troller 114 also causes RF circuitry 120 to transmit pe-
riodic messages to computer2 (via dongle 8) containing
data or to maintain the connection with computer2.
[0021] After 1 second of no useractivity, mouse 100
transitions to Idle state 204. As used herein, "no activity"
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includes circumstances when a useris not using the
mouse to provide user data to computer 2. In other
words, a user is not moving the mouse, pressing a
mousebutton or rotating a scroll wheel. In some embod-
iments, mouse 100 is equipped with a proximity sensor
(not shown) able to detect the presence of a user hand
on or near mouse 100, In such an embodiment, mouse
100 could be configured to treat non-proximity of a user
hand as a"noactivity" condition. In Idle state 204, Con-
troller 114 causes LED 110 (FIG. 2) and imaging array
108 (FIG. 2) to create images at a reduced rate. Con-
troller 114 also reduces the rate at which RF circuitry
120 transmits messages to computer2. In particular,
messagesareonly transmitted at an interval sufficiently
short to ensure that latency is not noticeableif the user
moves mouse 100, pushes a mousebutton or otherwise
resumes use of mouse 100. Because mouse 100is in

Idle state 204, there is no user data to transmit to com-

puter 2. If there is mouse motion or other user activity
while in Idle state 204, the corresponding user data is
sentin the next scheduled Idle state transmission, after
which mouse 100 returns to Active state 202. In one em-

bodiment, RF messagesare transmitted to computer 2
at the rate of one message every 70 millisecondsin Idle
slale 204. If mouse 100 sensesaclivily (e.g., movemenl,
button press, hand proximity) within 10 minutes after en-
tering Idle state 204, mouse 100 returns to Active state
202. After 10 minutes of no activity, mouse 100 enters
Extend Idle state 206. Upon entering Extended Idle
state 206, controller 114 sends a message to dongle 8
terminating the connection; in other embodiments, don-
gic 8 terminates the conncction with mouse 100 after
mouse 100 has been in Extended Idle state 206 (and
therefore not transmitted) longer than the timeout period
of dongle 8. In Extended Idle state 206, controller 114
deactivates RF circuitry 120 and no longer transmits to
(or listens for transmissions from) computer 2. The im-
aging rate is also further reduced. Upon sensing move-
ment, a button push, hand proximity or other indication
that mouse 100 is needed by a user, mouse 100 returns
to Active state 202. If the connection with computer 2
has beenterminated, it must be recreated prior to (or as
part of) a return to Active state 202.
[0022] FIG. 5 shows asecond power management al-
gorithm 220. Active state 222 is similar to Active state
202 of algorithm 200 (FIG. 4). The imaging components
(LED 110 and imaging array 108) and RF circuitry 120
are activated at rapid rates. After 1 second of no activity,
mouse 100 transitions to Idle state 224. Similar to Idle

state 204 of algorithm 200, imaging and RF transmis-
sion rates are reduced. Unlike algorithm 200, however,
mouse 100 remainsin Idle state 224 for less time before

transitioning to ExtendedIdle state 226. In one embod-
iment, mouse 100 transitions back to Active state 222 if

activity is detected within 1 minute in Idle state 224.If
no activity is detected after 1 minute, mouse 100 tran-
sitions to Extended Idle state 226. Similar to Extended

Idle state 206 of algorithm 200, controller 114 deacti-
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vates RF circuitry 120 and no longer transmitsto (or lis-
tens for transmissions from) computer 2 while in Extend-
ed Idle state 226. Upon detection of useractivity, mouse
100 returns to Active state 222. Upon entering Extended
Idle state 226, mouse 100 will have terminated the con-
nection with dongle 8, and the connection mustbe re-
established prior to (or as a part of) return to Active state
222.

[0023] Ascanbe appreciated from the preceding de-
scription, algorithm 220 allows mouse 100 to more
quickly deactivate RF circuitry 120, thereby saving pow-
er. However, this comesat a cost of more frequently re-
establishing the connection with computer2. If the time
to reestablish this connection is too long, the userwill
perceive a delay between the time he or she attempts
to resume input with mouse 100 and the time that the
input is acknowledged by computer 2. In some cases
this may only be an annoyance, while in other casesit
may actually resultin data loss (e.g., amouseclick might
not be detected by computer 2, and the user might not
realize this nondetection).
[0024] Accordingly, and as furtherillustrated with FIG.
6, mouse 100 chooses between power managemental-
gorithms 200 and 220 based on one or more parameters
of a conneclion crealed belween mouse 100 and com-

puter 2. When a connection between mouse 100 and
computer 2 is initially established, a series of messages
are transmitted between mouse 100 and dongle 8. The
content, format, sequence and other details of these
messages are described in the previously-referenced
BLUETOOTH documents, and thus not further de-

scribed hercin. As part of these messages, various Link
Manager(LM) protocol data units (PDU) 300 are trans-
mitted from dongle 8 to mouse 100. Contained within
one or more PDUs 300are dataidentifying features sup-
ported by dongle 8 and/or computer 2. Many such fea-
tures are specific to version 1.1 or to version 1.2 of the
BLUETOOTHstandard, or to a proprietary feature that
may be supported by dongle 8 and/or computer 2. For
example, Adaptive Frequency Hopping (AFH) is one
feature supported by BLUETOOTHversion 1.2 but not
by version 1.1. If dongle 8 is a BLUETOOTHversion 1.2
device,it will enable AFH by issuing (within a PDU 300)
aLMP_set_AFH command. If mouse 100 receives such

a command, controller 114 thereby determines that
computer2 is communicating via the BLUETOOTHver-
sion 1.2 standard.

[0025] In atleast one embodiment, the default recon-
nection times for BLUETOOTHversion 1 2 is within ac-

ceptable limits of latency of mouse 100. For example,
mouse 100 may be designed for (or configured for) use
by an individual more willing to accept some degree of
latency in return for longer battery life. In this embodi-
ment, controller 114 is programmedto implement power
managementalgorithm 220 upon detection of a param-
eter indicative of a BLUETOOTHv1.2 connection with

a computer, and to otherwise implement power man-
agementalgorithm 200. In another embodiment, mouse
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100 is designed (or configured) for a user who is unwill-
ing to accept a degree of latency associated with the
default reconnection time of BLUETOOTHv1.2. In this

embodiment, however, mouse 100 is further equipped
with hardware and/or firmware that permit mouse 100
to reconnect more quickly than the default BLUETOOTH
v1.2 connection time, so long as the connection is es-
tablished with another devicethat is also equipped with
the required hardware and/or firmware. If a mouse 100
in this embodiment receives a PDU 300 from dongle 8
indicating that dongle 8 has the required hardware and/
or firmware, controller 114 implements power manage-
mentalgorithm 220. Otherwise, mouse 100 implements
power managementalgorithm 200.
[0026] As previously indicated, the invention is not
limited to computer mice. FIG. 7 shows a computer key-
board 6' according to another embodimentof the inven-
tion. FIG. 8 is a block diagram for internal circuitry for
keyboard 6' according to one embodimentof the inven-
tion. Operation of keyboard 6' is controlled by micro-
processor 152. Microprocessor 152 scans for one or
more presses (or releases) of a key by scanning key
conductor matrix 154, and upon detecting a key press
(or release), causes the appropriate make or break code
(s) lo be Lransmilled by RF circuilry 156. Microprocessor
152 also communicates with memory 160, upon which
power managementalgorithms 200 and 220 are stored.
Microprocessor 152 and other components of keyboard
6' are poweredby battery 158. In one embodiment, mi-
croprocessor 152, upon receiving a PDU 300' (FIG. 7)
indicating computer 2 communicates via BLUETOOTH
v1.2, implements power management algorithm 220.
Otherwise, microprocessor implements power manage-
mentalgorithm 200. In another embodiment, keyboard
6' is further equipped with hardware and/or firmwarethat
permit keyboard 6' to reconnect more quickly than the
default BLUETOOTHv1.2 connection time, so long as
the connection is established with another device that

is also equipped with the required hardware and/or
firmware. If a keyboard 6' of this embodiment receives
a PDU 300' from dongle 8 indicating that dongle 8 has
the required hardware and/or firmware, microprocessor
152 implements power management algorithm 220.
Otherwise, keyboard 6' implements power management
algorithm 200.
[0027] FIG. 9is astate diagram for acontroller (such
as controller 114 of FIG. 3 or microprocessor 152 of FIG.
8) of an input device configured to operate in accord-
ancewith at least one embodimentofthe invention. FIG.

9 combines FIGS. 4 and 5 in certain respects. In state
301, the controller is establishing (or re-establishing) a
connection with another BLUETOOTHdevice. Whenin-

itially establishing the connection, the controller re-
ceives one or more PDUsproviding parameters for the
connection. In state 302, the controller determines,
based on parametersidentified in state 301, which pow-
er managementalgorithm to implement. If the parame-
ters of the connection correspond to a connection type

15

20

25

30

35

40

45

50

55

that supports sufficiently fast re-establishment of a con-
nection, a first (more power-conserving) algorithm is im-
plemented. In particular, the controller places the input
device in Active state 304, whichis similar to active state
222 (FIG. 5). After 1 second of no activity, the controller
transitions the input device to Idle state 306, whichis
similar to Idle state 224 of FIG. 5. The input device tran-
sitions back to Active state 304 if activity is detected
within 1 minute in Idle state 306. If no activity is detected
after 1 minute, the input device transitions to Extended
Idle state 308. Similar to ExtendedIdle state 226 ofal-

gorithm 220, the controller deactivates RF circuitry and
no longer transmits to (or listens for transmissions from)
from a remote device while in Extended Idle state 308.

Upondetection of useractivity, the controller transitions
the input device to state 301 and establishes or re-es-
tablishes a connection. If the connection is a re-estab-

lished connection with the same remote device, this is
determined in state 301, the various connection param-
eters (previously received when initially establishing the
connection) are not retransmitted, and the input device
transitions directly from state 301 to state 304.If the con-
nection is with another remote device, the connection
parameters for the new remote device are received, and
a delerminalion is madeal slale 302 as lo whelherlhe

newly connected remote device supports a sufficiently
fast re-establishment of a connection. If so, the input de-
vice again transitions to state 304.
[0028] If itis determined in state 302 afterinitially es-
tablishing a connection with a remote device that the pa-
rameters of the just-established connection do not cor-
respond to a connection type supporting sufficiently fast
re-establishment of a connection, asecond (less power-
conserving) algorithm is implemented. In particular, the
controller places the input device in Active state 310,
which is similar to active state 202 (FIG. 4). After 1
minute of no activity, the controller transitions the input
device to Idle state 312, which is similar to Idle state 204
of FIG. 4. The input device transitions back to Active
state 310 if activity is detected within 10 minutesin Idle
state 312. If no activity is detected after 10 minutes, the
input device transitions to Extended Idle state 314. Sim-
ilar to ExtendedIdle state 206 of algorithm 200, the con-
troller deactivates RF circuitry and no longer transmits
to (or listens for transmissions from) from a remote de-
vice while in Extended Idle state 314. Upon detection of
user activity, the controller transitions the input device
to state 301 and establishes or re-establishes a connec-
tion. If the connection is a re-established connection

with the same remote device, the input device returns
to Active state 310 directly from state 301.
[0029] FIG. 10is astate diagram for a computer input
device according to another embodimentof the inven-
tion. Similar to state 301 of FIG. 9, a controller of a de-

vice according to FIG. 10 establishes (or re-establishes)
a connection with another BLUETOOTHdevicein state

401. As part of establishing the connection, the coniral-
ler receives one or more PDUs providing parameters for
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the connection. In state 402, and similar to state 302 of
FIG, 9, the controller determines, based on parameters
identified in state 401, which power management algo-
rithm to implement. In the embodiment of FIG. 10, how-
ever, the controller selects from three or more power
managementalgorithms 404, 406, 408,etc.
[0030] Although specific examples of carrying out the
invention have been described, those skilled in the art
will appreciate that there are numerous variations and
permutations of the above described systems and tech-
niques that fall within the spirit and scope of the inven-
tion as setforth in the appended claims. These and other
modifications are within the scope of the invention as
defined by the attached claims.

Claims

1. Adevice comprising:

a battery power source;
a radio transceiver poweredby the battery and
having components for transmission and re-
ceipt of data;
a memory having inslruclions slored lhereon;
and

a controller coupled to the transceiver and to
the memory and configured execute the in-
structions so as to:

create, via the transceiver, wireless con-
nections with remote devices in any of a
plurality of connection configurations,
detect the presence, in a wireless trans-
mission from a remote device, of one or
more parameters identifying one of the plu-
rality of configurations, and
implement, based on the configuration
identified, one of a plurality of power man-
agementalgorithms.

2. The device of claim 1, wherein the controller is con-
figured to detect the presence of one or more pa-
rameters by determining if a wireless connection
with the remote device has at least one parameter
corresponding to an acceptably fast re-connection
procedure.

3. The device of claim 2, wherein the controller is con-
figured to:

implement, upon determining the presence of
the at least one parameter, a power manage-
mentalgorithm in which the transceiveris de-
activated after a first period of device inactivity,
and

implement, upon determining the absence of
the at least one parameter, a power manage-

15

20

25

30

35

40

45

50

55

ment algorithm in which the transceiveris de-
activated after a second period of device inac-
tivity, the second period being longer than the
first period.

4. The device of claim 3, wherein the controlleris con-

figured such that the deviceis inactive if the device
is not being used to generate or transmit data based
on input from a humanuserof the device.

5. The device of claim 1, wherein the controlleris fur-
ther configured detect the presence of one or more
parameters at the time of establishing a wireless
connection with a remote device.

6. Thedevice of claim 1, wherein the plurality of power
managementalgorithms comprises three or more
power managementalgorithms.

7. The device of claim 1, wherein the device is a com-
puter input device.

8. The device of claim 7, wherein the device is acom-
puter mouse.

9. The device of claim 7, wherein the device is a com-
puter keyboard.

10. Amethod for automatically selecting a power man-
agement algorithm in a battery-powered wireless
device capable of creating wireless connections
with a remote devicc in any of a plurality of connce-
tion configurations, comprising:

establishing a wireless connection with a re-
mote device;

determining wireless communication features
supported by the remote device;
implementing a first power managementalgo-
rithm if the remote device supports a first com-
munication feature; and
implementing a second power managemental-
gorithm if the remote device does not support
the first feature.

11. The method of claim 10, wherein the first commu-
nication feature comprises support for an accepta-
bly fast re-connection procedure.

12. The method of claim 11, wherein:

the first power managementalgorithm compris-
es deactivating a transceiverafterafirst period
of wireless device inactivity, and
the second power managementalgorithm com-
prises deactivating the transceiverafter a sec-
ond pericd of wireless deviceinactivity, the sec-
ond period being longer than the first period.
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The methodof claim 12, wherein the wireless de-

vice is inactive if the wireless device is not being
used to generate or transmit data based on input
from a human user.

The method of claim 10, further comprising:

implementing a third power managementalgo-
rithm if the remote device does not support the
first feature but supports a second feature.

The method of claim 10, wherein said determining
wireless communication features comprises deter-
mining wireless communication features at the time
of establishing a wireless connection with a remote
device.

A machine-readable medium having stored thereon
data representing sequences of instructions which,
when executed by a processor, cause the processor
to perform steps comprising:

establishing, from a battery-powered wireless
device capable of creating wireless connec-
lions wilh a remole device in any of a pluralily
of connection configurations, a wireless con-
nection with a remote device;
determining wireless communication features
supported by the remote device;
implementing a first power managementalgo-
rithm if the remote device supports a first com-
munication feature; and
implementing a second power managemental-
gorithm if the remote device does not support
the first feature.

The machine-readable medium of claim 16, where-
in the first communication feature comprises sup-
portfor an acceptably fast re-connection procedure.

The machine-readable medium of claim 17, where-
in:

the first power managementalgorithm compris-
es deactivating a transceiverafter a first period
of wireless device inactivity, and
the second power managementalgorithm com-
prises deactivating the transceiverafter a sec-
ond period of wireless deviceinactivity, the sec-
ond period being longer than the first period.

The machine-readable medium of claim 18, where-
in the wireless device is inactive if the wireless de-

vice is not being used to generateor transmit data
based on input from a human user.

The machine-readable medium of claim 16, com-
prising further sequences of instructions which
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21.

14

causethe processorto perform steps comprising:

implementing a third power managementalgo-
rithm if the remote device does not support the
first feature but supports a second feature.

The machine-readable medium of claim 16, where-
in said determining wireless communication fea-
tures comprises determining wireless communica-
tion features at the time of establishing a wireless
connection with a remote device.
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(57) A headset (100) includes a capacitive sensor (160) to
detect the presenceof a user. Capacitive sensing is
advantageoussinceit provides a reliable sensor that
can accurately detect the presence or absenceof a
user either by detecting user proximity or user contact.
The sensitivity of a capacitive sensor may be adjusted
to account for user movement or changesin
environmental conditions such as the presence of
water or sweat on the headsetto further improve
sensing reliability. A control circuit is operable to control
a function of the headset depending on whether a user
wears the headsetor not. Such a circuit may be a
power managementcircuit to reduce powerto the
headset when a useris not sensed. User presence
signals based on capacitive sensing in a headset could
also control other functions of the headsetor control

external devices, such as a phone, to which the
headsetis connected,either wirelessly or by wires.
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Headsets and headset power management

Field

The invention relates to apparatus comprising headsets and more especially but not

exclusively to power management and/or function contro! of such apparatus. In

particular, the invention relates to power management in a headset that comprises one

or more circuit elements that consume electrical power such as, for example, a

Bluetooth™ or other wireless receiver.

Background

Manydifferent types of headset have been designed by numerous manufacturers with

various types of end user application in mind. For example, stereo headphones for

listening 10 music have been around for many years, as have ear pieces for use with

hearing aids, portable radios and the like [1-3].

Recently, many new types of headset that can be wom by a user have been developed

with a view to using them with mobile cellular telephones or other portable electronic

devices. Numerous headset designs have been created to enable a user to use such a

portable electronic device without the need to hold the electronic device: the so-called

“hands-free” mode ofoperation.

Many of the recently developed headsets are cordless devices that incorporate a

Bluetooth™ receiver or a Bluetooth™ receiver/transmitter. Bluetooth™ is a radio-

frequency communications standard developed by a group of electronics

manufacturers that allows various types of electronic equipment to interconnect,

without the need for wires, cables or detailed user intervention. The Bluetooth™

standard enables various electronic devices to inter-operate, since all electronic

products that use Bluetooth™ have to use an agreed standard that dictates when data

bits are sent, how manydata bits are sent at any one time, how data transmission errors

are handled,etc.
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Whilst improved design has lead to improvements in the size and weight of headsets,

the functionality ofheadsets has increased dramatically. This has increased pressure on

engineers to consider how most efficiently to use the electrical power available,

particularly for cordless battery-operated headsets where battery life and available

power are limited.

With a view to improving power usage, various manufacturers have developed
headsets that incorporate power management features.

One prior art design is that of the Sony™ MDR-DS8000 headset available from

Sony™ Corporation. In this headset, an electromechanical switch is provided that

changes state when the ear pieces are pulled apart when the headset is being put on by

a user. This is done by the headband expanding and pulling on a switch mechanism.

In another prior art design [4], an inductive noise signal is provided by a metallic ring

built into an ear piece when the ear piece contacts a user. This signal is used to detect

the presence or absence of a user to determine whether or not to power-down a signal
amplifier.

While these known power-saving headsets fulfil the desired function, they are not

without various drawbacks. For example, mechanical switches are relatively bulky and

expensive, and they can also suffer from long-term reliability problems. Moreover, the

mechanical headband switch approach is not transferable to non-headband based

headsets such as single-ear devices, for example ones that operate wirelessly by
Bluetooth™ or otherwise. Sensing user presence based upon detecting inductive noise
is also less than ideal, particularly given the random nature of such noise and its

amplitude variability according to differing physical conditions, such as the degree of

electrode contact with the user (e.g. if a user is jogging), prevailing environmental

conditions(e.g. if a user is sweating or is exposed to rain),etc.
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Summary ofthe invention

Accordingto a first aspect of the invention, there is provided an apparatus comprising:

a headset including a sensing element; a capacitance measurementcircuit operable to

measure the capacitance of the sensing element; and a control circuit operable to

determine whether a user is wearing the headset based on a measurement of the

capacitance of the sensing element, and to control a function of the apparatus

according to whether the headset is being worm.

Thus a simple andreliable way of controlling functions of an apparatus in dependence
on whether or not a headset is being worn is provided. Various functions can be

controlled. For example, the controlled function may be a power saving function.

Alternatively, the function may relate to activation of an audio amplifier, activation of

a wireless communications transceiver, outputting of an audio signal by an audio

generator, and/orthe inhibition ofuser input signals, for example.

Any form of capacitance measurement circuitry may be employed, for example

circuitry based on RCcircuits, relaxation oscillators, phase shift measurements, phase

locked loop circuitry, capacitive divider circuitry may be used. Capacitance

measurement based on charge transfer techniquesin particular are well suited to this

application. Thus the capacitance measurementcircuit may include a sample capacitor

and be operable to transfer charge from the sensing elementto the sample capacitor to
generate an electric potential at the sample capacitor for measuring. Furthermore, the

capacitance measurementcircuit may comprise a switch operable to transfer a burst of

charge packets sequentially from the sensing elementto the sample capacitor prior to a

measurementofthe electric potential being made.

The contro! circuit may be operable to determine whether a user is wearing the headset

by comparing a measured capacitance of the sensing element to one or more

predetermined threshold values. The measured capacitance may be an absolute value

of capacitance or a differential measurementof capacitance,e.g. a difference from an
earlier measured value.
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The capacitance measurement circuit may be extemal to the headset, e.g. in a base

unit, or may be internal to the headset. Furthermore, the control circuit and/or a circuit

element providing the function to be controlled may be external to the headset, e.g. in

a base unit, or may be internal to the headset.

According to a second aspectof the invention, there is provided a method ofoperating

an apparatus comprising a headset, the method comprising: measuring the capacitance

of a sensing element in the headset; determining from the measured capacitance

whether a user is wearing the headset; and controlling a function of the apparatus in

responseto determining whether the headset is being worn.

The measuring the capacitance ofthe sensing element may include: transferring charge

from the sensing element to a sample capacitor; measuringthe electric potential at the

sample capacitor; and determining the capacitance of the sensing element from the

measured electric potential of the sample capacitor, Furthermore, the transferring

charge from the sensing element to a sample capacitor may comprise transferring a

burst of charge packets in sequence from the sensing elementto a sample capacitor.

The determining whether a user is wearing the headset or not may comprise comparing
the measured capacitance of the sensing element to one or more predetermined

threshold values in order to determine whether the capacitance of the sensing element

has been changed dueto the proximity of a user. Furthermore, the method mayinclude

adjusting one or more of the threshold values in response to changes in operating
conditions.

According to a third aspect ofthe invention, there is provided an energy saving headset

comprising a power managementunit operable to reduce the power consumption of
the headset whenit is not being worn by a user. The power managementunit includes

a sensing circuit coupled to a capacitive sensor. The sensing circuit is operable to

measure the capacitance of the capacitive sensor and to generate a user presence signal

in dependence upon the measured capacitance. The user presence signalis indicative

of whether a user is present or not. The power management unit is operable in
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accordance with the user presence signal to control one or more circuit elements that

are provided in the headset, typically a power control.

Power control will normally be by switching the circuit element on or off. However,

the power control need not be a simple binary function, but may include reducing the

power to a stand by level for example, or reducing the power supplied to a power

amplifier so thatit is still operable but at reduced gain, ¢.g. to suppress feedback that

may otherwise occur. However,it will be understood that the user presence signal can

be used, by the power managementunit or otherwise, to control other functions not

directly related to power. For example, the user presence signal can be used to control

other functions of the headset, or to output an external output signal that can be

received by other devices to which the headset is connected, either wirelessly or wired.

For example, removalofthe headset may be used to pause playing activity of a sound

or video track, whereafter putting the headset back on will cause resumption ofplaying
responsive once more to the user presence signal. Another example would be when

placing the headset on by the user causes playback to be switched from an external

loudspeaker to the headset speaker. Headsets with ambient noise canceling are also

well known. For example, such headsets are successful in reducing flight noise and for

increasingthe fidelity of classical music playback.It is also well known that the noise

canceling circuitry consumes significant power, so selective activation and

deactivation of the noise canceling circuitry is one useful application of the invention.

Accordingly the invention further relates to a headset with reduced power

consumption, comprising: at least one circuit element requiring power; a capacitive

sensor operable to provide a capacitance measurement signal; and a power

management unit including a sensing circuit operable to generate a user presence

signal responsive to the capacitance measurement signal indicating whether the
headset is being worn and operable to control the at least one circuit element

dependent on said user presence signal, or to output an external output signal that is

dependent on said user presence signal for receipt by another device to which the

headset is connected. The at least one circuit element may control a function of the

headset, such as its power delivery. Alternatively, the at least one circuit element may
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be used indirectly to control the function of an external device by transmitting the user

presence signal externally.

According to a fourth aspect of the invention, there is provided a method of operating

a headset in order to reduce power consumption. The method comprises measuring the

capacitance of a capacitive sensor, determining from the measured capacitance

whether a user is present or not, and powering-down one or more circuit elements in

the headset in response to determining that no user is present in order to reduce the

power consumption ofthe headset.

As mentioned above, the user preference detection may be used to control functions

other than power consumption. Consequently, the invention also relates to a method of

operating a headset, the method comprising: measuring the capacitance of a capacitive

sensor; determining from the measured capacitance whether a user is present or not;

and controlling a function of the headset, or outputting an external output signal that

can be received by another device to which the headset is connected, in response to

determining whether the user is present or not. The external device to which the

headset is connected may be connected wirelessly or by wires.

The claimed capacitive sensing solution provides a simple, inexpensive and reliable

sensor which is superior to the prior art mechanical solution described above.

The capacitive sensor can operate either on proximity or direct contact depending on

how its sensitivity is calibrated. The sensitivity of the capacitive sensor may also be

dynamically adjusted to account for changes in environmental conditions, such as, for

example, humidity.

According to a further aspect ofthe invention there is provided a headset with reduced

power consumption, comprising: at least one circuit element requiring power; a

capacitive sensor operable to provide a capacitance measurementsignal; and a power

management unit including a sensing circuit operable to generate a user presence

signal responsive to the capacitance measurement signal indicating whether the
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headset is being worn and operable to contro] the at least one circuit element

dependenton said user presence signal,

The sensing circuit may include a sample capacitor and be further operable to transfer

charge from the capacitive sensor to the sample capacitor to generate an electric

potential at the sample capacitor for measuring.

The headset may further comprise at least one switch operable to transfer a burst of

charge packets sequentially from the capacitive sensor to the sample capacitor prior to

any measurementofthe electric potential being made.

The sensing circuit may comprise a consensusfilter for generating the user presence
signal.

The sensing circuit may further be operable automatically to perform a self-calibration
operation.

The capacitive sensor may comprise an electrode that is electrically isolated from the

user when the headsetis being worn.

For example, the sense electrode of the capacitive sensor may be located under the

casing ofa traditional hi-fi format twin ear headset or within the housing of an ear-

piece that formspart of a single ear or twin ear modern-style ear-piece headset of a

portable music player, Bluetooth™ accessory headset, hearing aid, etc. The sense
electrode of the capacitive sensor could alternatively be provided on the headbandofa

traditional hi-fi format twin ear headset. It could also be provided in the form of a

conductive strip within the speaker area of a headset. In generalit is desirable that the

sense electrode of the capacitive sensor is provided relatively near to the user's skin,
since signal strength correlates with proximity.

Atleast one ofthe circuit elements may comprise a Bluetooth™ receiver.
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According to a still further aspect of the invention there is provided a method of

operating a headset in order to reduce power consumption, the method comprising:

measuring the capacitance of a capacitive sensor; determining from the measured

capacitance whethera user is present or not; and powering down oneor morecircuit

elements in the headset in response to determining that no user is present in order to
reduce the power consumptionofthe headset.

The measuring the capacitance of the capacitive sensor may include: transferring

charge from the capacitive sensor to a sample capacitor; measuring the electric

potential at the sample capacitor; and determining the capacitance of the capacitive

sensor from the measured electric potential ofthe sample capacitor.

The transferring charge from the capacitive sensor to a sample capacitor may comprise
transferring a burst of charge packets in sequence from the capacitive sensor to a
sample capacitor.

The determining whether a user is present or not may comprise comparing the
measured capacitance of the capacitive sensor to one or more predetermined threshold

values in order to determine whether the capacitance of the capacitive sensor has been

changed by the proximity of the user.

The method may comprise adjusting one or moreofthe threshold values in response to
changes in operating conditions.
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Brief description of the drawings

For a better understanding ofthe invention and to show how the same maybe carried

into effect, reference is now made to the accompanying drawings in which:

Figure 1 shows a schematic diagram of an energy saving headset according to an
embodiment of the present invention;

Figure 2 shows a schematic diagram of headset electronics for use in various headsets

made in accordance with the presentinvention;

Figure 3 shows a schematic diagram illustrating the physical configuration of various

components for use in various headsets made in accordance with the present invention;

Figure 4 shows a power management unit for use in various embodiments of the

present invention;

Figure 5 shows a chargetransfer capacitance measurementcircuit for use in various

embodiments of the present invention:

Figure 6 shows a switching table indicating the switching sequence of the switches

used in the charge transfer capacitance measurementcircuit ofFigure 5;

Figure 7 shows a schematic circuit diagram depicting an electrically equivalent
rearrangement of a part of the charge transfer capacitance measurementcircuit of
Figure 5;

Figure 8 showsa plot of voltage across capacitor Cs ofthe charge transfer capacitance

measurement circuit of Figure 5 as a function of cycle number during a burst-mode
operation;

Figure 9 shows a schematic diagram of an apparatus according to another embodiment
ofthe invention; and

Figures 10A and 10B show schematic diagrams of an apparatus according to a further
embodimentofthe invention.
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Detailed description

Figure | shows a schematic diagram of an energy saving headset 100. The headset 100

comprises first and second casings 102a and 102b housing respective loudspeakers

112a and 112b for reproducing stereo sound. The casings 102a and 102b are physically

connected together by a headband 104 that comprises a recess for housing electrical

cabling (not shown) which connects the loudspeaker 112b in the second casing 102b to

headset electronics 120 housed in thefirst casing 102a,

The casings 102a and 102b are formed ofan outer casing cover 108 and an inner cover

106 that contacts a user’s ear when the headset 100 is being worn. The casing cover

108 may be used to mountvarious user operable controls (not shown), such as, for

example, volume controls, channel controls etc. The cover 106 can be provided over

padding for user comfort and be made from various materials, including, for example,

a flexible water-resistant polymeric sheet material. An opening in the cover 106

exposes the loudspeaker 112 to the user’s respective car whenthe headset 100 is being
worm.

The headset electronics 120 provides a power management function in order to lessen

power consumption when no user is wearing the headset 100. The headset electronics

120 uses capacitive sensing in order to detect whether or not a user is wearing the

headset 100. In addition to power management, the headset electronics 120 may also
provide various other functions, such as those described below.

Capacitive sensing is achieved by the headset electronics 120 measuring the
capacitance of a sense plate 160, for example, by using a charge transfer technique
such as that described in more detail below. The sense plate 160 is provided in the

headset 100 undemeath the cover 106. Hence,in this embodiment, the sense plate 160

does not contact the user when the headset is being wom,and is used to detect user

presence by sensing proximity of the user rather than any physical contact of the user

with the sense plate 160. This makes the headset 100 as comfortable as a conventional

headset that does not incorporate a power management function, and also enables a
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conventional headset design to be used since the cover 106 does not need to be cut or

otherwise further modified to accommodate a touch sensor.

Figure 2 shows a schematic diagram of headset electronics 120 for use in various

embodiments of headsets made in accordance with the present invention. The headset

electronics 120 includes a power supply 122 for powering a radio frequency (RF)

receiver 130 that receives and decodes signals that are transmitted to the headset 100.

The headsetelectronics 120 also includes a power amplifier 114 which amplifies audio

signals that are decoded by the receiver 130 and feeds the amplified audio signals to

respective loudspeakers 112a and 112b for stereo sound reproduction. The receiver

130 may be a conventional Bluetooth™ receiver, or other wireless receiver such as

Zigbee™. Reference to wireless includes the possible use of an infrared link or radio
link.

The power supply 122 can include a rechargeable battery plus associated charging and

a power conditioning circuit. In alternative embodiments, the headset 100 can be

powered by conventional batteries or from an external power source. However,in the

embodimentofFigure 2, use ofa rechargeable battery conveniently allows for cordless

operation of the headset 100,

A positive output of the power supply 122 is electrically coupled to a positive supply

rail 124. The negative or ground outputofthe power supply 122 is electrically coupled

to a negative supply rail 126. The electronic components that form the headset

electronics 120 are electrically coupled to the negative supply rail 126. In addition, a

power management unit 150 is provided that is operable to electrically connect the

positive supply rail 124 to a disconnectable portion of the positive supply rail 124".

Operation of the power managementunit 150 to disconnect the portion ofthe positive

supply rail 124’ from the positive supply rail 124 cuts off the power supply to any

electronic components that are powered from the portion of the positive supply rail

124’, thereby reducing the total power that is consumed by the headset electronics 120

when the power managementunit 150 is in a disconnectstate.
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When the power management unit 150 is in the disconnect state, only the power

management unit 150 itself need draw any power from the power supply 122. In

variants of this embodiment, any electronic components that need to be permanently in

an active state are electrically connected between the positive supply rail 124 and the

negative supply rail 126, while any electronic components that can be switched off

when the headset 100 is not being worm are electrically connected between the portion

of the positive supply rail 124’ and the negative supply rail 126.

Figure 3 shows a schematic diagram illustrating the physical configuration of various

components that form part of the headset 100 shown in Figure 1.

A portion of the cover 106 is shown in proximity to the ear of a user 110. The cover

106 separates the user 110 from the sense plate 160 that is provided in the headset 100.

Also shown,electrically coupled to the sense plate 160 by sense plate connector 154,

is a charge sensing circuit 152 that forms a part of the power managementunit 150.

The charge sensing circuit 152 is electrically connected between the positive supply

rail 124 and the negative supply rail 126 in order to draw power from the power supply

122. Two outputs, a contro! output 156 and a measurementoutput 158, are provided by
the charge sensing circuit 152, these are further described below in connection with

various components of the power managementunit 150.

Figure 4 schematically shows a power management unit 150 for use in various

embodimentsof the present invention. The power management unit 150 comprises a

charge sensing circuit 152 that is electrically coupled to a sense plate 160 by way of a

sense plate connector 154,

The charge sensing circuit 152 is electrically connected between the positive supply
rail 124 and the negative supply rail 126, and is operable to measure the capacitance of

the sense plate 160. The charge sensing circuit 152 has two outputs 156 and 158. One

of these outputs is a measurement output 158, the voltage level ofwhich indicates the

measured capacitance of the sense plate 160. The other output is a control output 156

that is used to indicate to a signal processor 162 when the voltage level of the

measurement output 158 is available to be read.
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The signal processor 162 is electrically connected between the positive supply rail 124

and the negative supply rail 126. It is operable to process measured capacitance values

and to determine whether those measured capacitance values for the sense plate 160

indicate the presence of the user 110, a process that is described in greater detail

below. The signal processor 162 provides a control output 168 whose output level

indicates the presence of a user (output level = logic one) or the absence of a user

(output level = logic zero).

An optional driver circuit 164 is also provided in the power managementunit 150 for

embodiments where the output current that can be provided by the contro! output 168

is not sufficient to drive field-effect transistor (FET) switch 166 directly. The FET

switch 166 is operable to electrically couple the positive supply rail 124 to the portion
of the positive supply rail 124‘ in order to activate electrical components connected to

the latter supply rail 124’. Where such a driver circuit 164 is provided,it is itself

powered by drawing powerfrom between the positive supply rai! 124 and the negative
supplyrail 126.

Optionally, the charge sensecircuit 152 and the signal processor 162 may be provided
together by using an integrated circuit (IC) device, such as, for example, the QTLIO
sensorIC available from Quantum Research Group of Hamble, Great Britain.

Figure 5 shows a charge transfer capacitance measurement circuit 155. A similar

charge transfer capacitance measurementcircuit is described in US patent number US-

B1-6,466,036 [5], and the content of this document is hereby incorporated herein by
reference in its entirety.

Although any suitable capacitance measurement technique maybe used, the circuit of

the charge transfer capacitance measurement circuit 155 is well suited for

implementing on an IC. Additionally, the measuring of capacitance using a charge
transfer technique can be advantageous because it provides superior performance at a

lower manufacturing cost when compared to various other user presence detection
techniques.
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A first switching element, SI, is used to drive electric charge through both a sampling

capacitor, Cs, and a capacitance to be measured, Cx, during Step C (as summarised in

the table ofFigure 6). This leaves residual charges on both Cs and Cx after S1 opensin

step D of Figure 6. Kirchoff's current law and the principle of charge conservation

dictate that these charges, Qx and Qs, are equal. However, because Cs>>Cx, a greater

residual voltage is found on Cx, and conversely, a lesser voltage is found on Cs. Figure

7 reveals that the arrangement of Figure 5 may be viewed as a capacitive voltage

divider when considering the closure of$1 in step C ofFigure 6.

In Figure 5, a sense plate 160 is explicitly depicted to indicate that in uses of the

invention the presence or motion of an object that is not part of the apparatus ofthe

invention is to be sensed by a capacitive measurement. Although the Figures

sometimes show both a sense plate 160 and an unknown capacitance, Cx, it will be

understood to those skilled in the art that in these depictions Cx is the capacitance of

the sense plate 160 to free space or to an electrical ground. The value of Cx is

modified by the presence or proximity ofa user.

Again referring to the depiction of Figure 5, a second switching element, S2,is used to

clear the voltage and charge on Cx, and also to allow the measurement of Ves, the

voltage across Cs. It may be noted that the use of $2 allows $1 to be cycled repeatedly

in order to build up the charge on Cs. This provides a larger measurable voltage value

and greater accuracy, increasing sense gain or sensitivity without the use of active

amplifiers. A third switching clement, $3, acts as a reset switch and is used to reset the

charge on Csprior to beginning a charge transfer burst as explained below.

A preferred control circuit 172 controls the switching sequence and also the operation
of the measurement circuit 170. The contro! circuit 172 is operable to switch the

switches Sl, S2 and S3 using the schematically-illustrated control lines 174. A signal
processor, indicated as block 162, may be required to translate an output of the

measurementcircuit into a usable form. For example, this may involve converting
cycle counts to a binary representation of signal strength. The signal processor 162
may also contain linear signal processing elements such as filters and/or non-linear
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functions such as threshold comparisons, so as to provide an output suitable for an

intended application.

Although the control circuit 172 and signal processor 162 are depicted only

schematically in Figure 5, it will be clear to those skilled in the art that such circuit

elements may also be used with circuit elements depicted elsewhere (e.g. as indicated

by the bold output arrow from the measurementcircuit 170), and that variouscircuit

elements and connections have been omitted only in the interest of clarity of

presentation.

Thetable of Figure 6 shows the switching sequence used in one implementation using

the circuit of Figure 5. First, in step A, switching elements S2 and $3 are closed to

clear charge on Cs and Cx. After a suitable pause in step B during whichall switches

are held open, S1 is closed to drive charge through Cs and Cx (Step C). The resulting

first voltage increment across Cs is defined by the capacitive divider equation:

AVes(1}=V,CxA(Cs+Cx) (1)

where V, is the reference voltage connected to S1.

In step D,all switches are held open.

In Step E, S2 is closed, and AVcs appears as a ground-referenced signal on the

positive, distal, terminal of Cs. Dead-time steps B and D are employed to prevent

switch cross-conduction, which would degrade the charge build-up on Cs. The dead-

time can be quite short, measuring a few nanoseconds,or longer if desired. Steps B

through E may be repeated in a looping manner, to provide a “burst” ofcharge transfer

cycles. After a suitable charge transfer burst length, the charge transfer cycle is

terminated and Ves is measured in the aforementioned manner, e.g. by using an
analogue-to-digital converter (ADC), in Step F, with SZ closed and the other switches

open. Following the measurement of Ves, S3 may also be closed to reset Cs in

preparation for the next charge transfer burst, during which a further plurality of
packets of charge will be transferred from Cx to Cs.
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Tn an alternative variant, steps E and F may be combined so that a measurementis

made at each charge transfer cycle. By combining steps E and F, which are

functionally identical, the measurementcircuit 170 can be made to consist of a simple

voltage comparator with a fixed reference. In such cases, the looping action of the

charge transfer cycles is terminated when the voltage comparison indicates that Ves

has risen above a selected threshold value. The number of cycles taken to reach this

point becomesthe signal reading which is indicative of the value of the capacitance
Cx. This technique is explained further below.

During the repeating loop ofsteps B through E, voltage builds up on Csbut not on Cx.

Cx is continuously being discharged in step E, and hence Cx cannot build up an

increasing amount of charge. However, Cs freely accumulates charge, so that the

resulting incremental voltage is dependent on the difference in the voltages V, and Vcs
as follows:

AVes(n) = K(VeVes(n-1)) (2)

where V, is a supply voltage that may bea fixed reference voltage; n is the charge
transfer cycle number; and K = Cx/(Cs+Cx),

Thefinal voltage across Vcsis equal to the sum oftheinitial value of Ves plus Ves(N)

which is equal to the sum ofall ofthe subsequent values ofAVcs. Thatis:

Ves(N) = AVes(1}+ AVes(2}+ AVcs(3}+...+ AVes(N) (3)

or,

Ves(N) = LAVes(n)=K £ ( AV,-Ves(n-1)) (4)

where the summation runs overthe range from n=! to n=N.

During each charge transfer cycle, the additional incremental voltage on Vesis less

than the incrementfrom the prior cycle and the voltage build-up can be described as a

limiting exponential function:

VINFV,-Vie™ (5)
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wheredis a time scaling factor. This producesthe profile that is shown in Figure 8.

In practice, a burst is terminated well before Vcs rises to be approximately the same as

V,. In fact, if the rise in Ves is limited to <10% of V,, the linearity can be made

acceptable for most applications. For simple limit sensing applications, Ves can be

permitted to rise higher, at the expense of increasingly degraded signal-to-noise ratios

in the threshold comparison function.

The charge transfer burst can be terminated after a fixed or after a variable number of

cycles. If a fixed number is used, the measurement circuit 170 should be capable of

representing continuous signals much as in the fashion of an ADC or an analogue

amplifier. If a variable burst length is used, a simple comparator with a fixed reference

can be employed for the measurementcircuit 170, and the length ofthe burst required

is that at which Vcs has built up to a level where it equals the comparison voltage. The

burst can continue beyond the required number, but the extra charge transfer cycles are

superfluous. A count of the charge transfer cycles required to achieve the comparison

voltage is the output result, and for all practical purposes is indistinguishable from an

ADC result. Such a result may be obtained by repeating the switching sequence of
Figure 6, including a number of loop cycles, in order to periodically check for the
presence ofa user(c.g. once per second).

Note that in Figure 5 the measurement circuit 170 is connected to the (+), distal, side

of Cs, and the reading is taken when S2 is closed. Although the (+) side of Cs is the

most convenient measurement point for a ground-referenced signal,it is also possible

to measure Ves on the (-), proximal, side of Cs by holding $1 closed instead of $2.

The reading is then V-referenced instead of ground referenced, which those skilled in

the art will recognise as being generally inferior but still possible. In either case, the

measurement being made is the de facto value of Vcs. Whether the reading is made

with respect to ground or V, is irrelevant to the invention, what is important is the
differential voltage across Cs,

Although Figure 5 describes the use ofa measurementcircuit 170, those skilled in the

art will realise that this is only one way ofputting the invention into effect and that use
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of such a measurement circuit is not essential in order to implement alternative
embodiments of the invention.

Various optional improvements can be made to the charge transfer capacitance

measurement circuit 155 by incorporating additional post-acquisition algorithms into

the processing capability ofthe signal processor 162. Examples are:

1. A drift compensation mode,in which the circuit 155 can continuously adjustits

threshold in accordance with slow changesthat affect signal strength. These changes

may include temperature fluctuations, moisture build-up, or mechanical creep, etc.

This can be accomplished by altering one or more reference level slowly at a slew-rate
limited rate when no detection is being sensed.

2. Incorporation of hysteresis, in which in order to prevent ‘contact bounce’ the

circuit 155 can incorporate detection threshold hysteresis so that the initiation

detection levelis different, i.e. higher, than the non-detection level, thus requiring the
signal to transit though a lower signal level than the threshold level before a ‘no detect’
State is entered,

3. Incorporation of a consensus filtering function into the charge transfer

capacitance measurementcircuit 155. This feature can be provided by one or more

comparators acting to compare the measured capacitance value to a predetermined

threshold value. It can also be provided by the signal processor 162 sequentially
comparing the measured capacitance value to a threshold value multiple times. A poll

of the results is obtained and the consensus as to whether the measured capacitance
value is above or below the threshold value is accepted as the final result. This feature

reduces the amountoffalse triggering of the charge transfer capacitance measurement

circuit 155 when detecting the presence or absence of a user, and consequently
improvesthe reliability of the power management unit 150.

The above numberedoptional features may be provided by various algorithms encoded

in the signal processor, for example. They are also useful in various combinations and

degrees in conjunction with various ofthe circuits described herein, to provide a more
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robust sensing solution that can adapt to a variety of real-world sensing challenges,

such as dirt accumulation, the presence ofmoisture, thermal drift, etc.

Figure 9 schematically shows an apparatus according to another embodiment of the

invention. The apparatusis a portable music player and comprises a headset 180 which

includes a flexible lead 202 which allowsit to be connected to a base unit 182. The

apparatus is configured so that playback of an audio signal is automatically paused

when a user removes the headset and automatically restarted when a user re-dons the
headset.

The headset in this example is a stereo headset and comprises two audio speakers (not

shown) located within respective first 186 and second 188 ear-piece housings. The ear-

piece housings 186, 188 are designed to be worn in a user’s ear so that the user can

hear audio from the speakers. Within the first ear-piece housing 186 is a sensing

elementin the form of an electrically conducting sense plate 196. The senseplate in

this example is a metal ring located adjacent an internal surface of the ear-piece
housing 186. The audio speakers in the ear-piece housings are connected to the base

unit 182 via wiring within flexible lead 202 and removable jack plug 200 using

generally conventional techniques. However, the flexible lead 202 and jack plug 200

are also configured to establish an electrical connection between the sense plate 196
and the base unit 182 via sense plate connector wire 197.

The base unit 182 comprises a housing 192, user accessible control buttons 194 for

allowing a user to provide inputs to govern aspects of the operation of the apparatus,

control circuitry (also referred to as controller) 204, capacitance measurementcircuitry
205 and an audio signal generator 190. In this case the base unit 182 is a hard-disk

based audio player and the audio generator 190 comprises a hard-disk 206 for storing
audio files and associated drive and read circuitry 208 and amplifier circuitry 210. The

amplifier circuitry supplies signals to the speakers in the ear-piece housings via the

wiring in the jack plug 200 andflexible lead 202 to allow the audiofiles to be played
to a user,
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In use, a user inserts the ear-pieces 186, 188 of the headset 180 into his respective ears

and, using the control buttons 194, instructs the base unit 182 to play a desired audio

track to be supplied to the speakers in the ear-pieces. This is achieved in a substantially

conventional manner. Le., the control circuitry 204 responds to inputs from the control

buttons to configure the hard-disk drive 206 and read circuitry 208 appropriately to

play back the desired audio track through the amplifier circuitry 210, to the speakers
via jack plug 200 and flexible lead 202.

The sense plate 196 is connected to the capacitance measurementcircuit via sense

plate connector wire 197. During operation, the capacitance measurementcircuitry

monitors the capacitance of the sense plate 196, e.g. to a system ground or other

reference potential. This can be done using any known capacitance measurement

technique. For example, the capacitance measurementcircuitry 205 could be based on

charge transfer (as described above), measuring the time constant of an RC circuit

including the sense plate, or other techniques, such as those based on relaxation

oscillators, phase shift measurements, phase locked loop circuitry, capacitive divider

circuitry, and so on, as are known in the art. The capacitance measurement circuitry
may be configured to continually monitor the capacitance ofthe sense plate 196, or to
take readings less often, for example once every five seconds or so.

The capacitance measurement circuitry 205 is configured to supply a capacitance

measurementsignal representing the measured capacitance to the contro!circuitry 204.

On receipt of the capacitance measurement signal, the contro! circuitry comparesit
with a stored threshold level Cy, which relates to the capacitance of the sense plate as
measured when the headset is not being worn.If the measured capacitance is less than

the threshold level it is assumed that the headset is not being wom.If, on the other

hand, the measured capacitance is greater than the threshold level, it is assumed that

the head set is being worn on the basis that, as described above, the presence of the
user has increased the measured capacitance of the sense plate. Thus the threshold

corresponds to the capacitance of the sense plate as measured when the headset is not

being worn plus a margin to account for noise and variations in measured capacitance
not associated with the presence ofa user. Ifan average measured capacitance ofCy is

expected when the headset is not being worn, and an average measured capacitance of
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Cys is expected when the headset is being worn, the threshold may, for example, be set

midway between C,, and Cy<s.

Thus depending on whether the measured capacitance exceedsthe threshold Jevel, the

controller can determine whether or not the headset is being worn and activate or

disable functions of the apparatus as appropriate (i.e. in accordance with how it has

been programmed to operate). In this case, if the measured capacitance is less than the

threshold level Cy, so thatit is determined the headset is not being worn, the controller

instructs the drive and read circuitry in the audio generator to pause playback.

The operation of the apparatus may be controlled in stages depending on the duration

over which the capacitance is measured to be less than the threshold. For example,

during the initial pause in playback, the apparatus may continueto be fully powered,

with the hard disk continuing to spin, and so on. However,if after a given period of
time, for example, 30 seconds, the measured capacitance is still less than the threshold

level Cy, the control circuitry may instruct the read and drivecircuitry to stop the hard-

disk from spinning, ¢.g., to reduce wear. If after another period of time, for example,

another 30 seconds, the measured capacitance remains less than the threshold level Cy,

the control circuitry may then instruct the read and drive circuitry and the power

amplifier to enter a power saving mode. After yet a further period oftime, for example
a further minute or two, if the measured capacitance stili remains less than the

threshold level Cy, the controller may be configured to fully power down the apparatus
on the assumption that the user has permanently stopped listeningtoit.

If at any stage the measured capacitance rises above the threshold level Cy, the

controller determines that a user has re-donned the headset, and playback continues

from the point at which it was initially paused. Thus the user is provided with

continued playback of an audio track without requiring him to contro! the apparatus
himself.

For ease of explanation, the control circuitry 204, the capacitance measurement

circuitry 205 and the drive and read and amplifier circuitry in the audio generator 190

are shown as discrete elements in Figure 9. However, it will be understood that the
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functionality of some or all of these circuit elements could be provided by a single

integrated circuit. For example, an application specific integrated circuit (ASIC), or a

suitably programmed micro-processor could be used. Thus, the division of the above

described circuitry functions among integrated circuit components is not significant.

For example, the comparison between an analogue representation of the measured

capacitance and a threshold level may occur within the capacitance measurement

circuitry, with the capacitance measurementcircuitry then supplying a binary signal to

the control circuitry to indicate whether or not the capacitance exceedsa threshold.

Furthermore,it will be appreciated that rather than rely on a threshold level based on

an absolute measure of capacitance, the control circuitry may be configured to

determine whena user puts on or removes the headset based on changes in measured

capacitance. This has the advantage of accommodating drifts in the measurement, e.g.

associated with changes in environmental conditions. For example a significant

increase in measured capacitance from one measurementto the next (or occurring over

a given time period such as a few seconds, depending on the rate at which

measurements are made) would be associated with a user putting on the headset.

Conversely, a significant decrease in measured capacitance from one measurement to

the next (or over a given time period) would be associated with a user removing the

headset. A significant increase/decrease might be deemed to be a change of 50% or

more of the expected difference in measured capacitance between the headset being
wom and not wom, for example.

It will also be appreciated that the same techniques can be applied to many other

apparatuses. For example, rather than the base unit being a hard-disk based audio

player, the apparatus might be a CD player, an audio cassette player, a radio, a DVD

player, a mobile telephone,a solid state based audio player, or any other apparatus that
maybe associated with providing an audio signal to a headset.

Furthermore, in some embodiments the headset itself may include all of the necessary

circuitry such that no separate base unit is required. This is likely to be impractical for

some apparatuses, for example CD players, but may be useful for other devices, such

as solid state music players, mobile phone headsets and so on. In somecases, a base
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unit may be used, but aspects ofthe above described circuitry nonetheless be located in

the headset. For example, the capacitance measurementcircuitry may be located in the

headsetif there is a concern that the lead to the sense plate would cause too much pick-
up for reliable capacitance measurement.

Whatis more,in addition to (or instead of) pausing the playback, the invention can be

used to control many other functions of an apparatus. For example, the control

circuitry may be configured to automatically route audio signals to an extemal

amplifier driving conventional (i.e. not headset) box speakers when the headset is

removed. In another example, the control circuitry may be configured to inhibit

response to user inputs depending on whether the headset is being worn. For example,

if the headset is not being worn, a button for switching on the apparatus may be

inhibited to prevent accidental activation when in a user’s pocket or bag. Alternatively,
some control buttons, e.g. an increase volume button, may be inhibited when the
headset is being worn to prevent accidentally increasing volume to an uncomfortable
level.

The headset need not be stereo, but could be monaural. Where it is stereo, sense plates
could be incorporated in the headset in association with both of a user's ears, if

desired. This could allow an apparatus to respond to one or other (or both) ear-piece
housings from being removed from a user’s head. For example, the apparatus might
pause if any one ear-piece is removed,or only if both are removed. Furthermore, the

function to be controlled could depend on which ear-piece (speaker housing) is
removed. For example, if a left-ear ear-piece is removed, the audio signal to the
speakerin that ear-piece could be stopped while the other was maintained.

It will be understood that the communication (both of audio signals and capacitance
measurement related signals) between the headset and the base unit (in embodiments

where there is one) could be established wirelessly rather than through a flexible lead

and jack plug as shown in Figure 9. For example, any ofthe communications protocols
described above could be used.
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Figures 10A and 10B are schematic diagrams of an apparatus used to describe a
further embodimentofthe invention.

Figure 10A shows a wireless ear-mounted single-ear headset 300 of the kind offered

currently as Bluetooth™ transceivers. These are widely used with mobile telephones,
home-use cordless telephones connected to landlines or internet telephony connections

as well as with other equipment, for example software applications running on a

personal computer. The headset 300 has a housing 301 which includes: an earclip 293

forfitting the device over a user's ear; a loudspeaker 290 for aural communication with

a user's ear; and a microphone 295for receiving speech signals from the user.

Within the housing 301 proximate the ear clip 293 there is a sensing elementin the

form ofan electrically conducting sense plate 296. The sense plate in this example is a

metal ring located adjacent an internal surface of the ear-piece housing so as to be

close to the user's skin. The sense plate 296 supplies a capacitive signal to capacitance
measurementcircuitry 305 which in turn supplies a user presence signal to control
circuitry 304 which is connected to the device's wireless transceiver 297 as well as to

the audio transmitter and receiver elements of the device, namely the audio signal
generator 290 and microphone 295,

During operation, the capacitance measurementcircuitry 305 monitors the capacitance
of the sense plate 296, ¢.g. to a system groundor other reference potential. This can be

done using any known capacitance measurement technique, as mentioned above with

reference to the example of Figure 9. The example of Figure 9 is also referred to in

respect of further details of the configuration of the device including the use of
thresholds.

A concrete example of the use of the wireless headset device of Figure 10A is

described in conjunction with Figure 10B.

Figure 10B shows schematically a mobile phone or cell phone 310. (This could

equally well be a cordless landline phoneor internet telephony phone.) The phone 310

has a housing 311. On one side a display 314 and keypad 316 are evident. The display

or keypad, or both, may have an integral two-dimensional capacitive touch sensor, for
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example for text messaging input of Chinese, Japanese, Korean or other language
characters. The phone 310 further includes a wireless transceiver 320 for

communicating with peripheral devices, such as Bluetooth™ devices. An antenna 318

for transmitting and receiving signals to and from a mobile phonebase station is also

illustrated. The phone 310 also includes a loudspeaker 312 for transmitting speech
signalto a user's ear and a microphone 313 for receiving speech signals from a user.

Use ofthe headset of Figure 10A in conjunction with the phone of Figure 10B is now
described.

Ifa communication channelis established between the headset and the phone, then the
audio transmission and reception (loudspeaker and microphone) is switched between

the headsct and the phone dependent on the user presence signal in the headset. If the
user presence signal indicates the headset is being worn, then the audio circuits of the

headset are activated and those of the phone deactivated. Conversely, if the user
presence signalindicates the headset is not being worm,then the audio circuits of the

headset are deactivated and those ofthe phone activated. This can provide savings in

power consumption. It can also suppress feedback interference that might otherwise
occur. Moreover, it can divert the phone's ring tone to the headset if the headset is

being wor, and suppress the ring tone from the phone. This mode ofoperation may be
useful in an environment where it is not permitted, or impolite, to allow mobile phone
Ting tones, such as an auditorium, restaurant or train. If the user presence signal
indicates the headset is being worn, further power consumingcircuits of the phone
may be deactivated also, either by switching them to a lower power standby mode or
more fully powering down. For example, the display backlight could be switched off,
or sensing circuitry of a two-dimensional capacitive touch sensor array associated with
the display or keypad could be powered down.

It will be appreciated the headset may operate similarly with a plethora of other
devices in addition to the phone example just described.
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While the invention is susceptible to various modifications and alternative forms,

specific embodiments are shown by way of example in the drawings and are herein

described in detail. Accordingly, the skilled man will be aware that many different

embodiments of the invention are possible. It should thus be understood that the

drawings and corresponding detailed description are not intended to limit the invention

to the particular form disclosed, but on the contrary, the invention is to coverall

modifications, equivalents and alternatives falling within the spirit and scope of the

present invention as defined by the appended claims.

For example, the skilled man would be aware that capacitive sensing may entail use of

a sensor Circuit for measuring the absolute or relative capacitance of a two-leaded

capacitoror of a free-space sense plate, and for providing as an output, a measurement

of the capacitance in any usable form. For example, a device only capable of
generating a single-bit thresholded "detect" output would still be considered a sensor

circuit for the purposes ofthis disclosure.

The skilled man would also be aware that a capacitive sensor may be located remotely
from a headset. For example, a capacitive sensor may be provided on an electronic

device, such as a mobile telephone, to which the headsetis operably coupled.

In addition, the skilled man would be aware that various of the switches described

herein may be implemented using an electronically controlled switch, such as, for

example, by way of a bipolar or field effect transistor, a relay, an opto-electronic
device, or any functionally similar circuit. He would also be aware that a controller or

control circuit may comprise a circuit or system capable of generating digital control

signals. Such a controller or control circuit may contro] a capacitance measurement

circuit sensor (including control of switching elements therein) and the measurement

circuit, and may generate a decision output if required. Such controllers or control

circuits may comprise digital logic means such as a programmable logic array or a
microprocessor, for example.

Those skilled in the art will also be aware that headsets according to the present
invention need not necessarily be cordless devices that incorporate receivers and
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transmitters, or merely receivers, whether they be Bluetooth™ enabled or otherwise.

Moreover, they will also be aware that various embodiments of the invention may be

wearable by a user in proximity to only a single ear, and not require the use of stereo
loudspeakers.
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CLAIMS:

I, An apparatus comprising:

a headsetincluding a sensing element;

a capacitance measurement circuit operable to measure the capacitance of the
sensing element; and

a control circuit operable to determine whether a user is wearing the headset
based on a measurementof the capacitance of the sensing element, and to contro] a

function ofthe apparatus according to whether the headsetis being worn.

2, The apparatus of claim 1, wherein the capacitance measurement circuit

includes a sample capacitor andis further operable to transfer charge from the sensing
elementto the sample capacitor to generate an electric potential at the sample capacitor
for measuring.

3. The apparatus of claim 2, comprising at feast one switch operable to transfer a

burst of charge packets sequentially from the sensing elementto the sample capacitor
prior to a measurementofthe electric potential being made.

4, The apparatus of claim 1, 2 or 3, wherein the contro! circuit is operable to
determine whether a user is wearing the headset by comparing a measured capacitance
ofthe sensing elementto at least one predetermined threshold value.

5, The apparatus of any of claims | to 4, wherein the sensing element comprises
an electrode thatis electrically isolated from the user when the headsetis being worn.

6. The apparatus of any of claims I to 5, wherein the capacitance measurement
circuit is internal to the headset.

7, The apparatus ofclaim 6, wherein the controlcircuit is internal to the headset.
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8. The apparatus of claim 7, wherein the function to be controlled is provided by a
circuit element which is internal to the headset.

9. The apparatus of any of claims | to 8, wherein the function to be controlled is

provided by a circuit element which is external to the headset.

10. The apparatus ofclaim 9, wherein the contro} circuit is external to the headset.

11. The apparatus of claim 10, wherein the capacitance measurementcircuit is
external to the headset.

12, The apparatus ofany ofclaims | to 11, wherein the function to be controlled is

a powersaving function.

13. The apparatus of any of claims 1 to 11, further comprising an audio amplifier

for supplying audio signals to speakers in the headset, and wherein the function to be

controlled is the activation ofthe audio amplifier.

14. The apparatus of any of claims 1 to 11, further comprising a wireless
communicationstransceiver, and wherein the function to be controlled is the activation

ofthe wireless communications transceiver.

15. The apparatus of any of claims 1 to 11, further comprising an audio generator

for outputting an audio signal, and wherein the fimction to be controlled is the
outputting ofan audio signal by the audio generator.

16.|The apparatus of any of claims | to 11, further comprising input buttons for

supplying operating signals to the control circuit to allow a user to govern the

operation of the apparatus, and the function to be controlled is the inhibition ofsignals
from the input buttons.
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17. A method of operating an apparatus comprising a headset, the method

comprising:

measuring the capacitance ofa sensing element in the headset;

determining from the measured capacitance whether a user is wearing the

headset; and

controlling a function of the apparatus in response to determining whether the

headset is being worn.

.18.. The method of claim 17, wherein measuring the capacitance of the sensing
elementincludes:

transferring charge from the sensing element to a sample capacitor;

measuring the electric potential at the sample capacitor; and

determining the capacitance of the sensing element from the measured electric

potential of the sample capacitor.

19, The method ofclaim 18, wherein transferring charge from the sensing element

to a sample capacitor comprises transferring a burst of charge packets in sequence

from the sensing element to a sample capacitor.

20. The method of claim 17, 18 or 19, wherein determining whether a user is

wearing the headset or not comprises comparing the measured capacitance of the

sensing element to at least one predetermined threshold value in order to determine

whether the capacitance of the sensing element has been changed due to the proximity
of a user.

21. The method of claim 20, comprising adjusting one or more of the threshold

values in response to changes in operating conditions.

22. The method ofany ofclaims 17 to 21, wherein the controlling a function ofthe

apparatus comprises controlling whether or not the apparatus is in a power saving
mode.
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23. The method of any ofclaims17 to 21, wherein the controlling a function of the
apparatus comprises controlling whether or not wireless communicationstransceiveris

activated.

24, The method ofany ofclaims 17 to 21, wherein the controlling a function of the

apparatus comprises controlling whether or not an audio signal generatoris activated.

25. The methadofany ofclaims 17 to 21, wherein the controlling a function of the
apparatus comprises controlling whether or not user inputs for governing the operation
ofthe apparatusare inhibited.

26. Aheadset comprising:

at least one circuit element;

a capacitive sensor operable to provide a capacitance measurement signal; and
a sensing circuit operable to generate a user presence signal responsive to the

capacitance measurement signal indicating whether the headset is being worn and
operable to control the at least one circuit element dependent on said user presence
signal, or to output an external output signal that is dependent on said user presence
signal for receipt by another device to which the headset is connected.

27. The headset of claim 26, wherein the sensing circuit includes a sample
capacitor and is further operable to transfer charge from the capacitive sensor to the

sample capacitor to generate anelectric potential at the sample capacitor for
measuring.

28. The headset of claim 27, comprising at Jeast one switch operable to transfer a

burst of charge packets sequentially from the capacitive sensor to the sample capacitor
prior to any measurementofthe electric potential being made.

29. The headset of claim 26, 27 or 28, wherein the sensing circuit comprises a
consensusfilter for generating the user presence signal.
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30. The headset of any of claims 26 to 29, wherein the sensing circuit is further
operable automatically to perform a self-calibration operation.

31. The headset of any of claims 26 to 30, wherein the capacitive sensor comprises
an electrodethatis electrically isolated from the user when the headsetis being worn.

32. The headset of any of claims 26 to 31, wherein at least one of the circuit
elements comprises a wireless communicationstransceiver.

33. The headset ofany ofclaims 26 to 32, further comprising a power management
unit, of which the sensing circuit is a part, and wherein the power management unit is
operable to reduce power consumption ofthe at least one circuit element dependent on
said user presence signal, thereby to reduce power consumption ofthe headset.

34. A method of operating a headset in order to reduce power consumption, the
method comprising: ,

measuring the capacitance ofa capacitive sensor;

determining from the measured capacitance whetherauseris present or not;
and

powering down one or more circuit elements in the headset in response to
determining that no user is present in order to reduce the power consumption of the
headset.

35. The method of claim 34, wherein measuring the capacitance of the capacitive
sensorincludes:

transferring charge from the capacitive sensor to a sample capacitor;
measuringthe electric potential at the sample capacitor; and

determining the capacitance ofthe capacitive sensor from the measured electric
potential of the sample capacitor.
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36. The method of claim 35, wherein transferring charge from the capacitive

sensor to a sample capacitor comprises transferring a burst of charge packets in

sequence from the capacitive sensor to a sample capacitor.

37. The method of claim 34, 35 or 36, wherein determining whether a user is

present or not comprises comparing the measured capacitance ofthe capacitive sensor
to one or more predetermined threshold values in order to determine whether the

capacitance ofthe capacitive sensor has been changed by the proximity ofthe user.

38. The method of claim 37, comprising adjusting one or more of the threshold
values in response to changes in operating conditions.

39. A method ofoperating a headset, the method comprising:
measuring the capacitance ofa capacitive sensor;

determining from the measured capacitance whethera user is present or not;
and

controlling a function of the headset, or outputting an external output signal

that can be received by another device to which the headset is connected, in response
to determining whetherthe useris present or not.

40. The method of claim 39, wherein measuring the capacitance ofthe capacitive
sensor includes:

transferring charge from the capacitive sensor to a sample capacitor;

measuring the electric potential at the sample capacitor; and

determining the capacitance ofthe capacitive sensor from the measured electric

potential ofthe sample capacitor.

41. The method of claim 40, wherein transferring charge from the capacitive

sensor to a sample capacitor comprises transferring a burst of charge packets in
sequence from the capacitive sensor to a sample capacitor.
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42. The method of claim 39, 40 or 41, wherein determining whether a user is

present or not comprises comparing the measured capacitance of the capacitive sensor

to one or more predetermined threshold values in order to determine whether the

capacitance ofthe capacitive sensor has been changed by the proximity of the user.

43. The method of claim 42, comprising adjusting one or more of the threshold

values in response to changes in operating conditions.

44. The method of any of claims 39 to 43, wherein said device to which the

headset is connected is connected thereto wirelessly.

45. The method of any of claims 39 to 43, wherein said device to which the

headset is connected is wired thereto.

46. A headset substantially as hereinbefore described with reference to the

accompanying drawings.

47. A method of operating an apparatus comprising a headset substantially as

hereinbefore described with reference to the accompanying drawings.
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Application No. Applicant(s)

12/179,769 PHILIPP ET AL.

Office Action Summary Examiner Art Unit
HOAI-AN D. NGUYEN 2831 

-- The MAILING DATEof this communication appears on the cover sheetwith the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, maya reply betimelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory periodwill apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED (35 U.S.C.§ 133).

Anyreply received by the Office later than three monthsafter the mailing date of this communication, even if timely filed, may reduce any
eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)L] Responsive to communication(s) filled on
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-23 is/are pendingin the application.

4a) Of the above claim(s)___ is/are withdrawn from consideration.

5)L] Claim(s)___ is/are allowed.
6)X] Claim(s) 1-3.5,.6 and 8-23 is/are rejected.
7) Claim(s) 4 and7 is/are objected to.

8)L] Claim(s)____ are subject to restriction and/or election requirement.

 

 

Application Papers

9) The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 31 August 2008is/are: a)[X] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)Z] The oath ordeclaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12) Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a}(d) or(f).
a)LJAl b)L] Some*c)] None of:

1.L] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0] Copiesof the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.
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DETATLED ACTION

Specification

1, Applicant is reminded of the proper language and format for an abstract of the disclosure.

The abstract should be in narrative form and generally limited to a single paragraph on a

separate shect within the range of 50 to 150 words. It is important that the abstract not exceed

150 words in length since the space provided for the abstract on the computer tape used by the

printeris limited. The form and legal phraseology often used in patent claims, such as "means"

and "said," should be avoided. The abstract should describe the disclosure sufficiently to assist

readers in deciding whetherthere is a need for consulting the full patent text for details.

The language should be clear and concise and should not repeat information given in the

title. It should avoid using phrases which can be implied, such as, "The disclosure concerns,"

"The disclosure defined by this invention," "The disclosure describes," etc.

2. The abstract of the disclosure is objected to because it contains a legal phraseology, such

as “comprises” in line 3. Correction is required. Sec MPEP § 608.01(b).

Claim Objections

3. Claims 1, 14 and 22 are objected to because of the following informalities:

With regard to claim 1, all appearances of “an object” in lines 5 and 8 should be replaced

with -- the object--.

With regard to claim 14, “an” in line 1 should be replaced with -- the --.

With regard to claim 22,“an” in line 4 should be replaced with -- the --.
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Appropriate correction is required.

Claim Rejections - 35 USC § 102

4, The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section madein this Office action:

A personshall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or
on sale in this country, more than one yearprior to the date of application for patent in the United States.

5. Claims 1-3, 5, 6, 8-18 and 21-23 are rejected under 35 U.S.C. 102(b) as being anticipated

by Philipp (US 2007/0076897 A1).

Philipp teaches a headsets and headset power management comprising:

With regard to claims 1, 21 and 22, a sensor (FIG. 4, power management unit 150) for

determining the presence of an object (user) comprising a sensing element (FIG.4, sense plate

160); a capacitance measurementcircuit (FIG. 4, charge sensing circuit 152) operable to measure

the capacitance of the sensing element; and a control circuit (FIG.4, signal processor 162)

opcrable to determine whether an object (FIG. 4, scnsor-device 10) is in proximity with the

sensor based on a measurementof the capacitance of the sensing element, the controlcircuit

further being operable to provide an output signal (FIG. 4, sensor-device 10) to control a

function of an apparatus whenit is determined that an object has not been in proximity with the

sensor for a predetermined time duration (Paragraphs, [0010]-[0037], [0060]-[0062], [0095] and

[0096]).

With regard to claim 2, the control circuit (FIG. 9 in view of FIG. 4, capacitance

measurementcircuitry 205 and control circuitry 204) is configured so that the predetermined
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time duration is selectable from a numberof different predefined time durations (to continually

monitor the capacitance of the sense plate 196, or to take readings less often, for example once

every five secondsor so) (Paragraphs, [0092]|-[0093]).

With regard to claim 5, the control circuit (FIG. 9 in view of FIG. 4, capacitance

measurementcircuitry 205 and control circuitry 204) includes a time input terminal and the

predetermined time duration is sclectable from the numberofdifferent predefined time durations

according to a voltage applied to the time input terminal (Paragraphs, [0090] and [0095]).

With regard to claim 5, the control circuit (FIG. 9 in view of FIG. 4, capacitance

measurement circuitry 205 and control circuitry 204) is configured so that the predetermined

time duration is programmable by a user to provide a user- selected time duration (Paragraphs,

[0092]-[0095)).

With regard to claim 6, a resistor-capacitor (RC) network coupled to the control circuit

and wherein the predetermined time duration depends on a time constant of the RC network

(Paragraph, [0092]).

With regard to claims 14 and 23, the function of the apparatus controlled by the output

signal is a switch-off function (Paragraph, [0095]).

With regard to claim 15, the capacitance measurementcircuit (FIG. 4, charge sensing

circuit 152) employs bursts of charge-transfer cycles to acquire measurements (Paragraph,

[0012]).

With regard to claims 8-13 and 16-18, these claims are directed to an apparatus whose

features are recited functionally. However, claims directed to an apparatus must be distinguished

from the prior art in terms ofstructure rather than function alone (See MPEP 2114). The
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controller (signal processor 162 in FIG.4 or control circuitry 204 in FIG. 9) in combination with

the capacitance measurementcircuit (charge sensing circuit 152 in FIG. 4 or capacitance

measurementcircuitry 205 in FIG. 9) is fully capable of performing functionsas recited in

claims 8-13 and 16-18, respectively (Paragraphs, [0010]-[0037], [0060]-[0062], [0095] and

[0096]).

Claim Rejections - 35 USC § 103

6. The following is a quotation of 35 U.S.C. 103(a) which formsthe basisforall

obviousnessrejections set forth in this Office action:

(a) A patent may not be obtained though the inventionis not identically disclosed or described as set forth in
section 102 ofthistitle, if the differences betweenthe subject matter sought to be patented and the prior art are
suchthat the subject matter as a whole would have been obviousat the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

7. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Philipp in view of

Philipp et al. (US 2007/0062739 A1).

Philipp teachesall that is claimed as discussed in the above rejection of claims 1-3, 5, 6,

8-18 and 21-23, but it does not specifically teach the following feature:

e The capacitance measurementcircuit and the control circuit are comprised in a

general purpose microcontroller under firmware control.

Philipp et al. teaches a touch sensitive screen comprising:

With regard to claim 19, a capacitance measurementcircuit (FIG. 1B, sense unit 8) and a

control circuit (FIG. 1B, sensor controller 10) are comprised in a general purpose microcontroller

under firmware control (Paragraph [0039]).
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Therefore, it would have been obvious to one having ordinary skill in the art at the time

the invention was made to modify the headsets and headset power management of Philipp to

incorporate the teaching of the capacitance measurementcircuit and the control circuit built-in a

general purpose microcontroller under firmware control taught by Philipp et al. since such an

arrangementis beneficial to provide desirable, exemplary and commonchoicesfor a specific

configuration of a single integrated circuit chip for a sensor for detecting the presence of an

object within a sensing area.

8. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over Philipp in view of

Lee (US 7,091,727 B2).

Philipp teachesall that is claimed as discussed in the aboverejection of claims 1-3, 5, 6,

8-18 and 21-23, but it does not specifically teach the following feature:

e The capacitance measurement circuit and the control circuit are comprised within

a six-pin integrated circuit chip package.

Lee teaches a method andIC for detecting capacitance variation comprising:

With regard to claim 20, a capacitance measurementcircuit and a control circuit are

comprised within a six-pin integrated. circuit chip package (FIGS. 2 or 10; column 4, lines 43-

55).

Therefore, it would have been obvious to one having ordinary skill in the art at the time

the invention was made to modify the headsets and headset power management of Philipp to

incorporate the teaching of the capacitance measurementcircuit and the control circuit built-in a

Six-pin integrated circuit chip package taught by Lee since such an arrangementis beneficial to

provide desirable, exemplary and commonchoices for a specific configuration of a single
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integrated circuit chip for a sensor for detecting capacitance variation, which can be used for

detecting the presence of an object within a sensing area.

Allowable Subject Matter

9. Claims4 and 7 are objected to as being dependent upon a rejected base claim, but would

be allowable if rewritten in independent form includingall of the limitations of the base claim

and any intervening claims.

The following is a statement of reasons for the indication of allowable subject matter:

e The primary reason for the indication of the allowability of claim 4 1s the

inclusion therein, in combination as currently claimed, ofthe limitation of the

control circuit includes a delay multiplier terminal and is configured so that a

selected one of the numberofdifferent predefined time durations is multiplied by

a multiplication factor according to a voltage applied to the delay multiplier

terminal to provide the predetermined time duration. This limitation is found in

claim 4 is neither disclosed nor taught by the prior art of record, alone or in

combination.

e The primary reason for the indication of the allowability of claim 7 1s the

inclusion therein, in combination as currently claimed, ofthe limitation of the

control circuit includes a delay multiplier terminal and is configured so that the

user-selected time duration is multiplicd by a multiplication factor according to a

voltage applied to the delay multiplier terminal to provide the predetermined time
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duration. This limitation is found in claim 7 is neither disclosed nor taught by the

prior art of record, alone or in combination.

Conclusion

10. ‘The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure. Applicant’s attention is invited to the followings whose inventions disclose similar

devices.

e Yoshidaet al. (US 7,567,088 B2) teaches a foreign object detection apparatus.

e Fujiwara ct al. (US 7,714,595 B2) teaches a forcign object detection sensor.

e Tasheret al. (US 7,797,115 B2) teaches a time interval measurementfor capacitive

detection.

e=Ellenz (US 2003/0132763 A1) teaches a capacitance-based sensing device for detecting

presence of body part.

e Abe (US 2006/0250142 A1) teaches an electrostatic capacity detection type proximity

Sensor.

CONTACT INFORMATION

Any inquiry concerning this communication or carlicr communications from the

examiner should be directed to HOAI-AN D. NGUYEN whosetelephone numberis (571)272-

2170. The examiner can normally be reached on MON-THURS. (7:15 - 5:45).
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

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

organization where this application or proceeding 1s assigned is 571-273-8300.

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

Application Information Retrieval (PAIR) system. Status information for published applications
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S/N 12/179,709 PATENT

TS THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Harald Philipp et aL Examiner: Hoai-An Nguyen

Serial Now: 12/179,769 Group Art Unit: 2831

Filed: July 25, 2008 Docket No.: 3050,030US1
Customer No.: 76287 Confirmation No.: 8745

Tide: Proximity Sensor

AMENDMENT & RESPONSE UNDER 37 C.F.R. § Uti 

Mail Stop Amendment
Commissioner for Patents

PLO. Box 1450

Alexandria, VA 22313-1450

in response to the Office Action dated October 4, 2010, please amend the application as

follows:
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Please amend the Abstract as follows:

A capacitive touch sensor providing an automatic switch-off function for an apparatus in

which the sensor is incorporated is provided. The sensor includeseomprises a sensing clement

coupled to a capacitance measurement circuit for measuring the capacitance ofthe sensing

element. A control circuil is operable ic determine from the capacitance measurement whether

an object is in proxanity with the sensor. The determined presence of an object may be used to

toggle a function of the apparatus. Furthermore, when it is determined that an object has not

been in proximity with the sensor for a predetermined time duration, an oatpat signal for

switching off the apparatus is provided. The predetermined time duration may be solectod from

a number of predefined time durations, or may be programmed using alfan]] resistor-capacitor

network. Pulses may be applied to the control circuit to override fealures of the automatic

switch-offfunctionality.
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Please amend the claims as follows:

1. (Currently Amended) Asensor for determining the presence of an object comprising:

a sensing element;

a capacitance mcasurement circuit operable to measure the capacitance of the sensing

element; and

a conirol circuit operable to determine whether ihean object is i proximity with the

seusor based on a measurement of the capacitance ofthe sensing clement, the control circuit

further being operabic to provide an output signal to controi a function of an apparatus whenit is

determined that theaw object has not been in proximity with the sensor for a predetermined time

duration, wherein the control circuit inchides a time input terminal and the predetermined timc
 

duration is selectable from the number ofdifferent predefined time durations according to a
 

voltage applied to the time input terminal, and wheremthe control circuit includes a delay 

 
2-4. (Cancelled)

5. (Currently Amended) Fhesernser-efclaim-+4 sensor for determining the presence of an 

object comprising:

a sensing element;

a capacitance measurement circuit operable to measure the capacitance of the sensing
 

 

a control circuit operable to determine whether an object is in proximity with the sensor
 

basedonameasurementofthecapacilanceofihesensingelement,(hecontrolcircuitfurther

being operable to provide an output sional to control a function of an apparatus when tt is  

determined that an object has not been in proximity with the sensor for a predetermined time
 

duration,wherein the contro! circuit is configured so that the predetermined time duration is
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programmable by a user to provide a user-selected time duration,andwhereinthecontrolcircuit

includes a delav multiplier terminal and is configured so that the user-selected time duration is  

multiplied by a multiplication factor according to 4 vollage applied to the delay multiplier
 

 
terminal to provide the predetermined time duration.

6. (Original} The sensorofclaim5, further comprising a resistor-capacitor (RC) network

coupled to the control circuit and wherein the predetermined time duration depends on a time

constant of the RC network.

7, Cancelled}

8. (Original) The sensor of claim 1, wherein the control circuit is configured such that the

provision of the output signal to control a fimction of an apparatus afler the predetermined time

duration may be overridden so the output signal is not provided when itis determinedthat an

object has not been in proximity with the sensor for a predetermined time duration.

9, (Original) The sensor of claim 8, wherein the control circuit is operable to receive an

averride pulse and on receipt af the averride pulse to retrigger the predetermined time duration to

50 as to extend the time before the output signal to control a function of an apparatus is provided.

10, (Original) The sensor of claim 1, wherein the control circnit is configured such that the

provision ofthe output signal to control a fimetion of an apparatus after the predetermined time

duration may be overridden so the output signal is provided before it is determined that an object- ce »

has not been in proximity with the sensor for a predetermined time duration.

LL, (Original) The sensor of claim 10, whereimithe control circuit is 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.
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12. (Original) The sensor of claim 1, whereinthe sensor is 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 atimer setting, and / or when an override is released,

13. (Original) The sensor of claim 1, wherem the control circuit is configured such that the

output signal is toggled betweena high state and a lowstate when an object is determined to be

in proximity with the sensor.

14. (Currently Amended) The sensor of claim 1, wherein the fimetion of thean apparatus

controlled by the output signal is a switch-offfonction.

15. (Origial) The sensor of claim 1, wherein the capacitance measurement circuil employs

bursis of charge-transfer cycles to acquire measurements.

16. (Original) The sensor of claim 1, wherein the capacitance measurement circuit is configured

to operate in one of more than one acquisition modes depending on the output signal.

17. (Original) The sensor of claim 16, wherein a one of the more than one acquisition maces is

a low-power mode.

18, (Original) The sensor of claim 16, wherein a one of the more than one acquisition modesis

a fast mode.

19. (Original) The sensor of claim 1, wherein the capacitance measurement circuit and the

control circuit are comprised in a general purpose microcontroller under firnrware control.

20. (Criginal} The sensor of claim 1, wherein the capacitance measurement circuit and the

control circuit are comprised within a six-pin integrated circuit chip package.

21, (Origmal An apparatus comprising a sensor according to claim|.
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22-23. (Cancelled)
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REMARKS

This responds to the Office Action dated October 4, 2010.

Claims 1, 5, and 14 are amended. Claims 2-4, 7, and 22-23 are canceled. Claims 1, 5-6,

and 8-21 are now pending in this application.

Specification Objections
 

The abstract was objected to. The abstract has been amended to address the objection by

replacing “comprises” with “includes”. A minor typographical correction has also been made.

Claim Gbjections
 

Claims1, 14 and 22 are objected to due to informalities. Claims 1 and 14 have been

amended 1o correct the informalities. Claim 22 has been cancelled.

TheRejectionofClaimsUnder§102

Clams 1-3, 5,6, 8-18 and 21-23 are rejected under 35 U.S.C. § 102(b) as being

anticipated by Philipp (U.S. Publication No. 2007/0076897A 1}. Independent claim | has been

amended to incarporate the elements of allowable claim 4, inchiding the limitations ofall

mtervening claims of claim 4. Claim 5 has been amended to independent form, incerporating all

the elements of allowable claim 7 along with the limitations of all intervening claims, including

original clam 1. Thus, claims 1 and 5 have been placedin allowable condition, along with the

remaining dependent claims to place all the claims in condition for allowance.

 
Clarm 19 1s rejected under 35 U.S.C. § 103(a) as being unpatentable over Philipp (US.

Publication No. 2007/0076897A 1) m view of Philipp et al, (U.S. Publication No.

2007/00627394 1}. This rejection is believed moot in viewof the amendments placing ail the

claims m condition for allowance.
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Claim20 is rejected under 35 U.S.C. § 103(a) as being unpatentable over Philipp (U.S.

Publication No. 2007/0076897A 1} in view of Lee (US. Patent No. 7,091,727B2). This rejection

is believed moot in view of the amendments placing all the claims in condition for allowance.

Allowable Subiect Matter
 

Clarms 4 and 7 are objected to as being dependent upona rejected base claim, but would

be allowable if rewritten in independent formincluding all of the lirnitations of the base clam

and any intervening claims. Claim | has been amendedto includeall the limitations of

allowable claim 4 along with the elements of all intervening claims. Claim 5 has been amended

to include all the limitations of allowable claim 7 along with the elements ofall intervening

claims including original ciaim 1.
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CONCLUSION

Applicant respectfully submits that the claims are in condition for allowance, and

notification to that effect is earnestly requested. The Examiner is invited to telephone the

undersigned at (612) 373-6972 to facilitate prosecution of this application.

if necessary, please charge any additional fees or defictencies, or credit any
»

overpayments Lo Deposit Account! No. 19-0743.

Respectfully submitted,

SCHWEGMAN, LUNDBERG& WOESSNER, PLA.
P.O. Box 2938

Minneapolis, MIN 55402--0938
(612) 373-6972

* ee we“, ~ Sow
By (Aateneto,APOMat }

Bradley A. Forrest
Reg. No. 30,837

 

CERTIFICATE UNDER 37 CFR LS: The undersigned hereby certifies thai this correspondence is being filed using the
USPTO's electronic fling system EPS-Web, and is addressed to: Mail Stop Amendment, Commissionerfor Patents, PO. Box
1450, Alexandna, VA 22313-1450 on this 4th day of January, 2011.

  

  

es : i
Nicole Jack f

i, 2”
Name Signature 
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Application No. Applicant(s)

12/179,769 PHILIPP ET AL.
 

Notice of Allowability Examiner Art Unit

HOAIAN D. NGUYEN 2858 

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

1. KJ This communication is responsive to the Amendmentfiled on January 4, 2011.

2. XX] The allowed claim(s) is/are 1, 5, 6 and 8-21. 

3. FJ Acknowledgmentis made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) All =b)L) Some* c)[)None_ofthe:

1. ( Certified copiesof the priority documents have been received.

2. C1 Certified copiesof the priority documents have been received in Application No.

3. [1] Copiesofthe certified copies of the priority documents have beenreceivedin this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

4. [J A SUBSTITUTE OATH OR DECLARATIONmust be submitted. Note the attached EXAMINER’S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

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

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

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

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

6. (] DEPOSIT OF and/or INFORMATION aboutthe deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.  
 

Attachment(s)
1. (J Notice of References Cited (PTO-892) 5. CJ Notice ofInformal Patent Application

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

3. [1] Information Disclosure Statements (PTO/SB/08), 7. Examiner's Amendment/Comment
Paper No./Mail Date

4. (] Examiner's CommentRegarding Requirement for Deposit 8. Examiner's Statement of Reasons for Allowance
of Biological Material

9. Other .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20110116
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Application/Control Number: 12/179,769 Page 2

Art Unit: 2858

DETAILED ACTION

1. Receipt is acknowledged of the Amendmentfiled on January 4, 2011. Claims 2-4, 7, 22

and 23 are cancelled; and claims 1, 5, 6 and 8-21 are pending in the application.

Allowable Subject Matter

2. Claims 1,5, 6 and 8-21 are allowed.

3. The following is an examiner’s statement of reasons for allowance:

With regard to claim 1, applicants’ argumentsin the fifth paragraph at page 7 of the

Remarks and amendments have been considered and found persuasive. The prior art does not

teach, suggest or render obvious the claimed sensor for determining the presence of an object in

combination as claimed including:

e The control circuit includes a time input terminal and the predetermined time

duration is selectable from the numberof different predefined time durations

according to a voltage applied to the time input terminal; and

e The control circuit includes a delay multiplier terminal and is configured so that a

selected one of the numberof different predefined time durations is multiplied by

a multiplication factor according to a voltage applied to the delay multiplier

terminal to provide the predetermined time duration.

With regard to claims 8-21, these claims are allowed at least by virtue of their

dependencies directly or indirectly from the base claim.
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Application/Control Number: 12/179,769 Page 3

Art Unit: 2858

With regard to claim 5, applicants’ argumentsin the fifth paragraph at page 7 of the

Remarks and amendments have been considered and found persuasive. The prior art does not

teach, suggest or render obvious the claimed sensor for determining the presence of an object in

combination as claimed including:

e The control circuit is configured so that the predetermined time duration is

programmable by a user to provide a user- selected time duration; and

e The control circuit includes a delay multiplier terminal and is 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.

With regard to claim 6, this claim is allowedat least by virtue of its dependency from the

base claim.

Any comments considered necessary by applicant must be submitted no later than the

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

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

CONTACT INFORMATION

Any inquiry concerning this communication orearlier communications from the

examiner should be directed to HOAI-AN D. NGUYEN whosetelephone numberis (571)-272-

2170. The examiner can normally be reached on MON-THURS. (7:15 - 5:45).

IPR2020-00998

Apple EX1022 Page 296



IPR2020-00998 
Apple EX1022 Page 297

Application/Control Number: 12/179,769 Page 4

Art Unit: 2858

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

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

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

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

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

Hoai-An D. Nguyen
Primary Examiner
Art Unit 2858

/Hoai-An D. Nguyen/
Primary Examiner, Art Unit 2858

IPR2020-00998

Apple EX1022 Page 297



IPR2020-00998 
Apple EX1022 Page 298

Application/Control No. Applicant(s)/Patent Under 
 

Reexamination

Index of Claims 12179769 PHILIPP ET AL. 
 

 
   

 
  Examiner Art Unit

               HOAI-AN D NGUYEN
 
 

 

(J Claims renumberedin the same order as presented by applicant LJ CPA

CLAIM DATE

SEE=
 

 

= o eh
 

 

 

 

 

     NLOQ]Oo]&]|po

U.S. Patent and Trademark Office Part of Paper No. : 20110116

IPR2020-00998

Apple EX1022 Page 298



IPR2020-00998 
Apple EX1022 Page 299

Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|,2479769 PHILIPP ET AL.

HOAI-AN D NGUYEN 2858

ORIGINAL INTERNATIONAL CLASSIFICATION

[amen|[|[
[ronan||||CROSS REFERENCE(S

HeepEE
 

 

 

oO Claims renumbered in the same order as presented by applicant oO CPA OTD. Ol sR.1.47

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
17

Total Claims Allowed:

 

 
 
 

 
 
 

 
 

 ololrajo};alaAR}wolnr
 
 

 
 
 

 
 

        
17

(Assistant Examiner)
/HOAI-AN D NGUYEN/

Primary Examiner.Art Unit 2858 01/16/2011 0.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 1

 
U.S. Patent and Trademark Office Part of Paper No. 20110116

IPR2020-00998

Apple EX1022 Page 299



IPR2020-00998 
Apple EX1022 Page 300

 

Search Notes
Application/Control No.

12/179,769
Examiner 
HOAI-AN D. NGUYEN

Applicant(s)/Patent under
Reexamination

PHILIPP ET AL.
Art Unit

2858

  
 

 
SEARCHED

Updated

324 6538

Examiner

1/14/2011 HADN

|svravott|HADN
1/14/2011 HADN

HADN

previously
searched

areas.

 

324 649 1/14/2011

324 1/14/2011 HADN

 

  
 

INTERFERENCE SEARCHED 

 

Interference Search

History Printout.
1/16/2011 HADN
 

art references.

540.

Reviewedall previously searched prior

Text search in 340/545.1, 541 and

Text search in EAST.

Inventors' names searched.

SEARCH NOTES

(INCLUDING SEARCH STRATEGY)
DATE EXMR

1/14/2011 HADN

1/16/2011 HADN

1/16/2011 HADN

1/16/2011 HADN

  
 

U.S. Patent and Trademark Office Part of Paper No. 20110116

IPR2020-00998

Apple EX1022 Page 300



IPR2020-00998 
Apple EX1022 Page 301

Page 1 of 1

2) UNITED STATES PATENT AND TRADEMARK OTTICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
Www. TSpro. gov

 
BIB DATA SHEET

CONFIRMATIONNO.8745

SERIAL NUMBER FILINGor. 371(c) GROUPART UNIT ATTORNEY DOCKET
12/179,769 07/25/2008 3050.030US1

RULE

APPLICANTS

Harald Philipp, Southampton, UNITED KINGDOM;
Kevin Snoad, Chicester, UNITED KINGDOM;

** CONTINUING DATA **8*8eeeRRRaii

This appin claims benefit of 60/952,053 07/26/2007

eK FOREIGN APPLICATIONS KEKEIKIIKERKKEREKEREE

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
08/01/2008

Foreign Priority claimed UO Yes No STATEOR|SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) canditions met LU ves (No Q) Metafter| COUNTRY DRAWINGS CLAIMS CLAIMS
Verified and NGUYEN D UNITED 10 BQ- 2
Acknowledged“ExaminersSignature Thitials” KING DOM

 

ADDRESS

SCHWEGMAN, LUNDBERG & WOESSNER / ATMEL
P.O. BOX 2938

MINNEAPOLIS, MN 55402
UNITED STATES

TITLE

Proximity Sensor

LI All Fees

UL) 1.16 Fees(Filing)

L) 1.17 Fees (Processing Ext. of time)
FILING FEE |FEES: Authority has been given in Paper
RECEIVED |No.____———_—stto. charrge/credit DEPOSIT ACCOUNT

for following: L) 1.18 Fees (Issue)

L) Other |
LO Credit

 

 

   
 

BIB (Rev.05/07).

IPR2020-00998

Apple EX1022 Page 301



IPR2020-00998 
Apple EX1022 Page 302

EASTSearch History

EASTSearchIlistory

EASTSearch History (Prior Art)

 ti!itiiiii;;5:a}j:ji:t;.4t<1.010refoNe)Oo&titiaStoioiotoioid8imim™~phbsayi=icimioii1212iS1212i©‘4}wa33iSia2iia2i2iamiaSsimSoSim2inSeiaS120iO0icoiOSLOO1oO°elo40ININ=INLeoH
iitiiitiitii 

‘Plurals ‘Time

‘ON

{ON

333333

‘ON

oo

~~y

   
     

ERWENT;

USPAT: USOCR:

FRWENT:

FPRS; EPO; JPO;

DERWENT;

IBM TDB

SUSPAT; USOCR;

FPRS; EPO; JPO;

DERWENT;
IBM_TDB

USPAT; USOCR;

FPRS; EPO; JPO;

DERWENT;
IBM_TDB

USPAT: USOCR:
FPRS; EPO; JPO;

DERWENT;

‘USPAT; USOCR;

FPRS; EPO; JPO;

IBM_TDB

US-PGPUB;

dD

USPAT: USOCR:

IBM_TDB

US-PGPUB:

FPRS; EPO; JPO;
Dd

__aimQQaanvavim2

‘US-PGPUB;

~ouQoonjp

IBM_TDB

s

s
$

g‘

y
yyS‘s
$

3

©structurember element

cable wire component
conductor human

‘(340/540.ccls.) and
3
33

sens$3 examin$3 determin

$3 recogniz$3 inspect$3
analy$4 anali$4 monitor$
diagnos$3 identif$4 record
‘$3 judg$3 find$3 indicat$3
verif$4 captur$3) near2
(presen$3 absen$3 exist$5
proximity appearance)
near2 (user object person
body target finger subject

occupancy human driver
‘operator occupancy occup

(340/545.4.ccls.) and
‘@ad<"20080722"

(340/545.2.ccls.) and
‘@ad<"20080722"

(340/545.1.ccls.)and
@ad<"20080722"

m

iii

‘Search Query

‘@ad<"20080722"

‘@ad<"20080722"

'$5))

{sy$s
3

{ss‘yy

s

33
33s3333

 
 

{Band((check$3detect$3

833 \(340/541.ccls.) and 
 

22

020

1

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (1 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 302



IPR2020-00998 
Apple EX1022 Page 303

EASTSearch History

  10:09

201 1/01/16

2011/0116
10:09

2

10:05

2011/01/16

 

;33
3ON

    PGPUB

I'?PRS; EPO; JPO;

S

‘DERWENT;
IBM_TDB

FPRS; EPO; JPO;  
 

—aD:aa--

U

‘USPAT; USOCR;

USPAT USOCR;‘
yy

‘EPRS; EPO; JPO;

‘DERWENT;
y‘

IBM_TDB

‘DERWENT;
cord SIBM_TDB

 

ys.
s
sys.ss
s
ss

:;:
x
s
:yS‘s

{y

 
sens$3 examin$3 determin {USPAT; USOCR;

sens$3 examin$3 determin

‘$3 recogniz$3 inspect$3

‘$3 recogniz$3 inspect$3
analy$4 anali$4 monitor$3
diagnos$3 identif$4 record
‘$3 judg$3 find$3 indicat$3

(presen$3 absen$3 exist$5
proximity appearance)

analy$4 anali$4 monitor$3
diagnos$3 identif$4 re
‘$3 judg$3 find$3 indicat$3

(presen$3 absen$3 exist$5

operator occupancy occup

proximity appearance)

$5))

16 and ((check$3 detect$3

member elementstructure

cable wire component

body target finger subject

conductor human

member clement structurc

cable wire componcnt

$3 judg$3 find$3 indicat$3

conductor human

sens$3 examin$3 determin

diagnos$3 identif$4 record

verif$4 captur$3) near2

(prescn$3 absen$3 cxist$5

‘$3 recogniz$3 inspect$3
analy$4 anali$4 monitor$3

proximity appearance)
near2 (user object person
body target finger subject

operator occupancy occup

$5)
‘s

member elementstructure

cable wire component

body target finger subject

near2 (user object person

conductor human

near2 (user object person

occupancy humandriver
‘operator occupancy occup
3
:3333
3

verif$4 captur$3) near2

occupancy humandriver

occupancy humandriver

verif$4 captur$3) near2

 

14 and ((check$3 detect$3

15 and ((check$3 detect$3

s

 

4N

 
IPR2020-00998

Apple EX1022 Page 303

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (2 of 14)1/16/11 2:06:48 PM



IPR2020-00998 
Apple EX1022 Page 304

EASTSearch History

  Z43i¢$tioi\ORo)Ne)5ta4imfoo/~toiioalimiSSSiSiSaS=i—=jr...ic.mmle7OooOooooOooOioumLAraliAN

ON

iii}ti}

ON

ON

 

;33;33;3

 

’

 

 
 

‘USPAT; USOCR;

FPRS; EPO; JPO;

‘DERWENT;

FPRS; EPO;JPO;

‘DERWENT;
IBM_TDB

USPAT; USOCR;

FPRS; EPO; JPO;

‘DERWENT;
IBM_TDB

USPAT; USOCR;

US-PGPU

FPRS; EPO;JPO;

‘DERWENT;
IBM_TDB

5AoSA.P=.

ss
‘USPAT: USOCR:

US-PGPU

IBM_TDB

US-PGPU

i\\i{{\

‘\\
i

‘ii
:sss‘
yceBES|eBESSunkFESSaneBESimBOBaoUStodiSRWBeHStogABMBaeUStog4239SenHStogiFaFsaRodsgsesfFaeaFgeagsocaCoaFfeaeSOSHoaFfSSBSOStoOUaeRBORVSDatSaoveDvaoOaeaevxsVvtaioOaoveDveS:28DoBekBSPQéEDoBeBS2gDo'BeHBSBE25B4832B5B208=oPpOSEBSQSE=ODozeos=Oaoeoseas=OfaseBPaganvg‘a5ea82a2325m8s5Se2aganssoeBaZaergPSsHseHa>PePSsHEHSS9SaReha>CECREFSSpVcn&—(SonFaaon&—neon&be]naam.DoWeyPnIOSOoWenBANDoWeyFANNSssSDDNiPCenwnttestaeQiOtenTTsesagSewnttaesadCECAATHTaseDG8SeanFfonst&°@5eneOSSSF“3SonFfo84&“5Snfo848imanapAdswsiMAmnpetswosQPmaRswsQRPmaARstswsPOAeUNSHeoSeviQGSHe#UONPaHeySREvi®PaHFeYOnNeeeseo®aKeMONZA2Bo;2oeseSEnRtat@eg@izgangBanADRQi6YsSainATAYsosBemATRYpSelnSACGand:easSeGaensiltsseRSeQVaeSQseiresRBSeyCans70S354Oh=mgioSAob7—2osg3S4of—ogSAaosgiSeotePresti~SeotePreSisSeoteePraefigoagseexteRTtsEionSnAoOmnEmiemSoA2negSpamSeenBGoOonGmesto5eSnuioOoico>SoOo<5S03feASagoRSABVreseFSBEOARSHASBViSHSSSOASEABPVISBaFASSEDRSeeHBYPSGSERSRESES|4058422mnSER&SSAobRGCnEgGESZORKSmnaBzESteememBamSESISGmSmBSBHHICEmMEmESMSHEIKFmSmbemsoe

 

$ii$ii$ii$iiiii$ii$ii$ii$ii$iiii

IPR2020-00998

Apple EX1022 Page 304

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (3 of 14)1/16/11 2:06:48 PM



IPR2020-00998 
Apple EX1022 Page 305

EASTSearch History

 
 

    

    

xsaSRava~O7...Om...aorASH~~&45~~maeSoOESCooeSTaBousOaous”aAAKOSZAROSBeRERx»-2a(82SQEBR-»«~og~aToyFHsos-3~wowFSo8a)Oo83F°-oO5eo3a°5oOoaeKBSeSEQVenrAgeseeS3BRESRSVBZSAZBRE53SBSCBCSHOEeESeEBSBSSEBEPCSAKOESSse£8osoSeRFSSShRBSECeISDSRBrasSFSOBBSgo¢gTeRErEBe2aanb2GprseisreyreexreeeanBUresf)aeaABgsSenr%54262BiennaeaBSeoeu%enogesAOaSO&E2%e%reASEAGERIAV&senses2QvrressesxuBERTSSS4SRPSSERSRSEHTSSSRSLRYRESEES9.304oOBAOOSSssxSIQS3mnSonzByadaosesasZEQaSeseeccRsczeGSZCassescceRszags.=a.=SEBSGoDZSPSCLICR2amFemwnoYOOLEPSte~~omAAVKSweegSSiromIVKSyuSud3ot@tGSEPSSESEEHDSst2mGSBeSDFGSSHan5nC053GFE=232E2ean5acgp56£8SBE3SVO0>SSESA200ReeEHSa439>S58302A52NHeesESE254537©SoOK&eaPkANZ2agwopokK&SSAUBHANEmneSmaeeCSeeoSESBRMFOESMTRESSSAPSGESaA|S.5

 

;ii

Ne}octo—i~im=2<ran=atea.—_.:a)co
  
 

     
\o—~=

2wy—A=Oosas 
“esofSF.AseaDSZReoEee2>ny=aDERE

33 detect$

sens$3 examin$3 determin

$3 recogniz$3 inspect$3
analy$4 anali$4 monitor$3
diagnos$3 identif$4 record
‘$3 judg$3 find$3 indicat$3

(presen$3 absen$3 exist$5
proxiniily appearance)
near2 (user object person
body target finger subject
member elementstructure

cable wire component
conductor human

occupancy humandriver
‘operator occupancy occup
3
:3333
3

114 and ((check$

verif$4 captur$3) near2

‘$5)) with capacitance

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (4 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 305



IPR2020-00998 
Apple EX1022 Page 306

EASTSearch History

 :AHlé;jittt4iijtttNe).eLOictH4iiH5~~~~3~~;~~i==ioimAS<iSiS$*SS92gStofaimoof.peeiD>cocioOo}coc ;3$;

   

2

2

POLIOLEELLEEEEECLOLEAEECLELELESba"CLEEEEECLEETEEELDEELEEEEEELEETEEOCLEEEEEELEELEEEEAEELEETEEOLDETLEEELELLLESEEELLEEEEEOLELTEEEDEELEEEEEOLEETEEOCLELEDE,LEDTEEEEEEELEETEEOLDETLEEEUEELEETEMUDLEELEEOLELTEEEEEEELEETEECLDEEEEOELEEEEES 
t45£54555354545545553545455455534g

  
    

 
 
 

 

eSeSvseSYaeaReaeaPorLorRokLorrereSeeZ8po-r248mS-£28(ermodaRacineDAAMonaeOneemCoeRIODseiooeLORSRagesARGESGes!in§meZaiAs=ig=ZeEREZERBESERREZZEREérmTenntnareGTiconlneheMleahnrerenenreresencaresenratsssararsrsarssersersserserssensersssrarsrserssersarsserserMSDssnissNeeskheneiiventatsessrarsrsarssarsarssansarssansatsne,feoggnageWhenanopeWwWjnmOn4:co;.oOasezSen8kS8238gfSanten_828sfS288nfeSy3Se5me4Paeseseegezetz28SatesSyeo255-22BegtegsyzePBBRQetyzpsegeeaeSsa¢8PBRSeReTweSEsgoesBSa¢(DSBRBEGoTVPsaagtaeae,9go*FeTresagtasr,age?eTRSSSERBASAOD&-=3-5S5©AmnZongeFSRL228598sfBAAns-SnQeSRL,285SSImmen2GmMerAteseRS2YRSEERSaaMeATeseRS2HYESEESSerergsazeypVamBoeztyeaae&S55=~PPanoBaao==5jeonFsossto‘fotoO>oO15=fastoO5toSman=otPSECSSEZRSCHRSESSeSZSEeCesEzeGoeesEssBASSCsTPss,1-2SBGon&~~eDVEPELIOSiPSBaan&+oeO2uPSio28SaoATQWBRZSSZOCRZSQgmesaescxzltsi2@sWBESSSQZ0RZSQSmMeaeSeljCsesRgregagasgiset%mgSBLZADESSSGEixSisetmeeseed5S2565&is5aoteeresfeRaoeezseogQgtssageityvPeRVeeezsadsggt4Ssa5rSeRBa5f2ZanesPSFDPPHBEeaasSsasrstAisa(eS0282S2kPELQGeSE_;IPRSEROzBRE4SSS=3=3mEOSROSESSPSSESRASiseOSPOSESSSSSESRAHEOEEPOEREPAARSSAESSESESSSoHISELINZRESBSRSSESSSCKINGeSeeee88521

IPR2020-00998

Apple EX1022 Page 306

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (5 of 14)1/16/11 2:06:48 PM



IPR2020-00998 
Apple EX1022 Page 307

EASTSearch History

  ‘t3iiiii;ij34‘4iti\o£\oa)iC—ioiim~i™ii=icoi=i=SSSiSiS
i

=¢agimagia—:.imOoio>.imooroOoroOococNoLoloLaoAon::ittiiijiti:iiiiiiz
j

ne4iS
OR 

 

 

I'?PRS; EPO; JPO;

DERWENT;
IBM_TDBQe

USPAT: USOCR;
FPRS; EPO; JPO;

‘DERWENT;{\

DERWENT;
IBM_TDB

ZoOoO<eSoOSwa17onp)ae

‘USPAT: USOCR,

‘FPRS; EPO; JPO;

S‘USPAT; USOCR;

TI'PRS; EPO; JPO;

_-x©an

‘DERWENT;

‘1IBM_TDB

IBM_TDB

‘sss‘y
S
ss

.Een¢nmewnnoDe¢nmwLAAas-DPQuSsAwaaAasP>va~=e535a5BSeo'5BsEnEBRAG6358a5SAPPaefaetl2ypaoZezwroe28eaegteeseater2greZesce,2863PPSESESPTS59R28S2GgoSaX®ggitActBZESEBS59225325Bos48poseactesasans52CmSaedeSSrtmdBsaASteseanaeTre5inCHESTEMSSLBELSGSgoReeRSRESmao&=26=6inc&SnSeeodzakSaon8a=MHen4aonesOdourRSSESnySESSSSSERRRRFEESESSER82292ASSSSRRPSEER‘£O.=en§oD‘2,a5S5~—en*oSEeSSsae§ow42.SS342etsteigresrs2s225432933,2ECESEZZSCSRSESSEt-~~=-..wt—a8SSGFawReSRSEnSENDATALSSSBsanToasRoeVEHSeSa6eSanateneOBPAMIBSR.SeaRHSSEERSSheleeoneSgMeozezasBwingottySGSB23DE585BRaeoteeredsot4€MyGSBSSTEOES=3sPeQoFoGuadsé56sagOseaofSameRearetzauAdasé76Bag3=6pawoOa>osSeEARVaawosdSSegornsea&SoPpPeseegedeetaoséao5AGsO-S-—8cos=o>AoSs=ofadQAa=0-48=o>RFReSn5bRSSSIGE2aSaeneSa&HESmoeenaRSSSeSeEsaa
:444

 
file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (6 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 307



IPR2020-00998 
Apple EX1022 Page 308

EASTSearch History

  
Ro}me~=

Sa
—

otonaoUSPAT; USOCR;

‘FPRS; EPO; JPO;

DERWENT;

IBM_TDB

{‘yyS‘
:

cay™73oOnoaayoO7somcooO<Z-“2an35SA-o58nwSEB2.85ZS&5Sssae_geé>DAS5836080O32%asofTt2=o5e¢SsSodaeaoG25seReseese£355.4E39225B£22382ERERE_SESom2‘aOowy3 mABS%=OSQAPoeaBeSSe22222783SPo2n4RRFsSeS£,285832F55288geS2e8FSSyeAmFT9“AOoa?af>aa“nceOAaqsgSnFAR:OXOGSoy€SsSAQ32eume4AAY8Ss4A2O-sSZLZESRESSHESAASSEERESEPRAEZPZTEEELESSEE2TSSGESTEABagas3GY‘oSs@=SasQerelGnFGsSydkasOo=QoegeaaeygsSteOnTmFBSSSPSZECHCSESSESPRSENRSZSZSHSCBsLESSERREBRRABR2SBSVEBS..“oOa=3omBOHeoQaqagaxw&=oocn=OB's&avetexsgageNSaw,2BOSaosSangesSBonsGeASERtonFeynPTsvePesrreeceEsoRSEoCRASeagoerrpsrvrgantarsassgesysSENSESRSSPESeeSSSSSPSSEERSCFCESES2SESESERZALABSA=‘osaQD9Oo-s|a0°aa)A+ame9OcxsacawwOeoaecas6tjSEsSxo38.we0nmUaasasTHe6a4coSRPSRSSPZAGRSLESEZSASERSRASEQSARTESSTHERTZER2SeaeeyZvesWeveEDSeedgressoataDZwaa5&5&SetdodGRQDDASHLSESSRCa8EenBsrSnmrodeguotgPacdsansoet~ewenseRnseentdotesaeecsganetaaaysesaoRsSALRASAPSASSESSSOSHCSSORSSRESSRESSESSSSOMESMKREREEREOSS
                         

 
file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (7 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 308



IPR2020-00998 
Apple EX1022 Page 309

EASTSearch History

i;i;

i.0ieltii=;2smPoot:;O07tN
;33

 

2

 

7eS;OfP07).imPormeea28imMe-OWa‘Ooeeim~oH—!ToyesMAAmpraRr

i>73m<a3:4tWwOo=aovfonSFe8|SE~#5BRSnum.SoaR8BaFen3BSesgroaSS8a608oo0oN3OAHST2S5oOo8=54488AnePDEsSLUso2F32=F2S~53speskesB82FS852BSRBERQF_SePA2anmeeskKeRosSs£CeinomRarsgseaviaodSe£¢E¢3,8B2a25n528REESERESSe2S2SeeeeeeaeFesenssgs2GCepen-S35seefearsoO.=on]“A-VvSSeSenSoOoonaUgoO$:3322229232522522575523239s55biosheisegsbieyREFSgA2SaFfOSceeQo84R8P>ohofaIAA~Do~Siw~aoaososagS3505Geaeawrasgos6ESSa2u8a268ioeouoeaegbpagosSs5054xXasoUreéesuaSEBSERSES tspuEesromSSGSEZASCHSESEERSRACHESSBESRecLSSBBRREARPERBDEZOVEBSa=aaaePovsto85esUgs4|Serges=oSo-5oa)ion“ESa50s>2ewmsSszB>Omoe=>SweFaseecoeeeDSSECASRSeeeweesPTagsEgSsenaeseeresessebagsgeegeaspoSeades25AxunsaAOSBKos5=eaxBSPh¢fhORFGaSe6H8axSerSeersageezsesoesoegsyeDSeozogsesau7%Sogo:iDneseyevanvsBRAGSFASSS EBBSSRA2EneeBagelesed.oddnoVvSZSPaG2SCRUSessTASSSSRESSLESEGRESESEASSEERZIEGe34iromBtSmoFEESSSEESBRESAmAZSAmnBHSHHEG2ESSRSeRLSTABSFSasadqsISALABASPSASSESSSCRRASRRSEURSRSHRERSESSSCRCMRERSCREOES 
file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (8 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 309



IPR2020-00998 
Apple EX1022 Page 310

EASTSearch History

 

EASTSearch

 

  
 

\(324/663.ccls.) and
‘@ad<"20080722"and

‘@pd>"20100927"

(324/658.ccls.) and
@ad<"20080722" and

@pd>"20100927"

(324/649.ccls.) and

(@ad<"20080722" and
{@pd>"20100927"

\(324/600.ccls.) and

@pd>"20100927"

\(702/57.ccls.) and
\@ad<"20080722" and
‘@pd>"20100927"

History (Interference)

(C((check$3 detect$3
sens$3 examin$3

determin$3 recogniz$3
inspect$3 analy$4 anali
$4 monitor$3 diagnos
‘$3 identif$4 record$3S

largefinger subject
member element

structure cable wire

component conductor
human occupancy
human driver operator
occupancy occup$5))
with capacitance) and

“y

‘;

‘US-PGPUB;

DERWENT;

IBM_TDB

s
ss‘yys‘sys.ss‘yys‘sys.ss
s
‘{{\i\\{i\\i{{\i\\{i\\i{{\i\\{i
j

 q%vQ)yc ’

DERWENT;

IBM_TDB

‘US-PGPUB;

DERWENT;

IBM_TDB

 %4Qaec
‘< ’

‘USPAT; USOCR;‘

DERWENT;

IBM_TDBRecteectee

‘US-PGPUB: 
 

DERWENT;

IBM_TDB

 US-PGPUB;

USPAT; UPAD

USPAT; USOCR;

FPRS; EPO; JPO;

USPAT; USOCR;

I'PRS; EPO; JPO;

USPAT: USOCR;

FPRS; EPO; JPO;

‘FPRS; EPO; JPO;

USPAT; USOCR;

BPRS; EPO; JPO;

 

 

 

 

"4

CcZz

2011/01/14

15:19

2011/01/14

15:19

2011/01/14

15:20

2011/01/14

15:20

2011/01/143

815:20

 Time Stamp

‘2011/01/16 11:18

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (9 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 310



IPR2020-00998 
Apple EX1022 Page 311

EASTSearch History

eee

US-PGPUB;

‘USPAT; UPAD

:
‘;;
:

>uinn4wnoOatea_a=0oo,Bw.‘ewa269=:Oog3G22SnB2ee0Go55Ean&38_3_yg22$223poB8S2Sm8S435onaDo+SME zwéaig35tien&OD42:YYa52noadq w3UNso2a0SAWwPpZat3aSfaOtBGaw,Fw,mam2xGBBPPao"-SleSESEESRaEGLEE2EeP22E832F2242428oeTEBEoocCPSORBaed=oSOsSea%asDEedsYipORS aSREaaeosogreFtvezDARAA2>oOogzZ°ODO&Esne&aooOofao)shooeoOOOSDvoBehSRESSPeaSSECESSSSEASRZEGSSeSSESQVssszeseialge7 7SenSERBSsmoguvoY+oOoRpFSTPSHESGOoaie~aostCen=ORFVMFSmeenenSEMEECZRSQIMOPRSEPVCEMESS4ASRROTASSSRRHTMEDODYSAFSS55n,FSSCSSCSVPESCTAZRESS25@aSreaeHRETSCRESRELDSSeEBSESS.SgkspHoy&aSRERBSCRSoMBRASOTRSByekSsCHDEQOga-rSSRNB25ZSCROLSBSSESaArCVvEeEFeese254BoreS56SESHBAGSCHErYLSBOo3qoOeasYooOang8~7,MooSPrMY~*~OoSseooa&OQ.SFSRESRESSSSRRARRBHESFESSSSSRSSSESSReVGStSSESSLERSAESOnaxeoSZyxrnBaxTanaERESESSPKKBFEZSSRSGirenomSndenaeedgsestttfit 
IPR2020-00998

Apple EX1022 Page 311

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (10 of 14)1/16/11 2:06:48 PM



IPR2020-00998 
Apple EX1022 Page 312

EASTSearch History

ray_>©|-ExwSve-a2goS=:2EERSmRMeeSTAg?6€Aa&os_3YCF+aw2FAoxnwwmamaaoo=aWy zwéakhaaoOoOS=a=~2oOaW=2»os3S>aASBoemoDEdsAOANezoO=|>>5ASa&o8ZegocooyvessSeesSnSSRF2R8R595BkSPeersSeases,eesSesserese5epageSIE£4690358SeeserPsanzgae~oseeSPAES&os,on~oaoyeaos2Ss2og,vDS3°0SERSEARSSESSDESZRSRECEESESSARREESASeBEREE_>nmBeeaagSomeeget=o2Ae?saegugESERRenBZtAasgsSastSRGFMOPSREPBBmaaBxSUPsasoBOOssAaAao250qRadUAHO9aécdeAeDNamyw5sos42Edges4&QathaaseaBoeostoSSawzséO&#ssae56aoSESLLAR2HESSESEARESSSSZEEEELSESEEREEEAERESEESSASSSSTUSRPELARSHESSESSSSSRESSESELge39536nN2ananoSwu5S3peR70GtoeBaw8=ais 
file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (11 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 312



IPR2020-00998 
Apple EX1022 Page 313

EASTSearch History

 

ORUS-PGPUB;

‘USPAT;, UPAD

:
‘;;
:

judg$3 find$3 indicat$3
verif$4 captur$3) near2

threshold reference desir

standard known model

second spare bench

((presen$3 abscn$3 cxist

$5 expected wanted

$5 proximity

\((((check$3 detect$3
;‘:
;\

inspect$3 analy$4 anali
$4 monitor$3 diagnos
$3 identif$4 record$3

‘(presen$3 absen$3 exist

‘$3 measur$3 comput$3
calculat$3 $2valuat$3

examin$3 test$3

inspect$3 analy$4 anali
$4 monitor$3 diagnos
$3 identif$4 record$3

meter$3 gaug$3 judg$3
find$3 indicat$3 verif

$4 captur$3) near2
capacitance) and

$ldefin$3 specif$5 pre
$lset$4 maximum

and((pre$1select$3 pre

minimum limit

humandriver operator
occupancy occup$5))

$ldetermin$3 pre

‘((check$3 detect$3 sens

determin$3 recogniz$3

(object person body
target finger subject
member element

structure cable wire

component conductor
human occupancy

‘:i

with capacitance) and

human driver operator
occupancy occup$5))

component conductor
human occupancy

5A
2Na2S

oo
29SSsa2

e
s

‘sens$3 examin$3
determin$3 recogniz$3

object person body
target finger subject
memberelement

structure cable wire

appearance) near2

‘$5 proximity

 
file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (12 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 313



IPR2020-00998 
Apple EX1022 Page 314

EASTSearch History

4444444444444444

2011/01/16 11:27

  
;2as

7m2Sepo[WN

eewu3Dai&onNB5en5apS2a=;O=ea3=o2-ezo2zs7=22£2(2532B852.5EaeoempEe23285.5gre&=|EenBaZoo~~559saw4aAonwanoaaD9sawyenwowesimewm&RBan-wrtmNoOa>FA3.5o>2a“AD4NvOa>aRABS2£5o(982224858SerersSleSsnSeersBns25geesesee2gcggssaETmM{2B—“ABAartoszgo2°55e806aoe&mG£69aseeo6Oa250BezteB=rpPnSessaya=a¥eSStrRenSLKBASFvoyas#aoeneesatTStgendesP&SseSESSSBZZSSSESESSSSCSASSEPaSBESCSSSECESTSRCZaGESSAHSinBeatqooOA=Oaa.>oOoOmpmaAGESenoa=5a0.>=x4aaoinFGaaBom2Oo&ho5Sa'smAATOTHOTe9995O78Feo&“2HOR91S3RCe+oOSeogd3awvosdFDgAae=S3aeOdge4~onAGeo—4VYoeS<FNamfeSsasoaa453=eFmMOqgoRSSPSteSgetksaggtsaoSPMEtoAmMSHREKSDaoEESaey8sSteapispaSsoSSH2A0SRLUHBeeESALSHB2SBMKeSBTSEZoeOLSBeeERSSaSLPeeaPe5eSSSLSSSSSLERARESEAERIZEESPSSESEULERERESELESSSEE=2simanonomBmOoEMweFee39506ANZ2RBemBann6BwoSeeg3.590i 
file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (13 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 314



IPR2020-00998 
Apple EX1022 Page 315

EASTSearch History

threshold reference desir

$5 expected wanted
standard known model

second spare bench
$1mark stored) near2

time near2 (period
interval cycle duration
shift relay range band

‘block))).clm.

s
y, 

 

  
1/16/11 2:06:36 PM

C:\Documents and Settings\hnguyen26\My Documents\EAST\Workspaces\12179769.wsp

file:///Cl/Documents%20and% 20S ettings/hnguyen26/My%20...9769/EASTSearchHistory.12179769_AccessibleVersion.htm (14 of 14)1/16/11 2:06:48 PM

IPR2020-00998

Apple EX1022 Page 315



IPR2020-00998 
Apple EX1022 Page 316

PTO/SB/80(11-08)
Approved for use through 11/30/2011. OMB 0651-0035

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

POWEROF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

 

 
 

  
 

 

37 CFR 3.73(b),

| hereby appoint:

Practitioners associated with the Customer Number: 12323

OR

[| Practitioner(s) named below(if more than ten patentpractitioners are to be named, then a customer number must be used):
 

 
   as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO)in connection with ~

any andall patent applications assigned only to the undersigned according to the USPTO assignmentrecords or assignment documents
attached to this form in accordance with 37 CFR 3.73(b). 
 

Please change the correspondence address for the application identified In the attached statement under 37 CFR 3.73(b) to:

The address associated with Customer Number: 

   Assignee Name and Address:

Atmel Corporation
2325 Orchard Parkway
San Jose, CA 95131

 

  
  A copyofthis form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) is required to be

filed in each application in which this form is used, The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appcinted in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and mustidentify the application in which this Powerof Attorney is to be filed. :

 

  

 
 
 

  

fouJaf|
Telephote7408-436-4229

tite=|fA Senior Vice President and Chief Legal Officer
This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public whichfs to flle (and
by the USPTOta 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 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to tha USPTO. Time will vary depending uponthe Individual case. Any
commenis 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: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

  

Ifyou need assistance in completing the form, call 1-800-PTO-9199 andselect option 2.
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PTO/SB/96 (07-09)
Approvedfor use through 07/31/2012. OMB 0651-0031

U.S. 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 it displays a valid OMB control number.

STATEMENT UNDER37 CER 3.73(b)

Applicant/Patent Owner: Harald Philipp etal. 080900.0188

 
 

Application No./Patent No.: 11/750,430 Filed/lssue Date: July 25, 2008
Titled: .

Proximity Sensor

Atmel Corporation _ Delaware corporation 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states thatitis:

1. [x] the assigneeof the entire right, title, and interestin;

an assigneeof less than the entire right, title, and interestin
(The extent (by percentage) of its ownership interest is %); or 

3. [] the assigneeof an undividedinterest in the entirety of (a complete assignmentfrom one ofthejoint inventors was made)
the patent application/patent identified above, by virtue ofeither:

A. [| An assignmentfrom the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a
copy therefore is attached.

OR

B. A chain oftitle from the inventor(s), of the patent application/patentidentified above, to the current assignee asfollows:

4. From: Harald Philipp and Kevin Snoad To: QRG Limited  

The document was recordedin the United States Patent and Trademark Office at

Reel 021758 _ Frame 0483 , or for which a copy thereofis attached.

2.From: QRG Limted To: Atmel Corporation  

The document was recorded in the United States Patent and Trademark Office at

Reel 922608 : Frame 9130 , of for which a copy thereof is attached.

3. From: To:  

The document was recordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copythereofis attached.

[ Additional documents in the chain oftitle are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)()), the documentary evidence of the chain oftitle from the original ownerto the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy(i.e., a true copyof the original assignment document(s)) must be submitted to AssignmentDivision in
accordance with 37 CFR Part 3, to record the assignmentin the records of the USPTO. See MPEP 302.08]

The undersigned (whosetitle is supplied below) is authorized to act on behalf of the assignee.

‘travis w. thomas/ REG. NO. 48667 February 9, 2011  

Signature Date

Travis W. Thomas Attorney of Record

Printed or Typed Name Title
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public whichis to file (and by the USPTOto
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 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any comments on the amountof time
you require to complete this form and/or suggestions for reducing this burden, should be sentto 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 FORMSTO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 

if vou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt 

9408534

Confirmation Number: 

Title of Invention: PROXIMITY SENSOR

 

First Named Inventor/Applicant Name: Harald Philipp

Customer Number: 76287

Filer Authorized By: David Osborn Taylor 

Attorney Docket Number: 3050.030US1

Filing Date: 25-JUL-2008

Time Stamp: 14:52:11

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

143746

Powerof Attorney 0809000188POA.PDF 9b33b 1bOca2b3e02cacb8404 Ibcf284e5d7]
<35af

«
Information:
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Total Files Size (in bytes) 143746 

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

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application asa
nationalstage 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 componentsfor
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTS 

Alexandria, Virznia 22313-1450Wwww.uspto.gov
 
 APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

12/179,769 07/25/2008 Harald Philipp 3050.030US1
CONFIRMATION NO. 8745

12323 POA ACCEPTANCELETTER
Baker Botts L.L.P.

2001 Ross Avenue, 6th Floor MTA000000045968742
Dallas, TX 75201

Date Mailed: 02/14/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 02/09/2011.

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

/tcaldwell/

 

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 UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 14 

Alexandria, Virznia 22313-1450Wwww.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE  

 
FIRST NAMED APPLICANT ATTY. DOCKET NO/TTILE

12/179,769 07/25/2008 Harald Philipp 3050.030US1
CONFIRMATION NO.8745

76287 POWEROF ATTORNEYNOTICE

SCHWEGMAN, LUNDBERG & WOESSNER / ATMEL

P.O. BOX 2938 MATAR0000000459687
MINNEAPOLIS, MN 55402

Date Mailed: 02/14/2014

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Powerof Attorney filed 02/09/2011.

«The Powerof Attorney to youin this application has been revoked by the assignee whohasintervened as
provided by 37 CFR 3.71. Future correspondencewill be mailed to the new addressof record(37 CFR 1.33).

/tcaldwell/

 

Office of Data Management, Application Assistance Unit (671) 272-4000,or (671) 272-4200, or 1-883-786-0101

page 1 of 1
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Page 1 of 1

UnrTEeD STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS0). Box 1450
Alexandria, Virginia 22313-1450ww wuaplo.guy

U0O00 CONFIRMATIONNO.8745
Bib Data Sheet

 
FILING OR 374(c)

SERIAL NUMBER DATE GROUP ART UNIT DOCKETNO
12/179,769 07/25/2008 2858

RULE 3050.030US1
APPLICANTS

Harald Philipp, Southampton, UNITED KINGDOM;
Kevin Snoad, Chicester, UNITED KINGDOM;

H® CONTINUING DATA *ttttesstssnasaxaniesennn

This appin claims benefit of 60/952,053 07/26/2007

uadel FOREIGN APPLICATIONS RRAREKAKRERERARRRREAE

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

STATE OR
COUNTRY

Allowance UNITED
KINGDOM

SHEETS
DRAWING

10
Examiners Signature Initials

PROXIMITY SENSOR

FILING FEE |FEES: Authority has been given in Paper
RECEIVED _|No. to charge/credit DEPOSIT ACCOUNT

for following:

 
IPR2020-00998

Apple EX1022 Page 322



IPR2020-00998 
Apple EX1022 Page 323

PART B - FEE(S) TRANSMITTAL

Complete and sendthis form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
ommissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATIONFEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

 

 

 

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " ADDRESS" formaintenancefee notifications.

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block | for any changeofaddress) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.

76287 7590 O1/25/2011 C fi ft Mail Tertificate of Mailing or Transmission

SCHWEGMAN, LUNDBERG & WOESSNER / ATMEL I hereb) certify that this Fee(s) Transmittal is being deposited with the UnitedP.O. BOX 2938 States Postal Service with sufficient postage for first class mail in an envelope
~ addressed to the Mail stop ISSUE FEE address above, or being facsimileMINNEAPOLIS, MN 55402 transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)

{Date}

12/179,769 07/25/2008 Harald Philipp 3050.030USi 8745
TITLE OF INVENTION: PROXIMITY SENSOR

APPLN. TYPE SMALLENTITY ISSUE FEE DUE PUBLICATION FEE DUE{|PREV.PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

NO $0nonprovisional $1510 $300 $1810 04/25/2011

EXAMINER ART UNIT CLASS-SUBCLASS

NGUYEN, HOAI AND 2858 324-663000

   
 

 
  

1. Change of correspondence address or indication of "Fee Address" (37 2. Forprinting on the patent frontpage,listCFR 1.363

{J Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

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

i Baker Botts L.L.P.(L) the names of up to 3 registered patent attorneys
or agents OR,alternatively,

(2) the nameofa single firm (having as a member a 2
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents. Ifnonameis 4
listed, no namewill be printed.   

3. ASSIGNEE NAME AND RESIDENCE DATATO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE:Unless anassignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the documenthas beenfiled for
recordation as set forth in 37 CFR 3.11. Completion ofthis form is NOTa substitute forfiling an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

Atmel Corporation San Jose, CA

Please check the appropriate assignee category or categories (will not be printed on the patent) : LV individual &) Corporation or other private group entity CI Government 

4a, The following fee(s) are submitted: 4b. Payment of Fee(s): (Pleasefirst reapply any previously paid issue fee shown above)
Kl Issue Fee DY A checkis enclosed.

Publication Fee (No small entity discount permitted) Oo Paymentby credit card. Form PTO-2038is attached.

LY Advance Order - # of Copies KX] The Directoris hereby authorized to charge ths seared feets). any deficiency,or credit anyoverpayment, to Deposit Account Number -03 (enclose an extra copy of this form).
5. Changein Entity Status (from status indicated above)

Lda. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. im b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
NOTE:TheIssue Fee and Publication Fee(if required) will not be accepted from anyoneotherthan the applicant; a registered attorney or agent; or the assignee or other party ininterest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature_ /travis w. THOMAS/ pae April 25, 2011
  

Typed or printed name__—s Travis W. Thomas Registration No.__ #8667

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

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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ATTORNEY DOCKET PATENT APPLICATION

080900.0188 12/179769

P031213-QRG

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

First Named Inventor: Harald Philipp

Application No.: 12/179769

Title: Proximity Sensor

Filed: 25 July 2008

Art Unit: 2858

Examiner: Hoai An D. Nguyen

Notice of Allowance Mailed: 25 January 2011

Confirmation No.: 8745

Response to Examiner’s Statement of Reasons for Allowance

Under 37 C.F.R. § 1.104(e), Applicant files this statement commenting on the

Examiner’s reasons for allowance. Applicant respectfully disagrees with the Examiner’s reasons

for allowance to the extent that they are inconsistent with applicable case law, statutes, and

regulations. Applicant docs not admit to any characterization or limitation of the claims or to

any characterization of any prior art by the Examiner, particularly any that are inconsistent with

the language of the claims considered in their entirety and including all their constituent

limitations.

Respectfully submitted,

BAKER BOTTSL.L.P.

Attorneys for Applicant

Travis W. Thomas

Registration No. 48,667
Date: 25 April 2011

DALO1:1164018
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Electronic Patent Application Fee Transmittal

Filing Date: 25-Jul-2008

Title of Invention: PROXIMITY SENSOR

First Named Inventor/Applicant Name: Harald Philipp 

Filer: David Osborn Taylor/Glenda Orrantia

Filed as Large Entity

Utility under 35 USC 111(a)Filing Fees

Sub-Totalin

USD($)Description Fee Code Quantity

Basic Filing:

Claims:
 

Miscellaneous-Filing:

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance:

Utility Appl issue fee 1501 1510 1510

| 1 | 300 300Publ. Fee- early, voluntary, or normal 1504
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Sub-Totalin

Description Fee Code Quantity USD($) 

Extension-of-Time:

Total in USD ($)
 Miscellaneous:
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Electronic Acknowledgement Receipt
 

9944349

Confirmation Number:
 

Title of Invention: PROXIMITY SENSOR

 

First Named Inventor/Applicant Name: Harald Philipp

Customer Number: 12323

Filer Authorized By: David Osborn Taylor 

Attorney Docket Number: 080900.0188

Filing Date: 25-JUL-2008

Time Stamp: 10:55:43

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Submitted with Payment

Payment Type Deposit Account 

Payment was successfully received in RAM $1810

Deposit Account 020384

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)
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101907

Issue Fee Payment (PTO-85B) 0809000188IF.PDF 2257676554 1208491aca5d? 5122473bdd]

Post Allowance Communication -
. 08090001 88Reasons.pdfIncoming 9d 6cbl2¢85a2623717d89992c1 709 [589Ls9}

409b3.

Information: 

Fee Worksheet (PTO-875) fee-info.pdf f03b2ee66797c7a56ce98688aGabeb2Bec2H
e7ab

Warnings: 

Information:

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

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling 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 acceptanceof the application asa
nationalstage 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 componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andofthe InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

12/179,769 05/31/2011 7952366 080900.0188 8745

 
12323 7890 OS/LL2011

Baker Botts L.L.P.

2001 Ross Avenue, 6th Floor
Dallas, TX 75201

ISSUE NOTIFICATION

The projected patent numberandissue date are specified above.

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

The Patent Term Adjustment is 374 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM)at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEBsite http://pair.uspto.gov for additional applicants):

Harald Philipp, Southampton, UNITED KINGDOM;
Kevin Snoad, Chicester, UNITED KINGDOM;

IR103 (Rey. 10/09)
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ATTORNEY'S DOCKET: 0806000188 PATENT NO: US 7,932,366 82

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patoniee: Atmel Corporation

LLS. Patent No.: US 7,952,366 B2

issue Date: May31, 20171

Serial Now: 12/179,769

Viling Date: July 25, 2008

Confirmation No.: 8745

Tithe: Proximity Sensor

Corroissioner for Patents

P.O. Box 1456

Alexandria, VA 22313-1450

Dear Sir:
 

REQUEST FOR CERTIFICATE €cA “ CORRECTION
UNDER 37 CFR 8 1.322

it is respectfully requested that a Certificate of Correction be issued im accordance with

the enclosed Form PTO-1050. The error invalved is believed to be a Patent Office error, and i is

believed that no fee is due in association with this request for a Certificate of Correction,

However, the Commissioner is hereby authorized to charge any fees or credit any overpayments

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

It is respectfully submitted that a significant error is present in the printed patent, that

correction thereof in accordance with the enclosed Form PTO-1050 is required in order that ao

misunderstanding will occur.

Respectfully submitted,
BAKER BONS| ek, 

 
 

 
wi Corporation

  
i

x 

” “Reg. No. $2,279 

 
  

Date: we

Customer No.v12323

Phone: (214) 953-6813

DALQET1949084
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CERTIFICATE OF CORRECTION | :

Patent No.. 7,952,366 :
| Dated: May 31,2011

Inventor(s}; Harald Philip, Kevin Snoad

; {t is certified thai errors appear im the shove-identified patent and that said Letters Patent
i is hereby ocrrected as shown Delow:

Column 13, Line 30 delete “nF/130 ke” and insert -- nP/i30 ki22--.

| Mailing Address of Sender: Patent Ne. 7,932,366 :
' Baker Botts LLP.

i 2001 Ross Avenue

Dallas, TX 75201-2980

‘FormPTO-1050-

IPR2020-00998
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Electronic Acknowledgement Receipt
 

17040968

Confirmation Number:
 

Title of Invention: PROXIMITY SENSOR

 

First Named Inventor/Applicant Name: Harald Philipp

Customer Number: 12323

rebuke Pedersen/Hannan cerning
Filer Authorized By: Luke K Pedersen 

Attorney Docket Number: 080900.0188

Filing Date: 25-JUL-2008

Time Stamp: 12:44:24

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

RequestforCertificate of Correction 0188.pdf b3507989818a5 723 ce9464b7d027a675a5q]
28019

«
Information:
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Total Files Size (in bytes) 79803 

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOof 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 applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application asa
nationalstage 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 componentsfor
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application. 
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UNITED STATES PATENT AND TRADEMARKOFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 7,952,366 B2 Page | of 1
APPLICATION NO. : 12/179769

DATED : May31, 2011

INVENTOR(S) : Philipetal.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shownbelow:

In the Specification

Column 13, Line 30 delete “nF/130 kg” and insert -- nF/130 kQ --.

Signed and Sealed this

Twelfth Day ofNovember, 2013

LowLid,ka)
‘Teresa Stanek Rea

Deputy Directorofthe United States Patent and Trademark Office
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PTO/SB/80 (11-08)
Approved for use through 11/30/2011. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.

POWEROF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

37 CFR 3.73(b).

| hereby appoint:

Practitioners associated with the Customer Number: 151145

OR

[| Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):
Registration Name Registration

Number Number

as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any andall patent applications assigned only to the undersigned according to the USPTO assignmentrecords or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence addressfor the application identified in the attached statement under 37 CFR 3.73(b) to:

The address associated with Customer Number: 151145
OR

Firm or
Individual Name

Address
 

City | Zip  
Country

Telephone Email

Assignee Name and Address:

Solas OLED Limited
4-5 Burton Hall Road

Sandyford, Dublin 18 Ireland

   
A copyof this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attorneyis to befiled.

SIGNATUREof Assignee of Record
The individual whose signature and litle is supplied belowis authorized to act on behalf of the assignee

|Signature |@é Date Jan 25,2019

Managing Director, Solas OLED Limited
This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTOto 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 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending uponthe 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: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 
!fyou need assistance in completing the form, calf 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

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

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

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records maybe disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidenceto a court, magistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a 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 needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, 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
agencyfor purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services,or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordancewith the GSA regulations governing inspection of recordsfor this
purpose, and any otherrelevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records maybe disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedorin which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency,if the USPTO becomes awareofa violation or potential
violation of law or regulation.
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PTO/SB/96 (07-09)
Approvedfor use through 07/31/2012. OMB 0651-0031

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

STATEMENT UNDER37 CFR3.73(b)

ApplicantPatent Owner. HARALD PHILIPP, KEVIN SNOAD
Filed/Issue Date: 91-29-2009Application No/Patent No.: 7,952,366

Titled:
PROXIMITY SENSOR

Corporation,a
(Type of Assignee, e.g., corporation, partnership, university, government agency,etc.

Solas OLED LImited

(Nameof Assignee)

states thatit is:

the assignee of the entire right, title, and interestin;

an assigneeof less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interestis %); or

the assignee of an undividedinterest in the entirety of (a complete assignment from one ofthe joint inventors was made)3 L]
the patent application/patent identified above, by virtue of either:

A. [| An assignment from the inventor(s) of the patent application/patent identified above. The assignment wasrecordedin
the United States Patent and Trademark Office at Reel , Frame _ or for which a
copy therefore is attached.

OR

B. [xX] A chain oftitle from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: PHILIPP, HARALD, SNOAD, KEVIN To: QRG LIMITED

The document wasrecordedin the United States Patent and Trademark Office at

Reel 021758 Frame 0843 , or for which a copythereofis attached.

2.From: QRG LIMITED To: ATMEL CORPORATION

The document wasrecorded in the United States Patent and Trademark Office at

Reel 022608 ; Frame 0130 , or for which a copy thereofis attached.

3.From: MICROCHIP TECHNOLOGY INCORPORATE To: SOLAS OLED LIMITED

The document wasrecordedin the United States Patent and Trademark Office at

Ree| 048201 Frame 9225 , or for which a copy thereofis attached.

[| Additional documentsin the chainoftitle are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain oftitle from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy(/.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignmentin the records of the USPTO. See MPEP 302.08]

The undersigned (whosetitle is supplied below) is authorized to act on behalf of the assignee.

February 28, 2019/Michael Messinger/

Signature Date

Attorney for AssigneeMichael Messinger, 37,575

TitlePrinted or Typed Name
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public whichis to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any comments on the amountof time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissioner

 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

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

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

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

2. 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.

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

4. Arecord in this system of records may bedisclosed, 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).

5. 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.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agencyfor purposes of National Security review (85 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

9. Arecord 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 awareofa violation or potential
violation of law or regulation.
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Electronic AcknowledgementReceipt

a

aeons

Title of Invention: PROXIMITY SENSOR

First Named Inventor/Applicant Name: Harald Philipp

Customer Number: 12323

Michael V. Messinger

Filer Authorized By:

Attorney Docket Number: 080900.0188

Receipt Date: 01-MAR-2019

Filing Date: 25-JUL-2008

Time Stamp: 16:41:07

 
Application Type: Utility under 35 USC 111{a) 

Paymentinformation:

Submitted with Payment

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

202143

00560000000_POAPreAlASigne
Powerof Attorney d.pdf 7fed39198695 9b0l066bU7al07da1d4ea77u}3 
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Information:

430305

Assignee showing of ownership per 37|0056007US01_POA_Tran_PreAl
CFR 3.73 A_PTOSB96.pdf §2a2e9ca23568963af0814688326271bcq

Warnings: 

Information: 

TotalFiles Size (in bytes) 632448

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 applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling 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 acceptanceof 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.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

 

 
APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TTILE

12/179,769 07/25/2008 Harald Philipp 080900.0188
CONFIRMATION NO.8745

12323 POWER OF ATTORNEYNOTICE

BakerBotts L.L.P./Atmel Corporation

2001 Ross Avenue AMATAEAA000000106409418
SUITE 700

Dallas, TX 75201
Date Mailed: 03/08/2019

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 03/01/2019.

«The Powerof Attorney to youin this application has been revoked by the assignee whohasintervened as
provided by 37 CFR 3.71. Future correspondencewill be mailed to the new addressof record(37 CFR 1.33).

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtdinh/
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UNITED StaTreS PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

 
 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

12/179,769 07/25/2008 Harald Philipp 080900.0188
CONFIRMATIONNO.8745

151145 POA ACCEPTANCE LETTER

Shami Messinger PLLC

1000 Wisconsin Ave. NW IMATEA
Suite 200

Washington, DC 20007
Date Mailed: 03/08/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorney filed 03/01/2019.

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

Questions about the contents of this notice and the

requirementsit scts forth should be dirccted to the Office
of Data Management, Application Assistance Unit,at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtdinh/
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