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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 measurement circuit for

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

to determine from the capacitance measurement whether an object is 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 offthe apparatus is provided. The

predetermined time duration may be selected from a number of predefined

time durations, or may be programmed using an resistor-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 human interfaces and for machine control. For

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

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

(cellular) telephones are 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

whether a finger or other pointing object is present or approaches such touch

controls. A capacitive sensing microprocessor may typically be comprised in

touch-controlled devices which are arranged to provide an “on” output signal

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

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

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

proximity with or touching an associated touch control.

[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 which is

not efficient.

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

which can regulate power usage.
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SUMMARY OF 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 measurement circuit operable to measure the capacitance of the

sensing element; and a control circuit operable to determine whether an object

is in proximity with the sensor based on a measurement of the capacitance of

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

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

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

duration.

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

duration is selectable from a number of different predefined time durations.

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

predetermined time duration may selectable from the number of different

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

terminal.

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

configured so that a selected one of the number of different predefined time

durations is multiplied by a multiplication factor according to a voltage applied

to the delay multiplier terminal so as to provide the predetermined time

duration.

[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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[001 i] The sensor may comprise a resistor-capacitor (RC) network coupled to

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

constant of the RC network.

[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 ofthe

output signal to control a function of an apparatus after the predetermined

time duration may be overridden so the output signal is not provided when it is

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

predetermined time duration. For example, the control circuit may be operable

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

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 before it is

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

predetermined time duration. For example, the control circuit may be operable

to receive an override pulse and on receipt of the override pulse to provide the

output signal to control a function of an apparatus.

[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.
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[0016] The control circuit may be configured such that the output signal is

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

be in proximity with the sensor.

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

switch-off function.

[0018] The capacitance measurement circuit may employ bursts of charge-

transfer cycles to acquire measurements.

[0019] The capacitance measurement circuit may be configured to operate in

one of more than one acquisition modes depending on the output signal, for

example a low-power mode or a fast mode.

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

comprised in a general purpose microcontroller under firmware control.

[0021] The capacitance measurement circuit 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 according to the first aspect of the invention.

[0023] According to a third 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 measurement of the capacitance

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

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

with the sensor for a predetermined time duration.

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

switch-off function.

|PR2020-00998

Apple EX1020 Page 5

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


