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CO-EXISTENCE OF TOUCH SENSOR AND NFC ANTENNA

BACKGROUND
Very thin notebook computers frequently bave a chassis made of metal because the

structural swengih of the metal tends to reduce damage cansed by flexing of the thin chassis in
evervday use. However, most computer devices now include at least one radio and H#s associated
internal antenna. Placig a radio antenna under a cutout in the metal may be desirable becauss

the metal might otherwise mterfere with transmissions from the antenng, especially in the case of

Near Feld Compumications (NFC) radios, which prmarily use the magoetic portion of the

eleciromagnetic radio waves, The cutont made to house a touch pad may be ysed for this purpose
because 1's approximately the right size.

A modern touch pad generally consists of an array of capacitive touch sensors. A threshold
value for each sensor may be set and stored in the touch pad’s memory daring system boot ap.
The readings on the capacitive sensor array may then be continuously compared to these
threshold values to determine whether a touch event on the touch pad has occarred. The
threshold values for the capacitive sensors may #lso be periodically updated in a moving average
manner to capture longer lerm wander of the baseline values due to environmental changes {such
as temperature, humdity, surroundings, stc.).

A transpussion from a nearby radic antenna may significantly change the capacibive
characteristic detected by the sensors. Even if the charge returns to normal frly soon after the
ransimission stops, the moving average techaigue for apdating the threshold values may cause
the recorded threshold vataes to vetom to normal more slowly, and be out of balance with the
actual charge values. In additton, the higher sensor readmg during a transnussion nught be
falsely iuterpreted as a touch {either 3 palm touch {f all the sensors have a sufficiently high
reading, or a finger touch if onby a small subset of the sensors have a safficiently high reading).
Any of these conditions can cause the touch pad o be onusable for s intended function during
the ransmission andior for a period of time afler a transmission. In addition 1o trackpad devices
conunonly placed near the kevboard of a notebook conyruter, touch scresns such as those used in
tablet computers and siart phones may also suffer {rom this same problam, since they tvpically

HSe CapacHive sensors,

BRIEF DESCRIPTION OF THE DRAWINGS

Seme embodiments of the invention may be better understood by referring to the following
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description and accompanying drawings that are ased to ifhustrate embodiments of the wvention.
in the drawings:

Fig. 1A shows a communications device, according to an embodiment of the nvention.

Fig. 1B shows functional components within a wireless commumications device, according
to an embodiment of the invention.

Fig. 2 shows a touch pad with a radio astenma located beneath #, accordimg 0 ap
embodiment of the invention.

Fig. 3 shows a flow diagram of a method of disabling sensor values dunng a iransmission,
according to an embodiment of the invention,

Fig. 4 shows a flow diagram of a method of ignoring sensor values during a transmission,
according o an emsbodiment of the invention.

Fig. 5 shows a flow diagram of a method of raising threshold values during o transmission,
according to an embodiment of the invention,

Fig. 6 shows a block diagram of a touch pad, radio, antenna, and touch pad controller,
according to an embodiment of the invention.

Fig. 7 shows a flow dimgram of a method of enabling/disabling a touch pad during

fransmissions, according (o an embodiment of the mvention.

DETAILED DESCRIPTION

In the following descniption, mumerous specific details are set forth, However, # is
anderstood that erbodiments of the twvention may be practiced withount these specific detasls. In
other mstances, well-known circuits, structures and techniques have not been shown in detail i
order not to obscure an understanding of thix description.

Reflerences {0 “one embodiment”™, “an embodiment”, “example embodiment”, “various
embodiments”, etc., indicate that the embodiment(s) of the invention so described may inclade
paricular fegtures, structures, or characteristics, but not every embodiment necessarily includes
the particular features, structures, or characterisiics. Further, some embodiments may have some,
all, or none of the features desenbed for other embodiments.

In the following description and claims, the terms “coupled” and “comected,” along with
their derivatives, may be used. It should be understood that these terms are not intended as
synonyms for each other. Rather, in pavticular embodiments, “comnected™ 15 wsed o indicate that
two or more clements ave 1 direct physical or electrical contact with each other. “Coupled™ is

used to indicate that two or more elements co~operate or inferact with each other, but they may

ko
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or maty not have intervening physical or electrical components between them.

As used in the claims, unless otherwise specified the vse of the ordinal adjectives “first”™,
“second”, “third”, ele., o describe a common element, merely indicate that different instances of
fike elements are being veferred to, and are not intended 10 wmply that the elements so descnbed
must be in a given sequence, either temporally, spatially, i ranking, or in any other manner.

Discussions herein utdidng terms such as, for example, “processing”, “compuling”,
“calvalating”, “deternuning”, “establishing”, “analyzing”, “checking”, or the hike, mav refer to
opervation{s) andior process{es) of a computer, & computing platform, a computing system, or
other electronic computing device, that mantpulaie and/or transform data represented as physical
(e, electromic) quantities within the compater’s registers and‘or memories mto other data
simniiarly represented as physical quantities within the compuier’s regmsters and/or memories or
other nformation storage medinm that may stove instructions to perfornm operations andfor
Processes,

Various embodiments of the mvention may be mmplemented fully or partially in software
andfor firmware. Thig software andfor finnware may take the form of fnstruchons contained in or
o a non-transitory computer-readable storage medium, Those mstructions may then be read and
gxecuted by ong or more processors to enable performance of the operations described herein.
The mstructions may be i any suitable form, such as but not hmited to source code, compiled
code, mwterpreted code, executable code, static code, dynanuc code, snd the like. Such a
computer-readable medium wav include any tangible non-transiiory mediom for storing
information i a form readable by one or more conyputers, such as but not imited o read ondy
memory {(ROM); vandom access memory (RAMY) magnetic disk stornge media; opical storage
media; a flash memory, etc.

The term “wireless” may be used fo describe cireuants, devices, systems, methods,
technigues, commmunications channels, ete, that commmuicate data by using modulated
electromagnetic radiation through a non-solid mediwn. A wireless device may compnse at least
one anienna, at least ong radio, at lgast one wemory, and at least one processor, where the
radiofs) transmits signals through the antenna that represent data and receives signals through the
antenna that represent data, while the processor{s) may process the data to be transmitied and the
data that has been received. The processor(s) may also process other data which is neither
sransptitted nor received.

Az used within this document, the term “vomumunicate™ 1S intended o include transmuiting
andfor recetving. This nay be particularly wseful in claims when describing the organization of

data that is being ransmitted by one device and recetved by another, but only the functionality of
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one of those devices 15 requuired to infringe the claim. Similarly, the exchoange of data between a
network controller and a mobile device (both devices wansmit and receive during the exchange}
may be described as ‘commumicating’, when only the functionality of one of those devices is
being clasmed.

Fig. LA shows a wireless communications device, according to an embodiment of the
mvention. Device 100 is shown as a typical notebook computer, with a kevboard 110, a display
126, and a touch pad 130, but device 100 may be any device, with any shape and configuration,
that wtilizes NFC wireless comnumications and has a touch pad wput device. Although the touch
pad 130 shown wmn Fig. 1A i an example of a wrackpad (ie. a small touch-sensitive area
wraditionally located near the keyboard and used as a replacement for a computer mouse m
actebook compuiers), the term ‘touch pad’, a3 used herein, may also mohude 3 touch screen {ie.,
a display screen whose surface 15 sensitive to localized touch), or any other capacitive sensor
input device that is sensitive (o louch.

Fig. 1B shows functional components withiny a wireless communications device, according
to an embodiment of the invention. Tn addition to kevboard 110, display 120, and touch pad 130
as shown in Fig. 1A, wireless communications device 100 18 also shown with processor 150,
memery 168, radio 170, aond radio antenny 130, Although device 106 13 shown with one each of
these items, more than one of any of these items may be inchuded 1w wireless device 100,

Fig. 2 shows a touch pad with a radio antenna located beneath It according to mn
embodiment of the mvention. Touch pad 130 is shown with two buttons 133 and 135 for
additional inputs, as is conumon with many touch pads located near computer kevboards such as
shown i Fig, 1A, although buttons and a similar locadon should not be seen as Hmitabiong on
the various embodiments of the invention. In some embodiments, touch pad {30 may be a touch
pad assembly contaimning logic to perform many of the operations described herem. The logic
may assume any feastble form, such as but not limited to: 1) discrete chrcuitry, 2} a slate

machine, 3} progravomable instructions, 4) etc. Antenna 220 is shown as a loop antenna with
multiple loops, although multple toops andior the loop configuration should not be considered
himitations on the various antenna configurations. Amtenna 220 is also shown with an overall
planar rectangular shape, although some antennas may be non-planar, and even planar antennas
niay have other shapes, such as but not limited to square, ctreular, oval, ete. The plane of antenna
220 is shown paraliel to the plane of the touch pad 1348, which would be considered a best mode
for antenmas with a planar shape that are expecied {0 ransmui through the opeming n the chassis
that was created for the touch pad, but other configurations may also be used. In some

embodiments, the antenna and touch pad nwy be built mto a single structure. One way 1o
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accormplish this may be (0 create the antenna as 4 trace on a cireuit board which forms one of the
layers of a multi-layer touch pad assembly, although various embodiments of the invention are
not limited in this respect.

The touch area of the touch pad mav be comprised of an array of capactiive sensors. When
a hurmnan finger touches the touch pad, the proximity of the binlogical material in the finger may
change the sensed capacitance of the sensors within the touched area, and this change mav then
be merpreted as a touch. Because small varations in capaciance may be normal even withowt a
touch, the amount of change may need to exceed a specified minmmum amount before a touch i
10 be interpreted.

For each sensor, g value that is presumed to be the "non-touch’ reference value may be

previpusly recorded and then compared with the cumrent value (o delerming 3f the change is

signiffcant enough to be reliably mierpreted as a touch. Because the steady state valwe of
capacitance in each sensor may drift due to temperature, hunudity, age, proximity of the user’'s
hand, ete., the awrent value of capacitance at each sensor may be periodically measured and
recorded, and the reference value updated. To eliminate short term error in this process, a
moving average of such measurements, taken over a period of time, may be used 1o determine
the current reference value for each seusor. For the purposes of this document, such reference
values mav be referred to as “threshold values”. In some embodimants, at system stariup a
shightly different sequence may be used to create the mitiad threshold valoes, since there may be
no prior lustory of values to depend upon.

In one embodiment, 3 series of sensor values may be measared for each capacitive sensor
over g peniod of tme, and all those sensor values for all the sensors may be stored in g table, with
the oldest sensor values being removed 1o make room for the newest sensor valoes. The table
may contain "X’ times Ty" sensor readings, where “x7 is the number of readings being stored, and
v7 is the number of sensors whose readings are being stored. For each sensor, the average may
be caleolated by adding up the stoved sensor valoes and dividing the sum by “x’

In another embodiment, only the threshold values may be stoved. Each ime a new sensor
reading is measwred, the associated threshold value nmay be updated by assuming the threshold
vatue represends the average of the past "x° number of readings and doing an wmcremental
adjustment to it For example, i the threshold volue is based on an average of the last eight
sensor values, the new threshold value may be calculated as:

{ 7/8 of the old threshold valwe) + {1/8 of the new sensor value L
This approach avoids having to maintain an "x" by "y table. I may also simplify startup

calculations, since the initial sensor value can be assumed as the threshold valwe, and all
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subsequent calcolations can then follow the same algovithm.

These two methods of calculating the threshold values are examples. Other techniques may

he used insigad. The frequency of reading the sensor values, and the munber of sensor values

used to calculate the moving average, may be any feasible numbers. For example, a reading of
all the sensor values might be taken four times per second, and a moving average of the most
recent eight sensor readings muight be uwsed o calculate a threshold value. Note that these
punbers are only an example used o dlusivate the process, and should not be seen as a Limitation
on the varoas embodiments of the trvention.

As previously mentioned, to avoid naccuracies m detecting a touch, the amount of change
detenmined by the comparison should excesd a specified mnimum amowt before a touch s
be registered. This may be handled n various ways. In one embodiment, the recorded thresheld
values should include the munimum difference {Le, the moving sverage plus the minimom
difference), so that a divect comparison with the current value can be used to determine a touch,
In another embodiment, the actual moving average valae may be recorded as a threshold value,
and the comparison process itself detects a difference of more than the munimum difference
hefore a touch is to be registered.

A touch may typically be simultancously sensed by multiple adjacent sensars {8 “cluster’
of sensors) due to the width of a human finger and the spacing of the sensors. A sliding touch
may be registered when the location of a cluster moves across the tooach surface over time,
without an intervening absence of fouch. A palm touch may be registered if the vumber of
sensors m a closter is significantly more than the number expecied from a finger touch. In
general, 8 pabn touch is madvertently caused when the user acoidently lays s or her palm
across the touch pad. it may generally be considered an error by the user, and ignored by the
system, In general, a {inger touch may be inferred when a suntably small subset of all the sensors
shmultaneously register a touch, while a palm touch may be inferred when a sustably large subset
of all of the sensors strmdtancously register a touch. The percentage of sensors that distinguish a
finger touch (e, < m %) and a palm touch {eg. > n %) nay be o design choice, and i general
do not affect the deterpunation of “threshold values’, as that term is used n this document.

In many embodiments, the spacing between the touch pad 130 and antenna 220w Fig. 2
nay be small (e, less than 3 millimeters). Because of this proximity, a transmission from the
anienna mav significantly change the charge i the sensors during the tansmission, and any
sensor reading laken during that tme may resull in false threshold values that can persist anul
the moving average calcolations no longer mclade the effects of the transmission period. In

adidition, the increased sensor values at the begimming of a transmission may be falsely

6
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interpreted as a touch. To avoid these issues, various techniques may be used 1o prevent the
alteved capacitive values from creating problems with the touch function, such as but not limited
o ong or more of these techniques: 1} any sensor values that are read during a transnussion may
be 1gnored, and not used to calculate the moving average valyes, 2) the reading of sensor values
may be disabled during a transmission, so that the periodic values are not even read duning that
time, 3} the threshold values may be immediately raised at the beginning of a transmission to
reflect the ncreased sensor values, and lowered to the pre-trananussion values mnmediaiely afier
the transinission. Techniques 1) and 2) assume the touch pad wiall be wnusable dunng the
iransmission, while techoigue 3) attempts to make the touch pad usable during the transmission.
Al these techniques rely on knowing when a ransmission is being made from the antenna.

If transmussions from the antenna are being controlled or monitored by a device that also
controls the wuch pad, this device nay provide the necessary knowledge of when transmissions
ocour and use that knowledge to suppress or ignore periodic readings of the capacitive sensor
values. Alternatively, if the touch pad detects a sudden and significant change in the values of all
or nearly all of the sensors, this may be interpreted as a wansmission period, and any of the
previously discussed techniques may be used. When the readings return to the pre-transmission
range, the transnussion may be assumed to be over and normal processing of the touch pad
wpels may resume. This sequence may also be used fo ignore a palm touch, since both a palm
touch and a transmission may have a similar effect on the touch sensors.

Figs. 3, 4, and § show How diagranss for various ways of handling threshold values when g
transmission from a nearby NFC antenna may affect sensor inputs from a touch pad. These
figures each focus on when to update the tweshold valaes, rather than when to register a touch
on the touch pad. It may be assumed that a touch on the touch pad is repistered when a) the touch
pad is enabled, and b) a suitably small subset of the sensors in the touch pad sense a large
encagh increase in capaciiance over the threshold valae that a touch may be inferred.

Fig. 3 shows a flow diagram of a method of disabling sensor values during & transmission,
according to an embodiment of the invention. In fow chart 300, sensor values for the capacitive
sensors in a touch pad are read at 310, Depending on the embodiment, these may bi stored for
future use andlor may mmmediately be made available for further use. Threshold values mav then
he computed at 320, using some form of moving average computation incorporsting the resulis
of several sets of previous sensor values, and the curent threshold values may be stored for
subsequent comparison. Vartons ways of calculatmg the threshold valaes have been previoasly
discussed i this docament.

At 330, #t may be detenmined whether & transmission from the NFC antenna is either

-3
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imminent or is actively i progress, or whether no sach trangmisston is minentactive. If a
fransmission is not active or immunent, the device may continue to read sensor values at 310, and
compitte and update new threshold values at 320, The loop through 310, 320, and 330 may
continue as long as no NFC transoussions are determined to be taking place or anticipated to
take place immediately.

The determunation of an NFC frapsmission may be made in any of several wayvs, including
but not limited {0

1) A module i the device may control NFC vansmission and therefore have advance
knowledge that a ransmission is about to take place, or current knowledge that a transmission 1§
in progress. This module may either control the subsequent actions described in flow diagram
300, or Wigger another module o contro! them. In some embodiments, a peripheral control hub
(PCH) may be used o control transmissions and also control the touch pad.

2} A module in the device may monitor for NFC transmission and therefore oblain current
knowledge that a transnmssion is in progress. This module may either control the subsequent
actions described in flow diagram 300, or trigger another wodule 1o control them. This module
nay monttor for a transmission i several ways, such as but not Hinnted 0! a) monitor a signal
that indicates whether a transmission Is in progress, I} examine an indicator in @ register o
memory location that indicates whether a wansnussion is in progress, ¢) receive an miterrupt that
mdicates whether a transmission is being started and/or ternunated.

3) Readings from most or all of the sensors may suddenly become large enough to indicate
either a transmission from the nearby antenna or @ palm touch. 1f both events cause similar

readings from the capacitive semsors, and both events ave responded to in the same way, it may
not matter whether the svstem can distinguish between the two events.

If #'s determined at 330 thaf & transmission s muninent or is in progress, further sensor
readings may be disabled at 340, This may be accomplished in several wavs, such as but not
limited to: 1} disabling the entire touch pad, 2) stopping the read fanction, 3) perfornung the
reads but not kﬂepmg or using the sensor values, 4) ete. Sensor readings may remain disabled as
Tonz as the NFC transmission continues.

Sensor reading may remain disabled uniil # is determined al 330 that the NFC fransmussion
has stopped. This determination may be made in various ways, such as but not limited 10 using
the same fechniques listed above to determine if a transmission is imnunent o In progress. Once
il has been deternuned that the NFC {ransmission has stopped, sensor readings may be re-
enabled at 360, and the readfcomputefapdate seguence may be restarted at 310-320. Since no

readings were taken andior used during the transmission, the most recent ‘X" munber of sensor

&
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values that effect the threshold caleelations fwhere *x7 s the number of readings wsed to
calculate a moving average) may naturally incorporate some values read before the transmission
and some values read after the transmission, unt sufficient updates have ocowred to effectively
exclude the sensor values read before the transmission.

Fig. 4 shows a low diagram of a method of 1gnoring sensor values during 8 trusmission,
according to an embodiment of the invention. In flow chart $M), sensor values for the capacitiva
sensors n a touch pad are read at 416, and may be stored for further use. AL 420 # mav be
determined whether a transpussion from the NFC antenna is either smminent or s actively
progress, of whether no such transmission 15 innunentfactive. In some embodiments, the criteria
for such a determination may be the same as described above for Fig. 3.

If a transmission is ol imunent or active, al 430 {he stored sensor values may be wsed to
calculate threshold values, and the newly caleulaied threshold values may used to apdate {ie.,
replace) the previous threshold values. The flow may then return to 410 to repeat the periodic
process of reading and updating in the loop 410-420-430. This cycle may continue as long as
there are no transmissions from the antenna.

However, once a transmission from the antenna 18 detected or deternuned © he imminent,
the calenlation and updating of thresheld values may be halied at 440, As long as the NFC
fransnussion continues, the flow may continue 1o foop through 410-420-440, Even though the
reading of sensor values at 410 may be continued during this loop, these new sensor valees may
aot be used to computesupdate the threshold values.

Once the transmission stops, as determined at 420, the device may resume using new
sensor values fo compute and update the threshold values. In one emwbodiment, new threshold
values are calculated based on the maost recently stored threshold value (which was based onlv on
pre-{ransmission sensor readings), and the most recent sensor value, in which case any readings
taken during the transmission are automatically ignored.

Fig. 5 shows a flow diagram of a method of raising threshold values during o transmission,
according to an embodiment of the rvention. In flow diagram 300, sensor values from the
multiple capacitive sensors may be read at 510, AL 320, new threshold values may be caleulated
and the threshold values may be updated by replaciny the previous threshold values with the
newly calculated threshold values. This process involves the standard way of updating, i which
any change to the threshold values is incremental in nature due 1o the moving average method of
valcalating new threshold values, At 3340, i may be determined whether the transomission status
of & nearby NFC antenna has changed between tramsnntting and sot fransmitting (e, either from

fransmitling to not transmiitting, or from not ransnifling {o transmitting). For example, if the
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transmission was previously off but 1s now on, the effect of radiation from the antenna may be
assumed 1o have immediately and significantly mereased the value of capacitance sensed by all,
or at least most, of the sensors. Since this condition may be expected to continue as long as the
franspussion is active, this may be interpreted as a reason at 540 {o replace the previously
calculated threshold values with threshold values equal to the most recent sensor values.

When the flow moves from 540 to 310, the next sensor valuss that are read at 310 may be
assumed (o be high f the transmission 1s sl active. o such a case, new sensor values may be
processed as usual at 520, with the newly calculated threshold valoes remaining fairly close to
the values generated at 540, In this way, if the new sensor values are close (o the currenily lugh
threshold values, no touch is inferred, even though the sensor values may be significantly higher
than thewr fong term average values. On the other hand, 1f 2 subset of the sensors now indicate
sensor valoes that are fugher than the already-hugh threshold values, & touch may be nferred,
even though the ongoing transmission has significantly affected the steady-state value of the
SERSOTS.

As fong as the on/off ransmission status of the antenna remans unchanged, control may
loop through 310-520-330-510 in the usual manner, with a touch being iferred whenever a
subset of the sensors indicate sensor values that are sufficiently higher than the thresheld values.
However, if the determination at 330 mdicates a change in the wansnussion status, control may
mave 1o 540, where again the threshold values may be set to the most recent sensor values rather
than being coleulated 1 the usual mcremental manner. For example, if the antemna was
previousty transnuiting, but is now not transmitling, the threshold values may be immediately set
1o thelr most recent post-transmisston values, which would be the values normally seen when the
antena was not transmitting and no touch was occwrring. Control may then return to 510, and
the processing at 510-520-330-310 may resume as 1t was before the transmission started, with
both sensor values and threshold values at their normal no-transmission levels,

Depending on the tinung, it is possible that sensor valaes may not have completed thefr
transition when a change in the transmission ondodl status s detected. In this case, the most
recent sensor vaiues may not be an accurate ingdication of what the new threshold values should
be. To address thus possibility, in some embodiments the change process of operations 330-540
nay be nnplemented over two (or more) consecutive sensor reading cveles. In that way, if the
first pass through 540 produces mcorrect threshold values, the subsequent pass through 340 will
correct i,

The flow of Fig. 3 may also be useful when rejecting a palm touch. Since a palim touch

may affect many of the sensors (toe many to be interpreted as a finger touch), the resulting

i
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sudden merease in this many sensor vahies may be handled in the same manner as the sudden
activapion of g transmission from the antemna,
In some designs, radiation from the NFC antenna may interfere with the interface between

the touch pad and the controller that controls the touch pad. For example, an 12C interface may
be subject to disruption by transmissions from the antenna. In such conditions, the touch pad
may be disabled dwring the transmissions.

Fig. & shows a block diagram of a touch pad, radio, antenna, and touch pad condroller,
according to an embodiment of the nvention. In module 600, a single controller 614 is shown to
interface with both the touch pad 620 and with the radio 630, Controller 610 is labeled as a
peripheral control hab (PCH), but this should not be seen as a limitation on either the name or
the functionality of the controller. In some smbodunants, controller 61 may be configed 1o
control when touch pad 620 1s enabled or disabled, and also w control when radio 630 does and
does not transmit through antenna 640, In this manner, 8 single module may be able to disable
the toach pad when the radio is transmitting, and enable the touch pad when the radio is not
transmitting.

Fig. 7 shows a flow dimgram of a method of enabling/disabling a touch pad during
ransmissions, according to an embodiment of the invention. In Now chart 744, sensor values for
the capacitive sensors m a fouch pad are read & 710, Depending on the embodiment, these may
be stored for future ase andfor may immediately be made available for further use. Thresheld
values may then be computed at 720, using some form of moving average computation
incorporating the results of several sets of previous sensor values, and the current threshold
valoes way be stored for subsequent companson. Vartous ways of caloulating the threshold
values have been previously discussed in this document.

At 730, 8 may be determined whether a transmission frony the NFC amtenna is either
munipent or is actively in progress, or whether no such transmission is mminent/active. If i is
neither, the device may continue to read sensor velues at 710, and compute and update new
threshold values at 720, The loop through 716, 720, and 730 may continue as long as no NFC
transmissions ave determined {o be takmg place or anticipated 1o take place inumediately.

The determination of an NFC trapsmission may be made in any of several wavs, meluding
hut not hinuted to the techmiques desceribed for Fig. 3.

If i's deternuined at 730 that a wanspussion is inuninent or is in progress, the touch pad
may be disabled at 740, By disabling the touch pad, no wpuis from the touch pad mayv be
received by the touch pad controller, so no comuption of those inpats may ocoar,

The touch pad may remain disabled witil it is determined at 750 that the NFC transmission

il
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has stopped. This determination may be made in various ways, such as but not timited to using
the same technigues listed above to determine 1f a transmission is imminent of n progress. Once
il hias been deternuned that the NFC transmission has been completed, the touch pad may be re-
enabled at 760, and the read/calcnlate/npdate sequence may be restarted at 710-720. Since the
touch pad was disabled during the transnussion. no corrapted commands to the touch pad will
have besn received by the touch pad, and no corrupted inputs from the fouch pad to the
coniroller will have been received by the controlier, durmg the transnussion.

The foregomg description is intended 1o be illustrative and not homting. Variations will
occur to those of skill in the ant. Those vanations are mtended 1o be included in the various

smbodiments of the wvention, which ave finnted only by the scope of the following clatms,

-
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What is claimed is:

1. A wireless comnmaucations device having a processor, a memory, a radio antenna for
Near Field Connnunications {NFC), and a touch pad having a plurality of touch sensors, the
device configured to perforin these operations for each of multiple ones of the sensors:

a) partodically read a sensor value from the louch sensor;

b} determuine 8 moving average value for a guantity of the penodically read sensor values,
and store the moving average value as a threshold value:

o} repetitively update the threshold value by repetitively performing operations 3) and by
over time;

d) compare a next sensor value with the threshold valoe 1o determine whether to register a
touch on the touch pad; and

) repeat operations a) through d) while no signal is transmitted from the antenna;

wherein the device Is further configured to start and stop fransmitting g signal Fom the

antenna, and 1o halt at least one of operations a) through ¢} during said transmission of the signal.

2. The device of claim }, wherein the device 15 configured 1o hall operation ¢ during the

(S IISSION,

3, The device of claim 1, wheretn the device 15 configured (o halt operation b} during the

fransmission,

4. The device of claim {, wheremn the deviee is configured 1o halt operation a) during the

IrANSIIISSIONn.

S, The device of claim 1, wherein the device is configured to resume updating the

threshold value afler determuning the transnussion has stopped.

&, The device of claim 1, wherein the device 1s configured to halt operations a), by, and ¢}

by disabling the touch pad during the transmission.

7. The device of claim 6, wherein the device is configured o resume operations a), b), and

¢} by enabling the touch pad after the transmission stops.

o
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8. The device of claim 1, wherein a plane of the antenna is parallel to a plane of the touch

pad.

B, A tough pad assembly for a wiveless connnonications device using Near Field

Communications, the touch pad assembly comprising:

a touch surface having multiple capacitive sensors arranged (0 sense a touch on the touch
surface;

logic configured to pertodically read a capacitance value for each of the mulniple
capaciiive sensors and to determing 3 moving average of the values for g nushtiple number of
previous readings for each of the multiple capacitive sensors; and

an fnput to determine when a nearby Near Freld Communications (NFC) antenna is
fransmitting;

wherein the logic is to perfodically epdate the moving average for each sensor, and is o

halt said updating the moving average when the antenna 18 ransimitiing,

14, The touch pad assembly of claim 9, wherein the logic is configured to halt the updating

by siopping operation of the touch pad.

L1, The touch pad assembly of claim 9, wherein the logic s configured to halt the updating

by stopping the periodic updating of the moving average.

12, The touch pad assembly of claim 9, wherein the logic is configured 1o resume updating

the moving average alter the antenna stops fransmitting.

13, A method of redocing mierference of a touch pad by a co-located radio antenna,
cOmprising

a) pertodically read a sensor value from a sensor in the touch pad;

b} deternuine 8 moving average value {or a guantity of the periodically read sensor values,
and store the moviag average value as a threshold value;

o} repetitively update the threshold value by repetitively parforming operations 3) and b)
over time;

d compare a next sensor value with the threshold valoe to determing whether to register a

touch on the touch pad; and

14
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¢} repeat operations a) through d) while no signal s being ransmitted from the antenng;
£y start and stop ransmissions from the radio antenna;

23 halt at least one of operations a) through ¢} during said fransmission of the signal.

14, The method of claim 13, further comprising halting operation ¢} during the

Iransmission.

13, The method of claim 13, further comprising balting operation b} during the

fransmission.

16, The method of elatm 13, further comprising haliing operation a) dwring the

fransnussion.

17. The method of claim 13, further comprising resuming updating the threshold value

after determuning the wransnussion has stopped.

18 A computer-readable non-transiory storage medium that contains mstraciions,
which when executed by one or more processors result i performing operations comprising:
determining a ransmission from a radio antenna s about to start;
disabling a touch pad afler said determining the transmission 1s about to start;
determining the transmission has stopped; and

enabling the touch pad afler said determimng the ransmission bas stopped,

19, The medmum of clatm 18, wherein the operations further comprise causing the

transpussion to start and stop.

20. A wireless communications device having & processor, & mentory, a radio antenna for
Near Field Compumications {NFC), and a touch pad having a plurality of touch sensors, the
device configured to perform these operations for each of multiple ones of the sensors:
a) periodically read a sensor value from the touch sensor;
b} determing 2 moving average value for a quantity of the perindically read sensor values,
and store the moving averave value as a thrashold value;
¢} repetitively update the threshold valae by repetitively perfornung operations a) and b)

over time;

oo
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d) compare a next seasor value with the threshold value to determine whether 1o register 8
touch on the touch pad;
¢} determine whether a transmission from an NFC antenna is (ranstiioning between a
transpt status and a non-transmit statas; and
5 3 if the fransnussion status 18 ransitioning, emporarily replace operation b) with an
operation of storing a most recent sensor value as the threshold value;
whergm operation ) s hnnted 1o a specific mumber of consecutive updates when the

fransmission status is determined to transition.

{1 21, A computer-readable non-transitory storage medipn that contains instructions, which
when executed by one o more provessors result i performing operations comprising:
a} periodically reading a sensor value from the touch sensor;
b} determining a moving average value for a quantity of the periodically read sensor
values, and storing the moving average value as a threshold value;
15 ¢} repenitively updating the threshold value by repetitively performing operations a) and b)
QVEr fime;
d) comparing a next sensor value with the threshold value to deterniine whether to register
a touch on the touch pad;
e} determining whether a transmussion from an NFC antenna is transitioning between a
20 transmuit status and a non-transmit status; and
) il the transmission statys is transitioning, emporarily replacing operation b} with an
operation of storing a most recent sensor value as the treshold value;
wherein operation ) is inuted to a spectfic munber of consecutive updates when the

fransmission status is determined to ransiion.

13
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