APPARATUS AND METHOD FOR DETERM NI NG A TOUCH | NPUT [0001] This application
clainms priority fromprovisional U 'S. Application No. 61/163,237 filed
March 25,woQ08y/11a3%d entitled "Tinme Domain Differential 8emaiSago/2&EHbELD OF
THE |1 NVENTI ON [ 0002] The present invention relates to an apparatus and

met hod for sensing a touch input on a touch surface, and nore particularly,
to an electronic circuit and nethod for detecting a touch input. BACKGROUND
OF THE | NVENTI ON [ 0003] Touch inputs on a touch surface are widely used as
an i nput met hogep QX TUSUEH MIFPHOS BN TE TG NIRRT OICAQRIPEACE i on Wi th
appl i ance control panel's, smart phones and ot her handhel d devi ces. However,
touch screens and touch inputs are gaining W despread acceptance as a user
interface over a wide variety of applications. It is also inportant that a
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Capaci tance sensing has been well established as a nethod of detecting a
variety of stinuli, includi nglELduOK THHHINKENMON an i nproved sensitivity to
touch. Capacitive sensors nornally require at | east one electrical elenent
typi cal | ylOP@3ler r ed the masseaningbmitsnr whidss tel amnanpatatusrand| metbod Ifer sosipg a

i nstances, there nmay be one, two or nore networks of capacitive el ectrodes,
el ement s wuchpihpttes. a tbhaseairfabe red hrapeatigdatets ac ekt tyabdseignadnt medadse t he
formation of a net electric field in both a non-stinmulus state as well as a
stimul us Bt adtesting a touch input.

BACKGROUND OF THE INVENTION

[0003] Touch inputs on a touch surface are widely used as an input methodology.
Touch inputs may be best known in conjunction with appliance control panels, smart
phones and other handheld devices. However, touch screens and touch inputs are gaining
widespread acceptance as a user interface over a wide variety of applications. It is also
important that a touch surface have an appropriate sensitivity to touch. If the surface is
“too sensitive,” it may be susceptible to noise, or it may register false touches. If the
surface is “too insensitive,” it may not accurately register desired touches, or fail to
register a touch altogether.

[0004] Capacitance sensing has been well established as a method of detecting a
variety of stimuli, including touch inputs, with an improved sensitivity to touch.
Capacitive sensors normally require at least one electrical element typically referred to as
an electrode, element, or plate. In some instances, there may be one, two or more

networks of capacitive electrodes, elements or plates. These elements are geometrically



[ 0005] Many net hods of generating an output based on the difference between
a non-stinulus state and a stinulus state are known in the art. According
to one krworeometidsd, a capacitive sensor is provided whiPpCh/useelooekis1 at

| east one el ectrode. The el ectrode can be geonetrically designed to detect
a change in capacitance due to a stinulus, e.g., the presence of a nearby
object. A neasuring circuit converts the output of the electrode into a

vol tage, current, frequency, period or pulse width that is linearly or

non- | i neajedpsny RRALLE RO B rmhaBod Hia FNANGLIC 1EAARRN b ADE SRS BBtk §fd1r ode.
The el ectronic neasuring circuit then eval uates the change in capacitance

agai nst a, Q@ﬂﬁ&ﬁ%g%.ed reference val ue. A change in capacitance in excess
of the predetermned reference value indicates the proximty of the object
to the c itive nsor. 0 Problens wi t.h the aforenentioned nethod

i ncl ude: RN nabi iy pateSaragea B Sublded VAR N e
different objects; (2) susceptibility to environnental conditiaons; (3)

i nabi | i tfloc%Jt e%ﬁ%t%lta%‘??c??mﬁﬁatﬁusf%ﬁ%ﬁ%rlf‘w&“t 0 té‘? e dXCCRHEPS, K 5L TORS i n
conponent materials; and (4) when configured as a touch sensor, inability
to det ectMeiRod:nhGRPISHIVE HENTH UE PTRidadaBich inpldes elspd cnetdediiede-hekhea fi nger
is gloved or not. In an attenpt to overcone the aforenentioned probl ens,
known neadentiodg cei rheugaometngally adebignesdy &r defectt hehempaioi ¢apeatapert gut tover a
vari ety of non-stimnmulus conditions to achieve a desired reference val ue.
The r esul gimdus; eperlenoesenal afa rearbytohgnt. e meseding eirdet @mvenethe butpheste | s
sufficient proportional change (as described above) to indicate the

presence @ cretv@le idiosd ivoldgd ScurtdanErgiiench heeridatee pissatiidnhafis dincamesraged or
conpensat ed reference value often requires processing in software or a

devot ed MidaliRey bRIpoRTonaMd @BIcRadoblif GRRIEAIAd FRd crAbddnnaRAgd AP exi ty
to the overall system Even with averaging algorithnms, sone variation, such

as incr e%@ﬂuﬁﬁé’%ﬁcﬁpmr &Rl G Narge %Qa&gfta&@ against a predetermined

reference value. A change in capacitance in excess of the predetermined reference value
indicates the proximity of the object to the capacitive sensor.

[0006] Problems with the aforementioned method include: (1) inability to
compensate for dielectric variations among different objects; (2) susceptibility to
environmental conditions; (3) inability to compensate for manufacturing tolerances and
variations in component materials; and (4) when configured as a touch sensor, inability to
detect an input at the touch surface without respect to whether a finger is gloved or not.
In an attempt to overcome the aforementioned problems, known measuring circuits
typically average the capacitive output over a variety of non-stimulus conditions to
achieve a desired reference value. The resulting reference value can then be used to
determine if there is sufficient proportional change (as described above) to indicate the
presence of a valid stimulus. However, the determination of an averaged or compensated

reference value often requires processing in software or a devoted microcontroller, which



adequately conpensated for to elimnate sensitivity variations. [0007] For
exanpl e, consider a capacitive sensor 20 provided to sense a human finger
22 agai nswoaogymei2substrate 24 as shown in Fig. 1. As PRE/USRMGOL84BL i S
brought towards the substrate 24, it approaches an electrode 26 with
varyi ng degrees of proximty 28, 30, 32, 34, 36. Once the finger 22 has
approached and noved to a first distance 28, the el ectrode 26 and the
correspondi ng neasurenent circuit 38 will attenpt to detect the stinulus as

descri bedi,ah@vgn Wid &stihdUthBided th@plek By wtﬁpga&etrmpgga{elﬁ Eceyitt dvitlots. At

this first distance, the finger is effectively far enough fromt he

el ectrode, %@r ichi teognfjkb%ndu%nefs{;] &Ch Yx?cké/as t&%h@dh&?at&%ﬂ&n%&so%né% ctfae finger

22 approac strate, however, measurenent circuit eval uat es
t he degre ﬁt | us qgﬁlns the pr e et.e qu reference value to

uately compensated 10r Lo ehmlnatefsens 1Vlliy V&l‘la ong
det er m ne’ e pr ésence or absence 0 iImul us. To account for

variatio t he V|ron everal reference valu can be set to best
i denti fyn[@()b/ﬂl id st Oﬁﬁi‘%}gp WIEGI%WEPYG §‘Eﬂ§ﬂf§ Q’;ng‘g RS AL o
account for a number of factors, including the composition and varjation of
the constinget 23Rwattey giipms substiwe 24ras shews 19 Kig i chndestinger 2Rds Bovughdr ent
materi als, the manufacturing processes and variances of the bonding of
these matlewials she wuheragé Hbhisipprrarhas sheteafieds2ith Nerysigetspreotie mypxigiityensi ons,
and the sensitivity preferences of the user. Alternatively, prior art
systens c2n 3avEr, 8¢e3G. honcathadinkénv2? lougtapptoached rand nwered 6t y fiodt disemes 28.nul us
conditions to achieve a single, conpensated reference value. However, the

det er m naht eRcw@ddeR CHANBN @IS PordRfemenaemeal tiecudads Wil Kesipl ¥ @it the
i npractical, requiring processing in software or a devoted mcrocontroller,

and pot ensttlhﬁhllSYasQ!%ls@BHeﬂthx)%ewftﬁﬁﬁ%ﬂﬁﬁt tHatR RbpdrhienAes Bl @hRths. At this
capacitivesensor, and ultimately may not be a%le overcone sensitivity

vari at i ong.Of;s3Gl£Ghe Y]ﬁgérdls etffegH\Lély ?;Hcéhoﬁgh o AedeQfodd QYEtheld Rg€r when

t he capacitive sensor | configured as

effectively no stimulus condition. As the finger 22 approaches the substrate, however,
the measurement circuit 38 evaluates the degree of stimulus against the predetermined
reference value to determine the presence or absence of a valid stimulus. To account for
variations in the environment, several reference values can be set to best identify a valid
stimulus event. However, such a system would have to account for a number of factors,
including the composition and variation of the construction materials, the variances in
thickness of the different materials, the manufacturing processes and variances of the
bonding of these materials, the dimensional tolerances of the electrode(s) dimensions,
and the sensitivity preferences of the user. Alternatively, prior art systems can average
the capacitive output over a variety of non-stimulus conditions to achieve a single,
compensated reference value. However, the determination of a compensated reference
value can be costly and impractical, requiring processing in software or a devoted

microcontroller, and potentially delaying the response time of the associated capacitive



touch sensor. SUMVARY OF THE | NVENTI ON [ 0008] The af orenenti oned probl ens
are overcone by the present invention in which a touch input is determ ned
by noni t ovoregiovneseezat e of change of the position of a sPCEIISA&L/02846h as a
finger, with respect to a touch surface. A touch is determ ned when the
rate of change falls below a m ninmum presumably when the stinulus engages
the surface. [0009] In the disclosed enbodi nent, the apparatus includes a
capacitive sensor having an el ectrode and a processing unit electrically

coupl ed tQpideafl BEHRHL nR)hot BRTILIUSREIR BLIBLAY RErdHEs B eeehciRl a
stinmulus based on the rate of change of the el ectrode capacitance. The

appar at us : L : r j , erein
The st mi et AR S Rk kR B LERET: Lo Ry SR s ear the
substratqbuchgnﬁﬂocessing unit is configured to determi ne the presence of a
stimulus TThresponse to the rate of change of the el ectrode capacitance
being less than a first predeterm ned value, and in response to the

absol ute val ue of the elec : : s : ggigreater than a second
predeterm ned val ue. [0010] I n another aspect of the invention, a method
for detedPPY a stilhglaleremsninnsdipgeicmyRE PMSEIBY PhEICURIESIHHYGRHINNG a
capacitive sensor, the capacitive sensor including an output, neasuring a
rate of cWainge tofchtihputdageleimineeby awsteringuthpuate ohrlbhnge oé thei prishigntdhe
presence of a stinulus based on the rate of change of the capacitive sensor
out put . Tduienudest kot dsur fidper, witctesples tade teacirswmifaeg. s tooblh ecdetdragnedomient 0 r est
W t hrespect to the capacitive sensor based on the rate of change of the
capaci ti viftle 3890 chiige glld BISwthamimuii, Hedsumeh @ rveaahy alirdelus Theagseasuri ng
step includes detecting, over successive

surface.

[0009] In the disclosed embodiment, the apparatus includes a capacitive sensor
having an electrode and a processing unit electrically coupled to the electrode and
configured to determine the presence of a stimulus based on the rate of change of the
electrode capacitance. The apparatus can further include a substrate adjacent the
electrode, wherein the stimulus corresponds to the placement of an object against or near
the substrate. The processing unit is configured to determine the presence of a stimulus
in response to the rate of change of the electrode capacitance being less than a first
predetermined value, and in response to the absolute value of the electrode capacitance
being greater than a second predetermined value.

[0010] In another aspect of the invention, a method for detecting a stimulus is
provided. The method includes providing a capacitive sensor, the capacitive sensor
including an output, measuring a rate of change of the capacitive sensor output, and
determining the presence of a stimulus based on the rate of change of the capacitive

sensor output. The method further includes determining an object has come to rest with



sanpling intervals, a variation in the capacitive sensor output, and the
stinmulus can correspond to a netal sensor (e.g., an RPM sensor) adjacent

t he capacwoOizow/”gedsgor or the placenent of an obj ect agalPATIUS20190RRIGT at e
overlying the capacitive sensor. [0011]] These and ot her features and

advant ages of the present invention will becone apparent fromthe foll ow ng
description of the invention, when viewed in accordance with the
acconpanyi ng drawi ngs and appended cl ai mrs. BRI EF DESCRI PTI ON OF THE

DRAW NGS Q421 ihd &lapaélltlb@se%sdr@ﬁ&%ﬁﬁﬂh@?dt@@f &Bnﬁe (9[“@9@5@5&1&% 888 YeiRNd an
a5500|ated neasurenent circuit. [0013] 2 | ow chart showi ng the

control }3 ﬁ???&bﬁ%ﬁ&t a?.I the IBEa‘%ﬁﬁ stEQYr%mdleé)aete({UQl 14)er Gh@essp- 3B are
functi ona ﬁ I'agr ans a nmeasur ene timn terface circuit in
accordance th. sent inve ig. 4is a
circuit d?nlln 18?“?ﬂ2a65#30| ﬂ%ém%%1§8§V36?EO¥OP e’ﬁgggérengﬁ' c%?CU|t of

Fig. 3A. [0016 is a circui j agr f the stimulus detect circuit

104 of tH ﬁ%%ﬁ%ﬂ léF?Sé’Eu t&-of" 1{9—‘?)8' Aorg]f%e%? qﬁ GPAEIYCSCBSOL OF Hgi t

di agram of the input |atching buffer 106 of the neasurenent circuit of Fig.

3A. [ 0018)agemgnt of gnobieckigainst ¢ supsEde anstbing e canapigive 60580 domai n

differential latching buffer 108 of the nmeasurenent circuit of Fig.

3A. [ 0019]10F11g. 8 i Sthasqd andyodier denturesiiand) advantfees loé the prasehtt innentigo rilln

differential |atching buffer 110 of the measurement circuit of Fig. 3A
become apparent from the following description of the invention, when viewed in

accordance with the accompanying drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a representation of a capacitive sensor and an associated

measurement circuit.

[0013] Fig. 2 is flow chart showing the control flow an embodiment of the present
invention.
[0014] Fig. 3A-3B are functional block diagrams of a measurement and timing

interface circuit in accordance with an embodiment of the present invention.

[0015] Fig. 4 is a circuit diagram of the capacitive sensor 102 of the measurement
circuit of Fig. 3A.

[0016] Fig. 5 is a circuit diagram of the stimulus detect circuit 104 of the
measurement circuit of Fig. 3A.

[0017] Fig. 6 is a circuit diagram of the input latching buffer 106 of the
measurement circuit of Fig. 3A.

[0018] Fig. 7 is a circuit diagram of the first time domain differential latching

buffer 108 of the measurement circuit of Fig. 3A.



[0020] Fig. 9 is a circuit diagramof the threshold | atching buffer 112 of
the nmeasurenent circuit of Fig. 3A [0021] Fig. 10 is a timng diagramfor
t he neasuwerenwiitisecuit of Fig. 3A. [0022] Fig. 11 is aPeolusage/ogsssus tinme
graph illustrating the Input Latch and Stinmulus Rate of the measurenent
circuit of Fig. 3A. [0023] Fig. 12 is a voltage versus tinme graph
illustrating the tine differential output of the neasurenment circuit of

Fig. 3A. [0024] Fig. 13 is a voltage versus tine graph illustrating the

out puts E[B%tc%e nMeagyy egrent i¢lar Gl cﬁ&grglingof B sedRIA hERRERCRIBELGNY OF THE
CURRENT | MENT [0025] The invention as contenpl ated and di scl osed

herein Paiﬁtcﬂ{ng%h%fé{r 1@%‘?1%%&4%%&%5{]8%{1&%}5Pngf;APf'ipaC' tive sensors over known
capacitive sefising systens and nethods. | n“particular, the system and

met hod s rth belowutilize he rat.e, of, cha f a,capacifi sensor
output, - thETosor udevaita GRS slidferh drerh i SRR Fydimd pERBOE bl e
approaches the capacitiye. sensor from sone di stance away, and which rapidly
decl i nes 88*t'8*8 ?Eﬁ?c%gﬁégAto rest relative to the capacitive sensor.

[ 0026] For exanple, consider again Fig. 1, which depicts a human finger 22
as movi ngdWdUar d a HipdOHs & liméte deaam4or he gepwesmgny siredddie 26\ and an

associ ated neasurenent circuit 38. As the finger 22 is positioned at a
first disiahde 28 rtag.atli sea tvoltagvevessiystimatgeapR4illustipging jthgydapup 2.ajek frdr  enough
fromthe capacitive sensor 26 that there is effectively no stinulus

condi t i onStirhdlug Rete of thgencaR@ementeinmveldligl dser at a second di stance30, there
woul d be a slight anmount of capacitive change at the capacitive sensor 26
a][]d L he][ giozy gzprqu),rtj analvoth@ngesydeliae teegbhbyluithgingans vhen@inkreaiisicui t  38.
I f the finger

output of the measurement circuit of Fig. 3A.
[0024] Fig. 13 is a voltage versus time graph illustrating the outputs of the
measurement circuit of Fig. 3A.

DETAILED DESCRIPTION OF THE CURRENT EMBODIMENT

[0025] The invention as contemplated and disclosed herein can greatly improve
the performance of capacitive sensors over known capacitive sensing systems and
methods. In particular, the system and method set forth below utilizes the rate of change
of a capacitive sensor output, the absolute value of which remains positive as an object
approaches the capacitive sensor from some distance away, and which rapidly declines as
the object comes to rest relative to the capacitive sensor.

[0026] For example, consider again Fig. 1, which depicts a human finger 22 as
moving toward a touch substrate 24, a capacitive sensor 26 and an associated
measurement circuit 38. As the finger 22 is positioned at a first distance 28 relative to the
substrate 24, the finger 22 is far enough from the capacitive sensor 26 that there is

effectively no stimulus condition. If the finger 22 were moved closer at a second distance



were noved to third or fourth distances 32, 34, there is an even greater
insertion of capacitive change based on the closer proximty to the
capaci t i We0emngiut3626. I n addition, as the finger 22 appPOoadlsesi0ipscl
capacitive sensor 26, the absolute value of the rate of change of the
sensor output has remai ned positive. However, as the finger comes to rest
agai nst the substrate 24 overlying the capacitive sensor 26, the rate of
change of the capacitive sensor output with respect to tinme (ds/dt) wll

fall to zg eherOfvoliRA ¥ SIFE Omotkt of Q%a%ﬁive%ﬁaﬂgéeat ftlﬁen&a%ﬁmgge §R55d dHd0 )
contact with the substrate 24, ds/dt may continue to remain positive until

the fi ngetil(%)jeeg)rgg ggb?pgrtﬁ)?lgpchtaﬂgéé @ef?éct&ﬂ%r e %e%gw?%ttcﬁgll\}\l;e 340 Ifttﬂﬁ gﬁ I Shr ate

surface un gr r pressu rom t'he user ver, t nger 22
conmes into contact d.th i i at e ones to rest with very.little

o essur o SrereRd 3 he DRl SR RLRs T ERTR 5 ph S Meblle SR e
measurenent circyit 38 can proyide an qutput based on ds/dt to .indicate the
finger ha$PrAPpECEaBes tI‘f’v;f‘ecii %Bﬁ Cl%ﬁ’élff%ltnétyﬁ.ﬂtleTT‘f’@ﬁ‘@}HV‘*cléﬁ‘élé?fi ed”244iH8%enent
normal to the touch substrate 24, the neasurenent circuit 100 is equally
suited tSphevinge Zhaniedshes the Gapaghibissentas e veneinelusy vave sbfheciteationg, ~ or
parallel to, the touch substrate 24. [0027] Wth reference to Fig. 2, there
i s shown c¢habgoekhe beageramtpuyhagrepmined posifivgeHewatdrnag tha lingargames v tesidi cate a
valid stimulus in accordance with an enbodi nent of the present invention.
The met hoagainsicthacsabstmea 84 ravadyit g eheo vdpatitivofseraoc dpadic traveeofsénsgr of dre " Sense
Input,” at step 50 and at tinme Tl. The Sense Input is then |atched or

stored atcaph@fvddn@s catpul @sth rbdppertto tingy (dbdb)uriel faRtez@b, ahrage z&al @ ati ons.
Step 54 indicates the start of a continuous control |oop, including the

step of NRAKHI h@e (S0t RithesQhtotoh@BRG th INESBASAE 28t dshlt @Ry bndhud i T2.
At step 56, the Sense Input fromtine T is conpared with a Setpoint val ue.

The Set pOiRbin’ bRk SRR AMEE 022 HAE QST (bYreZORRI Wbtk dMULeEN oV &lel d

substrate surface under greater pressure from the user. If, however, the finger 22 comes
into contact and then immediately comes to rest with very little pressure exerted, ds/dt
can drop significantly. In each instance, the measurement circuit 38 can provide an
output based on ds/dt to indicate the finger has impacted the touch substrate 24. Though
described as movement normal to the touch substrate 24, the measurement circuit 100 is
equally suited to provide an output in response to movement of an object along, or
parallel to, the touch substrate 24.

[0027] With reference to Fig. 2, there is shown a block diagram for a method of
generating an output to indicate a valid stimulus in accordance with an embodiment of
the present invention. The method includes measuring the output of a capacitive sensor,
or “Sense Input,” at step 50 and at time T;. The Sense Input is then latched or stored at
step 52 as a “Last Input” for future rate of change calculations. Step 54 indicates the start

of a continuous control loop, including the step of measuring the output of a capacitive



inputs are allowed, and can be |oosely set to provide a reset for toggling
the output off in the absence of a valid stinulus. That is, the Setpoint is
set to cowpespandseo a di stance above the substrate surPaTAIS2e10/0E8I61
exanple, if the Sense Input at time T does not exceed the Setpoint at step
56, the object is estimated to be outside or beyond the proximty zone, and
the output is "off at step 58. If, however, the Sense |nput exceeds the

Set poi nt value at step 56, then the object is estimated to be within the

proxi m t Ysc2QR8t sibfsd I find 1St ANGE SO ek S IreE SEMAHRAT AL @ﬁﬁﬁe@%m
determ ning the difference between the Sense Input at tine and the Last

I nput at g4 ntT\%)a]lL(edsfhe ?&{F}ﬁoilfltoxrah% &)'rfé%%gﬁj? (d 9 grogcﬂ{]j)cy Qénet\plghiﬁ%ﬁéﬂqud3| y

operating contr [ oop. e faster a ect noves toward the capacitive
sensor, the greater the.,value of ds/dt. Conversel.y, the ower the. object
2pbr oachePyRataSled RSB B LD I8idd it CRET I b e Wi ST Lo 6o,
ds/dt is conpared ainst.a Threshald value. |f ds/dt exceeds t.he Threshold
val ue at ‘g‘? gﬁse&% Ofﬁéalbcf %}E@Eg&riﬁ%ﬁd&éh%ge@f”é‘blséﬁt BYCIrEsRmdng & figeRnse
Input fromtine T2 as the Last Input. If, however, ds/dt falls bel ow the
Thr eshol Rb@#f e sbsEate suace Hh &t prample ifdbtedatsedniyt ditere d6 does Noldi cat e
the object has cone to rest, or has nearly cone to rest, with respect to

t he capacixceadethsebaiprint dtnsteth $6s dweobreginerestimhied dbjtecoutside dpeeplentdethei ned to
have receded fromthe capacitive sensor if ds/dt falls below the Threshol d
val ue at mbemiGZoaadndfthd hepBansSel’l mpudp 38 Huliseyue tid yendeimpunexedist o be

| ess than the Setpoint value at step 56. [0028] It should be noted that

al t er nat i e Seqpb@dia@NitStepfs6t hen metdbpdt dicsehase e Bbeiein MRyprakisanbentt i | i zed.
In one enbodi nent, for exanple, processing steps 50 and 52 are omtted. In

thi s enmbogli AR Rfstank N RISRR I QL HABRD LS 6D Yy detcthiHidYy MO dlfhgcnceBe@Nah HR at step
54 and at tinme Tl. In the absence of a valid Last Input for tinme To, the

results %enggﬁﬁ{elf Jt%itmei rfgearnattlgé)ﬂaspfnpﬁpﬁ ERf J(QA), :!uf?lqgr Qgﬁlerﬂ)&Hde(di)g)?ﬁfeed' In

t hi s aspect,

continuously operating control loop. The faster an object moves toward the capacitive
sensor, the greater the value of ds/dt. Conversely, the slower the object approaches the
capacitive sensor, the lower the value of ds/dt. At step 62, ds/dt is compared against a
Threshold value. If ds/dt exceeds the Threshold value at step 62, the process resumes at
step 64 by latching the Sense Input from time T, as the Last Input. If, however, ds/dt
falls below the Threshold value at step 62, an output is generated at step 66 to indicate the
object has come to rest, or has nearly come to rest, with respect to the capacitive sensor.
In the same manner, the object can be determined to have receded from the capacitive
sensor if ds/dt falls below the Threshold value at step 62 and if the Sense Input is
subsequently determined to be less than the Setpoint value at step 56.

[0028] It should be noted that alternative embodiments of the method disclosed
above may also be utilized. In one embodiment, for example, processing steps 50 and 52

are omitted. In this embodiment, the method commences by determining the Sense



Sense Input fromtime Tl is stored as the Last Input in step 64 for
conparison with the Sense Input fromtine T in the second iteration of the
control Iwopotknisei |l | anot her enbodi ment, decision stepChasand/ops4oress
step 58 are omtted. In this enbodi nent, the presence or absence of a valid
stinmulus condition is determ ned based on the output of decision step 62,
i.e., ds/dt with respect to a Threshold value. Alternatively, the presence
or absence of a valid stinulus condition can be determ ned based on the

val ue of dgdb ikp 83RARG L ﬁﬁleolfl an e %ﬁmk@lof@lvuﬁd Lhﬂ Th ST P KARPE € thet he
transition froma positive ds/dt to a negative ds/dt can indicate a valid

touch i NPLL ll(seofqr]e fiAd 1[%th1%§ bof Qﬁé g(gdt%l I1 %@%%ﬁﬁlz%ﬁ(ﬂed’i P Hﬁ’p asi)'épcs tHeat e).

Al ternati V e out put Of pr ocess successl ve scan

interval s can be npar e t rof i or determ ning the
presence 37 5, G, %fe@t.%u %&9% R oh S LR e G Pibltrsni ng
bet ween dj fe ent stinul d|t|o tern tivel t he out process
bl ock 60 ut Sipaed ltnht Ssﬁ‘é)s?grﬁ?ﬁ*}tk?&l(lfet Goﬂf%éi"ﬂ’m s éﬁ%f ‘Ffst noi se

and electrostatlc di scharge. In the same manner, the nethod di scl osed above
can i ncl udRPOSHIAYHECISERAICRIRE s RACESP SR 5Pt OmHIsHhn )N this ewhpdiment He out put
of process block 60 with a m nimumvalue to discrimnate agai nst sl ow

vari at i ongesenceapadsinande vdidssicnubys enditigads detemmibédbased enples antputeofor

hum dity, for exanple. Accordingly, the present invention provides a nethod
for det erdecisiongtep 62al.¢.ddgdtiwitH iespecodi Throshobbsdk. ohltatsdtotly, thetpesaha@ne and
in conbination with one or nore reference values and across a variety of

appl i cat i @n®serc@@29]vahd REASLIK @OBdItiof tarcbd Hetd@n@nbhsad bh Mhd1galidbedf/@ce
circuit 101 for a capacitive sensor in accordance with an enbodi nent of the

present i;R¥EREERNH STIHBMMY VdMd. - thi3Ax#Bple,[HE (IRASH BHBMALpRiLvEUbA $00 set
forth in Fig. 3Ais only one exanple of an integrated CIrCUIt used for

det er mi ni ng. o he. AUGSERGEISh: 2 VREPKLIRESLORLECH Hasedony & ntact with a

touch substrate). Alternatively, the output of process block 60 over successive scan
intervals can be compared against a target profile for determining the presence or absence
of a valid stimulus condition, or for distinguishing between different stimulus conditions.
Alternatively, the output of process block 60 can be compared with a maximum value to
discriminate against noise and electrostatic discharge. In the same manner, the method
disclosed above can include an additional decision block (not shown) to compare the
output of process block 60 with a minimum value to discriminate against slow variations
in capacitance caused by changes in ambient temperature or humidity, for example.
Accordingly, the present invention provides a method for determining a valid stimulus
condition based on ds/dt, both alone and in combination with one or more reference
values and across a variety of applications.

[0029] A measurement circuit 100 and a timing interface circuit 101 for a

capacitive sensor in accordance with an embodiment of the present invention is shown in



rate of change of a capacitive sensor output with respect to tine (ds/dt).
Wth reference to Fig. 3A, the neasurenent circuit 100 is illustrated in
functi onavotzermm13%2 i ncl uding the foll ow ng sub-units: &CHtUSPA00S84bEL ect
circuit 104 for detecting a change in the output of a capacitive sensor
102; an Input Latching Buffer 106 for latching and buffering the Stinulus
Detect 104 output; a Tinme Domain Differential Measuring Crcuit 108 to
determ ne the rate of change of the capacitive sensor output with respect

to time (Ggd dt)3paThé MRadRMRnDciRivid ©0RRE foath 1EPIEPEA & Y1y Ghd SUindplcldiQint O

conpare a value proportional to ds/dt against a first predeterm ned

ref erenc %nfég}a'tl:%; Ciﬂcﬂg BeStdr %[e%ing#grgy? MRLRhcQ acﬁo&inlajcg oféjgctclﬁl L€ Q%t val ue

proportionaF to the capacitive se out put agai nst a cond pre erm ned
shown in

r .ef er encera%/eaolfl“(lz%an N ofaad %i egc‘!it?\pe’ efs triompﬂg i'tﬂtresr fec 45 ti(r:riler((c:ilsj/lag ﬁlﬁ% ire erence.
Fig. 3B for providing FREControl’ “Sitgnal's 'F8r-the "ireastrement "ci'redit 101

as di scuss el ow in connect.ion with Fig. 10. The timng i.nterface circuit
101 as sh%%%gi%ﬁ*’ Eigmeasromeat Gifrad 1\§|0 Bt ﬁgs%?%&f}mﬁlof%ﬂi tF“%Soz}Stlaﬂ'éélP% , a
connection to ground, and a series of electrical connections to each of the
cor r espon@llpying sBbyAitt ¢ BmulpreDetee cifFeimbit feideieeling a guneaidheyRuirBt ofshown,
the timng interface circuit 101 can al so include an input for receiving a
start-up signaitive fsorsopx8ipire Inpup akbingaRefwar o [ood8djinRend buffagngdw to Fi g.
3A, the neasurenent circuit 100 includes first and second digital outputs
114, 116 Stonules prodi g4 tautpiie aolinpubomhind Bififgemial Mesrig? Canadit SO to
respectively, as described above in connection with Fig. 2. In particular,

the firstdeirgiideahe ai Pdhaddedof thabihadvasnIdLBu@PJT RIM respsct@o Mk Wds/dtR ai Ndi cat e
whet her a val ue proportional to ds/dt exceeds a first reference val ue.

Si-mi | arl yridehBos&iaabdfcttinghit @bmpdhRH Bt 1hahe!Bhpas al RESP:dPIRH 1ol s @

val ue to indicate whether a value proportional to the capacitive sensor

out put exgeg da%aiﬁstsae RRY %réd@{e%ﬁgg ?efgl%h&evalf?& Qa9 §3h¥ius &ﬁlparator Circuit

112 to compare a value proportional to the capacitive sensor output against a second
predetermined reference value. In addition, a timing interface circuit 101 is shown in
Fig. 3B for providing the control signals for the measurement circuit 101 as discussed
below in connection with Fig. 10. The timing interface circuit 101 as shown in Fig. 3B
includes a bias output, a rail voltage input, a connection to ground, and a series of
electrical connections to each of the corresponding sub-units of the measurement circuit
100. Though not shown, the timing interface circuit 101 can also include an input for
receiving a start-up signal, for example a pulse waveform.

[0030] Returning now to Fig. 3A, the measurement circuit 100 includes first and
second digital outputs 114, 116 corresponding to the output of decision steps 62 and 56,
respectively, as described above in connection with Fig. 2. In particular, the first digital
output 114, labeled as TDD_OUTPUT, is a value to indicate whether a value

proportional to ds/dt exceeds a first reference value. Similarly, the second digital output
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out puts 114, 116 can be utilized in digital logic in connection with the
nmet hod di scussed above in connection with Fig. 2 to determ ne presence of a
pr oxi mat evolzpmetiizekn addi ti on, though shown in Figs. 3APBB/US01QM028#0RI OQ
enbodi ment, it should be noted that the functionality of either or both of
t he measurement circuit 100 and the timng circuit 101 can be simlarly

i npl emented using a mcrocontroller in digital |ogic using known software
nmet hods. For exanple, utilizing a mcrocontroller, a capacitive output can

be measurg@ USLRG o5 TRETAT @STIVET Ns GAURah SndiR@LAGKEC, Jhit bRpokRAMEr t S and
ot her various nmeans as is known in the art. [0031] Wth reference to Fig.

4, a Capf]tgi th: Vc%g&%%ogenw2%4t&tpé&%%ﬂeefj séc%néi“}gﬂenw%af&@.anﬂgco&&ﬁ@??ﬁféi tance

correspondi ng to novenent an object toward and away fromt capacitive

sensor. Th a i,tive sensor .104.in Fig. 4 is selected to,include a
or i mary et O 11685 BARE el bslie SorBePafi e pdul Butthea
Do e SRR A0 e BBl S B T L et 0B S ne; °
toward the capacitive sensor 102, an oscillator 126 actuates a series of

vol t age ciBAtghothosd nligenhds-3B2ss ph analog wgbodingng g shewd jbsciassdethpathey add to

the capacitance of the capacitive sensor 102 simlar to the manner in which
an appr oawhétigaldlyjod citheram boticelehs encpgvecaen avruin h¢bansk the eniegplawiit i0te

sensor. Because the oscillator waveformis a ranp waveform as shown in Fig.
11, the osaibd aindlarlgl splémaneinesingld ynidecmpales it degitehpaid tusing eknofvnt he
capacitive sensor 102 simlar to the manner in which a recedi ng object can

return thefisapasikthai: eFef exahle; apagihg aveicairo@esllet, 1 apatinad ohtpwedas.bel N t he
present enbodi nent, the oscillator waveformincludes a peakvoltage of 2.0V

and a ri SgedsifR RfngARRHRNIFRBYCoR RS akfo ARPANI A Rorts NG B der i od i n
whi ch a human finger can approach the capacitive sensor 102 from beyond the
means as is known in the art.
[0031] With reference to Fig. 4, a capacitive sensor 102 is provided to model the
change in capacitance corresponding to movement of an object toward and away from the
capacitive sensor. The capacitive sensor 104 in Fig. 4 is selected to include a primary
electrode 120 (0.1 pF) electrically coupled to a series of secondary electrodes 122 (0.01
pF). The primary electrode 120 represents a base capacitance with no stimulus. To
simulate the movement of an object toward the capacitive sensor 102, an oscillator 126
actuates a series of voltage controlled switches 128 in 1.2 ms intervals to incrementally
add to the capacitance of the capacitive sensor 102 similar to the manner in which an
approaching object can increase the capacitance of the capacitive sensor. Because the
oscillator waveform is a ramp waveform as shown in Fig. 11, the oscillator also
incrementally decreases the capacitance of the capacitive sensor 102 similar to the

manner in which a receding object can return the capacitance of the capacitive sensor to

nominal levels. In the present embodiment, the oscillator waveform includes a peak
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effective range of the electrodes 120, 122. In addition, the oscillator 126
is not physically part of the capacitive sensor 102, and is instead used to
for the cwovenvamse of illustrating how capacitance is PAFAIS2E/02836t he
capacitive sensor by a proximte object. As one of ordinary skill in the
art will appreciate, the capacitive sensor of Fig. 4 could alternatively be
represented by a variable capacitor. Again, the particular capacitive
sensor 102 shown in Fig. 4 is selected for illustrative purposes, and the

measur emepfiiagd bedioh Q0. oke LR R zﬁ)%%‘ktlmht@lgreﬁ RNo GBProREnddl kel Iﬁﬁﬁimhﬂ

conjunction Wth any capacitive sensor havi ng an out put. [0032

Referri ngpt Wi QG hL?nanaﬁ%fQ}hl Q@ﬂ%tcai;%@w %\Hs%?‘ioz roﬂ{ge ofle for

detectin e out put aclitrve sensor arti C

circult | ec 1\§ Cr%rslgeg% ttge %lec\:lyrodes %H' ?g%t 1n a%dwlt())i[ngth?': 890(}1%‘% ]t2t6 1%n(9tmh s1c ynOt ed

t hat any Clrcui opera u pu of a

capaC|t|ves 102 ma utili The Stinmul ys De t circuit 104
in Fig. SPQith%It AV PR @g’zaﬂgﬁ%&ns‘ie ‘%'ésiegé g ‘f%?V‘E:TB%F‘Qg% SUTHE gate
termnal of an N-MOS active device 134, as well as to the source termnal
of the N-IUGCapaeiapse doypeiediigghe KRIGHNE SCURIPY SVRIPHBRIaARIE! didonEsd.

Vol tage values in the input termnal 132 are selectively nonitored by

appl yi ng adiwerntskd] inghe oy evilhaprstontim the atrecidde STRYr GTROBEyouldaltdreativelypect i ve
gate termnals of series coupled P-MOS active device 138 and N-MOS active
devi ce 14 refifesenteeldyl & vanigblowspacjpol. | Aghin, viee faddculs copmiteetsekot 002 shewsour ce
termnal of the N-MOS active device 134, and to a term nal of | owinpedance

| oad 136.inlMgaddi téiued forGatfatle Ghdogs, hiPHe héduapihi escar $00 obeewavef or m
(label ed CTRL_CHRG) across an inverter 146 to the gate termnal of a PMOS

active depb&ar ihdéhdoR cBYbé uGRRAGH Ed)rg@nc%ﬂ WG ahPQafRite 3dhsor B KMol - Char ge
waveformis applied a predeterm ned period prior to the Control-Strobe

wavef orm Ou'[}gp(.

[0032] Referring now to Fig. 5, a Stimulus Detect circuit 104 is provided for
detecting the output of a capacitive sensor 102. While the particular circuit is discussed
below in connection with Fig. 5, it should be noted that any Stimulus Detect circuit 104
operable to detect the output of a capacitive sensor 102 may also be utilized. The
Stimulus Detect circuit 104 in Fig. 5 includes an input 132 that is electrically coupled to
the gate terminal of an N-MOS active device 134, as well as to the source terminal of the
N-MOS active device 134 through a 4kQ low-impedance load 136. Voltage values in the
input terminal 132 are selectively monitored by applying a control-strobe waveform
(labeled CTRL_STROBE) to the respective gate terminals of series coupled P-MOS
active device 138 and N-MOS active device 140. The resulting push-pull drive 141 is
connected to the source terminal of the N-MOS active device 134, and to a terminal of
low-impedance load 136. In addition, a Control-Charge input 144 applies a strobe

waveform (labeled CTRL_CHRG) across an inverter 146 to the gate terminal of a P-
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1.0 pF sanple and hol d capacitor 150 is connected between the drain
termnal of the PMOS active device 148 and ground to collect a charge
proporti omal2otoi1adse out put of the capacitive sensor 102PCPNR20ma2&6Et Oor 152
and sanpl e and hold capacitor 150 are configured as a negative peak
detector, which stores a voltage proportional to the capacitive output of
the capacitive sensor 102. This voltage stored in capacitor 150 is provided
as the input to a buffer 154. Buffer 154 is a unity gain operational

a”D"f'erwﬁﬁﬁé&gkﬂﬁvﬁkﬂgkﬁbﬁﬁhl&&ﬂ&%@&ﬁ@ﬁéeﬁgoﬁéki3V0|T@9€b£&@ﬁﬁ%ueﬂround
(VSSA), bias (1BIAS), p05|t|ve input (INP) and negative |nput (INN). In

addi ti on, 1? y fcﬁ&%?}éﬁ@h Iggetmger%%eél%ﬁg)%?lr fo &1@‘%}1‘3&015‘@89 \%P)rhls own as

cont i nuous on | esent e

pr ovi des ?%Ipr Isamp t 9 ngaE)%PlE)tr 1%@% i[:oonntecﬂed {)Qg{een tcﬁzgh@& BUf f }{ 1196

[0033] Re ng now nee St ug e or out put
156 is elge trlcal ed to t put ternlnal 158 of the Inp Latchlng
Buf fer 109" SA@sC“H%f%‘G g‘g{/@“d #FRE" E‘P e“Ltaf’t @WF%‘?@PIQWF%WI _’t(bﬁled’bl&?”étog

buffer the Stinulus Detect output 156 for pass through to the Tine Donaln

Di f f er ent§arcifrasisendid. AR Hapsislop lapdndhemply mid heldcerngeitart 10 eier cui t
112. The Input Latching Buffer input 158 is electrically coupled to a

transm sstoofggad eas16Megathviccieal pdatertas whichp alorest hevoltpgeupropoiticagleta dhea 0. 5 pF
sanpl e and hol d capacitor 162. The transm ssion gate 160 operates via a
cont rol sdagmative( bepel @dhasa@ERive IstiRpr 102. 00yt vohagr stered il B6pacit6815hd 170.
Transm ssion gate 160 includes electrical connections to rail voltage
(VDD), grgmuvided ¥S&k inpuido BNbudilRe 1 EP WBhrfeh 1 S&0RtS GhityoReh apiafiodl afmpRficr

transm ssion gate 160. If the control signal is high, e.g.,ENis positive

and EP i sinpag@akic¥RirichNeorhbaRaTks iov1@ad evOPa) a%f%ﬁnd OV LS biaBQIBIWS?'t _

voltage to the sanple and hold capacitor 162. the control signal is |ow,

e.g., EN ﬂogltﬂggﬁ;ult Y®IP) and negative input (INN). In addition, PD and XPA can be used to
disable the op-amp, which is shown as continuously on in the present embodiment. As
shown, the buffer 154 provides a low impedance output 156 to the Input Latching Buffer
106.
[0033] Referring now to Fig. 6, the low impedance Stimulus Detector output 156
is electrically coupled to the input terminal 158 of the Input Latching Buffer 106. As
noted above, the Input Latching Buffer 106 operates to buffer the Stimulus Detect output
156 for pass through to the Time Domain Differential Measurement Circuit 108 and the
Stimulus Comparator Circuit 112. The Input Latching Buffer input 158 is electrically
coupled to a transmission gate 160, which operates to pass the input voltage to a 0.5 pF
sample and hold capacitor 162. The transmission gate 160 operates via a control signal
(labeled as CTRL_INP) through inverters 166, 168 and 170. Transmission gate 160

includes electrical connections to rail voltage (VDD), ground (VSS), and EN and EP

which control operation of the transmission gate 160. If the control signal is high, e.g.,
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and EP is positive, the transm ssion gate does not pass the input voltage
to the sanple and hold capacitor 162. Accordingly, the control signal

provi des WO20B¥11B82nms strobe waveformto sel ectively tr&asfuseomwlees4out put of
Stimulus Detect circuit 104 to the sanple and hol d capacitor 162. This
voltage stored in capacitor 162 is provided as the input to a buffer 172.
Buffer 172 is operable to prevent the Input Latching Buffer 106 from

| oadi ng subsequent circuits or otherwise interfering with their operation,

and provi@gss fosRRWERd B81ifnd Qiitd) ehel (RRGhiskRh Gl RPeBiE ft@?as@ WeAHbuc Yéftage! N t he

same manner as di scussed above in connection with buffer 154, buffer 174 is
a unity i i | AL ! i nical ,c I to rail
Vol tags (UL RAE ab@RRy R8BI e a e I B S
negative | . (NN . 034] . The output termnal 174 of the |nput Latching
ur'rer 1ot ispilhe s TR BB BETunpd ks 16 BN ™ e
Domai n Diffq?rentlal aéxringqrcuit 108. .As note& above, the Ti Domai n
Di fferentfhf RBMLGH il?% PPy o 8h% SR E ¥eh PIRYET T ned Yrs A oS BEtRfeen
successive iterations of the apﬁl icable control |oop. Referring nowto Fig.
7, the inptefm oreleiivedy maprisribOPYPer Anttintiuniasehqisegit ¢t &uthe samglei s
electrically connected to a pass through transm ssion gate 178, which in
turn i s opdriwleepediwr dh2.alaysliens scoed inglapaiiigh 462 (slpapadais OTRINDTDD)R. The
transm ssion gate 178 operates to pass the input voltage to 0.5 pF sanple
and hol d dfeac?2. oBsfckA02 il@Rrabdng proveef the dipuv Bhtyhing Buitel Gthigorh l@dsrg Ssi on
gate 178 output fromthe input termnal 176. The transm ssion gate 178 as

opti onal | gnbsdyovm dirBuisdlod @lefwade PairRALY atitha@pil iopadaiion) aniesaddshepewar e
multiple inputs to the Tinme Domain Differential Measurement Circuit 108.

Thet r ansng $sicAhe GPue LAlRink BubRE ofipaid e dn thfanRXAMRLLas WHEKRJABbYe BNe

capacitive sensor is neasured. As also shown in Fig. 7, the voltage(s)

stored i n;admRbe véﬁﬁ{jbﬁ?érdlsﬁ%éﬁért Pf4Sis a unity gain operational amplifier including
electrical connections to rail voltage (VDDA), ground (VSSA), bias (IBIAS), positive
input (INP) and negative input (INN).
[0034] The output terminal 174 of the Input Latching Buffer 106 is electrically
coupled to the input terminal 176 of the Time Domain Differential Measuring Circuit
108. As noted above, the Time Domain Differential Measuring Circuit 108 operates to
determine ds/dt between successive iterations of the applicable control loop. Referring
now to Fig. 7, the input of the Time Domain Differential Measuring Circuit 108 is
electrically connected to a pass through transmission gate 178, which in turn is operated
via an always-on control signal (labeled CTRL_TDD). The transmission gate 178
operates to pass the input voltage to 0.5 pF sample and hold capacitors 190, 192, and to
effectively isolate the transmission gate 178 output from the input terminal 176. The

transmission gate 178 as optionally shown is suited for potential applications where there

are multiple inputs to the Time Domain Differential Measurement Circuit 108. The
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190 and 192 are provided as the input to buffers 198 and 200, respectively.
In the same manner as di scussed above, each buffer 198, 200 in the Tine
Donai n Diwbeprwvttizsk Measurenment Circuit 108 is a unity @aTrusopenagssbna
anplifier including electrical connections to rail voltage (VDDA), ground
(VSSA), bias (IBIAS), positive input (INP) and negative input (INN). The
output for the "last pass" buffer 198 (|l abeled LAST P QUT) is applied to a
differential anplifier 202 as the positive or non-inverting input (INP).

Si-m | arl YirarkhGs@H Rk 1780k nbh?equfr&i ?orp@éﬁlpltpl'&&fl{e% orﬁ?%n& Laheled sditdbsisP_OUT)
is applied to the differential anplifier 202 as the negative or inverting

i nput (| Nﬁ'éasuégc%sddl%gé wmﬁ%g'f f \‘?&Ealg%%&&@h'lﬁ EeﬁﬁcplQHBcPH&d'c% thgor}honal

to the change et ween e |1 npu over cessl ve sa

oper at | Onl90 1%?5[56 e&ﬁegr f elnlﬁll&rggrg e al?(P& S?s% Q(alns eI W Qe gate

control S|gna |nveP¥ers 206,

208, 210 to transpission gate 1 ti to e vel e | nput
Lat ch out'BH"“1L 73 §§u§8ﬁ§ ab%&%teaﬁﬁiﬁftegalﬁge %&LHB tlPFo &n‘é %‘il%/dﬁ%%%“ “The

resulting voltage stored on capacitor 190 (| abel ed as LAST_P HOLD)

cor r esportfsasteenicne (et |0fpdt aj wnipr geidsepesitignals amptifign gneluslin ngAﬁlet:lirlﬁ@l T2, the
timng interface circuit 101 applies a transm ssion gate control S|gnal

(1 abel ed w@snETiRLs PHEAE vPYtagei & IIeA hignaind ZY3SAndiasniBIer positivg, inpt INI218 t o
the transm ssion gate 196 to effectively pass the Input Latch output 174 to
t he "t hi sandassgatisanipp@ &AMNN)hol Thec apgai tfor thO ZlasThmss e dulted g8 vOdtchge st or ed
on capacitor 192 (labeled as THIS P HOLD) corresponds to the Sense Input in

process StAPI 54 afT)Rk gppled (b dits i espRHeVY 4 e sRitvespanalingringl t ages
(LAST_P _HOLD and THIS P HOLD) are buffered through operational anplifiers

198, ZpodnpﬂiﬂﬁﬁiHMﬁﬁMﬂy&HﬁBFgﬂﬁ%ﬁﬂkeﬂnﬁﬁmﬁ*E&ﬂﬁ@ﬂbk@&d@@@tﬂﬁHﬁ(ﬂ?@z When
resi stive 1oads , the differential anplifier output

(1abel ed i@%pgﬁ—%ﬁg%}fefeﬁtlgeﬁlﬁﬁlme?%2%(:@&%6@&1\;6 ot Hl%ertmg input (INN).

Accordingly, the differential amplifier output is proportional to the change between the
input voltage 176 over successive samples. In operation, the timing interface circuit 101
applies a transmission gate control signal (labeled as CTRL_LLAST_P) via terminal 204
and inverters 206, 208, 210 to transmission gate 194 at time T; to effectively pass the
Input Latch output 174 to the “last pass” sample and hold capacitor 190. The resulting
voltage stored on capacitor 190 (labeled as LAST_P_HOLD) corresponds to the Last
Input in process step 64 of Fig. 2. At time T, the timing interface circuit 101 applies a
transmission gate control signal (labeled as CTRL_THIS_P) via terminal 212 and
inverters 214, 216, 218 to the transmission gate 196 to effectively pass the Input Latch
output 174 to the “this pass” sample and hold capacitor 192. The resulting voltage stored
on capacitor 192 (labeled as THIS_P_HOLD) corresponds to the Sense Input in process
step 54 of Fig. 2. As described above, the corresponding voltages (LAST_P_HOLD and

THIS_P_HOLD) are buffered through operational amplifiers 198, 200, respectively, and
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followng formula: TDD DETECT = R2 / R * (LAST_P_QUT - THIS P_QUT) In
addition, it should be noted that resistive loads R, R2, R3, R4 are

const ant wWoaonaniise presel ected according to the desi remcsmsommmﬁy The
resulting output TDD DETECT is therefore proportional to the rate of change
of the capacitive sensor output with respect to tinme (k*ds/dt). [0035]
Referring nowto Fig. 8, the output termnal of the Tine Domain
Differential Measuring Crcuit 108 is electrically coupled to the input

term nal @2Qratd W&ff&éﬁﬁal%@'ﬁ@r B fenentdsRlivCRapaR 8LA3 HdeyLtr41 . The
Time Domain Differential Conparator Circuit input 226 is electrically

coup! ed Qi AUREES 0fp 83 beRaty 145 Ghy AROTARGR L ARASS il LOR

voltage to a capaci tor e transm sion gate
228 oper at Ogs %/nlg qontrol signal (labeled as CTRL TDD_QUT) through
i nverters 234"238"atd 238. Transni ssion gat e 228 includes electrical

connections rail w ]QS&BD) g]gA ,y ng%ﬁgl rkg']] P whi ch control
operation of the t L %%?%P% § q{éla el? al low, e.g., EN
is negative and EP i SgchSI tive, the transm ssion 8{t e 228 does not pass the
i nput ~ vol lnagditics, i pou brptasedathal RYFtyedaphdile Be- B304 wpsoviapepyd canfbet he
control signal is high, e.g., ENis positive and EP is negative, the
t r ansni ssprewlegetdecongding pethat desiredsqpaisigity. hd'he mqsulting olutpagd Db RIAESaiwpl e and
hol d capacitor 230. This resulting voltage stored in capacitor 230 (| abel ed
as TDD_HGh&pfdars pppaviodddo &8 rathef ciymge of e @apwitparseaisor odd@. wilthesgonmpar at or
240 includes electrical connections to rail voltage (VDDA), ground (VSSA),
bi as (| Blo® (k*ggaiti vei nput (1 NP) and negative input (INN). In addition,
XPD and PD are provided to disable the conparator 240, which remains in an
"on" statgosd) the WLsARE R IFENG, HOQuiput terminal of the Time Domain

Differential Measuring Circuit 108 is electrically coupled to the input terminal 226 of the

Time Domain Differential Comparator Circuit 110. The Time Domain Differential

Comparator Circuit input 226 is electrically coupled to a transmission gate 228, which

operates to pass the input voltage to a 0.5 pF sample and hold capacitor 230. The

transmission gate 228 operates via a control signal (labeled as CTRL_TDD_OUT)

through inverters 234, 236 and 238. Transmission gate 228 includes electrical

connections rail voltage (VDD), ground (VSS), and EN and EP which control operation

of the transmission gate 228. If the control signal low, e.g., EN is negative and EP is

positive, the transmission gate 228 does not pass the input voltage to the sample and hold

capacitor 230. Conversely, if the control signal is high, e.g., EN is positive and EP is

negative, the transmission gate 228 operates to pass the input voltage to the sample and

hold capacitor 230. This resulting voltage stored in capacitor 230 (labeled as

TDD_HOLD) is provided as the input to a comparator 240. The comparator 240 includes

electrical connections to rail voltage (VDDA), ground (VSSA), bias (IBIAS), positive
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conparator 240 is operable to conpare TDD HOLD against a first
predeterm ned reference value. A high reference value will require a
great er rabeonflicivange (ds/dt) to generate an output, amdTiiskewiozssen | ower
reference value will require a | esser rate of change (ds/dt) to generate an
output. A voltage divider 242 is connected between rail voltage and ground
and is selected to provide a stable reference voltage to the conparator
negative or inverting input (INN). When the non-inverting input (INP) is at
a hi gher gt _Fﬁgle) :Ha%gﬁthfé 1h]ﬂ.\f?fNNﬁgIn' d@lﬁh’fon(kmandtma&m@i @rdiQufcput 244
i's

(1 abel ed as Conversely, when the non-inverting input is

at alo e‘éBJn 296y tzﬂénwgféﬁ rbAYRE tn%'élﬂ AP Uhe e GP d&ré}ﬁt%dnﬂéﬁtpufhezz‘l IS

l ow. In the present enbodi nent, h ouf put can cate an object is

approachln the ¢ citive sensor 102 05|t| e rate of change above
a i ni mur FEFEIEZd valBe ) %O%Pﬁfov@’i%%ﬁtﬁ i ORI GBS has

cone to re t or nearl me.to rest wi.th respect to the i ve sensor
102, or eff‘é’éééﬁa zfélvﬁtg PSR &alea 4L ireqwrs as%rﬁ%%rr rajgol ¢ ﬁlag%)es S/9Referr i ng
now t o Flg 9, the neasurenent circuit 100 also includes a Stinmulus

Conpar at ofenetiaiecl Puipdt apgdl dikewise 4 loyve efpreaer vyue mall geqypist 2 epsergptet de | nput
Latching Buffer 106. The Stinmulus Conparator Crcuit 112 is operable to
conpar e tdengudsidht tbyeenerhigveanuti8ensa valpet divgler 342 isacapeewsertibeteter wrlce

val ue, as in shown decision step 56 of Fig. 2, to determ ne whether an

obj ect i svoMagdamil goyprdechdfis sedatteaalrto pravxdenadtable ofieeas vetinde tethestoatpachtorThe
Stimulus Conparator CGrcuit input 246 is electrically coupled to a

transm ssicQfi@abdeindéing Wit NINIVET MRS th® nPpRSs/cithg inRUINVPIst @gehilthera 0. 5 pF
sanpl e and hol d capacitor 250. The transm ssion gate 248 operates in the

manner asydi@se rhhe dn@b@v&tifg r@pRoIBEN | Ohd &9&&&&&:QMQQ@|zkﬂQQB&&@;ﬁs

CTRL_THRESH) to isol ate the transm ssion gate output fromthe correspondi ng

i nput . Thﬁ)ﬁ?btﬁg?s }HQIQVCQI%%I‘S%BI, When %%kgn@&@ngﬁ(ﬁb& is at a lower voltage than

the inverting input, the comparator output 224 is low. In the present embodiment, a high
output can indicate an object is approaching the capacitive sensor 102 with a positive rate
of change above a minimum reference value, while a low output can indicate an object
has come to rest or nearly come to rest with respect to the capacitive sensor 102, or is
receding away from the capacitive sensor 102.

[0036] Referring now to Fig. 9, the measurement circuit 100 also includes a
Stimulus Comparator Circuit 112 electrically coupled to the output 174 of the Input
Latching Buffer 106. The Stimulus Comparator Circuit 112 is operable to compare the
currently relevant Sense Input against a second reference value, as in shown decision step
56 of Fig. 2, to determine whether an object is within a predefined or proximate zone as
earlier stated. The Stimulus Comparator Circuit input 246 is electrically coupled to a
transmission gate 248, which operates to pass the input voltage to a 0.5 pF sample and

hold capacitor 250. The transmission gate 248 operates in the manner as described above
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capacitor 250 is itself provided as the non-inverting input (INP) for a
conparat or 260, which conpares the currently relevant Sense | nput voltage
agai nst twe 20m¢am2pr edet ermi ned reference val ue. A secead/Usedmwagssodi vi der
262 is connected between the rail voltage and ground to provide a stable

t hreshold voltage to the conparator inverting input (INN). Wen the
non-inverting input is at a higher voltage than the inverting input, the
conmparator output 264 (labeled as THRESH OUT) is high. Conversely, when the

non- i nverﬁl're oh§PWta Echudt s1%nil%EleH ol tagq., tiradineo ieMAE thd @adsHddton t he
conpar at or O output is |ow the present enbodi nent, a high output can

i ndi cate t.heC [
izlgﬁﬂéoﬂl \?\1}]60{091)% ﬁg%g OlE]t?u %@Qi'oft%l r3AlePlo @ s ]é‘lg alld <'ﬁ?ldan

pr edet er ut can cate the a nce o

obj ect pr oxi nat he. cap aciti ensor. a_predet er ed zone,
where the™¥ %Cﬁté)r?gé ltse rOEléiieaccor Orrllglhfler[l{l mpu gﬁwgre aren %rgtoég%@”escri bed
above. [0037] Se enC| n of tg,e contro als according to the esent
embodi mentMFR PRI 4% &uffﬁnt grelei%j“ IiSBr YL & YRSt alsn PhtErd |, the
timng interface circuit 101 provides a control signal (CTRL_LAST P) at

i nput 20 EEIERAGSCERSE dallifd hBcant dEeR tbrder 62 ith cmngeted bivern Bheval ue
corresponding to Last Input at block 64 in Fig. 2. This waveform |I|ike the
remai ni ngraleyplidgsrang ssormdrio iprovillaga stalge thyasholdhedliade taathg c@myangwa knvggingage and
a 3.0 ns pulse width. After a 2 ns interval, and beginning the present scan
i nt erval ,inpltgINN N When theewhacertiigioputtis 410dhi pireo wblkess thanaba invettingiigmal
(CTRL_CHRG to PMOS active device 148 through inverter 146 to charge sanple

and hol d wapag@piator bb@ui DoF(1ghel&l W THRESH. BUY) i@highy aldrdgselyAlvhed tie 2 s
interval, the timng interface circuit 101lprovi des a control signal

( CTRL_STR(BEhv@tind Mt isl42a iQvdUaRUinhan hd ¥R edih qnf!ﬂ(ﬁ' R GatpaRSorNMOS

active device 134 to output a negative pul se at OUT proportional to

output is low. In the present embodiment, a high output can indicate an object is
proximate the capacitive sensor or within a predetermined zone, while a low output can
indicate the absence of an object proximate the capacitive sensor, or outside of a
predetermined zone, where the zone can be varied according to the user preferences as
described above.

[0037] Sequencing of the control signals according to the present embodiment is
illustrated in Fig. 10. Prior to a given scan interval, the timing interface circuit 101
provides a control signal (CTRL_LAST P) at input 204 to charge sample and hold
capacitor 190 in Fig. 7 with a value corresponding to Last Input at block 64 in Fig. 2.
This waveform, like the remaining waveforms shown in Fig. 10, can include a 3.3 V peak
voltage and a 3.0 ps pulse width. After a 2 us interval, and beginning the present scan
interval, the timing interface circuit 101 provides a control signal (CTRL_CHRG) to P-
MOS active device 148 through inverter 146 to charge sample and hold capacitor 150 in

Fig. 5 with a 3.3 V rail voltage. After a 2 ps interval, the timing interface circuit 101
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the capacitive sensor output 130. Negative peak detector transistor 152 and
sanpl e and hold capacitor 150 capture a voltage proportional to PK QUT and
hol d t hatwoabwe1{¥8K DETECT _OUT) at the input of buffer PE#/USINO/0WI6L age at
sanpl e and hold capacitor 150 is therefore buffered at output 156. After a
2 nms interval, timng interface circuit 101 provides a control signal
(CTRL_INP) to input 175 in Fig. 6 to enabl e passthrough of the Stinulus

Det ector output 156 to sanple and hold capacitor 162. In turn, the |nput

Lat chi ng )&fﬁ?‘fliﬁ@sra ORIl oAd @UiRTI STROMBE)CH ifRk 985 of pRdSHIISSE RN Hatgich/8 in

Fig. 7. er a2 mnms interval, the timng interface circuit 101 provides a

cont ol SLAnANARTRLTAERL 15914 Balthy PGl FLk aoic (R 25308, 3arRl  and

hol d capacito W a voltage proportional to the g Buffer

out put f Otilet he Ril;lgsseenr]s%r %%Sl?t f3r6t il\rlv%%i\'ée i)r%le( cf%ye%%lflEra{?gé%gr2§52%n%esa{%%{egggn%

Di f f er ent Tal"NEASLPT R cui't en genera Sc above to

correspond.to the r of chan of the capaciti nsor tput with

r espect '?1?5)1‘5 iCﬁBaC(t%/?é(?)C?ptﬂfet ér‘go [age rPEOHOFHOé‘flﬁé‘T }%Wﬁg"ngﬂ‘cog#jf e cui t
101 provides a control signal (CTRL_TDD QUT) to input 232 in Fig. 8 to

char ge saff KGO cafpei Byt oBBUlkET b4 vidiet ¥ gﬁra&p%mleomqg hold ds/ dt
for conparison with the first reference value in conparator 240. Lastly,
timng i ntapaditee éS¢isrtheretford bulfgedol euputd S6ortlieola slisgmedval TR THRESL) t o

i nput 252 of Fig. 9 to charge sanple and hold capacitor 250 with a val ue
proport i onghittlO] tpheida pamintrbvegsd (S ORLoN ud irfpor 1 ¢ohpkigi 6 omemibtehpassre second
reference val ue in conparator 260. [0038] Operation of the neasurenent

circuit l@fhughif be SumidlieDeivnidesspaadows timplehad asideapitti 082, 1d w3,
Beginning at tinme To, shown as 4 ns on the x-axis of Figs. 11-12,

capaci t ange riphe RURH. Bater erl &% [ 08sHkd REHssahAVRiskiBn GRENSE I PR Wi th Fig.
4, and as shown as t%e Stlﬁgﬁﬁs Rate in Fig. 11. The insertion period is
appr oxi mag gl.y , 24 (B interval, the timing interface circuit 101 provides a control signal
(CTRL_THIS_P) to input 212 in Fig. 7, to charge sample and hold capacitor 192 with a
voltage proportional to the Input Latching Buffer output for the present scan interval.
The output of the Time Domain Differential Measuring Circuit 110 is then generated as
described above to correspond to the rate of change of the capacitive sensor output with
respect to time (ds/dt). After a 2 ps interval, timing interface circuit 101 provides a
control signal (CTRL_TDD_OUT) to input 232 in Fig. 8 to charge sample and hold
capacitor 230 with a voltage proportional to ds/dt for comparison with the first reference
value in comparator 240. Lastly, timing interface circuit 101 provides a control signal
(CTRL_THRESH) to input 252 of Fig. 9 to charge sample and hold capacitor 250 with a
value proportional to the capacitive sensor output for comparison with the second
reference value in comparator 260.

[0038] Operation of the measurement circuit 100 can be further understood with

reference to Figs. 11-13. Beginning at time Ty, shown as 4 ms on the x-axis of Figs. 11-
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followed by a like reduction in capacitance over an equal time period. The
48 nms period is selected to approximate the output of the capacitive sensor
as a finge020i011apr oaches the touch substrate from an iPairttisaé10fessct i on
beyond the effective range of the capacitive sensor, (ii) inmpacts the touch
substrate, and (iii) returns to the initial position. As one of ordinary
skill in the art will appreciate, the Stinulus Rate in Fig. 11 is an
approxi mation, and may not precisely correlate to the capacitive sensor

out put '”uiQﬁx@ﬁ£§€ﬂ§§kﬁﬁaﬁdh%ﬁﬁ@d%&HgﬁﬁbaiQQﬁghl&ﬁm@hﬁ%xﬁﬂ?ﬁ@ iMadgl 9. 11,
the Input Latching Buffer output (INPUT_LATCH) varies in |nverse rel atlon

to the an%g%gwgfas %pﬁﬁhﬁlﬁpﬁ%eﬁﬁi?%ﬁﬁd 88 ek o'ﬂg)%ho@ z{pg)%{"ﬁ UCh

surface n partlcul ar Iustrates ine’in t e | nput

Lat chi ng fBHf | e thEg egu%‘t on 1n c a01t rﬁ:le V%-];‘t an eqtuol tlme erlo Thﬁ}p %ergged %ed i ne

in the Inpu?wf }(':?n n er o 0 nov Bger from
infinity to the touch substrate. resent enbodl ment , the asurerrent
circuit incPEded rarPrEmaednc PWPB? Q/fa § Ctllg‘c‘é’é(ﬁﬁfﬂégof Av2 fRgecli FRPE% Ut at

| east twenty tinmes over the 24 ns stimnulus |toer|od Alternatively, a 2.4 ns
scan i nt e iuch sRbsatealipm epdaitibpesiing kevprd theapheetivs pagoat Putcapitiivet en
times over the 24 ns period. [0040] Fig. 12 illustrates the Tine Domain

Di f f er entscagor @it ohpasts Bafdueh sehstrpigt andTDD OETECT thoiial posigon. Ass pst &@d above,
TDD_DETECT is proportional to the rate of change of the capacitive sensor
out put w @rtimagfsgkﬂbm tho att iwi appregaesibatSachuby Ratasy/Idg., 1 lwken @prokisnagiog,onst ant
related to the gain of the Time Domain Differential Measuring Crcuit 108.

As the StinduhdisndrpicRistIfebRaASRIo hetfapiditiie stsof ePplpliCiatie: Frodcasesita fmaa
fingerfrominfinity to the touch substrate, TDD DETECT remai n approxi mately
const ant.gitdeyever, as the Stinmulus Rate approaches a peak value at 29 ns
and declines to zero, the

[0039] As also shown in Fig. 11, the Input Latching Buffer output
(INPUT_LATCH) varies in inverse relation to the amount of capacitance detected as a
finger approaches the touch surface. In particular, Fig. 11 illustrates a stepped decline in
the Input Latching Buffer output from a nominal 2.3 V to 1.3 V. The stepped decline in
the Input Latching Buffer output relates to movement of a finger from infinity to the
touch substrate. In the present embodiment, the measurement circuit includes 1.2 ms
scan intervals to sample the capacitive output at least twenty times over the 24 ms
stimulus period. Alternatively, a 2.4 ms scan interval can be achieved to sample the
capacitive output only ten times over the 24 ms period.

[0040] Fig. 12 illustrates the Time Domain Differential Latching Buffer output
(TDD_DETECT) over time. As noted above, TDD_DETECT is proportional to the rate
of change of the capacitive sensor output with respect to time, represented by k*ds/dt,
where k is a constant related to the gain of the Time Domain Differential Measuring

Circuit 108. As the Stimulus Rate increases over time to replicate movement of a finger
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Time Domain Differential Conparator Qutput ceases to produce a discernable
out put voltage. [0041] Fig. 13 illustrates the output of conparators 240
and 260, woreagpedsdi ng to the Tine Domain Differential EORSBLEVOR84EI r cui t
110 and the Stinmulus Conparator Circuit 112, respectively. At 6.0 ns, after
only two scan intervals, the output of conparator 240 (TDD_QUTPUT) is high
to indicate an object is approaching the capacitive sensor with a positive
rate of change above a minimum or first, reference value. Simlarly, at

appr oxi mef&h Yinfini 'f@’theawu%ﬁ sﬁ@ﬁfa@('meﬂ)ETEQWrreﬁﬁﬁp apFbEIRRN B cotdime.0ut put
of conparator 260 (THRESH QUT) is high to indicate an object” is proximate

the Capacmwv%%}gﬂ&ogt AN ik Qfé;ﬂoééi&%s RO AL 20RR an Mool chihcoUt PUL

of conparat or I ndicatin obj ect has cone to rest or nearly

come to r.est th r t he |t|vesnsor eding with
Fespect. { BEHEURALE) e B SBRAE 5l R R B8 12
out put of ?o arator 260 is Iow, |nd| catl ng t he absence of an Obj ect W thin
t he proxi¥i ggzone. This output also indicates there has been a negative

rate of change as the object receded fromthe capacitive sensor 102 to a
posi tion [OU#Ki de oflig-He ihysricatheyousisiy ef comapagriers 448 Bed 200, Ty sepndmgrtoand
THRESH OUT correspond to the output of decision steps 62 and 56,
respect i vibt ylimasDefagiariibledntiblolemparaporfiewiti blY sid MeFpgnulgs C@@u@ra@@rngl Y,
TDD_OUTPUT and THRESH QUT can be utilized, for exanple, in digital logic in
connect i ofiiraiit h12, hespoetindg divs 6Us sed a&bIOYDﬂlyI twC oceme ottdroals,wiht houfug. of2 t o
determ ne presence of a proximte object based on the rate of change of the
capaci t i vengans@r 240t(ppD_BUTPUBSRERiphto intitee| 4048jccMMy beprbludimbmee
enbodi ments are described in connection with a capacitive sensor for
det ecti NQapRIiRRL sddEWith Ypositiie iceSFeHandWMERE | ORiGAND@r 3RR! L 8dehR

value. Similarly, at approximately 8.5 ms, after approximately four scan intervals, the

output of comparator 260 (THRESH_OUT) is high to indicate an object is proximate the

capacitive sensor and within the proximity zone. At 29 ms, the output of comparator 240

is low, indicating an object has come to rest or nearly come to rest with respect to the

capacitive sensor, or may be receding with respect to the capacitive sensor. Finally, at

approximately 49 ms, the output of comparator 260 is low, indicating the absence of an

object within the proximity zone. This output also indicates there has been a negative

rate of change as the object receded from the capacitive sensor 102 to a position outside

of the proximity zone. As noted above, TDD_OUTPUT and THRESH_OUT correspond

to the output of decision steps 62 and 56, respectively, as described above in connection

with Fig. 2. Accordingly, TDD_OUTPUT and THRESH_OUT can be utilized, for

example, in digital logic in connection with the method discussed above in connection

with Fig. 2 to determine presence of a proximate object based on the rate of change of the

capacitive sensor output with respect to time.
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capacitive fluid |l evel sensing, capacitive touch screens, capacitive slider
i nput devi ces, capacitive speed sensors, capacitive distance sensors, or
any ot herwoypw/uaiseel ectric field sensing topol ogy that eam/useowse’sced to a
capaci tor network equival ent where relative notion is applied and can
generate a differential signal based on the rate of change of the
capacitive sensor output with respect to tine. In addition, the present

i nvention can be applied to non-capacitive sensors, including, for exanple,

one or noigsAPti calwgile TRINBHIC SBARRGs e ARIEHII NG LhG B I ¥  Speed
or orientation of one or nore objects relative to the optical or magnetic

sensor. LOBEHv.Sexarab addihl WBRk: HORHL ShCARACRRUSIH AMIENE RLESeN!

invention. "By utilizing ate o e capacitive sensor output,

a measur ecrerl?)ggiti Gl ﬁl%HiItV §al sgnet egpm e EEOIYC%lsi ge.egst icguelm 1svei Sﬁ]igelp 1ennlclitegetvi %]; .
variations‘in ‘fehe SUBSet raI% e gf ﬁl caﬁness, and 1 ndependent O? ITPI’IOI' i€lectric

vari ations of .an approaching ohject (e.g., a clothed versus a free hand).

I n addi t i GRIIHYF %E‘Eﬁené%rﬁs a%{B{S? g’é?é%%é‘?“ﬁ’h‘& %é@%ﬁréﬁ%‘n‘ffe&?‘?‘&%gt”ldcan
adapt to user preferred sensitivity by registering touch inputs of varying
degr ees ofenfing épolaeyrthahcanpiceredugsd 4o fj Gigaditor Sensk cadi valprthvhara rsaivepr essur e
agai nst the substrate, the neasuring circuit wll detect a valid stinmulus
event andmpieqiistpplicd andgemzasomte aflifierentinlesignal basod op Harrge abicharige of gsor
output falls to zero. In the same manner, as a finger is applied with

gr eat er prapsstiveescag@i qugiut twhdh ssest toaime. {heddieas ultd prgseni invantionwdanlbedet ect a
valid stimulus event after the fingertip has cone to rest and conforned

itself toapphed svbsinr@pgisw tagersUmiidigy, et efxaPpRS Sut €orf MM opgcdlsar . | n
this aspect, the invention adapts to user preferences inreal tine.

Accor di nghYanctid §erRHR MR RhHe e dﬁrb%nﬁﬂ'y‘? §RBY of BYGHAD BhOY H6rebldeisP! €
i nprovenents. [0044] The above descriptions are those of current

enbodi ment.;08 (ot he of)tfb\éfa‘&t I{l%'etic sensor,

[0043] Several additional benefits can accrue from the present invention. By
utilizing the rate of change of the capacitive sensor output, a measurement circuit can
determine a valid stimulus independent of variations in the substrate thickness, and
independent of minor dielectric variations of an approaching object (e.g., a clothed versus
a free hand). In addition, in touch sensor applications, the measurement circuit can adapt
to user preferred sensitivity by registering touch inputs of varying degrees of force. For
example, as a finger is applied with minimal pressure against the substrate, the measuring
circuit will detect a valid stimulus event and register a touch soon after the rate of change
of the sensor output falls to zero. In the same manner, as a finger is applied with greater
pressure against the substrate, the measuring circuit will detect a valid stimulus event
after the fingertip has come to rest and conformed itself to the substrate surface under

greater pressure from the user. In this aspect, the invention adapts to user preferences in
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Various alterations and changes can be nmade w thout departing fromthe
spirit and broader aspects of the invention as set forth in the follow ng
cl ai ms, wWNDchioanessko be interpreted in accordance wth @/ yseémoegbes of
patent | aw including the Doctrine of Equivalents.CLAIM5S 1. A capacitive
sensor conprising: an electrode; a processing unit electrically coupled to
the el ectrode and configured to determ ne the presence of a stinulus based
on the rate of change of the electrode capacitance. 2. The capacitive
sensor of gl ginm 1AEéHr&1H§1§r tRCLMEbBReRE QA @l Qﬂes@ntsﬂx%ﬁt{o%t fro@dl agemblet he

el ectrode, V\herel n the Sfinulus corresponds to the placement of an object
agai nst tpﬁ% fsate. 3. The capacitive sensor of claim1 wherein the
processi ng un|t |s configured to determ ne the presence of a stinulus in
response he ra ch e of the electrod citan bei ng | ess than
LT Pt B e r il e B BT HLOLE cBRBRRE o P ¥aer o n
the processin nit. is c i gured er resence of .a stinmulus
in respons¥'Y efaéﬂf)ﬁ%é&é)\?g‘?rlfés o[ Br?ﬁ(ﬁfn&ml %?P@ft&gefg?lpo@ig S(Pgﬁa%ﬁdt ance
being greater than a second predeterm ned value. 5. The capacitive sensor
of cl ai mhroddss ReRestst qfethﬁrna)\@eg@ri AY seinfetth jip ¢hey fdlowangirlpes avtishapredpdic fi er
for providing an output proportional to the rate of change of the el ectrode
capaci t anoerpréted Theceaganst twithe theepransiplest ofc patemn l8wwinelpding thhdagirfreertent i al
anplifier is operative to conpare first and second | atched val ues

cor r esponiquigpldnts. successi ve
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measurenents of the el ectrode capacitance. 7. The capacitive sensor of
claim6 further including a first conparator operative to conpare a signal
proporti omal2oton1adee out put of the differential anplifiePCHUSR01/0284651t
predeterm ned reference val ue. 8. The capacitive sensor of claim7 wherein
the processing unit includes a second conparator operative to conpare a
signal proportional to the el ectrode capacitance with a second
predeterm ned reference value. 9. The capacitive sensor of claim8 wherein
the processing unit determ nes the prggpaQce of a stinulus based on the
output of the first and second conparators. 10. A nethod for detecting a

stiml us conprj sing . agﬁgg&%&xqmﬁggg&flive sensor, the capacitive sensor
i ncl udi ng an out put ; asuring a rate of change of the capacitive sensor

out put; and deteﬁnlning the presence of a stinulus based on the rate of
an_electr ile

change of the capacP i’ve sensor output. 11. The nethod according to claim

10 wherein said determ ni st i nc] ydes determ nin he presence of a
stinulus in resPorrsang gt frf:lgCt{:‘&%@c‘ioPP\‘? t%@’ﬁé?“%‘ﬁgaﬁﬁt‘:%%ﬁ%}]é% ior%teémme

predeterm ned threshold value. 12. The nmethod according to claim10 wherein
t he sti mihtiBreegice espeiaslus basghopHjedele chshgmes i harkcieds @aisdendsi ve sensor.
13. The method according to claim 12 further including determning the
obj ect has cone to Thesupwitive easpedtclaim  hetheapediding proyeizoe swhretet he rat e
of change of the capacitive sensor output is |ess than a predeterm ned
r ef er enceadyabntethe Thectrddee whetdo theatiooniul ¢rgresmondb &0 thelfladenrehhef an nbjectdi ng
provi ding a substrate

against the substrate.

3. The capacitive sensor of claim 1 wherein the processing unit is configured
to determine the presence of a stimulus in response to the rate of change of the electrode
capacitance being less than a first predetermined value.

4. The capacitive sensor of claim 1 wherein the processing unit is configured
to determine the presence of a stimulus in response to a latched value proportional to the
electrode capacitance being greater than a second predetermined value.

5. The capacitive sensor of claim 1 wherein the processing unit includes a
differential amplifier for providing an output proportional to the rate of change of the
electrode capacitance.

6. The capacitive sensor of claim 5 wherein the differential amplifier is
operative to compare first and second latched values corresponding to successive
measurements of the electrode capacitance.

1. The capacitive sensor of claim 6 further including a first comparator

operative to compare a signal proportional to the output of the differential amplifier with

a first predetermined reference value.
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adj acent the capacitive sensor, wherein the stinulus corresponds to the

pl acenment of an object against the substrate. 15. The nmethod according to
cl ai m 10 wbhepwniiske stinmul us corresponds to a fluid | erell/tmdj1amnesIvl t he
capacitive sensor.16. The nethod according to claim 10 wherein said
measuring step is in response to the capacitive sensor output exceeding a
predeterm ned threshold value. 17. The nmethod according to claim 10 wherein
sai d neasuring step includes detecting, over successive sanpling intervals,

a variation irg the 19aRagidiiWescAENATCIAM PWheredBihcbr6@RARSE Lhi endiRMER System
conprising: a plurality of electrodes responsive to a touch by a human

aperator Le,@ensahei? SHAAR LD GARAR LANGR.AL ARG 6! RTEL.A0d 2

di el ectric substrate adjacent the plurali el’'ectrodes; a neasurenent

circuit Q%uﬁhggugoﬁﬁgggoo &ﬁﬁﬁPLH&ﬁk%témg% %éectrodes and configured to
det er m ne"Pheé pré@ence o] ouc |an¥ on ?he substrate based on the rate

of change of the electrode. capacitance. 19, The capacitive touch system of
clai m 18 wherei'n t hef8BEE H%Ofc?? F@ﬂ‘?‘tgl}”@e%lﬁ‘e%tp?‘?ilé“fft% Tt g‘?tﬁ‘”i“HBgSa t ouch
i nput based on the tinme rate of change of the electric capacitance being

| ess t hanthaPresense opg gliaeley Raspéan t}ﬂmug).ut oipthe fik apcyisaend sPABYEN syst em of
claim19 wherein the neasurenent circuit is operative to determ ne a touch
i nput based a l0at cheahethatl der dstasipog ¢ stomwelis eenprisenge| ect r ode capaci t ance bei ng
greater than a second predeterm ned value. 21. The capacitive touch system
of claim 18 wheoeldingthhkeparsasuyeeoenlic @paduvd sehsig linodkeBng an output;

measuring a rate of change of the capacitive sensor output; and

determining the presence of a stimulus based on the rate of change of the
capacitive sensor output.

11. The method according to claim 10 wherein said determining step includes
determining the presence of a stimulus in response to the capacitive sensor output
exceeding a predetermined threshold value.

12. The method according to claim 10 wherein the stimulus corresponds to an
object as proximate the capacitive sensor.

13. The method according to claim 12 further including determining the object
has come to rest with respect to the capacitive sensor when the rate of change of the
capacitive sensor output is less than a predetermined reference value.

14.  The method according to claim 10 further including providing a substrate
adjacent the capacitive sensor, wherein the stimulus corresponds to the placement of an
object against the substrate.

15.  The method according to claim 10 wherein the stimulus corresponds to a

fluid level adjacent the capacitive sensor.
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a differential anplifier operative to conpare first and second | atched

val ues correspondi ng to successive neasurenents of the el ectrode

capaci t arwe;20emd132f i r st conparator operative to conpar @CThiS2@00p8461 of t he
differential anplifier with a first predeterm ned reference val ue.22. The
capacitive touch systemof claim2 1 wherein the nmeasurenent circuit
further includes a second conparator operative to conpare a signa
proportional to the el ectrode capacitance with a second predeterm ned

reference val ug, 23meTREH6@RAGHinY ot QMEN 16 %P QhicChRhMidZ sibhefseinn the
presence of a touch input is based on the output of the first and second

conpar at of.§,,néfyo tht {%é&ﬁﬂe &Bsé?%h@;?l& %}{]lgecﬁné QP&P‘F}E&@H& Msﬂ&giv%&t surface

conpri sing:” nonitor e rate ange” o I stance between an object

and the input rface; d, det exr m pi that .the rate of change achieved a
et orm haq T AiRimABS SELERTL N Oftnl TRkl SR Gellucfid Ao ERLTY OO &
step includes determning the rate of chan%g has_ fall en bel ow a

pr edet er %Hn%’eﬂvﬁre?uc%?lgerﬁénﬂlﬂé‘ﬁ%ﬂwﬁlﬁ’ TYURRPR A RHERIFHVE HES IR

conprises a finger. 27. An apparatus for detecting a touch input on an
i nput surface Bonpr} siMAgIVatyeh Besteat COMPIRE i ng a first signal indicative
of a distance between an object and the input surface; and a processor
moni t ori ng t he platadityodf dértiedes wspankize £ p squch by rmaliunzancopstat U tgerggata asecond
signal when the rate of change achieves a predetermned criteria. 28. The
appar at uschahgecih@hpacRanceheceh rletiedepnetiet er m ned criteria corresponds to the
rate of change as falling below a predeterm ned val ue.
a dielectric substrate adjacent the plurality of electrodes;
a measurement circuit coupled to each of the plurality of electrodes and
configured to determine the presence of a touch input on the substrate based on the rate of
change of the electrode capacitance.
19. The capacitive touch system of claim 18 wherein the measurement circuit
is operative to determine a touch input based on the time rate of change of the electric
capacitance being less than a first predetermined value.
20. The capacitive touch system of claim 19 wherein the measurement circuit
is operative to determine a touch input based a latched value proportional to the electrode
capacitance being greater than a second predetermined value.
21. The capacitive touch system of claim 18 wherein the measurement circuit
includes:
a differential amplifier operative to compare first and second latched values
corresponding to successive measurements of the electrode capacitance; and

a first comparator operative to compare the output of the differential amplifier

with a first predetermined reference value.
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29. The apparatus of claim27 wherein the object conprises a finger. 30.
The capacitive sensor of claim1l wherein the processing unit is configured
to di stimgoizsto/ededeen a first rate of change of the el @CTrsdEIvagIaci t ance
and a secondrate of change of the el ectrode capacitance, wherein the first
and second rate of change of el ectrode capacitance correspond to at |east
one stimuli. 31. The capacitive sensor of claim1 wherein the processing
unit is configured to filter electromagnetic interference based on the rate

of change of the elgglhpdaieaPRE ARG Bhm 2TNPhGARA hbXErHRABGEu@l cl aim
3 1 wherein the processing unit i$ configured to filter electromagnetic

interfer %ﬁgerv‘(ﬁglgdésﬁs&%ﬁ@ c&BPﬁQt%Pg eyl J%ecoﬂp%fe% %&ﬁﬁg@%ﬁh{nﬂaﬁ‘?@ gRxceeds a

maxi num val ue. e capaclitlve sensor of cllarm e processi ng

unit is Cecfggtrio g Eepgmiga%cg iwﬂliaggé'loinahr %%Eemrlreneng ?effrieﬁczsetvai ate of change of the
el ectrode capacrtance aly" 4 SSELeRE 5 R 0?1 c%ange of the el ectrode

capacitance to filter electromagnetic interference. 34. The capacitive
sensor of claif 1 rCéP*}‘fltf‘ﬁéO‘b&o%'étg@i ?%HﬂWi %ei Wger@é‘ntg? JIrEye 9 2P Per
gradual changes in capacitance when the rate of change of the el ectrode
capaci t an@Butiisbased gn the eyt i the fiivpuhicgend @anpariescapaci ti ve sensor of

claim 34 wherein the gradual changes relate to changes in the anbi ent
envi ronnent . 24. A method of detecting a touch input on an input surface comprising:

monitoring the rate of change of the distance between an object and the input
surface; and

determining that the rate of change achieved a predetermined criteria.

25. The method of claim 24 wherein the determining step includes
determining the rate of change has fallen below a predetermined value.

26. The method of claim 24 wherein the object comprises a finger.

27. An apparatus for detecting a touch input on an input surface comprising:

a detector outputting a first signal indicative of a distance between an object and
the input surface; and

a processor monitoring the rate of change of the first signal and outputting a
second signal when the rate of change achieves a predetermined criteria.

28. The apparatus of claim 27 wherein the predetermined criteria corresponds
to the rate of change as falling below a predetermined value.

29. The apparatus of claim 27 wherein the object comprises a finger.

30. The capacitive sensor of claim 1 wherein the processing unit is configured

to distinguish between a first rate of change of the electrode capacitance and a second
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rate of change of the electrode capacitance, wherein the first and second rate of change of
electrode capacitance correspond to at least one stimuli.

31. The capacitive sensor of claim 1 wherein the processing unit is configured
to filter electromagnetic interference based on the rate of change of the electrode
capacitance.

32. The capacitive sensor of claim 31 wherein the processing unit is
configured to filter electromagnetic interference when the rate of change of the electrode
capacitance exceeds a maximum value.

33. The capacitive sensor of claim 1 wherein the processing unit is configured
to distinguish between a first rate of change of the electrode capacitance and a second
rate of change of the electrode capacitance to filter electromagnetic interference.

34. The capacitive sensor of claim 1 wherein the processing unit is configured
to filter gradual changes in capacitance when the rate of change of the electrode
capacitance is less than a minimum value.

35. The capacitive sensor of claim 34 wherein the gradual changes relate to

changes in the ambient environment.
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