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CAPACI TI VE DETECTOR The present invention is generally related to aut omati c
control systens and is nore particularly directed to a system5 for

control I i ngWsp®0a¥Bdbn of a device utilizing a capacitive PEAAEO20294 gr eat
nunber of capacitive sensors have been heretofore developed for the

sensi ng of persons or i rQyi | ar i ndi cati ng signal,
or control. For exan%gg&ﬁéégé‘g%ﬂ&ﬁﬁn%@&%@ﬁ HIRCIOR peen used for
alarm systens to provide a signal in response to touching of a particular

area or the proydn ﬁ)i‘e@én@nlﬂpé@@fon |1k 0ol ral NS LANGRSY E3PARILN4@18€NSi g
circuits have been utilized det ect the}gresence or absence of |iquids

and sol i dsC8REFOt HEYREETE 2R |1tsl é"ﬁrﬁg PRRELAHEeRLBr A3 ERCtRh R & §HEFSTor
neasur efrenfor Capatirol Ving eopearst iray eofal s oddretre usteil itzd ngnmeasspectihéve

di st ance thﬁQoﬁbj ect, material size, material noisture content, oil
contam nati on umdity, pressure, 20 liquid level and in fact have forned
the basis for sensing in nunerous neasurenment and detection applications.
Wth regard to Mi spER3Er cBiedl, 9% i SaRRAEERL YR of EpREARS tBAVper heENa
devi ce wi tﬁ@yétéfaf&td@@é@épéw é&er&fg éahémgarb@%éfgo%r aghl QR ek9b1s

exanple, it is preferable for sanitary reasons in washing to avoid the
need f&Y ph?slmwé@nta’ét aJWlI’!Th fmﬁ,iétathmdl%QHQbV\ePrdlcsmémérs Famnd

dryers, so@ap,mtHSPe téé?l31 1%9 Wil 8.3 ner, afy ¢apt Lol gystens
Or SU ree H

have been deve oped touc eV|ces In order to conserve water
and soap, syhegmhave mmvmeagaewllgylaﬂ.alise zetpoase oo Thwarchisg afeviaces

are turnedoop, WOt JLRE 6! UBhe PLERERSELDT o3 MM Abject. In other

instances, capacitive sensing circuits have been utilized to

15 detect the presence or absence of liquids and solids and
thereafter initiating an indicator for alarm signals or
measurement. Capacitive sensors have also been used to
measure the distance to an object, material size, material
moisture content, oil contamination, humidity, préssure,

20 1liquid level and in fact have formed the basis for sensing in

numerous measurement and detection applications.

With regard to dispenser control, it is often preferable

to operate a device without direct handling thereof by human

25 interaction. For example, it is preferable for sanitary
reasons in washing to avoid the need for physical contact
with faucet handles, towel dispensers, hand dryers, soap

dispensers and the like.

30 While a number of control systems have been developed
for such touch-free devices in order to conserve water and
soap, they have been plagued by false activation. That is,
dgevices are turned on without the actual presence of a human



1 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 body part. Thisi $dptcMBei€2004
|l eads to fluid waste that is contrary to the original purpose of the

control system Further, in the case of soap dispensers and the like, 5

saf ety becowesmsissect or when such liquids are fal sely di spensedongd

accunmul ate on a floor, or other surface, where subsequent slippage thereon
may cause bodily harm The problemof false activation, and nore generally

of 10 rel baiyepastvwel | Tlakss senfi toveseet deddontof faupdoxiasate thbjtects by a

proximty &enesiry A8 Hhef bLRAYIALI NREDIR bel £RB! YondiiCliBLpat e between a
smal | change in signal strength due to changes Iin the proximty of the

obj ect versus changes in signal strength which can occur due to other
factors such asFushsensoin nbhsecasensdr sbapf tdiospeanzdusednchangeslike t he
signal s dugateclb@lofdiAnges daebhe gabh el GIVITONTRAt LEselfa1sugh as
contam nati,on o tge scfnsor and other effects which can give rise to
signal s whitRPEREed; BETHUEGR CUdé tfdo6r: e¥eRthar genriang tfere

det ecti on sigseduentsallfippafel hh¢heorc asy ebusaf beadEd, pa@xi.m ty sensors,
which are for instance frequently used in current comrercial non-contact
soap di spenser spand LR, SL kaf sdey t':!jfﬁl S tivati arise due
to the effects of g?r ay, n(‘-:-xtranej(r')%ésti %({:g'ﬁ?a |'W§?r%gir!rllag&%or1go%}heé:%§g%c?rfsdue to
spuri ot® reelizbleoms iweldhiasy seopjibive detettiemnicfea proaifatie wiegjdar det ect
an obj ect gan , 0GRl gye,t osyald.ati LN r ectivity of the.object or
cont am natign %f ;heloptllfcss. def}n tgﬁém%:asfte%g’f g%%aﬁételdve)éﬁr o&?ir]neﬁb&
sensors, wAeseriminadlsj dettwesnsanswalli change det edgneh sfrengfianye it

capaci tanCepanges in the proximity of the object versus changes in

signal strength which can occur due to other factors such as
15 sensor noise, sensor drift or induced changes in the signal
due to actual changes in the ambient environment itself, such
as contamination of the sensor and other effects which can
give rise to signals which are similar in magnitude to or
even larger than the detection signal itself.
20 _

In the case of infrared proximity sensors, which are for
instance frequently used in current commercial non-contact
soap dispensers and other similar devices, false activation
can arise due to the effects of stray, extraneous light

25 impinging on the sensor due to spurious reflections in shiny
objects or otherwise, or a failure to detect an object can
occur due to variations in the reflectivity of the object or

contamination of the optics.

30 In the case of capacitive proximity sensors, where an
object is sensed via the detection of a change in capacitance
due to the proximate presence of the object, sensitive

detection of a proximate object in everyday environments is

2



due to the proxi mate presence of the object, sensitive detect]j ¥ ffenBer 2004
proxi mate object in everyday environnments is 2 1 Septenber 2004

02/ 063582 PCT/ US02/ 02947 made difficult and unreliable because the actual
capaci t anceyoghaiggs due to a proximate object can be sngldr coimpaied W th

ot her changes 1 n capacitance due to changes in the surroundings. 5 Certain
commonly occurring variations in the environnent which can cause such

i nterferindad&r idéglfﬁ?lglti’ n2ReApHBFeatRR e iRRINEE CHEt AFtHALi GAPRFLIHK S ur f ace
of the el eclpdes Qe ©bNET pSLLURLLE ESbidett RRNS@RSINAILT ebrps R andly
gradual dirt 10 accunul ation or condensed noisture, significant changes in
anbi ent huMt#ety, chpaaBal V& i AIRHTLERACE he dPROXILEH t ChTIeBonpdsi thilen of

ot her near Ry, $biHgidgLs and objects, or variations in sensor mounting

| ocation, all of which can give rise to snmall alterations in the electric
field shape or 15 intensity between, the sensor el ectrodes thereby altering
the charge stapgrand NeRERAIPULLEPERG PEINEAN Jrile 16 @aLT QdeSrontiiale are
currently two basic types of Capacitive” proximty sensor in tﬂle Known
prior art. whichbneasaseausst t enclR0 inspefering ovasiatieonsar dih | eRpp¢Hanaey pe,
there i's only108e cBABSRIALESHE 008 Alnd NESERNRONoANdrEhe, fapagibance (O
ground is neasured. If the object to be sensed s general Iy conductive
and groundedther shnuefdrss el yhe osengding fdeddd reghent bydersdedl tdiatt

moveneqpg of £ 90 o g,gq I . rom t.he .phi y el.ectrode
changes theactggpgg%:g%%:ega\r,l\? t e?lsse?mog%%lugehea%%%é%&g%%r e@%ﬁégst& he

di stance ormbpenki mumiddtyt hegobferl . veFiabiomwhj dot tle beroedméty | 4 nst ead
not el ectr 'c%ﬂmbl)é'ition of other nearby structures and objects, or

variations in sensor mounting location, all of which can give
rise to small alterations in the electric field shape or
15 intensity between. the sensor electrodes thereby altering the

charge state and hence capacitance between the electrodes.

There are currently two basic types of capacitive
proximity sensor in the known prior art. In one case, often

20 referred to as the parallel plate type, there is only one
sense electrode at the sensor and the capacitance to ground

is measured. If the object to be sensed is generally
conductive and grounded it can effectively form the second
electrode such that movement of the object towards or away

25 from the primary sense electrode changes the capacitance and
this change 1is measured and related to the distance or

proximity of the object.

If the object to be sensed is instead not electrically
30 conducting, a second stationary electrode is incorporated at
a fixed distance away and connected to ground and the object

to be sensed is passed between the two electrodes giving rise



30 conducting, a second stationary electrode is incorporated af sedictffbr 2004
di stance away and connected to ground and the object to be sensed is
passed between the two el ectrodes giving rise 3 1 Septenber 2004 WO

02/ 063582 PR/ bi3334202947 to a change in capacitance.. |n gdigupeeopd case,
called the fringe field type, there are instead two sense el ectrodes

di sposed near _one anot her at th% sensor _and_t he ob{1 ct which _js. sensed
changes t he Sc&hatttete b 1RREET CBRER by TBh&RGi F§<8REhE2Efectd et it by
di el ectri c fatingendiicilidvet gbd eCtBerd h@rer esiltdady HGRANYENEE €ARSEFSRIEE | S
sensed anddéhi S can then be related to_a change in distance or proximty
of the obj°eEPCSRfi RGBTt PRE PR fifadiiG RENFOEx ARt FheeRBORSE atlichyi del y

used i ndustilsi addnkdd) FRENRCT tHd NGapddl d Gl RS- Wil ekl S®PSBhangin
installati 5)% ar.e tﬂi cal_l¥ speci fied and fixed, and, other potenti agl |y
interferi ng{ nGEERTRAt et dchordieliriddc @nosdreniveyehteria cesthe

neverthel esesalsondr eaHAHE | Yni BERAP M@ Ak ddnaddiddonal: £ 86f rads, to
separatel y sense for_and thereby conpensate for drift due to surface

cont ami nat P6n. TFHRFSGakPmdn SEA8PRg H sPARERNFS (Ofe BEPSUMLtvangE &l this
is relatedphecthe sansidel Wilkd q0fe e LRRAGLLBOCE ERARDS, SENS

techni que, the_nature ar?tael silzga of yPhe object to g%et%ﬁ% e%é}géod%ndart%e
physi cal si28eé¥ tHedsdnsuserirllvodes. manifpaturdnge applécatbaies Wrand de
great ejor aRaRsoMi@saMNSht i des detEeCtiOlePrRYi das. g eat aﬂ-ggewit

gi ven el ectrode silzgj and_a given obj i(_glgz)t toﬂ)t;e senlgliré%,a %ﬁd[:h d|’s %cf’l

per f or manc@thAfYamAgatiialapplintgrfentngheryirargertale| factode stnudteur es
are undesi ahlgodngyoreater range is desired. However, nore sensitive
detection of changes in - capacitance does not by itself provide reliability
wher e

Such devices nevertheless also frequéntly incorporate an

15 additional electrode to separately sense for and thereby
compensate for drift due to surface contamination. The
maximum sensing distance is the sensor range and this is
related to the sensitivity of the capacitance change sensing
technique, the mnature and size of the object to be detected

20 and the physidal size of the sense electrodes. Larger sense

electrodes provide greater range.

More sensitive detection provides greater range with a

given electrode size and a given object to be sensed, which

25 is a performance advantage in applications where larger
electrode structures are undesirable and greater range is
desired. However, more sensitive detection of changes in
capacitance does not by itself provide reliability where
significant capacitance changes can also arise due to

30 environmental factors.



signi ficant capacitance changes can also arise due to 30 envi{ osupidrer 2004
factors. 4 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 The present
i nvention-has been devel oped to overcone the shortcon ngs of the

her ei nbef orgokagyas,Systens in order to provide for -a caRaGidpbyResensor
systemw th increased sensitivity and reliability. 5 This 1s acconplished

by providing a sensitive neans for instead detecting the tine rate of

change of capacifgnBgeseht yinvaRtdogudnsi dpensdaeskinrad fet IveREereal FYe as

dC/ dt and drprdicohiings | Yeditheengdde flPcd cMashe Bk pl tile didderepce 10
between two capacitances as is typical of the prior art. dC = the rate of
change of ®HPYPCand®*wi Bh CEBPERELYD t FARSONt SHfte™M s Wishce lnoneraed to

t he known pgérgritg{,‘g_@yﬁ@rﬁliggim@g{,.e i nstead detection is based on a
change in capacitance. In the present invention, the detection, which is

performdd in the phase domain, utilizing a continuously operating control

oop, I's ther ebynadyat ageahs yendp W LA ARGl A Yetduehychanges ¢

capaci tance due to changes i'n the ervitonnent “whi ch may be 0 any absol ute
magni t ude preFeadd detratingestdhehinges oeur ofverhasiglf | of emephenthse of
time and atpy 4 i3 re t | ensitivity_ for

dcd/ dt. 25 F?ﬂgﬁoulfj&?e apa\ge){}é% a?esd (%ﬁiaq[c&\ga Bﬁg&ghﬁgﬁ%%éﬁe&%ﬁé C%Izlacgge

si gnal couli® idispingelyl eidfereniat fuat ya beeavmewedt bfothehdiftiepencef

var | Ousopr i ith EAIACILIESEBOLS. 1o Wbl koA TRAYY .E3PaCt tance

change, by electronic

dc
o = the rate of change of capacitance with respect to time

This is hence contrary to the known prior art systems

15 where instead detection is based on a change in capacitance.

In the present invention, the detection, which is
performed in the phase domain, utilizing a continuously
operating control loop, is thereby advantageously insensitive

20 to gradual changes in capacitance due to changes in the
environment which may be of any absolute magnitude provided
that these changes occur over sufficient lengths of time and
hence at rates which are below the detection sensitivity for
dc/dt.

25

It should be appreciated that although a time rate of
change signal could in principle alternatively be derived
from the output of various prior art capacitive sensors,
which instead measure capacitance change, by electronically

30 differentiating that signal, such a derived signal would not

then provide the required reliable and sensitive detection.




30 differentiating that signal, such a derived signal would noi sdd\&hber 2004
provide the required reliable and sensitive detection. 5 1 Septenber 2004
WD 02/ 063582 PCTI US02/ 02947 This is because the very. act of

di fferenti afighgegsssensor signal nmakes the resulting si grlaém'fb%/ g/ and
hence less reliable. 5 In the present invention an intrinsically notion

sensitive %%gaci tive sensi n% means i s thus fpr ovided for  detecting the
movenent of “afi o eCECAURRNTERE 6 Yex@fpl &fa dhhassntiahing, ai PeRFRgi on
which is wistiBhala iescr thed redustange Jiange fAOMBidIe SeNSPencdhasystemin
accordance 1 ,thh t he present invention provides a neans for reliably
detecting $haftf #®tions of a hand towards the sensor when it is within a
sensing region. Mdreover this reliability is independent of whether or not
the person is electrically grounded or even intermttently grounded during
sensor 15 oper affonthe n&fesERbr PAVERBiRAseaBf doNEORBIGHIY s MRSty

their handgendht své el dahidiicivel NBSELNd ¥ rRbQ4i d8s 1o LYol ad@l S&r
activation because the sensor continuously adapts to the 20 electrical
char act eri §eFestdngt hBesppvensrl ng5s and opigetal suchapgesorm exopde a

surroundi ngsy@bn a8 auelsal | i agni Lugdenar ¢aten wasg{-wfﬁ %Uepiﬁséﬂgoe%
introduction of a hand into the sensing region. ﬁe sensor” t hereby has
zero driftdigbampgs rapfe Freserths nyemtdnon | Fhieursststemal it naecomtryeeof

di fferept surt,oundi n it.ho X | _adj addi.tion,
Che! o 2, SUERCUIA LRty ROHLS SRl POLIBI™ ey 10y Y

gener at ed 8pbeekingl shall dnatiomst eferc dand lreyakdw ehecsermyaymtarc it
em ssi ons kLSelfraRd £O08HERS | kLbLn 30 AR¥RIovelNchilsASlerTRB 20G fepat ure
enabl es extende v .
independent of whether or not the person is electrically
grounded or even intermittently grouhded during sensor
15 operation as may occur in the case of someone who is washing

their hands.

This reliability inherently provides immunity to false
activation because the sensor continuously adapts to the

20 - electrical characteristics of the surroundings and gradual
changes in those surroundings of an overall magnitude greater
than that due to the introduction of a hand into the sensing

region. The sensor thereby has zero drift.

25 Thus, the present invention is functional in a range of
different surroundings without requiring manual adjustment.

In addition, the present invention is highly immune to RF and

- other externally generated electrical field interferences,
has low electromagnetic emissions itself and consumes little

30 power. This last mentioned feature enables extended

operation by battery.
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SUMMARY OF THE | NVENTI ON A capacitive sensor systemin accordance wth the
present invention for controlling operation of a device in 5 response to
the rate of 4ghapdss, N capacitance due to the notion of a 'O%ts,;, obj ect
generally conprises at |east two sense el ectrodes di sposed in a spaced

apart relationship for enabling the establishnment of an electrical field

bet ween t heuMeans ©FelrgEt CRUESTIAWN el'ectronic circuit provides a control 10
output signal in response to a rate of change in capacitance of the sense

el ectrodes due to notion of the proximate object wthin the field wthout

i nt er medi at e elfectIeHFCE LLYPT f ERBAY at¥svedf dingnaksoreéanrged wisha &hange in

Cap?ci tanCpreééaﬂ:‘Lﬂﬁﬁrﬂﬁ{cc_m the &6ﬁ§ﬁ>1@.{3ileg r&p&sah tala dﬁp@saev%e ainpl anar

surface; a cQnf tion, enabling the _establishnent of. an

ol ectri® f?gf%&é%(et é\%i (r%gequ g%t/gerdgg SRA098 ol PR LliTSe Gooct? O%E‘S_ 20

More partiBebeen wI thereresetenpelest casnenndyyi nofpdeses phasestotied

fre_qlulentcy s6iéd Oéléd!ﬁjbf_ deBL i spieh ﬁﬁcbgdgacad Hﬁéftﬁgﬁ?%‘;dn%h% df%o t

oscill ator i X equenc ef erence oscilla r the 0

follow, a ;e)ﬁ(%%{%e gc%zer?%y a%gl%%ﬁ%%r a‘ffora,n ae%“;?r‘fgﬁcaélg eﬁ%t ®foF 8el ayi ng

the phase 8¢nsq hels@raiadut Ani thecbsprit rorchdt provhdes eherconteoind

whi ch Bet sotgpausigimahe iYCRduRadeNeY Lorhtd 8headade e cdrfaranece

osci | | at oro¥\hteﬂ1e the logp is p asedl ocked gcnd a Ifogg filter twhl %h .

i nt egr at es”t he pHEEE e 67 "5 gRaI %1F om (ipgion © € proximate objec
within the field without intermediate electronic

differentiation of signals related to a change in

capacitance.
15
Preferably, the sense electrodes are disposed on a
planar surface, and in that configuration, enabling the
establishment of an electric field extending outwardly and
between the sense electrodes.
20

More particularly, the electronic circuit may include a

phase locked frequency control loop (PLL) which includes a
voltage controlled oscillator (VCO), a fixed frequency
reference oscillator for the VCO to follow, a phase/frequency

25 comparator, a phase delay network for delaying the phase of
the VCO output with respect to that of the reference and
which acts to cause the VCO frequency to run ahead of the
reference oscillator when the loop is phase locked and a loop
filter which integrates the phase error signal from the

30 comparator and thereby defines the dynamic response of the

loop.

The characteristics of the loop filter are such as to

slow down and in fact match the dynamic response of the loop



30 conparator and thereby defines the dynam c response of the 1|lQQherdds 2004
characteristics of the loop filter are such as to slow down and i'n fact
mat ch the dynam c response of the loop 7 1 Septenber 2004 WO 02/ 063582

PCTI US02/ 02 702{3%5&2% characteristic timescale of notion Pémﬁga?/oﬁ?; ect to
be detected. Additionally, a phase sensitive trigger circuit 1S  connected
bet ween t he V ang the reference oscillator and generates the sensor

out put si gndl PCERBLRE IO 1is5iTaLe ©F BPelem Ghdde chiectcerike

connect ed tdetddt@esensadal ecoROUBS HIGhddealend Vi +&CFLARRS id]lEaRACEEance
there act to slow the VCO frequency and vice versa. A capacitance change

caused by #PTHEGELeetHEEPndhent -Q hand ehBenFefegrBac oPsEhélaksis eand
el ectrodes geiRlSREsatRBASENSOE fdudght RE LRS! FhéAGydF %&%Wé%figﬁéweq

to that of the reference which is greatér for greater rates Change in
capaci t anc@%t iPhehagfise el ectrodes. 15 The phase error signal thus
generated by the conparator is integrated in the loop filter and if the
phase error is accunulated at a fast enough rate, such that the phase
shift exceeds fhe VRPesifolaprderitrdd thy thise seingse edechyodes wenkh thaen a

sensor out Rily OinbbLgges Sr0NBbohs: GENAI atflre TG 20081 gilal Gap they be
used for control of another device, suc as a soap punp ere the sensor
i s used to fdm@enchapsdnbirenvensar aAnocaPawiitace shapgdi speasérbyoana

proxi miby ididiceat b0 nyi nﬂ@ect' : b Spl dgvi 25 In
t he prefer rcggeenbodi e té% gt e p%éé{sgé"n% ?ﬁgéél{ei% %%aé?%s{ggéaefecglgaﬁ%
gener at i ng GUsesi B iphelsadedift Difil pecppemdtingantrdqueanyamiehnatepect

enbodi ment e iy Qﬁertk?é r el drdrel YRS H ".iLsV(yrteagng%gBarg%tegEér rates

of change in capacitance of the sense electrodes.

15 The phase error signal thus generated by the comparator
is integrated in the loop filter and if the phase error is
accumulated at a fast enough rate, such that the phase shift
exceeds the threshold defined by the phase delay network,
then a sensor output or trigger signal is generated. This

20 signal can then be used for control of another device, such
as a soap pump where the sensor is used to detect hand motion
near a non-contact soap dispenser, or a proximity indication

via connection to a display or alarm device.

25 In the preferred embodiment of the present invention the
' trigger signal generating circuit includes a D-flop circuit
and in an alternative embodiment the trigger circuit includes

a voltage comparator.

30 In the preferred embodiment a frequency divider is
included between the VCO and the phase/frequency comparator

which causes the VCO frequency to operate at a frequency



30 In the preferred enbodi nent a frequency divider is includef QeiMeERN. .t B4
VCO and t he phase/frequency conparator which causes the VCO freqguency to
operate at a frequency 8 1 Septenber 2004 WO 02/063582 PCT/ US02/ 02947 whi ch
is a fixed of that of the reference oscillator. t he
preferred eer%’lo {Pr#gﬁzt of the present 5 invention the cont rﬂf&@ll?ig‘gzlt

i ncorporates an additional feedback path for the-loop which is parallel to
the | oop f¥hi@Er dfd ias féxed| i WrkatpRy mf ti pltdatri gferthe grealerPsee very

| ar ge phasesglel @yt ors which woul d ot herwi se be caused by very large

dC/ dt's generated at the sense el ectrodes. 10 This feedback path

incorporates a circuit which is adaptive to very |arge phase error signals

in such a way t for al d n gi.hl.8.Qut put
while for very ar ge Si gnaP1 :p&%gg?:%(&;t éwt%)%vﬂg%\ee pﬁjzlfse |eI éygngguto
nmove outd ofinvrntdon 9®he|eg¢@etming@lrpnlthellmfemrlaééswaentﬁ;tﬂlrm@naﬁhl S

f eedback p e i S C Ccti 0 n ting
net wor k. I\/g%%c%)gagr\t?{ (F:]Ig%‘%ﬁl 309 %g‘%vc?o& roglﬂgglg téLn pa\ég}aaltile;{g ‘B}Cr g%%gﬁg%?ﬁt o the
sense el ect¥oldes whind higs fouf faldimémelyngi glul20ple itmsggert lsabnaist lerobj ect

is a human ,pggpl Saskngl y;@? g% ' d a Igaet
nevert hel ess tect edrﬂ) a5 a !cei rr‘%r('szs g%h%gﬂ[ %&I%Q gtﬁg m na gbse %ﬁysposm bl e
det ecti on ablti freets bhrge 0dQAdE b i Qimaeratediue et e’clnel csahsegre)lﬂtd:emdess of
t he ha k%g}q( th r| art, 25* .a, m.ni mu perating
frequerr@y reqU| re%r%drll \M]%ah:% srgcr?gf °3 fewnu CPoﬁg’r tazom (Ig:lé?{%e in
the preferred vermpodiamgat placgewhearmont haigmaj]m:tlmssacharad m;d thet dé€vrce i s
a soap dispensery, e OPSLAY NG LEMENSY 188hnhe 20U Ouhite for

very large signals it does not allow the phase difference to

move out of the +/- 90 degree range. In the preferred

15 embodiment this feedback path incorporates diodes in

conjunction with an RC demodulating network.

More pqrticularly, the VCO provides an operating
frequency to the sense electrodes which is sufficiently high

20 to insure that if the object is a human hand and the
individual is grounded that the hand is nevertheless detected

as a dielectric object. This eliminates any possible
detection artifacts due to variations in the electrical
groundedness of the hand and, as is known in the prior art,

25 places a minimum operating frequency requirement on the
sensor of a few hundred kilchertz. Hence, in the preferred
embodiment and where the object is a hand and the device is a
soap dispenser, the operating frequency is set to about 0.5
MHz. In this regard and alternatively for other sgensing

30 applications, the avoidance of conduction effects may impose
other preferred constraints on the operating frequency. Such

constraints are within the scope of the invention.



Miz. In this regard and alternatively for other sensing 30 app{igaliQfsy 2004
t he avoi dance of conduction effects may i npose other preferred constraints
on the operating frequency. Such constraints are within the scope of the

i nvention [ember 2004 WO 02/063582 PCT/ US02/ 02947, y a

gr ounded Shlé%ﬁ Egectrode is also provided and disposed i (ﬁﬂgiggggtd apart
relationship parallel to and above the sense electrodes. This elimnates
the sensing 5 electric field in the region above the shield in order that
that region naypperditdiiyzed g)(]!&maéfd faiealy e%tctya&é nﬂstéﬁso SYséeiBed N an
alternative enbodi nent the ield electrode_ may be split into two hal ves
and each ha3Pf Gdlspefedt ikhe spReedyPeEle r&éat?h@‘%ﬁbs?wls]@isé:%laé&rode
so as to rgdyce the 10-fapacikepesqhst weenythe ei‘iﬂ&ﬁa@é@mtrh%deéeﬁéﬂqgsm el d
and thereby enhance the sensitivity and hence sensor range.

al terna?i velpegui¢ efiabdi in obae BREEeR ofbevei Fhaii shiekd 1rge¢ﬂ€¢%n éihc'ﬁe
vol t age waygher PfQbnt RevSHE! G 1 1D B Fh b 1 T 1Q%§ The
advant ages and feefag'?u?es gfs teﬁe pJF eseén)at:2 ?ﬁ\:/ent %ﬁé Cgi} C%Ctibﬁ er st ood
by the fol Barwtﬂtg destri pti ehtepeativonsidedeentn Woj ahmlcbneﬂmed;ttmdee
acconpanyi py i i e bl i 0 e
enbodi nent g %mg89$%sgﬁ%;?ﬁ@€ﬁ%?gﬁgl%Héhe&ﬁi%ﬁaftpggbeg Q? ?H%é%mng-Flop
circuit; ZEOthge eaa tBe aoppheind | genfe ceélectinade sskvowrs iro btedbice ditegram i n
Fi gur ela‘ Eh?%ftgnées %elewggﬁ dtﬁlgr aggr%( a@lgcb% I\é%de”gﬁgefgmandso of

t he present Tnvention in I'th a conparator s use
thereby enhance the sens:Lt1v1ty and hence sensor range.

This alternative requires additional electronic circuitry to

generate the voitage waveform for the shield.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the present invention
will be better understood by the following description when
considered in conjunction with the accompanylng drawings in

20 which:

Figure 1 is a block diagram of one embodiment of the
present invention in which the trigger utilizes a D-Flop
circuit;

25

Figure 2 is a schematic of circuitry shown in block

diagram in Figure 1;

Figure 3 is a block diagram of an alternative embodiment

30 of the present invention in which a comparator is used for
the trigger;

10



the trigger; 10 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 Figure 4.is
drawi ng-of a sense el ectrode configuration suitable for use V\'J}I't ept%heg‘bﬁfogﬁo‘l
di agram as shown in Figures 1 or 3; and 5 Figure 5 is plot of neasured
change in c ] ce of sense el ectrodes shown in Figur o flat

hand pr esen@%%%’g%ETAl LED DESCRI PTION Wth reference to ‘?e‘%Tg‘LFgﬁg’fht here is
shown a bl ock diagram of sensor electronics 10 in accordance with the

present inventi @igufées cis cali drseing ¥t kb isendd exedptRIOTcchZighest 1ami C

circuitry fQor. i dj C oyt Lgnal in response_to a rate of
change in csg%é%b ? éngépglf‘% hvgﬂ}sﬁeﬁ%lg %é%;ég:{t ré%) SR B9 ilf)lnF("b?mfﬂ%seaJF
proxi mate &3j 8¢t 2@flthin the field w thout internmediate el ectronic

differentiation of signals related to a change in capacitance. 20 The

overal | cprincip operation. s as follows: A phase | ocked frequency
control °I oop (PEE?QJTZ |gs l%I rﬁoleortco%‘ﬁe@?%%mﬁ\,}? hc%%rféee ot eEPPRTFHE atid 16.
The PLL i rfems@eslacherdesyehovnt inl Feauesd (duat be fMO0OhaRRl wireednems 25 an
output, the frequency of which is linearly related to the input control

vol tage 102. The output is connected to a phase/frequency conparator via a
frequency divider 100 and a fixed phase delay network 34. 30 A reference
oscillator 32 is also connected to the conparator and generates a

cont i niBus DETREHEP BESEHRIIONgnal .  The phase/ frequency conparator 24
generally provides a high voltage (Vcc) if the divided VCO frequency is

| ower than that 11
With reference to figure 1 there is shown a block

diagram of sensor electronics 10 in accordance with the
present invention. The circuit set forth is an example of
15 electronic circuitry for providing a control output signal in
response to a rate of change in capacitance of the sense
electrodes due to motion of the proximate object within the
field without intermediate electronic differentiation of
signals related to a change in capacitance.
20
The overall principle of operation is as follows: A
phase locked frequency control loop (PLL) 12 is
interconnected with sense electrodes 14 and 16. The PLL
includes a voltage controlled oscillator (VCO) 22 which has
25 an output, the frequency of which is linearly related to the
input control voltage 102. The output is connected to a
phase/frequency comparator via a frequency divider 100 and a

fixed phase delay network 34.

30 A reference oscillator 32 is also connected to the
comparator and generates a continuous fixed frequency signal.
The phase/frequency comparator 24 generally provides a high
voltage (Vec) if the divided VCO frequency is lower than that

11



1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 of the reference
voltage (0) if the divided VCO frequency is higher than that %‘][Ld?;ﬁ;eén%‘@r 2004
reference. Furthernore, when the two frequencies are equal but 5 there is

a phase dif 6 etween themthe conparator 24 detects i1 si.hg edges
of the two gv?gngﬁésgsgnd generates a pulse output, the w d]t)#}gsfogl\{}\%fr}gh IS

proportional_ tq that_ phase difference where this is between +/-_ 360

degrees. TIRE HRArBgEETIR o8l 108l vgéa88 velf petswedhidethdSRc in a

10 l'inear raeaaen¥ths theyaverabh testlds tdhat rLherepbase/ frequency _
conparator tends to drive the rising edges of both signals presented to it

to a zero phase difference. Wien this is achieved the PLL is thereby phase

locked in such aurvgy-ddad, t hBehhage okybher i pidrd MO L eQuaREY thi: al ways
15 ahead of that of the reference frequency by the anmount defined by the

phase dél ayFheEewdik B4Phahes disfenendorheivesui Bherenthet aeepastatiore 2kensor .
In the prefgicedserhadi ety Q@ﬁéé\e/%%eemé gyl dgEn190 aﬁﬁeg!?ffé&ﬁ:%st hg VCO

frequency by 16 in order that t runs at 167t1 mes requency of the
ref erence ®3@ERI WUt Ut the zimigth fafequeiely disvirikapoantichal wey thdtows the

use of an ﬂh%ﬁépﬁ_@%kéfeﬁ@éf‘e{rh FEQUANCY e 'b%}@gaggeggég%sr8@§feeﬁ-gscifﬁeat or

and i s not "ot herw se essential for the.ba ation e sensor.
The VCO an@vghage/ teepuerrirol orpddraeols naylvémrbebweaepl 6, ahé Wenmentas of a

CD74HC4Q46AM, chi p pBRHLAct uyed, by as Jsthynmen e | fil 20 is
an RC net\/\orlytleand it ?ncor por at es %gg(a IAar gelgapaci Fggpv\hi%ﬁ&doména es the
dynami ¢ r eppenséfvéquércy orammsratosptends ned | drisss sther risipatedgeserf es

with this GaRACLEgha A0 EOMBHL LSt et BE YORLOPMaJO%; P EnLES RH

this is achieved the PLL is thereby phase locked in such a
way that the phase of the divided VCO'frequency is always
15 ahead of that of the reference frequency by the amount
defined by the phase delay network 34. This is the normai

quiescent state of the sensor.

In the preferred embodiment the frequency divider 100

20 divides the VCO frequency by 16 in order that the VCO runs at
16 times the frequency of the reference oscillator.
Utilizing a frequency divider in this way allows the use of

an inexpensive lower  frequency, low power, reference
oscillator and 1is not otherwise essential for the basic

25 operation of the sensor. The VCO and phase/frequency
comparator may, £for example, be elements of a CD74HC4046AM

chip manufactured by Texas Instruments.

The loop filter 20 is an RC network and it incorporates
30 a large capacitor which dominates the dynamic response of the
control loop. A small resistor is put in series with this

capacitor and connected to the VCO input 102. This resistor

12



12 1 September 2004 WO 02/063582 PCT/ US02/ 02947 al | ows the confrol | g

. . . L. D exr 2004
overpower a snmall anmpunt of circuit noise and thus stabilize The phase
relati onship between the VCO and reference signals. 5 An additional

f eedback p?%ojzﬂéss‘;zs al so preferably included which is Cpé)‘?[zﬁ%é@gﬁirti ol e

parallel with the Toop filter 20. This is for elimnating
trigger signals which would otherw se occur in instances or applications
where very 38k phhise eRuMEPler L6PR e STREPPYEE Fensmaldd a®uhie 06 very

| arge dd dicrQoaur hbidealalddIC (3RASC sBLBEL Allethne SUERLArda Aliofghspcoul d
occur in applications where there mght be unusually rapid notion of the
obj ect bei Rptoeasscittdg VeP a7y mnfiessacef siealobj ect at close range. 15 Such
i nstances of occasional |arge signals could occur if the sensor is used to
detect hand notion in a soap dispenser application. This feedback path

i ncorpofates a 2¢irediitivnalh ifeedipapki veatln Vdly Har gelphageedersblyi gnal s

in such a wgy.t .05 fmaLl Fonal s_J ovi.des I Qi out put
while for vercy ar géﬂléicgrrlrg sc?%lﬁgéggan%? 5%1%101\%]1 ﬁ'}el g]heé% g'%%kergéglégrto
nmove out of2@he +Fhigoiziefpreslimimgéingn fahee preleipled Eniypdrnedgnthe s
parall el f Kk h | at .Ser | di odes in the.direction of
phase shift |cwogg%sei&%%gége(?é%‘%%méﬁe Jfﬁ?%t e 9 tRée oap}jﬁ%&ic +9BS

di rection twipneheveny tyexge Rthadenodkilat | exgrapisr et . sohietsimesr @endeatad

al terngte 1l el f G i.ch the se error signal .cannot

over povxt/gr. pcgllfeéncgﬁ?or\?}emp%gge%glr%garé awgfzflrghn %lgr#%? se‘?&ﬁ?pleé,e%grﬁd%O type

flip-flop 3udls targrecsighdls theuldf ecenceinseippllatatidas andetdetheeguency

di vided VOQuahdnale WIRIRA1G LELEACRSELLS of ANECESILC 1813 RLERY" and
or by motions of that object at close range.

15 Such instances of occasional large signals could occur
if the sensor is used to detect hand motion in a soap
dispenser application. This feedback path incorporates a
circuit which is adaptive to very large phase error signals
in such a way that for small error signals it provides

20 negligible output while for very large signals it does not
allow the phase difference to move out of the +/- 90 degree
range. In the preferred embodiment this parallel feedback
path incorporates two series diodes in the direction of phase
shift which causes a trigger and one diode in the opposite

25 direction together with an RC demodulating circuit. This
provides an alternate parallel path of feedback which the

phase error signal cannot overpower.

A sensitive phase comparator, such as for example, a D
30 type flip-flop 30 is connected to the reference oscillator 32
and the frequency divided VCO signal where the reference is

connected to the data input and the VCO is connected to the

13



13 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 cl ock i nput. Tfi§qﬂﬁ%h%&’2004
is used as a trigger to generate the sensor output signal. As the
capaci tance increases at the sense el ectrodes due to novenent of an

obj ect, suc{yAspgsssnand (not shown), into the activation Lelgﬂg wher e
this 5 is done at a sufficient rate to overpower the IoopI,r t éew% gge

bet ween the_sLe Si gnal s wll tend to shift. Wenever this shift equals or
exceeds t hE1PA%sePHF eshol™i8efeByCendSpHESE 28ePafrhBeNr kO 3deRMA L a

input willthe |susorstraguel digahl.at AdechsMeaphcl ighdd Ofkodd=2R% tdon and
a trigger output 10 ;.L)ul se W ll be generated. It will_ be appreciated that
t he arrangEhenfeREScRLBebFO S0 & HIvviegerEdof oaBepRiecon| SuPosa iave

dC dt's ashaf@PQsed PoRagat iMeo AEhAl a8t 2iaPdd POSIdd Ve ANthdigpatie 15
dC/ dt's. This means that t he sensor confi guration described above only

generat®s af 68RPURE whetuihicishitedntBeragoRrRAaK thes 1aORi nghe dvasss t he
sense el echbpdesni Nlegad Slgatay fiom té{aﬁy%@sghfé@.ct F feSevll Sclde of

operation is by design and is specifica advant ageous 1 n a soap
di spenser leégpﬁﬁéa $ ofr wiegeedst the ddwiseedhireshaid seiapodi Ppersebon! y

when a hangdeh sy MRYLAGrk OYEY fe L Bee 41 SRSNS S PN Gl O o NBL{dLE diANKidss Dei ng
w thdrawn fromthe dispenser. This node of operation Is appropriate for
si mpl i ci t y2nd-hent bimg vefedde oflogketbgnsipiaul anders wfiggegoapatiwpenser

and al 9 cgpisLs,fM di-t-Lpogl and advant ageous performance feature
which is gpeci fic tgo%a%%oap dlgspenser application. This additional feature

applies in the case when a user requires additional or consecutive
e o2 0SB0 b0 SELALALR TS A S AL ey
because thabove 1is configured to detect only positive d¢/dt's as
opposed to negative dC/dt's or both pdsitive and negative
15 dc/dt's. This means that the sensor configuration described
above only generates an output when the object being detected
is moving towards the sense electrodes instead of away from
the sense electrodes. This mode of operation is by design
and 1is specifically advantageous in a soap dispenser
20 application whére it is desired to have soap dispensed only
when a hand is moving towards the dispenser and not when the
hand is being withdrawn from the dispenser. This mode of
operation is appropriate for simplicity and intuitive ease of
use by typical users of a soap dispenser and also confers an

25 additional and advantageous performance feature which is

specific to a soap dispenser application.

This additional feature applies in the case when a user

requires additional or consecutive deliveries of soap which

30 therefore necessitates additional or consecutive generations
of sensor trigger signals. In this case, and because the

sensor is sensitive to positive dC/dt and adjusts to static

14



sensor is sensitive to positive dCdt and adjusts to static 14 SRlgxhe
2004 WD 02/ 063582 PCT/ US02/ 02947 changes in capacitance, due 1 SR 004
to that induced by the static presence of a hand, the user does not need

to conplet L ihdraw and reintroduce their hand into t ing region
Fous AP ER

and may instea ernatively, sinply advance 5 their han t owar ds
the sense el ectrodes or alternatively nmove their hands up and down in
smal | not i FFRENIFS Hith IaRacicenear i exer égrodnRkareapsn sdasoindeesdabyon and

soap del i vespe %&étwcgfeg&%bteg detieotd ongpd ﬁ@@? RLEME Y ﬁ{é’é@féé t he

sense el ectrodes. 10 If required and advantageous for other applications,
the sensorCUEHELELY colithdei lapdperetrbrdduser edhedri nkardid indet ethe

negative dGdisieme whered nstead thggt Li j mw rated
if the object %e:‘éng ét ectaed is&em\%sngsgutéhggﬁéafé%%&%}émy %gmgtaﬁgﬁgg

acti vat i%on ¥h&fiton hard eadusthent o teawdrde ondihgs | senBuchedesensiss cootd in
principle henpbeyed;in o] [ e Lk | esire eLect the
notion of an objagct V\%i tgﬁgigslt%ﬁ%%%ngggﬁ%mg{) 8?%8'}3‘#% riglrmsvg%s‘)fgl %’nfé\ﬁ hin a
regi on. 20 widiguitdec asttiyhsdenr ekgionnshepeupam ersetr iavtdretbén seder al
ways but it.d f; l e. r a_.phase del.a ement 34 using a
smal | RC nestdvi%r E{egtl %tg Eg ?’ﬁ%gt 8’? gﬁ hggé)%aggg %eﬁtae ﬁecrléjéué%cf a@%nﬂ‘ﬁ?’%‘f‘%’i‘t 24.
Thi s f or cessavigagrdyCcheoseéndatadrec2¥od@st o run ahead of the reference

oscill gtor 32 by an anount to be bal anced between the need for noise
immunity and the need for sensitivity. The closer the two phases run, the
nore sensitive fiieregigyged and cadvantBgeohar fer bdtieephasslications, the

sensor circuit could readily be reconfigured to instead
detect negativé dC/dt events where instead the trigger signal
would be generated if the object being detected is moving out
15 of and away from the activation region instead of into and
towards it. Such a sensor could in principle be employed in
applications where it is desired to detect the motion of an
object which is moving out of or being removed from within a
region.
20 |
The gquiescent phase relationship can be set in one of
several ways but it is preferable to construct a phase delay
element 34 using a small RC network at the input to the phase
and frequency comparator 24. This forces the VCO oscillator
25 22 to run ahead of the reference oscillator 32 by an amount
to be balanced between the need for noise immunity and the
need for sensitivity. The closer the two phases run, the
more sensitive the txigger c¢ircuit. The larger the phase
shift between them the greater the tolerance for circuit
30 noise, and oscillator jitter. This element 34 sets the

triggering threshold.

15



shift between themthe greater the tolerance for circuit 30 noi Sp t@p@,er 2004
oscillator jitter. This elenent 34 sets the triggering threshold. 15
Sept enber 2004 WD 02/ 063582 PCT/ US02/ 02947 In the case where -the frequency

of the refewpgmsss@scillator is about 32 kHz, the phase dgh@ysoleee sSet to
a value in the range 0.5 to 4 s, which is then equival ent to about 6 to

45 degrees and |s pr. ferably set to del ) Wth respect to RF
interference, itHs E‘ﬁomﬁa?%at"%’%’é%a&% v §8H§B?3§ t%l de oFeFﬁEg’ﬁ?? or art

are frequenddaillutbpetabbBotie Bal x@zacth¥aphase daeldp hde B foed scofastray
10 el ectromagnetic radiation. In the present invention a high degree of
i muni ty t 7RG pterfher aiveeie -5 His 4 Wb addcles s dient @omeaimtt wlat t he

sensor is QN Eb'—d&éf&é%t%d"@hscﬁ]x’e%e HReg. s & ‘900?]’{ E{?e

specific and | ow frequency~ and ere ore’ has goo r'ej ection
of 15 Brequencies which |ie above and bel ow t hat frequency. Nevert hel ess,
in application environnents spurious RF may occur which is sufficiently
intense and at sufficient frequencies so as to false trigger the sensor.

In view of 20 tWish | fedperipr aicer Red enbeeidmmcef,i | ter sid Oknand 104amr e
connect ed between.the sense el ectro_dtes and the VCO 22. These filters reduce

the magnit GRPASAHRE SREFREFoFYPACE! e S¥nsBFLiQY rahiFt 38F HE§AUFRERlency

signal s duenilmestbay @b Fn1HRUrddiiSsata@¥h FROUSD Rihd NkeréerensesswhiEgh my
for exanple_. be radiated b%%gorrestl c kitchen appliances such as nicrowave

ovens afd AIESEEPTREREE PhohRSL AnPhi ¢ AR ke oPREFRRS e 1BESBF1OTS 14 f Riglent
intensity tqRdrieues fiat@iagt ivsationi edtheensenset. thgseyhé! heesudmy be
conprised of ferrite filters

due to the fact that the sensor is based on a PLL circuit

which is tuned, or operating at, a specific and low frequency

and which therefore has good inherent rejection of

15 frequencies which lie above and below that frequency.

Nevertheless, in application environments spurious RF
may occur which is sufficiently intense and at sufficient
frequencies so as to false trigger the sensor. In view of

20 this, in the jpreferred embodiment filters 103 and 104 are

connected between the sense electrodes and the VCO 22.

These filters reduce the magnitude of the intrusion into

the sensor circuit of high frequency signals due to stray or

25 spurious, extraneous RF interferences which may for example
be radiated by domestic kitchen appliances such as microwave
ovens and also by cell phones and which may otherwise be of
sufficient intensity to induce false activation of the
sensor. These filters may be comprised of ferrite filters,

30 however in the case of the soap dispenser application,

16



30 however in the case of the soap dispenser application, 16 1 SR 2004
2004 WO 02/ 063582 PCT/ US02/ 02947 sufficient attenuation may be achieved

using a sinple network of resistors and capacitors. Figure 2 is a

schemati c diza»agsef @ practical sensor 5 circuit 10 wheg 5@“9“ wp sense

el ectrodes are connected directly to the points denoted by

particular this circuit alsq includes provision for utilization of a

shiel d el eCUESAELIRREr REEIRNALAPE B2Y| BEt PERESYRA BTG Re §1TRLE eRBFWPEY t he

connect i on ofok-BEigesss ethdYapdciddks. circuit 10 may be constructed on a
printed circuit board by those of custonmary skill in the art utilizing the

conponents indicated in figure 2. It should also be appreciated that if

desired for reasghse CONGRI Ny n&ﬁ%ﬁ@%ﬁm i 9N, vELUAE; RS Ssensor
production, the circuit could be further refined and rendered 15 into a

single Pnt S4FSPAE 1Y cuiberel dehe oo cERpemernlechsaes asiten gppneciad on
specific '@E%QE@ﬁ.ﬁdtS' ERY! Bodftd Gerle 832 710knfLSH OMRY ¥nSKLLL 1 LM dNe art .

The follow n ematical” representation-of the dynam c response of
t he sensorthéspﬂﬁﬁQHa§|¢ﬂ%ﬂdeﬁckwﬂ¢%rphevlekwlafﬂrammlﬂhZ@s¥matefthe basi ¢

operation ghikhg SeiffrodeMPndSPRRRe Chillle ehbblbbadO ¥ | bohtedidd or ent

for different shapes of the capacitance ange over tine. For e soap
di spenser &pperELYi bR %h@eﬂﬂﬂm¢§bhenapp#nﬁl@@m¢ﬁﬂd toy 28.t hfhishapecuit a ranp

change;yn aagﬁcget aDGEs L AREQRdiR0! Y. PE‘Qﬁte§0|cE§:‘E8{lEtBog g 8 alysig cﬁthe

response of e circulrt where the gger circul on a Dtlop and
for a ranpcuéhQNQEY|ﬁkbhbaﬁlﬁéwc@rtsugnﬁenlbg therampogd€nts indieatddd wn- t

{cos(I'1 - p3g %qgurzs) 2t 1 1eSidiouta Q16" bet )appqrgc%te&-d@llxa?é/ ing. by kg

for reasons concernlng the economy of high wvolume mass
production, the circuit could be further i'efined and rendered
15 into a single integrated circuit electronic component known
as an application specific integrated circuit (ASIC) by those

of customary skill in the art.

The following mathematical representation of the dynamic

20 response of the sensor is provided in order to further
explain and illustrate the basic operation of the sensor.
The response of the circuit 10 will be different for
different shapes of the capacitance change over time. For
the soap dispenser application a reasonable approximation to

25 this shape is a ramp change in capacitance. Accordingly, the
gsolution to the analysis of the response of the circuit where

the trigger circuit is based on a D-flop and for a ramp

change in capacitance is given by:

dCv 1 3
@ t = . . 1___ c-a)n.t . _ > . )
en(t) dt Cv.Tdelay- on? [ e {COS(\” $°-an-t)+

-sin(y/1-¢2 - on. t)}:l

—
e
A
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17 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 wher e: Ko:2Tc(f2séi;9emb\é%- Ybo0a
5 Where: 10 Ko = gain constant FI = the VCO operating frequency
corresponding to the VCO control voltage y1 FE = tthVCO operating |
frequenc ding to the VCO control voltage . ice, an
depgndiné oﬁﬂ?%gégggcise characteristics of the specifiéajéewggggr devi ces
used, the gain constant, Ko as expressed in the above equation, is not an
exactly linear function of fré@ﬁéﬁéy'and control voltage. However, it is
typically approximately linear over a certain 20 range of values. Moreover
for design purposes, in general, K8 Zid 2% fbnlinear function of a range of
circuit paraneters which may be geré2+rally expressed by: 25 30
Ko=F(Vcc, N, co, R, R2, C) where: Vcc = the supply voltage and is equal to
3.3V in5the circuit depicted Whekegure 2. N = nunber of tinmes the VCO
frequency is divided due to circuit elenent 100 co = the reference

oscillator 32 circul ar

Ko = gain constant

F1 = the VCO operating frequency

corresponding to the VCO control voltage

10 Vi
| F2 = the VCO operating frequency
corresponding to the VCO control voltage

V2.
15 In practice, and depending  on the precise

characteristics of the specific device or devices used, the
gain constant, Ko as expressed in the above equation, is not
an exactly linear function of frequency and control voltage.
However, it is typically approximately linear over a certain
20 range of values. Moreover for design purposes, in general Ko
is a nonlinear function of a range of circuit parameters

which may be generically expressed by:

Ko=F¥Vec,N,w,R1,R2,C)

25
where:
Vcc = the supply voltage and is equal to
3.3V in the circuit depicted in figure 2.
30 , N = number of times the VCO frequency is

divided due to circuit element 100

® = the reference oscillator 32 circular

frequency

18




frequency 18 1 Septenmber 2004 WO 02/ 063582 PCT/ US02/ 02947 5 Rlj =5dfisintedN®04
val ue corresponding on the <circuit diagramdepicted in figure 2 to Rl R2

= resi stance val ue corresponding on the circuit diagramdepicted in figure

2 to R2 ango¥REfRst he precise functional relationship r oS holiPr

circuit design purposes, denoted by f in the above 10 equation, nay be
determ ned fromthe 15 20 25 detail ed data presented in vendor data sheets
which, for exanple, is varioufty™ THESERPE] ﬁ?%%icf%q%ﬁﬂwdim H8C4046A
Texas Instrunents Data Sheet, ckebuid988agrdVisgdcidy 200@igurdhicho
describes operation of the particular PLL circuit elenent depicted in
figure 2. VCO = the mddle of Bthe range of the control voltage 102, i.e.

Vcc/ 2 where Vec is the suppl g, vol tag@tandel $a B ddotr@spdnd¥nd Nod MLl rCUI t
depicted in figure 2) Vref = Reference voltage which is internal to the

PLL chi B Kd = Vcc circuit diagram depicted in figure 2 to
R2
and where the precise functional

relationship required for circuit design
purposes, denoted by £ in the above
10 equation, may be determined from the
detailed data presented in vendor data
sheets which, for example, is variously
presented graphically in "CD54/74HC4046A
Texas Instruments Datva Sheet, Feb. 1998,
15 revised May 2000.", which describes
operation of the particular PLL circuit
element depicted in figure 2.
VCO = the middle of the range of the
control voltage 102, i.e. Vecc/2 where Vec
20 is the supply voltage and is equal to
3.3V in the circuit depicted in figure 2)
Vref = Reference <voltage which is

internal to the PLL chip.

25 Kd=y§E

4r

71=(R; +R,)-C
where:
Rs3, Ry and C are the loop filter

30 components (corresponding on the

15



41r z1=(R3+R4)C where: R3, R4 and C are the loop filter 30 cprgg;;%r 2004
(corresponding on the 19 1 Septenber 2004 WD 02/ 063582 PCT/ US02/ 02947

circuit diagramdepicted in figure 2 to R9, R8 and the capacitance C7.) t

=tine ~ = gapi ng ratio which is given by: 5 ~'-2wnz ,[\[9&%/&'94,;2 = R4 .
C 10 The eqﬁgﬁygn gl ven above has a | eading term which ré% |p%|es atine

dependent response term The latter term eventually declines to zero. The
magni tude of the initial responseSihAléh gisesanidepiaradhdnt filgueeiAg, is

therefore proportional to the |eadbnfot efdnand 3 %Hﬁgcf%ﬁhdéaQ7§ge that 15
it is proportional to the rate of change of capacitance divided by the

t ot al capac?fhﬁﬁ@@ The initial response is also inversely proportional to

t he naturaL;tJ%ggeagxpgﬁ the ; g@ﬁcﬁiigy'ﬁvjﬂgjcating as one woul d expect
S i

that the response 1s greater tor Circui ¢h correct nore slowy. 20
Figure 3 depicts a block diagram of the sensor electronics 40 in
accordance with an alternatiye enbodi nent of the present invention, and
i ncl udes conmmon references Whﬁ&§ depi cting identical_or subsequently
simlar elements 25 described in connection w th enmbodi nent 10 shown in

Figure 1. where:

12=R4'C

10 The eguation given above has a leading term which
multiplies a time dependent response term. The latter term
eventually declines to zero. The magnitude of the initial
response, which gives rise to the triggering, is therefore
proportional to the leading term and as such one can see that

15 it is proportional to the rate of change of capacitance
divided by the total capacitance. The initial response is
also inversely proportional to the natural frequency of the
loop circuit indicating as one would expect that the response
is greater for circuits which correct more slowly.

20

Figure 3 depicts a block diagram of the sensor
electronics 40 in accordance with an alternative embodiment
of the present invention, and includes common reference
numbers depicting identical or subsequently similar elements

25 described in connection with embodiment 10 shown in Figure 1.
In this embodiment 40, the trigger is based on a voltage
comparator 42, This is an alternate method of detection and
uses the control circuit of the phase locked loop (PLL) 12.
The operation is as follows: As with embodiment 10 shown in

30 figure 1, the average control voltage is the voltage required

20



In this enbodi ment 40, the trigger is based on a voltage conmpar@tor.42.. -004
This is an alternate method of detection and uses the control circoit of

t he phase | ocked | oop (PLL) 12. The operation is as follows: As with

enbodi nent in 30 figure 1, the average control v, IS, the
vol t age req%roéﬁ&é% 1 Septenber 2004 WO 02/ 063582 PCT/ USO%%%ZA#Q%O cause
the VCO 22 to operate at the sanme frequency, after division, as the

reference dstiFautortimR V4t 34i%o cobpiRtifert Hhaveiase tframiensynoaphese
del ay net wo{ik,igeni, NgLeade PhasEre st fdsBRAQES W4 | Cﬁﬁsfhﬁg“%mbodiment

phase/frequency conparator 24 to 5 increase or decrease the control voltage
102 until theweyeaEs Lhadief f &9 efee Bhnseordadatednetneds oand ninkteadr Phagement

40 the ph rr, g f h h c i

Tl tored by i 1r Tooy Pl FaMep EnR" BRELLF AR BB aL s T 130 and | s
al so fibt eriguepse oscoegrenpe efhehfehtnely V@l tagso 108mwitsé &he Rohaes wor k
108 and whichlE a2l TENCLARGSLeg B, GANST Al AN L N8 [elshe Ry NEROr k

and which provides a voltage reference to the conparato
control vahesge cr@Rrr gdghes Arpmesbe, ppasel insugaicyg coobhageor t 2% esdol d at

t he conpar at.qr, o] ct4 on of. V] 15 object w.thin_t
activati onq%lg&%%do% hge sfg%tssg € oec%[ rjgjdgtsé’g)lﬁﬂ‘g%la T%yj 78" pgcl)ﬁSaraélt 2‘?0 42
act uat es amgtpogki désanfieisensep foltered tby gyesesirgndlil tEPERATEINGnay

FREQUENGY h - aki equen o] he_sensor. for- a_soa i spenser
(not s&lgvm)%lqis:sg teﬁﬁag@%(ﬁ%gf rggqftl}gnglf%g% K, éogaSErao;?’?‘ﬁﬁ?efq?SO%m , f’?ﬁ%r act ual
frequency itsime6 aongesnt hehan etlee efitesiosRy | heitwarrkl raewiu e yho br32i J&8kdiz

whi ch equal, 2350 ML B Bnd " SOHSOSKLS 350 19l SHLLT glgntly hioh
voltage 102 -reaches a preset, positive going voltage
threshold at the comparator 42, due to détection of a moving
15 object within the activation region of the sense electrodes
14 and 16, the comparator 42 actuates and provides the sensor

output trigger signal.

OPERATING FREQUENCY
20 |
The operating frequency of the sensor for a soap
dispenser (not shown) is the VCO frequency and is
approximately 0.5 MHz, (the actual frequency is 16 times the
reference oscillator frequency of 32.768kHz which equals
25 0.5244 MHz). This frequency is set to be sufficiently high
such that a person’s hand is always detected by the sensor as
a dielectric material as opposed to a conductor sometimes and
a dielectric at others which could give rise to variability
in activation range and general performance. The issue
30 arises due to the fact that an individual operating the
dispenser may oOr may not be electrically grounded. For

instance the operator while requesting soap may at times have

21



such that a person's hand is always detected by the sensor as 5 @Elﬁ%grr %04
mat eri al as opposed to a conductor sonetinmes and a dielectri c at

which could give rise to variability in activation range and general

per f or mancey, T(B@ ¢isspue 30 arises due to the fact that an | :g@ﬂ?')

operating the I spenser may or may not be electrically groun e

instance the operator while requesting soap may at tinmes have 21 1

Sept enber 2064 PADAQ AM0EBREACPCTLEB0H (POANGsde Nesad iobjeoht sarchwiash aa

grounded matiak QR eGfucRYCRADHA cSiidctUs f@dJC ofld ﬂ% %59 b9 ground

electrically by a streamof running water. n or e’ person's
hand to thékrbamdef egiredngswatewi el ectri c, the frequency needs to exceed
the free charge relaxation tine of the hunan body. This tinme is determ ned
fromthe product of the skin resistance to ground in ohns and the body's
capaci tance i n Faratder Ty ddpadarsee sohanad 10 tldemh t bdrudeinedtsed Rt e

regi on of éggf?cgpgc,sktﬁﬁr %gea%gﬂgg é% S@thgg?%c?%hgar £3 S where in

t he region rom 100 Q up I Me-constan
t heref ore belazatidwritims & ftise whitodm cbmdxesponhﬁsstblmefieqdem:gmmfedo 2

The ating engy .of s therefore sel ect 15 give
a reasonab?ggﬁaghg p;@ﬁ% rgSfottglntl gﬁnaﬁ.%?:ﬂﬁta NSndCi HEPY f%u@@? Bk rol.
The ef fect ke leiydfs cmm:itlameesensol?arém f auried eap&di:b&ancrmyofeqm re

signi fjgan i gh ftequen esin.ther Q OM-Izor her Thi s
is, fOiI’&I négé%ge%ngl %dESI lr:]{%pgc ent” %,%(?fi%éo %ﬂd éhegeﬁ}éjrrél F§ Jaﬁ"
docurent edbetsesheteo Hels reasesi Epriewhagal mb’alsedr@gthC af rmcdhorlloemt s and
has to do he_hi.gh congductivities in a_sink enV|ronnent 25
There is no f&ﬁdtaclrrent ggwgﬂr&%bl 2%’ faéf/m%}%/ ‘ﬁoéls A8 d@@?’gﬁherefore be

short as 5 ps which corresponds to a frequency of 0.2 MHz.

The operating frequency of 0.5 MHz was therefore selected to

15 give a reasonable margin.

Other potential applications include faucet control.

The effective use of capacitive sensors for faucet control

may require significantly higher frequencies in the region of

20 10 MHz or higher. This is, for instance noted, in patent
5,730,165 and is generally also documented elsewhere. The
reasoning is again based on RC time contents and has to do

with the higher conductivities present in a sink environment.

25 There is no fundamental problem in modifying the design
of our sensor to operate at much higher frequencies if
desired. In fact, as far as frequency of operation is
concerned, the current state-of-the-art in PLL devices
extends well into the GHz region. Thus, this design could be

30 modified by “one of customary skills in the art” to operate
at any desired frequency up to the GHz region according to

the needs of the intended application.
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of our sensor to operate at nuch higher frequencies if desirefd sddid@el 2004
as far as frequency of operation is concerned, the current
state-of-the-art in PLL devices extends well into the GHz regi on. Thus,

this desig e 30 nodified by "one of customary ski j art" to
oper at e a?wg)ﬁ)g)o%g% red frequency up to the GHz region acl%:dc}?Ud%%%ZS%g t he

needs of the intended application. 22 1 Septenber 2004 WO 02/ 063582
PCT/ US02/ 02947 Figure 4 illustrates a sinulated soap di spenser base 50

having the el ectrigdes 44i116stiotd®caf &0MIGARRCIsd@ [dispdhs@pSBasd Ns@
spaced apart relationship for enabling the 5 establishnent of an _electric
field ther 5ot 8entiShes GUFW P stte atfandOrBRE gFvde S®PeEo SAtki ectric

field betweBrgoed tiw al estddesaphieh RXbendssRi Waeds &imite ehectrode
surfaces and curves between the two. The base 52 al so incorporates a

shiel d 8 e@StGdd 1RATERE | of 130 Liarddc &ipdd1bherphaigeeriom dBBpeide dbY and

wrapped ar quie ta&%_aﬁ?é@énﬁigﬁv@é ride Basgh SAedetithirsetanbbayiati one the
magni tude of the_field strength declines nonlinearly with distance from
the 15 el edWbd83edrodss a¥hdshs wfedsheAut¥rRrdthghretdett ehectepdmge in

capaci t anceuguyRcka tdifa Peasesse iwdet eLigst iyp. Mt ab v thin thal
field, such as a hand. This kind of side-by-side configuration gives rise
to what nREISEOTPEERESS a2 f§hiRfichgeteetrpdmdwhteh sénsdiiisn tesfisinest ibh with

this 29oel agiride roopf egﬁf)@éieaiwn&ewfgferar Sokaarnd bhtag! defoeld
type of capacitive sensor. As a rough guide, the 1ntensity of the electric
field typi &@9 pagecPenes rapidly in a fringing field at distances which
exceed the conmbined width of the electrodes 14, 16 which in this case is

about 3 :
In this configuration, the magnitude of the field

strength declines nonlinearly with distance from the
15 electrodes 14, 16 as does also then the magnitude of the
change in capacitance due to the presence of a dielectric
material within that field, such as a hand. This kind of
side-by-side configuration gives rise to what may be termed a
fringing field and the sensor in combination with this
20 electrode configuration may be referred to as a fringing
field type of capacitive sensor. As a rough guide, the
intensity of the electric field typically declines rapidly in
a fringing field at distances which exceed the combined width
of the electrodes 14, 16 which in this case is about 3
25 inches. The front to back extent is 3.1”; the side-to-side
extent is 3.25”; the separation is about 0.5”; the gap
between the electrodes and the shielded rim is about %” all

around.

30 The change in capacitance due to the presence of a hand
at different distance ranges from the simulated base was

measured. Figure 5 shows the changes in capacitance for an
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25 inches. The front to back extent is 3.1"; the side-to-side egg% ant 4
. . ! 1
3.25"; the separation is about 0.5"; the gap between the el ectrodes an 2004
the shielded rimis about :Y411 all around. 30 The change in capacitance

due to the REBREES of a hand at different distance rangf(ﬁr@%mg

e
si mul ated base was neasured. Figure 5 shows the changes |{1ance for
an 23 1 Septenber 2004 WO 02/ 063582 PCTI US02/ 02947 adult hand, held flat at
di fferent Mtcdrngl sthidce Frigeat @bblaranie Wrid 88 WHetanee shpedels 52 was

both presenipRd tHEMYSd Wai GhhesNfd raLEDIS- 52N KGN side
effects to the grounded shield 52. ..Theg#litlrst I'S tqia:st allsft%m?%% Ses t%z\él
overal | cap@oVafcetich heoslhige et r odderst rars ubeo byeahiivelpFsidde
second is tdglokl shntgea ngﬁaéﬁnsﬂﬁe% eggl ectpj,g %&%%g qyay. ffom d he
sensing region such that Capacitance changes at a fixed di'stance range
decl i ne5 THiadses ulheoi dalsirelior capgeiiamed sifi eltthd n sEngse &Deptoadari ty to
the sense €liggkrades d,i nf4r me at.a depi.cted in Figure 5.
Hence for %’hi S par?i cdl ar ;S)%e&gl %gl sﬁlgéc/t t&rggfm hel% r@%%%rérgrer’?thupto:rg a

shi el di ng ipwtdaseft Hhe eqglectediselistltd vaway 16rof the sensibig anegisn -
confirnmed he t ta, . ib erein this.sensot, has the necessary
sensitivi t)t/g.ﬁc%lf t%%%si%&’f?’tlgggﬁéulﬁ%&%ﬁ b%ganai Zf l}fgaf o TS Sor “BtHer
simlar apsciléaei onFhiequsr ungvaidabiid aforshi efrtachdeldeghtalig, ih hehossn

al ternat,i v . Ak t ic uld-require lesg sensitivity.20 is to split
t he shialtgl d%ﬁ%&%ﬁggg?i%\ge %ée \%B\Agﬁa \}Sggra?é‘?%eanéaﬁ'g vco%f&ﬁ‘ggs%yhet}éeense

el ect r odes .da8ENSERL CHARAGT ERIgGAEI N AND BENCH TEST DATA 25 The data falls
into the follow ng categories:

Hence for this particular physical structure, the
requirement for shielding increases the required sensitivity

15 of the sensor and as confirmed by the test data described
herein this sensor has the necessary sensitivity. If
sensitivity should ever be an issue for this or other similar
applications requiring a similar shielded electrode, then an
alternative arrangement which would require less sensitivity

20 is to split the shielding and drive the two halves at the

same voltage as the sense electrodes.

SENSOR CHARACTERIZATION AND BENCH TEST DATA

25 The data falls into the following categories:

®* Characterization versus known small capacitance rates of
change

¢ Characterization versus response to hand motion above
the simulated base

30

24



Characterization versus known small capacitance rates of chanfeseptenber 2004
Characterization versus response to hand notion above the sinulate ase
30 24 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947 DYNAM C SI MULATI ON AND
TEST DATA angenment was constructed which was u

characteri zat ?@r‘%ﬁg% as a neans of generating a range of @%E/ >4hd
reproduci bl e capacitance iations at different representative rates of
change of CRMEQPINUBAELPN (AND FFST DATRf erent timescal es which are
representative of hand notion and with tinme profiles of capacitance change
which approximate a ranp. It is based on a parallel plate 10 capacitor
conprising two A abeHar AFFRAIVNTLT r (Rfes COMBFEIFEace Wik neRs yusedntBy 5 cm
square and SePA ARG BYi8ndi3langs Qf mdaddn oP Yhbiinges SaMGY e8¢
conprising small squares of pure fused silica nmeasuring 3/8" square by 1
mm t hi cl® wefrowrysaddt geprederthial [Oppprétence vhsishpers t ahcaliffiegenht eri al
15 has a knoug, diflaet 4LC 5005t 8R! Abnde8or TRE 'aféa%{g%ﬂ dr2GHE38Gekn
capaci tance due to the iﬁtroducti ocn 8 eoﬁe sugh sanpl e c?éncto t?llg fi_g?:d

regi on of tdeffergcittioesaasesawbitht sdet sepredBFthivgi wdn helnd aotdah 20
preci se di io f str I nd_ gkest nd m ;

uni formfield. A%rrggnstéva\'glse de#lf%sfe&dleeos‘i‘al i?}%ro 3@?%5!:5%%% rgkr%%@?%g t égkslarrpl e
into and owprfoximatki ehd rag on atlta iknowmsexhd cconst apéralbedd. pIhis

. y ' . : . H ‘h
frord 0% anpuet Serb2iBifiy, Slop sk CprIEeE HSGaE) WR 38R "o,
Thi s arrangeemeittaliiiyu$ provwydés ca memasef endssephedtiat) yateslistance of

1 cm. Dielectric test samples comprising small squares of

pure fused silica measuring 3/8” square by 1 mm thick were
used to incrementally increase the capacitance. The material

15 has a known dielectric constant of 3.8.

The incremental increase in capacitance due to the
introduction of one such sample into the field region of:the
capacitor was calculated to be 6.3 £fF given the actual

20 precise dimenéions of the structure and test samples and
assuming a uniform field. A means was devised of introducing
and removing the sample into and out of the field region at a
known and constant speed. This comprised mounting the sample
on a thin plastic disc which traverses the field gap and
25 which is rotated by a small electric motor at a known RPM.
This arrangement thus provides a means for simulating rates

of change in capacitance due to hand motion.
The following motor RPM’s were used where the test

30 sample was situated at the extreme outside edge of the

plastic disc. Each rotation gives rise to one positive dc/dt

25



of change in capacitance due to hand notion. The foll ow ng rmtf)r%%@%%e\ger 804
used where the test 30 sanple was situated at the extrene outsi edge 012

the plastic disc. Each rotation gives rise to one positive dC/dt 25 1

Sept enber 2/ 063582 PCT/ US02/ 02947 as the sanple t field
bet ween thg%%é%@%egssgand one negative dC/ dt as the sanple f@é%go?!ﬁi field.
RPM e, radi ans/s Vel ocity, cnis event duration,nms dC/dt,fF/s 5 13.5 1.42
7.9 140 453x3 phey]sagple genygrs 32hg, JHelg doByern7 thenagelatsesh anst aPhon
gives Tl se ddanGePaeydt Vs dlelbatple 10.00¢ BRORILYE 0O/ dL the arrangement
al so all ows test of sensors triggering sensitivity to different dC/ dt
magni tudes and false triggering to different -dC/ dt's. This is al so

useful singguf ol LREnSAAP vl 3PENS&Y s aPPLJeRakh AR NG Sensory,ahaykd not

tri ggersdugstg h?”ﬂ removal fromwthin the14015 activation region. The
followi ng dafa rélate to approximately 100 “revol utions at each speed: 20
RPM Tri gger Bhg pérddent age, %-Eal se triggeri%g percentage, % 13.5 34 0 23 91
0 32 100 0325 These data taken in conbi natsson with those of #ohe previous
table, indicate that the sensor is sensitive to events which exceed +77
fF/s with 82 ns duration and is, 100% (-1% successful in these tests at
det ecti ng event $18Fe+8p7h FRhaLign Pilyegurdfroho oPnePefitiyg dC/dt and

10 one negative dcC/dt the arrangement also allows a test of
sensors triggering sensitivity to different dC/dt magnitudes
and false triggering to different -dC/dt’s. This is also
useful since for the socap dispenser application the sensor
should not trigger due to hand removal from within the

15 activation region.

The following data relate to approximately 100

revolutions at each speed:

20 RPM Triggering percentage, % False triggering percentage, %
13.5 34 0
23 91 0
32 100 0
25 These data taken in combination with those of the

previous table, indicate that the sensor is sensitive to
events which exceed +77 £F/s with 82 ms duration and is 100%
(-1%) successful in these tests at detecting events of +107
fF/s with a duration of 59 ms.
30
The data also confirms that the sensor is capable of
reliably detecting the motion of a small dielectric object

other than a hand. The data also confirm that the sensor is

26



The data al so confirns that the sensor is capable of reliably d%[oe&gmh':
the notion of a snall dielectric object other than a hand. Th%—:- ta alggo2004
confirmthat the sensor is 26 1 Septenber 2004 WO 02/ 063582 PCT/ US02/ 02947
functi onal the sense el ectrodes are disposed in a | plate
type confi g%g’?}u‘a"g’ﬁg HAND ACTI VATI ON TEST DATA 5 In order f@“@ﬂ%’?’ﬁ‘é’? provi de
evidence of reduction to practice and suitability for application in the
context of funetioaRl orvkFrar MR- copierct edeapraiepernyer , dasraagdesiBf @and
activation J88h3e1epLaPel fAdRA S ERGat N6 ST MUl at ed soap 10 di spenser base
incorporating the fringing field configuration of sense electrodes as well
as a shield electrode as depicted in Figure 4. By referring to Figure 5,
the requiregpARETsPLEEoN CAET barRe roughly estimated for reliable
activation by approacthing vertictarly to activate the sensor at ranges of
3", 2" &nd 1". The technical estimate can then be conpared with actual
data for the s Nand. e C . 1;pdi chan [N ca i tance
due to a hand a’?gg" range;ﬂgf éﬁgﬁ%rS%%%éggute%?%%EgF%? ggdda%d‘oglnp@&

esti mat ed 3FREtarel'and tswidreldd iégt ifvat exppltilvatibhi snchdmgecamtidxtacef ue

bet ween an jni.tiLakl _ha [ n t 5" d_the_activati i Stance
of 3" and s‘?{o‘cq£ 351’%@:1#; g?dgr §)%Dglr ggﬂtégérta?%ooag} ‘%ﬁ %%Se%o g h%ﬁrﬁgé a%ft;ukgar%m F/ s
the hand speddanidh niesaig owkeeahmnfol®BOd2/ Gsimrhedepesimdaded —s@dp 40

i nches ,per fo th ion at. 3" (50ps.duration),. abaut 100x2/12

i nches 1%er ds'i%gj%ﬁ oL %‘—?g%n%%gé oerra%slél o%g’ef g?:m%%?g v%tgi)lc% 4 %iguf"irzb?%) and
about 100* 2/£3®ensb ehebtsojes asecdddabor abteVatébesctatodE' Gd44ap)ctdd i nches

per second ilnSFggure 4.

By referring to Figure 5, the required hand speed, can

15 be roughly estimated for reliable activation by approaching
vertically to activate the sensor at ranges of 3”, 2” and 1”.

The technical estimate can then be compared with actual data

for the same hand. The lower curve indicates a change in
capacitance due to a hand at 3” .range of about 5fF, about

20 12fF at 2" and an estimated 39fF at 3”. It can be estimated
that this change will accrue between an initial hand distance

of about 5” and the activation distance of 37 and so on. In
order for the rate of change to then be about 100fF/s the
hand speed will need to be about 100%2/5 inches per second =

25 40 inches per second for activation at 3” (50ms duration),
about 100*2/12 inches per second = 17 inches per second for
activation at 2” (120ms) and about 100%2/39 = 5 inches per
second for activation at 17 (444ms). 5 inches per second is a
very slow hand speed while 25 to 40 inches per second may be

30 more typical.
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very sl ow hand speed while 25 to 40 i nches per second nay be re _
typical. 27 | Septenber 2004 WO 02/ 063582 PCT/US02/ 02947 The s‘ggsseg’?‘e&bregu?t"“
was connected to the sinulated base and tested for activation by a hand
nmoving to S base at what was judged to be normal speed and for

r epeat aﬁ&é’?é’%ﬁs%en the hand is already within the ac‘ﬁ%%”?’??ﬁ“ 5
region, ten tinmes for each case, 10 15 2 10 Test: Hand noved sideways into
the activation FBgi sARSRANGErFHEhawN@Ipgciefls tRaltbe simgirtesl 3 kage 2.5

10 0 0 Testing G dBY &d:V &icklio8bLYn | BY Oal BEnEChEYELL ORolEMP LR IAAR | NChES
Activati onsanFaI se tri gggrs 3740 2. 5§'8a0 2n10 Zg%% st {Ian nmoved % to
Range, i nclis whag Swasg 2jwigpd to be normal speed and for repeat

activation when the hand is already within the activation

5 region, ten times for each case.

Test: Hand moved sideways into the activation region

Range, inches Activations False triggers
3 4 0
10 2.5 10 0
2 10 0

Test: Hand moved vertically into the activation region

Range inches Activations False triggers
15 3 4 : 0
2.5 8 0
2 10 0

Test: Hand moved ¥% to 1” vertically while within the activation region

20 Range, inches Activations False triggers
4 3 0
3.5 6 0
3 10 0
2.5 10 0
25

It should be appreciated that the above tests are
technical or ‘staged’ in the sense that care was taken to
keep the hand flat and level, which typical users of a soap
dispenser would not do, also hand speed is an important

30 factor and this was based on judgment of what might by
typical and this would vary in actual use. One can see that
according to these data the effective activation distance is
in the region of 2.5” to 3 and that this is also in
agreement with the technically based estimate. Similarly one

35 can see that there was =zero incidence of false triggers
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O vertically while wthin the activation region Activations Falge tri.gger
30 60 100 10 0 It should be appreciated that the above tgs'?%p%ernél%q: Zbo4
technical or "staged' in the sense that care was taken to keep the hand

flat and le Id \6/\4}'ch typi cal users of a soap dispenser would not do, also
hand speed NS % bﬁ)ortant 30 factor and this was based offYUGAEAt of what

m ght by typical and this would vary in actual use. One can see that

accor di ng teeaiage Wwtta athenef fldae veascttheatdemsodi sAcriomtied bn hawedr egi on

of 2.5" to 3n,RRq that this is also in agreenent with the technically

based estimate. Simlarly one 35 can see that there was zero incidence of
false triggers 28 1 Septenber 2004 WO 02/ 063582 PCTI US02/ 02947 neani ng t hat

at no tinme was . i y d e al ,. The, el.ectric
current draw f o:rﬂtgh}i%??%h?% 1>0‘8|£'§€(;]’I'1€wd;l ar’?&gfsu \ét éjn ricé’lﬁf:y J1%eslsé tﬁ%"ﬁ | mA
at | ow %ol teage. sThebankeisdigt r dees sthdmbilnX yator lbwngvdlerageoper aThibs usi ng

al kaline b i This_i ant ageous f.or applications (n _batter
power ed de\%%eéng%m&%%?lgargéu%ae%\eirlgﬁfl yet:)c)rﬁ end&g fgzrermcoﬁtpleﬁﬁ%hgnop%?h?gon f or
ext ended pexlikedsnei bhvtdride nadds 1@ fadvahtegewnd fat tagpl icepl acentnt .
Al t hough there has been hereinabove described a contraol syst in
accor dancel%vﬁtt%ﬁr?’hepo&egéagntg VSt | BRIFDr ¥he Pﬁ}fﬁf&é@%f“ﬁﬁ"@?ﬂ athg the
manner to whintinthesi operhtdon MEpr extended periods without the need

10 for frequent battery replacement.

Although there has been hereinabove described a control
system in accordance with the present invention for the
purpose of illustrating the manner to which the invention may

15 by used to advantage, it should be appreciated that the
invention is not limited thereto. Accordingly, any and all
modifications, variations or equivalent arrangements which
may occur to those skilled in the art, should be considered

to be within the scope of the invention as defined by the

20 appended claims.
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15 by used to advantage, it should be appreciated that the inyention.is
not limted thereto. Accordingly, any and all nodifications, n%//aérgl%tt%%r 6P04
equi val ent arrangenments which may occur to those skilled in the art,

shoul d be considered to be within the scope of the invention as defined by

the 20 appergsebiogisss 5. 29 1 Septenber 2004 5 WD 02/ 063581%3Ppi(§1%§§82/ 02947
WHAT IS CLAIMED IS: 1. A capacitive sensor systemfor contr I

operation of VJ the system conprising: sense el ectrodes for enabling
establ i shrrenvtq q?elgn%iéi“g%?r ‘field for intercepting notion of a proximte

object; and an electronic circuit for providing a control output signal in

response to a rate of change in capacitance 10 of the sense el ectrodes due
to notion of the JptoxPratPRAGEAVE wi BERFOY he SyEbRE wifdout contephbidiat e

el ectroni c ahiddasiont batd Aewfeesi ghal sysedted: EQan%hange in capacitance.
15 2. Thg system according to claim1 wherein §aid ®lectronic circuit
conpri ses: a phase | oBRRIE | BbpCtIeRaudfory anwbl iraneestmitlichimedt ofcidd at or

(VCO), connesiedrie Eheigense alesld o viding an operat i
frequency to the sense el ectrodes; f%qgﬁ?i &gél?r?e??ueangﬁ?%f%g n %]ec !
oscillator & providing a fixed frequency reference; a phase/frequency

reguency: a phase delay G5 CaT For CSRaN ng" % pirgeyi8ing ™' &' 85ftro1
output signal in response to a rate of change in capacitance

10 of the sense electrodes due to motion of the proximate object

within the field without intermediate electronic
differentiation of signals related to a change in

capacitance.

15 2. The system according to c¢laim 1 wherein said
electronic circuit comprises:

a phase locked loop, including a voltage controlled
oscillator (VCO), connected to the sgense electrodes, for
providing an operating frequency to the sense electrodes;

20 ‘ a fixed frequency reference oscillator for
providing a fixed frequency reference;

a phase/frequency comparator for comparing a VCO
frequency with the fixed reference frequency;

a phase delay circuit for <changing a phase

25 difference between the VCO frequency and the fixed reference
oscillator frequency when the loop is phase locked;

a loop filter for integrating a phase error signal
from the phase/frequency comparator in oxder to define a
-dynamic response of the loop; and

30 a phase sensitive trigger circuit for providing a

control output signal in response to change in a phase
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25 difference between the VCO frequency and the fixed refer ence Seostceit%l at Y04
frequency when the | oop is phase |ocked; a loop filter for integréiln %
phase error signal fromthe phase/frequency conparator in order to define

a ,dynam c response of the |loop; and 30 a phase sensitive trigger circuit

for providi ngveozeosser ol output signal in response to changgpié@shase 300
1 Septenber 2004 WO 02/ 063582 PCTI US02/ 02947 difference between the fixed

reference fr nd,the operating_frequency. 3. The system accordi ng
to claim?2 mﬁg?‘g%&f e Sﬁg‘éWSEHS%Jﬁ a{?‘l%?éc&etg%%n%erfﬁq%n?ﬁr sFRg the
VCO frequencypeoating dhreadeatyt he fixed reference frequency in order that a

positive rate of change in capacitance controls operation of the device.
10 4.: The systemaccording to claim2 wherein the phase delay circuit is

operative for causjngThae S¥E@eh @Y NGO Lol @AakRNNGHARhi Xgd pRESL ence
frequency_in ., order {hat,a  negative rate of change in capacitance controls

oper at i or® of deide gLyFEd 4% gperidaiea iy veausdagort ey SIGOM fineguendy r 6 | i ng

operation of randanbs® bR HASPANSRA GFeh@hBe Ol e iy g@@&ci&me due
to notion of a proximate object, the system conprising: 20 at |east two

sense el ect r BERLE S gted 9 dhagigscdadr cmpact tantat tomstnls faperehabh i of
est abl i shmengnhofganl.ectric field between the sense el ectrodes, said
electric field extending outwardly and between the sense el ectrodes; a

phase | ocked | oop, including a voltage controlled
10 4. The system according to claim 2 wherein the phase

delay circuit is operative for causing the VCO frequency to
lag behind the fixed reference frequency in order that a
negative rate of change in capacitance controls operation of

the device.

i5
5. A capacitive sensor system for controlling
operation of a device in response to a rate of change in
capacitance due to motion of a proximate object, the system
comprising:
20 at least two sense electrodes disposed in a spaced

apart relationship for enabling establishment of an electric
field between the sense electrodes, said electric field
extending outwardly and between the sense electrodes;

a phase locked 1oop, including a voltage controlled

25 oscillator (VCO), connected to the sense electrodes, for

providing an operating frequency to the sense electrodes;

a fixed frequency reference oscillator  for
providing a fixed frequency reference;

a phase/frequency comparator for comparing a VCO

30 frequency with the fixed reference frequency;
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25 oscillator (VCO, connected to the sense electrodes, for pyaviding an
operating frequency to the sense el ectrodes; a fixed frequency{ r%ﬁpg:reé'ﬁ’c?& 2004
oscillator for providing a fixed frequency reference; a phase/frequency
conparator for conparing a VCO 30 frequency with the fixed reference
frequency; 3W002/a63Wept enber 2004 WO 02/ 063582 PCT/ US02/ 02¥€¢TRomisge del ay-
circuit for causing a phase difference between the VCO frequency and the

fixed reference oscid| aty grewg»y t.he PchssPhase Iocéﬁgg a | oop
filter for integratin gﬁphsase error signa léﬂlS #c%gmctﬁsé p%ase/afr quesr?cy

conpar at or FAfEpERRCE dPrlefaame the HAMnirequengpnendothehéikedprefentraephase
sensitive t i i i Chl copt out put_.signal in
L8981 atds %e&ﬁ%ﬂﬁyp\%‘?&? G 119 l%oge?\%e ;él?}ist;%;ic%%ed 9

response to change in a phase erence xed reference
frequency and the 1@ opmmatfiidg e dqueniregatThg. a spbéem acomr diivmatlo

claim5 whegein t p | ircuit is.operative.for causi t he VCO
frequency tggﬁ%}n a eagﬂ%ge/t%geﬁé)ﬁ%yre rPépr"’le é?%f rhueRES T ntcbraggg??‘naf“ a 15
posi tive ratdgnehichaspense ofpehée thrme; aodt rol s operation of the device.
7. The system accordin o claimh wherein the phase delay circuit is

t
operative for causing tgqéaifcos?l? ey 19958 1 Hehi fPh RFovidens 2
reference fregueoly dutpatdesidisl adn negepone: I abe @ﬁax?éingﬁ & GiRel tance
controls opgr.g%i on_ of tEe devitﬁ_ge. % Tge system according to any one of
claims 5, 6XbFeTIS, RREVEPR (i vofES e]i%q‘?FFBFFedf%qqcé(t oﬁm‘%r Sedes an
operat i@ fopguetiny tfrehensgnse el ectrodes sufficiently high

6. The system according to claim 5 wherein the phase

delay circuit Ais operative for causing the VCO frequéncy to

run ahead of the fixed reference frequency in order that a

15 positive rate of change in capacitance controls operation of

the device.

7. The system according to claim 5 wherein the phase

delay circuit is operative for causing the VCO frequency to

20 lag behind the fixed ireference frequency in order that a
negative rate of change in capacitance controls operation of

the device.

8. The system according to any one of claims 5, 6, or

25 7 wherein the voltage controlled oscillator provides an
operating frequency to the sense electrodes sufficiently high

to ensure the object is detected by the sense electrodes as a

dielectric material.

30 9. The system according to claim 8 wherein the voltage

controlled oscillator provides an operating frequency of less
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to ensure the object is detected by the sense electrodes as a .djelectric
material. 30 9. The system according to claim8 wherein the voft %}%tember 2004
controlled oscillator provides an operating frequency of less 32 0 1

Sept ember 2004 WD 02/ 063582 PCT/ US02/ 02947 than about 1 MHz for operating a

soap di spen¥&280358ti on of a human hand. 10. The syst entGEEIXEHG to

claim8 wherein the voltage 5 controlled oscillator provides an operating
frequency gtleat exbddtiarn abtutfckO dddzatdngopesabp ngispdraasaetbybynardonoetof a
human hand, 11. T ystem according to claim5 wherein the 10 el ectrodes

e
are di spose%l I?%maan paét1 ar relationship. 12. The system according to claim 11

further conprising a grounded shield electrode disposed in a spaced apart
and surroundi o rel q [ onsh'g with the s nselel.ecbro es,. tk&_}lS thi eld

el ectrode bei na i'n a &Faﬁgs{é NP TP B fehftedlaP "RFTHLT NS efsdP9e

el ectrodes adkeXitlendiosgidbayof remtidtes est alydrabetg ef eednianits, fdrelatterl3.
The system according to claim 11l further conprisin 20 a grounded shield
el ectrode df ?fbs%ﬂ"%n 1§ M{ﬁng]oﬁeﬂ%‘?ﬁ?tﬂpg Far@rer g% ‘f“i‘n‘él%rgr%fg %| Podes.
14. The syshgmdaccording to claim5 wherein said trigger circuit conprises
a DFlop circuit. 25 30 15. A capacitive sensor systemfor controlling

operation of a device in response to a rate of change in capacitance due
to notion of aaipr.oxi make ebpeeh, LBEoBIBEMtSLOMNEHIH NG wherein the

10 electrodes are disposed in a planar relationship.

12. The system according to claim 11 further comprising

a grounded shield electrode disposed in a spaced apart and
surrounding relationship with the sense electrodes, the

15 shield electrode being in a plane generally perpendicular
with the sensor electrodes and extending away from the

established electrode field.

13. The system according to claim 11 further comprising
20 a grounded shield electrode disposed in a plane generally

parallel to the sense electrodes.

14. The system according to claim 5 wherein said

trigger circuit comprises a D-Flop circuit.

25
15. A capacitive sensor system for controlling
operation of a device in response to a rate of change in
capacitance due to motion of a proximate object, the system
comprising:
30 at least two sense electrodes disposed in a spaced

apart relationship for enabling establishment of an electric

33



at | east two sense el ectrodes disposed in a spaced apart rel agigns i gfror2004
enabl i ng establishnent of an electric 33 1 Septenber 2004 WO 02/ L)

PCT/ US02/ 02947 field between the sense. electrodes, said electric field
extendi ng outwardly and between the sense el ectrodes; a phase | ocked | oop,

i ncl udi ng aW\Pqufogf’ﬁgz controlled oscillator (VCO), connectEd"VI?PHE’ sense

el ectrodes, for 5 providing an operating frequency to the sense

el ectrodes; field xdptiveeguebley ragrismencdegsepiieat orsafidr epeoviif nfiglfi xed

frequency r@%ﬁ&é@f%&&@& |ddeP o diQechML RO S0 o3 BRBRGEL T OF S!gnal

fromthe phas ency conparator 1 n orde ne a dynam c
response of the |oopa @hdsa phaked skpepi iecludigger vhitage ¢omtymldeddi ng a

control outgLls SINGl IPesPSPAeRCLRA CHANGe! Ns@ aRe o ILERSL ONGRy:

between the fixed reference frequency and the opération Trequency,

trigger ki rewvtiding adi ngeratviold dgedliencygnpar @diorsensay egeconedess de
connected to the VCO,a and. a_ ongfreti e constant | oop filte connectf%d

bet ween the phase/frequency conparqéut or Yand T He V61Tt aggsSﬂ) A%t or °t6. A
capaci ti ve semsioiirgy st Ehxédrfoantaraiyt reder@fcoperati on of a device in
response to a rate of hang%.'@ ca@a%i t.agce due to tion of a pr.oxipate
obj ect, the system @oﬁ?ﬁ??si ﬁig: ®ht TPEaSPERRC S & ST SHERiIE50%ed in a
spaced apafton elcaki osistey firetuenapl idwpnpbitatest ahl | shaent tof asfi@bd a

el ectri % field between the s e el ectrodes; a phase | ocked |oop, including
a vol t aje cORIFGIG SF5PGEETIT {%l}e ?\7@@)’, 3BBnnected to the sense el ectrodes,
for providing an oper aitiarg foaguedey tribhersenseuet egbioda®viding a

control output signal in response to a change in a phase
difference between the fixed reference frequency and the
operation frequency, the trigger circuit.including a voltage
15 comparator, having one side connected to the VCO, and a long
time constant loop filter connected between the

phase/frequency comparator and the voltage comparator.

16. A capacitive sensor system for controlling

20 operation of a device in response to a rate of change in

capacitance due to motion of a proximate object, the system
comprising:

at least two sense electrodes disposed in a spaced
apart relationship for enabling the establishment of an

25 electric field between the sense electrodes;

a phase locked loop, including a voltage controlled
oscillator (VCO), connected to the sense electrodes, for
providing an operating frequency to the sense electrodes;

a fixed frequency reference oscillator  for

30 providing a fixed frequency reference;
a phase frequency comparator for comparing a VCO

frequency with the fixed reference frequency;
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a fixed frequency reference oscillator for 30 providing a fixed, frequenc
reference; a phase frequency conparator for conparing a VCO f e%?%‘??g#’% %904
the fixed reference frequency; 34 1 Septenber 2004 WO 02/ 063582

PCT/ US02/ 02947 phase del ay circuit connected between said phase/frequency

conpar at or anWodab@sszol t age controlled oscillator for causichgss:sh,vol tage
controlled oscillator to run ahead of the reference oscillator; and a

trigger circuit for prgyiding trgl._output in response to a change in

phase shift between sa% %xeéglggfgqugggf/u 'ﬁd EaPBeoh at iNfFvReRqUETRAE 17,

The syst em adt@eg/ Ageuvendiai nodwpatere N yndt ageid 10ve0pL4Q! | %9n9§&iﬂéhdat or
e electrodes sufficiently high

provi des an Qpesiayi f u .10 the,se
to ensure the 06?%%?8fs%gge§§§%/%lag b?/a%‘?lev‘g&?@@ dovdrrdded asciltaredtoic
mat eri al . 18 Xuhghegdteintdec aediergnte 64@Makbrwhgrgi n the 15 vol tage

controll ed oscillator aprto]_y.i des an_operating frequency of |ess than about 1
Mz for operating a soap diSSEnSercHyt B¥i BrPGidiaghameanhanl. odtutThHa

syst em accor gesgonse clta mal7chahwyd eiim t BRagL0 a olled oscil.l ator
provi des an ?ggr at i n}g fn%ﬁ ue cg gr eat erBt ha% asglg{ﬁ: %ge%tn; of %% ertzlt’ﬁeﬁlg a
faucet by noti o ofY & nehaRgrabing fireaeseem according to clai m 19
further conprising 25 a shield electrode disposed in a spaced apart and
surrounding relafionghip with the sense el ectrodes. 21. The system
according to clal’'m 16 Wier¥§reshi ¥ccerdipgertei ctain a6nprtiecxedna W ifthap

circuit.10 controlled oscillator provides an operating frequency to the
sense electrodes sufficiently high to ensure the object is

detected by the senseelectrodes as a dielectric material.

18. The system according to claim 17 wherein the

15 wvoltage controlled oscillator provides an operating frequency

of less than about 1 MHz for operating a soap dispenser by
motion of a human hand.

19. The system according to claim 17 ‘wherein the
20 voltage controlled oscillator provides an operating frequency

greater than about 10 MHz for operating a faucet by motion of
a human hand.

. 20, The system according to claim 19 further comprising
25 a shield electrode disposed in a spaced apart and surrounding
relationship with the sense electrodes.

21. The system according to claim 16 wherein said
trigger circuit comprises a D-Flop circuit.
30

22. The system according to claim 5, 15 or 16 further

comprising an adaptive feedback path connected between the
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30 22. The system according to claim5, 15 or 16 further conpJigi n
adapti ve feedback path connected between the 35 0 1 Septenber %0’%’2?%” 2004

02/ 063582 PCTI US02/ 02947 phase/ frequency conparator and the VCO for

mai ntaining a phase difference between the fixed reference frequency and

t he VCO operating frequency between +90 and -90 degrees. 5 23. The system
according to SYQAPIR6E2 15 or 16 further conprising an RF atRCGIAPAYN2MY filter
i nt erconnected between each sense el ectrode and the VCO 24. The system
according to Bhaselfreqeroy l€ofpadatenr: aAdCARY | 9600 R reguananidyvi der

i nterconnectipg the @@ and the . phas e/tLgeCkuiil’é%y r%%gggxggé O%iegt?ency and

the VCO operating frequency between +90 and -90 degrees.

5 23. The system according to claim 5, 15 or 16 further

comprising an RF attenuating filter interconnected between

each sense electrode and the VCO.

24. The system according to claim 5, 15 or 16 further
10 comprising a frequency divider interconnecting the VCO and the
phase/frequency comparator.
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