; vwe3epHMM6THLOS TI TLE OF THE | NVENTI ON 5 SHAPED NON- CONTACT CAPACI TI VE

DI -SPLACEMENT SENSORS FOR MEASURI NG SHAPED TARGETS CROSS REFERENCE TO
RELATED APPLI CATI ONS The present application clains priority of U S 10
Provi si onal Patent Application No. 60/455,757 filed March 19, 2003 entitled
SHAPED NON- CONTACT CAPACI Tl VE DI SPLACEMENT SENSORS FOR memmmm
TARGETS. STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH IVENT
N A BACKGROUND OF THE | NVENTI ON The present application rel ates«geaerally
to non20 contact -capacitive displacenment sensors, and nore specifically to
a non-contact capacitive displ agepBnyrsensofyeappe of accurately
neasuring a di stance between the sensor and a shaped target. Non-contact
capaci ti ve di sSFHAEEReNONsEANBAST aCAPRCIRINVEWDISRLACRMENE SENSGRS AR

measure smal |l distances betwe of..el nt_and a target el enment by
detecting variations in the c@%ﬁgpﬁgﬁgeéﬁégéaiiﬁ%QEF%eﬂsor and the target.
A conventional non-contact capacitive displacenent sensor typically

conprises a 30 probe device including a sensor, elenent, a guard el enent,
and a ground el ement . CR{SSyREEEREANSIEe A0 RELGEEDigHPBmcamISNSround t he

sensor el enent, thereb ing the,sen sensitive to capa0|tance '

t hat m ght develog%bet§bg%§-g gp?%%cggﬂ?Br 5 h&r458ritiYonSof Ur e
probe. The gPeondsebesent Haxeeenf izpyiedta csur neaind sbgagyangdsel eneal.

- Specifically, the ?round el enent constitutes a part of the structure of the

probe. For eXarshe:; thezapéunﬂn@l%A%ﬁmﬁﬁHAﬁ%Plo QRoRONGRCEd 88 PACATAYE
providing a @%%ﬁﬁ@EMEﬁTU%NSBRE‘) 6&'@@1%%(5%1»% Aexprrd 'fsz({)E’fsed that the

guard and/or the ground ring nay e om t om sone probe Confi gurations.
The sensor elenent t he guard el enent, and the ground el ement of the

conventi onal pica I rlse respective nmachi ned

netal lic parts gﬁgg%gﬁgﬁbgﬁﬁgﬁ%ggﬁefﬁ é ARAVF CRER r RRSEPRGRE QR to form
the overal | probe structure. In a tﬁgvggbpggg@ of operation, the sensor '
el ement of the conventional probe device forns one plate of a 15 capacitor,
the target elenment forns the other plat®/af the capacitor, and the distance
bet ween the probe and the target is determ ned by detecting the variation
in the capacitance between the respective conductive plates. The detected

capaci tance varies w th t heBACKGROURDbervweem 20vtNmergyw obe and the target,
and this variation in capacitance_provides a _neasurenment signal that may
subsequent |y be pfBEeRRPYY prBRLEEaBioRUTSIRtesgraene el tut itwe 06Nt he

| di stancggor @oghange '5bﬁggiﬂ¥¢g‘anﬁﬁsplacement sensors, and more

specifically to a non-contact capacitive displacement
sensor capable of accurately measuring a distance between
the sensor and a shaped target.

| Non-contact <capacitive displacement sensors are

25 known that may be employed to measure small distances
between a sensor element and a target element 'by
detecting variations in the capacitance between the
sensor and the target. A conventional non-contact
capacitive displacement sensor typically comprises a

30 probe device including a sensor element, a guard element,
and a ground element. The guard element is configured to
surround the sensor element, thereby making the sensor

less sensitive to capacitance that night develop between
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However, the conventional non-contact capacitive 25 displacenent sensor
described above has several drawbacks. For exanpl e, because the various

el enents of the conventional probe device typically conprise individual
machi ned parts, the process for manufacturing the probe can be highly | abor
i ntensive, which can cause 30 an increase in the overall cost of the
sensor. In additjon, using the conventional non-contact capacitive

di spl acenent sehQ8r SERSEEt & R rionggasuERaeRrSbean Yo abdendt i c

when neasuri ng Lst ance Hﬂﬁﬁ he, se andy a shap rg i.e., a
target el enent %£§?§g§aa§%aég§}h tqggestﬁop§%%brOX|n§%% asﬂﬁgﬁ c%%éu%?FVe
pl ate. For exanppecitheathygetthel eyrenind paymbet a ciirsk,itanesi ta mpare of
desirable to usghéh§3%gp%§ntiongl r obe dgvice 0 nmeasure a di stance
between the prob2®and AiF¢dde 8f tHE dPERPCn t APE SERRREE: t hBCedgEC®Rdt he

disk is not5flaglehentinayead fedd Owmrddie £4 rgUkahgCOHRYUIR thes i BXce AS
a result, the 10 conbination of the sensor elenent and the target el enment
(i.e., the di skfelgéEcdotd AeuUNténm Lhrararbee- pl ate dapacdted, thmd the

conventi onal ne%@ggg q dq%&erpggigggbgg %%Rlci%gng é?g%@gﬁge%ggﬁggﬁa%$é§

pl ates cannot be used for accurat measur g

probe 15 and t hershapezbrfargetatildnswoul dridersafrye beldashtabl ento @@é{f}j an
i mproved non-coniact capaci tive di spl acenent sensor. Such a capacitive
di spl acement seRSTPNoul T BetRaApIABP eI © beeeitat oF v acerTert sora} probe

di stances petwegavibe s8A5Q1a14Q apdmshaped fargelsS . d tmﬁ@thealﬁﬁ%%g?%}c

desirable to have a non-contact capacitive displacenent sensor
easi er and | esspabss| yhao anaubanded et o BRI SUMMARYaIQE JdE: 1t MENTHENERS | n

accordance with_th resent invention, an_ inmproved non-contact capacitive
di spl acenent se%éofof% %ﬁ%ﬂﬁ?ﬁﬁﬁiiuﬁrqﬁﬁlﬁ&§%§ﬁ&9§yed for accurately

measuring smal | di stances digtiwean Mdie s€Nsepeandi shapedet algels Benelit s
of the presently_disclosed capacitive 30 displ acenent sensor are achi eved
by providing a ¢endbe ettt iialngrEokhageviest et apnealplatmt offiesa t he

shape of the targel-ie 0 odj t n-cont act capacitive
di spl acenent seﬁ%%rc%S%%?iggg gﬁﬁro e %ﬁ%ﬂ%H%nggéﬁgeﬁgﬁ? %f%%%n%?agegdﬁﬁd
el enent, and a greucabatErent . aridet gy ad ik ted reree e tsidest atd Adobes HADWHKIS
the sensor elenment, 5 and(L?e gnound el ement substantially, surrounds the

guard el enent. Fur9fer 15at NSk Rengstesrenenttheasval kuapen t At the
substantial ly nedgdestdhes shapeh athar 9ekspherept . é&&ﬁb@i&@”}?ﬂ%ﬁ/&s.

enbodi ment, the ground el ement may partially surround the sensor "and guard
10 el enents, orThhedgfirpleednervrcitmnay o e engit s heayd e omid theskwdenr

e shaped 15 haie a Pakcs. aPdcuras urs 4 mat Shestthe cORCoar 6P ari'bdge
of the capacitance provides a measurement signal that may
subsequently be processed to produce an output signal
indicative of the distance or a change in the distance.
However, the conventional non-contact capacitive
25 displacement sensor described above has several
drawbacks. For example, because the various elements of
the conventional probe device typically comprise
individual machined parts, the process for manufacturing
the probe can be highly labor intensive, which can cause
30 an increase in the overall cost of the sensor.

In addition, wusing the conventional non-contact

capacitive displacement sensor to obtain distance
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15 disk. In this way, a uniformdistance may be maintai ned between the
shaped sensor el enent and the shaped target, e.g., the disk edge. The
sensor el enent may then be enployed to nmeasure the uniformdistance between
the sensor and the disk edge. 20 Thi s enbodi mrent of the non-contact
capacitive displacenent sensor is fabricated using a | am nation technique.
For exanple, the |am nation technique may be enployed to forma stack
conpri si ng the §EASHEEBEBAENt C3& pl MHW%Pkﬁm%ﬁkﬂexﬁﬁﬁQ eheaenatinayetde
and the guard 23k aeal pekfebhl Lrex e, e Senaol, &l eepl | S i sposed
between two dielectric |layers, and the uarf’ conprls

conducti ve planesrbaMInaEmdntohahénglalehhpecthayedsesrﬁsaeéppyekymate a
Further, |am nation techpi ues Ilke t hose used to_manufacture flexible 30

printed circuit B84 & Yyed t Al IFFRRLEr exiftl et 369Rbr céPBRBAL
to be shaped tomagt chet he Qﬁr!;tkour aﬁﬁ the tRrgebeel gOBM ap1 td N e gygnt

the structure of the disk includes a raised annulus, the pr obe may
alternatively i ﬁ@lnﬁr@étaogéhs(D?roélleerdaernl@lap@dmeasnaee aa dbsliarscof betuweahur e

that matches th 0 r. of the anpulu For is 5 alte natlve
shaped sensor e?e%e%&%% %bg éﬁb|6§%d‘% 'ﬂ%as %&lgb 1HoEF B of TPhRe
annul us. I n thi sedexan ethéheu@mobﬁs rm;atbe:'ltbtqus@ﬂ subskant i1 dws the
per pendi cul ar to ,the_plane of the annul us when neasuring the annul us axi al

position. 10 ThFdIgPLernatPrRECBibo8itmeiicof ds& -non- dont axt é%%@bttlvbhe

di spl acene se r i gat for il n S or
photol|thogpaphgggFﬁcéggePnggtgggégﬁﬁﬁg?fkggnggrEggfﬁggﬁ €9r gpgﬁﬁﬁﬁétthe

patterned condudti.ee,| ayles tddsk sefigéfr atdnesFuntherfonb pﬁtpatanmgl plate
techni ques |ike those used to, manufacture flexible prlnted circuit boards

may be enpl oyed “FB3&HFEH a F1ExFBPECBEASD? el St 0°be EEFdd e Iat b

the contour of thpatatggteelRi®iien Bywdr puirdingia ﬂ%&on&gﬁﬁoga%c' hiug
di spl acenent 20 sensor having a sensor element with a shape that

substanti al | y miPEhesqutyatedy dneafuaince| drendissante dieswaroes:Heet peehet he
sensor el egent and Eggeggggg& g&g@ggt can be measured by determ ning the

capaci tance between t sensor “an he target. Further, by enploying 25

| ami nation and/ or paftemoung téehwrifgues bei ki2stihade eused Kavd abi i Capeoved
flexible printed circujt boards, shaped sensor el ements can be made for

reduced cost. CPHQrcP@B?EFescaPﬁﬁéF?%%s dLFRi 2EPRAE  TCRIRE 4 nventieh mﬁll

be evident from-LBgc-Petak! ed;DesgEERLheN 3Qn0E5 -t h%oh&\ﬁenta %{@ﬁbf ollg
-5 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs O THE DRAW N |nvent|on

will be nore fuBCyUQﬁﬂeiSt0@@3mruhgr&meﬂdnc@1$tam¢msfbbtwmeng1ﬂx§aséﬂﬂor

Descri pti op,of % en i.n,_conj t|o h t.he draw of ich: 5
Fig. 1is g% enégglg% a co%v%ﬁtlo w%?g e %% i g%%%ﬂ%&ﬁ% B RP¥RI &r
sensor el enent; nEhgcoﬂtaﬁtacépd@;Lt"i‘@&V @is;ﬁf@cé&"@'\&erﬁém Bipbe; sleyh §ee pf

Fig. 1 being used to measure a di stance between the probe and a circul ar
target el enent; and less costly to manufacture.

BRIEF SUMMARY OF THE INVENTION
25 In accordance with the present invention, an
improved non-contact capacitive displacement sensor is
provided that may be employed for accurately measuring
small distances between the sensor and shaped targets.
Benefits of the presently disclosed capacitive
30 displacement sensor are achieved by providing a sensor
element having a shape that substantially matches the

shape of the target.



10 Fig. 3a is a side view of a non-contact capacitive displacenent sensor
according to the present invention being used to neasure a di stance between
the sensor and a circular target elenment; Fig. 3b is an end view of the
non-cont act capacitive 15 di spl acenent sensor of Fig. 3a; Fig. 3c is a
cross-sectional viewillustrating a | am nated stacked structure of the
non- cont act capacitive di spl acenent,.sensor of Fig. 3a; Fig. 4a is a,plan
vi ew of a shaped tar é@t eV EfrenfICSg  REY ’4b%ih§ agr&‘?rb_s%qré’?é%‘fti on&PPEF&R BF
the shaped target spherentnefl seh@ord@onfirdse4C d oot ahvI €N & sensor
non- cont act capacitive displacenent sensor according to the present

i nvention that ReypMSetused G¥aFdasttenentdi seadce? berwaed takeremsor 2Bhand
the shaped targghaghe%ﬁ%eﬂft Ehgstéﬂfigﬂgy é9r£8u§d§r9§§'§88%59“a!1er¥1!a§¥§’
illustrating a conductive pattern conprising a sensor elenent and a guafd
el enent appbi edahd ahsubstaate @feridrer noub Coa taict] loapact towed i S ageseat
sensor of Fig. 4¢; 30 Fig. 5a.is a flow._diagram of a nethod. of

manuf act uri ng tﬁgeﬂ‘ﬁﬁrcont gé’trtbgﬁacﬁ"r véeéisgpl%%néﬁf“%éns%%efb?mlzi gaszaa

and -6  Fig. 5§h5§eatﬁkﬁM’gﬁﬁgfﬁﬂ%fﬁlfynﬁgggﬁegft@@ﬁu§ﬁ§§§rb@ge§h§arget

non-cont act capacitive displacenent sensor of Fig. 4c. 5 DETAILED

DESCRI PTI ON OF BMEMENVENTI ONnU. Sn Pedteshehale Paeshodpeht cat tha Noround
60/ 455, 757 filed March 19. 2003 ent]t|ed SHAPED CONTACT CAPACI TI VE
DI SPLACEMVENT SENSCRE"EORREAIRE N SHAPED FAREETS T8 | 5€8PR0r afBE hEFaFd by

reference. 100 Aelenphe¥edoRotheorfRGld GARBGI it i SRIRE eiBdieSENSREy | Be
di scl osed that may be enpl oyed for accurately nmeasuring a di stance between
the sensor and 8™4h&FEd target. The presently disclosed capacitive

di spl acenent sensor el Lg:jgﬁn Sensor . gle havj g p 1
substantially matches the s £§e ‘of 't he %a%gvreéﬁ“te?%{ﬁ%n*f?@%@g%%%?%ﬁ? is
capacitive di spHasépenthesersore prlonage displ heerbapedeasurrenents whtbast

physically contacting the surface of the target being neasured. A
convent i onal caBgcictui%\Y@td’ir§pl%ré‘PﬂtC§l§r%ot?h? ypPREPEY PhcPRdeside mbbEheo

having a phste, qwaikeh for mhiane,d),atL @i fo SRR L Hee _Trk@%%@%aﬁheéﬁngé
the capacitor conprises the target whose displacenent is belng neasured. In
a typical node BPtygenathen shapedprssihsars dremegitt and olpr oxhaweqd warbethe
target surface heing rrtqg?ur. t eby formn he 25 capacitor. The

di stance fromt éggl’obe od?%’é terallre%eét caT(r?llet h%%n &~ dérive %bym?r%ag-tg‘reinngb?hi S
capaci tance becampéoyhd rebdatneashiep hatweeni fib st anties taymdeCapacivbkanceths
known. Specificall for an i dgal paral | el -pl ate capacitor, capacitance and

di stance are reFSPEATbFNENENRELEF 072D C = EoAd, ( 1)

20 This embodiment of the non-contact capacitive
displacement sensor is fabricated using a lamination
technique. For example, the lamination technique may be
employed to form a stack comprising the sensor element, a
plurality of dielectric element layers, and the gquard

25 element. In this example, the sensor element is disposed
between two dielectric layers, and the guard element
comprises two conductive ©planes laminated to the
dielectric layers, respectively. Further, lamination
techniques 1like those wused to manufacture flexible

30 printed circuit boards may be employed to allow a
flexible sensor element to be shaped to match the contour

of the target element.



i'n which "C" is the capacitance, "sQ is the permttivity of free space,

"A'" is the area of the probe's sensor elenent, and "d" is the distance from

the sensor to the target. As defined by equation (1), as the probe-to 5

target distance changes, there is a concomtant change in the capacitance

C. Those of ordinary skill in this art will appreciate fromequation (1)

above that the sensi&g q&ga A of thg probe is at | east of some m ninmum size
irtan

so that the 10 capac © dBVBM bpddehettB it Wife P obBeafd sthelnakugas i 8
| ar ge enough torhesdet esh g and %%%Se§98®é|Xm#509?§é99?tf@éh 1;denigLs an
c meh

end view of a conventional non contact capacitive displace t "sensor
conprising a pré&Basegoelieaenitnshagest aocieoid & smhisy ef ecental@2e shgvard

15 el enent | 04, gr.qund el enent 106. As shown in Fig. 1, the guard 104
surrounds the cfnrgggpgrs stg)lnéso(r:oritb%?r aﬁé tHE g‘?%ﬁd“se'l emBRt 196 YSs Ahifng

t hat surroufds bheeguatdvé04shéﬁéﬁgﬂﬁﬁhio&04eﬂ§m6ﬁﬂfh&éfeQmioeﬁEK% the to
sensor 102 less sensitive to capacitance that m ght 20 devel op begmeen t he

sensor 102 and BEREFTBor P orRxil t ROSitdee 106. Fet memultuse grodnd thhg

106, whi ch for exanPas; Oftidie SLEHCLULE of Lhe Ri; . BLRY[des.a
surface that may beBused to nnu%t the S%@ge %go.Q*%gﬁﬁ%%gengFgﬁé?ng%%béy1oo
i ncluding the cbecpkadisehsor to02h25 plengenst alHey amaens tilvén t Ac 898 ALHGN

about the probe axi s, and_typically provides a maxi mum sensing area for
its di nension. Rﬁ?e898P}u?h%X¥g s%ﬁszkéb“the guard 104, and the ground ring

106 typicalby conprispikespaeiirngtieehi nedpBHahki ¢ 2 tiS,e Wi gh_ ded
together to 30 formthe overall structure gf t he probe f%S% nggdgéﬁkggﬁ of
t he conventi onafFapRrebel180dbsPFrgemant ssemeer i is nbgbiiecd tmhpapl Boxfiing a
accurately nmeasytipg dis ce between the sensor_ 102 and a, target
havi ng a non-plan%g gg% a%%q’Fof&%%aﬁplé?uﬁig.of deBFBFglbtg?ﬂﬁaQW%ﬁ? Ythe

conventional prodbeid@8teanctandwrigate 208yBavi kigr e @y | @%@jcgbp§ygg§ceth@s
shown in Fig. 2 tge 5 $robe 00 jis used to neasure a distance "d" between
the sensor i ncl BAEHEFRCE hes Pt Y50 dAdeFhet@yld ngubsiiratsar get POSther, i s

appr eci at eds t habat PergoRY entd AN qUyObg 130 e oyed for accurately
measuring the d%staniegq% betmeeﬁqthe sé%%%r%géaga gggéndfgca.a?%é%ﬁﬁu§?
the radi us of théexibledprinsedlacgecuHowbverdsi ayheer atipleveld te allow

be .i ncapabl e of devel opi ng

O o BEL gl Gy B0, L, RSP Ty bt e o Sevel o
wi t hout com ng dénexeesst ey tdase te dnfagytt.ar get .
By providing a non-contact capacitive displacement
20 sensor having a sensor element with a shape that
substantially matches that of a target element, small
distances between the sensor element and the target
element can be measured by determining the capacitance
between the sensor and the target. Further, by employing
25 lamination and/or patterning techniques like those used
to fabricate flexible printed circuit boards, shaped
sensor elements can be made for reduced cost.
Other features, functions, and aspects of the

invention will be evident from the Detailed Description

30 of the Invention that follows.



Such a cylindrical target having a small radius "rz." is depicted in Fig.
2.. Because the radius rT of the target 208 is small, the conventional probe
100 nmust cone to within the small distance d of the target 208 to 20
devel op a capacitance | arge enough for detection and subsequent processing.
Further, it is noted that the capacitor formed by the sensor within the
probe 100 and the §¥é%ndr%cal surface of the target 208 does not

approxi mate a par & - PP AR RREAE i VorTHE ng R e VI E S2 OF e 4Bt PBAWLNES
describing the genergher e afdonsdi pyReyvwesn ﬁﬁﬁéc'f@P apdedisstance, o a
paral |l el -plate capacitor may not yield accurate results for the distance d.
Fi g. 3a depictsraherkhast rtat i Yeeerflsddioweny dbetea et oReactipapacsi tdfvethe

di spl acenent sensor _including a.probe 30 3Q0, .in accardance w th the
present inventigﬂyepkl?ﬂelPlgﬁgg?%f o rﬁﬂﬁ,é%%W3n§§oﬁg ¥93Ras a shape
that substastially netighes tkheagoshaukief; artar g@hvéﬁ@ioﬂaé‘l_,?mbet&@vﬁc\!@”t
the axial height of the target 308 is large, e.g., the target 302 may be a
cylinder, the piBBeUSHDJi 8 ShApeHa¥ oSeuHRE antqmdnty match the contour of the
surface of the cylin . -he ev t he: axi al: hgi ght  of the 5 target. 308
is small, e. g. , thgggér gicgttl 08§rr§9 eehgl%?s%,ft }ggprco%éfegl&goins?lshgf)%kaeto
substanti al | y ndeghcehefc@ngouii bkihheusddetof méhsude sk. diétisScoobetwsbat

the cylindrical Earget 308 has a,relatively small radius "rT', as depicted
in Fig. 3a. As I8°dBEePFhRRdabovhtciirr g BRI td shape t hat

substantiabby matchesighe sgontpus 6fqbheibar 38t B308onAcGorging i pLobe
300 including a sensorbelenent 302 (see &ig. 3b) is %haped f% % %&gf%g%ius

of curvature "rpisphacesenst &nnisall yageorhesyt fe come opreskentheioyénniden 15

surface, thereb oW he nsor 302.tp neasure a unjiform distanc
"rP-rT betmeeng??égsﬁ%%gd£geﬁ§§?agﬁzaa%ﬁsgﬁ%c%h%ﬁﬁ%F?QuEﬂﬁ %ﬁﬁﬁoﬁtaﬂgl? be
appreci ated thatievebathoaghet helemshitis rT of the target 308 is small, the
probe 300 need not come 2Q excessively close to the target 308 to devel op a
det ect abl e capacit anE&9betRedf PRecBEn¥sEW30S hhe hae-¢anrgret 3o®padhtves

because thesshaged,$8RSRENB0Leh S0 f iﬁg& S%;p mai ntain the uniform

e
di stance rp-rT between the sensor 302 and the cylindrical surface of the

target 25 308. MoreoVég, bdraudse & herdisst-arceibatleen dwhe idensetraddrgans
the target 308 is uni orn% kggmn formul as such as equation (1) describing
the general relatToR3hFP BEEHEEA TEPACTIERCRE ahide RS ATt 3oy gapacitive
paral | el - pl ate gappriateneBys&esSABOVEd t g0obtain an accurate neasurenent
of the 30 uniformdistance rP-rT. Fig. 3b depicts an end view of the probe
300 (see also Fig. 3&}9: A3 sﬁo%nP1¢PF¥¥ﬁW:§£)qiﬁ@qmﬁ@béaggethaéementm

rectangul agqcr oss- Seﬁﬂgrg”-zlbslo%i fécadrloys’s—gc,@%t%?lgﬁ gg:geviz ncolfUd%gi:—zﬁgsl%%ed

rect angul ar sensor el enrent 302 and a guard el énmen surroun
sensor el emrent B8PgeBeehement hef chioss-&ection of the sensor 302 is
rectangul ar, the . . .
Fig. 4c is a plan view of a non-contact capacitive
displacement sensor according to the present invention
that may be used to measure a distance between the sensor
25 and the shaped target element of Fig. 4a;

Fig. 4d 1is a cross-sectional view illustrating a
conductive pattern comprising a sensor element and a
guard element applied to a substrate of the non-contact
capacitive displacement sensor of Fig. 4c;

30 Fig. S5a is a flow diagram of a method of

manufacturing the non-contact capacitive displacement

sensor of Fig. 3a; and



5 anount of axial cylinder height required for the sensor 302 is reduced.
The guard 304 is configured to nmake the sensor 302 | ess sensitive to

capaci tance that m ght devel op between the sensor 302 and ot her portions of
the probe 300. 10 As descri bed above, both the radius rT and the axi al

hei ght of the target 308 may be relatively small, e.g., the target 308 may

be a disk. Fig. 3c depict a preferred..i npl epentation of the praqbe, 300
whi ch nay be enployegggé nggéuréga 8i552ﬁ§£ f$$§ﬁ%ﬂ% p? beasodﬁ? %he 35
di sk target 308maBp€actiicahly, thbe poabeod08cef EhfacB€itONPaispSademback
including two dielectric lLayers 303, the sensor el enent 302 di sposed

bet ween the twoS8PE8PEcPFi E1Pay@Fs 303, and the guard el enent 304
surrounding the two dielectric layers 303. In the 20 preferred enbodi nent,
the probe 300 of Fig. 3c is fabricated by a | am nation technique, in which
the dielectbic | ayers 303DaTAILARN PABEHIPOIONEOE TS INVENEITMN 302, and the
guard el enents 304 age Iaq;nated to thg dielﬁétrhc Iaxers 303. Further

lani nation techni ques 25 1KY ¥ HSEE usBAC TR nRRBEAERELBD T INSi bP &/ HPP nt &4
circuit boards mayeche emitayedivyo aligyw a Ehextbbe senserre! efBRLcSNSRACRS
the sensor 302 to be shaged to match the contour of the disk target 308. It

is noted that |afAPAALToKEt ePRAPEREBMENRe BHBS@RIISeBOR 0 MBASHRENGIr eSHABEH

printed 30 cir c#j res, . r. sui.tabl e | anminati on techni que that
allows electri cg%\ 3‘?9@%\ %c%ﬁqé%gﬁglég/ée)é%&t%efeff t%yberesteg(?l?&?'bet ween

non-el ectri@al | y conBuct iiwproayer s,ndtcdir st erdasd osed e nph oy ta cEthént 4a
depi cts another representative target elenent 408 that may be neasured
using a non-conf&BFCE cEpdritT sttalc et P&ermBr cxeorffihgreentaeely
present inventiQBas@PeryfiLfablycahbBe tEQ@ate el eMRNt s408,) S a%cfj' sk é"f’]éﬁ)]ecﬁl
rai sed annulus 410 whose axi al position needs to be neasured. A
cross-sectional tgrgatef tIhe drdeardrigetduds dawsl uchpar ithievaandibpba déenis
depicted in Fig b.. the presently disclosed enbpdi ment, the radius
of the disk tar%%f‘gﬂgs llAs&rue a i\?el*‘i'/e%srfiﬁ | ,e%*SH‘Sn he'ahhid ud 43Bapg  that

rel ativel ylharr subsEhgti4T] geph€diseanttid |dgipeatdrv @ henkadiyaent 1 efedt .
noncont act capacitive displacenent sensor including a probe 15 400, in

accordance with the PpPe9ERErPAvefERGFitiNet ¥ SHlagemeatedardsud nemyidde
probe 400 has S I t (, of the target
ORI CHPR R LT, PEYEIRRREY Notviet fidbe

408, particularly,” the contour of € annu
400 includes a skassnrige apfl Bhe@Otgugetd HYOUng usd antédl | YA sewmiwech digat he

sensor 402, in g@ich.%heecgnbigation of the sensor 402 and the guard 404 is
di sposed on a sUFFACE"bIC a  $WSITAE D1 R ShERuFa i ¥ilgiclqdes fe RIRRR of

the sensor2002 havifgt a0fpbatect WhficAl friddgoMBOsa sadiss af cipyvatwse,
"rS" matches the 25 radius of the annulus 410. In the preferred enmbodi nent,
the width of thEhRertderaoplate nede &he glEPRCAGPrOVRIMRTEEY hohe target

correspondi ng wW,db b 0fi; L B, 20RM S5 418 i@? ﬁeéggg%&: ”iﬁhg—! gcgzesig?%gg}’da%g

positioned so that there 1s a uniformdistance ween
the annul us 30 440cpamdttiber, eftdree knoba fier mbaAgyisUcines eguaimeny( kyiabove
may be enpl oyed_to %btain an accurat e, neasurenent -12
the target 'surface being measured, thereby forming the
25 capacitor. The distance from the probe to the target can
then be derived by measuring this capacitance because the
relationship between distance and capacitance is known.
Specifically, for an ideal parallel-plate capacitor,
capacitance and distance are related by the equation
30

C = 8OA/dI (1)



of the uniformdistance separating the sensor 402 and the annulus 910. In
the presently disclosed enbodi nent, the substrate 412 has a rectangul ar
cross-section. It will be 5 appreciated, however, that the substrate nay
have any ot her suitable shape, e.g., to avoid various features that m ght
be nounted proximate to the target 408, or to avoid other features of the
target itself. It is fyrther appreciated that the guard 404 may have an
arc-1ike 10 shapgé, Wi&lcghoxﬂm id® FiRE crpacitase.oter 3ai thbl peshapeivEty.
4d depicts a prefrer i ntvat4 on .of e_probe 400, which nay be

enpl oyed to neagtf?ef?%ee gﬁgﬁgce%ro%st h%ﬁ%r 8%5840%tdt ghfaheo%ﬁq?ﬁjl%ssﬁpéf)r
Specifically, tkéepeolbe 400 OfdFigs #dHecanprihses & rbir sthecondusdd veo | ayer
15 formng the uardt409 pl'%ﬂito a surface of the substrate 412, a

di el ectric |ayer2465tdi spggeaé %k Buardied4onantl i sésonthe ondaberve-

| ayer form 8g thergersaer s482capehi 0 i elect 0 The first
conductive | ayer i ?@opti onal |y Eg??gsﬁédkggr?orgﬁq %oe?ﬁgl’%g‘?%€4gﬁan Rd*t'he
second conducti ¥8€l gpeacisapacterned to formthe sensor 402. In the
preferred enbodi nent r i.s f.abricated by a sil kscreening,

t echni que, a | aser cgpkgﬁg%tfgc%r#%%éy 54 Lo oﬁ'%%o@‘?%p‘ﬁ%ffeéﬁﬂi‘aﬁé‘?te
which is used térdel iampatta 25 the asbodecthue |@yersdad ief nsredeahnot ogjgs
for inplenmenting these, techniques include thick-filmtechnol ogies,
thin-film techngF8EFes-}St eacthngﬁééitesofi KEOhofe NiEEl t®lpanactbee riged
and flexi bhe prig 61 [ o] r I tabl e technol ogy t hat
may 30 be used tobggé%ﬁggt ﬁ??\@%g ?%r%égﬁé;%%d%@%i]\D/]Z&:)%y%rrlgt%h% ?Jﬁ%%lajf%
-13 A nethod éarfiabencaghngo abeode tont et tarch padiddque rdilsplacesestgsensor
i ncl udi ng the probe %00 d pi(gted in Fig. 3c is illustrated by reference to
Fig. 5a. In this illG$rati vERETHOd2 a 'Gi WY ofif t 8cHRs 1dgealt haens

used to fabricatenthexi bhpapltivedachp Cabindoar sdond Sr coBhoyEL; | %Lﬂ;}f%%‘e
e .

resulting probe_to be shaped to match the contour of a target e(f

depi cted in stepf8ofhal defdydes| amsritraud apr eended. eNextentdildlXBcta i gudryer s
are | am naf ed, e i tep at_.l eas t o qpposi ng surfaces of
t he sensorigl engﬁ?ﬁgﬁ{és%ggfi \Q/rel'fiy?1 §§§8d9|egﬁgﬁp§ z]ilgg'th I‘ij}ﬂ“&’atlé}j,ﬁa%'
depicted in step, 508 tgmarte IS5 pectivendd etret eiechayer senkber ey f ofgd ng
a stack of conductive elements (i.e,, the sensor elenent and the guard

el enent s) separg?%dgﬁﬁupﬁe iDLt r 106 150r By erds. T FiGabhpt 1w ronagls the

including the sghspd elgent fig shaped, 754 dgRi C i p508, 10 nBtch
the contour of the target el ement l.a%A nmet hod of fg lg}f%:(g%lféﬁ(g éC%norrxl@}é(e)ntt 5

capaci tive di spPaeepentl&ensisd nsleudiing viehe tpr obepd60taepe ctetht n @yt 9.
4d is illusgratg, e Fi.g. _5b. depicted in step 512, a
substrate Ts pro%Y%%%é %Igé‘tsg&g #??s?gggﬂﬁu%@?vgn a %?‘eirs PRFSILcag, ofs the

depicted in stepr&bd, 100.a Funfraes,oftHehegsinsd rategt 0060r ot be guard -
el ement on the substr%e urface. The first conductive 25 | ayer is
optional Iy patt®#hed t PREVGLYFE ePEndrte seEebant L8Pty Brevidderls & he

sensor el enent appti&s tRast R PLG Eggddﬁceﬁ&ﬁﬂf k:ﬁge;’prjo%et (?Qfappl gl(raeg’

as depicted in step 516, on thé first con tive Tayer formng e g
Next, a second GomiRiRtieal ayeebe s180 patliedined ahd appluedr asndep gtoed in
step 518, pel thles d'g%k%‘%%ﬂh% liaf}/seernsti ifv%r rQ:é herosfgréiggl' a-ll-:)hoeutsegl?lgd p-rlol}ge’s
axis, and typically provides a maximum sensing area for
its dimension. Moreover, the sensor 102, the guard 104,
and the ground ring 106 typically comprise respective
machined metallic parts, which are bonded together to
30 form the overall structure of the probe 100.
One drawback of the conventional probe 100 of Fig. 1

is that it may be incapable of accurately measuring a
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conductive layer is patterned so that the sensor el ement matches the
contour of the target elenent. It wll be appreciated by those of ordinary
skill in the art that nodifications to and variations of the 5
above-described shaped non-contact capacitive displacenment sensors for
measuri ng shaped targets may be made wi thout departing fromthe inventive

concepts disclo i ex | e, ot her ohes shaped for use wth
targets having §EgB§§E§n K |v%ﬁ]sig}ﬁg %iepgeo:}en]t(?}ioapraoﬁt 8§gege§}ﬁvllt5‘@d a
above may be fahphepledausisngfuke.t eciont qeesmgisc! psgd herRigictBuch gi@sobe
may include at | east one Zlensor el enent shaped to substantially match at

| east one desir&dSHorfth nédf ofOmBFRpIQAY Pesbar el Ut aandr get tegdss 208

measured. Accor gdipghy, ot he,iWentdon sheplde 15 nQt heui eygd ag it
except as by the sco%eaan spirit of tlﬁe appende% c%}g? ns. 1?}% CLAI V\/eslq?/%at
is claimed bs: propendflcort actedapacieaverdi splddctmpre Selisdsetween the

conprising: at |least _one conducti.ve sensor ele having. a shape t hat
substantial |y nBTCRRE alrbcfc)]rurcgescgor]rffi nbh%hé)pré’%(?f mziBbl ead%‘{ gﬁ‘@ nBHH P&t cdt
non-pl anar featyaeqget aogarget to be neasured, 10 thereby allowing a

uni form di stance to be maintained between the sensor elenent and the target
feature while the sehbori%®l 8BRBRECI3t A spbeéd Proxraaventbonhd waopet . 100

The sensor of clai,ml. f nc i ctj . quar.d el enent
configured to shggt ak#t\i %ﬁj{;gg&rﬂr o%gg:lg t%g%g(eé(r%%g e ée/arersr’sn l.r%s. t%ﬁe (gj_eﬁts%l?c%f
claim 2 futbherbehekedi hyeasgnsundart earayl tndfigar etht@etsubst amé i shdiyus

surround the guardgﬁo el he sensor of claim 2 further including

ment. 4. .
at |east one nofifc 8u8ty§68 EFetént-3di98pos dP5diSkeert ft Hd & gicbiruse| &fherie and

the guard el emepy1suHaroundi ng & s6RSOLEn251el el - (e T@%né%gs%agf k?%]ai m
4 wherein at |east the sensor elenent is shaped to match the shape 0of e

feature of the iafgeeble bé deaysderpdng3@ capacitance large enough to be
detected and subsequently processed without coming
15 excessively close to the target.

Such a cylindrical target having a small radius “ry”
is depicted in Fig. 2. Because the radius r¢ of the
target 208 is small, the conventional probe 100 must come
to within the small distance d of the target 208 to

20 develop a capacitance large enough for detection and
subsequent processing. Further, it is noted that the
capacitor formed by the sensor within the probe 100 and
the cylindrical surface of the target 208 does not
approximate a parallel-plate capacitor, and therefore

25 equation (1) describing the general relationship between
capacitance and distance for a parallel-plate capacitor
may not yield accurate results for the distance d.

Fig. 3a depicts an illustrative embodiment of a non-
contact capacitive displacement sensor including a probe

30 300, in accordance with the present invention. In the
illustrated embodiment, the probe 300 has a shape that

substantially matches the contour of a target 308. In

-0~



-16 6. The sensor of claim1 further including a ground el enent
configured to substantially surround the sensor elenent. 5 7. The sensor of
claim1l1 further including a substrate, the sensor el enent being di sposed on
the substrate. 8. The sensor of claim7 wherein the sensor el enent _
conprises a conductive | ayer disposed on the substrate, 10 the conductive

| ayer bein at tefrn h S e,of the feature of the target to be
negsured. 8.pA ﬁgfhgﬁn%?ngﬁgig%??%ghggﬁ%ﬁ?é%atgﬁ? %éﬁaegthJ d%%p&éE@ﬁenF
sensor, conprisieng.-thehst epsraaft AR pr:rao_,x/lmb neg @yLMf ’“M?efﬁi;@g%ngg?”%t’
appl ying at | east _on on- cqnducti v ayer to a surface o _

elogrrgnt g t her eb)?tn?l?ﬁg’t gﬁ‘& iH deiwqmé%rf?t@%r?ﬁttmi Rurlfece
non-conductive bayefie 28y apRhyt NI gk 19aste Q08 copdugtive laven toa .\
surface of the ﬁ%ﬁ-cé%dﬁ%tive | ayer, thereby substantléﬁﬁy sdf#ouﬁﬁ?nﬁ fhe
non- conduct Pve tayertwi3Of tise Sctmiductfi.\gﬁ )| ayrer ;taaﬂ;:étz_hﬂm nﬁaﬁtbé ]?aztjilgggst
sensor el enent su nti y 25 nmatc correspondi ng shape o

one nonl i near o%gﬁonggﬁgﬁar§¢éath§en%ha2542uﬁﬁﬂ S fredddredmatRBr eble

al | owi ng a uni f eomtdust afcehtoebge NBE NEidk Neds et ween the sensor el enent and

the target feature while the sensor element is disposed proximate to the
tar get . g30 -17  10. I¥he Srebhbld ofhataithey aipkirdriaadle target appByieg shep

i ncludes | ani natbngcthe1gt shgast rgAguB0NzEONAUCtiye; Laver; ta,Lhe surfage of
t he sensor el enent.

10 described above, the probe 300 has a shape that
substantially matches the contour of the target 308.
Accordingly, the probe 300 including a sensor element 302
(see Fig. 3b) is shaped to have a radius of curvature “rp”
that substantially matches the contour of the cylinder

15 surface, thereby allowing the sensor 302 to measure a
uniform distance “rp~ry” between the shaped sensor 302 and
the shaped target 308.

It will be appreciated that even though the radius
rr of the target 308 is small, the probe 300 need not come

20 excessively «close to the target 308 to develop a
detectable capacitance between the sensor 302 and the
target 308. This is because the shaped sensor 302 is
configured to maintain the uniform distance rp—-ry between
the sensor 302 and the cylindrical surface of the target

25 308. Moreover, because the distance between the sensor
302 and the target 308 is uniform, known formulas such as
equation (1) describing the general relationship between
capacitance and distance for a parallel-plate capacitor
may be employed to obtain an accurate measurement of the

30 uniform distance rp-ry.

Fig. 3b depicts an end view of the probe 300 (see
also Fig. 3a). As shown in Fig. 3b, the probe 300 has a

-10-



5 11.- The nethod of claim9 wherein the second applying step includes

| am nating the at | east one conductive |ayer to the surface of the

non- conductive layer. 12. The nmethod of claim9 wherein the at |east one
nonl0 conductive | ayer conprises a dielectric layer. 13. The method of
claim9 wherein the first applying step includes |am nating the at |east
one non-conducti ve Iaéer to the surface of the sensor_el enent, and wherein

15 the second appYPRGUSEEp GHRAUFSS YRR nat PRECLhECal LY eadheorRr &mdalfi ve

layer to the sunhacadel tde BeR-eQRTHEt | M& dAY el hbRE ey f Oafq'jn@a agaégak
of conductive |ayers separated by at | east one non-conductive [ayer: 14.

A met hod of fabeil€aenihg 38 inanrgomraldnac diveci sanse i slHnEoenedl2 senBecause

i Si th f i.di bstrat e; di i t | t
Conduct i ve | ayer "on PR SOt ot 0 55 UReP B ACEnd Ot 10 RSt RS EhticEPe.

| ayer is pabteraaduhe ﬁﬁﬂrﬁﬁdale@?li@@@rSﬁ@&ghtekéqﬁﬂke@ni&ﬂﬁ'@%@Sgéﬁégr
and wherein the _at | east the sensor elenent has a shape that substantially

mat ches a corresféndisng esase -of e 30:9%hsi0 s nepnt Faaredrtaona bt ahbe
feature of a taggelyto @92”99§Q§6m%$ﬁgf&ivéhqfeb%al&d@@ Ng.ca %thorﬁiggFure

di stance to be mai ntai ned between the sensor el ement and the target

whi | e the sensoregképpnbeityedins pbsedemsoxi BiiZe dral tdhdargett idnd 5o f Thre
nmet hod of claim.14. wh b in the at | east one conductive |ayer includes a
first conductivgrpgﬁeﬁ §0nprising a guard el ement and a second conducti ve

| ayer conpnpsing t hepaseaserrébeaerbovihenguar énel eaBRLsSHhsLaat LRL! ¥xial
surroundi ng the sensor elenent, the guard 10 el enent bei ng di sposed between

the substrate ah@ighé $dnsdre etanesl . 308, mAbe beettwld tofveadlyai smalil wher gi n
15 surf ace of { FaCsubStiate B a btk Eor Ber Gt echridie. “7. SYRCHSL hod

of claim 14 furphbeferpetudimpgehbatatepnofopaiierpiaige t Beoat Whaast e be

conductive layeémgXogeéa%grn%ggg;ggat%ﬁgqg%%%'f%%m the probe 300 to the

15 disk target 308. Specifically, the probe 300 of Fig. 3c

comprises a stack including two dielectric layers 303,

the sensor element 302 disposed between the two

dielectric layers 303, and the guard element 304

surrounding the two dielectric layers 303. In the

20 preferred embodiment, the probe 300 of Fig. 3c 1is

fabricated by a lamination technique, in which the

dielectric layers 303 are laminated to the sensor element

302, and the guard elements 304 are laminated to the

dielectric layers 303. Further, lamination techniques

25 like those used to manufacture flexible printed circuit

boards may be employed to allow a flexible sensor element

such as the sensor 302 to be shaped to match the contour

of the disk target 308. It is noted that lamination

techniques like those used to manufacture rigid printed

30 circuit Dboards, or any other suitable lamination

technique that allows electrically conductive layers to

-11-



18. The net hod of

claim 14 wherein the disposing step includes applying the

at- | east one conductive layer to a surface of the substrate by a

phot ol i t hogr aphy t

echni que. -19
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disk with a raised annulus 410 whose axial position needs

to

be measured. A cross-sectional view of the disk

target 408 including the annulus 410 is depicted in Fig.

10 4b.

In the presently disclosed embodiment, the radius of

the disk target 408 is relatively small, and the annulus

410 is relatively narrow.

Fig. 4c depicts an illustrative embodiment of a non-

contact capacitive displacement sensor including a probe

15 400,

in accordance with the present invention. In the

illustrated embodiment, the probe 400 has a shape that

substantially matches the contour of the target 408,

particularly, the contour of the annulus 410.

Specifically, the probe 400 includes a sensor 402 and a

20 guard 404 substantially surrounding the sensor 402, in

which the combination of the sensor 402 and the guard 404

is

Fig.

of

disposed on a surface of a substrate 412. As shown in
4c, the shape of the sensor 402 is that of a section
a ring whose radius of curvature “rg” matches the

25 radius of the annulus 410. In the preferred embodiment,

the width of the sensor 402 is made slightly narrower

than the corresponding width of the annulus 410. As a

result, the probe 400 may be positioned so that there is

a uniform distance between the sensor 402 and the annulus

30 410,

and therefore known formulas such as equation (1)

above may be employed to obtain an accurate measurement

-12~
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In the presently disclosed embodiment, the substrate
412 has a rectangular cross-section. It will De
5 appreciated, however, that the substrate may have any
other suitable shape, e.g., to avoid various features
that might be mounted proximate to the target 408, or to
avoid other features of the target itself. It is further
appreciated that the guard 404 may have an arc-like

10 shape, as shown in Fig. 4c, or any other suitable shape.
Fig. 4d depicts a preferred implementation of the
probe 400, which may be employed to measure the distance
from the probe 400 to the annulus 410. Specifically, the
probe 400 of Fig. 4d comprises a first conductive layer
15 forming the guard 404 applied to a surface of the
substrate 412, a dielectric layer 403 disposed on the
guard 404, and a second conductive layer forming the
sensor 402 applied to the dielectric layer 403. The
first conductive layer is optionally patterned to form
20 the guard 404, and the second conductive layer is
patterned to form the sensor 402. In the preferred
embodiment, the probe 400 is fabricated by a silk-
screening technique, a 1laser cutting technique, or a
photolithography technique, which is used to delineate
25 the conductive layer ©patterns. Technologies for
implementing these techniques include thick-film
technologies, thin-film technologies, technologies 1like
those used to manufacture rigid and flexible printed
circuit boards, or any other suitable technology that may
30 be used to apply a thin patterned conductive layer to a

substrate.
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"10%& ()-f2v: ZsFeP ?p@ goSEypor element’ is provided. "Next, dielectric

101111 109AIUE () agakh” 10%E (A2 0%s 846D 12204 " 192852 ot least
10 to opposing surfaces of the sensor element, respectively.
Guard elements are then laminated, as depicted in step
506, to the respective dielectric layers, thereby forming
a stack of conductive elements (i.e., the sensor element
and the guard elements) separated by the dielectric
15 layers. Finally, the stack including the sensor element
is shaped, as depicted in step 508, to match the contour

of the target element.
A method of fabricating a non-contact capacitive
displacement sensor including the probe 400 depicted in
20 Fig. 4d is illustrated by reference to Fig. 5b. As
depicted in step 512, a substrate is provided. Next, a
first conductive layer is applied, as depicted in step
514, to a surface of the substrate to form the guard
element on the substrate surface. The first conductive
25 layer is optionally patterned so that the guard element
substantially surrounds the sensor element applied in
step 518. The dielectric layer is then applied, as
depicted in step 516, on the first conductive layer
forming the guard. Next, a second conductive layer is
30 patterned and applied, as depicted in step 518, on the

dielectric layer to form the sensor. The second
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It will be appreciated by those of ordinary skill in

the art that modifications to and variations of the

5 above-described shaped non-contact capacitive
displacement sensors for measuring shaped targets may be

made without departing from the inventive concepts
disclosed herein. For example, other probes shaped for

use with targets having shapes and dimensions different

10 from those described above may be fabricated using the
techniques disclosed herein. Such a probe may include at
least one sensor element shaped to substantially match at
least one desired nonlinear or non-planar feature of a
target to be measured. Accordingly, the invention should

15 not be viewed as limited except as by the scope and

spirit of the appended claims.
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1. A non-contact capacitive displacement sensor,
5 comprising:
at least one conductive sensor element having a
shape that substantially matches a corresponding shape of
at least one nonlinear or non-planar feature of a target
to be measured,
10 thereby allowing a uniform distance to be maintained
between the sensor element and the target feature while

the sensor element is disposed proximate to the target.

2. The sensor of claim 1 further including a conductive
15 guard element configured to substantially surround the

sensor element.

3. The sensor of claim 2 further including a ground
element configured to substantially surround the guard

20 element.

4. The sensor of claim 2 further including at least one
non-conductive element disposed Dbetween the sensor
element and the guard element surrounding the sensor

25 element.

5. The sensor of claim 4 wherein at least the sensor
element is shaped to match the shape of the feature of
the target to be measured.

30

-16-



fZ 10%& ()- 910%& ()- 10 10 10 @10%&' ()-e_ "~ aaCbFbwxXx9 = 10!!F5 10%& () -
LO109%&' ()- !'FY("10%& ()-z!F'"10%&' ()-!F"109%& ()-!>F"109%& () -
FbKbLbMoNbbblcc_= 10! 13"10% ()-!'@!'10% & ()-zGlO%& ()- 10%&' ()- 10 10
10@ 10%&' () - cd9ddd4eezX6_= _

10! ! +F] "10%&' ()-!F| "109%& ()-!F|"10%& ()-!F|"10%i & () -

10%&f()'!03"10%@1()-@EE*Q%§%§%94g§g%thﬁl 1 further including a ground

10

15

20

25

30

element configured to substantially surround the sensor

element.

7. The sensor of claim 1 further including a substrate,

the sensor element being disposed on the substrate.

8. The sensor of claim 7 wherein the sensor element
comprises a conductive layer disposed on the substrate,
the conductive layer being patterned to match the shape

of the feature of the target to be measured.

9. A method of fabricating a non-contact capacitive
displacement sensor, comprising the steps of:

providing a conductive sensor element;

applying at least one non-conductive layer to a
surface of the sensor element,

thereby substantially surrounding the sensor element
with the non-conductive layer;

applying at least one conductive layer to a surface
of the non-conductive layer,

thereby substantially surrounding the non-conductive
layer with the conductive layer; and

shaping at least the sensor element to substantially
match a corresponding shape of at least one nonlinear or
non-planar feature of a target to be measured,

thereby allowing a uniform distance to be maintained
between the sensor element and the target feature while

the sensor element is disposed proximate to the target.
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step includes laminating the at least one non-conductive

layer to the surface of the sensor element.

5 11. The method of claim 9 wherein the second applying
step includes laminating the at least one conductive

layer to the surface of the non-conductive layer.

12. The method of claim 9 wherein the at least one non-

10 conductive layer comprises a dielectric layer.

13. The method of claim 9 wherein the first applying
step includes laminating the at least one non-conductive
layer to the surface of the sensor element, and wherein
15 the second applying step includes laminating the at least
one conductive layer to the surface of the non-conductive
layer, thereby forming a stack of conductive layers

separated by at least one non-conductive layer.

20 14. A method of fabricating a non-contact capacitive

displacement sensor, comprising the steps of:

providing a substrate; and

disposing at 1least one conductive 1layer on the
substrate,

25 wherein the at least one conductive layer 1is
patterned to form at least one sensor element on the
substrate, and

wherein the at least the sensor element has a shape
that substantially matches a corresponding shape of at

30 least one nonlinear or non-planar feature of a target to

be measured,
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the sensor element is disposed proximate to the target.

5 15. The method of claim 14 wherein the at least one
conductive layer includes a first conductive layer
comprising a guard element and a second conductive layer
comprising the sensor element, the guard element
substantially surrounding the sensor element, the guard

10 element being disposed between the substrate and the

sensor element.

16. The method of claim 14 wherein the disposing step
includes applying the at least one conductive layer to a

15 surface of the substrate by a silk-screening technique.

17.  The method of claim 14 further including the step of
patterning the at least one conductive layer by a laser
cutting technique.

20
18. The method of claim 14 wherein the disposing step
includes applying the at least one conductive layer to a

surface of the substrate by a photolithography technique.
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