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angpa ground el enent . %$§§% §§EER@W§ﬁeﬁP B@Légﬁpl@BPéaCﬁﬁloﬁﬁrround t he
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March 19, 2003 entitled SHAPED NON-CONTACT CAPACITIVE
DISPLACEMENT SENSORS FOR MEASURING SHAPED TARGETS.
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15 DEVELOPMENT
N/A

EACKGROUND OF THE INVENTION

The present application relates generally to non-
20 contact capacitive displacement 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 might develop between
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' r and other portions of the probe. The ground elenent is
E:g'ﬁffnggd to surroung the guard el enent. Specifically, theI arotjﬂd elrggﬁgt
constitutes a part of the structure of the probe. For exarrP e, eei%

5 el enment may be configured as a ring providing a surfaCﬁ or uz N
mounting the probe. It is noted that the guard and/or the groun g may

1 £ond i - | ement, the guard
tted f; pr. , a-ions. The sensor e
gfe(rjgnt, andtfék?eggggaﬁd ag]:%l‘eanent JO]?;B'{; 5" CoRv Ent ?E(Bﬁalp]ﬁ?k?)@oe 18hgeErsaind

typical |y codpemset r espectdni quaehi ned rrf@h@kb%ﬁd pawd ;lﬁd%doggﬂs??\%&gﬁgr .
i nuf acturing process to. ormthe over _ .
ng:t P%i Lgl g?brrét;gc?jller1T3<1;a}01+tjﬁé‘r a%ihc‘?n,g%%%“%eﬁé@ﬂeéﬂuen@mstbtutm convent i arfal

i i | enent forns
etHor & rone ylat gsof -1 gapaci tor, t he target el i
PLgbgt ﬁg\r” §| ate of the Li[c}lapaci tor, a%got he di stoanchsgfaﬁen tHe prebé cand
the taryet ??W‘ér%ﬁﬁe@ebwmmﬁmg $h6a¥ﬁ1’j}r?t It%ﬁ;:%u%ﬁa%a%?t%%%k%g??es
the # i ve. conductive . ates.,g e det e . ita .
\t/)\n?': \kllvet?ﬂe d?sﬁﬁggg%etﬁeeﬁgfﬁ%ﬁﬁg ptﬂ?)%epéiﬁﬁ’vt'he tL&r get , naRadt mfsawf[ellrtiha'ltoleon
roceased to profuce an out put o anal T 2a%i Ve of TLRGH Stalice Sohea
oduce an out put signa i ndi cé Fe
Eﬂgﬁgzsfﬂ toﬁép‘{ﬁ%téﬁ?ﬁl%ﬁe@@“ iS-the Coavestnsoal glamaont aghecapasairhi ve

i SN i dr awbacks. For exanpl e,
5d | ace S CcLi be ove has, seyeral ac _
ﬁecalu:g thenge\}glt}r[i1 ous galynecgreet?l%s %T&I?%eeg%rﬂ%%ht?onEF}epFBBgeHeWBélty”ﬁpéél |y

conpri s¢ i Witualt ymechilded panpsistherpsosess,d o Bnulact uring ;.
parts that are bonded together in a manufacturing process
to form the overall probe structure.
In a typical mode of operation, the sensor element
of the conventional probe device forms one plate of a
15 capacitor, the target element forms the other plate of
the capacitor, and the distance between the probe and the
target 1is determined by detecting the variation in the
capacitance between the respective conductive plates.
The detected capacitance varies with the distance between
20 the probe and the target, and this wvariation in
capacitance ©provides s 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 conventionel 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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the probe can be highly | abor intensive, which can cause 30 an increase in
the overall cost of the sensor. In addition, using the conventi onal
non-contact capacitive displacenment sensor to obtain distance -2
measurenents can be probl emati c when neasuring the distance between the
sensor and a shaped target, i.e., a target elenent having a shape that
does not approximate a _flat conductlve pl ate. For exanple t he target

el ement 5 mAY PEETEEKR, drfd it %ayPEBDHE?PFaBIeW Nus &g He T Chvehl® ona

probe devi ceiilsa dRAS W i StaNCeRELVegRy therpiebe and;an edge of jthe
disk. In this exanple, the edge of the disk is not flat, ”but i nstead

fol | ows t he tagigeduledrerea it dun=ref & hehafiskihals doeesubt , apheotfmgoabinat i on
of the sens e and‘;he target el enent i i sk edge) does
not form a g£r§1 g? ' cApacttor, ﬁ%ﬁde%%WQ ﬁtl&ﬁglqﬁgﬁﬁﬁﬂs g%m%n

det er mi Bi ng nizhe b@apaC|dﬁ@Be hetaveer tweypasal |&lsipladies eannokeberysed

for accurately nmeasuring the distance bet ween the probe 15 and the shaped

target. It ﬁﬁﬂWfW%ﬁ%ﬂﬂ%ﬂ@#Qﬁ?d@@P#éBIeQNﬁ¢@ﬁ@¥%nanﬁﬂiﬂﬁﬂﬁenbﬁ*@@ﬁ@aot
capacitive displAceeiln $ellP0LaoSUGh 8noCaRAR! L1 Ve Il agelpnl o Sefiper

woul d be capabl accurat el y" neasuring smal'l distances betwee
sensor 20 ardigshaped thar gétsk Lt wosd dfaksp heitdeshsabhe tiwlawe athe
non-cont act ca A itive displacenent sensor that is easier and |less costly
to manuf act Ure. " BRITEF SUMBRY OF THE'$ N\VEMFkON  As @  result, the

10 combination of the sensor element and the target element
(i.e., the disk edge) does not form a parallel-plate
capacitor, and conventional methods of determining the
capacitance between two parallel plates cannot be used
for accurately measuring the distance between the probe

15 and the shaped target.

It would therefore be desirable to have an improved
non-contact capacitive displacement sensor. Such a
capacitive displacement sensor would be capable of
accurately measuring small distances between the sensor

20 and shaped targets. It would also be desirable to have a
non-contact capacitive displacement sensor that is easier

and less costly to manufacture.

BRIEF SUMMARY OF THE INVENTION
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In accordance with the present invention, an
improved non-contact capacitive displacement sensor 1is
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.



25 In accordance -wth the present invention, an inproved non-contact
capaci tive di spl acenent sensor is provided that nmay be enpl oyed for
accurately measuring snall distances between the sensor and shaped
targets. Benefits of the presently disclosed capacitive 30 displacenent
sensor are achieved by providing a sensor elenment having a shape that
substantially matches the shape of the target. -3 In one enbodi nent, the

non-contact capagiti¥ge diSRlaes , sepgor g confiqured Lo measure a
di stance to at |east Sne target el enent, |nrlr}gﬁx#%%g ar%ja ac%?%ﬂ%nt has
a non- | i neatisgWagsminani f serschaiactariSiquredants omeasnes- [ ansstsheped
surface characteristic, The on-contact capacitive displacenent sensor
conpri ses gx?pF%bei?ﬁEFuéFﬁb gFlﬁgﬁstegﬁ@eEgnddEﬁiVguéghSGPeel%%¥ﬁﬁ§ and a

conducti ve gisichtel BEBNta 1o -Q0RAUE! | ¥16aSENS Qi r raleMeph PaS 8- Non; L | near
shaped surface and/or a non- planar shaped surface configured to conformto

a contour ¥F4Me AoROR-RAaFaghwbeslr suctacharhererkstistand/ orThd he
- pl fa erj,sti respectively, of the target
ol emont ¢ e Eﬁp%%?% Jcinlés?f%cem‘% t W&FE0r e SABPRE-SFfie

el enent to be nmeasured. uni form ance bet ween

the shapecmsabrd atecbidihe sensdasal eskat candutbevehapetborsusfakdnt,
characteristic of the target elenment, while the sensor elenent _s disposed
proxi mat e FH“fh% (CAMCt i¥ee SR Td TRECBSRBuCt | Tle g sandusitdivent s¢msor

confi gured demaitbshant ial hynsyrhaypd éﬂhppe%enge.frfslcsmﬁd/éé‘ A& on-

alternative enbodi nent, a ground el enent ‘may be
planar shaped surface configured to conform to a contour
of the non-linear shaped surface characteristic and/or
the non-planar shaped surface characteristic,
respectively, of the target element to be measured. A
uniform distance is therefore maintained between the
shaped surface of the sensor element and the shaped
surface characteristic of the target element, while the
sensor element is disposed proximate to the target
element. The conductive guard element is configured to
substantially surround the sensor element. In one
alternative embodiment, a ground element may Dbe

configured to substantially surround the sensor element,

or the guard and/or the ground elements may be omitted.

In another alternative embodiment, the sensor element may
be disposed on a substrate.

For example, in the event the target element is a
disk, the sensor element may be shaped to have a radius
of curvature that matches the contour of an edge of the
disk. 1In this way, a uniform distance may be maintained
between the shaped sensor element and the shaped target,
€.g., the disk edge. The sensor element may then be
employed to measure the uniform distance between the

sensor and the disk edge.



configured to substantially surround the sensor elenent, or the guard
and/ or the ground el enents may be omitted. |n another alternative

enbodi ment, the sensor element may be disposed on a substrate. For
exanple, in the event the target elenent is a disk, the sensor el enent may
be shaped to have a radius of curvat]tcjre tg_at mat ches tBe ﬁgr‘;?;r ncen:j an
edge of the di .dn js.way,. a uni formdistance may be ai i .
be?ween t he sha;sjﬂg1 ésen%@irjgg '%‘r!r%ﬁt é):‘il‘ld t hBS sh PR GORYGEt, eRpCithes di sk
edge. The stirgdracsm=mnt seorheasberapplayed tgsgggsugen%g}ﬁﬁgu&{m

di stance between the sensor and the disk edge. -4 This enbodi nent of the
non- cont act %&ﬁ'&ﬂ“ﬁ've‘”hdicépl ABEHERES sy ing f abir | daked usheg reon-

| am nati on «dRRIHH e, Lch 4 nclud yi n | east one non- conductive
| ayer to acscfjrfacelq%f %%Igégen%@or el gﬁggggé tcﬁ%re sG68Paht i Gt FYEnt.
sur r oundi ng-hehebye s telremienitl ywistir roubel imen-taen disidore d @yRine Nextn, at

| east one o nduct i vegﬁia er is a}g)%]i ed. to a surface of the non-conductive
| ayer, thereby SUbst? 19 tA¥Fundi Ng*E heakoreastnduist isandugyerveni th t he
conductive lagxar . 180 4EpSte@nto SU fage kel NBeseonor FleMNa s fen
shaped to forma non-linear shaped! surface and/or a ‘non-planar “staped
surface cornfY§dred Fbel?@hf’orrﬁltl@ﬁ@mmldiy ofsutrlneunédﬁngl:cne}aé shaped
surface chaugetehi;sti ..t he.non- anar shaped surface
characteri gi c, %Felg%egta?\%gjl S{ltt(l)"f %htehecotn GECVE SRERT -t 0 Ae Iresdu e,
exanpl e, tsarflaari nat | ohet eehsiogueIemerlte espkaxed dipd M@ sLagk 5

non-linear shaped surface and/or a non-planar shaped

For

surface configured to conform to a contour of the non-
linear shaped surface characteristic and/or the non-
planar shaped surface characteristic, respectively, of
the target element to be measured. For example, the
lamination technigque may be employed to form a stack
comprising the sensor element, a plurality of dielectric
element layers, and the guard 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 used to
manufacture flexible printed circuit boards may Dbe
employed to allow a flexible sensor element to be shaped
to match the contour of the target element.

In the event the structure of the disk includes a
raised annulus, the probe may alternatively include a
sensor element shaped to have a radius of curvature that
matches the contour of the annulus. For example, this
alternative shaped sensor element may be employed to
measure an axial position of the annulus. In this

example, the probe may be disposed substantially
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conprising the sensor elenent, a plurality of dielectric elenent |ayers,
and the guard elenent. In this exanple, the sensor elenent is disposed
between two dielectric layers, and the guard el enent conprises two
conductive planes lamnated to the dielectric |ayers, respectively.
Further, lam nation techniques |like those used to manufacture flexible

printed cirguyj ards_my b employed to allow a_flexible sensor el enent
to be shape@gk%%gﬁﬁ?ggafhéocgﬁﬁoga%ﬁét?éa?%ﬁg@PnEFEﬁEWP?nIWeﬁﬁﬁréVEnt t he
structure othéhengiusksiagiadesogicigh sed annul us, the probe nay

alternatively include a_ sensor elenment shaped to have a radius of
curvature that HBtEhegltsenasaveur esadisneninul @8. Ebe exampkentahbis

al ternative-ghaped; seng enpl d.to sure_an_axia
posi tion ofctﬁe anﬁulus?g?%£§%ﬁgﬁtg§%%% 5,H?hgggféﬁgtﬁggg%efargb8gea

substantiaISylk=SCpeepe@diCLﬂ&BeﬁC)tdua,plam&-ofphbgoaamﬂbgga gaamegsuring
t he annul us gfial go ition, This alternative enbodi nent of the non-contact

capaci tive GrSpradeRentC T VS fayercaPREEBYNT ordithg 3P L¥iing. sEheened,
laser cut, pstpbeheki tbpanephicaldyerdelipeatpd.gopduct bé?ck@é‘éél? ttern,
r

and applying the patterned conductive layer to a subst €. Specifically,

at | east onetcofddetPve rapérctiveli tppsediendaspubstr ahea slheteanductive
ment on the substrate,

aver, L5 Pathered R oL Al Least oneceensor, ol gueat on Lhe substrate,
pl anar shapsensor f adenmcon | gur ethd 0 RMHFAAL 0 AnCOMOM the sensor
element has a non-linear shaped surface and/or a non-
planar shaped surface configured to conform to a contour
of the non-linear shaped surface - characteristic and/or
the non-planar shaped surface characteristic,
respectively, of the target element to be measured.
Further, patterning techniques 1like those used to
manufacture flexible printed circuit boards may be
employed to allow a flexible sensor element to be shaped
to match the contour of the target element.
By providing a non-contact capacitive displacement
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
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

of the Invention that follows.
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of the non-linear shaped surface characteristic and/or the non-planar
shaped surface characteristic, respectively, of the target elenent to be
nmeasured. Further, patterning techniques |like those used to manufacture
flexible printed circuit boards nay be enployed to allow a flexible sensor
el ement to be shaped to match the contour of the target elenent. By

providing a_nenceontactcranathi bre i:SR:ARAIRNtG T AN hav g Ay ensor
el enment with a shape that substantially matches that of a target €l enent,.
smal | di st ances Det wearvenlie csensdk 1 ellenenbrandf they t argeirswlehert tgan be

measured by determ ning the capacitance between the sensor and the target.
y it Fon

Further, by ‘enptoying -Pani‘tat SHANEr t3ersi ngSPEEARF4GBs P+ kéEDEhose

used to fabrieate dd exi e pridiied Girguidhdordsinshapednsgnsor el enents
can be made for reduced cost. Qther features, functions, and aspects of the
inventioh will befe¥videntsfaonerthevbevapfed Destenpipoal piobkedemiention
that follows, -Ba EaFcQErS%E' PTI.ON OF THE SEVERAL VI EW6 OF THE DRAW NGS

The invention w ore 1 a\ry SMterstood Wt'h reference to the fol | ow ng

Detai | ed Descriptiom. of2 the d nyeaki onidw e@Nj uRst icyhwirddi drhel dpawbags of
which: 5 Fig, 1 is an end view of a conventional probe device including a
circul ar serf$OTLE éventid Fiy. P211% @ssfdeovineasvret hedéBhvBARI BRaNEgNObE

devi ce of Fighe bRging.yised 19 Rasune, 4,4 shangs,het veen the probe and a

circular target ‘el enent;
10 Fig. 3a is a side view of a non-contact capacitive

displacement sensor according to the present invention
being used to measure a distance between the sensor and a
circular target =lement;

Fig. 3b is an end view of the non-contact capacitive

15 displacement sensor of Fig. 3a;

Fig. 3¢ 1is a cross-sectional view illustrating a
laminated stacked structure of the non-contact capacitive
displacement sensor of Fig. 3a;

Fig. 4z is a plan view of a shaped target element;

20 Fig. 4b 1s a cross-sectional view of the shaped
target element of Fig. 4a;

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

30 Fig. 5a is a flow diagram of a method of
manufacturing the non-contact capacitive displacement

sensor of Fig. 3a; and



10 Fig. 3a is a side view of a non-contact capacitive displacenent sensor
according to the present invention being used to nmeasure a di stance
between the sensor and a circular target element; Fig. 3b is an end view
of the non-contact capacitive 15 displacenent sensor of Fig. 3a; Fig. 3c
is a cross-sectional viewillustrating a |amnated stacked structure of

t he non-contact capaciti LsSpl acesent s r.of Fig. 3a; Fig dais a
pl an view of a shgggd té%ﬁetggleﬁ%nt??gﬁo %?é%*ig iéaa c?osgﬁgggplon Vi ew
of the shapedantdrgetirehgnentheof riirgzcotetadi g.caAtadiStare! adi b EN-&fe i
non-cont act capaci tive_.di sgl acenent sensor according to the present
invention tR Sﬁﬁyo efifed*to neasure a distance between the sensor 25
and the shaped target elenent of Fig. 4a; Fig. 4d a cross-sectional view
illustrating a conductive pattern conprising a sensor element and a guard
el ement applied to a sUBSATHED OfE IR FIGIHIC @Mt amtEf Iwmmﬁtogwef di spl acenent
sensor of Fig. 4cy; 30 Fg. Sa is a flow diagr of, a net ho ce oen
nanufacturing theUhgh-c%#h%ﬁﬁ*?ﬁﬁggcﬁﬁgvg dﬁ%ﬁ?ggﬁﬁéﬁFl g@nsp CotSF 7 3a;
and -6 Fig. 5hles a Mdwow di agram pboa mestod 16fq  menubaet unide-¢heracr

non- cont act aBaciti_ve di spl acenent sensor of,Fig. 4c. 5 DETAILED

DESCRI PTI ON éf— FHETE NYENPLORLBCEMENTov iSENGRRS PatCEnt MEASURALG orSHIRED

60/ 455, 757 TaRGETS is incorporated herein by reference.

10 An ilmproved non-contact capacitive displacement
sensor is disclosed that may be employed for accurately
measuring a distance betwéen‘ the sensor and a shaped
target. The presently disclosed capacitive displacement
sensor includes a sensor element having a shape that

15 substantially metches the shape of the target element.

In general, capacitive displacement sensors provide
displacement measurements without physically contacting
the surface of the target being measured. A conventional
capacitive displacement sensor typically includes a probe

20 having a plate, which forms one plate of a capacitor.
The other plate of the capacitor comprises the target
whose displacement is being measured. In a typical mode
of operation, the probe is brought into proximity with
the target surface being measured, thereby forming the

25 capacitor. The distance from the probe to the farget can
then be derived by measuring this capacitance because the
re_'ationship between distance and capacitance 1is known.
Specifically, for an ideal parallel-plate capacitor,
capacitance and distance are related by the eguation

30

C = SoA/d, (1)



filed March : L9, 2003 entitled SHAPED NON- CONTACT CAPACI Tl VE DI SPLACEMENT
SENSORS FOR MEASURI NG SHAPED TARGETS is incorporated herein by reference.
10 An inproved non-contact capacitive displacenent sensor is disclosed
that may be enployed for accurately neasuring a distance between the
sensor and a shaped target. The presently disclosed capacitive

di spl acenent, sensor includes a sensor elenent having a shape that 15
subst anti al 1} nétthes thel8hipé GRPaKEteRacget "€enbht ChenPgeReEaLYity

capaci tive digplagenent,sensans provide displ agenent nRasyremegls yithout
physically contacting = the surface of the“target béing feasured. “ASC"
conventi onaleleapaci t énveé UdSpliacerrent dsensoce t ypomaldne iswlddesta prebe 20

having a plate, which forns one plate of a capacitor. The other plate of
t he capacitgFa%%ﬁgrisé§3tHgLPE?Seﬂaymﬁ8§ét6P§pl%@eneﬁ? i S%ePrgPAEASTr ed.

In a typj cal-amde: ofsopesatiomgthe probe {s broyghtyi nLaPEQXLELLY Wi th
the target surface being neasured, thereby form ng the 25 capacitor. The
di stance frome heaprobenes the target can then be derived by neasuring

this capacitance hecause the  .rel ationship between distance and capacitance
i s known. Speciff%%.Ty?I;Fég*gﬁ‘?dé Higaﬁﬁlzﬂkiﬂ%ﬁ% BapchPBF?C*g~e
capaci t ance @fsh deghangerar@ )r edwded byatherequadi &m30-.Cez EONME, (1) -7
in which "C' is the capacitance, "E0" is the permttivity of free space,
"A" is the &HEPDf thedPpr obe2stserBorsong emeRtMuANdSLde %0 t Wdadi sthace

fromthe sensgr to dhe developed between the probe and the target is
large enough to be detected and subsequently processed.

Fig. 1 depicts an end view'of & conventional non-

contact capacitive displacement sensor comprising a probe

100 that includes a circular sensor element 102, a guard

15 element 104, and a ground element 106. As shown in Fig.
1, the guard 104 surrounds the circular sensor 102, and

the ground elem=nt 106 forms a ring that surrounds the
guard 104. The guard 104 is configured to make the
sensor 102 less sensitive to capacitance that might

20 develop between the sensor 102 and other portions of the
probe 100. Further, the ground ring 106, which forms a

part oif the structure of the probe 100, provides a
surface that may be used to mount the probe 100. The
conventional probe 100 including the circular sensor 102

25 is generally insensitive to xrotation about the probe’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.

Cne drawback of the conventional probe 100 of Fig. 1

0]

is that it may be incapable of accurately measuring
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target. As defined by equation (1), as the probe-to 5 target distance

changes, there is a concomtant change in

t he capacitance Those of

ordinary skill in this art will appreciate fromequation (1) above that

the sensing area A of the P probe is at _
10 capaci tance devel oped between the probe and the target is

t he

| east of sone mnimum si ze so that

| ar ge

enough to bQﬁQﬁ&ﬁﬁ&?dF@@geéHg X uenthgogr?ﬁﬁisedFl Fig, | depicts an end

vi ew of a conventi ona

non- contact - capaci et

spt at8hBRt d¥nsg9 a

conpri sing aqr-oblenalfOsthasce ncl Gdes exahs Lal) ar: §eNsor;glement , 102, .a
guard 15 el enment 1Q4, and a ground el ement 106. As shown in Fig.
guard 104 sufrounds the®ciGXcAt $aisor PXoRe akel, t Radgraurid releemen 8106

form 2,11 Ngubiaty sur Lounds, he, GUArd 04 The guard 404 d.s configured to

make the sensor 102 | éss sensitive to capaci

bet ween X he Wersor1AQ2iandsechero poedswons af dike anpeober108:-tdukt hepe the

ance

1, the

&l op

' 6, Which.fornms a part of the structure of the probe 100,
S;SS?SeglggE%%}Cﬁ%elpﬁéydﬁﬁy be E§EH P&Oﬁﬁunﬁophénﬁ%ob@6109Y}Iﬁ@rlcal
conventi onalt gargelre 2100, i ncluding the circular sensor 102 25 is generally
insensitive to rotation about the probe's axis, and typlcally provi des a
maxi mum sensi ng arealforaPRExCifitasthskbALl Nireovenyehheosehsqrral?2, 10be

machi ned

d 104, e i 06 _typically conprise re_pective
%gggllic paﬁ?gé &Eiéﬁﬁgygg%%nggﬁlt38é¥ﬁ%£eh3 f%ﬁ@%ﬁTﬂqhé‘GVe?éFFé%??icture
of the 1fr obéetd@erOmhadrsambaek afd thec goivent éonat o pyobe; 100, 0f LEig, 5 |

Oof the cylinder is large. However, if the radius of the

cylindrical target is small, then the sensor may be

incapable of developing a capacitance large enough to be

detected and subsequently processed without coming

20

25

30

15 excessively close to the target.
Such a cylindrical target having a small radius Y ro”
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
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
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 .2 non-
contact capacitive displacement sensor including a probe
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



is that it may be incapable of accurately nmeasuring a -8 distance between
the sensor 102 and a target having a non-planar surface. For exanple, Fig.
2 depicts a side view of the conventional probe 100, and a target 208
having a cylindrical surface. As shown in Fig. 2, the 5 probe 100 is used

to nmeasure aid stasee tds hetween ~sensor._included in the probe 100 and
the cylindrical target 208. It i%ég %Fe@irat'e}bethﬁfg?he 388nvient ilemak pr obe

100 may be erfpl-oyett forr@eTud@l ehyyneasur idg ithe di strance,. 10 Bgpween the
sensor and a %%Qeia”d—rg cgl target if the radius of the cylinder is Tlarge.
However, if e CadiUs® 3RSt “1ally ndrtell thar gentionirsied | thé henrfheesensor

may be i ncafabties ot ydemMgbopi ngra cgpacitance .l arge. enough to be_ detected
and subgequently processed without cgm“ﬁg%qlgtne%cgéé?geﬁ%l@lh(FseOJt ottfe

target. “Such & 96 i3 il snalk et ehavi ngha seebktr adigushay e i Sqdepi cted
', the '

in Fig. 2. Begause _the ius_rT of the target 208 is snall,
convent i onal pro%eo%%o Ir%fggt t8meS"eBeGi t hPn EHestamriall gt ansecd ofhehe

target 208 ton20udevél apcacegpasit ancey;arge enough for detection and
subsequent proce§s+i ng. Further, it is noted that the capacitor formed by
the sensor within™the® pP8bec1G¢a&ndthe heydyhidmdritalt sswfracepof He farget

208 does notelapptexi,mte,a R ) | el-p)ate capacitor, and therefore 25
equation (1) descri blyng tﬁg Q%rqelruae’l ,r§| at Féngﬁpﬁcﬁéﬁwé@n Figapabd t anke and

di stant® foreacpabatil elabpivate oapaci pebhemayonot wyiel d acgurate results for
the d'StancgugStantially 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 cylindér
15 surface, thereby allowing the sensor 302 to measure a
uniform distance “re-r;” 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 <closs to the target 308 to .develop a
detectable capacitance between the sensor 302 and the
target 308. This 1is because the shaped sensor 302 is
configured to maintain the uniiform distance rp-rr between

.Q r I ] 1
the sensor 302 and the cylindrical surface of the target

N
wl

308. Moreover, because *he distance between the sensor
302 and the target 308 is uniform, known formulas such as

equation (1) describing the ge

3

eral relationship between
capacitance and distance for s parailel-plate capacitor
may be employed to obtain an accurate measurement of the

30 uniform distance p=Xm.

Fig. 3b depizts an end view of the prope 300 (see



Fig. 3a depicts an illustrative enbodi nent of a non- contact capacitive

di spl acenent sensor including a probe 30 300, in accordance with the
present invention. In the illustrated enbodi nent, the probe 300 has a shape
that substantially matches the contour of a target 308. In -QJ the event
the target axial height of the ge'- 308 is large e., e. g. , the target

302 may be .acdindels thesprober390. i s sshaped-410 subshantdaddey prOCh the
contour of the surface of the cylinder. In the event the axial hei%ht of

the 5 targetn@08ids snaidctangwlay shaspar g8 mey2bedad didskIYafHRe probe
300 is shaped to substantiall c he _ t Qyr, of .t dgepaf..t.he di sk
It is notefi?ﬂnnﬁhggéyf?ﬁﬁ?P%%gg%aEBét%38§8%a%%§n%?% 2$¥§é?yB§ﬁgFeradius
"rT", as depi€tedokp-Fe@:ida. ohs trk0 dlesesi bed2abieverethenpubhe, 36Behas a
shape that substantially matches the contour of the target 308.

Accor ditngl yanewet pPEbex3e6 imeliiHsry hesEnsor cEleRBAt 302 Te&%EPGT 3b) s
shaped to haye 9sréggaéegf C%\éawae:d;% thatosubstant i abl yamat ghes the

er

cont our of e cylin 5 surface, thereby allowi ng the sensor 302 to
measure a shEor mist drees " rserrsi't ibet ween theashapedesenset 3029atd t he

shaped target 308. It wll be appreciatg% t hat even thoygh t he Lad%us r7
of the targetvebe’ieSEWaPT, tPRe SHRSRE 3 HotS o™ “ 29" exBeéssi Vel v

close to the 1arges;308 to devel op a detectable capacitance between the
sensor 302 and the

10 As described above, both the radius rp and the axial
height of the target 308 may be relatively small, e.g.,
the target 308 may be a disk. Fig. 3c depicts a
preferred impiementation of the probe 300, which may be
employed to measure a distance from the probe 300 to the
15 disk target 308. Specificalily, 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 is
fabricated by a lamination technique, in which the
dielectric layers 303 are laminated to the sensoxr element

302, and the guard elements 304 are laminated to the

w

dielectric layvers 303. Further, lamination technigues
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 1s noted that lamination
techniques like those used to manufacture rigid printed
30 circuit boards, or any other suitable lamination

technigue that allows electrically conductive layers To

-11-~



target 308. This is because the shaped sensor 302 is configured to

mai ntain the uniformdistance rD-r, between the sensor 302 and the
cylindrical surface of the target 25 308. Moreover, because the distance
between the .. sensor distance ~ 302 and the target 308 is uniform known
-formul as s s_-equation (1) describing the general relationship between
capaci tance%dgdlasv'?éﬁceb%b?&é%paﬂ%lT‘T e-(ba'?ra]t%abgbacﬁq ClydR béaEapboyed to
obtai n an acww atee amEasuraeM] Oferdde 30 uniformdistance rp-rT. Fig. 3b
depi cts an end view of the probe 300 (see also rig. 3a). As shown in Fig.

3b, the probe 300 s ata- 1073RitEguRaPtbEDSS-SETté et Bpied fi eakhyt the

probe 300 iNcdes agpectangul ar sensor el enent 302 and a guard el ement
304 surroundi ng t he sensorra% errrgar?t ?02.mB%5'éﬁ§§ tHe Er GssPSBEEPBRA6E t he

sensor 302 icepeedttangul @i sptheebeatnurhseofr axiabr-&yhd nder el gp}eﬁggyi red
for the sensor.__ 302 is reduced.. The guard 304 is configured to nmake the
sensor 302 I'E9$7Sediti ve R daifaci tancehehata ryght elemesltops Bt visenat he

sensor 302 andothemn Rortdionsy of,t P/ 4 0. As described above,
both the radius rT and thel axi al {%Sgh{ﬂg%}?%%étayfbaef 503 hey" peeecs

relatively $Ral Pe engasuredie t akgetr868-saycbenaldiskew Fiqyr 36-depisks a
preferred inplenentatd on of the probe 300, which may be enployed to
neasure a d:gsgt‘ nce 41%réon%q(fc:]eu‘%3rr§be“}§%0af‘6um§ #53 Odilsk deigereBod Fig.

Speci f L6al | ¥b .t hanproke B0 Oft I Gii 39 o SOMLHSES: Aot ack i ngl udi ng_two
dielectric | ayers 303,
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 withn 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 disposed on & surface of a substrate 412. As shown in
Fig. 4c, the shape of the sensor 402 is that of a section

=

O a ring wheose radius of curvature “ro matches the
25 radius of the annulus 2410, In the preferred empodiment,
the width of the sensor 402 is made slightly narrower

than the corresponding width of the annulus 410. As

o))

result, the probe 400 may be positioned so that there is
a uniform distance between the sensor 402 and the annulus
30 41C, and therefore known formulas such as equation (1)

above may be employed to obtain an accurate measurement

__12_



the sensor el enent 302 di sposed between the two dielectric |avers 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 dielectric |ayers 303 are lamnated to
t he sensor elenment 302, and the guard el enents 304 are lamnated to the

dielectric

Cav ér

"€ 308 T Fur tdhestan i sevaont techihiquesn25- | ke thasenused to

manuf act ure Sfl.gxifl e pyinted circuit boards may be enployed to allow a
fl exi bl e sensor el enent such as the sensor 302 to be shaped to match the
contour of the dirsk-Hargetsa08ly |dié6160t&0ekhbatiihani Nathong heechnigues
gsgg to manufacture rigid printed 30 circuit boards, or any

I'6 | dfihat Fon*SCERRARGAE t KACSAIISews iehnect ri ¢l | ywibhdubki ve

=bb e istrackedpbgtypeen ng@églqgﬁ;ig?hé¥rggnductiv§F%a ers, my

| i ke those
other suita
| avers o

be alternatively enployed. Fig. 4a

pi cts ano pr dé&enht a5%e farget

el enent 408 oEh&r nayibebreassin@tk USiangy.3 NOB- COMG BEt va%16RRACKLEEYE s
displacenen%h%%nsorkgp quing to the present invention. Specifically, the
target el ement 40895 &° dPSK Wt hPRCFANGEE ARNHNGS Ik 05 axeal to

position needsidt othemeasieds ALrass-sectidonal  view of, the di Sggagar get
S

408 including the annulus 410 is depicted |ﬁ'ﬁig. 10 4b. Tnl%héuﬁ

ntly

di scl osed eﬁBBé?ﬁéﬁF?dthéhﬁéqiEéeofggah@ H&k tengeha4@8 as rekativeky
snal |, ;gnd gggbgnnggughd4loihsEE%[atlve%¥ narrow, FI%hi4C depi cts an

illustrative enbddi ment of & non-

15

30

probe
from

probe

4c, any other table shape.

Fig. 4d depicts a preferred implementation of the
400, which may be employsd to measure the distance

the probe 400 to the annulus 410. Specifically, the

400 of Fic. 4d comprises a first conductive layer

forming the guerd 404 applied to a surface of <+he

substrate 412, a dielectric layer 403 disposed oﬁ 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

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 laser cutting technique, or

ol

photolithography technigue, which is used +to delineate
the conductive layer patterns. Technologies for
implementing these techniques include thick-film

technologies, thin-film technologies, technologies 1like

those

circu

=

usec to manufacture rigid and flexible printed

it boards, or any other suitable technology that may

be used to apply a thin patterned conductive layer to a

substrate.



contact capacitive displacenent sensor including a probe 15 400, in
accordance with the present invention. In the illustrated enbodi nent, the
probe 400 has a shape that substantially nmatches the contour of the target
408, particularly, the contour of the annulus 410. Specifically, the
probe 400 includes a_s r 402 and a 20 guard 404 substantially
surroundi ng the s%’nggrgﬁég, Th SO AHE C ofbi RAPT A" BRCE heC3ea@bri @02 and
the guard 404ispdadiespasedonar sSunEaceif ansubstyiat e3442.4As shawn in
Fig. 4c, the_shape of the sensor 402 is t%at ofqz;sect?on 5@85 F%ng“%hose
radi us of cufvaturé S i lfdtsties achedopsre ddrescof toh&ignnikus 4k0.tHis t he
preferred enbodigept . Lhe W, of_the sensar 402 is nade slightly
narrower than the cor?espoﬁti%%’VM%H[%%ﬁ*‘ﬁﬁ§%ﬁ1nﬁFU N9 Aél & ettt
the probe 400sedy be positicmed sUd:aatld herenicsd acupihorm distance o
bet ween t he senior 402 and Ehe annul us 30 410, and therefore known fornmulas
such as equatTBn®f'Ey HhotelRily HE enpPBYEdNE0 Witk ntan krecahaped to
neasur ement mai2nofcHhe-4uy §i0r mydi st ance sepanating the,sensor 402 and the
annul us 410. In the presently disclosedg%ﬁgod%ﬁ@ﬁ ?'theAguggp?SFe% 412 has
a rectangul aPtepPo§8<seet isensolt eliellenhe i s5 rapprieridat edietoweyer, . dhate t he
substrate nmay Ugyg any, ather suitable shape, e.g., to avoid various
features that-m ght be THOUNET Dr oxf nBEBIEESEhet o' 208, 6F tleasivoid
ot her features ebpbhengaég@EaEE§eb&.ﬂgéi§égéggtgyéméﬂ¥yw¥g ted that; the

[

guard 404 may have an arc-like 10 shape, as shown In g. 4c, or any ‘ot her

sui tabl e shaggard 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 steo 508, to match the contour

of the target element.
£ method of fabricating a non-contact capacitive
displacement sernsor including the probe 400 depicted 1in
20 Fig. 4d 1is illustrated by reference to Fig. 5b. As
depicted in step 512, a substrate is providsad. Next, a
first conductive layer is applied, as depicted in step
514, to a surface of <the supbstrate to form the guard
element on the substrate surface. The first conductive
25 layer is optionally patterned so that the guard element
substantialily 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 1is

30 patternea and appiled, as depicted in step 518, on the
dielectric layer to f th r

vel C orm the sensor. The second

-14-



Fig. 4d depicts a preferred inplenentation of the probe 400, which may be
enpl oyed to neasure the distance fromthe probe 400 to the annulus 410.
Specifically, the probe 400 of Ficr. 4d conprises a first conductive |ayer
15 formng the guard 404 applied to a surface of the substrate 412, a
dielectric |ayer 403 disposed on the guard 404, and a second conductive
| ayer form g THE Sensot Y2021 appritearhedt ke ditdltectrs cstager £08mefhe
first condugidwve,d ol i) I tternedto form 20 the guard 404,
and the second consg\tj%{i vczorﬁg%/de‘r r}l?és %pegt aé%%gd%tlovn%ﬁ&mthe sensor 402. In
the preferred enbodinkhthe tdepprobetddOoy schabei 6at eddbyaayskkkiisgpeening
t echni que, Jlaser_cutting techniaue, or a photol i t hography techni que,
which is usedTodel i hedte B8ItheCEbAGUEL i v |}fer Watitdringis Teéhnbhegi es
for inpl enemdng-dhese gachni quasapag! ude thicksfilm teChQQ#Qg%%%Q
thin-filmtechnol ogies, technologies Iike those used to manutacture rigid
and fl exi bl ipih menend resn3oboafds, mersanyngt émapeui tabte=technpl pgy t hat
may 30 be u 0 a thin_patterned conductive layer to a subs-=a-Le.
-13 A net hoﬁéfa%%¥inggépﬁgh}88nt gcf}mca 5t VeVt ST acERBREPEENsOr
i ncl udi ng t el prickreB00e tdeph ct eddm ek 13C bsnbll ystoateds by L ef epence to
Fig. 5a. In this  illustrative nmethod, a |am nation technique like that 5
used to fabMat BT exPBREtHr ited T sleapes beaddslirensimpioyedfferaht ow t he
ag;FLEgggiﬁEQQﬁ1t9nQ§eSQﬁﬂﬁgi%%d Wgﬂg@gtng09£§OggbgicgtEQVQE&jﬁ}e@EQt- As
technigues disclosed herein. Such a probe may include at

least one sensor element shaped *o substantially match at

cr

least one desired nonlinear or non-planar fea a

Fh

ure o

target to be measured. Accordingly, the invention should

=
wn

not be viewed as limited except as by the scope and

spirit of the appended claims.



step 502, a sensor elenent is provided. Next, dielectric |avers are

| am nated, as depicted in step 504, at |east 10 to opposing s%gégges of the
sensor el enent, respectively. Guard elenents are then | am nated, Y4SE
depicted in step 506, to the respective dielectric layers, thereby form ng
a stack of conductive elenents (i.e., the sensor elenent and the guard

el enents) separated by the dielectric 15 layers. Finally, the stack
including the sensor elenment is shapgedimgs depicted in step 508, to match
the contour of the target elenent. A nethod of fabricating a non-contact
capacitive displacenment sensor including the probe 400 depicted in 20

Fig. 4d isljllLﬁ“ﬁ%ﬁj%%KWéé@f@éﬁﬁéfti@eF@Qspﬁ@ceﬁ@ngeﬁéﬁégg Eprstet 512, a
substrate 1s provided. Next, a first conductive |ayer is applied, as

depi cted in A€o 3$é?£9t&?grégcgﬁgi?59€ §HQSE£€<%§tth£1‘R{>H’cFhgagHard

el enent on'the su e surface. Irst conductive 25 layer 1s
optionally patterned so that.the guard elenment. substantially unds the
sensorsele%é%ﬁeEu) TR T NP RY %€8.e%ﬁ§ %?%I%%t?i%oPagéPg?g Fﬁgéggpplied,
as depicted in step 516, on the first conductive | ayer forging t he guard.
Next, a set®htRe@rehR¥aGeeTa§kECiang02 phPtePhetdandaBpfi 8485 depicted in
Step 518, on the dielectric layer to formthe sensor. The second -14
conduct i vechayast¢sipaicermed Bonthantefe sendettéVenthetPlAGERABS t he
contour of the target elenent. it will be appreciated by those of ordinary
skill in s$desartcotatisbdgfi cations to and variations of the

at least one conductive sensor element, said
10 conductive sensor element having at least one of a non-
linear shaped surface and a non-planar shaped surface
configured to conform to a contour of said at least one of
a non-linear shaped surface characteristic and a non-planar
shaped surface characteristic of said target element to be
15 measured,
thereby allowing a uniform distance to be maintained
between the shaped surface of the sensor element and the
shaped surface characteristic of the target element while
the sensor element is disposed proximate to the target
20 element; and
a conductive guard element configured to substantially

surround the sensor element.

2. The sensor of claim 1 further including a ground

-16-



5 above-described shaped non-contact capacitive displacenent sensors for
nmeasuri ng shaped targets may be nade w thout departing fromthe inventive
concepts disclosed herein. For exanple, other probes shaped for wuse with
targets having shapes and dinensions different 10 from t hose Ldegoniged
above may be fabricated using the techniques disclosed herein. Such a
probe may include at |east one sensor el enent shaped to substantially

match at | easdn©OnSodesyk 284 nNe8! LH6aF aRf i A0y pbanabuh@atHeegohra target to
be neasured. Accordingly, the invention should 15 not be viewed as limted

except as by the.scope and spirit of the appended clains. -15 LLOYD W SE
CLAI M5 1. non- cont act capacitive displacenent sensor for neasuring a
distance to at |least one target elenent, said 5 target elenent having at

| east one of a non-linear shaped surface characteristic and a non-pl anar
shaped surface _characteristic, and_ngn-contact capacitiye.displacenent
sensor conpri sihg® %?nF%ES?%oﬁ%a&BnﬁugPF5§eEeﬁgﬁiugﬁgﬁeﬁ¥,l?ﬁF 78°
conductive sensor el enent having at | east one of a non- |inear shaped
surface andorpordprhnie ShapedtsdrpPREESICBRENGEReE E0SEBAPS MEBA cont our
of said at |east one of a non-linear shaped surface characteristic and a
non- pl anarangheipedgsarfactenharasuerpsnpénef thai denaprgeelememént to be 15
nmeasured, thereby allow ng a uniformdistance to be maintained

4. The sensor of claim 3 wherein at least the sensor
element has at least one of a non-linear shaped surface and
10 a non-planar shaped surface configured to conform to the
contour of said at least one of a non-linear shaped surface
characteristic and a non-planar shaped surface

characteristic of said target element to be measured.

15 5. A non-contact capacitive displacement sensor for
measuring a distance to at least one target element, said
target element having at least one of a non-linear shaped
surface characteristic and a non-planar shaped surface
characteristic, said non-contact capacitive displacement

20 sensor comprising:

at least one conductive sensor element, said
conductive sensor element having at least one of a non-
linear shaped surface and a non-planar shaped surface

configured to conform to a contour of said at least one of

-17-



bet ween the shaped surface of the sensor elenent and the shaped surface
characteristic of the target elenent while the sensor elenment is di sposed
proximate to the target 20 elenent; and a conductive guard el e H;
configured to substantially surround the sensor elenent. 2. Tﬁg' EWSE of
claiml further including a ground -16 LLOYD WSE elenent configured to
substantially surround the guard elenent. 3. The sensor of claim1 further

including at,leapi 00 sRapOA- SOPENEET ¥RagherBAt sdi spaaadabgbnegnahhe
sensor el enent and the guard el enent surroundi ng the sensor elenent. 4

The Sensorsﬁ%g&é2%@%§a¥@eéggga@£e%§%gictQf §§F30Ear8E€n§TEmQﬁ§ &b b@aSt-One

of a non-Il1near aped surface an a non-pl anar Shaped surface
configured to ggnforn1to the contour of said at | east one of a non-Ilinear
shaped surfete " ¢haracteristic and a non-planar shaped surface

characteristic of said t et elenent .to be.neasured. 15 5. .A_non-cont act
capaci tive dispW%%E%E%tagignggf8runﬁ£8§ﬂrgh§tﬁn§Fsg8n%g PSlBFaﬂgﬁét one

target elenent, said target el enent having at | east _one of a non-linear
shaped 5 sup¢eeeehbractbaPstli suahacg AbntpraR8RrsSehapéa™slif 4R8 the
characteristic, said non-contact capacitive displacenent 20 sensor

conpri si ngshapedleast fane cbadactevéssénsof thentargesaedemephdubiilee sensor
el enent having at | east one of a non- |inear shaped surface and a

non- pl anartsdapedssur éhaement is disposed proximate to the target

element; and
a ground element configured to substantially surround

10 the sensor element.

6. A non-contact capacitive displacement sensor for
measuring a distance to at least one target element, said
target element having at least one of a non-linear shaped
15 surface characteristic and a non-planar shaped surface
characteristic, said non-contact capacitive displacement
sensor comprising:
at least one conductive sensor element, said
conductive sensor element having at least one of a non-
20 linear shaped surface and a non-planar shaped surface
configured to conform to a contour of said at least one of
a non-linear shaped surface characteristic and a non-planar
shaped surface characteristic of said target element to be

measured,

-18-



configured to conformto a contour of said at |east one of -17 LLOYD W SE
a non-linear shaped surface characteristic and a non-planar shaped surface
characteristic of said target elenent to be neasured, therebylLbDYDWIsE a
uni form di stance to be maintained 5 between the shaped surface of the
sensor elenment and the shaped surface characteristic of the target el enent
while the sensor elenent is disposed proximate to the target elenent; and

a ground el enenthepsh{ gut edwifgsHbshanbial byssuheeund péOmkhatsensar
el ement. 6. A non-contact capacitive displacenent sensor for mneasuring a

di stance tg @&eé§a§* OQﬁabQEQEBr?EEQEBE tB81 denkBL98Y cRLRFEALgNRKENT at

| east one of a non-lInear aped 15 surface characteristic and a non-planar

shaped sur{acg.q CORL RELE! LRLEG, 881 4. 00N, V%O@flécuggp@%&g}ﬁ@n@ sRlggerrent

sensor conprl ing: a eas oné con € sensor ement, sai conductive
sensor elenent havi ng st one of a non- 8n argﬁ?aged sy rface and a
o

non- pl anar 3% ﬁ%ﬂsgﬁr?§8@ Bonffg FEBOFSdc85?5?W? Pr8F sai d at

| east one of a non-linear shaped surface characteristic and a non-pl anar
shaped Sur¢he®erharatteristic of said target element to be neasured, -18

LLOYD WSE thereby allow ng a uniformdistance to be maintai ned
a substrate, the sensor element being disposed on the

substrate.

1. The sensor of claim 6 wherein the sensor element

10 comprises a conductive layer disposed on the substrate, the
conductive layer being patterned to conform to the contour
of said at least one of a non-linear shaped surface
characteristic and a non-planar shaped surface

characteristic of said target element to be measured.

8. A method of Fabricating a non-contact capacitive
displacement sensor, said non-contact capacitive
displacement sensor being operative to measure a distance
to at least one target element, said target element having

20 at least one of a non-linear shaped surface characteristic
and a non-planar shaped surface characteristic, said method
comprising the steps of:

providing a conductive sensor element;
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between the shaped surface of the sensor elenent and the shaped surface
characteristic of the target elenent while the sensor elenent. is disposed
proximate to the target 5 element; and a substrate, the sensor LeDeDwNSE
bei ng di sposed on the substrate. 7. The sensor of claim®6 wherein the
sensor el enent 10 conprises a conductive |ayer disposed on the substrate,
the conductive |ayer being patterned to conformto the contour of said at
| east one of a applyingastshaped sueface-cohdnattieri seiyerand @ non- pl anar
shaped surface characteristic of said target elenment to be nmeasured. 15 8.
A nmet hod ofufébeecafi nhgeasanoneeontankneapaci tive displacenment sensor, said
non-contact capacitive displacenent sensor being operative to neasure a

di stance to attheasbyoBBpbanget aghomeit-rosaidd nbarget seine@ente 1kdweinrg 20 at
| east one of a non-linear shaped surface characteristic and a non-pl anar

shaped surfacg charasherbahicrisei daethod conprising the steps of:
provi ding a conductive sensor elenent; -19 LLOYD WSE applying at |east

one non- conduct | r.to r e .sensqr, el t, thereb
substant | al Iy stPEbURNEng ttAE=Ebner " P ashiot 195 A eRe ok, dtaast: V8
| ayer; 5 afglying_at gea%t one conductive layer to a surface of the
non- conductive"Paygpravctive Layer,

thereby substantially surrounding the non-conductive
layer with the conductive layer; and
shaping at least one surface of the sensor element to

10 form at least one of a non-linear shaped surface and a non-
planar shaped surface configured to conform to a contour of
said at least one of a non-linear shaped surface
characteristic and a non-planar shaped surface
characteristic of said target element to be measured,

15 thereby allowing a uniform distance to be maintained
between the shaped surface of the sensor element and the
shaped surface characteristic of the target element while
the sensor element is disposed proximate to the target
element.

20
9. The method of claim 8 wherein the first applying step
includes laminating the at least one non-conductive layer

to the surface of the sensor element.

-19a-



t hereby substantially surrounding the non-conductive |layer with the
conductive |l ayer; and shaping at |east one surface of the sensor elenent to
10 form at | east one of a non-linear shaped surface and a non- pl apar
shaped surface configured to conformto a contour of said at Igé§F03W§Eof
a non-linear shaped surface characteristic and a non-pl anar shaped surface
characteristic of said target elenent to be neasured, 15 thereby allowi ng a
uni f or m di $ ancéheompehadi afarhedm Betwheer inhéhshaped nsuEfgde iofy tshepsensor
el ement and the shaped surface characteristic of the target el enment while
t he sensorieténgat iLsmihsposgdtpeoxitniteasto chiee cbadgettivel angrir 20 9. The
nmet hod of claim8 wherein the first applying step includes |amnating the
at | east opreneiir€andueki YRel ay@rcohaudie veunkgee .of the sensor el enent.
-19a LLOYD WSE 10. The nethod of claim8 wherein the second applying step
includes | amnating the at | east one conductive |layer to the surface of the
non-conductive layer. 5 11. The nethod of claim8 wherein the at | east one

non. condugt | verhayRe AOAPLESES 3nlkClRGLLIG LAKCLy 124 oo aethod of claim
8 wherein the first applying step includes IanlnatlngEFhe at- I'east one
non- conduct iy o the surface @ th% sensor el enent, and wherein

| 10 f
t he secondCSB§P§?¥8ESggﬁe%n89@3§§Sﬁgnﬁngﬁﬁ&ﬁctﬁéca 4¥&dst one conductive

| ayer to the surface of the non-conductive

12. The method of claim 8 wherein the first applying step
includes laminating the at least one non-conductive layer

10 to fhe surface of the sensor element, and wherein 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.

15
13. A method of fabricating a non-contact capacitive
displacement sensor, said non-contact capacitive
displacement sensor being operative to measure a distance
to at least one target element, said target element having

20 at least one of a non-linear shaped surface characteristic
and a non-planar shaped surface characteristié, said method
comprising the steps of:

providing a substrate; and
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| ayer, thereby form ng a stack of conductive |ayers separated by at | east
one non-conductive layer. 15 13. A nethod of fabricating a non-contact
capacitive displacement sensor, said non-contact capacitive gdig gfgnent
sensor being operative to neasure a distance to at |east one target

el ement, said target elenent having 20 at | east one of a non-linear shaped
surface characteristic and a non-pl anar shaped surface characteristic,
said nethod codpspsshggt hé dkeps ohe pooduditigea lsiyest rat esheand - 19b
LLOYD W SE disposing at |east one conductive |ayer on the substrate,
wherein theuBktkgeast one conductive layer is patterned to format |east
one sensor elenment on the substrate, and 5 wherein the at |east the sensor

el ement has at | gastinORBcOhta1RaR! bRealkcshaRed wuUNfAcE and 4 hn-flanar
shaped surface configured to conformto a contour of 'said at | east one of

a non-linear, spaped; syrtace ghacaglerl shigand & non Bl Shaped, sur f ace
get =~ I ,

characteristic of said tar el ement” to be neasure eréby al | owi ng
a uni formdistance to _be. nai ntaine et ween t he shaped surface of the
sensor %Ienent Eﬁﬁr?ﬁg %gﬁaﬁéd%§ﬁﬁ a&gecﬁﬁ?ﬁ%?éﬁ%ﬁﬂ%%?ﬁhﬁﬁu?ﬁ el ement
while the sensagr elenent is disposed proximate to the target 15 el ement.
14. The mePRGAO6f aclarm $8efferéirR stheé Y&t aceasn brfe non-planar shaped

surface configured to conform to a contour of said at least
one of a non-linear shaped surface characteristic and a
non-planar shaped surface characteristic of said target
10 element to be measured,

thereby allowing a uniform distance to be maintained
between the shaped surface of the sensof element and the
shaped surface characteristic of the target element while
the sensor element is disposed proximate to the target

15 element.

14. The method of claim 13 wherein the at least one
conductive layer includes a first conductive layer
comprising a guard element and a second conductive layer

20 comprising the sensor element, the guard element
substantially surrounding the sensor element, the guard
element being disposed between the substrate and the sensor

element.

~1%c-



conductive layer includes a first conductive |ayer conprising a guard

el enent and a second conductive |ayer 20 conprising the sensor elenent, the
guard el ement substantially surrounding the sensor el enent, tH®YQuargd

el enent bei ng di sposed between the substrate and the sensor elenment. -19c
LLOYD WSE 15. The nethod of claim 13 wherein the disposing step includes
applying the at | east one conductive layer to a surface of the substrate
by a sil k-36éreeffhrgmeetioni gife.clmitb.lThenamiirodtod & gpas ildy fawdher
including the step of patterning the at |east one conductive |ayer by a

| aser cut thagubeehBibgue.iny/ thEhe tratdhot dnd !l @mads: wherel ye £ hes, di sposi ng
step 10 includes applying the at | east one conductive layer to a surface

of the 5Ub§h&@5%eb%fatﬁ@ogﬁﬂﬁﬁhgﬁﬁﬁ@ﬂy'§E§¥Wﬂ£55%eéﬁfﬁb technique.

5 16. The method of claim 13 further including the step of
patterning the at least one conductive layer by a laser

cutting technique.
17. The method of claim 13 wherein the disposing step

10 includes applying the at least one conductive layer to a

surface of the substrate by a photolithography technique.
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