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BACKGROUND OF THE | NVENTI ON The present invention relates to
effcoders for- sensing the position of a first nenber noving relative 5
to a second nenber. More particularly, the present I nvention rel ates
to a sensor providing an absol ute pogition of the noving nenber.

A nunber of absolute position encoders have devel oped. These position
encoders include opyARmd mmmemummm FNCOpEROV ed

bet ween a source of |ight 2R¢ o) t hat the

position of the track rel ati$#e=t& tHe—pire Eo—=can be determ ned.
Q her opti cal arrangenentﬁxewleaymtrmkention rﬁarlmwhtokermchim vfowor d can

be read at a pogé,?éﬁgba%] engt tolﬁeotfr Qchr%tﬁexﬁﬁ@r%&&&‘ %tg_v%efl ni ng

a position of th netic
sensor devi8es ¥avé Besondegember .cnpMayedpagtienterlvnsshat @rmm on. The

f2 Io xed me‘rrbe{t mvémjkqmﬁswyétwl eocgﬁmﬁofg f@@s:%ing ERt %sﬁaleltu%?re glngteflve
in a pattern.s as nary .code a Gray code g
resi storsIo whi #E’r%#t ET“é?ﬁnce in the presence of a
magnetic field, are Im(mmé:damroﬁ fEbsrmum powiltdon Eneodetranhiavie i’icross
t he magnet g re I Sl SidSy © e olute
position 019 the&e?o%/f&r# rrbzﬂrh%ts(é % t{:"f?g{ EE&B %%eéﬁéglgg %%5‘9'% e magnet
provi des al@ni cﬁm:mtwherem #esllespdﬁte tanmkges.s mmv@ctrabemeenh @&t ance
whi ch such SIS | bfonlfétﬁpdﬁhdcaé‘ bﬁ%@bVedéEeéﬂdPtﬁg thdd€ the

smal | est spaci ng between the codes. TheSe same t 0 posi ti on
encoders are alBRFikignefi the Fﬁa?hsqeéiqt&t"eoﬁ" tggeﬁ’l?%%deqwtﬁr A8l ar
the fixed and thee demerngnsgrb@ther opticil ke rangahkatstém tQ'Tab:ﬁ% over

e Lot oot i B R e gl e SASATRES et 80 kBt At
15 the track, with the word uniquely defining a pos:.txon
along the length of the track.

Magnetic sensor devices have also been
employed to detect absolute position. The fixed member
includes multiple channels of magnetic material arranged

20 in a pattern such as a binary code or a Gray code.
Magnetoresistive resistors, which increase their
resistance in the presence of a magnetic field, are
located on the moving member. The potential across the
magnetoresistive resistors is representative of the

25 absolute position of the moving member, since the
encoded pattern of the magnet provides a unique amount
of resistance change. The smallest distance which such
as position encoder can resolve is limited to the
smallest spacing between the codes. These same types of

30 position encoders are also suspectible to installation
errors. In particular, the fixed and the moving members
must be parallel to each other over the travel of the
moving member so that the magnetic field is constant.
The requirement that the magnetic field be constant
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- 2- WQ 2530128 the interchangeability of the nenbers, iPRCI/HSA505239 the
position encoder provides inproper output if the di rensions of a
repl acenent part are different fromthe part that was replaced. In
ot her words, such position 5 encoders nust be re-aligned when either the
menbers to whi ch the source or the?2®ncoder is affixed is repl aced.

Ther ef or e, e nee f or. .an_absal. © . posi tion encode whi ch
wor ks wi t hou[ﬁg\l rtz’t dfl ‘B’ q%’o@efdtﬁ%é;mm AT esin that
i nt er changealsihlei tgp&nftmrpenmder 1providesag imprbpere mitputanif hehean

i nproved resgliiehn e
SRRy O TRETERBRRECRE @ refidcindih P Erk disterent from they
posi ti on of Rart that was repdacednd IRcPLbes wordsx swghcpoditposed on the
15 f:j rstsnbrreahebdb% gReer bel Pe-alibgH¥dovRenaePEAhEEO0BhEf mEmbers £bationary
second menbe

d b, d fl
sensor di sposg& Phgﬁsiﬁ‘?‘?ﬁﬁ Egr the. ﬁﬂfi?%cﬁr t"ﬁeg%%l’@PagP'sl ﬁgéﬁégggian ggrgn

havi ng a fl ux r esfbheseforpar aheirer imdasneedofforheanraabsoihtéei ng non-
20 t
20 1es0ons! yBektbliceibder vhldh BoEkEVAMGI M RN o2y quiBgl ST VoS

non-r esponsi PEORREUIEE, PrOMOtes lnmmwﬂhﬁmméndomponemam ve

mat eri allosUCRuing £i€PANREPE S anldVRadl &1 iMprivied reﬁo!h%h.@heobfght flux
25 source cap gse an agg priate non- responswe nateri al I ke metal
over a seni cGHAGELBE ERFPYEESand a responsive - material bei ng the

sem conduct or surface coverw filmof silicon
di oxi de.. A beta or neuhr sy

spUr ce _can .use
appropriate non- res or?sllt\%gnrre lfé&rét%%'il‘%%s ?58 ngd'td‘fmot‘ﬁ'gr 8netal s
and a re§p§ﬁ§|MEranﬂ inciadessanf lumdiinge disposed on the

neutronisensieirye ﬂbﬁﬁétcfoi‘ Eﬁéﬂa‘l{ﬂz a flux over a 5@:?&‘?”&? gesistors
provide a first slg resent at he resr s?ance of sense
resistor in Statlo ary secon member.-. ‘I'he ‘second  member has a

. patterned flux receiving sensor dJ._sp_osed thereon, with
some of the material in the pattern having a flux
responsive parameter and some of the material being non-

20 responsive to the flux. 1In a preferred embodiment, a
magne_t serves as the source of flux and the receiving
-sensor uses appropriate non-responsive material such as
doped polysilicon and a responsive material such as
magnetoresistive NiFe or NiCo. A visible light flux |

25 = source can use an appropriate non-responsive material
like metal over a semiconductor surface and a résponsive
material being the semiconductor surface covered with a
very thin film of silicon dioxide. A .beta or neutron

- radiation flux source can use an 'appropriaté non-

30 responsive metal material like lead or other metals and
a responsive material like a semiconductor surface or a
neutron sensitive plastic, respectively.

Reference resistors provide a first signal
representat:l.ve of the resistance of a sense resistor in
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- 3- ce of the flux and a second signal RESRMeat | Ve
of. the additlggﬂéggistance of a sense resi stor which rs caused by the
fl'ux. An AADcircuit connected to the sense resistors differences the
sensed 5 resi stance of each sense resistor wiwth the first signal .to
calculate a referenced additive resistange and then rati os the
difference with the second signal, weights the ratio by an appropriate

wei ﬂht}n?hfunctﬁwlgé&mt of tth@ r@iﬁizetnﬁﬁd acmlttsef@oﬂ&swigﬂfﬁ Ior -
each o e sense st or e _the pasition sensor_outpu e
posi tion sensorre(?&'r?sﬁé‘tGZéHei : %\Péiqﬂgﬁ'l (ﬁﬁ%" ot'‘a gp03| tion
sensor provi deesijstort whichf dedicanked by tker Ebext atAneA;SlD cimcuriatve
position, or i %o?m%%’%eh‘ £8 the se&[s%”?@hi&ﬁ‘&rs "li‘if%o:tern%%mtﬁé §8n Q44 PUt

representative the position o as a val ve stem

or r otfar y I@SHs&ance of each sense Aeséébﬂﬁ witdodheefirst shgnabsition
sensor prQMi@ﬁicﬁﬂaﬁétQuieféiéﬁﬁéﬁﬂéﬁdﬁﬂiv@frbBisEHﬁbé'QﬂdOEhéﬁe
val ve to a valve positioner, which controls the position 20 of,a stemor

rotary nenber &Pt3080E AifLeYENCE ‘FF'tEh the seqepd ﬂéﬁnﬁlblﬁﬁ%gmp%ttern
which is |ogar Itihl&rfraﬁli.beY an g‘bpeiaeé woiget iy Fuadtden andeaars

resol ution for ract r| Sti JThe _desired
Latve O Pn Rt Eprereiced iaie 6 Fea folitd Skbbadh or cRACseASE)
per cent agd for rggn:stgraemcpa:pmdertbelposetmlaem;or outmm or'Hmbfor t he

application. osition sensoﬁ@aﬁ':bm RE N-d¥vel ?gt

ere :
FIG 1 is a side view of the position sensqr resent |nvent|on

and its orient &#fon EQJSJE"H@IBO SER%PRg PEI‘PB’éFieS P°Sit1°n feedhack s 3
schematic bl oclkkegiragentiabivé héf the Pefivid Posieisa, 6t iheapPpestiion

I nvention, as %%ggs}nltger , which transmits an output representative of
15 the position of a moving member, such as a valve stem or
rotary member.

A second embodiment of the position sensor
provides an output representative of the position of the
valve to a valve positioner which controls the position

20 of a stem or rotary member of a control valve. The
sensor has a binary pattern which is logarithmically
compressed so as to provide increased resolution for the
desired walve characteristic, The desired valve
characteristic can be a valve with quick opening, equal

25 percentage or some other characteristic especially
tailored for the application.

' BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of the position sensor
of the present invention and its orientation to the

30 moving member;

FIG. 2 is a schematic block diagram of the
position sensor of the present invention, as used in a
position transmitter;
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of materials, where one type of material is responsive
to the flux and another type'isqunrespdnsive. Absolute
position encoder 18 provides .an analog output 20
representative of the ahsolute;positipn_bf'member 12 to
an analyzer 22. Analyzer 22 digitizes analog output 20

' and computes absolute position, which: is coupled to a

controller 26 over a current loop 28. Controller 26

. provides the power for analyzer 22 and sensor 18. The
- absolute position encoder disclosed here can be used in

25

30

any application where the absoiute position of a moving
member is required, such as in dampers for dryers and
HVAC applications, but is especially useful in control
valves where the flow through the valve must be
criticaily'monitored. In control valves, a small change
in position of the valve stem or rotary member changes
the flow through the valve significantly. When the
present invention is used with a valve, output 20
represents the degree to which the valve is open, and so
indirectly the amount of fluid flowing through the

A

mtted from source
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represents the degree to which the valve is open, and so indirectly the

amount of f e ddsbizew ng t hrough the WD 95/30128

PCJ/ US95/ 05239 val ve. Source 16 is mounted on the V&l Ve Sam or
rotary menber and encoder 18 is affixed to a stationary nenber

such as a pi pe. In FIG 2, transmtter 90 includes a set of
5 patterned resistors Rerr]-Rerr], 4tdwee reference resistors
130, 134 and 148, an analog-to-digital (A/ D) converter 100, a

m croprocessor hlvewd Souroeel aicsemountedi o tife ¥8lve RetsEms bar s'otary
Rlerr]-Rerr] ar X S, n
connected to A/ conve;é?l ?808%[8 18 rou coﬁgu%tor% o&%ﬁ V\/m ch

form the eHifly A%® BiPeus 20. Re3|stors Rlerr]-Rerr]are | ocat ed

so as to be subject to thenflppe.f gMesansaatier ibelncludéé'llgkgg@dotl nes on
each resistop represent the respopsi ve material., For exa

responsi ve nat erhafitermed s registars) oRspeoFercin- r BRI hsi ggggﬁ?ﬁf:?al i s

indi cated at 32 yssistorst A30} esa] andakes, asnaanﬁi(ﬂge—to—dlgb.hal PAYDEr ni Ng

of t he respong ongi I n SL st

Rlerr]-Rerr] repér\e‘géeﬁt ﬁﬁ? ng ﬁcro%ng?égn&z\ah%oré; ?éf? %‘éas & nl?l cant
bit of the pattesir@it |1§4ané1€t§g-@wrlsong§osRmG434ﬁealmcl¢F&edms‘t lux
significant fa&eﬁh ?"%eﬁ%%&elﬁ.ﬁ BAdaRAL OSoMTedted € AY/D" cdftfertbp

other words, the frequenc the res onS|ve/non- responS|ve

patterning +&peatld t%@qu‘ﬂk h‘éq’%bc?‘lﬁs eat®h~36E o7 Which ocfQymy sth
ﬁ]err] Rgerr] l%@iﬁﬁ?@n@ﬁfrmﬁmntfeéﬁt&wﬁg HE-ROfEl ra&@reseatéal va of
e position alon € | St Or r attierns a a
: 940550 e STRIAGE B[Ry cIM°EBR LSS B B o

code patter o Prst
enbodi ment of tHaiickesed odinese on reepbnsreeLMEr i pépoesent cuthe

Rlerr]-Rerr] P@%@ﬁsﬁ@e ﬁﬁéeﬁamce Fort %%gﬁ?x]ﬁ@wﬁﬁtéﬁlaio t hat
t he potential across each ci rcw t | s neasur abl erent ,
15 is indicated at non-respons.we material is

indicated at 32 on resistor Rgrgs. Taken as a whole,

the patterning of the responsive/non-responsive

‘materials on resistors Rgrgo—Rgrgy represents a binary

pattern where the least significant bit of the pattern

20 is analogous to resistor 34A and the most significant

bit of the pattern is analogous to resistor 34E. 1In

other words, the frequency at which the responsive/non-

responsive patterning repeats itself is halved for each

of the resistors Rgrgo~Rgrgs- Each pattern represents

25 a unique word representative of the position along the

resistor strip. Other patterns, such as a Gray code
pattern or the like may also be used.

In a first embodiment of the invention, the

responsive material on circuits Rgrgo—Rgigse changes

30 resistance in the presence of source 16, so that the

potential across each circuit is measurably different

when flux from source 16 affects the responsive

material. The material is preferably magnetoresistive,

and source 16 is a suitable magnet between 0.1 to 0.3

SUBSTITUTE SHEET (RuLE 25)



when flux fromsource 16 affects the responsive material. The materi al

Is pref e&g@% netoreS| stive, and source 16 is a suitable nagnet

bet ween WD 95/ 30128 PCT/US95/05239

PCT/ US95/ 05239 - 6- . inches w de. The
spaci ng between patterns on encoder 18 is significantly smaller than
the wdth of source 16 and . usual | y-6at | east 10 tines snmaller than such
wi dth. The - magnetoresistive material is a thin film(e.g. NFe, 5

Ni Co) deposiimches wixte. i ®bel spacingbstveer pattsrng on enesbderalsd thin
fil'mdepositipg ggqu%amﬂltﬂwm@f than Eﬁ@hﬁi&tﬁg%f £Bareem %E’é:?&r‘s' ve

material is acon ctor al um_num resistivity of both the

non- ragheidt b8 iat ]\Pé‘sﬁrétoerq%es Sallere thangAuchr eidthi veThe
material is mammme&we fﬁa&eﬁahm; isPed tRYHAFEIm (e I@V\BNEFe the
present i n |s actical wth other ux _such as

li ght or %uclr}ija paq cﬁltateé;l P | &Hsulgﬁﬂ‘f’égt s%s{:r@ ﬁrov\’§bnghat t he
flux field stamdaed ithimtdidm ydepeositien ecagdh pliotdkitivogeapby
resistors an :%1'1’@3 ex Lhe I spaci ng
bet ween t he - Strra%s dj atgg{rﬁ g’%am ngdrfglq'éf ﬁlta%e‘i-ita?.t is N é%égseﬁse '
resistors. such as alumipum r eTheekasisivity soérbotqu:ihﬁadnona
reference re%&éﬁtéﬁ&iﬂﬁé] )m&@éi?ﬂ&fd éﬂést@m' %&g&x&ém?&sl €spensi ve,

nmagnet or eS| stive npterial and . located in th . . erence
resi.storl013/magerial )1scoﬁBB§9§1mate1§’ubﬁ°éWt i eﬂw ofP%n $‘§'é$6ﬁ5| ve
material and mowéwﬁ the pﬁéﬁmcmveﬁtséﬂrlé 4E0EE) wDEROSERer
substanti al | y er*fég“onm ve.materi i,lg& aced o that the II ux
doesn't 25 ofYRRE 9% B 8 ce§u5 e?fer??“éﬁﬁ Rlerr]
are sel ected ltadinatidte, aspry)ecnatel j:heh@mnsonmﬂaﬂr tife flumqgfbedd as
resistors ery Z enper reg ficient
R &fddidd I'J[ 1§Qeﬁ§1tt ng‘ Eh% e.lfer%%tel{ geerahy %ﬁ?&

ef fects. Int IS par i nVent10n; err] is

m ni m zekP i n EePESRES t%n‘én‘éhgﬁuﬁh@ extents @f chepfield Asg greatexi stor s

are than the spac:.ng between the smallest adjacent spacing
of the pattern on the sense res:.stors. '

_ 'J.‘hree reference res1stors are requ:Lred. a

reference res:Lstor 130 (Ryon) composed substant:.ally of

20 responsive, magn_etores:Lst_:J.ve material and located in the

flux, a ' reference resistor 134 (Rp) | composed
_substantlally of non-respons:.ve material and a third .

reference resistor 148 ( RMOFF) composed substantlally of

respons.we mater:.al but placed so that the flux doesn’t

25 affect its resistance. The resistances of Ryon and Ry

are selected to be the approx:.mately the same number of

squares as resistors ..RSI_G_O‘R.SIG«}' s0 as to minimize the

temperature coefficient effects. In this particular

embodiment of the :anentJ.on, RMOFF is m:LnJ.m:Lzed in size

30. to one square to conserve space. All the resistors are

potted inside of a rugged sens:.ng head for mounting to

- stationary member 14, such as a plpe. Both terminals of

all three reference resistors 130, 134 and' 148 are

connected to A/D converter 100, which has A/D channels



potted inside of a rugged sensing head for nmounting to stationary

menber 14, gd pipe. Both termnals of all three g&ingdoRp630
resistors 130, and 148 are connected to A/ D converter 100, which
hds A/ D channel s WO 95/ 30128 -

PCT/ US95/ 05239 -7- for potential and
for current. The channel s for “%onvertlng potentials are charge
di stribution co verters di scl gsed in tents 4 878,012,

5, 093, 091, Pgr potgasigt 3”%%522£5°qﬁ¥%&ﬁ convéﬁl nets afornput 5

to a digitized oommting poteatiela anmcha.‘cgarmlslurlbﬁtmn conersersg power.
T current Chaagekiodds COMCr ek, 10%atenced 9 HANRES] | B, 99500815

utilizing an op- capaci tor_conne acrbsstné~'npuf and

out put of the 3+ iTP%pQ%IS’r 5®éﬁ§e##§r wWiyich coavess @vﬁpﬁwlpénpﬁtl als 10
from each of regbsioasqgitpiéd -Siesid ﬂ&¥>céﬁ%%m%n%.%ﬁ§ama1 amBiflt OBEPUL S a

digitized potentlal 0 ut for e ch I n to,a m croprocessor 102 over
a bi di recti onal °Rp¥at J:Jné)l:ﬁ‘l’ﬁ!;r'f ac eb?}é‘pﬁ’lt RERRELE o0 (panvextex: 48P al
menory 108 ater sshndang iintegratopss atdlizipgefar ai;i—samiﬁdazd)faCNDS 15-

to conserve oot fOWmd Al LAEBot0nL CESIIE L Burpye BSLREY,

posi tion signal Wre circul
to control |l er 28p—ampi ypfeaverter 3Qppreceiyaal tWPomlPhé posephiialer 90 is

a 4-20 ml hpanpe 40 th g u o] he
current 20 ;;o%e%t?t%g%%ﬁ%tffggé&@%@#'nfg\?;?ﬁ 54 Qﬂd 135
a

Ot her communi c c 8l Q%WF%Q‘E&@W SpEpuE for eac§u1!a§PFFrposed on
t he anal og cur remt ,a om:.epbpmbess«gflalloz ovierana midiretionaldl seppe used.

curront for eackdr e bE8 108, Tlcko" Tha s BY) Sitedtd Blofynide; o
each, accofat sgordnghinstect bonss iandldls| préfécabily made ofF[ eMO§
= (Plerig- '%[&Ebhséfg%]operét[ﬁfé bowerR[ g{ﬂt]er]facePJ[(M Q%L:% Rr]es tﬂer r] )
[err] RSIGL, 3 f‘
desired position signal over a4 two wire circuit form
by conductors 94A, 94B to controller 26. A typical
output signal from the transmitter 90 is a 4-20 milliamp
{mA) current signal, where the magnitude of the current
20 represents the absolute position of moving member 12.
Other communication protocols, such as digital signals
superimposed on the analog current, or optical signal
transmissions may also be used.
_ Microprocessor 102 receives two digitized
25 potentials and a digitized current for each of the
resistors and calculates a resistance for each,
according to the equations in Table 1 below.

~SIGO =  (P3ea - 036an) T IRSIGO

30 5161 = (P3gp ~ P3gBR) *  IpsiGi
Rgrg2 = (P3gc — P3gce) + Irs1G2
Rg1G3 = (P36p ~ P3gpp) + IrsIG3
Rg1G4 = (P36 — P36Eg) * IrsIC4
Rymon = (P132a — P1328)7% I130
Ry = (P142a — P142p)* 1134

35  RmoFF = (P1s2a — Pi1s2p)+ I148

TABLE 1

SUBSTITUTE SHEET (RULE 26)
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Rierr] = (Plerr] - Plerr]) [err] . Iferr] Rlerr] =

(P[err] wob%/30128 ) [ err] I[err] Rl err] = PCI[USHFNNS5239 P err])
[err] [[err] Rl err] = (Rlerr] - Plerr])[err] I[err] 35«
RMOFF . = (P[err] - Plerr] [err] 1 148 ' _
TABLE 1 WO 95/ 0128 T PCT/ US95/ 05239
- 8- where P denotes a digitized potential corresponding to - the

tCﬁrlductor {Qﬁﬁr@“@eﬁehbtg_heasgbgﬁ.ﬁiiﬁbd bodﬁﬁﬁi_&il tbfres oﬁdlﬁignﬁo':] hr ough 4
e resistqr corresponding to subscript_an err] i e sense
and digitiz e §°nflgggg'faxﬁ%€mﬁﬂé%§a¥ 5.pe ?‘i%s?gjs?%'t g(rgnﬂ%ﬁr%} err],
respecti vel yurdtient t bbroughl cthat etesistat amogyesponding teO2thel cul ates
the fol | owi NGHEANSHANt 3ng gggagf ig  tnghcEenfelicPbagen §9;4Ffzéamunt of

additive resistance of . resistors Herr[-R e In the

absence of fegistapcerafarofeadl refi $the s IRBASLPIR] eRsicoBeIOPE hal f Of
their: I $esPedtdVed 1t rvheh chdve RONRIIGRY FebietaRbEE, ahiérd = the
ot her one- hﬁ-: f c%at ri but edF% 03- maﬁnet oresjstive material. -In
sinmilar fasHi%nCalcelates: | %P IPY¥ABY; FORSLARERL i on 1 corresponds to the
anount of resistance 15 contributed by the non-nmagnetoresistive materi al-
and the quantity 16[err] corresponds to the anpunt of resistance
contributed by the nmagnetoresistivegpaterial . The multiplier of 16

for the resistance Rerr] is presﬂe-n-té‘:'+-16kmuse_ the size of Ki¥r] is 1/32
of the size of the 20 other resistlrs, and because only one-half of each

of the resistors F er'rJl- Rlerr] is magnetoresi,stive., Shoul d
where A represents the amount of additive resistance of

any of the resistors Rgygo~Rgig4 in the absence of flux.
10 -  Each of the resistors Rgrgg~Rgrgs have one half of their
resistance contributed by inagnetoresistive material and
the other one-half contributed by non—magnetore_sist‘iire
material. In similar fashion, the quantity Rp/2 in
Equation 1 corresponds to the amount of resistance
15 contributed by the non-magnetoresistive material and the
quantity 16Ryopp c'ori:esponds to the amount of resistance
contributed by the magnetoresistive material. The
multiplier of 16 for the resistance Ryopp is present
because the size of Ryopp is 1/32 of the size of the
20 other resistors, and because only one-half of each of

‘the resistors Rg1go—Rs1G4 is magnetoresistive. Should
the resistors be re-sized, the constants multiplying Rg
and Ryopr change appropriately, but ‘should represent the
amount of resistance contributed by the magnetoresistive

25 material an__d the amount of re_sistance contributed by the
non-responsive material. The other constant is given
by:
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the resistors be re-sized, the constants nmultiplying RF and Rlerr]

change app ' y, but should represent the anount | nce
P il

caontri bute e magnetoresistive 25 material and the a

resi stance contributed by the non-responsi ve material. The ot her
constant is given by: WO 95/ 30128

PCT/ US95/ 5239 -9 -9-

B-Rerr]-32R err] (2) where the constant B represents the:

additive resistance caused by fl i f the sensing resistor were
entirely nade of mmgnetoresistive %%W;{%.RMPH% final step g%)rforrred in’
mcro 102 is to calculate the absolute 5 position given by, [err]

where PCS repr #hexesthaconstsink 8 pepresentsithipaddative resiptance The

nunerator of Eqaukiedn by ithe ! Beux, i¥ f kBecnséndinig'eerst Beosenadh

resi stance Rl err ,ansi. t he resi stance .of .the resrstfr Iﬂ-éet h;._ ab]zence of

flux, 10 rati CEFIEEFNBRARRNMIFICRRF G IAE YGRBEBF IR st | IN&lesi st ance

caused by the fsttep, perfogpeddnomithe 102 is tovedigpiulater thacdbadlutee

resistors ag"nd ‘%’é%‘ﬁ%ﬂv ivf'il of the resistors Rerr]-Rerr]. -
t hod,

Using this e encoder etermnes the 15 position of the centroid

of - the magnetic field produced by soyce 16. ~ For exanple, if the
profile of the magnetic fi eIRbS-eEé aF8&: anwar anot her symmé@dYi cal
di stribution, then output POS will i‘ndicateBwhere the posi tion of

maxi mnum magnetic field ma%nitude on the 20 resistor, strip. However, if the
profile of the"‘&?&ﬁﬁelppé represents e absolute position of moving

member 14. The numerator of Equation 3 is the
difference between the sensed resistance Rgygj and the
resistance of the resistor in the absence of flux,
10 ratioed to the amount of additive magnetoresistive
resistance caused by the flux, weighted by the bit
weight for each of the resistors and summed over each of

the resistors Rg1c0Rs1G4s-
Using this method, encoder 18 determines the
15 position of the centroid of the magnetic field produced
by source 16. For example, if the profile of the
magnetic field is a gaussian or another symmetrical
distribution, then output POS will indicate where the
position of maximum magnetic field magnitude on the
20 resistor strip. However, if the profile of the magnetic
field is a non-symmetrical distribution, such as a
skewed gaussian distribution, then the output POS will
indicate the position where one-half of the integral of
the magnetic field is on one side of POS and the
25 remainder on the other side of POS. 1In other words,
output POS indicates the centroid of the distribution.
However, the output POS does not take on a
discrete set of values as a digital absolute position
encoder would have. Rather, it takes on an infinite
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field is a non-symetrical distribution, such as a - skewed gaussi an

di st ri buwiomsssoet2sen t he out put POS will i ndi cate the PCING$9805290€er €
one-hal f of the integral of the magnetic field is on one side of POCS .
and the 25 renminder on the other side of POS. In other words, out put
PCS indicates the centroid of ‘the di st_ri'dwt I on. However, +the
out put PCS does not take on a di screte set of values as a digital

absol ute posihhffer of SHEANSS MBIy adFiidwit elnfcohehegaeeeeas' nfinite
WD 95/30128 CT/ US95/ 05239

-10- nuibeFe8ietaF ﬁe§SEGDw§'SrIG&ny angd Fsnth fat ABRASY in

resistors R eoutpd ehashngnﬂnftnihereeeomu'aﬁoanal This . effeutpubmbaw ng

infinite reso f.lux takes
on a spread o+yér%§m?ca§mé @IJ %fmﬁ eesctor} he gng es| g%“’%@f’? patterned
resi storsd . whi¢h atﬂfscﬂ'-lﬂxem&t&tdﬁ}w p&ttexhed sesistormet.i on
profile so th Qﬁ@zyf_i t f@@ﬂ&é&%?' §Bh¥8eeh6nﬁH& g &ﬁﬁE‘thHnder

source were af ecte en he out Ut But as
the flux profP¥RERe’ §°10t §T‘rD(ﬂIH i n@@ﬁ%ﬁ’;ﬁt’ﬁﬁ:he&ﬂﬁnﬁaus& an’
profile, m@cﬂiy himaeraeaataeweﬁé |aﬁey:1mt,t ethefdclie Yutiput PbgN

- just the area_di at h ree 1 ect ed To show t he
Janal og nat ur " %'fi‘fhg r‘gggﬁgfhvenéﬁg gh ‘%% pFﬁg %?ﬂ L}'éasof out put

PCS V\henleoursmocﬁﬂllis V_Hi'yldlg emtleytsm;yer sucheas cegawssian proéile,

magnet or esi stpyfe of {HY Gid ﬂe%ésﬁﬁ%lﬂﬁt‘demeﬁh%egﬂ'é% Pﬁa%es' stance

contri buted by err] 1s a ossi'bl’e
resi stor areal®ft I#Qle@rﬁm@#'?%tlﬂf exheath geurce 14 s affected.

magge]E or es: lst'rcveshaad theC il SPNahire dfaNchS §9eejéﬁ€ fih%ﬁtiaﬁs'[a”;[,\; and
Sour ce 16 i 5 SosH °r51=15%68«#m B P
Rlerr]. THhen directiyntovwdr r atiest aserterntofl bthed magheBoresibyikdl G4 is
eu-bst anti al | pgi&lGy o 51 i Srd ' t'él uﬁs{:&i The amount of resistance
contributed by Rgyg4 is as large as possible, since all
of the resistor area on Rgygq Which is affected by the
flux is magnetoresistive, and because constants A and B
20 are fixed constants and used for all resistors Rgygo-
Rgrgs. Now consider another case: where source 16 is
directly over the non-magnetoresistive material on
Rg1g4- Then the amount of resistance contributed to POS
by Rgygs is substantially  zero, sirnce the value for
25 Rgrg4 is substantially equivalent to the quantity A,
which represents the amount of additive resistance for

any one resistor in the absence of flux.: Therefore,
the additive res:.stance ‘predicted by Equation 3 is
substant:.ally zero. ' These two cases respectively

30 represent the maximum and the minimum amount of additive
resistance which each resistor would contribute.
However, when source 16 moves over the interface betweenl

. the magnetoresistive and the non-magnetoresistive
‘material on resistor Rgrger the additive resistance

SUBSTJTUTE SHEET (RULE 26)



25 RSIG4 is. substantially equi valent to the quantity A whi ch
represents wh 5,?ﬁmmt of additive resistance for any or}%rh%g&géy I n

t he absence o? I ux Ther ef or e, the additive resistance predicted by
Eduatlon 3is substantially zero. These two cases respectively 30

represent the maxi num and the m ni rum anount of additive resi stance .
whi ch each resistor would contri bute. —lowever, when source 16 noves

over the interface_bet net or e |st|ve and the
non- magnet or esi st Fv&SS \Ageﬂg?gplsgeoﬂag %t%‘f‘ RiécAlinimum, ragistance

resi st ance dyecessedilabove, providing an analog weighted binary
PCT/ US95/ 05239 ntpu Gugen Xiygum an dnn
resi stance gl sgussed&;b?%es %p\r&g’w %’%gdan arrlgual og r}%{ p&mégw
output for posi iR¥ENtiGROodShe T¢idth pf Tield plesgmater thmentthen t he
width of field l?egbfﬁlﬁﬂn Ulﬂﬂhéhﬁéaéxreﬂe@&m#ﬁéf’éhé’flnt ba :?‘?ﬁﬁ‘
ﬁ spaci ng betmeen

whereas in the prior resol utlonlsllmte to t

adj acent F?ﬁ??‘l‘étm%e’c%u]s’é”ttﬁ‘éi re st SRARIRG hetweenoadissent
additive resi st apattermse byeidauskl whe Opﬁeéeﬁtﬁdlmﬁon rat9bs’ @RSt ance:

and because both [ ffected .10 he sanme source encoder 18
does not requi reé“(ri(gf‘@i‘}é I%%ﬁ%t%'rn% %ﬁugg(ﬁy ttfhr%fﬁrﬁ |€ ﬁnﬁ?‘a@d .
repl aced and of ypesistanse @ndcblestaysarbbth quanmasiesemedalffected-

calibrationipf the kRét 'sﬁheSts%Eﬁ"c@g RAidYae?Nq ¢ Qﬁ)ef'sn%d;?? uJ.PQ' pL_(zero

and span) was nece sar%g en any part of the 15 Ia ed.
The present enco qns each’ tF-ﬁ?eHQFﬂ-ﬁ?emQ@%r]ﬂatilsoﬁgpllﬁcﬁﬁeanﬂstance

bet ween source worksleﬁaﬂ tahe“d‘:emsts%&tRLe”inR[p%rsFt] édcddird OPrel the

resistor strip a t.he bo o the resistor si nce
each of the re5|§ ?‘r%‘g'lﬁ%? r‘]u 2?) arting B@tmf:oa?q]]é;h?aﬁﬁd?-gﬁ d
vari ati ons when Mdzmm and sparngt wasynecessamyowhenoany part of the It

shoul d be npj ed’eﬁw&?ierwaihiﬁpﬁ.gﬁeaourc‘fhe preféfit OUnkokibdV H1dd £
di stance fromthe end of t
insensitive to variations in the distance between source
16 and the resistors Rgygp—Rgrcg at the top of the
resistor strip as compared to the bottom of the resistor
strip, since each of the resistors Rgygp-Rgrge are
20  subject to the same field variations when source 16 is
at any given position.

It should be noted, however, that the source
can only travel to some distance from the end of the
encoded resistor strip, since the entire magnetic field

25 must fall on the resistor strip. When the source is at
the edge of the encoder strip, the integral of the field
would be smaller than prior position measurements and
the output of the sensor would not reflect the true
position.

30 In FIG. 3, a second embodiment of a position
encoder shown generally at 110 includes a resistor strip
112 affixed to a stationary member 114, such as a pipe.
A moving member 106, such as a valve stem or a rotary
member, has an LED light source 116 mounted so that it
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encoded resistor strip, since the entire magnetic field 25 nust fall on

the resi wom®s/30128i p. \Wien the source is at t he edge PET/USHS/082890der
strip, the integral of the field woul d be smal |l er than prior position
measur enents and - the output of the sensor would not reflect the true
position. 30 In FIG 3, a §f§9nd embodi ment of a position
~encoder shown generally-at 110 includes a resistor strip 112 affixed to

)

a stationary wragear rla%stwmﬁa viDe. F:G.Asmaubag PReb e ibyesUch as a

val ve stem or rotar S LED | ht sour ce 116 nounted so
that it ﬁ%a ¥2%f mov1ng memge f& to sta ionary me e:pé—p,;dusgsl 05239

-12- f abag rnetetdrhasﬂrnqembb% 166 G (ahdshevartée 1E6 amdimhted

| t of but te that
o scerent of SRUAGCTSG0EIpARl el Vo AR gUEPRE"L P krvans Ml
source 116 tr&hel dength of mremistowtstoip rbk2 sinrorderptol priovideder to

provide . Ehux ffﬁSﬂlt ReSO0gbELck O ﬁcﬁsrs.s@étai»“&ﬂy 112IW0  pyo
terminals from eac 9§ éeven resbbéors on stri connhected vi a
0

 buscos 115 RREMLDALE FEOHeah Rk avsRores isEoTacon AT IR driZade equl At or
132 is connectefineceedavid G busisesnalstand iZe tei &vdlvd Poditidbnednt rol | er
138, which I ovi [ Qsl ner. 150. The magni t ude of

the current i Fi ﬁ(bopAgi ﬁ@%’eff%%%ggﬁgﬁﬁg&ﬁf{sgt Fe Cgpngcted (?g r &R val ve
posi ti on10whi ektennelftwe wid® cirecuitslibdto a centrislheral38 gndlich34 to a

PI'D contr ol fesbéagﬁerﬁffﬂw& £b2! BhB et foltdr 1Y S! £ ’ﬁﬁ?{f‘%}*ﬂ gel

Rlerr], Rerr are 0 an ana
converter 122thghFBprent’ ig %%?Bt?h’é?‘éﬁtsﬁﬁﬂeﬁl%ﬁﬁﬁﬁswmnfera 100 in

t1 gg 1o(r]I evi tdﬁﬁlﬁé?o&ﬁhtlﬁqbosrﬁiohﬂ ﬁﬁfcﬁrﬁwéilﬁ@bgﬂ'f@aéétﬁves anQP”;’erter |
provi des the.potential acr ac res n e curren
t hr ough each ?nglgt%ﬁc% gygnal 40%65%%2%5?6 ‘gﬁ 3 ch Bokh udes a

2K program temmimays 18§ resdsiteirsr Ro+RGr d;mgc@@ﬁ dnd  RrggpulaaRe
constants. A aggdnBect8’ €0 ah e&’l’igfgé‘léol&fgﬁ%i ddiverter 122, which
is constructed similarly to A/D converter 100 in the
previous embodiment. As in the previous embodiment,
converter 122 provides the potentiél_ across each
20 resistance and the current through each resistance to a
CMOS microprocessor 126 which includes a 2K program
memory 128. As before, microprocessor 126 computes
constants A and B, where A represents the addition
resistance of any of the resistors Ro-R3 in the absence
25 of flux and B represents. the additive resistance caused
by the flux, if the sensing resistor were entirely made
of magnetoresistive material. Microprocessor 126 next
- computes the absolute po'sition, POS, given by:

R;-A
N3 K4
POS-37; | ——

PID control segtio_n 130 re'c_eives__the'_c_:omputed- absolute
30 position, POS, along with the desired valve position
signal 134 from regulator/interface 132 and produces a
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rési stance of any of the resistors Rerr]-Rerr] in the absence 25 of flux

and B repreggeisoibdie additive resistance caused by therﬂrmgwdsﬁagt he
sensing resistor were entirely nade of magnetoresistive nmateri al

M®cr opr ocessor 126 next conput es the absol ute position, PGS, gi ven by:
[err] PI D control section 130 receives the conputed absolute 30
position, PCS, along with the desired vatd3 position signal 134 from
regul ator/interface 132 and produces a WD 95/.30128 |

PCT/ US95/ 05239 PID control signal 140. Within coptrol circuptpl3fnithe

signal 140. W't dieaigeat rpusiedirc&wéldxf&l 15¢ and tﬁéSIHIﬁém&l tderiBed gnal
134 and the absol ut.e.sense

Control signal PRG* ion ?%g’ﬁje qqq?lg%lr Eil(?ggﬁfﬁ‘g %nf’ﬁg ffer?ﬂtc]é*g)r al of

the 5 differends, tmleelunleardeombanateonfofhenehﬁm emisagzm:l of the

constant tergm Ofdi%?@rghzzéer%%ix@ %@?leéégvée&f”ﬁ%e?ﬁ fgfefi‘ﬁé O%Kd"ea of

pressurized "air in a ressur e
provi de a 3-15 Sop§gtagurerBdof the neeout E&@E&Gl‘ﬁ%rrﬁﬂélﬂwsa

control valve oy éQuré‘Q%ﬁ@i‘eB@%ﬂbé&ehr 142 in a current €6t z@sétﬁ*é!
patterned resi st

t 11
havi ng a patterr{ rgg%R[]'%Zr]Bﬂe Hﬁﬂi’e"d@f ?rat%dlﬁ‘gln ;éé:o?ﬁﬁﬂ‘l%‘éﬂi t he

li ght, such as pneumat.hccmt‘puth 116 opbr calsky ihian coatirol eklomi g and 15

anot her matgyi al ponsi ve, such as an optically opaque
thick fil mlgfrl nto eg/@hgpe*? ?@fcx&&s alumna filled epoxy. As the |ight

fromflux source 116 Anpehgef Saurepatterzedzesistrs Mo-Raaxe ght

gener at es el I r n S 20
Phe amunt of oirracedrPa g T hahang s i’*‘*ﬁé’fhsh ey 2

di scussed regaP@eng¥Penet E?Fbﬁ% responsive to the light, such as
silicon with an optically thin coating of oxide and

15 another material which is non-responsive, such as an
optically opaque thick £film printed material 1like
alumina filled epoxy. As the light from flux source 116
impinges on resistors Rg-R3z, the 1light generates
electron-hole pairs in the exposed silicon, increasing

20 the amount of current flowing through each of the
resistors. As discussed regarding the previous
embodiment, as long as the pattern is unique as a
function of position along the travel of source 116, the
‘processing electronics compute an absolute position of

25 source 116. Also included on strip 112 are reference
resistors Rgy, Ropr and Royp. The shaded area on FIG.
3 corresponds to the responsive material and the
unshaded area corresponds to the non-responsive
material. However, the set of sense resistors Rg—Rg3 are

30 different from the previous embodiment in that the
patterning. taken  as a whole is compressed
logarithmically. The spacing between adjacent patterns
of the sense resistors (taken as a whole), -is
progressively smaller as the source travels in a

SUBSTITUTE SHEET (RULE 26)



enbodi nent, as'long as the pattern is unique as a ~ function of position
al ong t hwotespeiag of source 116, the processi ng el ect rRITVEI9SHIIPuUt e an
absol ute position of 25 source 116. Also included on strip 112 are
reference resistors Rlerr], Rerr] and R err]. The shaded area on FIG
3 corresponds to the responsive materi ?ja and the unshaded area
corresponds to the non-responsive THerial . However, the set of sense

resistors R er %?%'h”]ﬂa{’igk 0 tg&t_it_&{le{g %gmﬁ%ﬂor&\gl%re (}%ﬂmnt in

that the resse
| ogari t hni cal 11312 Theseghcﬁtmg meramgememst ae&ntthet patrherns Rﬁo‘tlt@@ssense
resistors (tahsﬁeréésédweeksiutaan forP Qa1 WA Wwed Blrh £6h aRalsBe sSour ce

travels in
PCT/ US95/ 0523gon-11near operat:n.ng characterlstlggfl ‘such" as, &!‘H% from

the bottom tOof:éﬁthpon equiils tipercéntiage valvds. SﬂC@ea&rallr aﬁgﬁemsnt of
the patterns I ncreased resol utio eszt JScontr whi ch

have a ngﬂ ?Fﬁgélp‘lﬁ%a‘%t i AP RREP AT er FAGT ficPa lq lﬂ%'q{%'
openi ng or equaefpireren diwe wall\was characgendstic xeguires inupeaseadiically

conpressed epgadenribs af rﬁ 'ﬁbrt:.on ’é&e{:l'ﬂe YhEPe LY & Ve 1

characteristiC requires inc resol ution at. specific portion of
t he val ve trat‘bﬁse Malves, t’H‘é@% \‘P£ Vee NadNeororefing| Q€ (ﬁﬂ@ﬁ‘ﬁ%ﬁ or

closing 1@ agkt?6n06EESs VARETr @ rrémﬂmélm shett distanee of mw
stem (or rot arly_?rrenber travel enha esol ution

present | ogafFERM Gl %Fa‘-”é'oﬁﬁ!"&sﬁdtr%\ﬁ%gueF € enhgpneed cf%soe]rﬁt&r?&d
control of thefvathe oOpreséhtseclogarithmicakly opeampresseatl stenvosdisr

typically “ea{,rwffxge' éntishcaf 2ottt TbeW G WlvkS Suet! Glese O her
non-|inear ern spacl ngs e used, especially wth va ves
havi ng oper at r:ngtmala@pera‘émgsdbgééwas+ ytYBﬂ-CFQ)Uéﬂ near the (%alv® ocess

they conykol . geat where flow éoﬁtﬂbiaiéYcﬂféiéE@d ROidr Hbrernikdr can be
20 made accoLQLQgrn spa%;%%gc dlsgggaede%pggghl yeglth valves
'hav1ng'operat1ng characterlstlcs especzally tailored to
the process they control.
A s;mllarly deSLgned position encoder can be
20 made according to the concepts disclosed above, where
the source of flux 116 is high energy electrons'(beta
particles) and the sense resistors are patterned with
one type of material which is opaque to beta particles
and another material which is transparent to such
25 particles; The resistor substrate 112 is made of an
"  easily processed material such as silicon with an
- insulating layer of silicon dioxide, the beta opaque
material is a one micron layer of easily fabricated and
processed metal (such as aluminum) and the beta
30 transparent material is a thin silicon dioxide material
less than a micron thick. The mechanism by which the
resistance of the'éensé resistors is mddified is an
avalanché effect resulting from beta electron impacting
a doped silicon lattice. The patterning on the encoder
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t he source of flux 116 is high energy electrons (beta particles) and
the sense ryploshsrsy are patterned with one type of matiimlesiddheh is
opaque to beta particles and another material which is transparent to
sich 25 particles. The resistor substrate 112 is nade of an easily
processed material such as silicon with an i nsul ating | ayer of
silicon dioxide, the beta opaque mal®rial is a one micron |ayer of
easily fabricated ang .:processed net al ésuch‘ as..al umi num and the beta
30 transparent®3ht ePPal “1"5"—%511 hi MR DN 4PERF HehfigallYal SpPacedess t han
a mcron thick.cofhmespeniddinigs tdy etlviodert he8 and resd St espeotivépysense
resistors is { L i l.anc ffec lting from beta
el ectron i npa%lgél'ﬁ& é%%(?&f)nee&tsi%l\f?g%% :E’g‘tet%f%’g. i’?%u?‘%%?t%‘?ﬁ?‘iﬁt Sthe
encoder realized with a DERSTONUPArSHELT 6cPuLEe 2B5)6 and saiB&S5/ 30128

PCT/ US95/ 05839 resistors Ry-R; manufactured of scih®illator Midf :Pf]l ei ther
linearly logarithmcally™ spaced, correspondi ng to enco%l%r 8 and

110, respectivéfRere the patterningonithensense (1rsiftorsnis pparalbsl encoder

is real i zagb WHd dirertiion gRritlel Sourgetiild amsodamsft, Schd €sistors
Rlerr]-Rerr] rranufgﬁéured of scintillator materia

|, . Where the
patterning on tihe 8tPhsi 18 oY PBhar SPPELTIVE  RIGSEIE (ARt of
travel . In thineuhrondopaqie material isodittlidd dead drs aneapprvpriatd tive

plastic anth { hon-nendSih GenoBERHE SEALAI Ts e ther |ead o an

appropriate 10 non-neutron sensitl . ) Al t hough the
present invention has beBhthoughiesehe hpregant r dnuenhient chas efhmered

errbogi m%'néI s, dfesmbegsdﬁiﬁiﬂ: Q(é_fieﬁehbedafé \@Sﬂéfe}@%ﬁgnéﬂﬁ‘odﬂéén@,anges
ey be made | nwo%:@r%nsklﬁgé i1\1M éhg uatrt %Ei rlt |rré%°gxr12£ne that changes
may be made in form and detail without departing from

15 the spirit and scope of the invention.
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15 the spirit and scope of the invention. _ WD 95/ 30128

PCT/ US95weris50128 i - 16- PERUsIsHsAl VED
IS - 1. ' A position sensor for providing an output

representative of the position of a noving member, a  source of -flux
di sposed on the noving nenber t he encoder conpri sing: _ -

an array of sense reS|stors dlsposed(N}QHe stationary
menber and s : flux, each resistor including
two types ' naterlal one type responsive and the

ot her type noh-responsnkleppélﬂihenfIms%r for providing an \m-l@ut ng

factor assigrépresént&eive of the pos;tlon of 681 8bPing member a
reference circuit - foré£ £¥|d|n afir él

representati \/% %If'c%_ Pose on the mOVlngt h@e@éﬁ?ée e stors in
t he absence cfncoder comprising: fl'ux and a second signal representatlved
of an additive reS|sta e resi stqrs cause
by the flux; and Qﬁf éf&é@ f Qéﬁs%eFeféstorﬁsPﬁgpPﬁgdrégﬁ§i ce of

t he o sensesﬁf#sl@ﬁms menbesr Indvisdbjeck to the

referenced additive rESIStaqghﬁ(ﬂégﬁﬁﬂfeSlstar lniﬁ¥dlﬁ? ey ti#gg
resistors, t he ref erenced e resi‘stance

determined by -~ of materd-laflf'ePBﬁcFYiBetWB%m%b‘de rangd Shence and
the first signal, rati aotiger t.wiélnon-respﬁns:we 1r:]o thétii'fl‘ft%E e?ﬁe to
the second si gnal , Lghtin e ratio e
appropriate ' wel?ﬂﬁﬁﬁﬁlnﬁacggﬁtoﬁs suﬁﬂ1n§y

ref erenced additive resistamasishomach - - of the sense

resistors to provide ”he reference circuit PG5! tﬁr%'%.%ﬁ'?l%or Ol

51gnal representatlve of a résistance of
the sense resistors in the absence of
flux and a second signal representative
of an additive resistance in the sense
resistors caused by the flux; and

an analyzer for sensing the resistance of the
sense resistors and for providing a
referenced additive resistance for each
of the resistors, the referenced
additive resistance determined by
differencing the sensed resistance and
the first signal, ratioing such
difference to the second signal,
weighting the ratio by the appropriate
weighting factor and summing the
referenced additive resistance for each
of the sense resistors to provide the
position sensor output.

2. The position encoder of Claim 1 where the flux
is a magnetic field and the responsive material is
magnetoresistive.




2! The position encoder of Caim1 where the flux IS a magnetic

field and t, sponsive material is magnet or esi sti ve.

95/ 30128 WG k15 " beTs Usos/ o52é’§"""s’5""\/5\%9

-17- 3. The position encoder of Caim1 where the flux IS
i ght and the responsive material is a sem conductor. 4. The .
position encoder of Caim1 where the flyx- I's beta radiation and the

responsive material is a | sem conductor. S The position

encoder of C ai3m 1 wher e Théepbbikion encodesudbt l&iadilaihere ik Fhax

ls t The
bosr 1 on sensortbiight nd the FesbBlls 68 Hduatal 15 d Somaconluctors; o o; <
forma pattern4nd the Theppesition tencodexsod G.Ma_:lma; vhere shet §laxb| nary
pattern. 7:is beta YaRiBeSbhi WhdCPRE' r@%ﬁ%@i%GM‘éﬁalhefse a

spaci ng between each subse%uent pattern and t spacing 1s uniformover
the sense resi st The position sensor of Claim6 where

there is a spaci ng b&h‘ﬁE‘pdilsfﬁ'Mh sneodercof qlAine!l nwivete tthu%t fluxsSpaci ng
t f t st S Lon sensor -
IofS gloal lrJnm6 \%\(ranr gvt%%eutr}%nsiﬁéﬁé%ﬂetaégeﬁhfuﬁggaﬂﬁﬁf‘vﬁa’f‘?g?ﬁé nt¥hd sense

resistors is | cpatiromnisensitiveOplasticThe p05| tion sensor of Caim1l where

the novi ngsmenber | s 7hige gd @9&@2&&91‘ ‘Glath 1 wyere the Me

position sensor of aiml novi ng stemof a
val ve. 12. materlglﬁogpt‘q:}gﬁ, §onaR Feedstorsr fermm Iﬂattftleﬁg and thej gnal

represent ati ve paftterpgstaken &8 = wholle, Oi'epﬁes@nts a Viharyophtebryal ve

havi ng a val ve nmber whgse noy ngs how far the valve is
open, the tranglrﬂ;let ter Q‘?x ft's*% senscr o% g}.alm J]w\ﬁere ti)ere 1s

a spacing between each subsequent pattern and the
spacing is uniform over the sense resistors.
8. The position sensor of Claim 6 where there is
a spacing between each subsequent pattern and the
spacing is not uniform over the sense resistors.
9. The position sensor of Claim 6 where the
spacing between subsequent patterns on the sense
resistors is logarithmic.
10. The position sensor of Claim 1 where the
moving member is the rotary member of a valve.
11. The position sensor of Claim 1 where the
moving member is the stem of a valve.
12. A position transmitter for tramsmitting a
signal representative of a position of a control valve,
the control valve having a valve member whose movement
determines how far the valve is open, the transmitter
comprising:’
interface circuitry receiving a current over
a two wire loop and providing a desired
valve position signal representative of
the magnitude of the current;

) R



interface circuitry receiving a current over atw wre

4

| oop and W 9530d2ng a desired val ve posi PCDUSIQS230 :
representative of t he magni tude of the current; WO
95/ 30128 PCT/ US95/ 05239

- 18- circuitry and pneum%d(x; for providing a

regul ated pressure output to the valve as a functlon of

the difference bet ween cz.rcult:a[ absgl Pneufngg gmf&d ‘iﬁld(ﬁﬁ(}ﬁj t | on si gnal

and a sense eeposIt £ source
of flux disposed on- the val wedilated pressure OutEﬂtsé? She yalye

resistors disposed On a ag a function of th¥ WilfFerendadbetwenl the

val ve and subj ect o .the fl.ux, each _resistor

i ncl udi ng two types of nateriBf desike valve’ position signal.andgonsive
and the other type non- sensed absolute @mspmusmve to the . flux, a
uni que ign a

resistor; ' @ sé’{ﬁ# er enc%]'c"'lt’{ic(ad'(y’tE ¥ Er§13|c'§’§r310\%’1Sll ng é'%f %Qef“'

si gnal representatlve of t8et r ofi seense resistors disposedf arheasense

resistors in the absence of statlonary port:.on foex enel RPN dng gnal
representative of e resi stance i.n the sense

It
resistors caused by the- fILn?uQQﬁFt t° é%e 1uX, c§aCh) AGSiSERTI ng the

resi stance of the . :anludlng Sewbe tysest OFS m@wri&l poge¢ ding a

ref erenced additive resistance for ch . dt & t he

resistors, t he ref erence respons1ve an hﬁh&Fﬁe$é YFE%P?Pance

det er mi ned by respons:d;effetencﬂ:hg t HElvwensed remmqluence and
the first signal, rati h ce to the -
second signal and (uéﬁbhtfﬂgz facﬁ r.nS’Fﬁ result by F%B

appropri ate - resighditing factor- and ~ suming the

referenced additive resd stafiéfehfe @AGtuit for providing a first

siénal-represéntative of the resistance

of the sense resistors in the absence of

flux and a second signal representative

of the additive resistance in the sense
resistors caused by the flux; and

circuitry for sensing the resistance of the

sense resistbrs and for providing a

referenced additive resistance for each

of the resistors, the referenced

"~ additive .resistance determined by

differencing the sensed resistance and

‘the first - signal, ratioing such

difference to the second signal ‘and

weighting the result by the appropriate

weighting factor and summing the

referenced additiﬁe resistance for each

of the sense resistors to provide the

absolute position of the valve.

R



of the sense resistors to provide the absol ute position

of the val WO 95/30128 :

PCT/ USos/ 05598530128 -10- PETOSSS e
ttansnmtter of Cdaim12 where the materials on the sense resistors
forma pattern and the pattern, taken as a whole, represents a binary
pattern. 14. The transnitter &9-Claim 13 where there is a
spaci ng between _each subsequent pattern and the_ spacin i's uniform
over the sense Rdsistors.The transmitter TiRf ¢ (GHEW (1} Jfbeyei HhS where
there is a maketi Blsheh a sengle FEBSSHUEAIEfRAT aebatdBEnt Afd SER€i Ny

G aim 13 wher o BRECSERe hgRen 4s B.vhaLE: croRReiiite AuPierht BAFFF sonse
resistors is 14.| ogari t thectransmitter of Claim 13 where there is a
spacing between each subsequent pattern and the spacing
is uniform over the sense resistors.
15. The transmitter of Claim 13 where there is a
spacing between each subsequent pattern and the spacing

is not uniform over the sense resistors.

16. The transmitter of Claim 13 where the spacing
between subsequent patterns on the sense resistors is
logarithmic.
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