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Webba-c 'sP0S
AIVL‘RPHClJS DI AVOND- LI KE CARBON GAPS | N MAGNETORESI STI:VE HEADS BAGKGRCMND OF
THE I NVENTI ON This invention relates to nmagnetoresistive heads,. . :
particularly to rragnetore5| stive heads for reading dat a from a'm & a@en#
ragnetic nedi a. Magnetoresistive (MR) elenents are wi del y.. Used i, maggg_t_'l___g
5 transducing heads for reading data froma pagnetic di. sk I\AR el enepts
are characterized in that the resi stahce of the el enent . changes vmt?r )

variations in the magnetic field due to recorded data on.the.adiacent o]
rragnetAMQRBHO%Q[ng ND-LEKE/CARBON IGARSRI HIMNEMS@NEH}E@BSQ ng a

current through the el ew ! ghange across it, or
by 10 - placing a voltag

i ng the current

change through it. |n eThisdhverich rélztteswirwgnmcﬁemwe Heids, Spditicalatipe dat a
on .the disk and the MR head provides an accurate transducer for reading

hi gh density tAgRgRgtoresistiveeadsor regdingdata fromamadineat magnetie media.

Typreally e R el ereRiagnud: SGAIENR) ElmdOE ol R iR L X
shi el ds f§r ttranfdﬁciwhéadﬁm maumgdatinﬁmalmagndacdisk MR elem@ntsrarer t he MR
One. probl om aSiBriErized if 11 Re RESHBNTE0R thetc1ewiegt BRapes SINCEANAUOSS [ on
gener at ed by e t he
current is tygwclg 191%g12%gﬁ5ﬁ&?04&[ﬁ}’e %@@a%ffﬁ‘%g@g)m%e@ﬂgﬁi gke of the
MR el ement fi mesmnlcé Ichunm umﬂiel, MRae.lemagt are saised iy phsstgnaentrreatti on of
the heat int I\/I%di]e ‘i t he mag‘?‘et‘éﬁ fi |{£&Shl el ds coul d, provide a
good heat sin TPBS %sel?)‘ﬁ??hﬁn NBEASUring Jihe valtags 1 changs acrRss ik PRRY t he
presence 16 . BRoflgCs Voltagt latrds3 b Aibment 24Q" mBRAIRE e Gurfone ciiFgRCt i C

filmns an ement “thernmal Iy Insu atestheI\/R enent
magneti c mat etthtlgh fthdneither casec thedvaryjng ,sngiahm@desrents the datmen thmdlskf t he

o 0P oS58 e I M BSOS o el e o ek Bk By "
digital information from the adjacent magnetic media. Typically, the MR
element is located on the magnetic head b_etween two thick soft magnetic

15  films, such as Sendust or permalloy, which act as flux shields for the MR
head. Typicaliy, these shields are isolated from the MR element by
electrically insulating material, such as aluminum oxide (ALO,).

One problem associated with MR heads is that considerable

heat is often generated by cufrent_ passing through the MR element.

20  Although the current is typically small (of the order of milliamperes), the

size of the MR element film is likewise small, causing a substantial

concentration of the heat in the MR element. While the magnetic film

shields could provide a good heat sink for dissipating excess heat .generated

by the MR head, the presence of the eléctrically insulating layer between the

25  magnetic films and the MR element thermally insulates the MR element

. from the magnetic material.

There is, accordingly, a need for at least one of the half-gaps

adjacent the MR element be of a matenal that exhibits high thermal
conductivity and low electrical conductivity.
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-2 - SUMVARY OF THE | NVENTION I n accordance with the:- present I nvention, at
l.east one of the half-gaps of an MR head | ocated between the M elenent and
a shield is fabricated of an anor phous di anond-1i ke carbon fil m having good
fhermal 5 conductivity and high resistivity characteristics. Preferably,
t-he at |east one half-gap forned of the dianond-Iike carbon filmis |ocated
between the MR el enent and the nmagnetic filmformed on the supporting

- substrate to thereby dissipate heat.-®ptionally, both half-gaps may be
formed of the anorphous dianond-I|ike carbon film 10 The

anor phous di anond- | i ke car [SIZMMARY b THE i dance with the- present
I nvention is a very harﬂbnaterlal resistant to, abrasion. Cbnseg& Etly one

optional and desirable aeqordange with the presgnt inyention, At leastioge Ofjthe o
i nclwsion of ﬁﬂﬁ-gﬁ%?épﬁ‘ﬂm%é@qﬂgatleﬂ‘%t&@édwﬂ MR Elehibtft d2 §hibRAS N9
surface of the

to protect the MR elenent from1l rasi on upon take
~off and | andi fajrrmﬁteldmf amanloqgmmshamtmd-dike@arbtmﬁlmhaupg igond thérmzalur e of

TanCouaes. w SneEby R bED 8Bt et Prbfrdiif P 168k o ner m

conducti vit BRI EF
e b o g %%Aﬁvﬁ%%ﬁ%ﬁaﬂf?gﬁ%ﬁf‘éﬁéﬂfsgﬁﬁ locéfed between the MR 51 =

head i n accor diemntvartd thmanagrmlenﬁ]ny forméd roredhe rsupportingt sulfstrakes tpr esent
i nventi on; ure 2 .s. a ont al, vi e t bear i urfac t he
head shown i ngﬁ g‘m dis i‘pa ea}s tonally, botg‘?\gffggﬂpg Tay Egrfg &"gl i%Eect i on

view, as in Fhméh?mhs dhmdidMRe@asbd Almccor dance with a m)dl fication of
the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

Fi gures 10and 2 illustrdhe amespheus dlizmenddike acarboaafibm wmploysse inor m of
the present i ny il withnd %?gsen’f' FivifiBSn s tame% Hakd TdtMA rektant to

“abrasion. Consequently, one optional and desirable feature of the present

invention resides in the inclusion of the amorphous diamond-like carbon film
to the air bearing surface of the head to protéct the MR element from
15  abrasion upon take off and landing of the head against the disc.

Another optional feature of the present invention is the
formation of the write gap of a write transducer with an amorphous
diamond-like carbon film having good thermal conductivity and high
resistivity characteristics.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a section view of one form of a head in accordance
with the presently preferred embodiment of the present invention;

Figure 2 is a frontal view of the air-bearing surface of the head

* shown in Figure 1; and- ' '
25 Figure 3 is a partial section view, as in Figure 1, of an MR
head in accordance with a modification of the present invention.

Figures 1 and 2 illustrate a magnetic head in accordance with -
one form of the present invention. The head includes a thick film layer 10



-3 - of soft magnetic material, such as Sendust, which has been deposited
Qn a substrate (not shown) in a customary manner. A read head 12 is forned
of a first electrically insulative, non-magnetic, thermally conductive
fayer 14 fornmed of anorphous di anond-1ike carbon described bel ow. M

el enment 5 16 is formed of a |ayer of magnetic material whose resistance
varies with changes in the magnetic field froma disc (not shown) adjacent
air-bearing surface 18 of the head. M3 element 16 is a preferably thin film
of permal |l oy deposited onto a surface of film 14. Conductive filns 20 and

- 20" are depOS'df%dftQﬁEgneftid ivatetihl, uch &S Seadastpwhikhdiid encdeposited vn a
I nsul ative, non- neti g, t her mal | y conductive |ayer 22, forned of

anmor phous di arﬁ}hﬁf@tﬁl@ok ing Stomary JANReE Acrsad head 12 isdommed of  and

posi 11 oned at amsanearehfl sl ok gttt Sperplly ChiihRipe iRt O 71

sensor in.the foageab nf afnd\vﬁmisedmnhnﬂlﬁnldeedanhmd&ﬁmbedrhﬂm oMR elément

The wite hea d.in a copventignal manne yarragnetlcfllm26
(such as ;£ 6I‘§ ?rm Of Aalayer QFW"’%&?“%@ AWVhose fesistance varies With or ni ng

the write 020 HangRSA ! MigrleRyield frodf ol UC( oot Showifadc | at ed

coil 34 in polyner |ayers resent entlon 1 S glrecte he use
of an anor phouwsarface 18d|oﬁrthechdadke MRr elemérit| 16 fivo ravpreferdbly dhin fillmyef 14,

nanett cfi ) mperiliy S5bosRa S huer oF Al fRolsiagovs BnaQ FRg20kar port
or "DLC' and | e QQERRIA ek YA 4 hALE, HAMELATURNiclNinn B 5

M nnesota M ning anhd Manufacturing Co ous di anond-|ike
carbon 2510 i gnagneticathermally emtdmttwml@hy& cfeﬂmqﬂanimmnpzhsus diapegd-likeat it is

Py bgenat ed GAFBOHE GeRCSTE pvr SomcIo A0 SnE R0 8 MR FERebiearBer s0 o
50 percent an%hawha;sﬂﬁciaaﬂytlhOFlgaie Re1cbhdctoROZ0) aad 2 drenpesiticidieat t han
[err] found i-n ordinary graphite. The material is typically formed froma
hydr ogenat ed cpposite sides of element 16 to form the transducing sensor in the -
region of MR element 16 between the conductors.
15 The write head is forme_d in"a conventional manner by a
magnetic film 26 (such as permalloy), gép material 28, such as aluminum
oxide (Al,O,) forming the write gap 30, permélloy layer 32 on layers 26 and
28 and encapsulated coil 34 in polymer layers 36.
The present invention is directed to the use of an amorphous
' 20  diamond-like carbon film forming at least layer 14, and opuonally layer 22,
| sandwiched between MR element 16 and one or both magnetic films 18 and
'26.- Such material is known as "diamond-like carbon" or "DLC" and is
commercially available from Diafnonex, Inc. and from Minnesota Mining
and Manufacturing Company (3M). The amorphous diamond-like carbon
25 s similar to diamond in physical proberties, -except that it is amorphous in
structure, rather than pql'ycrystaline. The material is a hydrogenéted carbon |
-_ typically having a hydrogen content between about 30 to 50 percent and a
large fraction of sp® carbon-carbon bonds rather than sp? found in ordinary

graphite. The material is typically formed from a hydrogenated carbon
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-4- feedstock, such as nethane [err], processed by any of a variety of
processes, such as an ion beam deposition process. It i's theorized that
during formation of dianmond-1ike carbon, hydrogen is renmoved fromthe
fleedstock material forming an anorphous network of ] bonded carbon 5

atons, rather than an ordered array of [err] bonded carbon, i.e. graphite. -
The material resenbles a hard, highly cross-linked polynmer and exhibits a
hi gher thermal conductivity than commog.el ectrical insulating naterial
(such as A1203) and a high electrical resistivity, of the order of about

[err] ArmrphouEeagﬁela,neuéﬂ 8 frtkae (CHIY gfﬁ&%%bfgaﬂgpggi)@m igf t hat

they 10 exhi bi't very 'high hardness ‘ranges ) ) Vi ckers
har dness scal eprocassesysucheds agiiontbeain fdeposition processheltas dbeomzed gt t han

ot br rod 1o acuin SR BF WindaduRE tafids. sYHFdtR £ feRlovtd FEHBE < o)
to natural andfeed§iobk rhatefiaR forasing vin mo?ﬁﬁlﬁmddtﬁbmébﬁkbhsom&mbﬁ rat her
) |

t han anor phous 15 mat eri al s. Moreover e natural and synthetic .

di anond, tfie datems,therthanannrdersdamay of sp° horded casben,iigi graphitee The
di anond-1i ke carbonm ,l 4_ LS. Dr LY 4 i jtion '
onto | ayer 10Eggwaﬁg%g#g%%ﬁgaf(gwgé}@gg%g%llﬁg%&ﬁ\érgg grﬁgﬁgﬁ%gl r ned by

i on beam deposiHermal @Badudtivity' thad Goatiflor @lectfical infiflaiihy mdtetiall (such as |
sinplicity of the ion beam process also allows the forpation of |ow defect

films, which aALOWaadsahjgh electnieal resistivityo of dhe wader of ahouh 10 LicAy | ayer s

ayer 14 and o BEphs AAGRRIET B Bbh iy afd Sifr 0 i B MY el b >
thermally IOOHdEﬂiika/eﬁﬁﬂg‘ht h&dﬁbﬁsﬁaﬂ#ﬁ{/ﬁmﬂ {05,000 onathe/ Vickes. hdrdiess 10
and/ or 26 provides a good heat sink tTor the dissipation of heat. At the

‘sane tinme, t hesﬂil@ntﬁqg)‘?i@éff&ﬁlﬂoﬂf @“?Qﬂ/é@f the grdsroef Jess han,; Qd) agdgood
oot oot | oAb ek Snge TR TR il Eofier ) ey o
Si mpl e oxygen- tmadigmengliketbecansd ofinssimilaritycinicharhcvéristics to natural and

synthetic diamond, which are polycrystaline materials rather than amorphous
15 'materials. Moreover, like natural and synthetic diamond, the diamond-like
carbon exhibits a high resistivity.

The diamond-like carbon layer 14 is preferably formed by ion
beam deposition onto layer 10, and the diamond-like carbon layer 22 is
preferably formed by ion beam deposition onto layers 16 and 20, 20’. The

20 relative simplicity of the ion beam process also allows the formation of low
defect films, which are necessary for the formation of very thin insulating .
layers between the MR element and the magnetic film shields.

| - Diamond-like carbon layer 14 and/or 22 provides dissipation
of heat in MR element 16 to thermally conductive magnetic shield layers 10
25  and/or26. Layer 10 and/or 26 provides a good heat sink for the dissipation
of heat. At the same time, the diamond-like carbon of layer 14 and/or 22
. provides a good electrical insulator for the gap material of the MR head.
Another advantage of diamond-like carbon as a gap material is its ability to
be dry etched. Simple oxygen-based gés phase reactions can be used With
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-5- 'standard photo processes to pattern di anond-1ike carbon filns. This
~avoids the need to use nore conplex and difficult to control patterning
processes, such as wet etching and ion mlling. Figure 3 illustrates a
modi fication of the present invention that 5 | ayer 50 forns.air bearing
surface 18 over MR elenent 16. Since the dianond-Iike carbon form ng | ayer
14 is extrenely hard (Vickers hardness scale of 1,000 to 5,000), |ayer 50
provides a shield for MR el enent 16 adgai nst abrasi on upon take off and/or
| andi ng of the head on the disc. Another optional feature of the present

~invention is staadaskphdtoiocdshes toi pattera diamandslikdcarbon films.nThis dveidsap 30
for the wite transducer. Inthisr-teag%gﬁ | ayer 28isforr.red of the
di anond- | i ke &B& Besfl tQ,use more gemplex fficult toicontrgl PYtteriRg PTACEESeind har d.

The use of di Je r 28 provides a wear-resistant gap.
@HBP%«T ek ‘étdﬁﬁ{(ﬁﬁil\l/iR {(ﬁ{a rggg)ig

Magnet or esi stive el enents urrently in use have 15 thicknesses
of the order of about 3@iguregslinsirates amodification of thecpresént imvention thét about 3

' thi ck d tricaldy insul ating A120 ap | ayer,s between about
TOgrOOQ?Id gogolﬁ?\%éﬁr g‘iﬂ{slt'gﬁ%c a_nnghgxrﬁ@g & oﬁ?ra%ﬂdaﬂq? tc@r bSH‘C_Fo ncr ease
heat di ssi pat idgdinéridiiké RartdR lay P14 extichfiely JAr@ (VRARR hdtaesy | avers

for-the MR el enent w thout riskin struction b enhance

el ectromi grat 'sfjale thl.ﬂﬂ%rtohl\ﬂ)()@a&hkyet égepmoy;@s\éaas ield é«:jr Mﬂndbmephiltgh in
turn permit reductian of the track .. e pecoyde netic bit,
‘thereby incre25f0Y OBéWQPt?%%ﬁ&fWMF ?ﬂﬁ#ﬁ‘%ﬂfﬁ& é??éﬂo%g?sc‘perfor'rmnce
of disc drives than her%ﬁtﬁéﬁgﬁmf@a&re@ﬁlﬁ@#&@eﬁtﬁﬁv&{tﬁ?ﬁﬁfthéﬁ‘é@dﬁiOn s

described as having both gap 2 | ayers 14 and 22 constructed of anorphous
di arond- | ¥ke ¢he dinmond-likg canbosrtotforn writgtgapt3thfoy the wrigeitratnsducaro Inor m onl y

dosi rabl o to Appa.Rtet?s BioDed oFthehiaBiand s FAIBHR o8 shad RS, ¢,
m ni nm ze t her gapliy thepdiallp ¢ondictive andaied) ate iseldt didMonddike. cagBorbst 26
neet. In either case, the high thernal .
layer 28 provides a wear-resistant gap. '
| Magnetoresistive elements of MR heads currently in use have
'15  thicknesses of the order of about 300 Angstroms (compared to magnetic
. layers of about 3 microns thick and electrically insulating Al,O, gap layers
between about 1000 and 4000 Angstromé thick). The use of diamond-like
carbon to increase heat dissipation from the MR element permits the use of
even thinner layers for the MR element without risking destruction by
20  enhanced electromigration. Thinner MR read elements give higher signals
which in turn permit reduction of the track width of the recorded magnetic
bit, thereby increasing data density and contributing to even higher
performance of disc drives than heretofore possible.
. Although the présent invention is described as having both gap
25 layers 14 and 22 constructed of amorphous diamond-like 'ca.rbon, it is
| _understood that it may be desirable to form only one of those films 14 or 22
of such material. For example, it may be desirable to dissipate heat only to
film 10 in certain cases, such as to minimize thermally induced stress where

layers 16, 20\(20’), 22 and 26 meet. In either case, the high thermal



-6 - conductivity of the material of |ayer 14 and/or 22 dissipates heat
fromthe MR el enent to the adjoining nmagnetic film 10 and/or 26 to help
dissipate heat fromthe MR el enent. Although the present invention has been
described with 5 reference to preferred enbodi nents, workers skilled in
tthe art will recognize that changes nay be nade in formand detail w thout
departing fromthe spirit and scope of, the invention. What is clained
is: 1. A sensor for a disc drive for'ﬁgéding data froma nagnetic disc and

f iti h ic di i Sj : fi St . I d i
rmgnet i ¢ 111 meBROR i ghe mitseial & Bie 1€ dna fr a2 ibdleh Foat trofilfhe Ly V°
| east two contR!diEmedt teraReadjomminl raghes flmaDQ /0f 26116 HERPARLIpARS| St i ve

elenent; a first thernalbé¥conduct|ve resistive filmcontaining thermally
conductive, hihgat foatthe elesa¢ndt i vi ty anor phous di anond-1i ke carbon

sandwi ched between the fj h Y {i i n.one side
of the first thermally éiol%g'i %ﬁgé%gfﬁggéﬁq%%ﬁgﬂéﬁe %Wo%égﬁ stive

el ement argd t hefeeerivduoppéferred entfodimeaR] werkerskkiltéd infiBe attivll redspnid | ¥ .
conductive resistive film. a.second thermally conductive resistive film of
soft magnet i c thet changes maybeamade dn Jorm andedétgil without departingsfrom the fi | m of
thermally con I NEL A I resistivity anorphous di anond-1i ke
car bon sandw gﬂlg} %&%@Eﬁ%{ﬁ%@@ggéﬁgﬁt hermal |y conductive magnetic filmon
one side of the second thermally conductive filmand the magnetoresistive
el ement and the conductors on the other side of the second thernmally °*
conductive resistive firlm wherein both the nagnetoresistive el enent and
the conductors directly contact the first and second thermally conductive
resistive films. 2. A sensor of claim1, wherein the anorphous di anond-1ike
car.bon has a hydrogen content between about 30 and 50% ' T
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3. A'sensor of claim1, wherein the wite transducer includes a wite gap
formed of a third filmof thermally conductive,—high electrical resistivity
anmor phous di anond-|i ke carbon.” 4. A sensor of claim1, wherein the first
and- second thermal |y conductive resistive filns ﬂmm m [y y of
thermal |y conductive, high electrical resistivit IJ NEMIH nd-1i ke
carbon. 5. A sensor of claim1, whereip the anorphous di aftond-I|tke carbon
has a resistivity of the order of [erf} " -8- 6. A sensor of claiml,

further including a. third f) pl |y conductive resistive film of
di anond- | i ke cdYB& M] t he magnetoresistive elenent to form an

air bearing sugface of W: : SLNsQr e drd r ,r eadi ng
data froma mag'netic di'scfmﬁn #or l%r F?‘;nﬁ&ﬁ%gtg t%égnﬁgorrgr%lgt%vee?iéé&gfég a o
cotrrpri s: ng a f'thamailyec_:am_hbtjveciuminim&tri \aﬂ:inalng'iintt 'oitE thérhmlgf c?rdimnvet;?lmgﬁl g t
material; a magpetoresi stiyve el enqent;.a wo condugt qrs, attached to
i fferent regi Sleirel st BpEoLs distendEfics earbon satschdberyrectibey

| nsul at | ngsandnicagﬁéc@édiéﬁ&%wmﬁq ¥fd m@ﬂﬁrg@gg%mvé%aﬁs& the first

thermal Iy conducf{ ve nagnetic m on one ~of the first ‘t'herrrally
conductive resstive fil Theassembly oficaim dywlserein the aniorpkous diamonddike

" conductors on the opposite,side of t first.the | | nductive resistive .
filmfor elect F?@QPH&Si%é!ﬂrag?%ﬁo'{tﬁﬁpﬁﬁ&ﬁéf"@gg? éé%?@_ﬁo%_enent and t he

conductors from the firstrhkhsdenibly ¥f Aot ¥ Gihet8inTAE Afiorphdus! dAMBAdAiRE

thermal |y coupling the magnetoresistive el enent.and the conductors to the

Cfirst thermall gatbonchasts tesistisigy of the otdemof 408@emi t her mal |y conductive
magneti c fi. m @f soft nagnetic erd al; and,second electrically insulating -
and t her mglol y .conductive a%§°@§f!fa‘e§ @ﬁ%alb&l}ﬁéglﬂ &'ﬁethgg@ﬁ% c?ﬂ%‘f Fi y

conducti ve magpfimiserfis lanmagnelitetilm.de of the second thermally conductive

resistive filmand the magnetoresistive element and the . .
5. e assembly of claim 1, wherein the amorphous diamond-like

A
b

carbon film is patterned using a dry etch process. _
6. A sensor for reading data from a magnetic media comprising
15  a first thermally conductive magnetic film, a magnetoresistive element, at -
least two conductors attached to the magnetoresistive element and a first
film of thermally conductive, high electrical resistivity émorpho‘us diamond-
like carbon sandwiched between the magnetoresistive element and the
magneﬁc film,
20 7 A sensor of claim 6, wherein the amorphous diamond-like

~ carbon has a hydrogen content between about 30 and 50%.

'8 . Asensorof claim 6, including a write transducer for writing
data onto a magnetic media, the writ¢ transducer iilcludiﬂg a thermally
conductive magnetic film, and a second film of thermally conductive, high

25  electrical resistivity amorphous diamond-like carbqn sandwiched between the
second magnetic film and the magnetoresistive element.
eet Has Been Reﬁaced -

i



~conductors on the opposite site of the second thermally conductive
resistive filmfor electrically insulating the nmagnetoresistive el enent and
the conductors fromthe second thermally conductive nagnetic filmand for
tthermal |y coupling the magnetoresistive el enent and the conductors to the
second thermally conductive magnetic film wherein both the

magnet oresi stive el ement and the condgctors directly contact the first and
second electrically insulating and th&rmally conductive neans. 8. A sensor
of claim7, wherein the first apd second electrically insulating and
thermal Iy con8uctive mednsensenef slairad; avherein the ayritetEgnsducercincludes aang

second filns Qf. ElhédC Yhid i Vi ' t L L eNSES U Vi)

anor phous di ar%-lr%%i’ ke caflbﬁﬁgI L@&%ﬂﬁe@@#xﬁ%@&@;éﬁ hﬁé&%&ﬁééarl of
claim7, wher eesistivitg amorphoasdiaamnd-ikectéarbon.i cal |y i nsul ating and thernmal |y
conducti ve rreig_ﬁ conprise respectiyve first and second filns Qf thermally

conductive, h el ect r ALIANSQIIOF ¥itingdata 1R, FrasHStic medin comprising n. 10.
A ; . ! . ! o

NS 3 84T el CORRRCTHGUI RO TSR M O
t he anor phous conductive,- [higle electhical hresistivitye anmirphousy didmond-like dearboh [ err]
12. A sensor of g¢l.aj wherein the wite ansdycer includes a,wite ga
fromof ca thi Sendhriehed beticen the rstcadnecond BB TG HorEt a.cap; dad .08 & vi 0y

h di j : ey ; | udi

anor phous 'afgﬁggﬂéﬁﬁn ucy%’t\b&h theSthird ?l?l?ﬁﬁﬂ otk dF tﬁbgfi_r?nl iﬁd’Eéé& a fills' udi Ng a

-

third thernmal ive resistive m of qllarmn e carpbon on a face
of the magnet forcindutinga whagnatic flointo amegionaadjademhthengapur f ace of the

sensor.
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