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BRI DGE TYPE SENSOR W TH TUNABLE CHARACTERI STI C Thi s
invention relates to nagnetic sensors using four
wor@aer@nesi stive el ements coupled in a bri dgePCT/IB2005/054270
arrangement as well as nethodg of using and
manufacturing the sanme. It is known from WD 02/ 097464
that magnetic sensors are used, inter alia, for
reading data in a head for a hard disk or tape, or in
t he auteenndd rerE rseNstR WItorruNess ciArg canglsesc and
rotational speeds and to determ ne the position.
Magneti c sensors have the advantage that they are
conparatively insensitive to dust and enabl e neasuring
to take place in a contact-free nmanner. Sensors used
for autonotive applications can be resistant to high
t enper afyfGivdtioR Péiétgﬁ({dlﬁﬁﬁeﬁc SOH36ts Usthgl ﬁiﬁr HaMbresistive
sensor, the resistance of The magnetic e emen
elendaap;semdpledm & badgd areangeientras ovillasimethads df| husmgagd @tanofacturing the
field due to a magnetoresi stance effect. The magnetic
& ements are arranged in a \Weatstone bridge
configuration. By virtue of said Weatstone bridge
configuration, the sensor is |less sensitive to
tenperature than in the case of a si ngle

magnet or.e t le ts

e AR B8 e e YRR P AT gt o
readitighdgelin! aab@ﬂ fod 4 lard disk>oe tapel drcintiad alﬂélnﬁlﬁlld iGusdiyi for fm%asurmg

magneti zation and a layer wwth a free orientation of

angl?h@ldali@%loéﬂ sperslsand sadeterming e esisignptagnatis sensors have the
R e
ina blmﬁaﬁ%fgdeanhﬂbm&nsdrhmedfosamémomg:m;iphzaﬁtidne narobe tehrstant to high

i nhed er and .t Jreely rotatable axis of
tem W|°£3¥Rr8ﬁmqtﬂygﬁ%%eat stone bridge the axes of

nmagnet i zafhe@Rowh stdibr, Qhé"fé@ﬁtah@é’ & the hghdif Mth&€depends on the

portions are oppositély directed. The difference in
size apd puentatoon clitbe ragnaticdredd due fout magnetm%stm\ﬂéfect Themagnetic

clemff ¢ geest it & ERerianaioRats poflbtioh By ayfls G Pyheassone
brid 28 6brFigartfioh 'Be Sérds6ABUESs @énsﬁti\% 108G HSIrhterd thel th thd Gase of a single

address sensitivity to offset voltage and drift in
magpetpresistaped elggent. Eberpwgnetid dlements arst(opnt Mammresmtlve (GMR)

dev18§so\9ﬁ§1f:ﬂ ?01\%\1?1{}% ﬁé}{é@ng%%éﬂ %nlg%]%%ﬁern?atlo%uq?e X 6§10f m%gxﬁgzatmn

and 5 le@@ﬁwaﬁh fiszSorlentifibn Ve ek of &ﬁdgiiéﬂlzaﬁoﬁ GMiRLh ad6iBOths orientation
rranged .in Weat stone bridge configuratj ons to enabl e

of ﬂ@dﬁ?%‘ﬁ%flfs@ﬁoﬂ’é ﬁnqaéwﬁ%rﬂwp@nemwé@cm fét deferaripndg inter alia,
byt BB Re ?fs%@'ina%ﬂ& bPhe S)Q'P‘lé e@%@%xﬂh@ \é’ﬁl 1Btatable

eat stone bridge used tor an nsing an
axis lodmaggetcatiore dh tlenWakastond bridgeithé exksiof magnetization of the pinned

layers in the bridge portions are oppositely directed. The difference in resistance and
therefore output voltage between the two bridge portions is converted to a differential
amplitude voltage signal, which is a measure of the angle and the strength of the magnetic
field. To address sensitivity to offset voltage and drift in offset voltage, compensating
resistors with an opposing temperature coefficient are coupled in parallel with the sensors.

Another example shown in US 6 501 271 has Giant Magneto resistive (GMR)
sensors arranged in Wheatstone bridge configurations to enable compensation for

temperature changes.



10

15

20

25

30

series to reduce the non- linearity. The correction
el ements are nmagnetic sensors placed at a different
war@bm7d305 t hat of the main sensing el enent, orPCEIB2CS/@4270
pinned layer with a bias magnetization at a different
angl e. WD 99/08263 explains that G ant
magnet on@sthst &ddeplé Rndgwre et US Patest Hptgavad0e2/0806%!7i shows a
systens with two or nore ferromagneti c conpgonents and )
GMR W heaistoneobridas ssesh i epgarcssnyins apd havingcospsiction glgmgais spupled in
. . Lir Lent . .
seriG TTAREL i dh FHGERP THE BRELER, iinérfPrt BURAEROMRL placed ata
differagtianglanc ¢haodf thh enddVRnsingtehemangirdaving tayderedtlinger with a bias
magnet i zatiﬁgl%s of the ferromagnetic conponents. An

magpetizeHpR aly ditfergpiRangleerial , is the tril ayer
Per mal | ¢yh 99RRS6T EEJIMRL 1haY GidtPRlaBnddEsiORAEAL PRosti@ in
produce a mninmumresi stance for parallel alignnment of
hetetdgendemis medghetyc syatgmstwittatwooorsorgferremagnetimgompensings andead least
for antj.parall el i gnirent o he. Per | o .
one mﬁgf?rsn@emrﬂ?e &R _eg??%nt$°a981&%”‘?’flcﬁug%Pt fagors by the
ferrédgneti@Y@hpSnehtsaBults il odartias of e tbtaPelis@n@ of the GMR by the
resi stance change between parallel and antiparall el
angles bejwremthe aagnplezatignseldhe foreppeaggetiq camponents; 4n exgyplRof a GMR
r. ¥ e f rheal
mart i€ el o PO bR PERRRR: whof Sk Berates @ progipee
mininfuns adsistakce 66F patdicRlighnidheof #e iPsindIg msgnerasiohsdnd A maximum
the state of parallel rraég‘getization. This ratio _can be

resisiance fepantigaraickafigpment; of hePeraalion magnstirationse Ton G gasio or
coei%iﬁfenml‘ b Eﬁlﬁﬁﬁgero%%%ﬁ&ge%@ aéttl?é'lﬁl@d'tggll gﬁ&’tﬁnee chanﬁ)e:I %egveen

aracteri sti at st one els at
paraBelhaedtiparaliel aliphobntef the adjadcotlajars, 1., natipet ARSR, where AR is the

netic.field and high for a.positive netic field, .
totalErsata e clerrieal Feoisiangs e 6 PP TBeEnstic FR 13 dnegeapedfogaturation

and RN§ ltlﬁv%ﬁythn&fas hesnbeal kB S jadir] mikhahesod. TS A1i9kan be as

~to low By feeding this signal to a trigger, a square
highes\i@% for tittaypérspsiemb andhmiosstham d0%dvemuttdeyes sysferas t he

i ncom ng, oscillatin netic fie = Vi ges, whi ch .

give a TORAEpdah kB TRFeEsGeol & i Bhsrbiiediet ™ £ pical s
shap@B @06k ivhicH €Baik lovR fdrSegaive/magieRt ifRE And Hifte fo? Atposifive ehagnetic

sensor signal mght be required. A frequency doubling

field. ¥Vhepithe meandtic fickdospilgtenarewndrzgea Beldsthe euipyt efhihp J¥patstone
iahd A s R RBEL G Y5 08 B BANEL by S AR Sl

obtaiedaihistehdsithé sttne fréqueficypassthe kivowling 6seitlavibl HheO8Z6Re1d For

provide a Weatstone bridge arrangenment of GVR devi ces
deviggs; whigh giye 2 lowdFrqapeneyoiatigtion wythg génergied magnetic signal, grfigquency

t-i i hi i L g -hri .. .
doulle nPhd Shconfilg Seitph Hefll i MR AeiBhcy dWBbling is obtained
if the bytpat chdractestians diapgddrfooragn Stshapatbatireeinsaz NV-shapedicurve where

i nductor. to cause an oscillating .
the output signal rises for increasing positive and n%gatlve fields.

It is also known from WO 99/08263 to provide a Wheatstone bridge

arrangement of GMR devices with such a V-shaped output curve, for use as a signal
multiplier. This utilizes the GMR bridge and the Barkhausen effect for increased sensitivity.
An input signal drives an electromagnetic device such as an inductor to cause an oscillating
magnetic field. The corresponding flux is collected by GMR bridge which produces an output
with a first peak during the negative half of the input cycle, and a second peak during the

positive half of the input cycle. A multiplier with a nonlinear voltage transfer curve is
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magnetic field. The corresponding flux is collected by

GWR bridge which produces an output with a first peak
walewosog3dhe negative half of the input cycle, POTIBE2005/054270

second peak during the positivge half of the input

cycle. Amultiplier wwth a nonlinear voltage transfer
resp6hiible forshe gaenaiondl of ah @utpub Gre@eney athidhris 6ficathecfuh@itbental input

frequency which_ is tw ce the fundanental input
freqwnéqu“éh?c%qw dqubling icsptainehby mganssof glcHPRiss by neans

of electronics An object of the invention is to

provi de i nproved magneti c sensors using four

magnet or esi stive el enents coupled in a bridge

arrangenent, where the oufput frequency is tw.ce the .

f und arregt%é%tbl 4¢h Bﬁfthe fnvegtienisyo preyidgimpraed ragnstic sgsors using four
magHStoRGisAP IBRBHE REEHED Mo bz SARRgerSH O Rbrd thel Gutut ftefidncey is

aspect, the invention provides a bridge type magnetic
twice ¢hresiunddmental gnpus drequensy sasi well & methodssofi using dndimgpuifacturing the

arrangement, two of the resistive elenents on opposing
SaM&i des of the bri dge having a magnetoresi stive

char act aktéring t6 4 Fisttaipdet, R inveht® rbwiaesa bﬁ@gfeﬁﬁﬁ@ﬁlagnetic

w th increasing positive magnetic field and wth
sensphgvang foug resistise clgmentsdn étbﬂggff arsqngemgnt, By akhthe gesissive glements

4S] - ts is.t . . .
on BRI el TSR Y o i g o SO oy their
resistdnck $ncy&sys willy atkag@g positiva inaghticidd aid with emsedsihg negative
ive a |low frequency variation in the generated

whi ch
magﬁﬁ%qi@%lae% pdyratage of p sensoeheine sHeislenpeits i that bowritlecaneney

charf B0 S bRt Mo RERLAE or SRRSO SR APNEY nAPRIL AR 13 for
maghettnseasars whénht givnalovwsSfreduepeyl variatios in tie@eaerated magpadtic signal, a

curv ere the qutput signal rises for increasing ..
freaifcy fodamaia GreadebDE SRR S iBoRaerd TGO EHS aubling is

obtaifRY be&ausé HaAR St eh&haBistic i?c&_ngé([‘_fréfnr d &nf\fﬁ’ﬁtmna%‘-%ﬂaped curve
el ongate el enents have a | ongi tudi nal direction

into pa¥-shdpedl curyetwherd thagotput signad miseofor inkreasiagipositive hnd negative
& 1qfseat ure suitable for a dependent claimis all of the
®%esi stive el ements bei ng arranged to have a simlar

resi st amae réshidivaclefichS tnhay B dibngabadlefients)fe.d. eRIEH ol Such
and two of the resistive elenents being arranged to be

elonpate lements have a lengitudimah@ispetion pamllel| tg therlangest dimensiop.

enabl e [ [ u I i St .
Aot her "D adffRnAiHatitd g W e ARG IO 6F the resistive
elenhiiiigsark@pedtotane alskniarsevistrice \chartayteditid witle olmged of

any of bjas directjaon, direction of easy axis, .
temperdute ahivoefdhe resisHyaelemirnts Reing sgangeshi berless sefsitive to the

maghdtid AGLETHiO barPh s BRAIEME dEdifldBridge bpuPLiflctdidfc Of the

Another such additional feature is the less sensitive elements being made less
sensitive by differences in any of bias direction, direction of easy axis, linewidth, and
orientation.

An additional feature suitable for a dependent claim is the other two of the
four resistive elements being arranged to a magnetoresistance characteristic which is
vertically mirrored with that of the first two of the resistive elements. This can help enable
the desired bridge output characteristic with more sensitivity, but may involve more

manufacturing costs.
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four resistive elenments being arranged to a

magnet or esi stance characteristic which is vertically
wWOorReosor@as Wi th that of the first two of the reBCHIB20€5/054270

el enents. This can hel p enabl g the desired bridge

out put characteristic with nore sensitivity, but nmay

i nvol ve AfBther siRAudationsli fegurds bl fARQF Rl clétiéis having a bias
additional feature is all four of the elenents havin

diregtio; nespegdiculer tothe pagpetitfield bgingisenser wioefiie ¢lements og Opposing

sidef it B AOS Bfting MPoinldf (R RARiOk e A gRRIRL A0Sl Y8y Sonscd
and thegiisdritwo feleatetitstiminggoricansiqaral e th thbdelik her t wo
el ements being oriented paralJlel to the field. )
Accor di AGRTg 18 ééﬁ?ﬂﬁﬁéﬁ%&tad}e PHENtORRERYfles Dridas e magnetic
sensBf h FoP fesITRYO Blehien® 8 8 BARAN A EefBHY, of B85 hé ¥€the elements
el enments in a bridge arrangefient, at | east one of the
haviag e mresistanch axhiclyingrensss ivethaincreasing positivecmegretis fivld And another of

i.ncreasin ositive netic field, and another of th
the QREFER PR Ie g Fhianes R e Ee T b R Ee whenetd eld
arrahg¥dt6 36mBhe R6 Bt b V&SRB RF b ot &Bth@bfi@%&iﬁ@rehéés with increasing
conbi ne so that a resistance of an output of the

positiy¢ mggnatisdictdandswith inereasing aggativg massieti¢ fieldnAgadvangage of this

' ' ' [ ' . icfield An
arradsFicly ffecthe it QR ARRCRE A B Wt IPRATRGirkh
el ement ancdditioaalfestdreuithble €sSa dapdhdene alain ik allAST the resistive
addi tional feature suitable for a dependent claimis
elemenis being areangediohave @ sunilarapiiganceichirasterisiguih changesef o
a . 1 | .
tomiifcPind G SRERSIE0SHRAREL b Srihid £ 13185 3aRlive 1o the
magaeticafigéd to be | ess sensitive to the magnetic field.
Anot her . such additional, feature i.s the | esg sensjt.ive
o aont APB0Rn PR dediedt FeJEsisghitiv drBrig aeing made lss

sensfiVé R difftRAcdliih 86 bORas @ikdcEibh, Bfechbn 68&¥y 8% Sinewidth, and
l'inewi dth, and orientation. Another such’ additi onal

oriefiteierure i s all four el ements being oriented
per pendi,cul.ar to the. tic field being.,sensed, two
b Fhe. APaiEF pish st SaRRaRAed al b AR R Fmd g
perpendit@lsr @i the fabRNicTRIPBEAE Sdtséd, twd of iR BB b€ oppoiing sides of
and the other two elenents having nutually opposin
the yidge having etbiasrlirepdemperpendiudar to thetnegnetie ffigld, apdthgefher two

T e
addi ti onabthteaictiradditiondl fbstuedsitientsbnegetistve élatlents comprising

conbi ned with any of the aspects. O her advantages
GMR;elemepds. apparent "to those skilled in the art,

especi a|A|n¥ of the additional features can be combined together and combined with
any of the aspects. Other advantages will be apparent to those skilled in the art, especially
over other prior art. Numerous variations and modifications can be made without departing
from the claims of the present invention. Therefore, it should be clearly understood that the
form of the present invention is illustrative only and is not intended to limit the scope of the

present invention.

How the present invention may be put into effect will now be described by

way of example with reference to the appended drawings, in which:
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over other prior art. Numerous variations and
nodi fi cati ons can be nade w thout departing fromthe
web@c0os03ed t he present invention. Therefore, i|iPCHEBMOIM54270

be clearly understood that thg form of the present
invention is illustrative only and is not intended to
limt tPg 3$chews 9thdrb@enstR DFAknbwr GNIRGBnsdrioW t he

present invention may be put into effect will now be
descr i bE#- Byphowsanerigntation| of thg GNE sansplence to t he

appendedg. | ' 1 Gha FEQ. ha'@? . .

char act gl g?}ﬁ\%‘p%f a EanownS icds;ean(il\(gl?{, Sathfwgr%f\l/:/serelgr?las
directiane ahdireasurahertldére€idissensor, Fig. 3 shows GWR ratio

vsfielg,fgr a ,aérip th t di fferent bias

di rect i 61 Shesa udgesrsatding toadinstebodignt, 4 shows a

bri dge nggg_rsﬂb\ﬁga bfiph of blidge GHPAPRE bppifedTiel Pfot MV Eample of

graph of ridge output versus applied }fol eld for the
Fig.dgxanple of Fig. 4, Fig. 6 shows an orientation of bias

directigns _ and el enents.compared to the . applied fiel

for Canof Hof S HaftaticR o e s pog fenGcoppifglo the
applRidt iR for@homer éhBddimehtOr the enbodi nent of Fig. 6,
Fig. 8 shows a graph of GWR ratio versus field for two )
G\R devFiged shews o grapppbbridee ewputaetws fisld, &g thegmgbodiment of Fig.
shows a bridge configuration according to anot her
enbodi ment using the devices relating to Fig. 8, Fig.
10 showpigdBishow@h gtaph olGMRIiratio hrsisdidldfis twd GMRIdevices having
el enents for the enbodinent of Fig 9, and Fig. 11
oppegingghagactaristies. of bri dge out put versus applied field

for the [ j . .

| nvent | B oo b@Econigltor ocol e B MY embodiment using
the davives ralatintgstodiigl 8w th reference to certain draw ngs but

the inventign is not limted thereto but_only by the

Cl'ai o, P dOShosta clacoiasiods R Sier gy oF GO elbements i e
embBfiEndnPOf Fik™, hhdg. | n the drawings, the size of some of

the el enent$ may be exaggerated and not drawn on scal e

for il Hig dashoves pgrapbobbridgamtputiviersus applied distdpfor gherhyidge of
Figsi éa}lj&%i in the present description and

6,

The present invention will be described with respect to particular
embodiments and with reference to certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only schematic and are non-limiting. In
the drawings, the size of some of the elements may be exaggerated and not drawn on scale
for illustrative purposes. Where the term “comprising” is used in the present description and
claims, it does not exclude other elements or steps. Where an indefinite or definite article is
used when referring to a singular noun e.g. "a" or "an", "the", this includes a plural of that
noun unless something else is specifically stated.

In any of the embodiments of the present invention the resistive and/or
magnetoresistive elements are preferably elongate resistive elements, e.g. in strip form. These
strips are shown schematically in the Figures. Such elongate elements have a longitudinal

direction parallel to the longest dimension.
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clainms, it does not exclude other elenments or steps.
Where an indefinite or definite article is used when
WO 2§0e/0ri3ny) t o a singular noun e.g. "a" or "an"PCT/AB2e05054270
this includes a plural of thatg noun unless sonething
else is specifically stated. I'n any of the enbodi nents
of the Befgedésctibingatfirdeniti@ihens] tHelfeuriidebtand the principles of
magnet oresi stive el enents_are preferably el ongate
operﬂ@%n,é\ﬂR@@lS@rSemesmﬁed@e prely.rAhMRosansorhas aacsigtancg ghat is
[
dep i T AGhA HalanCAl filq b B e BT o DRRAG ipes of
MR Isextsgtssaxmﬂl Smsmrs baseBe;hcanmoﬁeplc mdghetgresistancs (AMR), have been used in
enbodi g and the principles of
MAgRE i oL ng SR REN5OTE FOAPIseR Y srenfjapisoappical
maghBiSHRRRAAL @'ﬁ@nﬁgﬁ&ﬁhﬁ&@@ﬂﬁlstrﬁﬁ Lrlail s1s ﬁﬁ?lﬂ@tﬂféﬁ }/ aﬂréx%Fnal magnetic
external magnetirc field through the plane o
fields &he angle betiwfeen gris magpatisatadn vid the pwroong deteimgines @e mmt@ce value.

e SRRy AR AR s GG S Aok B i g has o

fixe@ 81?&ion of Q[%Eﬁt%ﬁtl@n hidy/ 6e 18¥er T hﬁ%ﬁétﬂﬁhﬁt@halrﬂi'@ﬂﬁé}i the magnetic
mat eri al . e magneti sati on of s material is

diregtiom| aae e defluspceshbyean exteranl megnetic figld The meastined wesiglance depends
e e the current determ nes
ont %én\ge%ft&s'?é{lntc}:lg%g%ﬁ& S%a%%ﬁ?ﬁgi G ant Magnet oResi stive)

sensor Depaidiigomthe @onfigaktiod anl MResedsd2fis ndo'ra:denmiee hﬁéhe
. a fixed directiaon of magentisation and _one | ayer
dire¢tioprandiless sensétivedn apothogficestiomin tha glkee Pﬁﬂmsﬁ’&% .%ﬁl\é%rsensor is

IIlOl'p §61{SR{V'€ gﬁﬁcﬁdApﬂ{ %S%)e( %2 %ﬁillﬁ A angF]!l 1‘ﬂe SJ;ESI' r%smtance

nmeasured resi stance et ween’t
chalr@gnmbesmanstmted:to rvellagemhang@amiﬁcidcalg)msﬂwmeasured The resistance of

confi ation a sensor S, nore sensitjve
the §4AR B DR MeRT P BURO TS et atifios dgigeded Jeuftip, circuit or
front Hi@siAb f}fé‘%n@gra&éﬂecn%ﬁﬁ SAth anfy sAYE1S BRaQUrethentaRgement.
sensitive than an AVR sensor. By sending a cUFr eat

t hr oughGMR technelogy cmsﬁtmfameltlelawrmk@d thibdayers of magnetic and
transl at ed t e_ea

i ch
non iR AR AR MR A CofBRRA 57 wltB o ey B2 BE ENHanc of thg complete

stackthdhigBs Wherl 4 @aérahedagicti6 Yeld Mﬂa%ﬂﬂleﬂ 16 @l feps®dMore specifically, the
detection circuit or from outside the integrated

resistance i detegmineddrythe angle betavese m n@mtc layera b fremlayergur the
refeﬁtegl%;fragérg%}'n “RL0 ﬁﬁ%@& V&H nFhdHa n%ﬂ Fs ane a%‘fi!(%ﬁ?;lle&ﬁﬂ@ ‘Remg the

C an non- rrat er

lowéSt e;hemﬂieinm&ensatﬁus:he Paisdiyl. tﬂhalfreé maghasd layanan fietlytrbfate such
npl et e stack changes when an external pagnetic_ field
that fhe 13 Iamer%man fha%lag@aq@sghly ﬂ?éﬁeﬁﬂserﬂé@m%f exterpally applied field

whilk §fd 12 éi‘&fc% lé gé;i] \?@e 54 ﬁﬁedaxﬁgér%ﬁl%fo‘{’ﬁﬁfécﬁéﬁp A further

magnet i c ayer e reference
descriptien obthie lsgtck hzm be frued in WRaSA1LRY 1By fRudbustabantidagneto Resistive

o R e, oLrg (o Tonest when the L
can fre@ah¥iHePtypb Bseshdlarge tunnel magnetoresistance (TMR) effect. TMR
effects with amplitudes up to >50% have been shown, but because of the strong bias-voltage
dependence, the useable resistance change in practical applications is typically less than 25%.
TMR-based sensors have magnetic tunnel junctions (MTJs). MTJs basically contain a free
magnetic layer, an insulating layer (tunnel barrier), a pinned magnetic layer, and an

antiferromagnetic AF layer which is used to "pin" the magnetization of the pinned layer to a
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that the magnetisation in this |ayer roughly takes the
direction of an externally applied field while the
WO ejoeease® | ayer is a |layer which has a fixed PCT/IB2005/054270
magneti sation direction. A fuwther description of the
stack can be found in US 6,501, 271 Bl 'Robust G ant
fixeddgeRion. Resé alaly\elsotfeflaindeper aad bthed lay@s whehs®é not relevant to
Anot her type uses the |arge tunnel nmagnetoresistance
the gringfple f pregationT\R ef fects with anplitudes up to >50%
have be
bi as-voﬁ?%ea%&g&?gggience g%%%%?e%%{g%%agﬁ%gth%ma gtisation
diredtionp irathinndtilagepdre pahlleinmd m athigh esistance ehsn tHeameﬁﬁ%)ns of the

TVR- hased sensor netic tunnel junction
magnglgsggn arge 5'2‘ 5%[?? églaﬁ@k @Bﬁ‘iﬂﬁiyﬂ's thersepse ‘H‘Jérgi’me]?arséo iﬁﬁﬂ?hed
perpefdibiigiothé el PR bel 4RO Hle difoh€hdve 18 tlﬁin@f‘ﬁgough the insulating

magneti c layéer, and an antiferromagnetic AF | ayer
barrighiayhr. il GMR devies’ thé s¢nse hm«nﬁgsmlluyzﬂnwson thef pladeeofthe kayers . In

e t ' directi
prinifich sehghu ol ot e v L 10 e tefk i segitvioy
andkﬁtﬁﬂd)ﬁa\,rémmégrﬂfh}%méﬁgl on. In general, both GWR and
TVR result in a lowresistance if the magnetlsatl on
d| r ect i Basa GVMR gackthetmaxipum ragistapeerchiangd is tyriepliyrbegiveen 6% and
15% A I%g’igtﬁl&gsﬁf g%c\g’t}ﬁgtp ﬁqﬁlsﬁ); n%i})ﬁeat&ii)%@h?x{mﬁtt%@fe(r} aterlal which

is paﬁeﬁ&a igtolohe of rﬂ@@éalhm)sﬁeetaﬁgnhn stiibag e fdindinfictted mttBe §Hape ofa
| ayer pl.anes because the_el ectrons have to _tunn
meawﬁré‘a @?hl?‘f?eﬂ 9eRGIR TaEIARC A e pRISOtFQRyis qfithesfyre a@gmeé@@tlon layer in

the *%3‘ é? gS@ﬁllﬁ%Bé%ﬂtalépifg'é{ﬁé Ltis b WSt UPF&HQJ f’afg%t fe rﬁa&?mum

princi a sensor s ave a
resistaree epdrighiin b figld, thendipoBon of the edferefiéeolaydriigbhosen perpendlcular to the

axis S fhestggk His CRiEnE A theTAEn %%.Eéiﬁ@iioaﬂaﬁéitqeréeen%gﬂar to the
lengllVBiiE S th¥ PRI 876/ thelRikimdnRIRBHECIRRRS OF

according to this pr| nciple typically consiSts of GWR
mat er i aln g tkheR- Pbmtp@trdnemaens‘@c ofwichn GMReseasonmbment 10 of

s SSEVRRP 2 PG S SRRt B8RS Rindve

axis 8Rbwothe QEMlé@%&g&tlf: fielEHf TIREJiFRE6E bf Stlice Ehalgﬁé/tﬁf ﬁél& with respect
the stack is normally chosen along the axis f th

to thetlengiwdinphdigactien of thegre&lstphﬁrlmmﬂmﬁed etsthgtd@}gas@n eh éhfgl@ght hand
side OE Fgf 'P%rﬂ Fl%gi it g{x{o?r?e{s'c gﬂﬁl at {hg?nc;s?% %tsﬁf\]f% %{1& Y& 'paist of the GMR

nperpendi cu
charhétesstivdnhoigrowid e zéro dicldpriat but afdudt doins fialte off&r.umdlceﬂoﬁset This
perpendicular_ to the length axis of the strjp.in order

obserye h»e%mt the ReHxshaiagierists §rcamed bé’Ha‘F@’éﬂ magnatic fields andcouplings in
the GMR St kplxs%lf‘%?ﬁ QI?F)@ gh?& bgﬁ%vévl‘%l V?lnﬂﬁ @@ﬁé‘g/ﬁ@ Qleld a

chars¢tenigtict saetable forel spzeiﬁcappimgeomn reS| st ance R and the x
axi s sh

d ] | H. Th
Gt acti SHE sno iy REH FRERr ST iscdeRoriebtion tbe gewpetry of the sensor

and therefore also can be adapted to a specific application. In this document, the point of

maximum sensitivity and linearity is called the working point of the sensor which is also
indicated in Fig. 1. The GMR sensor can be set in its working point by applying a constant
magnetic field with a field strength equal to Hoset to it. Such an external magnetic field could
e.g. be generated by a coil integrated together with the GMR stripes or by a set of permanent
magnets which are placed around the sensor. These permanent magnets could be single

pieces of (hard) magnetic material but it is also possible to use thin film deposition (e.g.
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to the longitudinal direction of the resistor stripis
indicated in the diagramon the right hand side o f
wWo-2@6A703BF om Fig. 1 it becones clear that the POBIB2005/054270
sensitive and linear part of the GVWR characteristic is
not around the zero field point but around sone finite

sputtek Qegisitionalf d?dﬁt)qnd&ﬁhograifhy&em&ﬁky @eft-s11) t6 make inbgrated
R-Hcharacteristic is cau i nternal magnetic

perrw@nugaaw&ﬁ QiR pheichipsdie NS@lﬁ eT @msghea@dyamag% pf beamjclteanerﬁhan
gl S8 (L P B L MO Rl Lo can e
muchmeors acsirate \il“}ns/teohrhqméw@f integrateal wrinahént magnete fxongl dmbwarin hard

. eomatr of th nsor .and t herefor.e a SO
dlSké‘&g;‘i‘% etﬂcot F@’ Sy iptegratsd magnetip fig ch&EE’Fré‘ﬁ?d for the

b1asfn|'g}%r RBbiHsa@n mﬁé fﬂéﬁhé‘t@ﬁ‘&lstti% istnsofBEmbhinearity is
I ed the working point of the sensor which is al so
| n d| cat ¥ds tlearHirgm Fig. 1Tthat aGvRatiem sothe fighl dhreagthenf this pertnzanent

maghpla il il cfiiset  kationt B 2piSRGY Athe BRMR Elentent, 1 S i

strerfpisek ilide diRARE FdsTtanb & WwHil6 Bigher Beld stréhg@hORIMENS88 BsiMtarice.
coi l |nteglratedtogether with the stripes or by a

Thexgéqre.ct mpdulatigneeii therpepmanentuhagnitie ﬁeldmlél@@useaa mgﬁdammem the
output OPRE se h% %Hﬁf?r?e%i dﬁﬂé‘ﬁ%e?en‘% F)ner ?5%1?9: 9 & sensing such
preces o ar magne eria I S al's

modpmlanbéaelsécbbwmevérheﬂt of magnetenatip pbmmbleeelgnawwuhm the field.
deposition of CoPt) and |ithography techniques

(1 ft-oftmaimds mgviﬂﬁﬁé/gﬁlaapé@ Tespensg vERg aiandatd-GMR sack. It is
kno&rﬁ Bhat i the ﬁe'sﬁtah&é@{ 4 oMl kt%ﬁ ?ﬁmeﬁﬁﬁe@%va@ﬂﬁl@t%h@lf thd ﬁia@getlc field

eaper than single exter magnets, and
strengt]n,ghnmistanée ¢HaﬁgﬂﬂgméstasV\Ashabed aspe othet thettheassdms Held is placed

o 9‘53‘?%%% it RchiBR H%%’E’ﬁélfg]q' el eChrﬁ@%m&ﬁqlﬁ Hgrpmple of such
a resitee %ﬁf%'l?gﬁ@ﬁ iEFiaP fugpRARRS aS’t%:hWﬁ'@e @Bulﬁ'&ﬁ@&{yaﬁa%g the

magnetic field can be used for the biasing o
reqlmed chiragsertistiorwheie thegesisignvetand rdemtbﬂ omutmbnsalveﬂfemreasmg

clear from.Fi atav tio in.the.field
posiys iiiasERte PRETHsRsAlPSIRREE b e SR SicGy foutd be
usedPto\bRhéradel tRddsired BignAleSit RicHRE Qleﬁifedttb @m%eﬁ{ &I¥B3h element into a
Lower field strengths will reduce the resistance while

Whestsianerbridge configurating: Advatitagesofia Mébeatstongdirisige gerfiguration are the

f ' .
temgel?ﬁ[n% C %en%glgg %Ji ﬁ{e glﬁfuﬁ’ g%%ﬁe\lvi?]g]{l @ﬁg@% q?&%ﬁtigﬁ)eVolts which
allowe ettt s1gﬁhleco@dimdiﬂg’e Biich DWHebigtope baidgd cdﬂﬁgafahb@ i gmen in Fig. 4.

based on sensing such nodul ati ons caused novenen

R, apd Ryatsribe magnetgresish eelpments skaveng she,y tShmdtqhéraﬁeew In order to
get tﬁl‘tQ éﬁ%}g:p%d; g\lge Bl Y bﬁit‘f)}l@ot\{hé m@%t({nﬁ %ﬁg? Gt ﬁ%(ﬂﬂreﬁ that the resistors

tack i's known esl| st ance
R, andl Ra h& msrstapce galoe whichasl indspandéntroftheomagrfetit Hield strength or have

netic .i Ld strength, the.resistange c e sho
a chi ORI AN Toror e FRpRFt B0 By o & 3o 800 -
tem&@a‘rﬂ&%’o n¥tibh ah& 8RfiGtal HARGA 8u1§hf ﬁﬁfaﬁ@ i 19feqhﬂ€d that the resistors

exchange b| asing field. An exanpl e of “such
R and R3 can optionally be made of the same material as magnetoresistors R; and Ry.

In order to make these resistors insensitive to the external magnetic field,
magnetic flux shields can be placed above or below these resistors. In this case an output
curve as drawn in Fig. 5 would be the result. To make such a Wheatstone bridge would
require an additional step in which these flux shields or guides are deposited and patterned. If

the presence of these flux shields also affects the magnetic field lines entering the sensitive
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a resistance curve is given in Fig. 3 (upper line).
Such a curve woul d al ready have the required
w@b@sanises i sti c where the resistance and t hus PEEIB2005/054270
output signal rises with increasing positive and
negative magnetic fields. Al though such a stand-al one

resisSEHRRE la@d RG] thea othd? Gvaya6 dclioveahio desiied rédult i§l@Sdhagge some of the
nals, it _is often desired to inplenent such an

elen@mg%ﬁmeﬁef& Examplge inckids tke bias @g@h@@ﬁhﬁ gdispctionod the easy axis, the
tine HEPMAA Bficrat RS BN BIchHHPY A BpEH| S HeARIBHA magnetic
t tenperature conpensation and the ut signa
fieldnhisaéh aody et e dememads 2y enditivé & thi lapﬂsheﬂl rhapnstie fslder
signal conditionin Such. a \Wheat st.one brid _
confi gu ?\é Y ‘?‘a@%lﬁ‘e ﬁfu tf’?] bias &“e‘if:lonﬁi tagﬁ’i’:l Pﬁaﬁﬁgé‘) fheclongitudinal
dire TRANFIRE GRS EleMRn AR E@mﬁl@fé"@l&ﬂeﬁt li’s\e})o\éltﬁl'%@ &fsuch a way that the
characteristic. In order to get the shaped curve at
extetriabfieldtip perperidictier ttlealosgitimina dirdgteon aofithe dem@afuthe @esistance
.t hat ther istors R3 .have res nce .val ue . .
varidgift 188 R ERERE S e RSPttt ahel Gt pigRgHtis given in
Fig. Ba¥sver 1®BRIES bR Rgbh&nmmhe uppdtibveQ@dprosenting Rf &d R,) changes
W th respect to R4. For a good tenperature
much grgye rapadly dhandhel layes |1m| Byiredpeing thedinepidth o theag}ements Rgand R;
t r
the qhaee §fife I chit® ArFOPERY A o e RapGRBRHSFig o fHws the

diredtibn dfMhobidesnd of theGdR hm&ntsasiﬂs tegpect torhe appliddeeld while Fig. 7
the external magnetic field, magnetic flux shields can

showthg |oa@@acw%9%swh ab‘élh%axﬁtt)we@@igee“s?h%magtm pf thsy congstguction is
that r@gzs QI:t‘a{pQ&'EF fbﬂf fl@ BJ‘olﬂnged ﬁ){) wRukLhabe lgfkr stack design with

suc eat stone ge vvo equire
onlyaome dikbi dmeomii b$ tspg mﬂywh:haingd meheWHemxtoah brdgtsdasign.

Phese. 1 NBRUGEPEY ISANEE o Leeniriscnilg i Bno appal K1

curved. D€ foreil Ssishihct Q@rsﬁ@fﬁﬁ%ﬂét%%eﬁfétﬁ@@ﬂ@-lrﬁ%f MR strlﬂ %Btained
another way to achieve The desired result is to change

whes theefiald is apphedl graedirecpion paellekto th@o@hmhgémasnbtead@l tSueh a normal

bi.as. dir ect Xi S
curvg Bl i Pt B STRE b PreBmdstSios Bk i it with respect
to thé abﬁhé’(f-‘ﬁél@ Glreétﬁ)nt R RH-AIr&WilNRIgN BE revefse@ mﬁl 8) 16 R41NABy

way that the element is less sensitive tot eaplled

addlﬁ&@}l?é@ parves, again a Asshaped aerve samhp plitained. Tlh%a@‘fa@l can be carried out

L I IR Ty e—
elenieht With iatrioBSIR M3 cwrire hsiag Ay diréution tof me@iasewmaé rebis®lr B, irpresents

er pendl cul ar to the | ongitudi nal direction aof the
ane With argyersed R H%&Peuw # sversgd Rias disctign: Resigtgitdts and R; are

I
the %alhf\%eag 0 n%‘l g.§l§d3$'(]? %'Cﬁ) | ng% &-fenfdlﬁ*éﬁc aﬁly SE%)aV&’](Ptth F]létb 1as
dire¢tivns whileFig: Llrl\sho'é/s theraatert charget@isterod séeh) a Wlmmg‘eme bridge. An
advage at Qo deen Has el el duBE HandRld g the

Whda@t6ie HiidgY CarfbOtRd wAfleDnly &laﬁgﬁ%ﬁh@@iréc@i@i%@ﬂh@BﬁB This can be
nore. Fig. 6 shows the dirtection of the bias and of

dong hengldRaleicstimgit s with respect to the appl ied field

whi | e I:bgherZ:ombinations of bias direction, element direction, easy axis direction

and line width can yield other Wheatstone bridge output characteristics which might be of

advantage for particular applications. Other variations within the claims can be conceived.
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shows the output curve of such a Wheatstone bridge.
The advantage of this construction is that a V-shaped
woiopro3ehar act eri sti c can be obtai ned by the BCHIBAaVH54270
GWR stack design with only ongybias direction by using
only a change in the Weatstone bridge design. Another
CLA®S:t o achieve a simlar result uses the addition of
normal R-H curves. A nornal resistance versus nagnetic
field curve (R H of a GWR strip is obtained when the
field is applied in a direction parallel to the
exchange bias direction. Such a normal curve is given
in Fig. 8 (right half). Wen the exchange bi as
direction is reversed with respect to the applied
field diyrect - W F. .
L (Frg o il s e SELE MRl e ARy E il Bridge
arradgenivap @wo of theaesistivelaterndiitaomeyshosihigi sidea dd tHei beidge havibg a
carried out in a Wieatstone bridge if it is configured. .
magnelersisting chagaqigristic guchribay theip Fespyigngs incteapgsovith increapipg positive
| R 1S i{ ection of the
mogltie i ARG TP PP fRati) AE . eront vi (1 a
reversed R-H curve using a reversed bias direction.
Resi sto R and R3 are the sa as |n.Figs. 6 and 7,
2 Frg 10 RSB0 MEHRIE IOl VB CrHhS s i e Sl are
arraﬁ%‘:ﬁ' tb hBVAS sifli b P FfdsisBRSe ¥irdcRerstif withlchaheas ridiBpeRathRYAnd two of
characteristic of such a Weatstone bridge.
the rgsistavet elererds beihg srrangsid dobe fess seasitivhéo theanagaetic GrR.
stack and the standard desi gn of the Weatstone bridge
can be used while only changing the directions of the
3. bias. TiThe séaer Reordaipeodkding®, Wherdin theaédsRensiti¥d@éments are made
conmbi natigns of bias direction, elenment direction, |
less gepsiivg by (lilderences imanyaplchips diecctippitdirestion 9f aapyl aws.Hamewidth, and
(nmégmgﬁstone bri dge out put characteristics which m ght
e of advantage for particular applications. O her
variations within the clains can be concei ved. CLAI MV5:
1. A bridge type gnet i four resistive

.sensor havi.n
4. el ement $h¥ RengOHACCH gatprcgaa@e?r@r&, ,wqi%n qthes tweof e four
resistive TRMchtsOffe SRRRRE Wa ﬁiagﬁ&oﬂcgisfai]@e Aok 4198isRAWhRG i@ vertically

magnet oresi stive characteristic such that their

mirroeedi withathaeofi the fiesh sves ofiht esistive elesiants. posi t i ve magneti c
field and with increasing negative magnetic field. 2.
The sensor according to claim1l wherein the four

5. resisti YRe §dROBACOSrdM Liodhy pRAFShsichiMmawBeRinSAIMouRbf the elements
resi stance characteristic wth changes of tenperature,

havipg ¢ biaselitg¢tianperpensicsldrye thel razamatie fipldi beingsensedgep eighp elements
| ess sensitdyve to the. magnetic,field. 3. .The sensor ..
on oSG 4 HEprdin il Biehfayinh B Dendloute o Bihetic fiea
beinglsenked, shdahEothBitvd @&fer€bihg oMentod patufidlas eecagd.i N any
of bias direction, direction of easy axis, |inew dth,
and

6. A bridge type magnetic sensor having four resistive elements in a bridge

arrangement, at least one of the elements having a resistance which increases with increasing
positive magnetic field, and another of the elements having a resistance which increases with
increasing negative magnetic field, arranged to combine so that a resistance of an output of
the bridge increases with increasing positive magnetic field and with increasing negative

magnetic field.
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orientation. 4. The sensor according to claim2 or 3,

wherein the other two of the four resistive el enents
waec@ocarmsehged to a magnet or esi st ance char act er PET/IR2005/054270

which is vertically mrrored pyyth that of the first

two of the resistive elenents. 5. The sensor accordi ng

7. to any [FhéevémoSacebwing to\uimed, Wwhatdin 410 €sur @F tHeltesistive elements are
el enments having a bias direction perpendicular to the

arrapgedrie have 7 sigyilgr msisirgee ehpsacteristigayitychepges off smparatutsnand two of
the BORAY Ao he Boing bl 416 bORE: ARG Pl MASHICHUE"
the other two el enents being oriented parallel to the

field. A bridge {ype ti.c sensqr havi ng four
Fesi st Jhe 8 9rejg 18 R AP MG dFAB FETSIAYE GIgTgS are made
less SRRk byNBAGLAIEBH Sny GMifdifbcfiES | dleBiiEo Ak ¢ Bxis, linewidth, and

~Increasés wth incréasing positive nagnetic field, an
orietatiether of the el ements having a resistance which

i ncreas with increasing negative etic fi
9. arr anged ¢ nsS AR oA B I s Pl Bewhroi A fopglpments are
oriefbd b&t?_elkuiaﬁﬂetoltmmg&eﬁ fiMd Beihd §nSAE itWa oPSicldnyéhts on opposing
. magnetic field and W th increasing negative magnetic
side pEihe bridgerhaing bios directiondiemyneioulss & We Gagnpiey 4id, astlthe other
f f 1R 1 : : e r t e a
two gf8fenf el TS, OnbBl SIS Mol LS ARRT o B B
tenperature, and two of the resistive el ements being
arranged to be less_sensitive to the magnetic field. | .
10. 8. The Jbasasonacseidingy any PEqVIQUhclaimy Wherginthe magnetegesistive
nsi i NER B e made | ess sensitive by
elen%?%?dg?ﬂgxiseeg in ggrﬁ/engs; bias direction, direction of
easy axis, linewdth, and orientation. 9. The sensor
according to any of the clains 6 to 8, wherein al
four elenents are oriented perpendicular to the
magnetic field being sensed, two of the elenents on
opposi ng sides of the bridge having a bias direction
perpendi cular to the nmagnetic field, and the other two
el enents having nutual ly opposing bias direction, both
parallel to the field. 10. The sensor according to any
previous claim wherein the nmagneto-resistive elenents
conprise GWR el enents.




