Hi gh sensitivity magnetic built-in current sensor This
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construction, an MR sensor is more sensitive in one direction and less sensitive in another
direction in the plane of the sensor. The MR sensor shown in the above patent is illustrated in
Fig. 1. It is constructed to maximise the effect from the current through the conductor on the

resistance of the sensor. Fig. 1 shows an MR (magnetoresistive) sensor 502 situated near



The current through the conductor 104 causes a
circular magnetic field around the conductor 104
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uch sensors are useful for sensing high currents, but are not sufficiently
sensitive for applications such as Quiescent Current (IDDQ) testing. IDDQ testing has shown
very good coverage of physical defects such as gate oxide shorts, floating gates, and bridging

faults which are not very well modelled by classical fault models, or undetectable by



with other test techniques, it has the potential for
elimnating the need for burn-in test. However MOSFET
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modulate the field to be measured thus modulating the sensor signal. The signal to noise ratio
30  can be then improved by using signal processing methods.
A semiconductor device according to the present invention may comprise
adjacent a first side of the current sensing device a first conductor for conveying a current to
be measured and adjacent a second side of the current sensing device a second conductor for

conducting a current, the first conductor and the second conductor crossing but not being



conducting a current, the first conductor and the

second conduct or crossing but not beingelectrically
wa@onseesssl. The free magnetic | ayes of the curP@nB2004/052857

sensing device has an easy axis, and the first

conductor and the second conductor may each include an

angl e of .substantially between 30 d 90 with respect .
20 Ot ealg onmerd e fiee Miagpel e v e S siirenbayoing G Has an casy axis,
Ac caidth®rst €ondudtodnbl g{e secona gbrf@t‘:llbr by t:a]Ew i,;n{lqlﬁ&eantangle of substantially

I nventi o - cqonduct or evi ce, urt hernopre, .

co fffwgf‘é&& F@i@ave% resRegt Ip thereasy wﬁﬁ‘m g eRReRgguice:

on the current A3€R8inE e &RYh&ELmbABkhehOsf thOpHesedt nvéiGion, a

current in the second conductor in such a way that ng

MR eqRFRIEUGIer dspise ppx dUrBisrreeie coRTEsE AeedBarkiGg Uiy oy measuring MR
Thec}%H%és%ﬂtthef &edPasksity deG ik landB cBAYRIIFEARRn( iR%the second conductor in
generating a feedback signal indicative of the current

to Bishpewy dhaddo Mtichapes s pwrisy op e aurreatrsersiigalsyicprThe aprrent

| eaﬁ%d&@l@cigé‘auittnghgln}%\/é ﬁ\%arﬁ‘?&‘ljgléﬁér%ngaan@e&bgag §§1f'21@ Ridicative of the current to

conduct or y rose at least one vertica
conbumedsured eodpuweyed byl farst doadustorone hori zont al
onducti on co t ' I t .

1t eal e omduny it one bRE frePEinffenh e cBfifiiok Ay comprise
conatledst @e vesicplaroadiction tnmpohent aichy leastanedheozatal conduction component,
stryctyre which t ik t, O

ohi Tt e Al Bl bRARE v UG5 AR cpRBAREEhAT nofkontal

S ensondgctida componeit) tisis fiamingescoadivantsageaure ovhiphrae teasténcludes an L-
strqnoeyr fi el ds t he sensor, |,ocati.on, wi.th a sane .

o ur TR peit sfion e tnges P BB A aEER hurheisnsfgRREe. This has the
1Pr esdaitagdto goiidrate strangerf fildshae theBesoClocgioh Seittaa same current.

fl ux-concentrator to in?rﬁase t he naggg{ic field at

the | ocation of* EREBIHCS F“%eear?§‘i’rﬂt5‘g ¢ PEesenyention may

f | URmrBeMeddondiriBE a MAY-cERBMTAtS @0 ctsetie Mighett A6l at thalocation of the
is patterned argund at |east one vertical conduction X
conpiifahiensingdevifes Theflux-copgratratoy pay cmpitse 3 dummydyf Thtack that is
manptRfied bRtnd & 10RCoRYeMichitohdRtidRAM RheBIRSs 338, thdBux-

sensor el ement. The fl ux-concentrator may be
20 i neRnsenAIton maN de MU iagSH insenegogutd tb%%/we"éﬁ_ elsgleats and thg sensor
cur El@rﬂ&ntmtﬁg:oq;f‘e\ﬁlr%r B8 BOrinRgap&chnl %aﬁy@@m?ﬁsﬂ:-a ghPBetween poles,

sem conduct or devi ce according to the présen
i nvRCHEt frRying deiieq beingdoataddohedari ce which is
conpatible wit I?h%cd?}ﬁu(!%eﬁ%@&&%ﬂiﬂkqo tﬁ@]ﬁ"esent invention may comprise

sem conductor device may be an integrated circuit. The
pr e sansoridavienwhigh issdogpatitie with €41Q%en MESerenessingct s,

oyhi ch when exegy &%i%d@ct&laﬁgﬁéﬁliagtge Qr??ﬁiteg%tedi éggbi?."em

appl i cations using neasured currehts |1 n dccordance

w th the preseithe praseahinvention Aldolincludersdofivemtpnoduistsywliicthwhen
formd dent cl.aj .1.ncl ud e..sensor..el n i .
SRR e TR e DS ARRO L UR D B
per geodarceivath thopredeat phvamien.of t he pl anar el enent.

ﬁg\c/)tGh:r r Zlug[] i L%gaii%l'éﬁal Ifesatutrelg%vht?clzhefgxenrll tdept()eﬁélerr]l clglrn{sa}rqg&é% tﬁeosensor

30 element being planar and the tunnel current being directed perpendicular to the plane of the
planar element. Another such feature is the element being arranged to have a relationship
between resistance and field, which shows substantially no hysteresis. Another such feature is

that the sensor element has a free magnetic layer which has an easy axis oriented at an angle,

preferably between 70° and 110°, more preferred substantially perpendicular to the field



bet ween resistance and field, which shows
substantially no hysteresis. Another such feature is
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18 hg_ﬁ@&:aim’g ﬁ&@d@téﬂtéd&g&oﬂ EdDgh ahﬁlo% bEdlglﬂil&ggnﬂlﬂndlsatﬁlga measurement to a
i ndi cat its r ance change an
is &%’8‘6'%’% gﬁﬁ’F‘iSW ‘Hﬁaéle\PB?ttpéPﬁéss'"g:loég\" %teftﬁgnﬁﬂ‘t"ﬁﬁ? be carried out to
cangliethepstibion 8r Adi@MmanunAg bLhé aﬁih@ﬂiﬁn fbf@dafh@lel ng field:
detected or not, to an anal og or . djgital signal

i ndi cating a méddnAddienal featuaea gty Of @eéffnseffelemem in a direction

Pr eparalld® b a wiiki thEch@ddiomhONESS hdtdarRér, proferdbBl BGL @eh the width of the
out put can be carried out to suit thé precision or

2hoi senduetpuAhisgamhelp Reengppp P&l&nﬂoﬁ*ﬁlq @r%ﬂ SFoeRsorAs an
addi tional fealbfier &pk Of fle MveddR pPEARRE s@is@%%enknﬂg & magnetic
direction parallel to a wdth of the conductor shoul
be field, haxingarmagpetefresistil¢ sensing elemenayithtdsessed anisatreiy, méhe angle
con
b Sagrat e R RaiEfe ekl he A fir Sy ML B Rk Phdric laver is
pr owibdiestially 98T sueh thagran guin of ¢longatiomefithe sansing elementhasnbstgntially

esi [ . . t o o
28 B SR Bl TR B EETR il RS Blbween 70° anc 1107
| ay prefezabdly substagiatin 86° bﬁt\wmttlnaﬁ'eeoﬁawm lpyama&dthﬁm]gkdétemg sensed.
| ayer | S subst % hgll | eci9 l’ov ucr;] 1t {(]: ated Lirf0it Ravig,a built in current
el ongati on of 5 CERENT PSS S s%aﬁ} §ﬁ
or t kipg@rramptidng Jnelagf&agm&ﬁstme Eurehdseheir mgths&ﬁsﬁﬂutylof greater than 100 pV
i ncl udes an angl e between 70 and 110, preferably
subg?éﬂglally 90 between the free nagnetic |ayer and
3phe field bei ngns@BsRpkct HAOIIBLIN iRRPRMG cREGQVhIBF adduilt in current
integrated circuit having a built 1n current sensor
conPFMPYCAPPHS NG MAERSIUEIUN S GUreat Jepsar §'é%ﬁ’§ &t Sehpe; qpicgeent current
sengppQyi ty of greater than 100 nV per mA.

Another aspect provides corresponding methods of sensing magnetic field

or of sensing current.



Anot her aspect provides an integrated circuit having a
built in current sensor conprising a magnetoresistive

W@ oseM3seensor arranged to sense qui escent CUPCEIR2004/052857
(1 DDQ . Anot her aspect provides correspondi ng net hods
of sensing magnetic field or of sensing current.ln a
second aspect, .the sent thentlon rOV|deS?%he use

of an integrat 2 seg 'clSp%ct Ag prasent sl arodléi\e,‘ & uWn(?f@H integrated

IS gabnedbicGRdnt Yenbiah dbviceOOmER TS lgaMbribalig n@ﬂiﬁdﬂdﬁtﬁctt\ﬁﬁth a conductive
el enent, for sensi ng at | east a di rech a var

or

an SFPEnier perging A Fdshi direchin Vg M8 604 i eSHREN g through the
el egBHalictiveRRHRIN WhBRintRE Snfiflg H8NdGEuded fotSRtthfpdheasurement of current.
on-chi p neasurenent of current. The current sensor or
3ensors rray be The FUFFPEIENES 05 E5HSYS By BS aaped (grsersstayiescent currents
(| DRED@or ikt @Lmenﬁl{f[fﬁfbt As bl RidfdonaliSar@it, e %tégnﬁ&%lrcunt may
feature the integrated circuit may have nultiple
cur hasistmulénie ereenbsensns efwhiphethe Qutpuss gredinked inrficean ¢haingpased
sca a
ot ansag s AP bR ol MR oy VRHROZAN oSERgS ffrrontsensor
a sérd soncndictor ddwve TeoEingde therpgeserd invieatiqor ie thahit has a Small physical

nv [ . S Si.
b ?Pé B%F1g nglﬁ lggéanlegs@%%ilﬂ?é’g?% [neaglh{&nﬂg%k\n%lﬁ %qsg%ﬂ(gs the IDDQ
bUI htcasuremnmmbhmkssrcvh blobk)[ﬂ@dmms@l pPEpaE mpapml}s pdvaed circuit in a
pe\r,v%gné%ﬁ%lorn é)?(:]trcuktlsl ke éld gaet I oeng) g}/ICﬁ/F{) |¥Aodule) or MCP
si nghdtigae baig@e).lAlkceHmﬂ“ M%(emhlt pee blopk h@dmleﬁbos&blel\/@ﬁth the

bt B TR Svite B R LTa b oo eI e an mporan

191 Owstgd infth @@éradnit Odpabigivel s in the | C domain, this will
be an inportant test and neasurenent capability.
Fur t her nor e, v\,h !éﬁhqnﬁf’rég?'%&“éﬂtegrﬁﬁasn‘?rﬁ Eﬁf‘%‘ﬁ’é{p‘l ‘ty"’9 bg adfled for these

be agdee for these sensors. As an additional feature,
the integrated circuit éﬁhave mul tiple current

sensors of whi &f§ap ﬁgdlgcmab tyreg the 1qtpg{p<t§qjcqrwlténa§/ch§ﬁe multiple current

- chakdhsord Bewhitl 88 u@hts FRKERed fn PR&SERIE ThOINV&RiIoA makes it possible to

nmul titude of sensors to measure currents as consuned

2y wseraayldivde pf $a30Es todngaIe FYTERE af RRNSPRFY bibﬂd'ffFWét blocks to determine
desir@maf Bpthe Qm%oﬁﬁ%emb%hnﬁﬁ of R 1id (t,drr%mc F';Es'ie‘? QEbugging of the
Faster debugging of the initial designis a
ecoHwil desipariaf key eCAmjmp iberedil.| Additigaalty, Bigar-aut O’t‘ tﬁé 1G dyring its lifetime
dur d [
S S LSS0 B PRI Sl AR st i
| i f ey peeverdyngxpestehfailuras ¥ypeang ethefsasafely espectafandige-critical applications

th tey, ects for life-critical applications

29 @%%eé%ﬁ{re@le "?ﬁlps 2l ‘his data. Anot her capability is

t h e neasur ementnothert dapability issh¢ measusepar elitee prooies sépagte processing

uni Emslts%rr cgrgsr p d %%t hgrgl rrlrsae¥neasu nfglcﬁrereanazﬁlferalstnc%e processing
current” Irn at eas cessing

module. The function is to determme the schedulmg of tasks based on dynamic power
distribution schemes. The cores are processing units that consume power and may get hot
30  when running at their maximum capacity. Based on the current (power) measurement per
processing unit, a more even processing load can be scheduled, especially in systems that
have many parallel processing units. This prevents unnecessary waiting queues, but also

excessive heat build up in a specific core may be prevented. Also power reduction schemes



nodul e. The function is to determ ne the scheduling of
tasks based on dynam c power distribution schenmes. The
W@ 00886436€ processi ng units that censume powerPENTB20@H052857
get hot when running at their maxi num capacity. Based
on the current (power) neasurenent per processing
nor e even .processi ng | oad can. b sche
captey B PP HELG Ehe SRR e G isa pedt et soiutions at assembly

proredsi ng units. This prevents unnecessary wai ting

gueues, but al so exceSS|ve heat .build up in specific

core may be pr &NElepew Keuple &6&@9“% E&H"c?‘?“@fﬁl %&?Fgﬁ%%(rfﬁ?ﬁd of at least
be &RPréRbdimtmbduld R obtal¥ey contifibbis RiaRYRIg Witk ﬁweﬁ}&u\éenem

heat transfer solutions at assenbly |evel. A novel
howranagaptisndeveb dibi it @l veiagnaxifaug @ﬁrtf?rman%ﬁrvemé batieptlife capability.
speed of at |eggt th@@&h@iﬁ%%r@ Qro |tH% thi@sHORE 1BV els Br comparing the
continuous matching wth a pre-defined current

C ONBUYAS CPnsHMpagramust Pp pe uwegnste@u bvéOﬁwafaxThmmﬂware can be a service

Per {olfi ARG yle%ﬁqa@ﬁédtewad dpkBifiaRAR. Y job/sOedhlgf Gart of the

technique to roper| he t hr'eshol d evel s
congsdimiaregmudt e pztmélp of mq@mdt;jtng;ﬁﬁsm intgerupte ffrojnrthe detectlon or from
eqgj [ £t

1(? ou{egltﬁlgrr rt%%(g%{g ﬁ)% lf'ng?{hg valI& ff‘ gi% fHRY ?hgﬂlggingegcoﬁﬁf;lYed%?pect is
sy stetatvelf hew Jnob:hsduhleg srbfevarcpantns bﬁﬁlcalbenqt dfffewant ﬁrommssﬁware based
capag(ﬁmn ﬂm?ﬁnmg gh&ng, based on interrupts fromthe
det 8Cti oncor §t n¥regu|ar readi ng (polling) the val ues
fromr eg| st er sIn athird ak;mctdthalpe:sm ntvemidnexﬂoxaﬁqs aaiethosl for sensing
relatively n schedul i,n t is basica
ot SR ASREN L i €T o SR i PR Séhank a direct, o
13l r eagyig exarsdl@rmating eurtehi ﬂdivnﬁgsmeh?d conﬁﬁt&orﬂiyq&ﬁblhmng contactless
inventiaqn provides a.method for sensing curr
contiteiens <L sSSRe B adur0r MaEven B Hel gt

conprises sensiThgmathed m@g¢ bomptisé 8én¥inB Q@ rdgnadt field caused by the current.
alternating current flow ng in the con

duct
perforning contf B%Wee&mmﬁ%ﬁlﬁepr@uwﬁeﬁme%e&g?mlwgﬂhe easurement

se nmunbﬂtcﬁﬂguﬂipﬂgn Al th& BenkAtiSO6 R Wakn s sIpHAIF a JréSet current
nmet hod nmay npri se senS|ng a magnetic field caused by

2Qhe“%ﬁ??@ﬁptm?ﬂ@ka§§€WFq nvention al so provides a

met hod conpri sirpgpkhdt eaRiBh ﬁmﬁ@ﬁn(ﬁ’é povideEa nethod wherem a software
ConSU tion and t%e generatlon of a warni ng Si

a phasesientieg perlores job saiping omertshYsa psrcgssing @&bgass%@re@e measured
TheoRrRR ak ldeN@thkz h Méﬁhﬁl%? HPJeg?sté?%ﬁ\fb gesea method

wherein a software based routine perforns job
schedul i ng oven awtheraspast @d@mmgt igvgntion, wameiodoin provided for

24T® aﬁ%u?&tlﬁ*ﬁ{graﬁghgnettsgging Vlgé( % £ ﬂ@ta&l{]&/ﬁﬂ ?N?&(GA(M d&vice. The

regi ster r aspect o
pr eMéFﬂlstaclnmembé ofithe eonnetthord typc (fncmaghetlc faper having a non-zero net

manuf ac a e %% sharln

St acﬁgneaia%o&%rm (léggga tgé (rt1 Jli%] ic l lr(avn o n% mfa%netlsatlon)

c onVienhamfeeturédy}dd) fthekempeigsan Ieteeﬂrmylermhaaxmgg‘naaerlal designed to form a

non-zer o net
magneto-resistive tunnelling barrier, a pinned magnetic region positioned on one side of the

30 electrically insulating material, the pinned magnetic region having a magnetic moment vector

adjacent the electrically insulating material, and a free magnetic region. The free magnetic
region may be an unbalanced magnetic region. Alternatively, the free magnetic region may

be a nearly balanced or balanced magnetic region positioned on an opposite side of the

electrically insulating material, the free magnetic region having a magnetic moment vector



magneti sation) or of the toggle type (free magnetic
| ayer having a zero net magnetisation). The
woremwshessur ed MIJ stack conprises &n el ectri cabCyIB2004/052857
insulating material designed to forma
nagneto reS|st|ve tunnelllng barrier, a pinned
el e%ﬁ cler&t at sﬁﬁtlﬁoz?t%r%aggrﬁ@lg ?rgln maP%gloFr)]I ratllaleor anti npatrallel to the
r egmagnehamon@navmgneme pinn@alreagnetie@cton, thel fra::mngnet]he:glon including

el ectr] I sul atin eri.al nd free etic,.
© oot R R ARE Shp S0 ALrelh R Eebar iy fhich are
rragmtﬁtrﬁmi@géttmuy ékiub&ﬂngmdreln |l$/%(;jn mhgegfglrmrmz@nﬁkqw to two.
egi on may be e al anced or bhal ance
gegl on positi oﬂfég g ‘éﬁ‘%biﬁd’s’fq Baghele ”@f“ef‘ﬁgg%g's Substantially zero, a

el emkthbe adcbwmgla Whedrbdagh ifInGEH MbludéshBodifyf theghl @iabketic moment of
reglon havi ng a nagnet.i c nonent. vect or adj acent, the

i nsthe ief Frgiamaess foa}pakgﬁanoarqe@«lif Big ”}CfFaécsﬁB"sﬁeP?‘BYity Ofa sensor of the
par @gkl@ kyﬁérM@Mf)}'lﬁ’th@nbﬁhagtn@n@ MEMER GRS b pARTBGEasH@ Gk Bécreasing the
t i nned netic region, the free magnetic
r egm@gnerlﬁ 1o aah:aﬁrotw piithe Eerromagrietie Byets imiya dies magnetic regions, e.g.
16 AAE)) at3dRCKartidl erﬁb\nlgg o Je?cfcfyﬂ%%@ 8F ih€ fdrAYRRRetlhyeh AUR free
ant1ferromagnefi cal coupl éd,” where N is an integer
gr empgihetie Frgrpnoer le@ﬂhlalcowrttr\mhe gnfi-fememagneec eauglinintpsasfersromagnetic
net Jﬁg Ighstl c nmoment which is substantially zero, a
met f cording to the present invention includes
rmdl fying the bt feamgef any ofthredepersientidieams caebercogibnd with each

SO [
S engtlﬁf 08 vai}@kag?' ogthg grﬂfg e%dg t c-gﬁ'l!'nss Fogg &\?ag%éé%&ze fagparent to those

13 heskilétd imtigraeq es:pemilymvbr other pcionpt n@ &knowit foeths i mwgmms How the present
? :?{ng%gfgﬂ %{alyc lpg {:' etffect V{/nﬁrrentbe %];sc‘%ged wf’\?\hS reference 93: th'é Iz;];)(:"pended

Yr&e“iragnet I ¢ T egion
e. gschbyiatit drhweiags. qrbarobslg,l dumercmwamangnmnddmshfﬁaayom@ambcemade without

of the ferro net i ers aq

e TR B PP S P YRR AP PEFoER TR b Fleary undersiood
co Uthlat the formtod thk pr&eftamRgnad is dlueeatplion . and liendt @@dndé®® limit the scope
@ of the dependent clains can be conbined with

acﬂ TWE?e"bF‘VW R any of the independent claims.

Furt her advantages will be apparent to those skilled

in the art, especially over other prior art not known

to the inventors. How the present invention may be put

into effect W irhe RAMrRQS %Wehmw Helbeit@fuBBSRE& Eyoreference to the
t he appended schematic draw Qohvi ously, nunero

var fEPMBRNY ingritiavpes: wﬂl@aﬂlﬂl{sﬁ@e e%ﬁfpr@é erRadimgnie Rbthe invention. In the
28epaniidag fromthe claims of the present invention.

Therefore, it should be clearly understood that the

form of the prE@enkandsbowipyer dresepsoryst rati ve only and

is not intende g present

i nvention. Theg gégtSl{'Jdr@sa pé%pfﬁﬁgﬁ?%gﬁ{l %)% will be

better under st bgd4lpa ‘reeticelrcemseectt@ntolﬁetcmgboymd‘v‘l%h’gcell

S[]:W: 282}“ }AA;L]CFI%’]E“ u%traggs thte 193ac§10 |9¥§ galgrg%g gra%;q %nt?erromagnetlc
3pr i sackasdting ens freslayer, when no respectlvely an external field is applied.

Fig. 6A illustrates a CMOS inverter, and Fig. 6B illustrates IDDQ current
for non-defect and for defect circuitry when the input voltage Vin of the CMOS inverter of
Fig. 6A changes from low to high,



Fig. 3 shows a prior art MIJ nenory cell, Fig. 4 is a

vertical cross-section of a toggle type MRAM cel | .
wo-2@5/06435¢ | ustrates the reaction o0 a bal ancedPCT/1B2004/052857

artificial antiferromagnetic stack, acting as a free

| ayer, when no respectively an external field is

applied. Fig. | | ustr at erter, and Fig.
6B illustrat esgl NFAE ?ﬁm%% Hé@‘\‘ﬁec&:'fre'ﬁ%eaf%?fafgr a number of
def Rettpattérh€are hppliediehe tigttali ingisd ofbd ¢imgiryVi n of the

CMCS i nverter han es from!|ow to hi
7 shows a grap gpgél?oc"Ysﬁ’gsc %tolfrsre’éﬁ’?f a‘i‘fﬁ@&?&%&" efbodiment of

aft@,@paesawm@ﬁt,dp.f test patter ns are appl ied to the
digital i nputs of the circuitr

Schematic vi ewfiss H\.IBeeF ‘&'éclf{ﬁ@dplﬁéh‘tvbmé%f‘eéorfﬁﬁiE‘P?Fér?f‘am‘:te“s“cs

of 1@ ghleR PRM arl AMBEY IO strchi@S and W senfdBstARErEA@8rdink@ an embodiment
10Bshow nmagnet o resi Stance characteristics for a given

pr i ofthe presqpbinyenfioparspeetivelyet ure and a sensor structure

accordi ng to ap;.erpgiaBnbie vteﬁﬁs RirReEBbe MAYLRJ PBracteristic of a
respectively, Fig. 11 shows a voltage versus current

to bMResasur ed characteristic of a TMR sensor, Fig. 12
& hows a graph 4 rf'?glf(l)e\ls'a(‘gr %lf% ﬁeﬁlg?ngt}trg%Iy {/a{}glpy\&]ith distance from

h
di st ance fromt[%e conductorp for gar i OUS CcO
wi dthespndecigs for Y&iandomdictohwidthsy | ent ati ons of | ayers of

a prior art megpy Y1 3Ca%h ll4?ﬁoq7v 8‘1‘1&1?&9%9! ofqgfe%’ oqflarﬂrglof S ﬁlgmory cell and a

enbodi nent of 3 present 1 nven
Fi gsnnsciﬁcctabdifl@tosdnmbgdlaphtsofofle maseouhmdn rrespecsivallyce of

a TMR el enent ai netl fi.el,d
i 1orent oi t ubbronao BRI S SrSfuiad ERfhdss v clemen

1§ | ekgaisamdgreticlfgld atchgeh mldefﬁ:rmtemm(mmsght hand si de) of

Gevi co | ocat ea T T 1 FEOPREYE SRRt SRR aRER e iew cight hand

congluetore cnrﬁﬁmfad{geﬁigsnt eoniphispghediremBénshi d'éﬁee RERSERLthe corner of an
20 is a Fers ect| e.view

|nven£ a 9 ; p |eft .
hanh-s83R¢d Furrent £Qnguelors aeee qimghy of FAresgpd gpention.
side), and a tep. ¥ RW ;Jeagédnomrewqfaﬁ lé}ﬁﬁuiud%lde)e)a cﬂfss tddonal view (top

enbqdi nent .as in Fig. t furthernore provi

20 ¢ RehsH sdrcamerer Viey (bAgamsighs pargsifichef tb%ergqumqa@? in Fig. 19, but

enbaGinbRre SbvilELw Rk BHEBEncEMMERE inekhs, &k8hdingdo b Furfher embodiment of
perspective view (left hand side) and a side view

(ri ﬁ‘ﬁipfqiig‘rwwﬂtd’@) of a circuit arrangenment conprising

a current sensgpg)dRYIERpLAGALRA (le@t Hai®siGSRhd & siat v@w (right hand
U-shaped current” conductor, according to yet anothe

enbsidé) et acirg it qrnﬁggqmegg@mprjsmg@wprrgﬁ sensing device located in the centre of a
25  U-shaped current conductor, according to yet another embodiment of the present invention.

Fig. 22 is a perspective view (top left hand side), a side view (top right hand
side), and a top view (bottom right hand side) of the embodiment as in Fig. 21, but
furthermore provided with flux-concentrating means, according to yet a further embodiment
of the present invention.

30 Fig. 23 illustrates a top view of a current sensing device according to the
present invention with crossing first and second conductive lines.

Fig. 24 is a circuit block diagram of an embodiment of the present
invention including a feedback circuit.

Fig. 25 is a perspective view of the current sensing device as in Fig. 23.



Fig. 22 is a perspective view (top |left hand side), a
side view (top right hand side), and a top view
w@ bwsoersse | ght hand side) of the embodi ment asPCTIB20@L052857
21, but furthernore provided with flux-concentrating
nmeans, according to yet a further enbodi nent of the
present invention 23 illustrate op view of a ..
current sensing' %I%Q/fs g“& o] d 8% g‘mte%rafeaé"fﬂ‘ ngmen?accordmg to an

[ nVaﬂbd)dihﬂeMIioif the pFR&R iim@ntion. $he ledrodesceiek semntbldlvicé @re not shown for
[in g 24iaa0|rcwt bl ock dlagramof an
enb ﬂ?é‘ﬂ ity pfthpdrasingsent i nvention i ncl uding a

f eedback ci rcuirtg, 2FisG pedpedtive RieReSFaR Hédrited ditc@WafthndeRnt according
current sensing device as in Fi 23.Fig. 26 is a side

Vi elp dfurther smbed E‘t(édhed?r?s@[h‘i‘f“’e&?%ngerrent according to

an enbodi ment @fg. wﬁnu@&ae&qmoﬁﬂéwnbﬂ)?Ahofﬂ?@d@mg? 5RA8Sss-sectional
of the sensi ng evice are not shown or he si ICIt

of vigw (Botyw pajt Ofpthegdravzrpg) @asdprggf@g@%pﬁ apeM¥] gagkghat yill not contain
| nt egcat ek Elhsrkﬁ%'ﬂem%rpEﬁ&g%U%Qta pRGERSR I?ger‘bg ér?éarfxsucff{arlﬁﬁography step.

embodi nent  of present invention. .

illustrates in Ft&)%9 Hustwatgstropoyshpf a whgnetie lagerapfitheg) A stdck by means
ro awi ng)

& éﬁet&ﬁrﬁ Ac?&’alng‘&') ?Mé&m&g?g@ﬁbr %ltt L&n@ tF%not contain

s ensors, the migk B@]Qlubtmtﬂgiegtamflm ofedméagnetic lohaytod thesi Al stack by

| ayer by mean h o] . .

Y B SRRl beo R AN B BRpadindyn e prggent nventon.

stack by neans ch‘ 3Etllul;transg; }‘@!Steﬂtﬂld ﬂ(m)gs beforaanc afixo dnmelitg of an AAF

of th r esent ent 3 Iustr tes
Gest P RIERT R v BRPF i g 07 A HEENE ek by
1sreans of ion i Wsad2taatii3dBhovaradsud citgrits foraerfsuistab@iding to embodiments

enbogt%rrent of the present invention. Fig. 31
ill8 Fﬁ’tvg%nof‘?yster esis | oops before and after

anneal i ng of amigh8¥Filkibiedtds 2B ClrSénd Getéotion 4chefie Bltdoeding to an
| ayers and a interlayer. Figs. 32 and 33 show

reaS‘BB‘?d"EF‘F@ﬁﬁ@qusﬂF WEME¥r s according to enbodi nents

of the inventi g, 35 llﬂstra%éka|s’yktb‘rﬁtoh%h@S(S@CpﬁﬁérGtlﬁ%ﬁﬁl@dﬂtcore blocks all
det ection schene accordi ng to an_enbodi ment of

20y ehai§r UG SensBhatmmay beases of diptihuigdsgnsqrs e ¢asenap

chip (SOQ) Vmeﬁ-’%hg@ﬂluﬁ%%s'aes?st@lﬁroﬁ chip ggbé) hdre hfé‘b%t;ﬁt from the
current sensor that m a set of istributed

sengyrest gpasorg irtee apphed @F@bb% is gqnneqtqdzte @ dasly sehgduleim on

chip (SOC) whejent QRrepit pghreg rtﬁ’é@am@ef@ﬁéﬁéees'igns $§5}St9'il§ same or
in the applied core blocks is connected to a task

schenildgeps elementhe different Figures, the same
rfeference signs refer to the sane or

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

30 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

won

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.



anal ogous el enments. The present invention will be

described with respect to particul ar enbodi nents and
WORMk/06435@r ence to certai n drawi ngs2but the i NRENB2004/052857

is not limted thereto but only by the clainms. The

draw ngs described are only schematic and are

non-limting. t he draw ngs, th szeofs » of t ) )
el ement s mag bl’yewﬁa}f%?&ﬂ%aﬁ%&ﬁgfscmwf g@ﬁ'le%tsf’g‘?‘e invention,
il uﬂma:devaownpwtﬂege ex\b\hafete bFibfy. ujsmig r&&ﬁ@éér&ré@arch fnto Magnetic
use n r n escCr| I on an clal ng It

not ﬁé%ﬂﬂgé“\&‘lﬁé ecd| iFRsht Hiedptegiplipieof W@?t@ %eﬂaswﬂh CMOS

I ndekhiiidgs HAE b&kshnk Mst Sf@@bblelnecmﬁm'é&mm p"r&fu@ﬂicﬁi iB@lanned in

to a si ul ar nou " hi s

5 o PubeRlS. & bume Oy R et hothey iiessated Bk i b essa et

| s spertihdiGRlol MM SEbnareh/", @fonlvglitﬁg%&b% Jcﬁn&l&% Symposium

description of enbodi nents of the invention,

devePWphian: 1l 6,200 Adingtoni Yrad!: §rA blhip, Shwﬁhﬁgﬁrﬁteg@émtlon Magnetic
yeak%mdoﬁ?ﬁ@égscﬁeﬁl%qm @vbr"é bla:i‘%Mo(l WA@@:‘% Fﬁ’@%@ tdﬁcovery ofa

I Nt ense The inte ation of nagnetlc materi a
C\VOBBrges Uhgnﬁt@gystmg efiest oattsd Ig@gsm@gne@rwswbqeﬁﬁM R), enabled the

1@0”13&%[&%?% Rﬁ%‘ﬁ%ﬂlﬁﬁ’ el hignd! r@s“é? Lugi azl%%%ﬁ\}lgl%c}e@fec&S t0 15%),

survey o tec o gy I's resen
Lensmskthereforeas highdboppot sigriab ﬁ$1S@aWM prmcmdmpfﬂiAMs flor'general

15n i%‘/’cfﬁ%%fbls cl%n’eg SES%QC%&%XIA%%%&'[ is 210ea9y f’é{’l}li%g in commercial

fir stodgeﬂmreelﬂbbnedﬂagam.tand nfagmdio BerAoGEeS S I\/brmr y (MRAM
wer e based on Al 8 e. di scove of a
| arger magnet o(xe'\@f:@?ﬁﬁ '%a}eé-&eﬁdq%fémggﬁncgtf“ﬁ?vﬂJ“ncnons around 1995
] srag iefrovedshspraspeets ()ﬁMR)A.M emﬂhﬂhbrl wigenraclaige &ﬁhél@lﬁhlgﬁétoresistance
enent s W er resistance_ an r ger,
VR bR ETEEN R ermogancl e upgabre SHEGHER B8 s wit

Sl g@lﬂblitua-éﬂluﬁ tEPFI% Bale bedh PovAChup beaudviRAie sfr@lﬂg @@ﬁ%‘lﬁge dependence,
plications. A decade after its_ discovery

ef f E@PS?@'C&F%%@%&? indactipal agplipations g at ﬁf%ﬁﬂﬁ ef%'mﬂ PR

HDD read heads A%fbfilanﬁﬁg Bes &l BEEIRA hevife :’@fg%lﬂrm gUE'This@tructure and
the field of magnetic tunnel junctions around, 1

20 Py e K6 B ST STBN RRSHIE Vel berdter e azaifiia el here. To

| ar genhie S RINALRIES MR ‘E@ntﬁlm\@lls Q\fhfcﬁffﬂe etic tunnel junctions
denDnStrated at roonltenperature Si nce then

ef f TE)WTIs basienlly copfais afipetmengsspdayea V2, pe msulgtingdayer (tunnel barrier)
but I@EQ PHRE] ﬁﬁggﬁehg la {:l 3 Qng’ h@%tﬁ&k&ﬁ%ﬁet %@P Mﬁich tshfs‘ed to "pin"

useabl e resi stance In practl I cati1 ons
at peavgnetisaioowd dleaﬁ%:d ereMrfpheﬁxcﬁ dlescmn In the pxasrudhsmwn in Fig.

€Vh Gfterk Fs Hh)eF T f gkfje
258 B Sl H%, BB A DL e 12
agaiunné¢ling hetrigr 103hefised Magnsticriaperi lﬁé,, a ;sumhg RyeFNBd ) tmd @dbottom contact

al ns, cel | Wi ch are unne
j unmdlz gﬁé pl(xRﬁ%\]lg)Se.r I 11 cMmpII3E an a el (l)ar]] %\tll %erron}agnetlc (AAF) structure.
magRatheamdraythis cdik2pt camb¢ imsudwed gtht &yelydrti0daevell, to increase its
barrier). 103, a pi.nned tic |layer.105. and a
ant RGO NGRS E T ApSPALGP kTR S hIE BRT4ag o net magnetic
30  moment responsible for the shape anisotropy and ultimately the required low switching fields
(or thus the required low write power). It is to be noted that, at zero magnetic field, the free

layer 102 clearly has a magnetic moment. It is therefore often referred to as artificial

ferrimagnet (AFi). When used in MRAM cells, the conventional write mechanism as known
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the nagnetisation of the pinned layer 105 to a fixed
direction. In the exanple shown in Fig. 3, there is a

wo 2008064356 uct ure having, in order, a top cont aptT/IEX004/052857

free magnetic |ayer 102, a tunhel i ng barrier 103, a

fi xed magnetic |ayer 105, a pinning |layer 107, and a

bott om contact 110. The pinned | ayer 105 can conprise

?J‘a ?ﬁﬂdn fskfle@in @Ok 2 AMOANRRASHEEhdrARNRer, Thh BAT BY Baintained for this
hernmore, this concept can be introduced in the

moé@cqﬂ%frefd%'eas well, to increase its magnetic

volume, e. g.rpf ﬁiﬂﬂ%reﬂ?étoétbﬁﬁw infoYmARATPOF inHhe Jil?ectlons of

mai ntaining a [ow net magneti ¢ nonent responsible for

ragnetisetjpe odthedtse mmayet@ri@yeull(ﬁ mliichcgn bm@laﬂm]m lfrleetp ro@ig between

E\%\A \Aeﬁ%& Rigci Ielctzéngz]" ‘{?ggsﬁ%{]ﬁ% o{ tﬂg Mﬂg%’.%rﬁagﬁg kh%‘éﬁr%tlo‘ﬁ%f magnetisation

bf ek dree tayer meepdraigpéwnll 02t of tb@ipihlyedﬁwr aOim@nstargc when they are

g?tfpafatllgl g?r r]saédrlr} 1?1}30?%%0% oﬁyc)%ga'r %%il s?nsgmoel{}f l lﬁ ﬁent through
tHeevlfbsta(cekr(Wrocmlly) Wrthdi sz:lermd Ioalhﬁshmrmsdmﬂmxltagr cao;pen theMT]J stack

Barpcionel Bebe fatesP R P OF ot L BR G eion SEGe AL AR

lirfy@fation bita MRAIdh &€ khahged d).rrﬁng fai write ypdrﬂfoa rbmséndﬁxrg wilte @Yrrents

in the di ectl s ..of gpetisatio
HEpRBO 5 5570 BB Ses MR St R i Hopinyng plopcSthe memory
E:@Isa’nee QUBeME Il Erokte ﬁﬁ?ﬁt&ubtﬁeldé (da8LiiONEd ardteard £6§ fiélayiaehe

the MIJ is small the direction of rragnetlsatlon

of
a*fenméceﬂlr Elee fieddseare programaned sp taf BeY aicdHes snepeihio sifgh the
?ﬁ’e@ﬂaﬂoﬂ){)@ Fhe FRe 13801 025 kRS SR el N tbRe¥walirection, depending on the
arallel. For reading information on a certain
éé‘lal'y infpraarign|to Besiered inig theseleqted gell- sent t hr ough t he MrJ
stack (vert Ilﬁgédeya) eth GIR a%almat Rule Bl d low TogstaRa ke d
vol tage drop on the MIJ stack roportional to the
maginatisafisn aljre¢tions piethe ek l@mrul@?qa the n@nﬁ:dwlpmrdﬁi pigpaggilel, and in a
g%ﬁ r@s%telnce I'h&n ﬂh@gﬁédﬂ%{oh?(@f tH@mQ r&ﬁgétloﬁgf% anﬁ‘pa‘?ehﬁp 9RFMR devices
ring a wite operation b Ing wite currents
tmrsomsg feurent Ha to the sprdied pbpcndlqumgo thoayerplanes (@RI, Carrprgd
ERFRALS PRGREAE hoBBlonk RRCTF A fiBhetine Bifer igr 1n
ﬁiMlR devicks shel ssnskicetrehit usually Iﬂewsrmtm planedfithe @ywrs (GIB] Ggrent In
rammed_so t h
?Laéle)ﬁ%lggee Ielg%st sup or{egably tﬁeb l§¥ld? o rgjérggllagnna?l#% %cgn th%\gogs%hty of
badinecVI8dA Msdnl CRIbTMRrseamsjmoedﬂ(ebn dependi ng on the
binary info tio into
el 1" geeren e MR LBort AP IS RER Giled he tongl
((ﬁ&‘sp&tﬂiﬂw MMMtchlfP, aﬁﬂ@ﬁﬁbddﬁﬂUS&i‘BMﬁ)%emd BDidusohted eFigree

er. 102 and the pin 105 I
AREGTIE gt GrsP i HES MHITOIF TV a1 403 BBy e MRAM cell

Im@ﬂs&dds)@tal (mnﬁy kaladéd fafichll tiferromadiéic (eAFCBctuR20, while the
sense current has to be ap ﬁ' i ed perpendicular to th

resy/ efrthe,ttagkds eqneyspy ueshapgset Hpsginglis diz Grdrstrbgurs igemdlpd the AAF

laee ?th@(ezmhﬁ]eeARF tﬁ%@ S8ck@0Rohsitd diNkralith BPN%r&ﬂ&netlc layers, N
barrier |ayer. GWR devi ces the sense current

beingpn wtqgﬁm%nhehlafméthpm aitfe incthe expEnplegiegnsin Fig. p twefprmogiggnetic
Hag'exp SIFANE) EveNENRY ddhed R ?&onﬁ%ﬁamﬁﬁg I:k])}Ithal?@SCE)Q‘Qfeg bY an interlayer

nti nui ng mni aturi sation, possi I bi
221, which is a thin nonmagnetic layer, preferably a Ru layer. The thlckness of the interlayer

221 is adjusted in such a way that an antiferromagnetic coupling is present between the two

adjacent ferromagnetic layers F,, F,, which makes their magnetizations antiparallel at zero or



basi ng VRAMs on CPP TMR seens nore |ikely. Recently
Mot orol a has i ntroduced a new MRAM concept called the

wo oggletssor spin-flop) MRAM cel | ,14as descri bedP@TIIB2004/052857
US- 6545906, and as illustrated in Fig. 4. According to
this concept the S|ngle free magnetic | ayer 102 of a

conv i ona | aced..b

b oD aeRare il iSchnetsBet FRE RETERIT o Paky: atelhatep frsuch a way
22ﬁﬁt twhnéé %a@ﬁ&xzﬁt&ﬁ\;ofﬁe AAI;E fieé aadk 229 igabstalally zero.

unchange Herei.nafter .this \F struc re | s a

the AAF free SfdBporspfeatipro WV@% ﬁé%eﬁﬁg mewCOfmeAAF

COfR&d stdck 200, this PIAF fAdel stagk 950 Msf(ﬁmbammtrﬂa@némwxﬁem Whis is
bei ng an |nteger nunber | arger than qne, in

5 exbavprse thsimagRCticmEnent my - lépfoéhfﬁgﬁéﬁl\éﬂi aé?/"e$ dhedpyer thickness t,
F2and’-:s‘dﬁFaY10Fl WRgRSkARAM, erlﬁer @H&Q%ﬁh‘eﬁ@l\l\%&ﬁﬁﬁ thd first rEa?gnetlc layer F,
are Separate y an |nter ayer 1S thin

no#Nsehmagnetis mpment myr effthe spong magretic layes F2 arvﬁebstantla“y equal,
t hh?KQx@s:ﬁld%eytatﬂ@adtﬂﬁﬂlief"yrﬁrthl%%lnde?e&moﬂﬁﬁ od 260 aﬁglfée eQternal field,

an antif erronagnetlc coup g resen
bethm@menﬂs@retmn@dp decaasy ¢xeerd1rme@h%$ ptthe MEredenmint, as fimstrated at

10 WNjhe lﬂﬁ@aﬁ& Sial Bekig fﬁ?@g&t ir%t?et §oﬁ @Jb%he‘&aa‘h%ws t%Ltgé‘EleE{é‘r‘itQ represent

or sma mag netlc he t nesses o
rmtyn etaguetic aymestsl?af the upgeraané lcrym)mgnqtln layesi aF wespedtively of the AAF

ﬁre s?a {(rﬁ? 'nﬁ%ﬁét%&ﬁo%enﬁsr}%tw rr«%r{‘l%%%et?é ﬁg%ﬁ’ F 9 £r§ anti-

C Ofeﬁemhgnesceﬂ Ilyabu;deds an(bfohha nbgharseteoanalrt %eﬁ\ﬁ\ﬁxagmeﬂe ﬁeld exceeding

rm %ER]TZI %I%Pn’g ﬁ@ A@‘E:dfécg ﬁg I\%lt' %S 3 z%) %errltglsn o(1rect onsdt’ i)ferelﬁ from the easy

15 m axis &rektion, Me(rmargﬁdwohorﬂéntst Widl ‘ibg” wratign &elrtvhﬂorhedyﬁm mto the
thickpess.t | atura na n.M. o Ih
t ettt rappledtap Rl OnBRALE e i) Rk REpler Sithe so-
anghiied spifrAgH ethie Gs BHEESH a fubde afergyhelaae@m\dedﬁammehﬁn energy
| ayer F2_are substantlallé = n2, and they
ar €xigre| figldyand ppy-feromagngtic cg ‘6‘% F“eé%h other. At zero

appl i ed ext er npd refiki@hdd of tHR@otBOMENEECKAL ee@hdegneﬂthb Reshditfive
easy axis direction EA of the MIJ el ement

20 | pResEERaE BRIER (TSt Ea KA oo R a2 e thy @wesmawtl?:!ager F2 of the

5, AlPRGres Aabich AN d %&h@g@km@sﬁﬁmre’cﬁoﬁ mheelblﬁﬁeanﬁyer 105, and is used to
represent the magnetic noments of the upper and | ower

negpiiae the memasy states. The AAK fiegrack 2o rap O@iy lrerﬁéwsﬁ\mﬂ (petween first and

st &e&da'g:gc st;ﬂg? etR9 r(‘)ﬂf‘acsuﬁRWﬁMI ﬁlgﬁfrotﬁthﬁalfrﬁﬁgn%ﬁa@ts aSphed This
| ayers Fi are antiferronagnetically couple

f olromtlanamglgeqtm‘@td i proguged by wensingawinseatiential pﬁb@lthr’ough the word and
25 ex&lgﬁﬂhggl"ﬁégg lﬁ@s rzlref llgﬁ)t CJ §h%eq én #u?e @&%ltlll%%ria(afnlﬁ;g,eas MLstribed in
easy

at a ce tan t1on erent from
axU§-6a#79861 Thertyo lihes armothgpmal withwespert td dach btheromd pteferably make an

I
o 5 Gy L ML 0L e SLCESH gl e o e
haa:rdatsﬂ adretatbnalFfigld tiar conTineotstycralatee thegpagnetisatign [siiraif ¢hei feee AAF

base subt| e ener ce b en the

o nai 72D R P b TRETarr 87 S g 5 Thletected cell
30 Ccoaip bx;m)gedem ﬂfe@‘n}(ost thhmly (ﬁ&lcﬁt}ﬁﬁ!ﬁﬁe@ﬁnd hm xterak ahckNB'ﬂleSﬁ@mkl position

is de end Y}Ee res ective |en n t ween,

medffEthedy F el Gt BRDBRSRrofes teunrels ﬁ'ésgq%éto f gwitch, ecause

| aghey hdve @bt pabRd a maximum in the energy barrier.

The inventors have appreciated that MTJ devices, both of the conventional

type and of the toggle type, can be used or adapted for use as magnetic field sensors. These



AAF free stack 220 and the magnetisation direction of
the pinned | ayer 105, and is used to define the nenory

wGer@sest3siihe AAF free stack 220 c#n only be swdaTIiB2d04/052857
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(between first and second logic states, e.g. 1-0) if a
sufficiently high rotational magnetic field is

d. Thi t at | field pd
a6 St S Pl e A eoUB o Na P ARRT oving
di @idugh b beRluctve@Rmepy k. gepovar eursdnt gD cusfehd, t@acktess bt with

but still ovela in des rlbed N - 5906. The,.
DR e g BT i B This R oF AEE A of COGH Clp s pthet ehip. OF
a%u&é @fcah e@lnypléméﬁ@edan MmQMQ:ths Tife aink fhahefa@iedig teehnbld@y used for
eas aX|s of the MIJ stack. The sequence of the two

puVBéeMeg @&%Eﬂ used with {iftlsphangs; 1oyl igeratesRursticgasoys according to
I OdnfoRfndnfe FRIEE S AdehQ6h. Hﬁh}r ar@parkib@ardy 8RaM\ForpbREKpin testing

220 cl ockwi se or counter-clockwi se froman old to a
neddPPidestingin MRAYM elirsed chigp Fantainias e prodediMixAM rnce

MO pldnRnRBbY ofAR&e 9nsbid ‘?na?%ﬁﬁe%d t@«f@t Mylekerd ﬁnla%rléﬁﬁzkpx‘b@ess steps.
t he orl ginal position affer the pul se ends.

writing procebue torke Zgnsiegt G@EE@IS@@IHI@ t*@@%ffe%w*@ﬁo a toggle type
b t | =18
ey cef foindie (i o AR EERaftn IIRYAHIA oy KIS R ebihore robust
deThigadyanthgst for MR ANM ¢ursotobe atdisedeantagy fre senser applicatiens. Due to the
to . .
malg‘%lé It%¥c$t%e ag%lﬁgeédrf?% g’ltnﬁﬁ/g)\?tél%qn%e{%}gtlc%gﬁso Sr[lalldg nfgo’m this stack is
f mevexlampgredadnarrdomtsuctatddecs be oneats tweonders of mhgitude bmesthan the

c ucrop\éen onal? Wcsgarcge elilr(l:\%zlgﬁ)es l]eatve?,Fxteg\éesn l%ss zépgpec%ahed that also such

r esamks:tantb& utd‘t&r(adzrmhﬂ:fbr Ve ae hrapmic ﬁelﬂhbmsofsam; dielased belyw.

ol erent od i [ WRRSCERIES forsubies e CRHSAR st fagows in Fie. 64,

t ﬁl@m@hlﬁ@ﬁn‘gﬁﬁ}ﬂ?ﬁﬁg’ fr(MRé\Mgtholw‘ér applybeelgaditov loh plol)vélt dupply level
C an ul | ntegrated current sensor,s accor
rr§’6‘8“ ﬁ’@ﬁtr%u”f)}f Sie %era@?gﬁleat thetreate P(bﬂlg'tallﬁrég}méqné W'thg‘ the

pacmtcurwl #¢d dall&dliht glikRehtQiatd) WD cuRér is sbld dhg ha:ﬂzﬂsrhmwue called the
testing in MRAM chi ps or._chi ps cqntaini ng enbed

I\/FQNWSC%‘I‘ HR eyt enbeisfiyd POR Wireptn Sden thereags @yrpég)taﬁsﬁnsmons taking
neﬁ&ehx@tlﬁ@ﬁ&uu@ﬁxum led. W%Kar%'ingeﬂﬁnﬁ ﬁ)vxptb%g%sa%d %bx%@éﬁ;emly Vout

Due to the zero net magnetisation of the AAF f
stdeneinpfiom highde ive(Fig, 8@ ¥RPSDPAJH).JBID) curgntfaises tp Pnﬁ?ﬁé"‘t%ca”ed the

an LR 1D cufRRR blicay Hﬁjﬁcur?yﬂ '\jlixé“éﬁ Qﬁﬁﬁrﬂﬁg bO®In¥ part). Then, after
robust. This advantade for turns to be a

di tbgav&moagéfaﬂ@ba%@g@@ﬁo hp anicwcanti DR leyah éig PR, piddle part). The
| YRiohd difaton &t ﬁﬁé}?tlhe Ei'r&{jtgf is € o cfe@e%'tst andagé/tthtfe aPel'h%y defects
romt y

magneti c sensors ma e. I's stack 1I's severe
deyrinakegite auidd shertse§odtimgigetds, tboidpiag aulis, tets. apvndisaidd by, fof example,

”Btgé‘h{rb‘ﬁje? SRR, m@ﬁﬁ?éﬁ% ﬂ*’c%}t.hc‘?&?é nn"(}%’ﬂtﬁ(g?ﬁé;ritggﬁﬁon is

i nveht ors have, " nev preciated t
s urblsersmaaé(nd;lusmredbetms)etﬂom |gra@ti aﬁFlgd6B @y meBtoasg ﬁmQDBQI aurrent after
CMOS circuitry,

e d..sen osed e
t oFnF AR e kR Feedy bo B Tn Fi o, oA

I DD is the Cuer’[KmhasfHeaV\pmgecf th GBa &elyigabd estim@rmahkgalp Wiich can cover a
veI dto, a uppl y. I evel Vss. Wen the
PEQ}]f?Lﬁ? npidefegie gWy ﬁ@’ﬁ’hmﬁtg At t here are no digital

t ransitions W fhprodedenethod of IDDQ testing is the delta IDDQ method. In the
delta IDDQ testing method, a number of test patterns are sent to the digital inputs of the

circuitry and the IDDQ is monitored and compared (Fig. 7). The patterns are designed so that
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circuitry, also called the quiescent state, 1DD
current is stable and has a snmall value called the

wa@eiossessd | DD current or briefl % | DDQ cur r ent PCEAB2004/052857
s

there are any digital transitidRs taking place in the
circuitry, such as e.g. V,n changing fromlow to high
and consequently Vout changing fromhigh to |low (Fig.

@t uaMﬁl@@sr toRRdrd thelvidkde %D%él%f ewél? $rﬁ§m5191eﬁ TH@HFfMe between the
| ed the transient curren bri ef

l'y
mﬁ’ﬂ'ﬂ ¥#lve ¢fRing patg®) torAndidiereis aalted @épp&ﬂf@ay pfthe NQIHQ valugegeparts

?%gbﬁ{hgt’\é}g—%. {hif %ﬂ%\yix é@%Hazu ?g%%na%gt?d:nghﬂg% th%ﬁl%e?églirc]:gig&qpaefective.

SI t uat i on odoubsth wizthwds, e aunml:tueioilylon srelfer&iﬂy ofa few pA or less;

gy(elm OU§|1]16}:]{] u%%ﬁte%%tlger g'l 35?9 de e I%%l‘l ea'ﬂlhf ! Ag%n(ge or even
asore, depending dn khe, size @f thexabyilre, Mbﬂaenfpanmbh oh IDERIitsstiog cdipbe found

i.n_Fi 6A, a sj icant .in se in.the |I. fter

i B ragharce: 5L 2B (e SR TP RO Sl roseedings 25 die
Qoafekenoé, 2609 PS@E 10BY1 onwnf lidhis ind@rpbraged IhEXwith by Eegfvenogf ter
tranS|t|ons, eCtS 0 t he CIrCUIt_ can eas].

det ect ed. ﬂrb@‘%ﬁ%%prm%e oG BYPT %50 géoew%%la%m Of the present

tiRShtidhds BIRMWAAA FighRi IG5 SCABWE tuethe §en|s&tha§’fhréceahb‘ehs a 'ﬂ@é magnetlc
det ected by other nethods so far. npr.oved neth

daver 93¢ tusigling Gairisr 1 (Fe apfkd Planqdm@xra%mhwc [aper; Qg %réh thg free

hiaPhecaset N6 dHBtROtked %a@h’éﬁ%%yeﬁOi B8} coAphikeh ﬁﬁcl@(ff@ayers The
sent tothe digital inputs of the circuitry and t

cont 4o ke piepsyredds %@nathtcw&barc@viuetpr kine 2P0, whipl ISdactateé runéemeath
?{e%?‘f? %n%}%ﬁﬁﬂt 3idatid segédf’il ERRMERES otlsogcﬂ@\fég{&gl?y 5018t AbM&he

toggl e ever i nternal net. er ence bet ween
coslupten200usinga @ﬁvemnenqd) sotating layer (aotehévar injFsg. &l Thegensor element

?II(;)BQ (wg&ﬁ&‘&‘lx tfhe EQQPR\H}%(S\GQE% gsecﬁgujgs@d Inlqgc()j’%g&]g]h b%low The

norrra t  can be conc
s¢rsorcdlenzani 2 0ycan e datfeprediiv exacipthe sanhiwapasiMBAM tdlle and may be
rrent. r I I X .
S BT LR AR e e Ry o
catate e magnetisetionAdireatigeofthe ﬁcedmymﬂ)@bof thkepemi elegeot 10vehich can
nf or

Bl 8ot B gt ke, "brig R8sl gy Bgement 210 (rom
tapttobettanh) td elehsurd Bfgsismatd. ng, Proceedi ngs of the Test
Conf erence, ,2001, Pa es .101- or por at ed
or ot thC by 1F S g e S s AR MR S REL Sl
acadifl t@nibodiaiknte DM ipfaelt ifentidhchape disferRht dhamemmm ak Shown in
sho in Fig, 8. Fi 8 shows that. the s nsor

'%ﬂ/@‘% In each F%Sg tH%E;‘H&"FP‘B“dI“ﬁ;?é‘F“t%? é?’atg{ﬁﬁgfl‘yeﬁds shown in
bagrsrs»]sesndlm% FRNGA ShdWsBEHaRE vérkusafhghBd YRlld ehatR)eqiEtick 86r-an
Both the free magnetic Iaﬁer 102 and the fixed

MR memaery gelt Stwe@renﬁy eellselt is depigedithad the magpeteresisigace loop
?Mer&g%é)Hhetf pa@em%awr@@bnharaawew e&épc. Nﬁf@r’l‘%@%d& of a few

i ne , is | ocated underneat sensor
&ne aERe) apd @avmm@vogbﬁ@etrre@a@ﬁﬁwatm Mqr@vgrarfwﬁmtceanf [te loop must

béQz'z%Poeﬁelé ﬁmrﬁﬂa& A%‘%HSWHnOf“n 21@941 Hﬁ'cﬂ?aé’i‘erﬁﬁ@i’o‘?%‘ié @Rt sensor is

i'solating layer (nho The sensor
qlieadifferem1 0 must l@lvcmrgﬁlte@de har@mg?lqpm chriagerigtic thgive as large a

gl%ggp%‘ﬂl%; to%rq)el%hetﬁsﬁeq& g)sc&)%aglg (%ophlg}? rseglsﬁji@}t}%i alnd %ﬁ kh%v&he-lrngnd must

have small or no hysteresis. The centre of the loop does not need to be at the zero field.

Depending on applications the centre point can be chosen. For instance it can be shifted in



sensor el enent 210 can be patterned in exactly the
sane way as MRAM cells and may be | ocated outside the

W@ER®3/06038¢ ai Ni ng the nmenory array17 The fiel d creBiER0042052857
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the current Ix will rotate the nmagnetisation direction

of the free |layer 102 of the sensor elenment 210, which

can he detected by its resista change., A sense . )
c e 8P SpaeSlRing: o isgreri IR 15 A opes s fgroadened i
t ocReblt eiburing wigesdhize uhibRediond sirddhce. 1 n spite of

I I I re
sencore aceor HiErorBEAEERAton P LG Mgk GFae of the clements can

i nUeeékbloﬁft@d 0ad el sERornlitthaaat@EHasdcteistic. %SMIOMHO oBtain the
9A and 10A. In each case, the correspond

or rPeitioatd Ipystciseapnieicasy| a{par theifee daysumust he pflrggel Y the direction

angk it FinfdddnaglQisalihis sh&wih iR OB, WEths F%s RO 108, Thi %Ieglayer and
characteristics for an MRAM nenory cel |- structure.

VRARP BB lgyerjage shgwp slightly @ftses dar th%k%ﬁ@d@t%ﬂéﬂaﬁl%@é layers should

| ot d W (Lnotgm)f Okh Bﬂl@r Eép%ﬁatéd%&%rthlh‘?so%ﬂg la@en"‘ﬂtﬁrﬂeﬁ’h barrier). The

relatively large coeréivity (in the ord of afev%

t eshsy afis @a)beapltieved\by wgtiarniog thesldameat infocameptangated shage,dkus causing a
v . . . he I

Fi %h?gﬁ ﬁﬁas’otrggﬁln?lgé;étl&%ggﬁ SE{Q&'OL%‘H&%%‘{‘%&“@%%%%B field, which is the

¢ hessentitleapplidi feeld eomptonent ¢uswitsh tthesadengent, is @rerqwidtaé)ng the easy axis.

different. It h e a in .

characteri sti lé'rr{é'gsor Fgm%m%ﬂ %:heee%%ﬁsgassﬁhet fr%’ l?fetr)(/r%tr rga”y in the

Wagmgated dfreeiod) sa:sulpcbsat bl zmg(eftxatwden gharsie]l%ﬁi’ tpreferally betwden 45° and
e st.eresi s

T EnE e arTeRe Ml Bl ko I B R Ry ignys shown
f | ialRilg. 10BpEedbndicn 260 fir inzadurddnarredtd, G(pfﬁfdfreblp(parﬁllel &th this easy

be chose in ce it. can be shifte

o P PR vl et el permraficOR o e akay ddb M iRpofrom the

t h§tbndriwoliRiHR @I{eﬁ@ thﬂﬂ@hys&rdgfsmeiﬂ @dingR-doffath rﬁﬁgnetlc element would
measuring w de- range. uni directi an’;l%I current.

gelRYe NP PYSHREFEAL Arbiseied e magiht Neld gusrisA m@dﬁv'a&tﬁ@s easy axis.

e' BORAeBit 630t BRIRKOHHAL the thehfirddbulreht 1N R FRASOhtaniinkIB with the easy
the desired characteristic. I|n MRAM to obtain the

et sYradhtghia mosy cgsqs&fpoar%lhbar@ag?mgkr%hq;?ptw ?hoece

| ayer nust beF&ﬁkﬁﬁér@'to%ﬂkasg Hyeste‘?ésfs%rttlﬁé?rlhé’fienw?%a be subjected to
pi nned magnetisation as shown in Fig. S.

oBneadditionss de Ragstis dield{p &3 Qpirreats by erm@éeqoag évrrealﬁ @«,m uctor in the
S h\ﬂmltys‘!ﬁ tQ@Héche% hiS@Er ;ugﬁre%shﬁe ﬁ'ﬁ&?es@f IR s@EdntdY:urr%lﬂ is anﬁmged so that

practitce, ers be st acked on top o

otmeﬁllrecg@rpafitm tbylabﬁctlﬁlsnuwwndm pegpendigelar totthminedd forly measured,

b%ﬁé ﬁ%EQtannIh)‘? SR toaﬁ‘: §asg AR g?thﬁ%]aé Fa\} drhy ad%ﬂfohﬁrffé'kf‘sgabmzes the
gnent 1 Rto an e hus causi

s hwpaeatnotsmrmfpl}e inggnehgation mngatle_cfred layec thus nuppmﬂng]@ysteresns

Wréaf.léerc] %y fi&m?la%?lym%félg% t’Ifotsglfijt\},lvel: %thrg ?ﬂlél? %flttg%% eafa% %tllcacurve thus

d| shﬁhng:tﬂe aieaﬂugpntdmaraagsgf texsessor,| the seorsiqurrentriian gel ametngexhso that the

eas S,
oG eiar B Rabpa iidih S b i el dabi dipourse.
an df 180, ¥ pr ef,Qﬂabityleblﬁm&\@@@oﬁﬁay&ﬁduﬂg%ecﬂm@nI’iﬂtﬂlﬂc_)nal al&ematmg field
rerer sulstanti a en r tq tnpe I NN
P i B send caent kengioR TR Sokiticonl Smegi e g gnodulste
f ahe MBIA S BcEHeasued €1k nlodulatingth€ Rt RIgnalPBY atih€h svMablB post signal

thi s easy
processing method, the signal can be extracted, whereby signal to noise ratio can be

significantly improved.



axis, which will create a field perpendicular to the
easy axis. It is well-known fromthe Stoner-Whlfarth

wo bwenyssshrat t he hysteresis | oop @ a singl e- dpOEIB2004/052857
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magnetic el ement woul d have no hysteresis if it is

subj ected to a magnetic field directed per pendi cul ar

to its easy axis,, However it |snt ex ded that the
measured cur r Bt 1} SHOWS 2 Blepsurgrasgt § ‘é‘ﬁ‘séﬁélaéacﬁnfﬁ‘f‘ (vpltage versus

eaqiyre®y bfa ci@re@nsehitd YWheatitbheBdgeC BEBS dnttat &aﬁé@ehﬁir bridge is a TMR
arrangenment |s the ogPtlgmm choi ce. Furthernore,

s lﬁm@é Withp$tze PESD & WPt kg distangs betyesp th eﬁﬁgﬁ%@ane 1 the top of the
Sﬁcﬁ%b % 130 n?rP' hi b&ﬂ%toﬂ&oﬁgﬁ%'x% g g ijate{reﬂ Q%Wﬁ m
created y €.g. a second current con t

VI (eemicaly ThE volkege dpplied & the Whﬁattsﬂmec bisdgeps @(X)sn‘t/rfeom the slope of the

%tal%rt%gsr’]uc $ ;I\-/re]:elllus?ratad q‘l ]ﬁugﬂ , In(siitwnt}r/ aF %gs?sgr?] t%r ct:e{r]l e derlved which
pels pEmalV oA or 1DDX teetirfg, &ﬂede(iuﬂed)ﬂesdsim’mwfedm wbuls result in a change of

S tantjally parallel .to the easy axi f the free .
DO 8 1B oL S BB Do s s ol fesiy be

r olegiivediwithout fethgnngmetd Baddien i nside the free |ayer,
P R F S o Bm IR AL i b e it or
C ha¢ adildestbSI00GVHiEH doRveyk MecufrBitfid bé)@edsird rr&awe em@ittvely

range of the sensor, the second current can

arhoaw@@?fog%ﬁqlﬁ ayer theeelmant 210, s ashvisable thatithe t“i"éih af the senser element
| S 19Wesh@Ntd & shivlifrahal thelidkiPoftthecdnigdish 200. Of RRARHASA; the width
Alternatively, the sensor nay be subjected to an

adrfithe ORAYCtRE 208 Pk hershosen sp Hiatit a@was enpugh Seld g he sensor element

CUpeR. GRS iR relation®eadh HeQBAducR: Wedth 84d t'ﬂg cbrld8bt8r-bedsor
used to nodul ate the field to be neasured thus

motisienge Wi thenkield erqated atghegieasor eBipenisi1AgThe conductas 280 msrthickness
Si gR8h nhl 38 %Sdungmrfﬁmq Géma@asgg%kng, @p ﬁ@m%hﬁ%%%

er epy S|gna to noilse ratio e’significant
i qondweeat 2P9 gnd the shoitenthe gonduetst2Wesansonélemertt ﬂé@\émnce the larger is

chal aqk ?%?f&ni e kol dtag&g é’n%&sééén%? ) [ &b inHhnd iﬁ WG tement of a

sensor eat st one rlége. ac e enenP 6} t he sensor

brﬁEdgm‘\ rage oifduiRllet ismmutredgvit}tehvidthsif tle cohdiBtds 280 Shonmhdthot be larger than
a%oﬁjtlzs u(r:](? get Q V\ﬁ%eld gri\?]e%ﬂg’ o%s&'eﬂeﬂ%n{ (())tr PI% t‘u%fgnecs)gc of the

t He o e conduc
C racosducse Q00 Grakes tcﬁbeSahmm J00aresral the mst@ncfé?men‘mébn the conductor 200 and

t | lied.t
bt et o ot Heh BAF AR el bR VilieRclerae pgee e
C U ideh dfltﬂmggoagleﬂemtm é stlcﬂ;ﬂm bé raslgeg Eh@rrii/ l/tﬁarhta\ o tt;@/cdhfjgt&ﬁ 290, the
sensor n pe Y ich is or
i ponapd

teg§'i'91°ﬁ§' SthaBgIMRti on of 2 mA woul d resul t

in a change theaer{gththWehgbr@lénﬁﬁm1|0fde§énd§@rlih@‘i‘éq‘ﬂi}iement of
conventional princi FI es this change can easi/l

SR A0 PRI 8 g GG 8EPeBh SR hear B (eSS fty that can be

t N iaHRASAEalS tRERASor SdPe ks BYOEnLH k@RS maGHuRERn SVl Bowever,
wi dth of the conductor 200 which conveys the current

t eVl Asy puter fagton gl sigrasis ras spalley theasrsgeiatio ke Ipjger e
OW@Eteltegﬁg b@doﬁﬁ?% rgélge h stterés?‘s aqy ﬁe%@s@!irg td et SB e\%l%rbﬁy along the

t he sensor el enent 210 bé equal or snal
t h:enducmr direxftion kmstdmlmmlmmgnmnor@mts Hie easipst wiyaln th elorgate the

e%nt to make use of the so-called "shape anisotropy". In practice, a compromised value of
the aspect ratio is found to be about 5-7 (valid for elements having a width of about 1to a

few microns) to have a relatively high sensitivity without remarkable hysteresis.



of the conductor 200 nust be chosen so that it
provi des enough field on the sensor elenent 210. Fig.

wd2ooshewsse t he rel ati on between t hm conduct or wWelt/iB2a0ud52857
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t he conductor-sensor distance with the field created
at the sensor el enent 210. The conduct or 200 has a
t hi ckness of 300 nm and the current is 10

General |y spehi§ Rigneddprhaedusferace) pyer of e PF"é‘?r ‘efgent may consist of a
Oﬂ%@:fe%mg%tl@ﬁ ertlﬁem?tﬁ‘%lt lﬁﬁgnﬁhﬁt@l‘?&d&'ﬁﬁQEonngof an artificial anti-

sensor el enent ance, larger is the field
t hfatmlea&neb@(/‘e/f@aﬁ% hating h@lbétéw%w zgedsentgnetigtionrdhe AAF stack

' @4l f B FS S IPR G | fLWo ) AR Siif: 1l
n@f), eﬁﬁﬁogélétségw red, the v& d eré(e get ﬁgaconducet ortl %S)gagnenca Y

s hesupldd Haoeughedhd rmng"eagn@twdnyeabmtmlz Tis staskgein fagh gqugralent to a single
{
o f;ﬁbrﬁ:g l%gpﬁdt\(ﬁoré H)S)a%%ﬂé&)ﬁhf&t&ﬂ? QE%%A‘QBa EQ@C B%%a%ﬁ&? he layers.

nduct I's t nm an
t hiaurdiemmaae digs betewotnd that enocoayanced lay2i@d stzalrc@urcmn bensedrfor the free

p! Pk il ih %@P&Hﬁﬁe I rﬂmriﬁf?%s?etpnsqg% hE\?eaéeeﬁ n‘tr%d&?: é“?ot ihfpRdve the

ererore Since
eI %mlebltltyZz’fMMMIbdalﬂltmkiEr CM@Enodehancht a’sMagoétosttzhEally coupled

conduct or 200 se ouI al so be | ess
¢ PRRGHS an SRaretr e ROSRY eI ARE S >0 DT
depends on t heigr Eiq&hbweme mtagaénzstecnﬁortematm;s ofithd AAF stack as the

t Th t | .
2o st Gt of I RS BB el er s I mBRceet, and Fig.
S emsshbws hepRgh@iatith erﬂﬁdoﬁsQ)f grtcofrbpondng BYER for the sensor. In these

siti It However SItIV |sacounte f act.or
off gwtér? irsilating pnel harripidpyey ﬁ%ﬁ’ ézg B:magngfip inter g of the AAF stack
| adr@fét shbven foy SHeBRIRSIfSinARRRYHIgs. TDardECihEw Iﬂwtt&rsms;b&amsotropy, in
it is necessar%qto i nduce sone ani sot ropy al ong th

c otbRItasds eleneatian Brorhesanpkipithe exteraly aﬁﬂ&ﬁ@@\d@em@hwg sensor, yet

Thi§ Pﬁ@ﬁél §Stithd\Gor laft n{e%o%t QMIRAiS aksh sro@h&ga{étsloﬁ)e of TRk ?raﬁ‘s‘fé? curve. In
so-called "shape_ ani sotropy n practice,

c oﬁfﬁrlé‘rr@ gr@éﬁe@-&mﬁ@rqw CPIF@uaaé,lswaCE'mddn ithe sepsQndpsies. w@ch allows a
abs%b‘le r'ﬁag%e&ééﬁbﬁ gonfﬁ%{iraﬁl)r?@ﬁﬁ%ﬁnﬁ&w 3%ed n‘Mg%f& fRAd)3PMich the

few m crons have a relati vel
sen@nﬁlsatwlyowot’tho@tefﬁf@warlayaﬁlaée m}@e@aém oge mhem nned

(or hard ref eé(ﬁ‘ﬁlﬂc%()dm#)% of ca‘PJulattJaech%%E'tgl‘?srtlcﬁ}"o? OERQSr er@lé/ents having

consi st of a si ng errormgnetl C ayer aving a ne
mesymettifezagtin big. bt ar¢ showanyin dergsaphs obFigar S &y 18§. ﬁrmhaﬁllustratmg resistance

ar\;ersfug" a&%@ l?'%td' s?relfglﬁﬁfrl: %%Cfé?y l{a}%&@?sﬁ"’s%% ﬁ?éds%ag}{etlc field

zero net -nagnetiza
c omsngh $orafmdmapy tdl fooredgyeret purpbseydt san(l:e sgan to Ee)sntwity otar zero

ﬁgfe el ntlcl)va ea%g ﬂ]ng%gr%ti% @yasgelré/sﬁﬁfl%?%.ﬁa% h / o(i aners ina re]gtgggular shape of
eqmo\xallzemtnztmea\/IRANghas apeﬂamech dtay el CbEEt—RliFmoEe inoMhieli the thicknesses

|(:llé|l<§r éteotwt E&FP ﬁ@;ﬁ%f;ealn'} é é%m %ggetsllhe% 1\Iéeg)t' t%a(g %ri:[cg(giég’fof E\lli][-ee of 5 nm.

adv anced | ayeFiga &lllﬁdﬂl@febl (R rapanf BRistafedv etk mafieetit IfeEl strength for
Ia in accordance to th‘? | s sterrs t hat

teria
S‘i SP506 HeraceViieh is RPPBRAE gsrn];ge memonpsell; Fssc;rlqu Wlth respect to
t MR dSarkiMRb Hitden$iDAS 20 QABH nm3 UG thed@ndbR e S atic, Hféfhhzig)ietnc layers

coup l ed structures, and antiferromagnetically cou

A@Fﬁqf thetrefersace qtqcéj arejpinneg g he pﬁgctlﬁﬁgﬁgmllszgfhogqpal E) the easy axis of
ortheftafal@nad Bk feliSs ATied IARK diRRtibASE the pinning direction.

For an ellipse, the shape anisotropy is given by an anisotropy field
Hk =4n (tM) (myny) / w,



pi nned (hard reference) |ayer and of the free (soft
storage) layer in the nenory cell, and Fig. 14 shows

wo besoegeet i zation orientati ons @ the corr espprmiBg04/052857
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| ayers for the sensor. In these figures, the
insulating tunnel barrier layer and the non-nmagnetic

inter of the F st are not shown for the s

of Vil W s prpdugepftree '%rﬁnémﬁf a0f, SHPRLCD PrEnetsp and (hny a
anh&MdmNy 1ﬂc&a§h@ﬁfncmrdf$he@sfmlﬁhbw s witlSvalid (1Rg ONak= 1 (circular)
to the external |y applied field Fbxtern for the

setiddrior by =iy Fﬁ'aﬁhﬁF’F'E‘Pe”f wreivendelom bk =100 Qpe fBg sensas sensitivity is
Thlhgh f’éla?éa D HRALAES AL B e lrr?ﬂ?ta@é a iAEndtl ARERunG 18R Wth el 40 %
14, a crossed-ani sotropy confirguration is

adﬁﬂé@@ﬂﬂiﬂgwﬁé”@@ﬁ@@%ﬂ5@9$@ﬁwlmﬁﬁ@h allows a stable

magnet i sati ong u oxi mately at zero

magneti c fieId?gﬁﬁh%hﬁgﬁugﬂéQﬁg netisation of soft and

reference I ayléqrsth@nxempletah gyomahere s achssitaniytofi €125 Bdbe Note that

extﬁmgl: %ﬁlv cgnatLe i ?ov% f mcre%sn}nitrh %\Ilditﬁ?v (];fQEe %ﬁ%%.o/{n effective
|'efBRAts Vi ng structure as Ei own In

t heagyllempﬁleid sénsiﬁlvgﬁ canle deduct® fro@tb&phﬂtagé tlgmdl that ismgrieved. For a bias

R RS AT e b5 P T 0 e

St ety if dlciRatEEBBERSE @w o‘ecbefo&eéxﬁ;mm@ﬁ)m Ak ROSRAM hlemory cell
can be seen that sensitivity near zero field is |ow,

arflfsighag V9'F?§r=é'qn§mwgﬁ"é'ﬁt@s?a§ bepded, 0.5tHE KOIRER Ybits QYRE the sensor
| Nel@ndne cah@neuésartmg Iaa,p@m osnaL&Qh éapbe,rmpnfw %NBM@&% tunnel
a reference stack Ru- CoFe_in which t
t hregiqe ek b%k%hmstth%m@wuwgema@@?tsonamldlbw%3 Hén@‘dZV'QB? 8 Ricad =
nngo KR echi Mel Y15 ARd a free layer of NiFe of 5 nm
Fig. 16 illustrates the %@aph of resistance versus
rmgnet i ¢ fi el digstTrilngrates thergraphfof reststagemwenius dnagnatie field for a second
3 ﬁ;&r bSViGOTROGS fe B85 di R@n&@%ﬁﬁ%&?%doo%?cﬁ@1g§h%vaereference

respect to Fig. , di mensi ons
nrsack bACoFeRe€ioE o pf L0315 nyuraad & ooft laydref MalpadiSi ron.| Asywmigg that the

Ootﬁﬁ rattlla? J(F‘fﬁ ft%ghcl?e Icﬂl%&d %a?th@' ﬂrﬂﬁ@ tg%f {hQ §ensor 159 % / Oe.
ditection wh ort ogonal he

free | ayer anhi atlbm stfep,ehejmagneacpﬁd:ld gcheratioh béa durreat:hneman be
s B PRt R Sypeldondts sy i ol 2PFP > 4 wpial
( tvaMe if MRAM )dedigny, isva fdw Ot mieknetih ﬁekdrgadm‘aﬁoaner fnAeairiesty Suppose a

t hi d.sat tian. ti i Ol d -h .
el BERuPD s 0t BB AP RE RO E P BEDub¥ el o efctve
1/ s iitiensitivitg oPafppsxihétely 675 th \(/mlAr Cor thé pxaniple ds givan il Fig\ 8, using

= . For the nu yven b = 16

S el oSt g0 1 38 M Wttt 50 Do g o ugen
ane YA oF abdud B € md/ /RAg #metmkumpﬂm&l on with e.g.
40 % usable TMR S|gnal he esti mat ed senS|t|V|ty IS

then: Sensi t i icpyelusiopfipaybojh experjpant pad theereticalconpideratins, it is

gl ﬁé@sﬁble thaeig sigﬁal@uﬁtﬁé‘%hgé M t¥w @8 a BwldRs 5852 peMNRACWEiBR vould be
his sensitivity can i nproved by increasing the

VVI apH two efderst magpisusle betmﬁ then ffercurrort MAGRET |dev'¢qseﬁ gescribed in
S %é]‘k&l eYhi ¥A @)?J&ngﬁ BARGH efnf QA& 1HPIF P8BSt BR®001, paper 14.3;

I's rétrieve For a
or ln Giovanni Busatto et al, Mlcroelectromcs Reliability 43 (2003) 577-583. In other words,
current variation in the pA level would lead to a change in signal in the pV to tens of pV

range.



of approximately 200 nV, a 40 % TMR signal |eads to DV
= 80 nV, fromwhich the sensitivity is calculated to

wh200261350/ /| Oe before anplificatdion. As in NMRAM/IB20BW052857
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cell designs, a voltage-clanping transistor can be
added, to fix the voltage as over the sensor

Vb,

el enent, and u ent variation.isenSeca
be anplifi ed [-?H"[@ﬂgf‘? FE‘%?({lWﬁ%tF Oﬁ}}ﬁ PESFH inyentioy the ntegrated
k Qiireuit hﬁﬁ]g@ﬂxmtfwﬂbﬁﬂﬂg BB hbota lcudénit 8dhsiWg ke dlcd@aPbeprifided with
and wi ? Ri oa = 50 kOhm t§1hen DV= 4 13 m V. Fi g o

7SPF‘F‘P'd§‘iaF‘é{ TS epbance thg Senseivity akthe P FROLSepaing &Y icreRy thstgeperation of
fimkdelios beamefarRad sensor device. The device has
di mensi ons of 700 x 5000 nnR. The device has a
reference st abReosingpmg-cpbodigient fthepresent igventipn, gifgnsmay be
sofrbvii@yeF 681ferahlh%: & st?ctng@r fitid at@%%éﬂ@o? %vENth 5 Bhel dbrbnt MBing
ratio is can cal cul ated that the )
S egPaVeYed by ¢ curent P\@ds}@ﬁfs §|dchi rgeans mayfqr ewnplp ke & yspatleast one vertical
st I [
o S R e Rl Efncction
gemmatongnt,assclsm/m ap fteFeapnect ingd Thy pertieal cordugiéon qempRALs and the

des] [ n

CS}?‘drr%ﬁr?e}l n&co&)é"c éﬁ H&ﬁ?&‘r% e?}nenreggél gonagq? ?cgﬁ&éé& slBBéfd dBuctor
Wsttrtuctttlhaeomoew towslufi¢ atdq:asgm L-shapsd qmdtllcxdorlpead)ntotﬁ wanvh the corner is
O RO Mo e REOR by of approximately 6.5 m

rect angul ar sExmmesm‘fhamﬂo e(btéiﬁﬂnmrﬁgmhheremh%r— 50 Ce,
there would b

1t
LU, el g KR8 AEFiebe, A BBFontel neferhbgsdRag § someragio o
botdicakyie #l, et fomiitg shbahaped stlctueo4 (Rig ). iMha&ft Hahd side of Fig. 19

p03|bleto i el.d signals in r of a few.to a .

angersrectis ey Sndthe iRbtfind s o158 TaSbols ¢ VeGP glrsgectional
of vieRdrid Ldieapbe btk turd anarg uﬁéaras elerdoRdictiddthr for deuiref $, t8 e
descrlbed in Wal ker _ et "A Pragélcal Built-in

cupsastied %ﬁgavema?nsmsﬁa qf‘e%l@. if{geateq ARad G FOMEL N thesl-ghaped

O stiuBtufd 22V BBRuscBWASE &uereft fidHs, thivhigH e Lakhge@RirGture 42, both the via 41
Reliability 43 (2003) 577-583. In other words, current

v A ks howizontaliipiercapnertding 40 wrsate @ magagtiq %el(émcth%l?g@@ dirgetion at the
S' ;Qﬁﬁ‘ibn bf‘thE Gﬁ'réﬁv setngﬁng @E\Srceol‘ 10 Lok ARER- tﬁ@ﬁ%ﬁ; maﬁlgru'ieothe resultant

further enbodi nents of the present I nven on
i nhegiedg Beld aiepsugrdiat thechiies sensing devigs 2 ) ip gpnrwemangf\ﬂ@ubled with

CUELRo HRNR ¢ cdﬁ@é’dtféﬁal'&@%gnp@mp&ﬁ bgf?%gl‘ﬁ"htohz&@ﬁ%xﬁbctor Itis

nmeasures to enhance the SenSItIVI he current
s edesiratighaiéhe veeticgl condectige n@nmnremnw@ﬂ 1 thgdodated|ag close dsgossible to the

”ec%ﬁléﬁtesgnsuéc&%gbm dE;genﬁxﬂF S gggﬁﬁﬂfe p%fte&ﬁgtt%goﬁgﬂ The upper end

i nvent or ‘gener
stofmhrﬂgea 4f cam| l:t& cannemé tcsmsmperliavrebnnmttlhvedm@b;héurdur lirkatto the

bel rgl%nta{) nﬁven}é%dm%agurgmc&{rrent conduct or. Such neans nay
f of nple usé at | east one verti cal

As a second example, a ring-shaped flux-concentrator 50 is added to the
design of the first example, as illustrated in Fig. 20. The ring-shaped flux-concentrator 50
presents a gap 51, and the current sensing device 210 is located in the open gap 51 of the
ring-shaped flux-concentrator 50.

The flux-concentrator 50 may be a dummy MTJ, for example patterned
around the via 41. The free layer of the ring-shaped dummy MT]J arranged in the

neighbourhood of the current sensing device can be used as a flux guide to concentrate more



conduction conmponent, such as e.g. a via, together
with at | east one horizontal conduction conponent,

weus/oesse. g. an i nterconnect |im2 The verti cBLT/IB2004/052857
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conduction conmponents and the horizontal conduction
conmponents are connected so as to forman L-shaped
co duct or structure, sp as .to include | .east. an.

R AL s ioF R KiRs R st HoR S s TREring-shaped
I otmt@elc@ﬂh@e S0 éonkbrraty tHeRsiculs MK 1i@s dteytba: @rourEi(taHpérﬁSal via 41
of, how to obtﬂwn this a iven hereinafter

f.lp@tth%gaarﬁdwé amﬁme&e&ﬁm sing eV €Al Ade Ca}t?ﬂhén %’é‘ltlog the area of the

C OMpESEShtrh@r 50 NRF ¥He%agb 5V hido 6a111y tdidentiafds MuR Gnéftreated by the
L- shaped structure 4 The left hand side of

19)"
Fi hprizangal cReduston lipred & Hé@euthﬁeﬂ% @heeatator M the it denghygthus magnetic

Si ﬁ’e@d Qfengﬂhglt thd Qerﬁﬁg\ﬁéwé‘e YRy Jah Q?alstn&ll? 56 ineRaded ONR didfarRWbetween the
Thi s a structure 42 is used as the conduction

paﬁdﬁesqfﬁheeﬁeewg%tce 2X0 ansl the “padess of el gapTHeshgwldibe s small as possible,

S ioF tHeQ6@h&donear the corner 44 of

tﬁgéé §Q%%g§&?%%@?dfée42. Be%guse when current flows

t hrough t he_ LAk thapen left handtsideeof4Big. Hbtahperspectivieaviev pf the L -shaped

angd tie Q? rﬂrﬁ\g@etdaLwth g qfug(od?)gge%{ratl& i éosh%(zv?latﬁe ala ers of the flux-

magnetic field in't sanme direction at the pos 1on

ofcontﬁatretm 5@ rorresporsd wgthd%vofcée 3&@1@o®amdmg amd thlh;eaccordmg to the

a t ?%%nthlg\l"le(ljlp(réng tang éo:1 @Ie rl}a 2 o f m%% Q%Iglﬁg\tl\g%%r (_)Xheﬁea I5& alasensmgd(free) layer

dow| enl insutaking Eba@fpecthmied) batrzt 108), tahginmdnmegietionaler 105 and an anti-

de w th o t hori.zontal .conductor. It o
et PR S7 RectUR PG Bttt PR BIRE Sht o ayingd ireton

41(cxd_h@ngetlﬁ&t(ﬁlféctaﬁ) dh eeexadplpGhaiineFig. @01 ﬁhEredsliilE@ﬁltappmg layer 241.

si ng .devi c 0, de endi n t

3 SPHh B HABe B AU B SOk Peteshare may be more
C ARy dpE WhANECHER telévanlitte tHARE brnﬂcﬂil@bﬂ?@fﬁ@@ﬁ THRRE myat Gbnsing layer
further links to the current path under neasurene

Asl02) sbthgtyxeragsepiraior a0 Famget &p aﬁb& guiqdexiog mﬁﬁil%éwce 210 that is

SGhiaced afl#RGap 31 o eheOMSd-Eihctraton 80 fokEatibe @(é‘lﬁé}leﬁsatﬁﬁ is free to rotate.
illustrated I n Fi 20. The ring-shape

f 1 The-Rigyie dayer é%?fg the fb'ﬁégwgatar wllgnot infleeneq, the flux change during

C%é ﬁn@&su&ﬁ{éﬁﬂ &eadé@}& %%r%ltjg?@agg ﬁcfgﬁta?; tegr i got h _er hgpen gap

of the rlnaws aped _ '
f I ux- c onc ent rHiediress degign pllows terifimycaureniralos p0 Ex shesieesing device
p%lb% &P\H%ﬂ %\}/% e:\!dr‘?il rdo%cssn-ﬁg Stebd, GRichAWR 3 gflcattlgﬁs sucl? as
ring-s ape dunmy ange in the nelghg ur hood
thewg@h@emﬁﬂgBﬁéidgp%eV|ce can be used as a flux guide
to concentrat _SEensi
dovi e, ¢ hue RiPleB ety e bPARCH! & Ei3ks SRS Rhown of the
rnngashabeﬁmkﬂwxhcwpééhMmdmdcosﬂgdﬁhcentrates t he
circular fluxgylin [ Qkd vertical v,
Tt o the gap Bt 9oy RERRIGRE s SHEE A00RQUEL ISR i L naped
2 Iffructsrel 48 ad thefthx -donceadtakiot 5(Dﬂ1t, is pieterrad dat the ﬂhh—eoncentrator 50hasa

fl ux-conce tor 50  near 2 % .al so

conntreg B s SFosing SR DAARE:Tosichor Gpd Biekreous fe

C qieticEdin thd g3 54O0Theimd@biliteof theRuCeomceitiator 50 tarbid, tuddey varying

fl.ux den5|%¥ t hus ma %WFfE
its geometry. The aspect ratio 0 ux-concentrator 50 should be chosen such that it is not
fully saturated in the field range to be measured but still has sufficiently large permeability
for concentrating the flux. The flux-concentrator 50 should be patterned as close as possible

to the sensing device 210, but still electrically isolated from it. The closer it is, the more



field strength at the sensing device 210 can
drastically be increased. The di stance between the

wedwese3to t he sensing device 210 &Zhd t he "pol eBCT/H20047052857

gap 51 should be as small as possible, depending on
the capability of the technology. At the top | eft hand

: PEFSREG Ve, Vi ew
St ety bt g gl A e Fintta il st Py SEBTozrapny
s heewiutiohbend Itlaym‘rm@éclmiqae txiedx concentrator 50

corTeApON S R SR LS G0 o
| ayes3ign ofthei mitegm;ﬁleda tM:M\Mll;ﬂiabéﬁ. stﬂiblﬁfe%ll $haUSkaped Behduction path

g_g{gsea% grobnly gée%ﬁlaé ﬁ%\fl?eés 1 at ! n %{é%&o&{] 131etLis ?Jasrhralpeedr structure 61,
antht fieldrcesagdethk @edsﬁ:}é@lévn&@il 0US &spréampley ti.bled for a same current I, to be
magneti sation of the pinned |layer to a fixed direction

( eXEIYIFgecompaisd & the e9rrvaﬁt)0nal| Gasg msh oY @straigkiisangicion The sensing

F' &vict 210 ‘ishﬁét@rab@ l@da&:@ aBthe 3dHeR® iy Bhaped ltruc't_'lﬁé referably
sinplicity, onl ose |l ayers are shown in f

st gRlly $H4°?5‘rf&2§1@ ﬁ@éhr@meg@e?fag}l . eRefdhg H;ﬁéwd SWﬁ“éfh 6 hrlhe upper
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free |ayer (sen3|ng ayer 10

f | drwingmodhel willobrtsp liskap with ﬂmcuaemtl pash upderdeeapwemertie

SenSI ng deVI Cgs g:l:&l’%lll‘ggm}l)]é lHuS@I%%g lﬂ ﬁl tﬁa@@@oléﬁn%ﬁ )I—D&centrator
fl ux- concentrat or ecause Its nag Ret7 8ation I's Tree

t 070 wadet feom Tdempiy MiBlis Iaay:é rarolt@@thgftwp Mertical vias 41, 60 of the third
R %ml"ﬁé’]steflﬂ{)ézﬁev?cg 2 ts lzﬂzg(g in gaﬁ) %‘tl]iehf?ux-éo%centrator 70. The
chang during e medsurer e se

nagmduqtlsaipatbmmsstfngmé olia 4T hlmr;znmablnte 4demdcgmeaai thevmisinpdevice 210
qu e, se evice 210 t

or ad tVéa LOQ T str}hregtie(a hrgu%l er tawop roéeéegé}en(%ug?'éﬁg ?luMPrbCﬁntraQor 72, 73.

S uvhsn apptenchtis semsthmuglhthas}-skrap@gn“oaﬂumnn path 61, NRMME.g. via 41 to via 60,

the t h
o Bt b PR PR b o e raoie 21,
t hehicio prelcefidentiaatibysthel ﬂuxlf:oxﬁbrgratdlﬁo Jﬂa%r&(ptdf @0X [ih@M4 circulating

hand side of. Fig. 20 ,sho a top Vvi ew of L- ed .

O OB oS sey BT 30 i Aberat Aot By of g es 7B Ehilating
pr @bdkiiAvithagard tvevid 661Xhe delSkﬁE n&\reah@fan&()mlaason&t We@hP71, thus the
| a ger than the sensing _device 210 for better

ef Ryxsdeasipyat hrcrennotsaice dL L isdpuhled insyerath gomparedhie thgseond

SlexahpR C?W%h MEdadislthe Bestkahpie afn'ng(th@‘?&ﬁelﬂttérﬁlts @F seﬁgtlﬁﬁ}r‘and low field
be tuned by varying its geonetry. The aspect ratio

¢ Flsteefion Umtrkecabs Hith R SH0S Suesal o 96 (EpEDARe condistioh Bathiths cxample
| SgiPQtthd éﬂ#oh%es?ﬁél&‘ hth&enbd ]J)Bglﬁmf 'E%lgthﬁﬁ'éiﬁﬁe §QidhSs [ore compllcated
nmeasur ed stil has sufficientl arg erneabi |
f oif dees HelerRayirtany gxtraeodeping stepseomy tbﬁde%mt@fﬁher ra@skrhasw be changed.
shoul d be pat 5 [
sensi ng devi cén%rg%ggng‘%e%\t&%?ﬁf’ée 19833 ?lg%)da © er lé%ﬁhe du(gln my MTJ type
f rfflukiconcEhigatod X5 @0 by & d¢<hqatedﬁblxmn@efratomnei¢tfrqrma sdfemagnetic layer,
r h ms on_ .
5 S RIS AR TR SR P
uSsps. bksvea/eﬂ, i redhrre Xtergffidency lof thsﬂua{cembenmatdr'n iy Belbettér. This is
eb%ggu%e e mosp efhmen%qﬁlx conc%nttraQOr has been proved to have a thickness of at least
10 nm, whereas the free layer of the MTJ has a thickness of only around 4-5 nm, though at

this thickness, it starts to have the effect.
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ware@sndisséhie sensi ng device 210, partly form ngPer/RROML/052857

10

15

20

25

30

Wth this U shaped structure 61, the field created at
t he sensing device 210 is approximately tripled for a
sane current Ix to be nmeasured, conpared to the

convent i onal Eh&¥NF {the diffgreat @?Mf'@‘fﬂ‘s @8 ha ffef gFing gefgetion
Sedizhig iR Yd héasdrid) thé reRi@hRIARMel € Atx@MpRE oft 1N ERELIBR circuitry
of this U shaped structure 61, preferably equally
spaediscwsiedibelone t hree segnents 41, 42, 60 of the
U-shaped strugliddifiof % nufiftg-riRRGEBRASn e rﬁd}%e‘ébﬁ?ed”r such a
61 are connected to any upper interconnect | eve
r eyplemesn erposity magaetifr el igsneraird attihalpeation of ta éragnqtlﬁ lﬁeld sensor,
u t
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ar . .
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ccsamee MK Bheon pto BRgor R Hbots g B RRfepalanced AAF
Crmts%kmt@gmtpﬁem{mwul ar flux lines 74, 75 on

t he pl ane of e nsi ng,device. 210 lich are
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hay ®ednatn $ BREcAHALAEL iRP0ANd & BRo8BEONddotold 1D 1 L iR below and one above
flux-density at the sensing device 210 is doubl ed

tth% PRISIRG d%‘@??p?dl‘)eﬁhet MT{ plemen dogrdvagicakipiselatg fiem thchOs,conductor
| Siideb 60, R ST heqmmE@()agpQrg abrBGeell @Mﬁmet‘n@aﬂye\[/l'f@reﬂ;ect to the easy axis of
sensitivity and w field detection Iimt, because
wi théy scasngaﬁ@/lwlﬁem eaCJa of tham fpmsmﬁgmetah&le @towéub@ mm axis of the

pat h Yes, e strongest «
s eﬁ%g%?g evgce?)l(@ %e é{}%ﬁ o fpay | aﬁe gnyya d’gg)l tévl'?e? 26 r%‘g 50 preferably is 45°
C a9t Rat@tent CM@E)dasngn@me cegphtibiita Mhe Eixdt EandDEOCREIIONHr example a
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dedi cated fl ux-concentrator made froma soft nagnetic

| doeated aRAYthe pesing devrerdd: 18 uprdriat RFQPnter eienhde) pfowever, in
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f |tba@mﬁ@m@ﬁww sendetor e R b wsed fqrr?ioquyglgwée%m doppmeasured and
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have a thickness of | east whereas the free
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n . [ t h
or PR 210 a8 ok diELBAREY b () Bl BnbibRHE, 1) and e
r eddnagidnga mﬂwck ciweuitcdOr(evil lugtrated hm Figi %@nﬂmfmdbnq digeit 80 drives a
CehANGEn ] il B8N GRaudReRYPS Of such detection

During measurement, current I, creates a first magnetic field H, on the

sensing device 210, which tends to rotate the AAF magnetization pair in the free stack 220



are discussed below. In addition, a nulling-node
f eedback node nay be applied. In such a system an

wo@ppess43ss magnetic field is generdted at the | BCEHIB206M/052857

of the magnetic field sensor, with a magnitude that is
varying in time, and such that the total local field
megsLvack »be{ d n 9L, S i

el ectrical Jaggﬁtq ﬁlg{wg%gf&% ? ec"éﬁelgg{ztﬁ ichyfrieg fg rotate the
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ent nul lilﬁ;ﬂtg concept for current

e i dif
s[e[ﬁg?g%‘)g? %%Ws?fa?vé"dtth%f%‘&ﬁﬁt Hstt)azéq@ewhteﬁpmﬁbptf@gigthe angle o

10 VRAM &8lchéh dfShd BnbRUIGRES 90Tbl? aklf tgggés I:&1}%5 pl?()laidné% Gctélose% correctly,

15

20

25

30

enbodi nent is presented In

2 149spending ongthe WF@suesdshrsent yanigs, lpl the é@jlqwmgm)hd\IGemmstfbersstisf‘ed cos
d oL condyctor, |ine 9

b(e)(F ll‘ﬁ]apn (ﬂ] gefalllg gei?g&?,h glréugtﬁé?ﬂg desi C%e in suﬁ}lﬁwax.ﬂlgfl Wﬁr J:s to balance

elthqrfirst andSSegmldvrmgnﬂalﬂedeIPE leﬂibg deaﬂfngmiet diﬁpu‘t y&@nal of the sensing device

t I 9
o G e oRE e e g PG e, e ks heisecond
ofcondhetcs dins Dhep tﬂa\/thé:hbl R2changel of ¢he sé?ﬁrighdbfch hmemgmel% The voltage
Sa the ea axl s t he sensin evi ce
> 00 SElof irtlon Ry b rGEtin shesuhb® HepTLBRASRrding 966, thus

p r;ﬁépbﬁ&bnhytoltﬁe dﬂﬂeﬁlﬂz Abwihg Ehr@dfhﬁ?@iec%ng%%r?ger opbf consequently
ctor |

3 ati bi The first con

e R iclrne i Creamursd e ORAG (romel e e eeupientiondp, and ca be

t h@ecﬁa&;ﬂﬁd mpui Q¥ ihe €endihQ devide 219LAn{ Bthet Ja§ys%lf' Ein%@&nééﬁ Rffput from the

n&as % and the second conductor 'line

e f céfc%'b Qi2re flse PPssible. physi cal |y | ocat ed above the

sensi ng devi g pgdfctiveSyidls §FthE ALsi a&@cﬂ@ﬂh?% this e%%gzhment is shown on

(12). However, in alternative enbo

alFl‘%\ﬁaerrent of the conductor |ines 90, 91 can be

up- si de- down T%@%po%%o&%n%‘?{ thg gd?ﬁi%% QvdrdlEs:can

be used for conveying current |X sur ed cand

the | ower corldiger oeasufingrangs bmumhdrahgﬁrlsmoﬂmyﬁdng thdw@tation of
ne%{g@ﬁg | 2. The top and bottom el ectrodes (not

repr esente the drawi ngs) of the sensing device 210

are el ectri cdlinepr ¢haoicwtigt Wittomthehange womeasnebtzhio ThisiigRBause

d f
S P55 B Pol SR Bl b ™

dpiopesgionaldount er current h in the second conductor
| ine 91. During neasurenent, current Ix creates a
fi'tst magnetic field H on the

- No hysteresis, because the magnetization does not significantly rotate.
- No change in processing steps, thus no extra cost.

Another embodiment of a design according to the present invention is
proposed in Fig. 26. The upper conductor line 91 is connected to two vertical vias 85, 86 that

are closely located near to the sensing device 210, forming a U-shaped bridge 87. I, enters



sensing device 210, which tends to rotate the AAF
magneti zation pair in the free stack 220cl ockw se
wokiosee3s6 rent |12 i nduces a secon2b magneti c fiBCTIB4804/052857
which tries to rotate the magnetization pair in the
free stack 220 counter-cl ockwi se (see Fig. 23). If the
s are
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the rotation of the magnetization pair. Linear

phlateaerto@qsﬁ §ePse within the range of neasurenent. This
28 o opor i onal. 1 (BPAEpIETMERS § AR S PH kB nekef Fis. 28
t oshpys a verhial laxpss-sactieniad viewyed atrpglettiee Mg stacki afigt depnsitoresf the
no%as%in%%gtcirféﬁm& Befdr® L@I fiirther structuring steps. The stack is then ready for
modification so as to decrease or increase the magnetic moment of one of the magnetic layers
in the AAF free stack 220. After the modification of the MTJ stack, the masking material,
30 e.g. the photoresist 240, is removed.
Examples of how to decrease or increase the magnetic moment of one of
the magnetic layers F,, F; in the AAF free stack 220 are given hereinafter.
As a first example, at least the top ferromagnetic layer F; of the AAF free

stack 220 can be partially or totally removed in any suitable way. The most preferred method



No change in processing steps, thus no extra cost.
Anot her enbodi nent of a design according to the

w@r@s@n3sée nvention i s proposed i rrR7Fi g. 26. ThePODEA004/052857
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conductor line 91 is connected to two vertical vias

85, 86 that are cl osely | ocated near to the sensi ng

device 2 rmn aped br.idge 87.,.12 enter.s

b P ogy s LD e i Baned iy Peicnigh h £ Seim etching,
f Gputter @ithing, plisai ctdhéngs abmetdhaypetcas the | ower conduct or

line 90, and it |eaves t brid 7 at. a o uc

in the sanme eaﬁap?lg%,%yerg?tl,ae gj-ogﬁg, 8, fo be etche ;ﬂgt tSuf;se:quently the
&trh&znbiclhgbr 01 a4t @hstParttaN§ rériévR 8. 1I9QQINEAEHS 19 ¢ t

B b”ﬁgr?és;l T e a0 Hop on top o

po¥ithin B T e d e W ad 1 B PRI ek 25 fitgs il euarantee the
anﬁéh@%‘t‘ seRsitRlity of h{e%@nsbif MR%el @ BeanfalsdIbd ré}ﬂm@@ﬁﬁﬂaﬂ)‘) whid is enough
destgn of Fig. th a same current |12. Therefore
i rfoupbadansg the AAl:h I)‘bth@ gﬁe tagk spmarises ppore-thpg two magaetic layers, one or
r elﬂ&l‘b i Ers ity e apfeaé? hrBialBVSMovaRbl a8 fo SUAR aEtIFl?ctLﬁé‘ Wh&Rthe net

to be neasured R further enbodinent is shown in

Fllgagnif}’c moiheit o ek agppererpine 9 1 and lower |i ne 90
are structur
120. The sengﬁ t é|ll twﬁa gl%)&fr ?nggétglesg% |Og rcmoved after
i ret¢himgs acidggragden Ekmbbttorﬁ part h%lfngq mwwgmdaﬂf@adbt@akh remammg steps
m) :

S R SADIEE Sl ALl 006 A
| roeditctap rlnneshmtnashe denpplsiemmﬂufaotyghgof thp ehip/isIfirgthad, lof il MRAM

tgahs L cont ain the

FHE ke magneti ¢ nonent of
the free | ayeAsa Ebcﬁnai:ctxainpkepﬁPIBmagmmcwp@rtﬁef tha top ferromagnetic layer

2t e PR e e B g SRR oo QB AN Py APl destructon

| Qﬁﬁhéd] Th@@&tt&cftﬁ)d nfdtmﬁlshcbmd bOGHs@o MSWMns ddtitersibi6fthd material from
nodi fy areas th ont ai.n t e sensqQrs,

such a . . .
V\d?ag;nﬁtéﬁ tnﬂ% mpgpetiy! Hleé Olfrﬁlmg le dgstruciion rpﬁbgdspg@gﬂe oxidation, ion

bampRRe&tHPS PN uSAR diFfIsRROr eRGEHIE the Mhgh@icPRoperty of the upper
enbodi ment of the present invent |é)%lﬁ%b%1pdecr easi ng or

i 1B3e88ks lAYer éaWdﬂ%aﬂ‘V destigneshly ¢ OxaHGPERIPI&ES thould

| 3aR&tfatd tﬁrotuEl?th@@EpJ Nngﬁ@ye?@@? owHitd RGEdeYic Eéﬁf 1 and should stop on the
deposition o J stack, a lithography step is
cdnterlagr &k to rrask the areas that do not contain the

sensors, as i Mtéil%tfv@l‘y% deBirfcifn cathe RACbY RA rll'ﬁf)l‘ﬁﬁt@tld/ﬂ drldoping
not be nodifi'ed. The masked areas may contain

c eising diffistonwiontimplanigtien is p ivel-knawn krehnigyce ps %@6@@ §or example in
Stlﬁ@%l 535?? I ﬁnt@&i&n's__i%gn é:%g) C%E)O STE‘W S?et}: Odﬂij YHeQWpﬂﬂQtnon can be

dif
s e[ﬁgcgﬁsycan% d%rllf(:% ngrnmal aﬁeirﬁlél SC

bottom part o shows ’a vert
c rmﬁlgmwcalt thg matmal idigetiof tathe ouhgirate Dy\peiemngbah ks ignipprsant that the

R—@ﬁ lnI ﬂrgﬁlre%fg? dpﬁ%ﬁ%g b“ lgg Ls%rlélﬁ)lw q‘ﬂg ngﬁl]ag :C])Staﬁl@é{ by ]usmg low ion
nmﬂerfgy ead o@imigiog ts lmplankebsceasiebeam angie.rFelatherntot'e the 1mplant zone must
n'%%rgz%xtlﬁned ol t‘ile fpm%stemaognetlcqaye Tq,n v%lcfcl: mla){;l ¥E Sbtained by tunning the
implant dose.
According to a further embodiment, yet another method to obtain that the
net magnetic moment of the free region 220 becomes non-zero can be to add another

ferromagnetic layer F; (not represented in the drawings) directly on top of the top

ferromagnetic layer F; of the AAF free stack 220 after the capping layer 241 is removed by



in the AAF free stack 220. After the nodification of
the MIJ stack, the masking material, e.g. the

wWEbmsosssé st 240, is renoved. Exazgpl es of how POT/1B2004/052857
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decrease or increase the nmagnetic nonent of one of the
magnetic | ayers Fi , F2 in the AAF free stack 220 are

gi ven hereinafter. a first exanple, at |east the

t O@yfngarebeﬁﬁﬁth% ifer CF‘%{I}%'F by-ap ptchifg teaiiayey By adding.4 magnstic layer, the

c axﬂaé?ﬁn@ﬁhbhkﬁt' dfme%mb%ahdyur oﬂ}(ﬁﬁ%@l Fi £hd6F“}Bbe§dMets ab@ than that of
way. The npst preferred nméthodfor renmoval is an

hrosylting éran ubalanced AATnsirgiece Ab amaltrsaavve tegmiuf]daver structure of F,
%H\F? cdroR &F&m@fn%b ?,9 Th%%rte qutlgﬁ)’:ﬁécﬁtge l\/ﬁiﬁaﬁrﬁrt of the chip will
I ng, wet etchin e capping |ayer 241, g.
fhava an pgea laysr iat @qeghf@@efr¢m®ted afieryeuigrdding pracpss cgmp@mty Given
I

deaﬁtc{ fﬁatIeI?C ng tlé rﬁal gurlsctﬁgrgaﬁ nﬁ{tl’é)ép@o rhYSV\}IE tﬁﬂagﬁ gﬁses not acceptable.

| nt erl ayer 22Accoacbng IOI angtherdngpdinrent, lae altaypatiyamethofl t&-phjain that the
. v
S o neé ;ol;{aél%l-'lo nlomegytﬁrﬁﬁé?rgeere% Prg %%g&g@%so@)g%%%adraﬁ ibéﬁ l;&}]":all& anvert the
Mnmkferr&nmenl!g@upmgMCamlmaEfetrhmaglhéﬁc laydrs Fh &, bf the AAF free region

fg)?l@ rﬁgp Eto qsrr%rléagggt'iq %gglﬁr}’%g[ﬂal S eoptg%g é%loggp aémfaémg the

obAAF Ifrea statk 212@’; mslﬂtnmmrferrddmmwallymgipm iregiomretvicemthe magnetic

R N SR R TR N —

| | thiksd ficht 2€b hed nfapetib eidneuit) Bihe AAF fréedstack 220. THéhis embodiment, no

standard part e.. all eps needed, for

paramirhh E‘YTFH@S forRNNEREd g‘“(n@ﬁ S)”g‘g‘}’@’ﬁﬁr Hine procgss sy é\R)F"t' heating can
thﬁ&@j{@jQ{uﬁ}]gﬂl@(ﬂesﬁﬁglwgé or lines until the conpl ete

manuf acturing_of the chip is fjinished, of th

process can bENgBHE ebodReRk]s diffarent frpmngtem%wa@ in the sense

Asthét nRGERR %a?%@?%hﬁed ithsekmm%m cjs@osoamﬁabmqﬁatmemp Rree stack
ferromagnetic | ayer Fi of e AAF free stack 220 can

be?294nayi bgIchgnesd lqceHYatm %ﬁn@r’é@eﬂayfe@s BEFeRthybesty progped for reducing the

degfit poiviaR tHEEiB&%imeMRﬂ%EJnE% ' 19 @9&6647@@0?@&41: g.AtFefree stack 220

so as to result 1n a conversion of the materi al
ma.'g arepled alomedsratgigmneratuge resultigon e@aldf ceypladapgiens i m the AAF 220, and
n %
oSSR gt e e
theomgmmbdlﬁefbb)oﬁmmgsp of the upper magnetic |ayer Fi

can be |ocal '% %sgo;éénﬁ %%Hm@%ta@ﬁ l%@vhe{}lnat Wik a%((%age%talt Righer

process shoul cappi ng
24gmpatatare, thesenvmghbrt(amfd:taymgnﬁlcaﬁqﬁotosmatmgnosi wpl gmwiahdaultnmately
do(%e\e/elggl%‘?r e%%r]lr'rspllnAl }{IC rtﬂ% ﬁeirr\é%laé%eél ?aaers 1 anaC ]E(:ﬁl g ferrogllglxgnetlcally
I ma)uplathﬁemi@hsequence, thee saﬁiple—\kllﬂcem‘mbtt wﬁmemenomrq net magnetic field)
OoReL Rkl e L2 Sl R AR 9B oo o
Céd’m ARF pe¢ §raokrprd cahipridig a N iFéllav@ @ j 007 h@ Rui@terlayer 221 and
S uatl)lgt e Em ?\IrnFeulg}qe?er a,{]nneelerl]lmlg%as beenlpgrfér%eag ratt 2%% tfc|>1ralt5 ntulr?t?tes It can
clearly be seen in the inset of Fig. 31 that after anneal, the stack develops a substantial non-
zero remanence magnetization, indicating that, at least in parts of the film, a ferromagnetic
coupling is present between the ferromagnetic layers F, and F».
A particular means can be included into the sensor area to create extra heat

locally, e.g. by excess current annealing during a particular anneal step. In such a step, only



i mplant profile 260, illustrated in Fig. 30, is

shal l ow. This nmay be obtained by using |ow ion energy
wa@nasopsen zi ng the i nplant dose 2md beam angl BCT/IB2004/052857

Furthernore, the inplant zone nust be confined within

the topnost magnetic layer Fi , which may be obtai ned
by tunni the inplant, dose. According to.a further . .
oG EREe €5eses BT FRefssipated S0 OB EAVHER FaPPEHES et s sufficient

magigitiae dmmwgtprwesgeggldfmﬁﬁﬂe@gie@my %&Q)l&ﬁr%gliﬁﬁfformatiog én the AAF.
non- ro can to a anot her err omagnet 1 C ayer .
étdzlf?%fftég@ﬁ?%d"?ynbettﬁ docalhaligahtys stal ‘fsé‘tgtfPi}‘SEﬂw'afeég'g'&f Given the fact

t hfhat RRsdrE4rE APBIBARRI ik tHleY&ﬁitygof‘ﬁfe_ MRAMAFayf b @fhet tadrie lighting

220 after the cappin%_layer 41 is renoved byany

> suPYSB Banks wékkicnt S Tk B¥PPE- by an et ching techni que.
By addi ng a megpetk &111akektion d1EndRRINGL b&en TORA! eifdr Stk

conbi ned | ayer conprising Fi_and F3 becones | arger o
t heanventienaldypere of thedeasld tripe ofMBAM siask) anycefiablgonventional circuitry

g ¥ Eéé%fﬁrsig:dzas'%ﬁe @eréeé:ﬂhﬁ amﬂh}' gmegsnﬁrég tllﬁl;:] kegi]sga}ﬂg% ?ﬁﬁé §éﬁ§ih’é Sement, to

[ and can be “deposite
Theriethoamlicativint Farlhigh reFfemanbeappiédiiopatvo elteredtiee odailqut circuits are
Wi tr t e.r ed .
101 PPy P i sy T O BBRER N Sk L S for MR A,
t hAs siiRANh iFg. Bhanmatampf 12064 used &l dniptifipd volkege kd€n atrdosssa lbad resistor

in st. cases t acceptable. A rding.to anot .
e Hshes Sl RREPRER: Frshh®, 00 BRES PR T o e 32, v
nebiasragdtags orcthavemad is olampétbtofarrelativedofixed vaRO (dbeai00mV) and the
norh- zero can be ftg | ocal I%{F cogt\t/ert. t he t. whi . I
ant PRSI FEIAITR £1 1R STSIATSS BRI et which Frsyirde p yoltage

15 | ayteahge &ri the 1dad rédfstdrTEhisVIttagd @@ngedig then adpRfiddoArdidadlyantage of the
into a.ferromagnetic coupling., This .may be optajned b
| oBiEquftys tﬁﬁ*ﬁb&&ﬁlﬁﬁ@ﬂ 19 VRRR O dheaning fagg wagh ?W@'Sﬁaﬁce of the
f eseheuragémangedal I y coupl ed regi ons between the nagnetic

layers F i and F2, due to interdiffusion with the Ru
i nterlayer 22inFighidsap impreed cispnibie Ricsenteth isinmigateral from

NONSZE108,078 B1,TRERRbhtExt WP NBEN tnlentdy FAouAR ti§ 82ight A6 are two op
220. I'n this enbodinment, no extra nask |ayer has to be

20 i n¥BPs 88 OPRIPR-#BP MYrRidsElF PHeuiRi gbiassoRrab Rp-ampiaf- The bias
heginkB ok ity BRp&iEALLLd g(%‘z[n' iBSLtbP e bES b AGst B8 €A nddatiSe input of

latter enbodinent is different from previous _
entioanpaif is fedbyt the veliage acress ghe saesords Kiinhegpighethe segativelgedback of

|t s B LES :
s 4t inS MR o5 B A e ot e (Mgl S sensor 330,
hawhick camifey a bwenstghloponsd dnd fastenreadiout tige.t he write
power in the itecNRAM tannl Qs

25 D 004) 0107 SICEn Ml B HESULEIREER 330 iich for examle resembles
nottie catut shewp e Eig Li2eor 38,s0ah bé regd o, sweidlidtmated o Bigedh, through a sensor
o ToRER Pl et s PRI oher A pseR gorsibe with a
s aprpideteaniaed thveaghald.de Fipp 84, fieadnipyrishaisigalq W ,.d) brifiastedfe@n control

TR g N
30 compktRebhbldGorape) Yhthiheddane auiputk theBipakiyr 400 is basically a digital signal
and can preferably be transferred to an output pin by means of e.g. a boundary scan set up
containing boundary scan cells using internal registers according to the IEEE standard 1149.1
(Fig. 34).



develop into regions in which the ferromagnetic | ayers
Fi and F2 are ferromagnetically coupled. As a

waonsaassce, the sanple will exhgobit remanenceCT/IB2004/052857
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(non-zero net magnetic field) at zero externally

appl i ed magnetic field (see Fig. 31). Fig. 31

illustrates stereS|s | oops of, an AAF free stack 220
conpri sing a edmemfl%mlalévé}poigﬁlble to,usg a-fmﬂ%u%o sensors to measure

[ %%Tt@}iﬁc!onaﬂﬂeda@dilﬂf&%tfbﬁfckétoﬁiéle?ﬂnﬁe tHeaR lof h design that consumes
Anneal i n

has been far t 2400C for .1
| ttog 5&96‘&?@39 f";&'eﬁgrr%rléé{i .%nﬁlﬁga%% stegy onpghip &Q'Ek %@ &?em the
af BliedadRERboks UL als haCk HRYRISERST whits YOS iR agtlbe B of distributed
zer 0 remanence magneti zation, indicating that, at
| essBors er piek Shefensasainits 40 argoonasaicdiia giatorss RIapirroferably a
i Sbogﬁ@a%e&tan REUPERO i INE. 3‘49? ke %ﬁ&n%g;sa‘slnit@mg Be i ad¥Rdni%rocessing

A particul ar means can included into the sensor

arfeection og thesehep et reareﬁ@md ip gheadrawingle Thyouglybundary scan, the check

C Ucragzﬂﬂ‘itg g%@h 'b?glagég dlﬁ'ﬁd&h@é}ﬁﬁ et e du?ﬁlg Rs lifetime can be
suc te regli ons where excess power

dimeiigetded wi || have an el evated tenperature that i's
sufficient to k

ul'timately We% l?fgré %:p%y?lc g;é‘g r;ges !s R rpﬁga?(:e?n \Qfl?igh %lhrrent sensors are
AAF)sntxénezdil dnfthe mWer aqqmi)olamh oﬁayealseonle qudcossaiglnyodubattr coreeThe power

CUsS ser . n a
A N Y T ST R
arcromplexaharnahdm 8themmaticadly shovghini Rigs. wmdéml eeyoudguts of the current sensors

S €t bl SRR 20 IS AR eh e o s

t ylpemﬁamoafab@m ehet 9@t eonsyrpgtionfof MRRMns madiMes @rRyres 402 aidl tken
onventi gnal cuiftr an be used as t etection
el Sresshee ks SRRL OF WP Gtcmut JR PRk s The
el RA&er 700 m&¥bd intpgkénchifalih S8 runiifg o b GitapRIPr&VesFRP R Vice such
applications, two alternative reﬁdout circuits are

pr%@éﬁ’ﬂ@atl?%l piilcé@ro@gso&ﬁcg glgembﬁqi %mg:lr(é)rq)c‘ﬁss& prr{gpgpr@mable digital

t hggis ﬁéﬁceas%c}{ £a0PYbramnlabldidate ARky, VB MG raﬁﬁhaﬁfé%y‘ Lrbglc
Fi an op-anp 320 is used to a rrpllf a volt

éﬁgra@mélg Lggk by iglddregrammaple AT siguilar- éfére Feres 402 are
S eﬂrb&%nﬂ&gﬁﬂs tREcHRMROpowAs 8nd h‘lhfagé hBi RAfentrlAS §tttl%r rﬁé&num
the bias voltage onthe sensor is clanped
t ocaaaqitm %ﬁSFQ/@ the puryesg (ppaer) ancagiseIngnt EQT(DWF)‘JSW"@th%mOTe cven
5‘&@511‘1 %te @%@ul@fi iENfe & ngcCﬂEdu@@l’}@@ §ar?pe%ﬂﬁ‘ gﬁd 'bﬁlancmg
rrent, results’in a vol tage on the
els_naslmg ﬁontﬂﬁﬂﬂ age thoh f@@cl{:@ahﬁg@w%oﬁhﬂm ﬁ'nﬁiqnﬁllltmls eSn@Clally useful in
h
o1 HPURPSe o BFaf PRk B b RSB LB, SRR qunes
ofbut hleo sersDE heat bohdmlgélda spbmﬁcRc(ge 4@3maybe prayented edllso power
CI L 8uchor% ﬁ:ﬁelg Lﬁs enl%e coptr%ﬁejinxﬁtélrlrso v{r/ae f {rhé,l% rfev‘? tin U§)-(].'%66H'gl\2€5hegt7 t%ansfer
d%lugnns dt haemblgrievet. W othpr exampples Q%nt th)Wp)JtheG:ﬁBkanhmdﬁﬁfWOO can be
[ifi t ut. of ont r.ol ~anp 350. The
o1 ERlsce iy AUEFesp otk PenE T Fidg AR Pt efhsurement
t h@itr ad intdrapSgent@tor. 340m tiferé) @ @arthdt vill B@mbd@énhe.proamtemal block

32&&%&16 t)teltg]glg %/@t@lg?)f g\;)g s%ggg@ggyil?%%egth or ? ?tr}]lgrov(/ork such as ofcher control or

monitoring jobs.
The current sensors described in any of the embodiments above can be

implemented in integrated circuits of many kinds, particularly CMOS circuits and MRAM



the bias control op-anp allows an active way of

cl anmpi ng the voltage on the sensor 330, which can
wobdosneaseor e stabl e signal and faster readoutPdT/MB2004/052857

The out put VSjgnai of the sensor nodul e 330, which for

exanpl e resenbles the circuit shown in Fig 32 or 33,

can be read out, as illustrated in Fig. t hr ou

a
s effEyits QuipytsRisuciigsniors «@p baeerpledrin sean aga"as “@H%'ﬁa e&%ﬁked
Wt fa&fee 118 nitftiiRexm &R RaoE SRPutPOfS bid & Mbrt BuButs of the integrated circuit.
pre-determned threshold. In Fig. 34, the conparison
si SehlinteayptRd eigquits Fandreriaecia cpRYSAIQNSheqneymersgpigmansppastigylarly mobile
MBYevi¥SRchSs BptBE QG FHTER A Sbile PHSiles aﬂ-(hﬁfé'tf %le‘dsr&gcmdsm for cars
or lower signal (than the threshold voltage) obtained
5 onandrwiopies pift sogtn. AR Bascheph Adscidred 4bove; & sanaei feradatagtipg magnetic field
di Q#eh?rh c?e'a&@ 8l uR e BE :%Ea?s[u%g' h4s 8@%59&”&1@&'& LQE’%& Magitic tunnel
out put pin by neans of e.g oundary scan set up
cannetioni ang dotsetimmeninguityathe eeabdrslenenigvingtagesnisidnce which varies with the
f eqi : . 1 [ e
g T T gL L
of arsmgwpslett:cl arreaslicuwreoufiovang scrm tlmanwhiudcthy: Anisotropy, such as

10 t haatuseéi &t o%légt&}nsgto%elﬂ %:anm.tan ,lprei %rggl Er% ?Ieto gue;ni?a%ggic field.
il AdIMragéseScladagtsa:tamenmvﬁm,i amd (He(Ess 480epribiityetotnoie. Also it can
ppli.ed cot ocks 402 a current ,senso
LS8 5 sl o) g DS i 4 SRR prapect and use
PelessGdey. Thd @Qaﬁﬁﬂ:ﬁﬁﬁw%n&ﬁles‘“@s‘k pREtrecR R RCH ®6 uted, @Rave power for

access neans ref.er a boundar scan set u

i naﬂﬁfga“oéﬂﬁuc %‘ﬁ'@ ﬁe‘@%‘%aﬁ&%‘i‘% figng 1 'if’ek?@"%m = L Stl?"ghﬁlcu"e"t
15 Pr 685 aDIDDO €dsiiR) e@h fohheXt £MbRtiéMOMOERbQSRBI@Her variations can

t he dramnng) Through boundary scan, the check

c alFasivisiged Within the sqoPe el e BB out si de the chi p.
VQar out of the ICduring its |ife tinme can be
nonitored. A nore specific exanple is given in Fig.
36, in which current sensors are positioned on the
power supply lines of at |east one processing nodul e
or core. The power distribution network has been shown
inasinplified formand would normally be nmuch nore
conpl ex than that schematically shown in Figs. 35 and
36. The outputs of the current sensors 404 are fed
into a central task scheduler 700. The function of the
scheduler 700 is to gather information about the power
consunption of different nodules or cores 402 and then
determ ne the scheduling of tasks based on dynam c
power distribution schemes. The schedul er 700 nay be
i mpl emented in software running on a suitable
processi ng device such as a conventiona
m cr oprocessor, e.g. an enbedded m croprocessor or
programmabl e digital |ogic device such as a
Programmabl e Gate Array, e.g. Programmabl e Array
Logi c, Programmable Logic Array, Field Progranmable
Gate Array or simlar. The cores 402 are processing
units that consune power and may get hot when runni ng
at their maxi mum




capacity. Based on the current (power) neasurenent per
processing unit, a nore even processing |oad can be

weedvededssdd, i.e. the task schedulzr 700 can pepPEDIBR004/052857
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| oad bal anci ng. Loading controls are then fed back to
the cores 402. This functionality is especially useful
in_systens that have many parallel processing units.
TH@%X$4%vents unnecessary waiting queues, but also
excessive heat build up in a specific core 402 may be
prevented. Al so power reduction schenes may be
controlled in this way, thus preventing expensive heat
transfer solutions at assenbly level. In other
exanpl es (not shown), the task scheduler 700 can be
repl aced by different circuitr.ies i ch have different
fuhctional i ti @$eREEHEEr gevergavymae%’ﬁvctwﬁ F@mS?t aggha current sensor,
I NVissi¢in fHe cgeaRsaisor is a nfaghstic Retfrent sensing it wicd fonkdnkinPdirect, varying or
magde ej.ther to an interpal block or to the outside ) )
FHape fuprent %%‘P%\}QF%’%E ﬂ\?i PRIHTEYR CleBFnt T PUEPt SRBYRE device being
SUiRgRRd thelserfildBidublor 83vid¥RA balhg BAvdn@afy isdlaRd GlehT BE Eonductive
sensors described in any of the enbodi nents above can
befl§mif-ement ed in integrated circuits of nany ki nds,
particularly CMOS circuits and MRAMcircuits. Qutputs
of such sensors can be coupled in scan chains )
f k1 owi ng est AlsFnisardcior devieecording taglaimpl, syitagigdgr measuring
S ENFRAt v PYA FesBRfiGh.ONe or nore outputs of the
integrated circuit. Such integrated circuits can be
used in conventional consumer equipnent, particularly
ile device : ers, ' .
2 saf ety sysconetnd@Sik ARAGRAPIRE L ElrY of MR B fouR DARRS wherei
artlle esrephsenging deyvicelsempriste gidedsbent BYBWeyvica sensor for
detecting nmagnetic field strength created by the
current to be neasured, has a sensor elenent using a
nmegnet i ¢ t unndlsepigomtucondevardcdedieg ta daimc, mbereinrthg curieet sensing
S SHSRE oRL SRR W dnNERAR BORE Whi ch varies with
t he magneti C |éi§, RenSen3or *elEnent conprises a
tunnel junction, and the detection circuitry is
aryranged to detect a tunnel current flaow acr oss e
el | unct | SEmATUEEP Bee S A0 i ghggintRe M Stack
elohrpatdson, is oriented at an angle, preferably
orthogonal to the magnetic. field, ant ages incl ude
oreater sens: i drctyaiaminseraigia Q4R P Paeneco-
naesifive Alnmellihg barder, provi de easy integration with next
generation CMOS processes, be nore conpact, and use .
| &ss power. Th¥ @?éﬁﬁ@ﬂ“§€ﬁ§?f“@?FV”@H%HW%?eﬁgg§f$6§F“““”W
PriRGsb ki@l @63)U68 PinnbPmagietc RIMA(165 'haﬁggla hfagdeti® Hdment
such as nobi | e devi ces. App i cations include current
s e§819F adjagsps the elpirieally insylatingsmaterial (18d | DDQ t esti ng,
even for next i ggﬁgg iORBRA o ol
vari ations cé%&%2§2ﬂ%¥§2ﬁéd mf?&?n thg§€2§%£&g$d€%g1qmommsme
cloditheselegtrmalsinsulating raaseriat Oi9d) thedreedeaghetic regiom(230) having a magnetic
canoel Wr 2 ATl e fid e ) and ARl T 4 iton parllel
f ar astepaike) tathe ewgpetie amomengveastor af the pimatd mggretic regivn (105), the free
];lenﬁe\gngtgc %g{?ﬁ @%@Pﬁaﬁg an gr%tﬁ'cl\z/i? an?il-ﬁﬁgnqggne{ip ﬁy&%arteerm including N
ferromagnetic layers (F1, F2) which are antiferromagnetically coupled, where N is an integer

greater than or equal to two.



integrated in the sem conductor device and bei ng
galvanically isolated fromthe conductive el enent. 2.
woesnbasenduct or devi ce accordi ng3to claim 1, BOI/IE004052857
for neasuring current with a mA resolution. 3. A
sem conduct or device according to any of the previous
clainms, wherein the current sensing device conprises
at |l east one TMR device. 4. A sem conductor device
3c&or di n% to A|s&hi&b131ucﬁdﬂ@i\@demcidﬂﬁngitwfn9@g cla®iS t0g, wherein the
evice shares an MIJ_stack with an M devi ce. 5.
s eNTTERTaRREREICY BB TS T SR E Ty o &M dPRRUSaSres et be
Mishbsthritfalty 5agardioafas fo ARagleBE i 6alstd/by AistéhAlndBOmeasurement.
material (103) designed to forma magnetoresistive
3 tunnelling barrier, - a pinned magnetic region (105)
posi ti oned 0nAeaﬁm&da@topae\A&eac@dr&ﬁg {d G@nl ¢/ teNSHbALERBg device
material (103), the pinned magnetic region (105
hadiaving aa epr(@net Weeererp Herepsyaxis d thedijed@ysnis capped by shape elongation.
electrically insulating material (103), a nearly
bal anced free magnetic regi on (220) positioned on an
opposite si deAG¢miCh@ueiloeéQVriqe@a¢qr9ing tesanly @f Flagnsmatods whérein the
( |
10 ]C%%)e?t s‘é&ﬁ%{g@%e i g&tbcftfzaggh&’ gongag él%%neif'iﬁ\f'eflaggaglc%r% Clthér be direct,
rm\taejnngad)r altedaingand oriented in a position parallel or
anti-parallel to the magnetic nonent vector of the
pi nned magnetic region (105), the free magnetic region
( 2&20) [ ncI udi ngenmonajubtiof tHoi@lacanding foeanyoﬂmglpmvicms Elaipes the
erta F%Nferrmﬂ ett lcIat FIt EPZ"? . d
Wrﬁ“érﬁ" afF'éSl% e”'F% SIS ARG C B piisanp diregfion and a
15 | nr@grdgngticiaged ha\tlﬁgiih @8y Qqu a\?hetetn ﬂwvmagnetléatlon direction of the pinned
sen1conductor devi ce accE ﬁ %Iains S.Ho
YT iU AR 2ngEn ¥t a“:&é%% a&‘ the Trpemaggetic layer,
rrqgéueiabry HeByeeh 45tindn 358 smodipreRf¥d abktant@illy @erdpexlidutar REthe easy axis
substantlally perpendi cular to a magnetic field caused

byofdhs fresripagnfiifdrYshreasur ement . 7. A seni conduct or
device according to claim®6, the current sensing

devi ce having an easy axi s, wherein the easy axis of
20 tHd-free | ayef sfraic g@ﬂdqygﬁeﬁ%}ﬁ‘@n%toﬁégf thgprevipus glaims, the

S &I GQAGE: QEviElednfRisAE @ainD8 fifsPsi@r thS cutfeRi sréﬁsn?:g @eQ'lce (210)a
7, wherein the current senS|nghdeV|ce IS subjected

anﬁrafd@n@qcm &30) rﬁ%rgﬁ@‘teingfau carrentfhhio be appagiredand agiacent a second side of
di th€EdrrenV @Y d@@evﬂ:re (ﬁi()t) 9%&&5&1 E‘&hduaor @1 )St%mdﬁgﬂcgfﬁ%tcgrrrent (I), the first

devi ce according to any of previous cl ai s,
c wrondystor ¥h ahdhihe deopnd eortdavplr@lhcrpﬁsmg@dt L §eing ﬁlectrleaﬂa rconnected.
25 Wth a magnetisation direction and a

11. A semiconductor device according to claim 10, the free magnetic layer of
the current sensing device (210) having an easy axis, wherein the first conductor and the
second conductor each include an angle of substantially between 30° and 90° with respect to
the easy axis of the current sensing device.

30
12. A semiconductor device according to claim 10, furthermore comprising a
feedback circuit (80) for measuring MR changes on the current sensing device (210) and for
controlling current (I12) in the second conductor (91) in such a way that no MR change is

observed on the current sensing device (210).



free magnetic | ayer having an easy axis, wherein the
magneti sation direction of the pinned magnetic | ayer

w0 20000635 ed at an angle, with thi& easy axi s OPCT/IB2004/052857
free magnetic | ayer, preferably between 45 and 135,
nore preferred substantially perpendicular to the easy
axis of the free magnetic |layer. 10. A sem conduct or
devi ce according to any of the previous clains, the
semd.conduct or Ademicosdueinpiéicd dogoraidg &C@lﬂtn B, ivhésin thd Erent

of _.the current sensin devtce 0 I condyct or
( 9@5"%"6‘? 015081%3%%/?%‘5 £°r perene a(’?‘ié’}’ ﬁ%‘mﬁ gﬂ“ﬁr‘fa"e“t (L) to be
adinafeRl afd SMCSRE by ititefiretf cohfiRtop wa)ent senSI ng device
(210) a second conductor (91) for conducting current
35(12), the first conductor (90) and the second

copduct or (91) sehRERdREr BelticdHborifk Aar§! B lalhCRI th )3, wherein at
connected. 11. A sem conductor device according to

c| laastrpneoof thenfirst qopductrrdHBand thesgeond ggndueter G} saaprises at least one
S eplsidafc AHAYtoR c&%ﬁ&%n%ﬁ'aﬁ&a@@n@lﬁﬁ&oﬂé]' SndISH @dn‘fbohgﬁ there being
first conductor and the second conductor each I nclud
ana eqtiggr éet@&ersthbsemml |calllduytlctne<tomenﬁrm@lctathd h@rtronfat ¢pnducnon
re
10 S5 Sher,Jnds ErmREY S0 S 1R SHEK B oo SROIAIN Lrshaped patof
10whitluthe lsemeris l;)catodrprna®nttge eurfepesthsinkdayicecui t (80) for
nmeasuri ng MR changes on the current sensing device
(210) and for controlling current (12) in the second
comtduct or ( 91/)\ sericentiuiotoa devage dctrading @ iR of i@ipgevious claims,
ob ved on the current s
s e DS Rae Pgng S ReneBaong T B fodort 58 e et ied at he
15 t hiecation betht clireed bmeikg devieuR10)has neans for generating
a feedback signal indicative of the current (Ix) to be
nmeasured and conveyed by the first conductor (90). 14.
A m:ign c \md uct A!rserdE?jﬁdi@toﬁﬂ&ﬁkfe@?&@%lhgi%o&ﬂadmoﬁ wgabmmlmjx-
to erein at | east one the first, conductor
9‘%?}‘“"3?{6”{ (‘?@ dacomariEs Adurmy ?MTJQSBC eﬁhé‘r'ﬁ Batterngd apqupd pt least one
on@nyﬁr&mgamogeagygkhpn conponent and at | east one
hori zontal conduction conponent, there being a corner
20 pet ween the vertical conduction conmponent and the

hoy7, zont al cog Qé&ﬁkchﬁPHme‘aeéordnhé‘ﬂfclzflﬁ’nrl@ WHeréin the flux-
conductor structure which | east i ncl udes an

L-oReghEatop@Pt 7B s Kigg- @ﬁpttdr?@d Conpéses p gan Géhbedvecadoles.dhg current
ths%n&%gde%k (fl%?ﬁéngglo%éfd mhegag (sh. sem conduct or device

according to any the previous ‘clains, furthernore
conprising a flux-concentrator (50; 70) to increase
25t h magnet i c 1& %g I)?Otu t&)gge\) RGald@n fan? Ig?thgy'é’v?&lts claims, wherein
senS|ng devi ce 3 A°sem conduct or
acthosaibargevice islcampatible, with€M£§)SortMi@S ptoggssimgcent r at or
(50; 70) conprises a dumry MIJ stack which is
patterned around at | east one vertical conduction
colponent . A semiconductor device according to any of the previous claims, wherein

the semiconductor device is an integrated circuit.
30
20. A semiconductor device according to claim 19, wherein the current sensor

or sensors are arranged to sense quiescent currents (IDDQ) or transient currents (IDDT).



17. A sem conductor device according to claim 15,

wherein the fluxconcentrator (50; 70) is ring-shaped
w@apesoeps i ses a gap (51) between3®ol es, the CRPCT/EB04/052857

sensi ng device (210) being located in the gap (51).

18. A sem conductor device according to any of the

ELZ]\F/)L\? qu)l gl \?V: Eﬁé eﬁ%esgtg!grg%t hg'%g{?eg@g%‘f gf?:/nls%gdle\%\ce which is galvanically
s endtdmoshtet @lth d eviduetivectaidt, fig stisirny leadt atdi@ctps exriap dr an

clains,. whereipn the sem condugtor device |S .a . .
 ntsgripe gt How e tbpbEniReamiedive Hlement whsjriadhe sensing device s
ac Gt dbrivg-chip weadhromdR.of 8ieonei N the current sensor or
sensors are arranged to sense quiescent currents

5(IEIX) or transient currents (1DDT).21. Use of an

i npegrated MgRebf 4n iftdEraR inaB Rt ich¥erd S3MshE dWhEELAcdRing to claim 21,
galvanically not in contact with a conductive el enent,

f ofor sesigE gyiceeeny eugspts DQ)E transient eiprientsIRP Dan

alternating current flow ng through the conductive

el ement, wherein the sensing device is used for

on2%hi p measufdnethrd fof sepsipg eyfrent M copdustasfin spmiconductor device,
10 OB TR s Rl o G0 Py AR S B R e owing in

t r tinsprsiuctocby pesforming|cDItlessaBagnatinairiqoicsefisng withhs semgor integrated on

cu&&g&{w% uaopgﬂggctor in a sem conduct or devi ce,

wherein e nethod conprises sensing a direct, a

varying or an alternating current flowng in the

conduct or by Rperform ng . contactless,m tic,current .

cehbi ng vi th B afdICAGRR 85l RnPRE G RS lriises sonsine
15 demagetic fdld cdusndbnthd caicawr di ng to cl ai m 23, wherein

the nethod conprises sensing a magnetic field caused

by the current. 25. A nethod according to claim23 or

2425.wher ei n t Aand¢thddwecordidp s ¢15i852362 28 WhdR€in Eiermie@hdd dofprises

at | east one processi ng noduyl e. %ﬁ. A met hod accordi ng

t oMEFHIMR %ﬁenﬁﬁé?lé?ﬁﬁo?woﬁéft'%w fipri ses control ling

the cl ock speed of at |east one processing nodule to

obtain a matchin ith a pre-defjne curégnt

20 ¢ unption | Ayrgthodagcording 1 Ham 29 Wheraing psthg%gpna:frises controlling

Cl @k BB cllshebPo % leatRE Blobeskine m¥ahIB @FloBtARR Ma%@$ngl wieh a pre-defined
measurenent of current consunption and the generation

of CUiTeRERORTURPLieN gk i f a set current consunption
threshold i s superseded. 28. A nethod according to any
of clains 23 to 27, wherein a software based routine

pettorns job Adwrind acerjdiag xany i elpims Z3ripdesriersin thaimethod
25 b ri9d} tﬁ@ﬁeﬁﬁéﬁ%ﬁﬁg’ cﬁH%{t @%ﬁm&t‘i@tanh %%ﬁer@ﬂiém{a vHthing signal if
Interrupt or a register It to be set.
a set current consumption threshold is superseded.

28. A method according to any of claims 23 to 27, wherein a software based
routine performs job scheduling over several processing units based on the measured currents

30 that invoke either an interrupt or a register bit to be set.

29. A software product which when executed on a processing device performs
job scheduling over several processing units based on measured currents that invoke either an

interrupt or a register bit to be set.



29. A software product which when executed on a
processi ng device perforns job scheduling over several
WERMSAessang units based on nmeasurggl currents tP@Et/1B2004/052857
i nvoke either an interrupt or a register bit to be
set.30. A nethod for manufacturing a sem conduct or
devi ce according to any of clains 3 or 4, the nethod
conprising providing an MIJ stack. 31. A nethod
acs@r di ng go @ raéthodfor m}ﬂhﬂhc&uhﬂhgp{s@mﬁ&hm@t&Iﬂeviﬁéraé:c&ﬂﬁhgko any of
conpri ses ositing a.free region . met ho
ac nig'rnltfl%ncﬁ 4 E’g &egfoﬁchP”W\geﬁ“@Y‘ﬁg‘é ap %ﬁtz %taﬁg- a free
regi on conprises depositing an artificial
anHa-ferronagneti c free region conprising a plurality
3 of Shnt i - f er r oAEBFBYY 2559 PE S elpimedp: tbpreBrRIgYding the MTJ stack

| ay@hsisesipoditinef f@deg@sgor ding to claim 32, the
artificial anti-ferromagnetic free regi on having a net

magnetic nonent which is substantially zero, the

nmeghod furt heWTRERoLCRBRUing kaiPHl ki &P&itﬁ%ta free region
magnetic monent of the free region so as to nake It
nofRmpEises depositing an artificial anti-ferromagnetic free region comprising a plurality of

10 anti-ferromagnetically coupled ferromagnetic layers.

33. A method according to claim 32, the artificial anti-ferromagnetic free
region having a net magnetic moment which is substantially zero, the method furthermore

comprising modifying the net magnetic moment of the free region so as to make it non-zero.



