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METHODS OF | MPLEMENTI NG MAGNETI C TUNNEL JUNCTI ON

CURRENT SENSORS TECHNI CAL FI ELD [ 0001] The present
wonvevwssaam rel ates generally to el ectroni c devPCEAIS2006/041148

More particularly, the present invention relates to an

integrated circufatiRYh ﬁ@p * VENERS; sensi ng

capability, and nore partl cularly to current sensors

i mpl emreNMAGHNERGHEYINNELURMECT]QN CTTRRENTMENSORS

BACKGROUND [ 0002] MRAM is a nonvol atile nenory

technol ogy that uses nmagnetic polarization to store

data, in contrast to other RAMtechnol ogies that use

el ectronic charges to store data. One primary benefit
of MRAMis that it réftEé?PHgIQAnTeFQEIdPed data in the

[0691:;13 %“thgf e@@rlttl ?ndveg efos\'\%%m It’o eﬁe trgntc dev1ces More

nenory. nera el UTes™s [Farge

pzﬁﬂﬂdﬁtﬂﬁ{y, ahe pageet invemidn seldtey tﬁadnqmegrawmwmdd@mw that includes
substrate, where each cell represents agne_ data bit.

seppipg caRAPILEY and mgte ppigiculagy do ewrent nsersdmglempniing magnetic tunnel

e sz':} ion direction of the nmagnetic free |ayer
JuH&gﬁ‘& the cell, and a bit is read by neasuring the

resi stance of the cell (I ow resistance typically

represents a "0" bit %gggggggo stance typically

represents a "1" bit) M devi ce generally

[000%] udRSR AN Al RvelatifahéBotyNadhndldyithit Qt%é‘&ﬁﬁ’?feh@ Holarization to
using conductive bit |ines, "conductive digit nes,

stengllatss il esmristitaothee BAN ¢ecknalogies et psdelectniaehiaggss to store data.
%s e%% I@H{Iﬁ&rlg ‘,f_t?a& ?t reté?ﬂsntge gftggéﬁn%a%%e {H t%g %g%%%? of applied

og es. or examnp

sﬁsteﬁﬁﬁo*&éte tqu,t; e 4 m@ﬁvaaﬁltaaﬁeﬁbryrretaheﬂany eMRAM"Iinelmdes a large
are separat ed by one or_nore insulating and/or
Rt Pl ARAgnAlG el tafyeta%d Qo Ay BSTRICHREICTOR aﬁtbﬁ%?éﬁﬂ &fhere each cell

I iC
el B PR BTEIEEh DAY CRI b PR b ametizaiion
diretiey od tiedmepgnaic free hyer wuthgpl ﬁeaiellpamdealbmtets reapbp Inecasdiring the
SRRk I8 B0k g BRRY LOERE! 0038 bigh reistance

tybREBPF M QEntS b ¢ U bitH typlcally i nclude a pomer CIrCUIt
conponent, an anal'og control conponent, and a digital

[0083)i c égnbmfév{tdevsﬁmenerpﬂy\emludw ey eLeE af e¢lisabattase fragrconnected
us%ll gondﬂgtn%dt? &, 85 dTE{1ve ﬁ%gtsl eg Vr\ilayor loca?gntgrgorltjnségg ana the like.

sure or e ect ysi ca ers suc

Piacisdal i DIRANDL daﬁcesf cu*r@efabmateﬂemamgo ngnotventseﬁmcmﬂector process
pressure and so forth. Such sensors can be used

teghnaisies: 1o cxampleotbediicandutipitifingsowe formed rf&%étfgf‘éeftténetal layers,
Wﬁ ANGlNIORGLE] | SRNAL QRS- 1n§:1ﬁ’£tbngx AR addtidil | metal layers.

ones, smart power products can
Convent10na1 fabrication processes allow distinct MRAM devices to be easily fabricated

on a devoted substrate.

[0004] Smart power integrated circuits are single-chip devices capable of generating
and providing operating power in a controlled and intelligent manner. Smart power
integrated circuits typically include a power circuit component, an analog control
component, and a digital logic component. Smart power integrated circuits may also
include one or more sensors which can be used to measure or detect physical parameters
such as position, motion, force, acceleration, temperature, pressure and so forth. Such

sensors can be used, for example, to control the output power in response to changing
1
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engi neered to regul ate power consunption, anplify
audi o signals, and supply power to color screens. In
wonkg7@s33ati nters, smart power products can hel pCuuSY®6/041148
the nmotors and fire the nozzles for ink delivery. In
opetht Bbh@BonsS MBIy Wle,pfno@él?gﬁloﬁé’s‘] DD poRRE "bducts can be
engi ne and braki ng systens, airbag deploynéhts, anc}1
erginger ot tegBlatiengwroaSimFom, ampéfy avdid signelspands syppBs power to

o4 BTS8P SR To Rt bR SRERTand e
thel soveRt fof idodelivekl: d8SduBindtilep! hae€tholBe pfddueldi dan help control

devi ce or system [0006] Existing sensors for
eRReINd; raking pysiesne pgbag deplasnantr god saahpesitieingbov e
er [ OUS,. |- m [ L the art. .
US55k QAR 34N, NI Ml I i g
raadomweceist memosyd @dRANM) desigist icwirényt senshgtis di impbhant element of

rangg, QOSE, rgll biLityﬁgpd ot her factors. Thus,
PY%KE _q‘?@ﬁ?l NHRoLedt egareyt SCOEFYS9Br oved sensors,
[0DDBECT HxliNingCRAKS b ﬁ{eagﬁﬁlgbﬁar%ﬁtéﬂggsy syt RIAREE thttibled above

sem conduct or devi ces and integra circuits an
suFEen e tvariony limstationks weH demmfvor @1 tHe0@07 ] ExBineples of such limitations

. M. ni rization of ma nodern, appli.catio ke it

e Bt B oL L BROGHi SRplsi Ry el dB i ramse, cost,

refiebilibesnd bihbeGicaire Mhlub,i bR GATRRED! e £ heblE ¥drGaHrévtidOsensors,
a single chip, and/or inprove circuit |ayout

esppeipleY megrs thag ean by casily apfegraied yith spmjegngupter devices and integrated

Cit[:%ﬁe}ya dh%l?ﬂchHPgn&g?’ s flh&6td ve manner which reduces

I ona yout area or space the sensors
[000%s umBde nhiniahmidatiob ef demiy maddeen tpplivatiensamake it desirable to shrink
sem conduct or - based devi ce, whi ch includes an VRAM . = |
thg ENFICRl CF @ FIRSIEAIS FHOR IHOBAE Y iplschngrponents or devices into a
siAg16 Nthiie Ghil/o® i fdx}éldéiﬁﬂitslﬁ refRQBRIN € Meall P Nsiith YeBHr€ should be

substrate, particularly ere the VRAM architecture
mgpitfaetimed s cost pdisetiveamatmiet sbidiredunee tealdditivatlddyais iareg or space

sane_proce t echnol ogy .such that the sensor i . .
SR o bR s Kb o g hises dovice which
inCludes! bt MRAM_tawﬁ&ct@fBj_irft@%ﬁb@ a¥itt0 R i pewer bR ure including

Accordingly, it is desirable to provide an inproved
ey SOMPRARNtH AR [fodngle aehstrats) parfigplariy aderd thg MRAM arshitecture and

the Ryt LA RFEL G eSare lf%lhr.ioc%tefd l{{s}r%?tg‘le g%@% Irg) clegs ttelf';‘l%‘}olé grgfesuch that

| nproved sensor and ne conv ysica
thp aemsoe iseconiymitibly withsemdndunte devicel apdtifiteg@tedsdigog!strubures and
£ uld be desirable to provide sensors which exhibit

PIHAGI IS ur ement  per f or mance and whi ch can be

[0008]e9" 8k &Drdifgl9, ihiLBeGiPRNY ?ﬁﬁ}_id@ﬁﬁ Wﬂ‘gf&te‘dr SensSt BRI method,
e fe t he

desi r abl atures and characteristics

adapiablet foo rmevisiting eetioes physérab pardimaters.t hié is foskemudesirable that the
L S BH] o 30 E DRn v HS Lo
elériegaigal.t eRhpodlal bd deditibRNE provide sensors which exhibit improved
measurement performance and which can be integrated in a three-dimensional
architecture. Other desirable features and characteristics of the invention will become
apparent from the subsequent detailed description and the appended claims, taken in
conjunction with the accompanying drawings and the foregoing technical field and

background.
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backgr ound. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] A
nore conpl ete understandi ng of the present invention
wory7ws3sderi ved by referring to the detailed PCT/US2006/041148
description and clai ms when considered in conjunction
with the fol BRIEMDHSCRIPERON WETEEDRA {mwf erence
0

[Ow%ll‘oer refer to simlar elenents thro ut the
ur n{o%i@}lpllﬁfft}mdfrﬂt@dal&@ﬁ@nmrcscnpmm indg béi d¥ived by

| a
regﬁn%%fdr@ﬁ{\‘ﬂe%lgg 1%%?1&; a?rgg ! gx ql(iern g{( q?q%)w}ctlon with the
OUp@mgoﬁgLEGSIWhﬁr@lﬁllﬂ(é mf&idsrtce RRWderd REQ A6 a&lﬁﬂaﬁél@x‘h@hﬂs throughout

thé‘fi IJetecture [0012] FIG 3 is a schemati
Feésentati on of an int egrated circuit deV| ce

[OOII)]f i gBIGRd 1afsc Qr suhRehati® Sy ‘M@.
[0013] FIG Is a Sgﬁenlge?slp% cr osger Sect i rM cell configured

ac?‘@ﬂ’r“éé‘éﬁ’@ ﬁﬁfmia@fembndlmcntggr ated circuit device shown
i s, a schematic, cross

Fl
IOOﬂ C%Icfg 4 epr e d emaélfclsgﬁtl%lpl Xigw o & graplifiedcymastipewer integrated

ti ona
cudm\‘/am:hlt@mjré; gured according to an exenplary
Odlnﬁ{] [0015] FIG 6 is a sinplified diagram of
3 igAdchemaatinfepresintitionay reatietdgrtadosicuitdievics @onfigured

ac@wﬁh%wgrpg(em‘}ﬁ&g%m fng Lan exenpl ary embodi ment ;

FI G a si rrp fied di agr am of corrponents
[O H eI]%IKﬁeﬁit B eoﬁcheniatig rcﬁdse(ieaidhﬁllfdpré@@ﬁhﬁﬁl SPE}fe' %w’ggeged circuit
de\qgg&rodl ng Fﬁ@ n exenpl ary enbodi nent; [0017]
acir ag’ramvvhlch illustrates an |n'plerrentat|on

[00a#] an BYGJ 5CRI £ séHétdafBlerGE NS HorhP lepr&dan P %rb IQ%I rargﬁg{egrated circuit

Qhanges in an associ ated active cCi FCU

deyieq gontiguied pemding taan exempigrytm‘tﬁﬂuﬁemﬁpl ary
9.1is gn expl oded pl an vi ew of

di 018
[0035P0dipTRNts 1369 e E’léfﬁgwfi’aé’@@bro |°ﬁ§1p966f5$1 apdisdementh of dhtegrated

the electro

mr‘Idﬁelavme&Dﬁﬁ@ﬁe&@@bﬁhﬂ%t e%b&!ﬁ efi nect r odefs It tS]
is an eX a VI ew O e

Ooi&gar%'g [3019] FI G

[ Jed 512 ainvmlifiedc dieguim gf tcom@nimﬂh ed teben@dntd BE integrated
dui R or. both, el ec des have vari ous

cirdu ’Oitcb Q&lﬂ%é@&&bfﬁ tog SpEuplary, pl Ec])cﬁpp@ 11 is a

exenp n-squar
[OObT]an W@V\S bfa ¢1i‘ma1t&h@ﬁrﬁ®ﬂﬁ&1 iI)Ifust‘?até@T ah M}ﬂ&ﬁerﬁﬁtldneﬁ% I\{ITJ core

cun%ﬂf & ISe el ect rodes has varl ous angu ar arrangenen
|’s1 x}sgrs cfenﬁ’dlgt ﬂg‘fe@{ Wéﬁn@p é@tqnog@omawd 4@@2 ]qerEitQOI' “smart

powe?”)i Bnpohé? WeERling 36 MEAEN cﬁ QdirQdnef @bri cating an
0 MIJ core current sensor accordi ng % é exen‘p| ary
[008}h o dFHe Y isDET axpl 6@ AR SCRIHT bﬂﬁe electrodes of a MTJ according to an
embodiment of the invention where at least one of the electrodes is square;

[0019] FIG. 10 is an exploded plan view of the electrodes of a MTJ according to
embodiments of the invention where either or both electrodes have various exemplary,
non-square, shapes;

[0020]  FIG. 11 is a plan view of the electrodes of a MT]J where at least one of the
electrodes has various angular arrangements with respect to the other electrode; and

[0021] FIG. 12 is a flowchart showing a method of fabricating an MTJ core current

sensor according to an exemplary embodiment.
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[0022] The follow ng detail ed description is nerely
illustrative in nature and is not intended to limt

woOheo7iosszant i on or the application and uses of PO®US2006/041148
i nvention. Furthernore, there is no intention to be

bound by any expr epgEAIDEDI DRSEREPHHRETY Presented in
Obgﬁmgr OP ﬁg technical field, background, brief
[ 3%6 0 W@lng(fiqt@WT@S@Hﬁ@mlEmﬂﬁdy aﬂus,ltaltwa in @RZ83hnd is not
infled PRSANR. B hiGHe HEAMNEN Lonac, LERINLOUES A0S b crmore,

features relate
thersrip mrmmuon toi éxalblﬁlnﬂ&iyrar@aé)ip@ébsecﬁﬂﬁl Jner th@&:gﬁgxfeszfn%d in the
cri

|nte uit devjces may not be des
P r%&? ?‘I%’In eéﬂl’rt ckgrovnd, bref slmenary / eorthonfeliowing  detailed
debmpmtls and conf| gurations shown in the various
%ﬁures contai ned herein are intended to represent
(0838 np1 BoreMsoailere of Drofity, reenientiantl shnigliess 868 Mol related to
addi ti gna

MRANE QGglggtMﬁRM Hser%tié}g g%rlg}éﬁl& ofpx dﬁ}/]ég &fricptiom and other aspects of

circui t7 conpone
thepirdegrated|cirenip aidi/ived nay[ R 4] debhs, | sc 1 on
i/{ refer to el emonts or featur esefdgiilell %Mlpg%%%ecﬁgﬁﬁer&pre the
CirCIH eI TRent g?:}’ fpepnd A@nﬂ%ﬁlmﬂe rsBown mntheswsar&mp rsSésy contained

e hRUNNAES W $Ehrese gp @Q&?Rl Jggesnltsg Igfl g}e qupgtqq ylt should be

el enent/feature s direc
noted rihatannt dBamativb)oraildditibﬁdil cﬁioﬁﬁ%ﬁﬁﬁ%ﬁéﬁ %y%utsalﬂgy IBQtpresent in a

| mschanl cally. Likew se, unless express
Pfa%ﬁga?%%l% fhﬂ}é’ "coupl ed" means that one
[OOQHPWEHIHeffBHbWﬁ% décﬁtfoﬁﬁ%}yre% td Bk t%t lr%%alttlﬂl g %Bé g@nnected”

(or directl i ndi'rec conmuni ca
Or cGOuRIeHY /togatfhair eAS ascdl haeinp anle%@tpré%lynﬁ@t@@%%{vis)é “connected”
illustration, t

0 I
meEu% aé%] 8E "1hdR/ feaﬁxrﬁ s rcﬁ{egﬁy aélné% derar disethe pom;fnumcates with)

I gures |1

anoctln;ﬂnsdiemmt/lféumreaﬁﬁﬂ 466 8EdcatifNm ali
known, f eat ur es and t ecgnnl eglggs#n%gs// ]I“Iie‘g iSEr WYegsoexpressly

stat\gg 8}1’3%??6 caupladi myansiiha Unns nt}ntehdfaahne it dlﬂ’ﬂtly or indirectly joined
to Qsidi ldIrééZH,a lok ylgdﬁla&we b Sind 1eca e?g ogl{t@/(\%ﬁ.g%@f ! e?%vréeens feaartt?ren %;d not

necessari | to sca
necéisnﬂélrysnmhsmoﬂlﬁone of the elenents or regions in the

[00539 may .be ex rated relative to other elenents

G egmbﬁ RIS T‘y09% illpstraties, dhelidugviok figures illustrate the
embo@hABTYIS: i

Tt sgséﬂr%ﬁ%n TR Aiops 308 Bkl e bRl oo fares and

techngquies @ga@rrhepxmlﬁnd fnavaidh Bmmdcassaﬁly dblsciaing, thgli’ﬁ/vei'flﬁ(()jl'tJ Sﬁgdmonally
[ ' bet ween sim | ar el enents and not ’
eleth@fts fHl Bl 4}9\% %, I‘g%lg%sr argng ngceﬁgi'n?y dravay tosgaglrenFpmexapple, the

necessar|l

dimetwi@naif sgine af ity dements br fepidi? i %e%éssﬁ%gge texe%%ggliaée% relative

to ﬁ na so used are interchangeab er approp
U CHRREYS B sTeginnn @hbﬁptlh)@rmmmcdemmdmgabf tdtbodiments of the

invenA¥gent i on descri bed herein are, for exanple, capable

of
[0026] The terms “first,” “second,” “third,” “fourth” and the like in the description
and the claims, if any, may be used for distinguishing between similar elements and not
necessarily for describing a particular sequential or chronological order. It is to be
understood that the terms so used are interchangeable under appropriate circumstances
such that the embodiments of the invention described herein are, for example, capable of
operation in sequences other than those illustrated or otherwise described herein.

F (14 be 2 b b b
urthermore, the terms comprise,” “include,” “have” and any variations thereof, are
4
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operation in sequences other than those illustrated or

ot herwi se descri bed herein. Furthernore, the. terns
woOcoTmssae, " "include,” "have" and any vari ati Ba%/US2006/041148

t hereof, areintended to cover non-excl usive
mtendédl 3o aroser sunt—laxctlhsit/e dnglugicress Suclirelidiofl prédebd, Chetho®) article, or

| f el t t
BB et SR b el Sineh ares B ey 5 Soasacdements,
bR ST in€luBEBHes el%ﬁien%)ﬁ?)rt %ﬁﬁijeé/sly listb & dr ﬂfhefeﬂp?or 5{}5 @%%ess, method,

such process, nethod artl e, or appara us.
artfele, Q@Pﬁ@aﬂlﬁeft ri ght | n "out," "front,

Ck, (1% \M] pp! 2 “ Ltco % ¢ 5y & qu (13 ”

[0 pgﬂove, he Hgfél?s v\}%ﬁ 'aglfthe llnr ke® flI‘ﬂ:nn(@t’degﬁ“#;pt i"Bn a‘?ﬂi"' top,

“botiem¢l &owes) ‘fuhdadty “atve ”Uﬂﬁfbﬁ’oﬁncﬂ%hk@tlh MRe d§d? gﬁ and the
and not necessarily for describing permanent relati

clyms; i ams. arprused fop dsecriptive rsupeses tehdtnot recesseuily ﬁm descrlbmg
r ea

T e T T ——

inidehengdable Undeeappreyrinte élwunﬁxmad ﬁ;ch&l@dftébh{t}%dﬁﬁents of the invention

d
oot Heriin 2 G Erantls Hofde AF opHaLRIhohSD HFRaomdBan those
illuERed R BhdwideedGivenadras Fhe &h! ‘ycoﬁ‘lgle!i g [ugé:& hé@em is defined

connected in an electrical or non-elettrical
as diyecth] orAngirestlyiconnectdAvian etshirtcelerumon-al@utridnd nfannered on

b t
1058 ook PG ARENT SRR € e fPBet G dopb it Rine Aruitabl
semaondectbrofabEcatiodi pioceds.C oM pedtits) MRAW%MJ&@%'&%ﬂH&H herein can
ocess. A practi_cal I\/F5 devi ce wil typically
be; fr qjidyésnhg f copyeatignal MRAM fabsigation plybcesgn Avprastical MRAM device

Wlﬁrtm'cglﬁpfﬂéﬁﬁe' Iﬂfi 16‘1%e§f 94115: e%él{erfﬁﬁ/e ag I%klAl\lﬂleathd{ g@ae includes at

from orie net al
leakt o dipivline lforntmtlzﬂronh ayefn,etaa hadfeﬂ amia@ﬁteﬁlb Cblttliﬁérfﬁhned from another

' ti MTJ en
el M paticcRne g & NGY D SoriRemed bpvean e tayo metal
layefs. MERBINTY Q@ﬁ:t {eNRRled QE1d Bt Waﬁ‘raﬁla %kl\/\gg@ s, for the

FIG 1 is a schematic perspective V|e of an I
MROM sshitecgireed according to an exenpl ary enmbodi nent .

h archit cture fi ured as
(0G3E e - 4 8 BTN B GRrecBi Visdnar 2p1 SIRAN trde0 contigured
ac@irdingrto an exep®lary %ﬁib@ﬁﬁ%l@t | BacRlceBYWRtAAERMRAM architecture may be

ferromagnetic ("SAF") layer 202, or a | ower
Cm?fg%qf%ﬁ@ 18w ip FIGAR. | odl] 280\ eaemlin iedludssreither an upper
ek BeA08 EEE AR Il SRS 0h ATl Rppanci

or SAE}i@J}@E 204 fmdfartemelhhqmlet‘ layeﬂ Hoeetbenabs Bvd Reroddeheid @fers. In
atlon can switched to change the bit

igpstptle. JRO BRIF TaUUREEGUEPT 3 AF JOHvRANCEFEDe: Badeapegnctic layer
becallde thBQNYRYRID of i8s hRgh kil NRs %%%Wlféhé@%eghlaﬁgé A4St dehfis of cell

direction of its magnetization i s pinned
20Q)i rlewydroferramagueizs onSATC harng 04 hewé¢vennisothe ﬁxed magnetic layer
dition When
be‘{&ﬁéeatrﬁr’agné%t?@a‘? g%{rﬁ?@e%z%n pler{n%ﬁ Ill’l? 8ne 81?ect10n ana does not change
direction of polarization during normal operating conditions. When the magnetization in

upper ferromagnetic or SAF layer 202 is parallel to the magnetization in lower
ferromagnetic layer 204, the resistance across cell 200 is in its low resistance state. When
the magnetization in upper ferromagnetic layer 202 is anti-parallel to the magnetization in

lower ferromagnetic layer 204, the resistance across cell 200 is in its high resistance state.
5
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upper ferromagnetic or SAF layer 202 is parallel to

the magnetization in |ower ferronmagnetic |ayer 204,
wOheo7rossd4st ance across cell 200 is in its | ow PCT/US2006/041148

resi stance state. \Wien the magnetization in upper

Theedata (et 11&) iy eiveQ21li200dn tdadiar @edstking @hd RSistance of the cell
netic |ayer 204, the

g Lzation in.l r ferrom
207 3985 1o blieed i read g0 d st dnedorii sl 108rwe known to
theseadkéllelig tibodrBar(d, Gher&tbre, Wil nd LMRR i 1799 s
read be measuring .telﬁe rreegviﬂ%ltldgn%cegiegéf% t(:é Eéﬁg‘l:et%lrl ﬁ%%’dl The
(003U hni éi@s 1 alpq idzpigtst @ biteline 208 amdi 4 aligiatimet 21 OVRAMvidually and
to those skilled in the art and
coRabePore®hd 1 Wshin' 8GR, lines"h daBietmondfier o Al 200. The
or{edBE0h oF ke magradtisaticheipi fedeSmaprliit 1dyen202RRataN ﬁgﬁgngé to applied
line 210 (indjvidually and collectively referred to
CURTERteRYses frorp gy Ak andrfit linesclor tesglromplisetians and|rhak28@. complete
18R oL [ t he: | ion in free.magneti
P aeaee LRl vaen Sbun i TROBE Lt BT Bpp Ty BRARobSTy for the
singlg @_@gnﬁtl_cd'metlhwédbgd:dnvamtﬁ)nlal)talpb]iicmﬁ?g{) Q’é attyaael %on—toggl? MRAM,
cat i nd nmakes conpl et degree reversa
th%lg%nt%%) o%gﬁegﬁig 13%&3'3@ gy FHYEISHR tig golapgy %{tﬁbqa Fagent in bit line 208
wiiilemliédp@e QUSInKtan® ool ARy UGk CcIRANGH | Gt "ER bRy e (9 practical
conventional) application. In a typi ca1gl non-toggl €
depiemrent; R lige 1264 maayi ercophedtértoliny nimbsmnot siinéar JRAM cells (e.g, a
[ t.he rity of the current in bit |ine 208
C(.)l\r/vhl g§ Igglg%i t}égp Igglcdgn%tcélﬁlfnoﬁlowgﬁ Py tp heélcﬁ (P tBRcoppected cells.
Sidilgly, digitikn221D mbyibe agoeitet Galh HGRSHEHE simblat MR A cells (e.g.
208 g be cog{1ect ed to_any nunber of simlar MRAM ’
arQg|of ge ¥Sé yprovide qutopppondige sprrent to gaghrafiiheleells. conmon

oowite of .t ted cel |.s. . s
(00TL | 7 a5 Bierket (iSRRG, £ il iorcingpr shielding
laygisnBet, BF8 shmiteaprovideN welthmro(e dfficiertoyl GWbillty Oﬁid: fadut® signal

no {‘{8‘? e 2 c(ﬁ_lmmn diﬂit current to each of the cells.
BoBlTepice i B st ilitsainorehto PRARAM cFILGIn 1his cxample,
dighgrReriocineluagkos BehdRbtwdigh didhgnt ay# iy 2 gaém%eﬁagﬁrcg%@énggemateﬁal

grovi ded to inprove efficiency, sta
21ifomead froms a/ okt Begestisnmetetiel tlo thisr exmtple,oclhddigs 214 partially

] el.l. Ln thi amle, digit line
s kAl IR £\ ol ol PR s Dot bt o
sidgeofreabdectiot adehag 1 eidhatha? e Lpw AR R a 201 3f conductive
lnagttnftlc materlﬁl:q. In this exanple, claddi'ng 214 _
clepetit 1121 teppamsngladded. e eraferecdeerabrstimentishownrin FIG. 1, line 208
incRded iaC : dj ' 0 aroynd th si des
R et Bftcubiett; 110 3nl MRS o7Y "Cptel dRria grmenble

magnaticaeaterd]. dotids exinelepdladding 2 BLRarti SPEREouHAE }:@fﬂ@@g‘aegelement
I ne

t he.preferred odi.nent shown in FIG 1,
216 M RIS, BifieRive bres Peavefl threg sidghaf eanduei vegeloment 216
such gharetie fdo@mward @zidiﬁ?fa Bﬁl?acm?xliﬁct%t G&h&lt- 216" Bﬂinlssvuencladded.

exampl e, cladding 218 partially surrounds ‘conduc
Claéﬁléﬁ@ﬁﬂ/ 228 gnay be Wilizeil ¢o Fens thel majghietig 12t 8owardfths MEXT to improve
th t | des of..conductive el epent 6 such that
o e SRR TP e U ol Sresti o rodiging the
writeatigtinbanceno| i iith®drindbiad dinfactib4l 24 RR¥ntD Ghdltiabi ing i
f ocui the magnetic %jloux tgg/ard the MIJ rtlo’ Pn’pragf\l/getﬁddédamgls
an 1ntegral part of the barrier layers used in the fabrication of copper program lines used

in the MRAM process.

[0032] In practical embodiments, conductive element 212 and conductive element

216 are formed from an electrically conductive material such as copper, and cladding
6
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the efficiency of programm ng. The cl addi ng has an
addi tional benefit of reducing the wite disturbance
woaoaT@ssiabori ng bits. I n practical enbodi nent spPCThs2006/041148
magneti c cladding is an integral part of the barrier
21436y is fogeal fromtahe i pbmiablel mapretic GRRRRI sRhOGMRe i ARkel-iron-
sed.in the AM pr.ocess. 032] I n practical ) )
AR HloNe e SOOI &7 dhe e 11 ondh e dueadieent, cladding
2BV IS8 bpRbRintitQly 206 NBGstE AN idduiafid| '
materia Iarsuch ag coppg?, angﬁ%ﬁ§§§%%g§?gfg¥§&ﬁgg?g%%égnwybe
slighmtiinaes).t Althengie tisl eondugivet dlemerds end e dadding areNieFzed from

. ' - [t all bal t-ir. | 1 oy, .th
aiffoRP ke AR Weln B e Hiaddin 14, fpagsidered to be
fabppeatakit wat ebmnAGn bl éqes,, th Sktal Fhe la)%ief;jiléﬁtﬁihéoidg&%vr?eelement

¢l addi ng..214/ 218 maybe slightly thinnerj. oug
2180t eadiag 218 e censidrrod i el et atrgl atr anothea| domeabrf meml layer

ai fhemneni 5 hal s, conductive el enent 212 and
(e%’adding égﬁkgég'considered to be fabricated at one

[003F o n The terins |“Ayst mdtal. layer” tie sl mbau layefYiahy be A8l herein to
218 are consi dered

conduct i | d cl addi
AU LR ool e B g, 218 e el dered
sthielay@t ' i s

o s s O3 o LIBIG L Rp RISl i ot

woHs.feetiEat matak layer weeansaany metel Hiyst within ardestibédytregated circuit
ayer" need

AP, 1ok Rl BFRAL R 108 Pl S bomndsg recond Fotal layer

meaas pey biheeinetal llayed iitin WY dScrited ihlefted @@t deRUS! regardless of
rre%gs any metal layer within a described integrat e(f
any Aritiary Iapey ppmberinggiehemess of any arbitrary |ayer

0 er¢ : g tal | r'.means any ..

ORI S Sn P9 a  BEa  fo Bins

CMOBqubtess that tepgraiey pretlisas anflog Powar deticd! ¥nd ﬁ?% or a subset of
e

eri chene. [0034], Smart power i ntegrat
thegli%ig@i?r t%gaé’gﬂo‘_ﬁ%f ! %t?fiailé%“fa SihEPdyce BHisuR S0 MpARENtCMTS ombine
allpfREe Sfandtivab infd S0 RS o%E@&Ye%ﬁQ? I{Q‘ﬂgllngﬁgdin of@ﬁéionst of voltage

devi ces, and |logic or a subset o oCkRs. "Snar
regydation, pAwelgr MQSFETs; duputssigead coeditioainga triansient protection, system

. e combine. all those functions into a )
aifATIRECRE BIo I S5 TR GG TRGREIToHE R contain various
functibtsggach egpbati Uk, BAMRMIMMESEEISwer ﬂﬁé%gg%bﬂ@ ‘E‘Lfety and sensors,

ondi tioning, transient protection, sy
anqmany Séisr seeciglniynetinmsy oimart pewesintegraiedcircyitswleature a rich set of
k& sghAat | LS - 3 [ functions,..such as
i S9A (AR Sk SRR Ao sHRGE Sai BT s,

corypargiorss ,chargsd pempys ahd eiates feiedsalvoltafec kdg@RBors SPRGIsidAO Y& Erences,
it.s feature_a rich set of m xed signa

aigiff <0 o8 B R 4IE RIS AP dFHNG laedsoiioes wiermawer MOSFET
one L R B TR UG SIMOB YRR con
pr C&Pn,aﬂndld&ﬁn@$tic@lnd§mairxgol atile menory. For driving

[00|3§Iads 1:‘1&.9 D55 SR %F(I)Ef-ra simplified smart power integrated circuit
architecture 250, which, as an example, is formed on a substrate 252 with an n-epi layer
254 using a suitable semiconductor fabrication process. Smart power integrated circuits
can be formed on various types of substrates with and/or without epitaxial layers,
employing n-type or p-types. In practice, smart power integrated circuit architecture 250

and other structures described herein can be formed using any suitable integrated circuit
7
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devices with inductive energy clanps, independent

t hermal nmanagenent, short circuit protection, and
wdizeyssisic | oad sensing. [0035] FIG 2 is a SeOEMBRI06/041148

view of a sinplified smart power integrated circuit
Lagpiettionguoeass ARBougihsmdrt p@selﬁﬂte@?@&mélﬁmltlaﬁc}ﬁt‘éﬁtﬁ'ﬁa@ms Hepicted

N AT TN Y L
dévites 162t %dpl‘ébtﬁdé!“shfartcﬁ&vé}emft%m cﬂ@uﬁ’%{ lqgélcglﬁ)(:ﬁ%clﬁ) e various

substrates with and/or wthout epita
a@ﬁﬁl@?lmmﬁe Wﬁl@omntfp Stuylpels dubdesprmlstors;ecapsmi in@w&6rs, fuses,
n ar c tec ure 250 and. ot her
adstlt f;ugggf' 3%1(2 gi glcgs hSTeRF1R x,a%n%pgawzrn@&pgﬁpgpch ﬁlrgﬁg, architecture

25§)untla&d:seat ﬂ&‘atsﬁ@feah&dl layérCatid AdARRMAT nefd] RYES GRSadded o increase the
ower 1 ntegrated circuit architect

01%6 dieg ctP é&ﬁwoﬁ erswv@ﬁrfmsneer ¥86ousaMIPe (and W&Tweus are
foZR&l aifle Rr m ar devic

oractical s mar% tgap%ﬁv\g%oﬁdn Eﬂo? gsamgi Fucé mpfqngatlon and diffusion.
Iswlyfmrc gbinponents Pdé varld diﬁr@hfzd:d/ leﬁh@dSLﬂﬁ’é&' ¥&idation and/or trench
r8c gPonent s, such as diodes, resistors, capacitors,
P uctors, fuses, anti -fuses and menory devi ces.

[oﬂiﬁ]er aMJ}émlﬁ)ﬂﬁﬁént REWRS 1njvéﬁtﬁ>ﬂr @Iltaﬁe? t& b %%&t@ﬁ gg 1%116 g%]vg{:eeformed

250 includes at | east one neta ayer
OnAgCMPR Felisiatgrand dawiog andVIRAM eshéitedtive winbintdtwite B Syt power
rcui.t various n-t and
ar%ﬂt@g:/ﬁlfeeé %ﬁq&qgarsg fp(lélFt ef{}gl? Wprckﬁm{e and at Yeast a portion of
thegmart podercircititepfufe &% SoAdireitl§ fored ibyh & #288
usffi_;f fusion. Isolation corrpone‘rf;t S ZGﬁgou [ d bg rceiﬁimé9 Vi As

%“ﬁ@ms% S Pa Wk dtghitechire insliidss atPIOB'm: tirgnitomeg®neft@dafigured to
t
ey SR o 0, NS OGS ol vt g

re@&a}e Hragiitng, aﬁ’ﬁedt{RAMeact‘cdbIth@ﬁfae&tﬁt@orﬁ@f%le%@vel‘\ﬂcﬁbulﬂ Wﬁfatctlce the
e at |east a portion of

wer  ar chitecture,
poﬁ?%b\ G ﬁ‘?nlﬁ%ocf’teﬁfr ‘éla%%"q‘é‘ie PRt transistons,i apd the at h?@stsﬁmraddltlonal

coppuRint A htIRas Uy eh I d the sane ...
fgbr i catafyon pr ocess&ﬁgfsnﬁ%gg g’rgg%ér% (fe%r I'Onll’lepélﬁcondltlon

sengpi HiN; elestimaagngti¢ wdewr.aam olmetromecrhamchl e@ﬂmolmnélectncal attribute
f | ect I d at | east one
serﬁQ ! Qﬁfsﬁﬁce'i oorn%n %) ,g%ﬁgwérlu&gﬁmf gg%éﬂlgaq?l& an ineaéc?g geraponent; a

ditiona corrpon

dlgmh ldgie combbeat;, o0hny &Bgibidaloh MRer@PL! AN sﬁgrt tGver integrated
ower, circuit. In practice, the power circuit
cu@.g Gﬁséﬁferﬁﬁﬁ'n Ir?fEJCS dhe ﬁ@ﬁe@f theagnaiag pergion zamd ﬂhhailgﬁtal logic of

prabﬁ’@ﬁ bpPINGLeRd I ARIL d%l?gépc?&:ﬁ xﬁr o Kis F%a?ﬂl,l%ncfegllgngrs AQyi i:c?n(gﬁncally

limtation: a sensor (e.d.,
packenersreatares ehé capabﬂ’ﬁtg fivetd iach§i® ME&sltingdh reduced die area, reduced cost,
n| cal nsar, an el ect r| cal attributé

anﬁéné:rgyef%e{ %aé’(‘}ﬁrce his dfltegﬁéloplhf@éﬂs desighetmer! egamotive systems,

1ndﬁ$1ﬁ§)10¢’iﬁlﬁbl and ahRLeg
Onent > or any CO%‘E{%%@?ﬁélt er e%\%&@&lﬁé@éﬂ%‘g 1(:)3%61‘ system cost,

andd&%ﬂé‘?Veirﬁh@ghfa‘t ed circuits, designers can reduce the

00STES, FUG) SaBor aPrBRG rebhiiod o tuh JuearisdLiFryt device 300
configiedeaabtditg d8SagRREApley REMIAM&GR! | Yntegrated circuit device 300
generally includes a substrate 302 upon which a number of functional components are
formed. Substrate 302 may be any suitable semiconductor material, such as a silicon-
based material. The functional components are schematically depicted as blocks in FIG.

3 for ease of illustration. In this example, these functional components include a power
8
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pack nore features and capability into a chip,

resulting in reduced die area, reduced cost, and
wonpr7esedl per f ormance. This integration hel ps HETIUSHD6O41148

of autonotive systens, industrial controls, and

ClEQyiis eamaponehte 894, omidigitad ilogit | doynpeyisite30al es k@Ror b&ﬁﬁécé‘ur_e 308, an
I S

yStem cost , inprove reliability. [0037] FIG
M}@éﬁa&ﬁ]ﬂfﬁcﬁlr? 333&%&”%@@% BPWahH cpRitel gompedensi 31gui Although not
Hdeni @EFIRN G, ARk i '
i enbodi nent. | nt%gag?%t@i g%lﬁ%&%% t§] @%g%y?gcgégrgggﬁlg}r{%\ll ?Oygnponents as

nqeRpRYd@ssatisiitbs theadeoBB R papdenlavhapphicationunfiepraofice, some of these
d. Substrate 302 may be

i nents are for
fug%{g}ﬁlédiu ?gg%?r%ggg%ax gbﬁdtl:j)&lpgeld together to en fpoperative operation. For
exsiripl e pobaseiccuiddiponknt J02e df AL IR mERERONRN knsBE QrCPitecture
%che tically depicted as blocks in FI'G 3 for ease o
303 pad epalpg g9 Yven icontiplscasspamente3 12 ayecobperate onfokm a smart power
] : ci r GHAt Gonponent , a
GRERGREE ISIAE B SHEL 0L S8R S componn
(g8 duadly wRAMng reohibireation rtkerddf)) aresleo %fe@é@iooﬁerﬁlﬁvéﬁ r“gmart power

ntrol,c nt .312. Al though not shown in F ,
PRGN AR AFeiEEr 61 G0boHarpmi esrlueR brigpumehad the other
CoSPORENENNd MR ARE CRSR¥k® PR nShY bghg%rﬁ@%ge?i S‘% eélglgtion as an

. particular application. |In practrce,
indepRrdent sabsysisip of éntesratedycitmitcdeyideed00. o gRitehanbédding of MRAM

- rative oper.ation.. For.ex | e, power i
o SR P8RS s cirists B maon@ oo an ofcicn
use @i ghiysiaslcipate cihdlec erd®Bing aRE AR08 RPWRHsI:E HouPNayers that are

olrentl_ 3%2 may cooperate to form a smart power
traé%ﬁﬁ eitlized oplyrmicapragtian sdithdhe M ftcotreaf; aneMBAMML. | n
s r indi.vidual ly or .in an
o Ty P e £ op SaRRAEE e PGl BBy it CogBbohent 304
inclerden rone pweprec popen®IQSEET ¥RAMsathah bfce€drifipredld. operate at high

owever .. need not he coupled_to the other conponents
Vogerl%?s \éﬁé\m gﬁrC&lﬁrieflgct@Feénéég gmgﬁgmggtscrgaﬁf plggl.oydii:g‘grent power devices
and tRBhiqEEs % Vel BRGRE B&ﬁg&lﬁsﬁy ?ély.sb?éﬂ o di tc&%hc?x%eglg 306 may be

circuit device 300. The edding o arc
reaizesl with “M OSnimansisporsver anpiseigati digital togid drrdnaetabhts Digital logic
I I n efficient yse of physical space

coflBOREE 08" Hiidebl o G B P GimeBtng Fghevbmpe the smart
povératrchiteetiire adiihiegnaedd Yirdiit ddvi@BEN Knl GRRNE '

it g]ahhe MTJ é o_re glrilof af1 I\/RAI\‘;I [ OOBS%H?lﬁgone pfctgié{t?l&c%qmp onent
31%%5 { Sedpales emuil moamones poignred te Wuppenihenemtrt power
arcBiniB o %ﬁ@éa@ﬁ &irdhit ‘1R E@(\f\e [An%@g)gglgg gﬁ\)/flgl(; isca%]?)gltlen% r3?2 may

configured To operate at high Vo

inchder @ntesamp\llei Esistlr g capiiois et MESPEDY, pdhed&ides, and/or
Othgroav\l{egO devi éel} and techni ques for power circuit

corrﬁ FeCHs 6™ Syital | ogic conmponent 306 may be
[0089RI | ZegsonatdhiteMRR 05BRSkSd Al LARRLE d AL 8o

| ogi ¢ arrangenent. Digi t%Jgﬁ ﬁlo%ffg{ﬁgg{n%gﬁéh S%félg qrg%re pilyswal’
electredl; Bagretict envirnmentaltor tolther dbgditiahs fop éritegrated ifctiddevice 300.
I t smant . pawer .ar (%Lt ecture of integrated
L A T ECHTOE N —
or phenomena detected by sensor architecture 308 to regulate, control, manage, or
monitor the output power generated by power circuit component 304. In this regard,
sensor architecture 308 may employ one or more sensors or sensor components,
including, without limitation: an environmental condition sensor, such as a temperature

sensor, a humidity sensor, a light sensor, a radiation sensor, or the like; an
9
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312 includes analog circuit conponents configured to
support the smart power architecture of integrated
woioanssd4devi ce 300. Anal og power control conpeaemS208/841148
may i nclude, for exanple, resistors, capacitors,
eleerdunedgnetss sddSBE Bl slechibpetitni e ¥ékes ,su@lﬂﬁfe/ DkrafddiBér; a mechanical
nalqg:C|rc%§t el ements. [0039] Sensor architecture

S PN e VIRFANON SERIOT-gRlt #gelermadpis @ s/ ssiaimannsor, or the like; a
m@ﬁlﬁl’cqwld se%hcﬁc bf b.l?@llectn@ﬁgeﬁﬁfbhfe ﬁgb\f §u%?r£§gtv% Ctéégee’%e&sor A current

ot her conditions for |ntegrate circuit devi
SenprsatstapRdriece QrTEsigtratestdngiry € tentpetitviccensdBh cHpAGItdnde sensor, an

terlstlc paraneter, or phenonena
1ng&§8kk%§mByQ%é 8? archltecture 308 to regul ate,

[004)0]t r oMRARD a@Ritechlire 10 they bk n&h‘l‘l}p H&nffﬁ%ﬁ‘@f a@&&@ﬁ@écﬁgbove in
ower circuit conponent” 304. In this fegard, sens
co&%ﬁ‘ﬁ’iof’e\@’(% dGBod arg) %ném@donéegyatemxeug ales e s30gr may employ

C i ation
Cogﬁ(f/}lﬁ%gﬁlrre nta g (E)SEI tl&gdn ltl%éﬁ ?S f%rug/ﬁi‘%lg gr"i"é?f:ﬁ%rf’a%ﬁ)r @nd such
copwergional ﬁealturas dmﬂly nee neodescéibéd dht &SN SKeind r@éﬁ'eﬁﬂl'yo "'MRAM
ensor ?T@)r ﬁ anel ect romagneti c sensor;
%T RO REY (Circyi epmpeneat P%MDMRAM cell array 316
colpleani DRANCEERHt cSiHbSheRP 384 V(s& #1:00, %ﬁln olS A slggemgtlc Cross

accel eroneter, a stress/strain sensor,

ﬁ&@ﬁbteptesmt@mcm gfantegratedosircait ds’:lvmeBOD): aMRaltMrdnbuit eomponent 314
sensar

ch_as | tage s a curren

ma%ﬁn%é & caéyo“r“m?"é’ ok e geﬁbeé‘ %fnfﬂa resath%ﬁwépﬁtt ¢ OPEiaHeR rof MRAM
arcanteapasc 31 QN GRCISHAS O kwithdht istkiEibANC QwIRRRGN ¢

[[0040] MRAM architecture 310 nay bg gr%%gsrté\ ly input/output

cu&%‘ﬂﬁ’ ' @G?Cé’éera§°1élﬁ%ré1i0if&3é@m&i§mpélﬁﬁr$, Qlothnbkcl on with FI GS.
nd | ndee at clr yi t dev 30 .
[0(14#_?; oylzlg}on?/eﬁst |qlona I%RMdg%él gn rggn?rg ﬁi%g% n’t?%rtopologlcal
arrRyeieat ofihe é’m’(dmbﬂalfi:bg),poﬁﬁgs Sﬂﬁlltbgﬁ&édl @l‘ﬁuthGTeé@{ceff%@@t W s regard,
ed _in det aj erein ner al
P A RReITE Ca RO S RETRISLD iarfoNRakpe FHlsdete 305, and that the
smaAMPeweNtarchifcRRd @{th%%A F&bdr %{E ‘%}’ %}@p\&%gﬁpgf)g ‘8 igital logic

MRAM ci rcuit conponent 4 (see
compeRraihf | & sensos srehibedtime3AB, areiamaienioatdr oontasl cbﬁlqae@érﬁmg in this

evi ¢ 0] conponent 314 may
exdihSIERS SR fimBrs pOL! Bleked Q50 o GaR PEOMRM ool array 316 s
formefpbote VMiRe\ Mpatait c@fp&fenMRAM ar chi tect ure 310,
 udi ng, w t hout I|n1tat|on switching transistors;

W‘%“ﬁfyut /IBLﬂnﬁ (FEemplesy ppgdimenty eﬁd@envem;lonpmtegtemeé cirasndevice 300
is ﬁﬂ'ﬁﬁfaéﬂu?erdsusﬁ% d Hi%dHak‘ %éoiegg) 16011‘1{18 o8y O}k%lin%gg Cfgcrnr{pend fa%ncatlon

di agram t hat genera epi ct
proacssaangearbmk efid tfdnmcﬁmmcpmegd GO BEMER, ﬂ{e frohePiBication

Ci I cui ev 300. In this regard, FIG 4 illustrates
PIOPR5 S ‘E‘h"‘?Fg Hitsle &t e aad i somplefaddbefiares thesbackt end3pmcess is

lmtgﬂfhctuhj?; gg% gﬁﬁﬂti t %182%1‘1 , End gliiﬁrfcg{d% %éééﬁg% Lydl r&%&%e%\,\%ﬁh the
formatiery pf gleotentseet ﬁﬁawrmln@ﬁﬂoma{cb@ya@\i\’ewhmb RhdPbe N and/or P
dop%ﬁr@&%gp %1112 aI s%mlcon%iuctor substrate 302, dielectric layers, or other layers,
while the back end fabrication process is associated with the formation of elements or
features using “back end layers,” which may be metal or conductive layers, dielectric
layers, MTIJ core layers, or other layers. Thus, the front end layers are located in or on the
substrate 302, and the back end layers are located above the front end layers. In practice,

the front end and back end fabrication processes may utilize well known masking,
10
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exanple) is fornmed on substrate 302. FIG 4 also

illustrates that MRAM cell array 316 is forned above
wORM0s334cui t conponent 314. [0042] I n one exeRPIAISY006/041148

enbodi nent of the invention, integrated circuit device
130Qva somarighagt upigdicasi spytterinm ddhdbscpne cpaentieghpbhael vapor
dhavin a fho t .end fahrication process and a back end

RSO B les OQP%%S%}?WWH VAPOT:c Bt/ plaspe ephiagegd ehemical vapor
dépabitiof abHRngueE.0 ' I | EiSduid | |

cp(?bﬁl et ed gqef or ﬁﬁé h%ggjg aggg r (g%:deglg&llles&l Erlfjfstmlii %?d;g?ﬂeiﬁsmay be
mggegctieedepsing eherogessriechmntbglatbri cat leverage CEMES, itdpolar, or other

Slﬁﬁﬁgqid C%qo ';OIE the formati on of elenents or features
usi ng en '

ron ESSF%yers,' whi ch may be N and/or P

[08dPled FEGi dnis avistoplificd 8i@PiaaPBHEEHPbnEHDShd MSnBB2of integrated
di el SCUI ¢c layers, or other |ayers, while the back end

Y oAt aR0 sosBgwed j agcardingc fnira dexminplary remliodimenti oA practical
. ' "hack Layers,," which

e e 21 FERCR YR PO bl bl st BN gl (2, mota

layge3, disleetricalagers, and/opahgbuhdypens) tHdnuthat shewh iRMIGed In this
| ayers are Located in or.on the substrate 302, and the

© & dRYSF SR CSWOP% at¥el BBHBE POMTE CPRIgeH casprenent 312, digital
logﬁkﬁﬁﬁaonérﬂ 306 2ld MRAM RE i ?c{}fq])&f%gt ﬂ]Q:jarE glgi\%]])mrmed by the front

abrl,ca_tl on processes may u e we
endefaiiGation pereessvizoth droné eudhlapers. [Soymiarall of phidst dionhend components

terni hy.si cal ,vapor  .deposi tion,
R e R N I Se—
arcliieniueaB 08/ epidch 4RPasdlidOchd @GhoteGeRRrs) Al MRANPL&! ardly 316 are
ircuit as described herein may be

integrated c
ol e hocthts ok e TBGeden prekhBhD ok had lagers. Some or all of

j 0 Spli e fabricati I
k5L SRR oy gLl DRLAS PEIPE R Borcin
preeasp oheprasticn thedt@mrend and badkérgiofabiti@diofi ipididhdes eRVin6@ules in the
M cont. i %ured accor di n}g to an exenplary enbodi nent. A

R R Bh 08 (ORI e Greaic SMRA VAP hitege oH Og0Bhus, the
mifRachie | afdgtepRtd LHERR ddiei® (Febges B! Hst%%ﬁ?%\l\{[ fabrication
psl ane) than tha

dielectric layers, and/or a groun
PTREFEIWT iDHITIOSE, 0f4he pmart pbwerearahipdoayre.pinwhis @i 4t least a portion of

SRRk L 8, A SRR g STERRESP 2 510 o v
conanmatie fémilibyahe clsdsed MRAM RbABHiIRprédess. f ront end

&;?Hri cation process fromfront end l'ayers. Sone or all
(083411 heklG .13 np sebmmatisngosfesrconsl yrepresantationrafemt injegrated circuit

delRE 386l cOYRd & SLBRkin SR ad %ﬂgﬁ%&?g‘?ao }rng %%ii@}eg{rﬁ@pdggult device

contrast, sensor architec
308 meayormpioy ¢he germoa] sjruatnek dpidved &l FIGr 3. ajht@dfe@cBeuit device 500

suitably fornmed by th ck end fabrication process )
re RS S ERIE MY sBfel Rarh g BTin{eHEs el G faipated in the
mGABNRREMcH HEPn PR ERNEN b1 &R (l.iex/iéeq%%én?ﬁll% pfchl%g?lé s@%ﬁ}ate 502,
the front end an

fabrication process. In practice,
fropherd daverst 305 faraeion qurancebsieste 508, amd fitse Hatln ehd éayWRABO4 and

ni Gat | ro enpl oyed _to create M
Sefgl)?l? rﬁa?g 8{1‘8 ?aé%ﬁg&s ?ﬁm]ga a?)ﬁ\ée front ende ?ayers%. A dashed line 508 in
FIG. 5 represents an imaginary dividing line between the first back end fabrication

process and the second back end fabrication process.
[0045] In one practical embodiment of the invention, first back end layers 503 of
integrated circuit device 500 may include a metal-one layer 510, a metal-two layer 512, a

metal-three layer 514, intervening dielectric layers (not separately shown in FIG. 5),
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manufacture of integrated circuit device 300 | everages

the existing MRAM fabrication process for purposes of
woOher7ss31 power architecture. In this manner, par/uSe®sn41148

a portion of the smart power architecture and at | east
cenagountd was 016 kA hetoivieh dayteny, end kBe ke, Wikile aRohd beek kyd layers

h M f t ocess 0044]
4 R Fiogtitel Gl vice PoBa) SERdtdconametdB Gt s o netal-five
laQér 500, MO VBT Rt EYa e 2'2 tmﬁé?\)éhﬁ% cﬁggctﬁglrlg U(qugtdsegarately shown in

accordlng to an exenpl ary enbodi nent
FIG- uondedive oéas3@d rnntyd depteoy layoes, gad ehedikes tAsuteseriteed above, an

e T A

howdvegfdGed depicthe MBbEdre ab aGirgle t‘lﬁgerW%Q@e‘In H8RE EhBSEments of
herein. Integrated circuit device 500 generally

the inyenties, integiited sisguat deyice §00mighs ieclids/mose BORSE Goneend layers

and first back end | ayers 504
mgﬂgqggggﬁ %ﬁ qéﬁgg%§§ers 506 fornmed above front end

[00d§ler s Ii5 O& exarpls htmﬂbddlment5 @Bwien chrbéit compeRER SHAL andbg power

coplfB s Eitahsil ouiiel lodte compoetioind. s magrkcusggmpm 314
aré &h’fﬂeﬁ%in@r&l@ﬁ&ﬁeééateﬁ @@fPheta LoRdfay a?ickﬂt %Jl Itwo laye gb?g and/or

enbodi nent of the invention, first aye
mejpl- thmee@walt ai¢.cwhidelisensge ardetesee r’:‘ﬁ& andcMiRdeMacell array 316 are

fOHE&?IJS@gr ee 'gsy(grggt Ironil mezq’l\f[g% lr?é’glyg L‘% é’&?t?l"filvel Ryer 320, and/or

M ddyes émar MRAY licadthyi 31 GEhﬁud@ a Eﬁﬁﬁ% bF ¥R é%ﬁg%ﬁ)rﬁ{gg op metal-
l e

ﬁv%ﬁgtyq% gi?g \Aggghtlbs%mé ggﬁ? @E}ngd P anatalcfovi lepesHis, @ag an array of
MITT ‘E‘:lel‘sctﬁle‘al\/l'ﬁES’IIe'lquéFJ 505 fi’é{rﬁ‘&éﬁé‘ﬁ/ﬂ Jace talnid l%ﬁ%g %{{nle a-four layer

an MIJ core |nter eni ng .
5 IBaapémetglﬂﬁbvte ]agq:ra‘.'rZé)t dhyhls ResnpieNsdnkés. arblitectie® 0 Iﬂclfiﬁles a sensor
Iayers and the |ike.

oot e Bonoa, ORREGHPTR VL) raye tyer 2Pi bl tsycvisny s sensor
cofﬂﬁ)@ﬁerﬁ Re cred¥@ fwill thERARE b@ék e abfl%oﬁﬁ%&'\%used for the cgeation of

implicity, however, FIG Icts t
M&Aﬁ@ |cgll 'afrgy S 6. £3emsor ar Chltdormre éﬂ& outiymelse $nabidet zhEaddltlonal sensor

| ui t de ce 500 cl ude
B B SR L S 671000 T e o e
layend20.ayeatl addif0dd]sehdor tcbfhp@ﬂéﬂ@@hﬁy %@@é&hﬁ%ﬁduc@@é’\ﬁfﬁces control
circujt .conponent 304, anal og power control conponent

cirgyitry, bjasing girouitsyios thedilsonent 306, and MRAM CIrCUIt
4 nt.s, .creat
[OWFE F?%Egeqégry él?r%?%&r %ﬁltwﬂg%@ayersugslﬂ cé(Hn&‘e gblFed M Qlong with

copeeratingt kirewtry agre rfezﬂidrés ifhidcessasNsr seik ahe treetisir'd @8 particular
cell ar areg{ ned usi ng. el enent s
8

sofRLPEA 11 TSR CHICH BURblE el DOTRVHOR e dydsigned such
thefd 2@ria@sid/ 8 ceMhih blﬂﬁfngfs&%ldltg‘@%'\éaﬁ&l b Bt ﬁych%ﬁng? 1r} ]the electrical,

includes a plurality o nes f or med
maggetis, cpgomagnstigr eletttomerthanicali tnd/bnethef cianmderistics of the sensor.

0 aye and an. arr ells (the
Ay A Wiy O Lnd it ROV PerSfaPt &9 HGR it TocmBiR-based
devies abulll Merconfigered to sense current flowing through a nearby conductor by its
reaction to the magnetic field generated by the current flow.

[0048] MT]J Current Sensor Implementation

[0049] In contrast to conventional practices for sensing current, techniques for use of

a magnetic tunnel junction (MTJ) as a current sensor will now be described.
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518 and netal -five layer 520. In this exanple, sensor
architecture 308 includes a sensor conponent that is
wabhew/osssumed from MIJ core |ayer 522. | n pract PCEUSRI6841148
- gengor rconponent~is created with the sane back end
[0056} i ca@t MV jpriudess fies eshghetic layer ardetikiphihed mAdRAit G8E!. In the
; ‘Efﬁ{’] g 1Sens r architectyre 308 may also include an
P 338 BRI §3éeﬁs OTiSRigHAR RE t M@@%@W QI apagnetizagppygetor” is
tybically @Bhstdnt P iked BYSfe FL&BRMRELS BR alizabibY %n%ﬁt%f%n in the
520." Such additional sensor conponents y repres

freqomagneticvayer car ekange dmbeothl magmt@dc amy direiitiag] fog example from 0° to
0047 nsor J n sensor

o | ik
R L N R WL T -

depengsasrathe bgetatiGofhygrRtizdtRAWikES thd rOAEEESRAL Ya}FeP Qith respect to
sui t iflhe needs of the particul ar application.
the pusd magpetiqlayer. tAptheanutael ametrbauraencibe drccayagnet@iyer and the

plh&@ﬁﬁg%ﬁ%Qaﬁéf%ta'f&ahT 1?)‘%%1%}1' QSed Nscd ert ae'g?n % eg;%sap Bie tunnel

condittTons cause a e Change I'n
ma@gnemststaneb (a’BMR()mﬁmeeﬂTﬁ el ectr omechanl cal, and/or
ristics he sensor. An exa whi ch

[08% har act L i\ﬁ \ gﬁ)
des 8t PBOABemgulipn.hr M5 et veratorin acpargliel tate fvhich takes
pladelwinasiBe ntl@ubiEALEAbAnRE 60 %étgférdﬂhe ﬁeé alﬁ"t(ﬁ)qé %p{ned layer

flow ng through a nearby conduct or I'ts
arg ﬁ@eli*fﬁgh@tthecsameedld%@@n end tthel ndyual lalaglcdrelt\eeﬁn ﬁlleche layer and the

G T e AR

orcmaglﬁnb vecREh Rif fhe FrdeOlay¢tS end the piRED by s drl rH?Fehted in opposite
unctla&gotﬁMTJ) as a current sensor will  now be

f ovienl apglrbetwess) the e dayer ead ﬂm;men%labfm r180°.
th@Bﬁaflé’lestQé NRE T MR R/I'#Ja%/ £t exlluglﬁcge herel%t 2}? q%vy UGS, T the

ayer, the orientation o I Za
ant'lfmga}ﬂ@l statag tho MR of the'MTE cdsrys remaitk ¥ rél@tivel phigh @ésidtdnced

d t t
10853 e BPghE bh Mk el fuc i e e 4 q%391|é°izt%lé’lé%r1]fc i garres flowing
with@h theBORd Mdorand di%itﬁﬁ?ﬁe' é%ﬂsehtgloéen@f&mrfes ‘ﬂf%rgla tic fields.

180. A nutual angl e between t ree rragne
ThgeagngEc ﬁ?lldﬁ ganareigh ey ithe bijiee addpetidsligin hhdflean alter or change the

t f netization w n the free magnetj
I TS B e 5B TR o
thd ﬂmegrmmfzawdn aRgrefiled feehyth® roteead e Meddnetid ﬁ&@rchﬁﬁ’éias thereby

t he pi nned magnetl c. layer rotates, the rotation can
Ch'i‘}%‘?:é thg mawy eanélf%ﬂfdb% friep layge with, QWGCWQh@pln@ed layer. Changes in

thd 1B8fusl AIGE caﬁw&seﬁfo %ﬁ%e Mgrlges [ 3% 1(1u a1k olf grel M.

InplenEntatlon can-opera e n a pa
[0058ht e, Asvsiabh at(ﬂlk@ inl aibher vhthe @henmﬁmmhg Zathi0 i ¥f line and/or

o QR 56 1 Bl il a3 i e 30 eichuplingspahe output TVR
of MEMAY. TRGY, ehPRLYRER thiR] frtfo @éﬁ% caft3hsk %ﬁ wz:?tdtkle magnetic

layer is O, or in an anti>parallel state,
fielg) cg@@edvhyethe bh dingrandfet thealigivh hn@mtafrag mﬁputaum&(t hpsetf resistance

(TI{(/)I%S ooéf irtﬁg M’?ye%yarrﬁgn onngp {hre ?putaf(Mli{ atr &e ll“? nctoreec,l ﬂlurc]:tuatlons in
current may also be monitored.

[0054] Magnetic tunnel junction devices can be utilized to sense the circuit current for
various circuit monitoring purposes such as feedback control, over-current protection, and
circuit operation shutdown. Due to the nature of a MTJ, a MTJ current sensor can exhibit

high-precision current monitoring capability. The MTJ current sensor shares the same
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directions and the nutual angle between the free |ayer

and the pinned layer is 180. In the parallel state,
woOher706840f the MIJ core exhibits a rel ati vel yPCOWS2006/041148

resistance. In the anti-parallel state, the TMR of the
covmionenises @r IR cell thedrettyi alliwing coip 61@5itsSé AVRAM [RRSR be used
asBé)th the bit Iin[f and thle,di git |ine may conduct

P PERE SCUPRBRASYPI 8RR Yolgiiiememey HINY IYh e Inadditiqng ghe MTJ current

seabets @esdribed Heid affed dxrell I IR
Cor respondj ng Magnet i ¢ fﬁgﬁggg%g%g%@%h? M gurrent sepsors

capchteptegeaedgiraetimpnsionallyen dred fiwry dahéediogitibnéd veticaly or laterally

T R ER I RO

subatite 0f at fretegragaeifcdiat Fop exREH16) the MTNBurkdi® SedsBY 84n bOdisposed
rotate @; the magnetic field changes thereby changi ng
anywaere it thegruatine leyes (9 e ve aybstrais intthe wispugtoftactiveharcuit or

“o dray n ' | angle can be_ used .
A0St 8 05, YA 3038 oo
capsillswchor pecedsanpgia a coseeffévgive afanhBeartiifdpeeesth loowian erformance
of’%’hthi n the bit line and/or the digital line wll

inf PUEHLEYe nutual angle of the MIJ which changes

[0058] ouFpGt 6 TV Ginglifed Miderachhys coﬁlp&%eﬁgsg% eferdcdANGH ntegrated

Jjunction core can sense and conver magnetic fle
ciicyif sdayiggy 6Qthsonfigured mecadidioto aiexedinglaryalenibiodzndnnt 0Aapractical

r I netic.resistance. ..the MIJ. B
en?rd.#ki?#%r}tioﬁgﬂtféﬁrg?%g%lﬁc&t queo(f‘dot way Mgéll,\l@%?. ’1t1ona? layers (e.g., metal
laydrs) clicledtdi©ngers ardlbr fagRburdBplaid) Deheb thafBRbst Ah&Fn id PR 4

@%ﬁnetl C %unne_l 1ilunctl on_devices can be utilized to
00 se ArshewndpiilGe ¢ tlamintegsated pitcwiy slevice 90t comprises a dummy

MRAN QI b0 APPSR G Cgl?]lgg&%g BEFKTRY g%té’t%: cfeuit component 604

over-current pI‘Ot ect1 on, Clrcui't op
cag fya tfoiomad, orliabritated inea mattstrate 10fer OMTWhile@ tHETdngHy NERAM cell 602

Casgnior Han exhi Pi.t |'11i %h- p‘r‘?eci sion current nonitoring
T Rbdgsmet et an vivalafig 1ayGF Peky e 08 mhislhisalispoped above the substrate
layeR 50 T QHD QESHALSs B cﬁﬂnr{‘{? MMAWE lob1 602 HRRY nftl Bk %?cuit component

conmponents of MRAM cells to be used as a curre

604 o himpertapilywis thisdgphesmeniasioas tHealumeny MR AMVIL 602nis disposed above
s described herein

b L .t MIJ .c ent .sens )
th Hee' b el SRSl fichy 167 Sew e it rea savings
The dentre duns@'s B wse dBrodetd FHFEA0 MRAM REgeadl W%n@iﬂ?i#?lications

y

i{;iés:t'hat' t hey can be positioned vertically or late
and) distingpieh {he' gme fom epnventinnet Moo eeltsonssd fenirfomition storage
apPlic@tibyi cal Iy fabricated in the substrate of an

Integrated circuit. For exanple, the MIJ current
[08hs orInahis dsemplies thesetivaciysitecompiinthiti 604t gy bdrspHisal for @xample,
a Ia‘%{erﬁg.sg i above substrate, in the vicinity of active

RYE sl

corgpRficht, (Fw@Ralog Jopsh eipngol TAmpOReRh o lodigital logic
comPbnen@WhtlSs ftmle@ YUt frHt %ﬁ? fég?l%ﬁﬁotpégg)&%rs tHoGe ggﬁ‘{n‘%@g!\?&%' The

for processing in a cost effective manner an
aclyeeCisys camponssit £04 wain gencodllyt eeamyuintegrdteds éndar which ®5&dfits from

el Bt % Bl S B RL FER B 3 . power
compa@ntsi ng to an exenpl ary enbodi ment. A practi cal

[0058] In contrast, dummy MRAM cell 602 is formed by a back end fabrication
process from back end layers. In practice, the front end and back end fabrication
processes are sub-processes in the MRAM fabrication process employed to create an

MRAM architecture (not shown). Thus, the manufacture of integrated circuit device 600
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enbodi nent of integrated circuit device 600 may
i nclude additional |ayers (e.g., netal |ayers,
wdiel7@stasic | ayers, and/or a ground plane) ot heCTuS2006/041148
those shown in FIG 6. [0056] As shown in FIG 6, the
lavattaggsr dice dxisiing MR ANE Vihise:afiON (F668E i 5L Puthodes oY thAMart power
Il 602 and an active circuit conponent 604. The
argﬁ HO®Eeci rcuit conponent 604 can be formed or
i cghe e il d
(VRA car b3 RoBtiats B dhmHEY ATRANCAL Bod WUl o three.
dlll‘@yléllo(l@l ly BOFratbd Sdurient sinsEro €SN’ sibov # chhde sibdaiStorsahg® current from

the e PR B orfb RO AT T VRTIGy 6 97 SRmabicity of
il hubTRAtRINE tHeatuinfifly MREMALHINB02\2AMa06 |cbmggges'asd1 k $iRQ, lme and a

above t he act ive circuit conmponent whi cR can

magetigityiel jungten (AELD Careed;smvcﬂ bgisveeff lvaidtdeginiitiel amdryalid bit line
S ref Is used sensi n
s 45588, DGR 58 2 it Rl Sl 667 (S50 i

curmnt/ @aikt), (BmdlcaMBé\Me@&ichBy usglled Bétweet @it Bhe SIdOMHAYS line. The
0057] In this exanple, the active

d‘E’%?‘Xw GﬂLn? 0%0p2piglaslnpts swagtese dwanepl Binction core, s
el MR aghbti Gyt ¢ 9{?(){56‘ Q&%ld ABvanglod @o?r‘rf]\fo t?(@:{){{.i()lsThls allows the

conponent, Or a | ogi ¢ conpone
mﬂm@mdumyel aumqtlontcoeentb adse ithatirouit puoes SEckty, ami fth@hgenerate or
nd | a ers The act i Ci rcu t conponent 604 can
P rg%‘ﬁcgraa Célrrgﬂv?ﬁeﬂfeéﬁﬁ%f’flé’& eoredt steRh(gldhefits from
[00®0Yi t OF[[GQ 701'@ d binglifRdt difsthPUbT CHib6iRtntd Eﬁ({ %%?tsl S ntegrated
n

not |limted ‘smart g{)ower corrponent S
circyHtdesise 708 lmnt}gmmqsv ihg 6020 exarhple wmlbodynemt béite ienehtion. In

back end. | tic
AR AEAREE AR RIS DB 3SR T08 conbe
mqul&mqm‘t@ha&&ﬁﬁmbﬁbﬁ Wath MERAM i)adoelf”qai’s mn 06, Cﬁ‘QSana AR A%E dircuitry

to te an MRAM architecture (not shown Thus, the
71ﬁaﬁfﬁr agﬁ’mca%lfemh?@g@%péaﬁ%gr@té@ crcybdqviee Gn@vmlageeddltlonal
laddp | 0
P8P DA IERE 5k SR RORRRfpYURPHER e shon
lnﬁ(ﬁo"dl msnt the dummy MRAM cel |l 602 can act as a
current sensor

(08H1ce THE RfseRied isut G0 oo Ehtmemies 4 Shhie. 404 yanagnetic
rali‘ddhﬁ} %b&es@@ﬁ@ﬂcﬁ? I\/ﬁ@égM”f\laHEﬁH&hren@fO %lﬁ'}’é!d' éh g% ?‘sgg%tfa% 702, a

an|C|ty of 1llustration, the dunmy
Se’@-“@ﬁ arehitegiueIPpIITisHg dalmngRAM@lls a OBIWhld:h cem, beantilized as current

d d b
scllBIIR] i n alhSbiee od st Bl CoRREnegh gl Tbs, 712
fornmedFivihinl the Tdubstaaté. i V"BleCMMM arcRifaRaRe i 06h4y %ﬂﬂ?ﬁ% 8% MRAM
ckt and can be el ectri cal

10@8&6&@%’&%5 ent M“gj?iltanlab’ﬂé‘sand the bit line. The
[0gk2Ty N%Méaedﬂoyg Ohe MRAM GHI FhY 716 oiBR0&H] SridRNek MrRAM

f uncti on core
cells. Each of the plurality of MRAM cells may comprise a number of components which

are not shown in FIG. 7 for simplicity of illustration. For instance, as described above
with respect to FIG. 1, each MRAM cell may comprise a digit line formed from said first
metal layer; a bit line formed from said second metal layer; and a magnetic tunnel
junction (“MTJ”) core formed between said first metal layer and said second metal layer.

[0063] In this description, the term “particular” is used to distinguish between

components of the dummy MRAM cells and corresponding components of the regular
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el ectromagnetically coupled to said active circuit

conponent 604. This allows the nmagnetic tunnel
wouamtossadicore to sense the circuit current (I egrus2@ed41148

t-hen~generate- or-produce a sensed current (Isense)
MiesMdcals. t Bectc of ¢ud tumuryr BIRAKD edts) 704 @0&R}refl Lnschsi(ESs) may
c&nst m%{&ifi ed diﬁ%{a of  conponents and el enents of i

RIS raY SHUS PYERTHEnE i the e 1290 aet fabaegedi conrguitently with

theMRAMBEIR. Ahadithes tcm?f)oﬁetﬁ?s dfHE Hﬁﬂnﬁ@fl MRANRES: arg ﬁ}ﬁztjshown in

embodi ment, a nunber of " magnetic tun junction
Fi&ur Entsimpligior of ifogration, bewevepl ewbretiulan duamy MRAMDcell may

Ry " ." 1Cs 4, 706, 7 and MRAM —
0 AR P i By {5 g 0 A Sl vt e o
fromt ® geatnddmetal dayekr, BRY iaCariOdarMBiaghifd Hﬁﬁeﬁ%cﬁb@@%ﬂ”) core
| aye é,e. 9., .netal |ayers, dielectric |ayers, and/or
dl%P%F%ﬁﬁ cE s irsh ekl lavenand yaeksecondbumstal lyet. G 7.
61 i i i1t device 700.conprises a s
logﬁﬁst ]r g?; ged%gé gg&?r{ag%g? é|)1§:e?¢§la£r‘1r§ o%mfclggg sre%%gﬁ\? as “smart power

COYIVRANS,) andrrudy cauprises fof klamplele poaRr siadudt édiﬁ%thfXatt 04, an analog
702, at(zs:lensor ar qﬁ:zt ecture conpri sing dungwE/ Mcells
POYGE “RITFEHORRANEE 1dei § Fiedgl logicceampaments B}s oash(afdhg active circuit

Aets 0ih B Fdimed Bt i LG -
Cof:rgfr(r)ponsent P9 Suel SaiE IS siBear8 702 ol o4 BAAEHA] magnetc tannc

jungiion\iIgvPR cetient sensar CBL008myn derformak fan e)tMWlfé,l abgve or over a
' ' 3 n_NRAM cel].  ar 6., [0062

LR o0, AEARENAC g L 400! Q00 oot

Alpdroatbielyt, wacf pdRONbe flabsoticRafie]l Findtida ksl bAkinkiht AbnddRAME) 708

t
cells y.conprise a nunber of conponents which are
CaR g{ﬁ f%fﬂg%n for gxpmple, adjpesnt 3 comsespendips e¢tive ditesitrcamiponent 704, 706,

71bor instance, as described above with respect to FIG
1, each MRAM cell nmay conprise a digit |ine forned
[0965m sk the fekemplaneembodimyer shosvnbint FIIG. e tHeasowRel cfre@Ftomponent

id d tal | X d a.magnetic tunnel
7037 e ROV {ORE01 CORIPONE v IisAb &FEiS SPRPPReS (70 aad MRAM

cirb@ly eSmpetns 7l Fare RG24y ol _b%Ef%(ceﬁlqnt[ e%gqg@radapoﬁ B.fo%ess from front
description, the term"particular™ is used to
eng|ilastersh gBoB @ ob et \eE dhese drapd red tempénentremey imycohRAnd ¢ Hbsned by

adi ng _conmponents of the regul ar MRAM cel | s.
th%%ﬁ%gé%%gﬁﬁln%%cmM cells 708 or current sensors
[0Q66Ps) Imegontrastpsenser drbidtesrii® 709 (PROE May i@slulid 8ndB A More sensors)
S)ﬂ%éMan are fabricated concurrentlﬁy with the MRAM
an{ . 1Y Hlhese fermed bdhe Backfend fabrikatiny pheRAM foerh back end
1 f .e j F! It i | | C| t Of <« 29
2R Aollesk Jiﬂsoen@{ atlo gﬁfel\l/’g?k bndr iy ek, TS s, fortiog aften e it enf] lavers.

SomgyoriaHaifubiese dbaplaend cohponetisginty bé benduefeniy f(frhibﬂlb?/ the back end
ticular bit line forned froma

fab%i'g%ti?tpdpqeﬁtg?aslg.l &r? ésegrg i (fe? Q‘E:Zé(glt 8¢ end backrenddafiiqation prasesses are sub-
it LKA sl RSECAEES, S AR v
Thi tthe enasifashire of dnfggratadt sirauitedsoeee 70T et apbe e okittn A MR AM
fab;iﬁﬁ?c{ntprege\g@ lt’”or purposes of the smart power architecture. In this manner, at least a
portion of the smart power architecture and at least a portion of MRAM architecture can
be concurrently formed by the chosen MRAM fabrication process.

[0067] FIG. 8 is a block circuit diagram which illustrates an implementation of a MTJ
core current sensor 802 for sensing current changes in an associated active circuit (or

“smart power””) component 804.
16



10

15

20

25

30

35

conmponents, and may conprise, for exanple, a power

circuit conponent 704, an anal og power contr ol
woanpeasaat 712, a digital |ogic conponent 706. PEaaiS25/041148

the active circuit conponents can be fornmed within the
[0868)st r dtseshiodd, imBHG.e8cthepadtive cditcalt dPRGIRBEACIIUBREbe electrically
Cq’ﬁup t.i ?n core o curr,en%u;s_ensqr (CS) 708 can be o

B e&ﬁf W ong ol ihe Particylay digl ipgse? ] andopneeaipdig diartipular bit lines

208C UThEctivE Cibilit GRAMRBEM047 %epa?tﬁ&ﬂar%}@ﬁﬁ 208 the Barticular digit
layout area. Alternatively, each parti cular magneti c
IIItQQYIIQefPH}l @redehio whidhrearmigs acgirougmurrsetr($akt) geiS)atcdiB, thaacthe circuit

s o400 anpl adj acent. a correspondi ng active, .
co BRSO 1 BIBAS AR AGERY3 SPDLSSPANLNY 5V i vt
thexetiyd airyuit ebngoneRnt80s e WleckOnfabfztichily tchﬁplle@\/t@ Mthat active cirouit

circuit %grrponent 704, anal og power control conponen
compeneny; fibe Mmagnglis Bnpel fpestiontcoroBireahsbnMA02aksonils to changes in
thE BRRRN r ' Y, dchy the.front. end.

fabri cgﬁegﬁ%lr( ngéﬁﬁcg%,ftp%n er?ggln&%/%“?g? E‘?&ﬁQHBFh% gore 802
vaoies ahe fimcfiownf theritceio opoae (Ickt)iyiefaRd (NG bEBRLdiduit component
80for med by[ht he front end fabricati oneﬂgrocess. [0066] In

dontrEel the BRERstCPRIR] JRASHGR SOTRENIeHh FAOBNR ¢ancienrethe circuit
cuft8: QELIRLE RRESR' S berRBE YRV r ircui

for rrgd g;? tﬁ% back e?]d fgbri caﬁlgég%]e)g?lo%ée(%ogl%$}(gf[r}]%bg(r:(f(mt current

Ikiel | ayers. As described above, "back end" |ayers are
me or_ all of

ers,fo after. /' front, end: |ayers 0
[O(Ig se ﬁ‘gc O%gdﬁaboazv&ﬁﬁ%efﬁpfc%ﬁy%@ ioﬁl?uMﬁn?qrﬁ HopdRAM cell
tyfiyallyheohppeikesernd firatbelebdONyRERCEAS -bel TorhdC 0 CEither N&h upper
front end and back end fabrication processes are

fergomppshe ¥ etynihptichantifrromasgnstic dSBABM fayer €62, enpconyd dlectrode
1 G h] Thus, ..t he factyre of
W Bl ot TRt T iyl 8 ST B P @ tunne
baiviRAlAYernRO6 betwieanthertwo deisorhagnefiu 1 BeEe ST fréd ¥@a St layer 202 and
mPQuer  ar chi t.ect ur e2%4 n this mapner, at |east a portion
0

PpRd i_c DAV 2%t @K mRadeuple 2amagagtic] materials poneh g NiFe.
MephelAivh & Hﬁ@ﬁgjﬁ@c&@ﬁgﬁgggg@m%gﬁaE{agazg%gp{e Rnce of

chosen MRAM fabrication
a mpAepetic Geldc i thediinnpd amagnbiiclayed 2045 theatrieatasion of the magnetization is

J: ti f._a MLJ core_current se r 802 for .
tYﬂé en é’ i%%aérﬁro:rr e r’ﬁeg ¢h 3‘?1%%?0%3113 K 0’3%@8?%11% g f(gc% itRgorientation of the
maghétfAatibn 0 the HARIAMmPHGRE 1dycE 20P %nﬁﬁt)vn&ﬁ‘boﬁrggl%fﬂ 8%@5 (l?gncontrast,

shown in FIG 8, the active circuit conponen
they, agnefizatipr Arjeptation pite thep dopemagentis biyer 262peant ichariger in both

ma! O%Me gﬁlhmcgénof&%gaﬁpg’ﬁ mtd&e[ori?()cti cular bit lines

The acti vé circu conponent "804, the particul ar
[005D} | iAenRQ8 aapld Uehecepahé iiee naignetiiayed 2028and ke bRIBA tagnetic
la c|%§¢ut ghbgg carries a circuit current (Ickt) i
Ygefiet §8° 6§ 1 19eEF iy enErPR of Mmagsptistientol sl freqiryer 202 with
resPEENBLhE fiktiaclayblned | ONvRLLrGUT S
g%goci at e%l Wi t hyt he acti \‘;e ci fscui ?ﬁggnn%gﬂe%{glg%gwefn the free
maghetist keperadiiernd gid pinpediphagdetio ldyen04alebstalscirt el drientation of
magnetization within the free magnetic layer 202 with respect to the pinned magnetic
layer 204. Based on this mutual angle, the MTJ core 802 can operate in at least two
different states. '
[0071] One state, sometimes referred to as a parallel state, takes place when the
magnetizations of the free layer 202 and the pinned layer 204 are oriented in the same

direction and the mutual angle between the free layer 202 and the pinned layer 204 is 0°.
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conmponent. The magnetic tunnel junction core current

sensor 802 responds to changes in the circuit current
wORkodtop334ni particular, the TMR of a magneti c PAMSR006/041148

junction core 802 varies as a function of the circuit
Inctherparalle] bole, YheyENER af ta MTT tchee 802 bxtabied 4 edlhtively low resistance.

co nent 4 As such, . the gnetic tunnel junction
B SRR Paiersiieo OB Sa S ae #nah oRuralieh siieo kes place
whéit Ke) magbtiganek ran & e ISR 263 51?? ?ﬁ(et élhﬁ% %géﬁ 2% are oriented in

response to the circuit current
opRosiEeIdisessipas apd thermupelomgtecbebiv@n the ftehdaydf 202 ané tlnf pimed layer

2050% BSBLER LY L 65 8 odbi ShEE RO

the el land itee aaphdteatieBpnRtjitndd 9N 104 RYSBE 282, IR the anti-parallel
er a | ower

secon | ectrode which can be formed of eit

St?t&tgsiyg% e?ihe M e 802 geribippairelativglyahiglu resistanbar r i er
er t e netic layers. The

[01!) %le _ rra%(gggle{ﬁlgcwﬁggl er f@O%m;rtlde ?{ggn%?engi% g ?ﬁq%gt Ut In the
nofl/g)mml:gexm@e sifoven meRjGie 8 the biliae 206 §am*ie§ U@ﬁerﬁ%’r_oﬂ fight to left (or

.Magnet.i zatign accyrs during processing by conbinin
Vl%eé??%?)nw_ﬁii‘t the; diee lfﬁnﬁ_%qﬁecaﬁ?eés%lﬁf@ét BY OROWeRfnide inese. dhg currents
fldwing Wathih BHeeslt TRINGS hukd/bPHE 'diAPHNe 2P ALk %P%«%(éé%@ icﬁltresponding

the magneti zation is typically constant or
megstigfieldst i on. For instance, in FIG 8, the

jient g | . 1 magnetizatjon.of the pinned . .
[Ogr?dnet Iq“g:lé ﬁ‘gﬁggétlczﬁeidsl %e%fﬁ% % eg’éﬁ}ﬂq % :%déq{tt_ e @@ﬂ line 210 can
alteont chatge thbenuwagnaigle Bétvesn Bid 8B¢ MdeRBtid hybP 903 BE the pinned

magnpeti c | ayer 202 can change in _both magni'tude and
m%ﬁ“%%% iaiy ,O‘Pr/ o,&s Bichnprlange fosither pbthegorrepts Gipejingwithinube bit line
: : the | r. 202 d .t
e SRR T AP ERIRE g sh A arl £ BE TS core s02.
nogndi dbnvgtchemging theaguesl anatd afitheMTheré 86B ali@y of cdes the output

i t t to.t i nned | 204, or. vice- .
T ST Bl Syt b
802Rren tHeecHicNiRted¥B AR dtSut @RI m%gﬁetfz:ergﬁagﬁceo(g‘l\ﬁnlg)eof the MTJ core

In the re g C

orientation of mn;gneti;atlon W netl
80Lay dhe xugenglie Hunned jeedtionocarb 803 cave themefgree be Qiskdyterconvert the

I R
maghetieresistaned (TMR).r €bgveredly, b9 radnifring iR J)@cbutsfﬁke(if the MTJ core

20 egwﬁlace when the magnetizations of the free |ayer
CHIRYORHE GYISAERAY alye pe poniteied. ori ented in the sane

0(Hgg ect t b en the fre er .

O 4h © oy st 12 MY Mmook MRS W, e Rl P ¥SHe s02 35

depanders, upohehd MRraft rturendihiowgr the 302l ixPOiddorathe digit line 210 as
By contrast, another state,

| at i | [ .
welGis3he Wl BiieBR iR Sare Mo R ke Semdon ik it line

210! TESIWARE: bRSPGBRITE @)L 805 1R thh B dfnfe%é LAYE {h%%git line 210
and th%@ﬁlnned | ayer 204 are oriented 1 n opposite

caribe eentiodled dunig thefaivation mocse By mudifiinightae Hisedick Bywfeen the
M"l;z]ogor9§92 taﬂc? R0 ﬁge &@é/ §hd/or the digit line 210, the sensitivity of the current

sensor may be adjusted to fit design needs.

[0075] In addition, an additional thick magnetic shielding layer or layers 820 can be
provided over the cladding 218. The thick magnetic shielding layer is placed above the
MT]J current sensor to protect the MTJ current sensor from external noise so that the MTJ

current sensor only senses the particular currents which are associated with the circuit or
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204 is 180. This occurs, for exanple, when the
magneti zation of the free layer 202 is to the left and
woOheo7vaspaet i zati on of the pinned |ayer 204 to POE/US2006/041148
right. In the anti-parallel state, the TMR of the MIJ
d6AEEtBR2 s, bThe aédiﬁ@hﬁtthl\élé'lﬁ%éﬁbﬂ@ sﬁi_@ﬁl’ir%zﬁg&e&d 8 Brotect the
Both the bit line 206 and the digit |ine 210 may .
cErEmd sianak ter be sensed dranh exieorl invisei sagsesixbynekiershoomrcesn  This can
' [ 2 carries current fromright to
MF&?FE%%?EQ§§§%%%%§§7nﬁﬁ%]e the digit line 210 carries
[00T6) entAd wilDhowe ddsciibe] @ath&espEbietoCBIGEM-$1 ah@WhiftOreference to

'tgi the bit Iine 206 and/or the digit Iine 210
Fﬁ&ﬁu é"’nléﬁn gpsnteedbe MEHeE; syenatmeen 202 281306, current sensor

UGy ARG BT b Bl o e 0,
20fuofitie MAYIcerehatrmme sertshie202, @94a0M e For exayse, ARbREGuch as the

he pi. magnetj ¢ | 204. As h, h '
eSO NE SRshBon Y ai Rispker it clerEodst oog 20 ofghe MTI
cBdh@ént sBRoFDE, DOk 108 cAdBe Whtidd A MERAD I NI RIGEED-11.

angl e of the J core 802. As noted above, changing

[00AE nutblel Sashgve eaplodpd phanIviewr 080D elattrates 262, 2tvhnf@dT] core
T { J 02. Stat . .
i Qb incloncisBolint e BBl T invenep g ot oot

o031 ¢l eldeoddsoisesduatd. uallegrddbe 200} RO4 drél AGWN NRYBELE aterally
resistance (TMR) of e core 802. The mmgnetic

t he MIJ , :
displacrdy 1y fiffé1 Poie Bk dhabzelatiye shapecansy size anajs be mere easily seen.
r t [ y, bt Hhj 2 .
HEQEYE! kD6 BBk ShF1 QLSS ehlE oL 2 2678y b ne
ahowg e othern, dsit 3¢, @tecrodTRR) abBereletodt 202.bElavnnd¢soz02Ah 204-1 are
t he output TMR of the MI] core 802, flyctuations_jn
SO B e PR RGeS e TF B 0 4P T DR i Yoz =
Yihe=magnet f6r Edbalcfoensr é@%ﬁo@%hfsh@ tﬁ\éTr]aﬁFé%&ﬁa Wr-thHa® has been
dependent upon the current running through the bit

usefl fp too®Wafd/the mosepat,divt that pencti@senialve Electigdash®?2-2, 204-2 are

i . MIJ core 802. the bit |i 206
PIHTEE ST e A R S
AbMid, dds ds 86@naatd nidnelybiot bt iiNestfie astdiaiouk hosdib® hapes of the

line 210 can be controlled during the fabrication
elggtrodes and 19 torpeiehpusiy o fdimifiBg.ance bet ween the M

[ng%]e 804 NG shb&s P%a%/l Jg%&%é’@ 6t Bt Res QBS, %49615 a h/fe’lrjeaccording to

, the sensitiv the current sensor na
embljdimems of dhé iitventien grhene eitber $r0BAh] eléatrode202,0204 Aave various
additional thick magnetic shiel.ding.layer or | ayers
I B PPS PBE o b & RIS AP rig B85 OF PRIA ¢ legirodes 202,
201838 eddtghi @hd g gtdd Qhithi ErPARGES RBAN AL MEd: then Y, in 310-
current sensor to protect the MIJ cufrent Sensor from

2,esitther paboth sif steciodesn202, 20¢ anar glovgatedmiths¥rrsol aml yith triangular

nges. .t cul CHMLr ent i are associ at.
erfE R o 18 Ahor Yl PLBC R MA 0l SRR i ¥ ane
withiredndedignes. | Wirhicddotodgs dre\edced e @BOvVPHRIARr thBrm MTJ core
current signal to b e sensed from external noise

CUELSHE 8SBY 28%t M 2005 thpirc boggerThimengigns may make various angles with

respect to each other, as is illustrated schematically in FIG. 11. It is useful under certain
circumstances to use electrode shapes that are significantly asymmetric since the plan
view asymmetry in thin electrodes affects the ease or difficulty with which the electron
spin axes may be rotated. For example, while it is known in the art to pin the electron

spin axes in the first electrode by heat treatment in the presence of a magnetic field,
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allow for nore precise neasurenments. [0076] As w ||

now b e described with respect to FIGS. 9-11 and with
woeb@rsssae to FIG 1, when inplenenting the MPCTMISE006/041148

current sensor 202, 204, 206, current sensor stability

adRerR@pfodth ad nhakery @dctiyie ¥R ERY a®ymMdhitl 8. 1d¥ and narrow
eorrem?lrjy of el ectrodes 202, 204 og ? gﬁMTJ corg Jh%

ch}F“F S, SEN6 dris digny, diffgplt tp gistateribe clertipmbRin ayes daty Gom the long
rentati
SRS A PRRAC B BB SR LA i oo

axasmuayrite wethsor 202, 204, 206 can be varied a; )

' d J i FI GS. 0077] FI G shows
(T3 d8 Sy Pesibrarso of HieaMTILApES bt spose OZVERH, 206 can
alS®be fisrtel Sbrovel 9 opalkzing Oty \Aﬁgﬁg N iat %9 kUt JSQh@protxhnélty of the

enbodi nent of the’i nventl on east one O
cletteasies @885204% of greaMELT @re@nmuaanmzzozzam az@s sithvwesmst to the

e 5o oo Bt ln® Bn 65 g on Spie ety oL BT core curren
selri@wemc 20006 REB espkadottRe E@tdht Mhds (PHE sGidEd, %H coverage of the
nsor 202, 204, 206, they lie one above the other,

el?ﬁlé%dei; of the|MdY rceffecwnt sEIE208) 304,120 evitloresp @t ée theouiersnt lines
toz&?se&sedZ%%egC@ Wlﬂ% bei ng substantially square,

hat avi ng I'mensi ons Y2Q2-1 - X202-1 =
[0980K- 1 FiGXEDéhdwstian eizov Erti0esfake olfectexdes aoa,t 202ref 4 MITY according

b e A BE thfroliohaeiect e %%S%ﬁﬁ? Stk 807 i as various

ardfBr 4rr e%tsa{vﬁh Gl %E& & e éﬁ!h&hel@én% £ c%r% %geeb %ﬂustratlon

rectangular with X202- 2 an
firsy glieptroden? -4 és shﬂvembed smg]reecbcyltmmmts eéeqtﬂolda,smthtvammsosfegmented

h h [l d t_to
se\é&{edx %fééétr?&\%/ ?Oglr S a?,%%gojl [ctg@glgg Ela d1 e@ergqhagﬁgen& Byt thls is not
intenévd OBOlimiting aﬁﬁltdl&ﬁ@)ﬂe 2024 &Q%eclfonﬂ)og@@]oiaééﬁé’[rafy &gm'éﬁ’ts each

enbodi nents of the invention where either or
ungleg ing gaiaglo one obgsgondhelectinges dok4exe nﬁl()é14y4 Second electrode 204-

o, PSP B g GEA o T i) % e o

d1eienslgmtoécﬁrw eﬂébtﬂhdﬁ@ﬁ)QMOnSéﬁoﬁd@mw‘modaIﬂ)h% YiLatigited REM its long
ei ther or both of electrodes 202, 204
dlﬁ‘FBSl%lP m@g{a@eﬁlw prrallel: (o apispasiellel) ¢ Vithnifie | lope edimensigm gof first

elé@o@é QO§44 eSécJBﬁfl e?é"ctr@@é 504)51 3 s%eﬁ%q%ﬂlggg'lo%éin%gon at angle
ongated wt with roun

(Bé) @l‘ég segtiad el&ﬁtemlﬂ %Oﬂe@%m eriaijed withHes lohfdiménsidnoat anélBZ) with

ST G F300 AL bbb by o it

rehaeé‘l aﬁglﬂtﬁraneﬁﬁttlbﬁs ik} U8 hise@tBEhE FhENBY s6@hl ¥ecRodds 302, 204.
i s useful under certain circunstances to use

[Ogmct r 5ié Shispedowrkart dioeving gmdthedanf fa}ma@ymm MT core current
seﬁ# glgcdsrﬁﬁtﬁ 2(1) glg g)\ééngﬁﬂalgﬁwglfx rifl VQ\}t tsEep\?]ﬁ.%% o5 %uﬁ?g %tF J92 is provided

wlslph hasamﬁsfemmcuhecon@bﬁélﬁd or Bevic&xBup1766, T, ls€cH 4s, isfart power or
P in the art to dnthe el ectron

analog integrated circuits, embedded therein. At step 1206, a digit line (DL) 210 with

magnetic cladding 214 is then disposed using known semiconductor processing

techniques. This can happen, for example, by using physical vapor deposition and

electroplating to deposit, for example, copper materials. At step 1208, a conductive MTJ

electrode layer 201 or bottom MTJ electrode 201 can then disposed using known

semiconductor processing techniques. The bottom MTJ electrode 201 may comprise, for
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spin axes in the first electrode by heat treatnent in
the presence of a magnetic field, another approach is
woaooTakss4 he el ectrode shape highly asynmetri cPCEUS2006/041148
l ong and narrow in plan view, since it is very
Gy t
1n?tﬁ1flcfer i ntneaﬁlr ec‘?gt%é] ?2*@2{1}?#}&%%&}%28 nﬁg{érllﬁ)g??ﬁ@fe@ﬁréz feiBved using
kﬂd@meseﬁﬁcorﬂuttbeprcaexsar@tentﬁnqudspleamng rai coge M s;mctur@x@spnsmg a

frﬁ%}’%&ﬂésg g}np 0079%@3@3 glzatll peéég Lfg%rg%:rekglfzbé%el\/ﬁ J current
seﬁwr%]@@ﬁ atdTPRURA. J&Yng%ﬂriv@ht?dlﬁgh%{;fﬁ@ﬁy &émnfgaag apk @fﬁap 1214, the

such as the proximty of the el ectrodes 20
top HdTMEkctode 1scdnsp®nd @W@O@m@mﬂuo@@@rwwmg depbaigues. At
curr

sigh 41 B PN A1ERne P i B ek e o MR clggpoge: At sep

128! eBdndeEiveObit2@e (BOF 20806 thed Riigposqieatin Ckrioh\&l semiconductor
current lines to be sensed, and coverage o

prep@emg dedwiqyps phtk mFRncts cladding larers 98 We%ﬁuelém or both. At

G002 U PE3POTLPULIR. S4F il il © fechEOSRy Bponc
ondegive B0Yvhoke tihreeneheslkstotlesen2éR, 204 of a MIJ
t o enbodi nent s, of i on where, a

accordin t nyen
OPEECT SRR 1688 OBp S pralacsmbsgEme i heSh yiEprs the foregoing

déf]ga‘dl (?é'scr?ﬂtfo%n ﬁeéﬁ%ﬁfdsbé’\’aﬁﬂ}e&%@%t d Past BBMOEMNSS variations exist. It
ectrode. For convenience of illustration first

sheukc tisode 2fgedated thatothe exampleiendlodinaentarnembadiments described

hc%lﬁlzei}catgfer %)jt%htendeég%) 1?_15'{{ (%fie? %‘%ﬁ? naé)pflfe%é]? §C S d %gﬁfattlog %? Yhe invention
;/ wdyl Ratlfer MRk forepsing aetatled B chiptiont wngprawde e}h@e tskﬂlddé in the art
4°can be conposed of separate ;xgnents

WUh aPNYANiRRt s0adiman T sRpleprnire b dewTibed P@é@%l%howribodlmems
|
T

of dlethbrgs kxmhgutdiep‘ajm&g drono thefscost ofeheniventiten 202t frthSe therappended
el ectrode 204-4-2 is ented wwth its | ong di nension
clagpssand b leepleayiyialantsd er(:gf anti-parallel) with the
| ong di nension of first electrode 202-4. Second
el ectrode 204-4-3 is oriented with its |ong di nension
at angle (Bl) and second el ectrode 204-4-4 is oriented
with its long dinmension at angle (B2) with respect to
the long dinmension of first electrode 202-4. Thus, a
wi de variety of different relative angul ar
orientations nmay be used for the first and second
el ectrodes 202, 204. [0081] FIG 12 is a flowhart
showi ng a nethod of fabricating an MIJ core current
sensor according to an exenplary enbodi nent. At step
1202, a substrate 702 is provided which has active
circuit conponents or devices 704, 706, 712, such as,
smart power or analog integrated circuits, enbedded
therein. At step 1206, a digit line (DL) 210 with
magneti c cladding 214 is then di sposed usi ng known
sem conduct or processing techni ques. This can happen,
for exanple, by using physical vapor deposition and
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el ectroplating to deposit, for exanple, copper

materials. At step 1208, a conductive MIJ el ectrode
woayeros2ai or bottom MIJ el ectrode 201 can t heRCT/US2006/041148

di sposed usi ng known seni conductor processing

techni ques. The bottom Mid; ghggt rode 201 may conpri se,

forinstance, Ta netal. At step 1210, nmultiple layers

of the MIJ device are renoved using known

S&JH . processing techniques, leaving a core

Nﬁghéﬁgggﬁﬁgéstonprising a free layer 202, a tunne

barrier 206 and a pinned | ayer 204. At step 1212, the

MIJ current sensors 802 are patterned using )

cdnventh dpgthod jafhprgdusing anesestaigdscircait frepensingda fire current
BN SEFEYE MG DoftoR BRI B3 SRR, e mtpad cqppprising

i previdiegelcoddweltiee tiigitdideayer i s di sposed over the top

MIJ electrode. At step 1218, a conductive bit line = =
( BEYVI288 2P S aameC PR wRrtiga ( %T&aﬁme%m%ﬁa%@s pctive circuit
cAMERASATI0h RERMIENE i fifle, TRADIEH the M'ﬁldéﬂrf%te E%x\égfz ?(gﬁf)rises an

nmagneti c shielding or both. At step 1220, t
Mdd@pes: the BL 208 can be connected to an active

ci it cOo nent . or. devic whose current .need

oo Qb §RERAREDS olinf BV Ge S0kt ARAT oA NE T BMIT curent
seapdrdsldispoded basvdeg et dohas@ive@ikit ind 41 thOEQEIALAE bit line; and

detai | ed description, it should be appreciated that a

v &S¥PImgnibe reopuchiye digit ding aadi the copduciive (ilgling o theeactive circuit
Bt Sk i O |

O M) o R R R 0 R e 08 3B boduce o
seappl ¢urent basey pn dre fondurgut.at i on of the invention in

any way. Rather, the foregoing detail ed description

Wi Il provide those skilled in the art with a

convenise fetHoaastchRIhd & clafiR! 1€ WRIM4iAInd REerHEsE ik Refs

embodi nent or enbodﬁ%pnfs. I't shoul d %e unders]'tooglgm‘e'dmbe
cledizpmagaetically corrledytossaigbactive cirauecdnmpaniest. f uncti on and

arrangenent of elenents w thout departing fromthe

scope of the invention as set forth in the appended

cBai ms Aamgbthidde ab@dihg agudlxial @ntwehekdif RO facl-ANclBuiBnponent is
is.claiped is: 1. A nethod of producing an |ntegrate

dispoged,ip gispbstige andris formed from Sentendrlayars py adivatendsipbrgation process,
ve ai . t o di ina su
o G Gi8, VBHS Lo RN L 008 SRR BLERLR, b cn
layersphyoa/batk regd &brivagereproces3 ufiercthe fronténdofabiicalibd procesy. r ent
sensor over the active circuit conponent and the
conductive digit line, wherein the MIJ current sensor

canpri aemeddMbdoH ELio BLAY i1divitRrdn g)?&?ﬁiﬁéitﬁg NetF chir@f sensor

over the MIJ current” sensor such th e MIJ current
ovseHw@etivecitiviposwanérs: fwether conerisenduct i ve digit |ine

o e G PR Rl ve bi ¢ 1 ine to0

t Bepoaftinig\efi€d 1aged] 4 tunnel barrier layer and a pinned layer on the first conductive
MTJ electrode layer; and

patterning the free layer, the tunnel barrier layer and the pinned layer, wherein the

patterned free layer, the patterned tunnel barrier layer and the patterned pinned layer

comprise a MTJ core.
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conmponent such that the MIJ core is configured to

sense the first current and produce a second current
woaswdssaait he first current. 2. A nethod accor BCHE@Sk@6/041148

claim1, wherein the MIJ core is configured to be

el£ct r ORERRIII Ac8drlitheq YRIRY, iR Rahsh RthbY Sty T

conponent. 3. A nethod according to claiml1,” wherein

t Hepasitingesasprd gonduchrpiid wtectredeliagprometic MilJacore; and

ARG et Rl LOBRE N Ineitepal KSRl gy elestrode

lager.e is formed above said active circuit conponent
from back end | ayers by a back end fabrication process
after the front end fabrication process. 4. A nethod
aggcord 'A‘Hle{%d%lc@drﬁ}n%’t% VRELS! fe %&H&djﬁ?tgelt &%OME? :
current sensor over “the active Cifcult conp nent:
f Wepdeiting-thapondetve bie fins btérniye mtdrieveltdicosttdotdyere MIJ
el ectrode | ayer; depositing a free layer, a tunne
barrier |layer and a pinned |layer on the first

conducty VRethMd) ol RALAS IR ilnﬁ%éﬁ{téc} ReliP %B%%?Eih@ % etic Tunnel

free | ayer, the tunnel barricer layer an e pl nne
Jungiien (“MERRY) eimrent kenspa themathdd comerisiagier, t he patterned

tu L. barrier .l er and fhe .patterned pi nned .l er . )

¢ SRBBhind Y Sobfibate BYhe AR R B ot R e SR ein, wherein
thehetivedifatt chipbheit pecped SfiRgeuri@posi ting a second

conductive MIJ el ectrode | ayer on the MIJ core; and

ddpRafing ag Mk qusteat seaven over Biedstive eirquiticompovent; ande
SRR S A8 VA L SF O oo™ 1o

acc alm e ne conpri si ng:
deytesdin ihegMiTh eurentdendor vedibpdsed beteveon dte difie line ted the\béd line and

.dielectric |layer. .7.. A nethod of making an integrated

iSROPEERE 45 SEFPIP TS gt PEPQRffeR STMEL SUBHTIY B op the first

okt ShkeFBNEOMTS BErdRtdRE:. conpri sing: providing a
substrate ‘having an active circuit conponent enbedded
therein, wherein the active circuit conponent produces

aJfirst, current .oVvi di J .current sen over

T ot PETA s R 1 SRERCT el i Fiting"BS MGy Biffent sensor
over e Afide airdvif conipd@ehtOcdhigriagt i ve circuit conponent,

wherein the MIJ current sensor is disposed between the

didgpesitingrstinghepndyelivs M1V ielestradriayer; confi gured to sense

P, EULETctnd 08845y, RSP LRI T e o
cahdudtiveddd b dleetcaterldyary to clai m 7, wherein providing

t rf)eeitté\ﬂnri]ngctﬂer: rf'1reere]:tla3§eer,n t %rtunnel barrier layer and the pinned layer, wherein the
patterned free layer, the patterned tunnel barrier layer and the patterned pinned layer
comprise a MTJ core; and

depositing a second conductive MTJ electrode layer on the MTJ core.

0. A method according to claim 8, the method further comprising:

depositing the digit line;

depositing an interlevel dielectric layer over the second conductive MTJ electrode
layer; and

depositing the bit line over the interlevel dielectric layer.
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over the active circuit conponent, conprises:
depositing a first conductive MIJ el ectrode | ayer;
wdeprgistisng a free layer, a tunnel barrier | ayeCcTansenos 041148

pi nned | ayer on the first conductive MIJ el ectrode
| ayer; patterning the free layer, the tunnel barrier
| ayer and the pinned | ayer, wherein the patterned free
| dVer , A methedreeardiag to aiaimel7, Whenelnghe Mildequrrenitisensre comprises:
pat ne Qnprise a MIJ core; and
dgp%ugll{ﬂqf%ﬂg segb£%}{§r§sn(c{ﬁjctlve MIJ el ectrode |ayer on
t he fMEdigiolie, 9. A nethod according to claim8, the
met hod.fyrther, conprising: depositing the digit |ine;
depo@’ﬁbF ﬁ’d’ea?ﬁl dinterlevel dielectric Iayer over the
secof R b N &icMindn '
t he b?af1 line oggrlct heefq ter Oﬂgejlvﬂrfg %?\??% ﬁ%}%@ 1521{8811& MTJ
Acarstthgngdndg ohdigry it thedlirati awrrégnt. wher e| n the MIJ current
sensor conprises: a dumry MRAM cell, conprising: the
digit line, the bit Iine, and a particular magnetic
tunnel A weiodoftcdrdblio) cl&id! €0, WHGERI }?kﬁﬁh‘% RRNITS %ﬁént sensor
MIJ core responds to changes inthe first current.

over the ﬁ@t"ﬁ’d‘éfc'a]éé@mﬁ@fwgt comprisgesm 10, wherein provi di ng the

r o) r active ci co .
corrpr |% 2?%?%1%% {anggrﬁaaécg i Cm?rgﬂrgoi]l\gi(@\és) ﬁﬁ%?%ure on said
substrtelVRAMMR AN inchiesture eomprisiag dn SMRAM adlBarradnd thMihmy MRAM
cell. architecture conprising an MRAM cell array and the
dunmy MRAM celI. 12. A nethod according to claim 11,
wherein coupling a digit line and a bit line to the
active circuit conmponent, conprises: electrically
cadpl i n‘bgmstinbdl acmordivg ta claowil 1, wherpiarvenplinyes digiink had a bit line to
theacﬁ/ff%mc t|ne and the bit |ine such that the particul ar
P OB YRR Ret i cal |y coupl ed to said active

CeletrichllE OOMAAL Rhidt i€ F6uit BSnpddent bEWES 'EHe (ﬁﬂﬁ llne and the bit
produce the second current responsive to the frrs

line SE@( thehthe pagticylariTH rgreaisceleetiangpgnetiedllyi cmumedvt/h e:mgﬁ active circuit
comp&{eﬂy 'tod %eﬂlge ttlneeﬁM ‘gul%ﬁt ra%ﬁtprg uceotfle (s)é/c%gld tcrdrerer?t responswe to the first

current

13. A method according to claim 7, wherein providing the MTJ current sensor
over the active circuit component, comprises:

providing a dummy MRAM cell comprising the digit line, the bit line, and a magnetic
tunnel junction (“MTJ”) core, wherein said active circuit component is electrically coupled

between the digit line and the bit line.

14. A method according to claim 13, wherein coupling the digit line and the bit
line to the active circuit component, comprises:

electromagnetically coupling the MTJ core to said active circuit component such that
the MTJ core is configured to sense the first current and produce the second current based on

the first current.
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providing a dunmy MRAM cell conprising the digit |ine,

the bit line, and a nmagnetic tunnel junction ("MIJ")
woao@/ossdaer ein said active circuit conponent i BCT/US2006/041148

electrically coupled between the digit line and the

bit line, 14 met.hod ordin aj.. ﬁggﬁ ' -
cL%JpI [ ﬁgmf)‘%lgd Ocﬁ'g?epmp ncél%;éﬁtdmt ﬁ%qgﬁtegr a%dn!élp%%tg%% aclt?% \g/ré active
circuitCédngpbnentCOMREd ¥ithin & GUPstiats aind &) @eiuhgMBAMM icek|doynprising a first
coupling the MIJ core to _said active circuit conEPngpt .
condustifveh layRit 2 tsprongTondyeiéve fvehnidy arRattiewars giageeticn el junction
“MTI oS, & i i hasgtiuehive layer,
v 55l YA Bt DU SR OREAP R g e
the meéthod eunggrisiiged circuit conprising an active circuit
conponent. formed within a substrate, .and a dummy NMRAM
CBIoEigghs Ssh GU i EGHAGETPUNTE ffufctis WS sepmponent, the
second EAHEL T/ By the BRE cBnRRfild RybAWhBRENSA Gctivertielit component
junction ("MrJ") core di sposed between said first

is eleativadiycoimled betygen thedirstroddwative hayet andithe spepad caydictive yer;

met hod .coppri sing: . produci n [ I '

crostene B P e PG M e i b s R pet g s core
respoiRiRG6 GEhngedmuEE fike chiastet rafided bietheiacive citunitwotipogent; and

| ayer, wherein said active circuit conponent is

ebedbping 4Ispspnd sUPFRIGesonsiEe kp hpdirsticpgente onduct i ve

| ayer and the second conductive |layer; sensing the

first current via the particular MIJ core, wherein

sabd par methodaccdMihgctor dained powtsretroreststange of issidtiaagticular MTJ

fi.rst current oduced by t actiye clrcuit.
core g FpsRMRe o Y BGCrAET BBeBhty HEAPhR ikt smeput
to the first current. 16. A nethod according to claim
15, wherein resistance of said particular MIJ core
vafi es Aamethoduarseidng tsf claire 15, wdherain spidnparpederuddd goye further
t he. active circuit conponent. 17. A method according
CPPTEFPHI m 15, wherein said particular MJ core further
C QIFREt BB&uctide MTBdlciad iplet;ve MIJ el ectrode |ayer; a
second conductive MIJ el ectrode | ayer; and a free
| aypesondgondpstiae Mokl sle@rode daper; 88Ad a pi nned | ayer
di_s S] - fi ' : t
| 3y B05 SfioP ¥ MRE bAtTiet LS SPRUCHERSY IpdT i GEs] hodRen the firs
cobQucterMThodctamizdnyirngd the set@idwohdyctivedVi €l elestaddg layer.
integrated circuit further conprises an MRAM cel |
array conprising a plurality of MRAM cells forned on

the substyahsd a\ﬁ@ﬁ‘fﬂi%ﬁntot bR UMY wireM 68l | inteBradte cRtuit further
the cells of the MRAMcell arra

comprises an MRAM cell array comprising a pﬁ/J'rality of MRAM cells formed on the
substrate, wherein the dummy MRAM cell is one of the cells of the MRAM cell array.
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