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WD 2007/ 053341 PCT/ US2006/ 041148 5 METHODS OF
| MPLEMENTI NG MAGNETI C TUNNEL JUNCTI ON CURRENT SENSORS
FI ELD 10 [0001] The present inventian
WLE%%E% eneral | y to el ectronic devices. Mre PCT/US2006/041148

particularly, the present invention relates to an
i nt egrated cir cuUMETIRODEOF RAPLEMENTBNG sensi ng

i emertii) SRHGEURRT Fb b eu R SRy SR

BACKGROUND [0002] MRAMis a nonvol atile rrermry

technol ogy that uses magnetic polarization to store

data, in contrast to other RAM technol ogi es that use

el ectroni ¢ charges telE ﬁfﬁ? pone primary benefit

of MRAMis that it al ns esored data in the
[@btENncellef pagspiti enivenﬂyﬁ.t m“htB@V\@’nzraﬂ]Jyuso electtani@ devices.  More
ngnvol ati |l e menp MRAM i ncl udes, a | ar )
PafcHaRethe giresay ibiention é@lﬁ@s 113 e thicgiatsd SURVIE GuiGe Bt includes
RS chA Rty VR Ror® FaRictfiry to hignetic tunnel
sensing n%%i ity il flor ?)tﬁgl Sy to cﬁﬂ’%ﬁﬁs%%o?s ngtﬁerﬁ@ﬁtﬁlg}hﬁgne ic funne

| nf Or nto"a cell by ch I ng t

: Jm@n@t(l\&'ﬂt)-i on direction of the magnetic free |ayer

within the cell, and a bit is read by nmeasuring the
resi stance of the cell (low resistance typically

represents a "0" bit aBddHGROAEDStance typically
resents a "1" bit). 25 [0003] An MRAM devi ce

[098Rkr alYRAM & %WOEHIWP@?%EG logy thpfasegmagnetic polarization to
SELE R BEEASo S ROGPIHE A Bl SRR e s

ORe pn'm'acjabeﬂvBAM NRANes thatdt febding thatsededidatadgn kiroabisence of applied

em conduc [ oce hnoI o e Fo
SSRfEER G Gk 1 158 Goav ey GO orpiaeratar BAKANG udues a large

A&’ 8f mé(lj@ ed) &[1@ ﬁﬁﬁé‘d 36r?d1 QMm%ﬁd&!toﬂ@ﬁl?stﬂafés Wy Bdrk Nehch cell
and/ or tional netal |ayers. Convent i onaf

repegsents sng dﬂtarhlb c bfemeatinn igvwriitert tonc'c pelk/mwhdr@nz & megnetization

di ct18f1‘sdlgltﬂe %ﬁ?tgca %d gaé%{r:] I‘Fi‘t@ﬂ}eﬁgt cge:iile ﬁ? Sﬁ;‘tﬁ é%y mLasunng the

-resienans@ of elapedil ﬁoﬁf re§istafEA typiehl Ly e PreBen@y b dion gmomi aighN@sistance
in acontrolled and intelligent manner. Smart

tYB’GﬁBYrer‘??F@QIaaﬂeéﬂh rcui ts typically include a power
t t
D e

using caridustivealyit Hhesp conductivel dlgnwmes; amidordoea isercenmuits imd the like.

PGERPS MREY  BeTBASUS Wil ST DY S oRl PRLATELELE, process

tebIRTBDETi &Y, W&,ex%ﬁﬁzsﬂfe%llaﬂﬁ (ﬁ@ltﬁi%%& fre £S5 ﬁ&ﬁ&ﬁﬂ&%ﬂ%@tal layers,
be used, for exanple, to control the output (ﬁower in

whighp gws@epa@atgcha cnga ot mr@omwla@g;&md/or additional metal layers.

R R A T S .

orefgenin&l edstraer equl ate povver consunption, anplify

audi o signals, and suep power to
[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 éutput ‘power in response to changing
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color screens. In inkjet printers, smart power
products can help drive the notors and fire the
0 or ink delivery. In autonobiles, snmart
“B%é@h@%?z%an hel p control engine and braking ¥ tg@p@ﬁ@ﬁmunm
ai rbag depl oynents, and seat positioning. 10 [0005]
opsratingt cosdificns ¢ Fer wxemple) @nsqelmmmes; plagnpewyers peaducts can be

e L Mp——

Cphmescrebﬁ dadhkjot printas odneat ptb\h& Mrbdgotd Ean 1Y H6€e e motors and fire

t% gzg] %Oolgg FXI sting sensors for neasuri ng

% PFRlese T 188 delideryt s autemiobilewn siaghpRmer RefRw? cap diwlp control
e}igihle‘aﬂé b%dk!ﬂgts%tbﬂlgsalﬂﬁgldeﬁlggﬂ@nfs “arfd@%a@b’o%moﬁfﬁ%npl es of

such Iimtations excessive 'si ze a

(004 ht , Fomindegmated eirseits (1Gs) wyuchndﬂpiemeh)tnanarc poargend magnetic

eliability er factor Thus, there
G0b afSst Bmar) (VAENS dblent, Sl serbifiboiscin Hhportant clement of
pesBEICT absigh 9PGIBELINE bigdui€ BviBEoRASIhy 1 ntegrated with
sem conduct or devi ces and i nt egrated circuits and

ORO0df ackxisting seRsersofds mershEng peraneda® APciTlae those mentioned above
e%ljl i?g ”/Zr?og.l's gﬁ“ﬂﬁ?@%dm&%?g%g%t : % ~'iaes of such limitations

irgthatet exoessived sive and, w¢1g]txt$ dntlequdte Isbhsiti ¥ityC SPON 8Alni@ range, cost,
and/ or inprove circuit

q es | ntﬂ?ﬁr sin P,
& ’%}8&&' 3ﬁ€§9fs | Byﬁre SOt # BF ¢ 1ged foy imaroved sensors,
e%ﬁﬁl?%ﬂ‘sﬁ%&ha’&aﬁ ve %§§1l§ei‘}1fe%‘f§téd’ &tﬁ%&ﬁ&bﬂ@t&*ﬁ&ﬁ@y GiPintegrated

the additional |ayout area~or space the senso
cigitsud snanpfaciusimgdndgshodseberefibt.e to have a

based d whi,ch | ud
) o B RSP i HOUED amp Sl e if Gt to shrink
ﬂmrmtysioemm of elGirbiiit [MGvidas, S8RERI: ARITNE @&hé ottsPor devices into a
Si gI e substrate, parti cul'ar| y where t
sigglcpihicandfer igpaove ﬁlém&hh'ﬁypubgfﬂ@renmfcﬂdc%bm @u@l aqmgors should be

nfaglﬁ’fabﬁ?édqﬁ a%btn&’fetcﬁse &??e%iu&ees‘ig cjé aéﬁ% or space

the sensor is conpat I sem con
thersbmg)mdmﬂumes cliti toukt bmdésmabl& ta have 4 wmm‘aﬁlub@:ﬂbased device which

thods cordi.n .Js desirable taq
%ﬁ%&é ﬁ%‘g@% tth&art peoves degtiigpiuee including
sefn@(ﬁr é&ﬁ%ﬁéﬁt@ @n\eAdih H%u@ﬁﬂé?é %ﬁﬁ&%@%&é the architcture and

further desirable That the "I nprovéd sensor an
the SHagr pPoWercrghiipsiueaprefabricatedovsing thegsanearucess tenqhnologm such that

8 Bl i Com RS ek b B0 SRS e tlod of¥uif Sructures and
fabﬂcétmnrmeth@dﬁnd whi ch can be integrated in a

Oﬁ) ee-di msn i onal architecture. G her desirable
[0DQ3L |, A ccon arlhds desisable do grovide mlnu@momh sgmdor and method,

adag&gmefo%%%ﬂ 8V aribli® ghﬁg&é @ﬁﬁ&gﬁm I ﬁﬁrtlrt}grd desirable that the

scription an the a
Hrqmnyﬁﬂhsﬁmsmnamﬁ tiethdie caﬁ»@cﬂm@nyhy%g:aﬂ pm\mmm mcg tftAsured into an

ng.tegchnic field and background. 2 VO
cl6xgtien OBy BoTPUapb e qéo IEOBFEF Eacnm@rkn@ne@mb@lmpmved
mAdardaRAYV PR RRA09] afd TP elgfé%ﬂi‘?é ngi @l%egfdunensmnal
t he present invention nmay erlve re erring
arghitectiee.aiQther d@sabheuieammsamd a:liaaacmnsmhenf &mrmnvd&roexdwulh become
%%%y ct | Lion wi.th t ?
ap e subsequen detailed description and the appended claims, taken in

conjunction with the accompanying drawmgs and the foregomg technical field and .

background
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followi ng figures, wherein |like reference nunbers

refer to simlar elenments throughout the figures. 10

W‘ﬂﬂq@éﬁﬁ 1 is a schematic perspective view O(L,Tl%rs]2006/04114s

onfigured according to an exenplar§

enmbodi nent ; G 2 is a schenatic sectional
E@?ﬁé BQSQWTI%Q&THEWMH@;S circuit

view of a si
he

[6009]i t eat thoRS . J S tic .. .
(Eff;ogr1 esent at on 0 é%]nl_ﬂlahlt@teaélrﬁa o WP BRGFR thontian may be derived by
TeiSHn gy ter te detailed dessrigiog and clatinewhep bédsdepsiPRA I RMction with the

0O+ I.s.a;schematic cross sectional
repr egef%ua%sf évr%l eg 11111%8 TEINTOGT arebersi ekuite sinba demsiite whroughout
thenfigglr&. 3; [0014] FIG 5 is a schematic cross

[@é@ﬁi on@]&rfp_r esentation of an integrated circuit
) ; e aﬁf g’ér%oﬁé&%‘ﬁ@ﬁ@ip@@gﬁ@imnv&mmlﬂ AMRAM cell configured
a€isRaHh e ¢ .6 is a sinplified diagram
of co%pone%}%%&é%rg é}e(rir{efnlf\ of integrated circuit
Hiet smart povier integrated

[ ce HENR igur stiematio betitiogal e oex SHRY)

)
. oent. [0016] FIG 7 is a sinplifie
Clg%mntgagﬁ%rﬁef’ét%nd el enents of integrated circuit device
[0062F | gWRTEd3 3¢5 QE1EhDG ; [ Yo eroodi ment ;.

c%00,7] FIG 8is a cic%%d?'{én .gg}&g%‘@F%fﬁ%gm‘}%ﬁS{W&%wnﬁguwd
acopranpgloanaxemplannembodimeMlJ core 25 current sensor
0bes) semghng ;cUrdent changes in an associated active

[ ci Heui ?ﬁ 'o? i én%rﬁ?matb"o%gs fe%ﬁ%oﬁ?gmené@m@ﬁ thg integeated circuit
dexicershbwnyn Bithgdi nent ; [0018] FIG 9 is an expl oded

f. the electrodes of a MIJ according to an

OB e S o .
odi frEvit © dF 2t §5Rematice prosh Aeatioanlercatestietaiidn of @n htek€ed circuit
de@ic8ebafsinsd | e 19] FI 10 is an expl oded

° Ican Vi ewé%?&to ﬁgﬂéfoeaéﬁx%g‘gg%f’mgoﬂwn&ccordi ng to 30

odi F¥nt 6 isfa sinmplified edisdrom o esBpSIRe ind el of integrated

. el .0des Jhave various exenplary,  non-square,
o 00 B S Borcipe t 81 g~ ppelaerabdomentio
[00dGRCt  BR®ST 0f adsiMph Ul &F@&L%ogngegﬁg%@ ements of integrated

. el.ectrodes has various a ar arr

crpubpeite ptighed setrdinglte et eoaaplagrsnbddd@ed] FIG 12 is
| t. t hod .of fabricat | MTJ
o027} 0Bl NN B IO Rl LSRN M e

core curren

cureenb stz nfor sesiMiD R8T 85334l 1D/ #?%@M&% Hede Giradie (or “smart

. DEJALLED DESCRI PTI ON [0022] The fo
Pogcfy

‘:_?“E}?‘?n(?ﬂt ?Cé‘mﬁié‘?ﬁ_efl‘)}ﬂﬂi emplacaeinbedimentat ure and is
(oonsf  FGe m@%tchgiddga 3;’%55{5%8""?\/ %{efegﬁgaﬁtu‘?ff h&fhoreording to an

application an ses

emlp nfi of theinvention where tiblche 0o Wf theleckOieEX Eg ged or
precedi ng t échni cal

pawpl i theary presented in the
[Ooﬁﬁgl qfﬁ%*aggdf &Bn?ipf%‘gi_g égans Wiewa Py thsr elepteodes ldf MG according to
emletelimente bf A iflREG6A R either or both electrodes have various exemplary,

non-square, shapes;

- [0020]  FIG. 11 is a plan view of the electrodes of a MTJ 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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[0023] For the sake of brevity, conventional
techni ques and features related to NMRAM design, MRAM
sem conduct or device fabrication, and other

“g‘gg@%é“’%g* the integrated circuit devices nmayPhb{USER0/041148

described in detail_herein. Furthernore, the

circuit/conponent |BE&MLERREXRIPTEIONaL i ons shown in

[odx2)var Tae $olid q ' 5 herein.are. .intended )

to r] epres e_n(t)ﬂdég g%‘pﬁ%teaﬁg%g%@ﬁgﬂ $ B}eﬁi‘iﬁ dlstietive i mature and is not

Ilgtﬁ@fiﬂd.do;;@ut ﬁ@tledelﬁiloator Iﬂﬁl@ppﬁbitgfnrhaﬁi W8s Of 83N entiBA 2 Purthermore
- : nent Layouts may be present in a ’

O S b0 FRIHAT R he hOURY by expeesicst siotmptisddbsanyi proseated in the

preeydingf eachhieale [ fRIENbHS at S ' "connect ed". )

4or . coupl ed"atoget her?@Ksﬁgéeﬁ{eﬁeﬁgﬁﬁ%unqre&e tt"ﬁ"““ng detailed

ECHPEQL| y stated otherwi se, "connected" 20 neans t hat

one; el N/, f u Is.directly jQined to (or directly

(281 e g\n&t‘%héj[’ﬁgh%f%e FO’éYeé%‘@Jﬁ%q/ feshnigves, ang festures related to

conmuni cat es

MiobMsdesign] MRkheptirativn] YomibdeRWios Ge 'g%‘fa%ﬁiéatﬁ?ﬁ? LB Stntr aspects of

t.at ed of herw se,. "coupl ed" neans t
théﬂeﬁ%ﬁ“?‘# e ae‘rlgesomﬁlé @t he slesarivgil rivatetajl habime dFutiermore, the
icat.es.w t h) another

_ cﬁ@it/dd)hﬂ;ﬁﬁéﬁtyla%ut‘sg% rﬁg{ﬁﬁ%ag@gggg?w B8 RERioBs fgyrespepntained

hel,ement_/feat ure, ar _ _ :

TD2SY ifondest ioptepossent amehyid ambbginhd bt 8! HakitR: kNhould be
no@écﬁﬂaf‘ﬂmw%{aﬁls 1 us{ﬁjﬁt e.the . general manner o

constr uety R AHYE geaddifional sireuilFempreneat layouts may be present in a
pretichl dmlowdimbeat ures and techni ques nmay be onmitted to
0 id iﬁnﬁc ssarily obscuring the invention.
[ 6i ti ofd ql{ef’_,‘?“n% ﬁé‘mnu?n mytrTfer wF@Mexgs of f@ﬁﬂﬁheﬁ@“connecte o
or "Rburl&fe y Adr .scal.e. For exa : e

di rrlélﬂsi oﬁ%@%'# 'sé%e@g? qegeén’e‘frg?ﬁérﬁ’@re&? Yr%ﬁ"ﬁ Atherwise,héconnected”

m 1 3 1 - -
Fapg thatsonraylehentfagge iadadetiyejcthdd & & Hﬁemgﬂﬁnﬁ%ugﬁcates with)

mgthg{ggl{éﬁéﬂ‘%e a{ﬁ'?é%iﬁ%gsnét ?ﬂﬁg%gﬂ%rnﬁ%&zw}gﬂ;ﬁ gikmiﬂﬁ unless expressly
e fosert pey o megit F ope clb@¥h PanON digiity or sty joined
e e W) AT SR, . o

i 1o, 1%, Hiithe Sgupesfllustrate the

eaFﬁro ri at Cl TCU[TBt ances .SUC']
geng hOkFRISEHClR: érd Westriptions mdadeails of wellRABWE features and

teclea@add! Bayhe oRRRIGALIQ0: 4 D sequences other. than those
ed- L UST ﬁ Seg’{)m g?hc??’\%dslgm egﬁal"ﬁ%ggswgiﬂ?ﬁ invention. Additionally,
clements He witgeefipaesare e@ckaasily diafs o, PRV

dim%ﬂ.% n vareio(gftt';}onf thereof, are 1 W 20%%%61'533!%}% Sample, the
C ?&ﬁﬁ%‘? 149 §' S egionHincthe Sigures maylnd exsigy@ated relative

to othel GRehRAS. oS YeHos ] gBLkhog, Jarticle,. or
. _appar at us t hat gég(c))rrpri gg@pgﬂﬁ%ﬁgg "é’ggféféaﬁi% %tt F@H’ﬂ%‘fmms of the
MVeRdPEssarily linited to those el enents, but may
oo3gicl u relenents not expressly |isted or
[ 02i(ﬂher gﬁ? Q%rg-‘ sﬁﬁt’ pr??é’@%‘g, odtourth} ené ithe like in the description
and djppelnithsy £ arl bel et ind§ilfling bEWRRD simild: Me

Lout, “fy on}?%' b%ck_, ot g%uqé'ﬁ%%béht%gé ,SnnllafC?]ements and not
necesptly offf desqibing 2 particwler, Sequatitaleor” clirbgblopca®brlict NSk is 1o be

undérbté6d that € t4GRCLJ Bsdd®ite ?Htercﬁnal?geable 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.

v s .
B urthermore, the terms comprise,” “include,” “have” and any variatious thereof, are

4
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clainms, if any, are used for descriptive purposes and

not necessarily for describing permanent relative
“positions. It is to be understood that the terns so

HY783334 i nt er changeabl e under appropriate  FPCT/US2006/041148
H§i5%5 tances such that.epbpdinen s of the inventjon

] 190 BOYFE rsrexglustver nclugionsypuch thap approcess, method, article, or
apReatas it chRpASRES LG dEdbALA RS ndt AR Stiny

I'1lustrated gr ot herw se desc??gegﬁﬁgrggﬁéuﬁégiFEP%?Ceﬂ&nﬂﬁ&
buicwap ieaiude ofber dedertienel exprasslydistddnedinharsnidtb rsech pyocess, method,

i N6l nnected in an electrical or :
stfsfl b Ghraeri NRAM

rical manner. [0028] A practical

[0020Di t ETHeutePms afletlye rfghe,Medh OFoat S Wadhi, Al BadkSt PEp 8 “down, “top,”
suitaple sem conductor fabrication process. In

‘ Qi c @VenvRAWRdSE.r u@bover's “hdewr | anddthiedilsi in thendesodption and the

| e a | rQCess. _
RRATSE 45108, Ry Rl IROMLBIL 581 HARPEAGBE dscring
perivanenin selatfvec pbdionsGerlerial foy be amdeRAdddaniehi theCteh® so used are
.incll}j‘ude atdleast ane digit-line formed from one ) ]
IifEYRRERA e Puden APPIORERIC ST tEngss fuch Birhembedigientsnfithe invention
dévetindd ha@y®y are alﬁ?ﬁn ' twgaif& joAngmtd iMlali
..core formed b’g{bsveegr} h’eeéﬂv?glerret aqog%r%tﬁ&%%el}%bﬁ s than those
illysirated pe pligewise descgbedaereinor Phedormaceuplat” asuwedyherein, is defined

I ' arghitecture. 25 [0029] FIG 1

o R Bl Bl Aime MM SIS o irofipntrbaminchoo
[00281f | gux prhcticat GOR AM grohRedtive @48 R fainYedetD S ditiiate uskRCH suitable
cell in an MRAM architecture may be configured as

SCERERATUPRT Ebacation RERARASe el Pragiipeg MHEAM siyuctires derssibed herein can

belotied uiflg URRGY &gagoﬁa jodth t W Coracti -
antif eP r qrgragnet ?1}:&?‘;}{ I aifllg?a??f}%wég?&a’q] Pg\a}\%tlrcal MRAM device
willetypinatly iecliide nollioBABS lcaller (RAdialignah MRANhetchhadtiiecicludes at
er ,206. bet ween.the two ferromagnetic Jayers. In 30
tegsf 6 gl e??“??fgﬁﬁ‘ﬁ‘ﬁé]ie I?%?ﬁmgﬂgﬁff%%% bigipe s foagp another
meéeia9es and Bendghefc AMABIGIh&idn*RITT PESRYSEndd Wotween the two metal
direction of its magneti zation can” be swtched to
layagan gaet Md Tigare dncludes agils dhat| forr O atrayvef memory locations for the
K |.C or SAF | ayer 204, however, is the fixed
magneti c Tayer because the direction of its
[092fnet FHGL L dm o schpmatiepeisfe@iie Hewest ad MRAN] Q6B 000t onfigured
chgnge direction of pglarization during normal
a @F%ﬁon@l ey osrabodipent. « Hechhaghin po iapehitscture may be
coltfipfed TR ShBWROMEEIE LT NREAN XA g .
t h%%rmg_net [ za?ilﬂpn (Ianl ower ?&éﬁr%@g %dg?allgﬁ{ngbjél% f&ﬁ?r an upper
ferrgraagnetic or syrdbetwombifsroned gneR0 0 SAE") tayiet 301, owa lower ferromagnetic

o SHIHDAS, FPY el SR e DO e e BB s leyers. 1o
thivegasplezkugper fermﬁﬁ%micfo? SRERIGSI Cohsds RO free Magnetic layer

resistance across cell 200 is ih its high resistanc
begauge the dirpction of its magnetizatiomenPbe Fwidegd4a change the bit status of cell

CT: 4 5 T ata (0" or "1") in iven .
20050 Midddiche or R 1RIG Ao doflewrs id the Bipd iathetic layer
becmbé the2difectidief ite eRighetiton td pihd@Dint dhe! BRARHAN hdMibdstrot chanpe

.data t AM cel | 200 are known to those skilled in
dirpehiongtp ditpation dpdng permaljoperating corditiense r'Wheni termagnetization in

o R o Sl T el i v

- fertomhdgpetic layky 204 tler resictah e Atpos3icell 200 1PIAG1W rbdift@Sce)state. When

correggondi.n to cell 200, The ) ] _
the magnetization inpper terromagnetic layer 202 is anti-parallel to the magnetization in

lower ferromagnetic layer 204, the resistance across cell 200 is in its high resistance state.
: s _ _
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10 orientation of the rragnetlzatlon in free rragnetlc
| ayer 202 rotates in response to applied current

“pul ses fromthe digit and bit lines for toggle
Qp%?f’ B4ftlons and makes a conplete 180 degree H(hEF4H/041148

A Che P i dretvscotl PiEjsErond B aneperineciee regispnqeonf the cel
200*”\71&@“15@5@@83 apdized & rQR- aanwfgl tr?/d?é ?&Mmﬂf é&g%@ are known to

%he ori entati on of I'S SW
ﬂF’é@ élf“gP B they éﬁﬁéﬂdhﬁt?@ramﬂm@t beideseribed in detdil Herrefiﬁ 208

PO A ERIUAGERRTTbR o X, 0 B llny an

c@liwtmly ﬂeﬁermdntaﬁhéﬁﬂl ta@ ?mgr&ﬁmh%s”)o%ﬁésgbﬁcﬁﬁg "{B%én 200. The
ceIIs l.um of cells) to provide a’co

t?téonccfﬁ'tgg mag%lﬁﬁféaeh ipfree ﬁeg@retmiemr é’@z aelates in response to applied
crﬁtd%i‘tb palsky ﬁ‘gllqllm b;drxbk/%ickﬁ&q n??*‘ctrbtgéﬁg ap};c)l1 %W'r dégragg%/ a complete

er of
1§dqsrenictiersel wiommrteth digifi andcir Hierpuldes arsggdlied siiftaneously for the

O LOO n the referred enmbodi nent shown in
S‘ﬁ%“‘%ﬂ?‘ghn%é % %P% emher%nlhgln 3 pispknontpgele MRAM,
th2 biemiatiober the bitiis Qrﬂltélﬁd' HopeLs Pg ﬁ—gﬁ ¥t FT':& Prlehjc Intybﬂ: line 208

ﬁ}&ﬂ reduce signal noise
?Rj%g o jcanstant PQialllih’eOﬁ/lﬂN\/lcuEbnt 1n| digithliae ezmrrpllﬁ a practical

[ [ conductive digit nt

deicpnent, UL b iy B S BeB T RS M Aty of iy MR AM 506 (e, o
colhn orfag:ﬂe)t ’roc providy aa:lomrhdih tit6 RNBAPIE eachl @fjﬂiengoraﬂ:éted cells.
gi 81?.{1 ({w% féirrohr?nds conducti ve el enent

Pﬂe eI ATy bg assogisted Wikh peamambered SKM@MRAM eslis (e.g.,
a 10y CFRRING B DemdRvgr d facing

surfac eé)o? b}:{‘gvrlrgéu%t Ive Oahfgen?rére{%{E g%géa%’fé rrgtlhﬁsm@shcl added.

[0§3H ¢ hquoﬂﬂemﬁequ embodinmeh shoshoinFIGN 1 Fhiagndkic dracraﬁlgz@ﬁsmeldmg

hyde ucti v it .element 216 and claddlng 21
il 2047218, 0 B0 Rt igrioe ¢iinee. sieblipn anhiisduce signal
noaxﬁmtpﬂfér,enéé &m‘%dtmﬁzr?elag rRnlsh %lija}éelﬁ 45 rtﬁé‘ﬂﬂgéi@o UCnt t?ﬁ?s s example,
I'n particul ar, di ng s o

dl%fr 'g%gltq %ghéég 7 gerdustive dmruﬂmnem ZdQ@né mtpeRtabls tﬂraﬁdlng material
214 r}gh?%dr}gc’%g%% ‘?%Jogﬁgﬁé‘ gxa%éaa& 131 %f&a/%g%guﬁaﬁ/aagﬁge 4 partlally

surgeunids retductive ebemertt 124 2MelaNgiricaldd, UladiRperid ifsff%nMd] afRind three
mEove t he The cl addi ng

fficiency of programmn
S‘dﬁ OF Sondueive; %ﬁ‘&?ﬂtbgﬂ%%w Shat By e foing witfees of conductive
elethieat 2TOARGENs GhdlRIdgNPaY ﬂ:{%%r?l* [a‘gd ein%o&) ! I?]o%{rl}]{nela]'r(‘all line 208

enbodi nents, the magnetic c
inclides aof:ondr@umrhir elrenieayéﬂé amledladahngrmlt;f fdrhiedafrb@Na Ofermeable

ra i nes us M r ocess 0032
magl‘rir) prac I|[1%:1§’1I gh‘ﬁ oeﬁfuﬁﬁﬁ’t glgd@%ﬁ &Eg Prgie Isglﬁ%‘thSﬂ?Q ‘éﬂ‘iﬁ’e]elemeﬂt
216 ohopeticuler, elaﬁﬂﬁﬂgtzmaa Gortied Jr@&d@tﬂréers?&@s% conductlve eg:ment 216

gtgctrlc I'l'y conductive material such as coppe
suc %Fdﬁhﬁgﬁ“@“m doeine @srfa«mor‘:mduezmaveﬁmﬂzes 5exﬁamr= 2h8ladded.

Claﬂ&n%@?}?ﬁ%@éﬁ%@uﬁ %(etd to! eg%%grret qt:rlocwagi the I\%TJ to improve

suc a nic
the effbeitncyi asbprogfdnﬁmrlgorﬂiélaaﬁdxhg had Bn Qﬂ&m%ﬁﬁ"ﬁéln@ﬁt of reducmg the

di nent d| ng.  214/218 is approxi mat el
W“%ﬁ% g bifp.g maptscabﬁmgo@mmsgﬁemmac ohayding is
| b t
on ifeerd ﬂaﬂ“’ﬁ ¢ PE‘@’%E Py Bt P U bt G B O et Grosramalies used

~elenments an
in thaaMRAM mocasanduct i ve el ement 212 and cl adding 214 are

nsi dered to be
[Oﬂfﬁ 9n practlcgl embodiments, conductive element 212 and conductive element

.216 are formcd from an electrically conductive material such as copper, and cladding
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10 fabricated at one common netal |ayer (e.g., the

nmetal four layer), and conductive elenent 216 and

wel Adep43941218 are considered to be fabricated aéCT/U82006/041148
anot her common .netal |ayer (e.g., the netal fiv

214288 )is folrPOS Homl A §oﬁ,eﬂe%e%ﬂlé Ensag]agfﬁbt Iﬁhtel‘lﬁy gich a$ RIdFe a nickel-iron-

"second netal |ayer'

cabalt éﬂ@htf’r ﬁ@@lﬂaletw/aﬁqy,amythev\hkeil sIhldmet e)dﬁﬁlp&i einw&lhﬁant cladding
15 metal | ayer

d
289918 14 ol TRA Al AV herusDlS hiRE (BR didmuig oftchding 218 may be
slugnbeﬂztnnugl yAltlidtLgﬁttH@ eoﬂmfcﬁse e&mehtsfing tg@tcﬁdhd gyafré éeallzed from

ans anty met al er wwthin a descr i nt'eg
g

different; mategals, gend u,c aretineas B2 amd claddingr A4/ akay:enmdered to be

ARSI WSS ot R 5 o ) o 55 e

214 padictaddingi 218, anee@amdb&ﬁstoﬁe fabidated Rt bhathyr é(ﬂiﬁ%ﬁn metal layer
20 [0034] Smart power i ntegrat

er .
(ecg’?{guf“ieggéﬁlil%’g%f abricated using a conbinational CIVDS

[0083Y €S Thehédns AHrRGhehER AP SR SE c@nﬁ?xﬁ%ﬁ ayex kglay%qsfed herein to

evices, and logic or a subs t
%sweﬂatﬁrheémtw ttor disting moetal lapetsicandvdirbtometal layer” and “second

hose f
mEATROR Ho8d AR pARARES met ook G0 el e (R 'r%iagctf‘vezy In other

womdst @ {first gl li@ird heaRd WoF rd\é@"fﬁé? wilhiP Y desd mtegrated circuit
condl tioni ng.. transi ent protection, system
1558 of 3Ry a@%ﬁw dryer| momhesing gclmamr tang @tisecond metal layer”

médih‘s %ﬁﬁf %H?e‘f‘ n?éta{lq Swifth 4 Hes%l% Vépﬁef%ﬁg gﬂlﬁéﬁ{] 3ev§%ﬁ, &egprdless of

as power 1Cs, ni catl on,
aﬂaﬁdn’géﬂ'sl@?@numbaﬂngmﬁuynmt her speC| al functions. Smart

g%ﬁgrated IrCUItS feature a rich set of m xed
naI TEOWY BIIoRREd; Giequilai 499 be dehijratery psing a combinational

CM@ISVIﬁbI:@E $hat iftebrateR rddik S t .char ge

unps and%é:jat e dri veﬂsf ' “’%ﬁ%ggr Ow‘%gjtgggésa 2‘%3%%% 05§+ subset of
Télp peweriintsgrated tigiits, can m@ﬂme nam@isajotﬂp@naiﬁﬁaﬁ& combine
ices with

F r I s, there ar de
all! &{éﬁgt%éé&glﬁ e]?ngg aclsg}ﬁs% cqsﬁfa@?%wa eﬁfﬁpﬁgﬁilﬁt& ctions of voltage
regt@tmge wower BMOSFETS, rigpi sxﬁﬁéloécﬁl@ﬁtidﬁfhg, %1@{1@%&9?&?0& system

ﬂ% E@jg [0035] FI G Is a schematic vie
wlqgnsrgg}t droacer ditteguited circuits contain vanous

fun%h@ﬂé 868 4§ Po ptl(ﬁwyoﬁﬂnutﬁéat ygxﬁgﬂ,g%x e ff,)r?a egy ond 3 sensors,

subsfrate 252 w
ands giany sitker spediglofudciddnsr Smlmt iposvet @fiegrated RESuitsSFRdre a rich set of

t egr at [ s can be forned on vari ous
mi % M’ ﬁ@?ﬁ% %V‘{ S AP otnd\Pih senvesisrs, anil4p-rail op amps,
codiﬁ@t&tbﬁs,, ch@.fﬁé' PhPY aid TARE AR ed- \toYtQ éu?%t@s?%&%‘fs?% geferences,

snmart power | nt egrate rcwt arc ure
diggal, logics té\ndcltqmr\@éafd@snemm@d Fer dnmnga]ioacﬂbet}feﬁaf aRdpoenYIOSFET

o8 Ol 0B BhE% et abfitiehon] Heuial mongempit shert cireuit

promtmm and tdéxpnhasétRdoad gdﬁ\gin%w%rschl tecture 250 is depicted

00 %8 r. MOSFET 256 (n- MOSFET 258 and - MOSF (
[ #]ET é;e B Sﬁ‘?eﬁéﬂt@r Vleﬁ’evf eegmphified amprtzmmeu: aht@rmed circuit
arclif8Rire b | pi cal |

“vari éﬁsgé g‘g%l?%’g&aa‘ri]ldéx%g{ f%%ooﬁlefhf trgtﬁ %ﬁg Jath an n-epi layer
254disiages suitabde s&mﬁnd@&ﬁ&ﬁbﬁ@h&n Proveset 91'11§1t poWeP ntegrated 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
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anti-fuses, and nenory devices. Cenerally, smart power
integrated circuit architecture 10 250 includes at

| east one nmetal |ayer, and additional netal |ayers are
WAHHWEOI34 ncrease the circuit density and to PrO@6/041148

circuit performance, Various n-type and p-types wells
Lapricatipy, PIRCESSy SMEPURR SMArRewrer duparaisd ¢irotibprchitenters A50dgs depicted

VoL MOy i o j | sol i )

U Dorner MOMTEN 286, MBS MOt Bss and BHRDSERT 260, and bipoar

d@%ﬁ%_ﬂ%n? @nﬁtﬁﬁl tmam qi@tw_ep fiﬁtegtlaseid di&tu[itOQ'ﬂﬁ]tyI{Mally %nc}jude various
(0] nt.o elnven|onr_eaes_oan|n_egrae

acﬁrll(:?ec g‘%‘ﬁﬁéﬁ"’c‘é‘”ﬂ%ﬂ“ﬁ?ﬁ*&s suth a5 dinden resisiors capasitarsg inductors, fuses,

ahidfgeg, @id M%Mﬁﬂ@ﬁéésﬁh CEEHRalfR l@iﬂaﬁ%“‘/@gtiﬂte a’?‘e'aacgﬂ“ctuﬁtearchitecture

wer _architecture, ere at 'l east” a portron o
?-Eﬁmhgxee Rt leest pne metad dayvet, and additianglandtaldayens aretaidedivantrease the
itec ar.e concurrently formed by the sanme
ROUERRIT Bhd B bR A e, ar Sepd oy wolls are
famelivsmgtwelbkicvol sERBoAdURRIHroddssifLl siuck ARRNSALL iffusi
nfigured to 20 nmanage el ectri cal gl’povver and at 1?%gns<%d1fﬁxs1on.

C a
Isgfption jeAmrRosgals 26 senianbe ceplizedupsive tsvitadetoxadation and/or trench
pfoegyd| ate, nonitor, affect, or react to the operation

of the power circuit. In practice, the power circuit

fbonein embydiment efithe oxation raates fot o itegtiel siRditdevice formed

498
o 80Pz afBrving SyRRCEN wilbloctisombincd rith 2 ot power

arskifeire, Wikre heTeh§tQBEA6h b RN M a%hi?ecture and at leasy a portion of
el ectronechani cal sensor, an electrical attribute g

the &Regpowsr achitecire are comcurreslyl fokwyd butheeame fetaivatioh process. As
o ol b AR B NTROAE Nt Speriy Yitelht gPpaeat configared to

conmponént ;. or- any co
mpeagereléattiead) ipetved andiat dedist Sne dAgitBAST &Iﬁﬁﬂﬁeﬁtegé&ﬁfgtﬁ%@ to control,

" silze of the al o? portign and the digital logic o
Rk, mogjtor, G%Ir;?tea Rt ta Bepsratipe afdhe power eipduity yin practice, the

pobhir SireiidRb@posas Sl ' ck.mor -
f eat ur es angocapabi k& ﬁ?ﬁg&g%g%&%%ﬁlﬂﬁ Eﬁtglg?i one additional
coppguentanel iclideawitheuimitati@st a sdfkoniielgi, ARleAVEGhmental condition

f . Thi,s integration hel ps .desi gners of
Segsg)? ’ogrﬂogllaé\% gggl)?%’feé'ﬁss,ens‘?% &Bs‘?l?‘f%m‘??gﬁweg I S§I,%S°&n an cherdiienb rattribute
sexdoeCd trafiiduters ofthd file)S ¥SIoRFE: Q:%ﬁf.rglncoﬂll%ﬂ%ﬁt‘ Sd}isinﬁm Co.?ﬁﬁ onent; a
s’ & schefat e ’

8 agag i nprove reliability.” [0037] FIG
gkl legie fommonRnty for 4ny; errabinatiar thereofui Usidgvinomt OGrer integrated

; [ ' 0._. | ary enbodi .o )
cirPEIR, PARfts 2 Al uB0 o8 RO BBk 1RRARH o s il dosic of
pragtibaltapatieatidae tal ?ﬂﬁew%ﬂ@ge girdtﬂﬁﬁ?.e %erfaﬁ[é@ deQp#rs to economically

ongnt s ar or .. Substrate 302 may be an
Pa%ﬁ%&%ﬁéﬁg%*rﬂ“g&ﬁaf&&nﬁﬁ’rm%ﬁ ghipgresulgng in %ﬂ@dsdib i%mn reduced cost,
B Iepeoveat R e | r .
and ROV IR foRmandch O Thi Gy BONR ISRt Yiloomatiye systems,

- indgstrial perfralntand eonsumertdlectenivssimplifylsysterf desipn| R system cost,

include a power 8 WO 2007/053341
m%%%%%?@%l% 5 circuit conponent 304, a digital

- [0030pi ¢ FGPRent s@hatid APRSGKALE lfb'%teﬁlcﬁﬂiwéegﬁat%ﬁs?imgﬂ device 300

M architecture 310, and an anal og po contr
corg%ﬁ% @ftording. toan hexegiplanyt embodiment.  Integrated circuit device 300
generally includes a substrate 302 upon which a number of functional components are
formed. Subsirate 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



10

15

20

25

5 ;
e

30

35

shown in FIG 3, integrated circuit device 300 nmay
i ncl ude additional conponents as necessary to satisfy
of the particular application. In pr '
“L&ofnl%]g@%g%hese functional conponents may be co%*/ggﬁnm‘m“s
dregst epabl.e rative o ion. For
exanpcjag{po%%\}vegrmél rg%ﬁ%pgﬁfb%@ﬁ? %}toﬁdﬁgqef%r Jrghyjtsture 308, an
MRA}M’ Rehite@0fe, 3 K nmdrancaidd f6W&Y @ntrdf Som ﬁ&%n?@fiho%lthough not

@ef‘"o component 312 nay cooperate to
t‘“&g indegrated carcpit devise 300t wgy dndude pdditional components as

n@@éébzﬁ'? i QQtlsfir Bhd Rbcis FARE Sa gy ngfcﬂga? %Bﬁlo%ﬁgﬁggp)prg?tgea{s%e of these

(|nd|V|dua 'y or i1 n any
f'i“@ﬂ@n eWmponews enay bs cbﬂlviaﬂi ttogetiveeto habIB ABPESEtive N?&an For

IR L
BO&mdgaifaR% f)&véﬂl&ﬁ‘&ﬂop RoBpoRidh E’l@drﬁ%? ng gaté 4 %%ﬂlﬁﬁgﬂ power

E %Fate circuit device 30 The e
arghiteqiyrs . foir mtexrated neiocwt shewice Pwer I rﬂnegr@tmid thie$eC Wotnponents

ff
Ghdhvidafly BRI boifittbSon. Bieftan”ark asombferrelltp digrn as “smart power
cepEons.”f rMRAMyachitédiat A0S howedsh tﬂe@d‘ ot %eu(!dhl}lplegi% the other

onl in co tion with the MIJ core of an
“&5}3"‘@ ts) (g cfcaRectaieh 349 nimay by qohﬁgumdetot ifonction as an

inoMR e Subbicterk ATRNERMtSP Mot M D000 T oplifing of MRAM

power deV|ces are con |gured
arphlgqqturqém des smad mIWQZh megraedtc&cmt\iﬂ thfsﬁﬁ&rﬂler results in an efficient
power devices and

i s di ffer
tech | ques S? "‘é’eyB n%l?l}% e ggﬁﬁ%ﬂ?é‘n? f sguorspirgmy bayers that are

trdditiprelly afligsienily ﬁ@&xﬁ@&hd}ﬁmﬂ‘i aRlNE fé?féﬂokgn
g nsi tors or any suitable digita ogi ¢ arrangenent .
[0 @I t af? PG PECHC] cophndiiaant goileiigventiof, ]gm@cbntomtamrrrp)bnent 304

h
nls O, 4 Lo BBPAROSEER ks WPOL BRI g ot i

power ar

volnagdsagd figtecurcat. r Altemamﬁtﬁﬁﬁmelﬁﬂ- ﬁlabrré@ﬂﬁl?;ﬁ &f&?éﬁt?ﬁwer devices

an ult c rrponents configured to support e smar
é&s@musﬁ i ROFEEr FiEs Ui compoagit 40dd Qﬁgﬁ@hﬁogwd@umpmleﬁom6 may be
readizad QEtHOONRTS GaRdisels GO ﬁﬁ"ﬂ 3 %1 Oif‘?%{%c' nelude %lgltal logic

exanpl e, resistors, cap tors
coOmPRRITA 306 dy |cceﬁguraqhd¢ @arryfiﬁht dheh ﬂfgltﬁh@{be@@lcﬁis reist éupport the smart
nsor a h|te 8 is generally
poffel el et Blsgb80 Hrodt e Splly chuslos powdcamirat sbmponent

312eipchides , analvel eRBIE NEcth o&htsOtcﬁﬁﬁ dtbt 'sgggﬁnﬁf Yhe smart power

r at ed circuit devi ce 300. | S e
”ﬂ?‘&gﬁ% apfegiated, gircuiddevics 3900 Aﬂ%@ pmercpwatrbl d:qmponent 312 may
inchida! ﬁﬁteﬁ‘cﬁﬁxéfe' ‘fes &5 a%%g bors r@gﬁﬁhenﬂm I‘“LlrsOFJeCﬁﬂﬁig&ées and/or

sensor arc fec ure’

other argdogirivitelerndrgs.out put power generated by power
In this regard, sensor

_‘

e y

- [003? L ﬁ |UIt 8’% or%qg?e?g%“ﬁ% 4%}\‘%3%6‘@91’386{@0@%&%@ & gass onsoomore physical,

cleSEOAOMaGRIMRO @ﬁﬁ}&nnenkﬁcby&h&gmn%ti lf(t)r inle %a 1@1}?{21{1%3%&03 300.

envi ronnment al conditi oh sensor,
In thisresgmple llhtamathdtqrrcaﬂ meeice 380 Iusghm'le q&ﬁlﬁﬂj}, chlrdcB@isht,| | fifameter,

i k VIO 2007/ 053341
or BBl et By Snef archiseiron it (S cieguiete, qantrol, manage, or
_moﬁﬂtcﬁﬂﬂlé(lﬁﬁﬁﬂ Yok | geR SRR by ?Ha | cftt ESﬁB&%ﬂ?%b«EL a[n this regard,

mechanj cal "sensor, such ration*senso
SensQrc gqc@{taﬁ?@peBOS angy rezeployt o O SEOROKensOfs bh aehsdfe corfiponents,

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



Ve

10

15

20

25

30

35

magnetic field sensor; or an electrical attribute
sensor, such as a voltage sensor, a current sensor,

wah2doiedance or resistance sensor, a tenperatUprucrnoe/o41148
sensor, a capacitance sensor, an inductance sensor,

eécrofiRghd : itecture 310 be ,
geC nerall ;&?glrl]%’ E@%Q%%M%SM&% %ﬁe&g%b%?fb i tr%rgﬁﬁ%e& # gipchanical
SARI0H oplees 2 vilbmbo seso @e choctlblongha] £ 8trbistintseBRY] 6€the Tike; a

| oy, conyenti gnal  MRAM desi gns and
Iiti%gclﬁﬁ%ﬁlggg?sc% > %ﬁﬂhﬁ\f%“?‘&?ﬂ?@%?%ée@?&su @ s yeltage sensor, a current

semoy; eintiinpBddnch S kdiismcWisti | i ail
.herein. Generally, I\/R,g\MS éSP gﬁditttegl??%ﬁ]zg%éfggﬁqﬁc#ag%cgé@%%sensor’ an
IRGRRIINES $6a80T; oiBAfibent 314 and an MRAM cel | array 316

OU Pl 1R ' It _conmponent 314 (see F] G 4,

APIOT R PURMIA PR 310 ooy GOBEIRER coniighisdamdeserie above in

conectiore gvitit BIGS. I cuailt 2.dekideed, 30QprarddRoMS HEHEL 300 may emplo
conpene tmﬁé& i ncl.ude any nunber of elenents or POy

%%Vg?gﬁ?@ s‘[%%_w nd Heclgpeyast fos MBAMRMHitecture 310, and such

c@fv@ﬁﬁéﬁ@tﬁﬁtﬁre%l@ﬂl IIﬂ:ﬁ:l Hg'c{ég(t: ']ygdt E}Pu&eta!j:l]! glg{ﬁantlr S,Ef:egeraﬂy, MRAM -

SW t chi n? transistors; 1 nput/output :
P 31¢ tngludes no MR ADEciseritemhpoier N 4 206 ah MR AN 8ell array 316

ag
4 .4.0s a simljifjed diagramthat
co;‘%%ég?a &/R‘g&ﬁcgf"éﬂ tcﬂ@PPB% %]cﬁ 32 FI&'? ranteigeris ®Echamsatic cross
sebctioedl repredenadop 6n irBi [ ' i .
e or fligatel drBPALTEES N, MRAM IR Emponant 314

300. 1Icgcthi s regard, ustrat
may sayeecqny simbe ofelements ¢r deatsreb shataupp@0 e omdatidiaét MRAM

bk . 3 Ghi ture (includi ower, circuit
T O e AR e et Grsiioss iaputioutout
cugpEty; nelccader; cdfifparaturs, SRR ABPINRME lor BYITO! conmponent

i is, 25 e).is f bstrate 302.
"’é‘i’é | QF;(SIS% i'f | %exﬁaqqgjeg%d {iwmtggqﬂf’;;@& talgpteema thes topological
arfaBpéReht 2P ﬂiéefumlapéd'ngélﬂnleﬁé Qﬂc@ﬁ)c@%?{ed %g‘rgﬁinﬁ %legvgéeg% Qedd "W regard,

exen_ﬁl ary enbodi nent I nvent i on,
Flgh fallpsirags\thateMBGOM drehitemtuné 320 s Gstmiedioagsudsti@E B0AT and that the

0 t 0gy.having a front epnd fabrication
skl P SRS IRE, Powkr) ERPupr GetBanent n3¢4i digital logic

Blo,tse | | . in thi
component 816,tsefsdr édhite@ttifl 308D 3h& ﬁﬁél@@ngfkgermé)ﬁggf%}ﬂle&{nﬁ%t 312 in this

erfor%d fjrst in tinme and is co ete

oxginpled is esbsirate 303 FlGt € diso Austrated thue MRAM télBarray 316 is

forkdcanib ﬁpgﬂ(,?w [ is associated with the
forma?i on o e@%ﬁ?@pgfé&ﬁgzt&'ures using "front end

[0043) er sh"onshixetmpiemy eboBings/ofthdinveRRAY GGk RAIN Helice 300

is ﬁ}aﬁgﬁlc&o%duct or sut@{ rate 302, dielectric Tayers, or
other 1 ayelde MAUF RIopee kieelnelagsbhiviag iaofropt eud dabrication

procéssaafiog ibatle dndvitilyidahbn Eﬁf:&@g' @R Rk c%hﬁe% r{ég, Big)ﬁlﬁggglfabﬁcaﬁon

features using "back en ayers, " which”ria

Progessci§npfErmed firgt én dimeliaed de taontpletedbefse thE Hasolead process is
t.he front end | ayers

! ther. | . Th
- inig @Ry S UsePrtRp, "R od bpricRionamooesng amecimadionth tho

are | ocate

formadon ay efemneRiLot f@ﬁir@ﬁuﬁﬁgv?ro%h end rl% 5, € ki hZ%ﬁlggﬁn'e N and/or P

d ractice, the front end and back e fabriC
01%ﬂ68€’§§%é“ﬁ’&‘§/ aytenicondugler Isubstoim 308 sdibledtric 14PerMQor other layers,

i 006/041148 5. jve i hi ng,
el Can ap FPRrTRE Pect ot dhecstel itk e otpnpon o clements o

featwegsousing] ipmki dridolayers > eRhicR @y b8 InetsNEMb&RAunciaP flyers, dielectric
1 an%&x& ogl zisma enhanced chem cal vapor

ayers, re 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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deposition techni ques. For exanple, an int egrat ed
circuit as described herein nmay be manufactured using

technol ogy that can | everage CMOS,
@9@?’@%}% sui tabl e fabr| cat| on processes. 10 [5@% 2006/041148
%mﬁve cSI npl i fi.e ramo onents and
anent e FPRTE 3851 TRt %"é’%SE e30gtteianTg, gnhwsical vapor
depogitiati, n@eétﬂ%p?dhngx fBthifay VaBhio tndpit laﬁ‘nﬁ’r%ﬁ%&al chemical vapor

nbqdi nent o ntegrated cifculit dev ce 30
qe e1ere teshridueson Epr Exapenls, (iren‘gegraWétcadcmtlaayhsmbed herein may be
rgérﬁlk‘a%ﬁfréd ‘éﬁ &ﬁyz? rp?qce@{] E&:ﬂ:ﬁo@%&]&%ﬁ ane&%mﬁﬁt I11)1}901ar or other

shown 1n
sutiaipofabritaiB@4roansdsog pover cont r ol conponent 312,

i gl tal 0gi ¢ .conponent 306, and MRAM circuit
{@%‘%ﬁ e]F#}S 3‘54 ar mplified sligeransr ¢feertagonents andoslementsdof integrated
chrodit idedict VOPEQFERSed ﬁ@é@r&lﬁgqb %p%xgxﬁ%e con?ﬁaﬁorl 31\' practical

of these front end conponen
efpdimenb pf integrated rirceit d:lefva:brEO@athap linqimdmaliﬁuodan layers (e.g., metal
hitecture 30 may includ

h
A s L, U S B ) o PR s
esamplaopywérosirodet ompdienb 30K zﬁﬁfhg]f ﬁ%@éﬁgﬂdih?ﬂ ggféﬁba%& 312, digital

fromback end | ayers. Sone ‘or al
logigicqmppnsmie}ios MWG@%U@WWWBM aeckuliybltyfernhaichy the front

eggéb%g{t@ngﬁ\&egy gﬁ@g@ o p r o ¢ é s s%lg S §¥ %ﬁ ﬂﬁ%ﬁ%@"?fﬁﬂg ffemponents

meRAN $oalovirestyi ﬁmmdd:!;}eﬂﬁ #ot| @efibiieativhearo8esyRAN contrast, sensor
%ﬁec’ teghgre .31110 Thu the manufacture of integrated’
SUe SHeIWhiEh sery inglde age or mee m@m #ng MBAW cell airay 316 are

sifiebly foahédBy tHRMHACR Sid f'%c%lpﬁ% Sés n% chkse%rléyel?so 5 rE% or all of

architecture. In thi's manner, a portion
#ebadraend poveeneatschiay dut mrmuaanﬂ}atfmhmdsby ¢hepbadki emtl Gfbrication

o LR Pt a0 i e Bca e orbpespraarognddes in the

MR AdhiabrtdtionCHoesssSas dlble)étﬁ'to e AERAR la8hifRbmA 310,  Thus, the
evice 500 configured accordlng

| ntegrated circuit
f@&%ﬁ?p?fam SEAterb girenih tieVIPfhﬁ% deiesapes ithe existinge MRAM fabncatlon

1-8 uBpeR u icted |
P &%I nt é’gr at Eﬁ%%%??gﬁﬁ%gé g%“’?o%i%? Bedfitts 2 aSt a portion of
th@’sm' rOwRAN B Thimde end stbeast p@okTon ot RIVAVES cBitdceMb 1310 can be

ri cated i t crl bed herein. Integrated
83—5 ﬁﬂ@%ﬁ% Gh@séﬁw abRICARRRrOseSSUbst r at e 502,
[0044)nt BTGl § 3y arehalaid fdi® dedidndl re &séﬁ%&r{) Enqgl%grated circuit

and first _back end |ayers 504 and “seco

devigg S0Q csm’@gtfr@d aeaprdibp Ve ah pmmplaqdembgmnﬁ ORteglatethsibant device

O:O:nﬁéf %9?1 lg%n%r O reREg‘glE aﬁgga g.aq.p %ragég\éélgcu?t device 500

TeESENESH) anadlpﬂ&mmpﬂﬂbélﬁéﬂ BB PR iftédrhteR cREQF BbSicated in the

#DIHOAr(?J I.h one practl cal enbodi nent of the I nvention,
MarnEL¢es 4§§t§gr§teg@gcmt de*ﬂm é@ﬁ genethlly indudés a substrate 502,

d
ﬁd%g;égtif ?ztw%go g%g? 215{ & & ajieh éj’rgﬁtséafk end layers 504 and
se¢ont] dravke whd daytire 506 tforinged ﬂyﬁr&&‘rcﬁﬁ @hd SgRA 508 W aml\éﬁ 1in@ 508 in
FI@IS 5%?{? t11 WO 2Q07/ 053341 PCT/ US2006/ 041148

oRaTRLIE | Ss Baganary fixiding line dietwegpeths, fiesh draclh end fabrication

prddeﬁeand\em},e%oﬁ@gg%dmga}%ﬁl%gg % QLs 506 of integrated

circuit device netal -four |ayer 518,
[0045het dp-dreypractical emb0d1ment 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, 1ntervemng dielectric layers (not separately shown in FIG, 5),
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| ayer 520, an MIJ core "layer" 522, intervening
dielectric layers (not separately shown in FIG 5),

Ly€e vias 524 routed between |ayers, an
“ﬁ?@g%gﬁ{g%descri bed above, an MIJ core naybe reéﬁﬁ%&ﬁm‘m“
fmaterial. Eor the sake of
TR vt p st Bo L EB S e 0 phle b sk d Tavers

sinplici .
56 ufrigtegratédagiecit &R2ce 500 PidyeimcRAD cadineﬁnmrqa¥ertm a metal-five

I NV i on,..integrated circuit device 500 m ght incfude

s SE@ ranlrMEL Cqre %I%’efé’rﬁa'lﬁb Hjevening diglestriatgyess ?not lsepagately shown in
FIECE), 8o HuCAYEYi diment ..

e coselis OB 4y SRR TS E IR BB et s,
Mbhpn ey bereglized by naire egi anedayep of enterR6Forathe sdA simplicity,

' ' f d ' |
S IR e W b e e e o
tieniieition, hieitad vlrbhie delidy 800 Fﬂ-ight ﬁﬁh}gg éﬁ(ﬁ@%‘i’ rIFssfﬁé?nﬁéegd layers

architecture 308 and MRAM cel rray are

apd/Prgos o5 dess back-gnsdexetsf r om et al - f our - | ayer 518,
| - f v | 5 nd/or_ MIJ .layer 522. NRAM cel |
RSE! - e U1 Roa B po Mk Lol A SELL pover
condtodcomponcat B b3, eligital Qogie compbmdnt 596, And MRAM CirB88 component 314
and an array of 20 l\/%’J

f gr med on tal -four | ayer 518,
“83?’?%‘%(‘{%%3% Feeatedyfiam spsfaltosedayer A0, vretakrd kyer 512, and/or
meRi-faee D8feyaen, RIR! schO alcBN&hure SR %ﬂ]ld IRAR 'ecfeié\c/jagray 316 are

layer 520. In this exanple, sensor ar
formed ygisg elements orcated divgroneeinl-fanatayes 538 smefabfive dayei &X0, and/or

[«8n | 2 I n ctice, this,.sensor..
MTSeR15%! SHRANDER, ol D1 B el % o formed on meta
fivelaybrcs0, IRt Mhet Wruldd brchBALERR 18fer SMAMA an array of

1, a r%%/{l 316. Sensor architecture 308 may al so
i &F%@h Td garelaves 22 fermothe MTE oelisd fremied britees mostad) four layer
18 i - | -foukr |ayer 5 nd/ fro
SR hital 800 SR R ity PG el 06 ihé15s o sensor
copgpertetiat ismalsor fopmed ﬁh@mCMIduﬁdré\dﬁyérfm&ngﬁEﬁQ this sensor
circuit.r t‘télasm cucg;étry, or the like. [0047] A _
CoUPRLgHt 13 ﬁ“eé fdih Se same dark pad fabgicetionsproeess biged for the creation of
MRAM i gl gy (3360 ' QGRe! R {ahGH L dditi
features it necg%él\?;er)l;?m%lg sui tﬁtsh%g%%gégﬁgbwﬁg additional sensor
copwened (nefrshowo) thapls oamkd fonT hetd-daadayeriBeindios from metal-five
hC om MIJ core | ayer, 522, is designed such
Tafe 390 388 ol L o Bl 35 bt coRigve duades, control

ciravitry| binsiflg changg drihd likke. €l ectrical, nagnetic,
el ectronechani cal, and/ or ot her

O@hzct rgrmgnet i,C, r . .
L r acPefYSPT A8 $Spsqrharchitpeiare. 30Rnisesuitaplye comfiguwrbd i (along with
' 0 ' e o, FIGS. ,6-11.. an .
cofRRElE SHong O, St SCASRERIDO T U 3. B Bl the artcatar
applieatipmg Thh sensgh vehinle &y Fapricared diin® Ml cdrt $ayes 527,68 @ei@Red such
e c field generated by the current flow

t.h t]
'ﬂ"’?’ %@ﬂéﬁ?"wgn%ﬁt:alﬂeﬁ?er% senditipnsepaise &t relpted ogagp inrthe electrical,

mag8id, kdctrbRa ‘\é,eé‘l%&t?&ﬁlect@ﬁfbglfg iaﬁg/%rrrg)g{er i t@gstiris of the sensor.

current, t?C _ni ques for use netic unne
A expomplenwhiviilip describedubelowt withnsfirenvel to FIGS. t811, an MTJ-based
CT/ US2006/ 041148 5

_ de?g% E@ilg %% wﬁ%gﬁ?ﬂ ﬁg %gés%sglﬁgeéﬁ %J,Q&Iﬁ%g OBy & Me@Ry qopductor by its

reaplioRCheBEBRH cFidl@¥&lerathd bl 16 cldtdADAGw™RINEt i C | ayer,

the orientation of the nmaghetization or "nagnetization
[0048L { o MTJ Current Sensor Implementation

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

2 magnetic tunne! junction (MTJ) as a current sensor will now be described.
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CUEsiH Y alipcdegpitor

typically constant or fixed in one direction, whereas
the magneti zation orientation in the free magnetic

n. change in both magni tude and direction, for
o ‘%@é@éﬁ"%&hom 00 to 1800. A mutual angle bet wBElUSHL6/041148

o okl

magnei .. l,aver and the pinned netic | ayer 10
'Iq.re)g@nds%olﬁhl.fI ﬁlééhd%searﬁa? magnel lﬂii"gfr?ég:a tg%tPPJé"ﬁd \mgmpfﬁp laper. In the
Hined mRgRat ld/et, alie brivhthiod §8ME %a*@ﬁ%altﬁﬁ o?"ﬂ{h%get%'zrateicem vector” is

na,iqgic | ayer, As the nutual angle between
%‘8 cansiagl e fixgedintane diysicioms dvhraepsahe mapastimtiowbetmation in the
[ 0.sense C es in. the
it 8% AL A BBRIRR PGt B, fom 0 o
184°. o e miutpl enplet bt esh, thie ecMhd gt 192 AHShb %hﬁwd magnetic layer
e

arallel, state, which takes 15 place when t
REeis OP $h oviation ok Mpgachization it the freeeaghetie layer with respect to

nh i ’ [ |0t sane .
B R okt 056400 P B 5 e e
Pigd tihrgnetic fayer rotaigsrthe sofifion @an ibe wed a0 sénseadhahs®! in the tunnel

' a en the nmagneti zations or
%é@ﬁeég\?@%@m?%ﬁ@&ﬂe | ayer and the pinned
[005¢Er  dneorerilrechtitin BROM T Ccandigefiid gpaﬁpaﬁﬂgl Ef&ge, which takes
|Tutu | angl e between t he free layer and tHe pinne
Plagg @hen Ehejimaenefigatings R enagaetit vastors ohithe, frechlaydERddhe pineed layer

. y i_hi . i | i St I h
o ] B B A A o o o
panedlaer is &P yortingh antigiasdlrhsiate, [ALAAhkRQ et WiEerbink ntld'gﬁaizations

S

conduct current. The curren

d the digit |
of ARERTHG Vostom: of tRete dayer ed ofhe wipnach layer gt arientedién opposite

dieaiogs Qid HRNAERAALafRN | | £kl el d5.¢. The 000
magnetic fiel ds energf&gg&ggiﬁ%&%?&ﬁd?%egg%%grlwqﬁés 180°. In
thgingralle] state, thenTMIR of therMEh anrpeexthifsts2brelativeit lowngdsiitance. In the

: eqfr et i-¢ | ayer..and the pjnned
oM sl gl PR I ot il rorlesab i ssstncn
[0082] fr Botl Myt ik drdthé &igdslitdi8a el Garbdnk! %f BRRARS fowing
‘t,#{elﬁﬁb%g changi ng the mutual angle of the free layer
w ¢ it Jae and/er thedigitah Hael chusy or geiGinatn gemespondingenagnetic fields.
TH84h i , .Q: SE a .of th
T TR B R R TR R ppefienor chane the
mutuglanglobetwhen therfrenhagddtiovkyg aokittd pinhbe nbighetid R9er by causing
lLine will influence the nutual

lor. 30 the digital
th%ﬁ‘g é“&fag?lh LRl Eive daver §rroteiRa@s dir pagnetivricld thanges thereby
M et i - . _
T e 0 NS R s

the;ufust anghecas by usedl t9 sanee Pirangesof thabpiput TMRef theBgTEL i C

i st T of t.he . B nitoring. f he out put
[Oﬁrﬁz or 27 oty AEhe i filfr o e hoRiner WHtinhg by ling and/or
thedigitalhirteowitldnfiBct GREAuVBEHEES bBiht WITWhicH F&ﬁ&ﬁﬁ? the output TMR,
fg%\r/l{ﬁss]ﬁlgnﬁe utilized to sense the circuit rrent .
o arighidne magnetic ypaeliurdtien cote posesssachcamyert the magnetic

ral., -C t protection, a . .

e o S8 P mo R Hg 4 RS usP ppegti rositance
(TIMR) , of eth&I TE uBye moniieris® thes aitpex MR of thi SPFPEGS] 8iQBations in

cur.rent ni tor, n%écapabi lity. The MIJ current sensor
WO 2007/ 053341 PCTI US2006/ 041148 5

00520 , . . wi n onent s
OS50 {0 5 T B ABRO
Vargns sgALY oloaitbting penposes s(ii/AY feedackddirdlpdvertddgreMipkotection, and

. current.
ciréiy (gperatlon shutdown. Due to the nature of a MTJ, a MTF current sensor can exhibit

P

high-precision current monitoring capability. The MTJ current sensor shares the same
- 13 |
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sensors described herein offer excellent design
flexibility since the MIJ current sensors can be

W@é@g@g}ﬁgﬂ three-dinensionally in that they Cagc%%szoomums

vertically or laterally over activ

. . " r"  conmponents which are
Somyfodenis 9 e MIRAN Bl Hereby AR emponeststt MRAM cells to be used
dsret @yreat Saisar dsGAklT as do vaindl
afiind p%ssed Y anyme?%or\% @X:W ' @;Hc{dﬁ% glteil\r%["é‘] current

sensor cag %ig | > _
JeasPEs gesperibeg bereinsaffs exaelient desigh exibitpisinge olie M argrent sensors
&h e Ytk M - nents, Thi.s can all ow

Foredhiemaied muEPRhaRfiEly i B BT Y5 bp eptified vaically or ateratly
et aoinveorirqpitaeSaiangpewerd cafonefts Satiéh 8roBPREIly FMHicated in the
Shggrragveft he %/fgr | ] lg{ler formance of the current

SRAEGT O ysiaf 3‘?" - Bor exagple, fhe MTeenretinh gensan en be disposed
aQOWRE0 SFthsn B&RGH \ . Gircuit device . .
“68‘gnconf i gur ed S?Eag%r%g%y;eégé’gbg%ee%{kg&n% ’anr1§fl ée Y L Aptivegircuit or
poait Prwar” commooditseThis ohn bllow fontaihgsiin daydut dedi CFhe§®Properties

' Lt [, | .g., ,netal | .
JF U0 BorttGodiBl 1h 8 Ko et St o aerovscthe parmigerformance
of Hesarrsitaensokn FI G 6. [0056] As shown in FIG 6, the

' ar d circuit device 600 conprises a dumy 20
[ f/l cﬁlﬁ éo¥ arfémplified diagsne i af cepnpopents candn elefilBrits ofhigtegrated

f6lil Mevies ey n can _be fornmed. ot .
Fabr eateq T r AT RUe: Favaie fo B gYEnuli BpRimsgiyA practic
ebadiment of BOprated wirbeit devide 00 MmaNiddhsle! Alditithal ny@fs @'g., metal
lf#’@l}ée&ig%é ((3:28 which is di SﬁOfed above the substrafe

ST ANESs apYPrt groupd elagghefentkam those shaygpinfFlGws.
[0056] actAsvshow BUFIG.C ATRQ: Yo d D}
hj ]s i npl ement at F%)Cr% Qﬁ%@%ﬁ%ﬂlﬁﬁéggéb jcgroprises a dummy
1\@%&@8 ¢ @nthvmeiycadg t';qnqmmiemloﬁﬂdlt Tengeine tire@iPdomponent 604
rsigpificant out. area savings, .

A PRl of el in § bl Bk o liathe b BchMecen 602

capdedofmed memshadatipibisal lléﬁfb‘f’(s? 80w Alichlib Hﬁﬂ?%? abbe tlhg ﬁubstrate

1 sanﬁ}a0 fram conventi onal MRAM cel | s used for or mat
LA 04 frd sepmypics dkg dwmmy] MOV gell 609 Bomxthapaktve tihmit component
GRC hl5C G i . COMMLISe, ..

P eagBrEhE B fni€ BPERER Y IS TR ol 302 4y isposed above
the geldve eivevtit compmmpb 66Atwhici can Allgivt fir si @ifi€ant IO BRA savings.

TSR “hsnfOhied. by, a front. end fabrication process o
rom f rone: eﬁstjuf‘%;}&t%m tepefer e MRAMCsells wsed &urpensiemapplications
anf Qlistinatish ahe sahé ¥rda® cafVenti /lagd dayi | i

b neﬁg?s from noni tgri neélhg%ﬁiq{/{s |npc%?l }Iélgi%pﬁ& %EOWSH?H storage

apPREAUGRT-ng, but not linited to, "smart power"
ln contrast 602

. 0058 d MRAM ce] |
(0T o s ol W ety R B EiBponcat BDY ey cormpoiee ot reaml,

s forne
a powlerl elyarits comhpoidndC b GRaldehBow&0RS end - )
na ogno it ohiitbrdiC or A Qigital Togic

fabricatign _processes are sub-processes i
€O Bpefng g\%h,lqg\a;s gfrg@ggy ahpnispdfabrication precesnfromMiait end layers. The
ORIl U0 a8 B AR bencts rom

integrated circuit P 201
MOpGPISI008Y Gttt | @ventgedudiig Bl sbi Mo, “smart power”
brication process for purposes of the smart power

- 1
colgBOHGnfs i ir'e

[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

14




10

15

®

20

- 25

SN
R

30

35

[0059] In this enbodinent, the dumTy I\/RAM cell 602 can
act as a three- di mnensionally integrated "current

‘f@%%%:ﬁ since it can be used to sense curgﬁﬂhg%ommﬂms

e active circuit conponent 604. Althou

f Licity of 10 illustratio t he
SraskaynR e BRAYCRurimd e Guspunare of fegnart pover
aclilectdré.ne, and a nagneti c tunnel junction ("MIJ")

@ﬁ#ﬁ di sposed between said digit line and said bit
seppedimentpyifie | dnomngs, MRANheelc60% eat i aod: LElSt a three-

n | C
cggﬁﬁﬁge A elfgttg agsgl l%){;ﬁ%rg[}eﬁso? gg*“ Jlce'1 F efgffbéep% egﬁlaent from
thhactive cirewie coffipencd Gty  VRAWugle| ot 6B3w BAFIGC '6' &l Mmplicity of

PRt AR AN 5ol b8 Bessrallt eprmisises digit b, @ bitline, and
10HAR0E AithebRfetioh - B1Eh) OW8 di 83@3 @éﬂ gan% H]{[gl'?{e]i(x%e) and_said bit line

junction core to sense the c curre
spefeas degishawa IBrFIGp rlodThe @tlse ma*euit compenént (d(Eleg@Ryates a circuit

SR, e N b A g e e
dmﬁr@ngFaW anllCLB(Iz dpﬁlﬁﬁﬂﬁoltﬁoﬁﬁdgﬁléﬁ@dﬁiﬁﬁﬂorﬁh&% Qore, is

exa nbodl nment of the invention
%ﬁ‘f‘ ally, couplerd to gridvagiies: rigcuitisamipopen o§04on THiaT a)lows  the

nﬁ%ﬂétﬁf‘funﬁ@lnﬁlﬂ&ﬁo Q&egﬁrke 4{1@7‘%’%“&7%%%3%31 %ﬁc{] %hen generate or

Wth "smart” power
Prddueqis senged Qurdent (TiGiseyvapedici theadircaivioogteiR vkt

t 700 | ud d t I
OROEPS B 14 o e o Puicinent g demapiafintograted

Saiick
R o 8BS 0y i 1

dimenty g pumbenefgnegnietic hnmnljmncm@ﬂﬁ)mmnysensors 708 can be

1%%@1%& E&@Brrfcg&é ﬁvr ﬁ]eis%%pg)o &vﬁ&&g |7§g WMMGRAM circuitry

7ERI716. AQBastivabémbaiimeet dftinfebraed diGul WETiRBY00 SRYINISde addxtlonal
Ia& % foregg on sai d supbstrate 702, and active circuit
%fﬁz & YIELS, fishectrio myers opdker agrohnd plahe) ethirsthemthese shown
m‘lﬂq@ WRAM ar chitecture 710 may conprise an MRAM 30
ic circuitry 714 and an MRAM cel | array 716. [0062]

[ongﬂn ot é[@eamtﬂgmted echiRAMvive! YO comyrigdsd a Caiptiats emza a magnetic

ach of the plurality_ of
ra gtk Hekd REm b VMM arififetane 910 Toftashanteldmitsrate 702, o
seasoe al’dﬁte&thfél\ébnh isklg(dl m&n&‘lﬁRﬁM’@&llsc‘?dSngl ch can be utilized as current
ation. For instancte, as descri be ﬁw

illustr
SeF‘%%'i)@S ) tfornmedeyn said substraterIaR) awl actwawlmmirpomgenemm?(gl, 1706, 712
ai er; a bit_line
oirh B wTE WESRES e IR Brcfitore, P o Segmantise 8 MRAM

Iogunnemuﬂmnandmbﬁbmcéllﬁmﬂlfsormed betvveen said

taI er and said second netal layer. [0063]
[O{’#]t h| ?fir? VEothe MRéMéielhmarlluwnamsesg nlweﬁtytofMRAM

Hé SEéthM‘ L h
*Ccel S anfﬁlﬁﬁﬁmﬂgﬁnéﬁ%ﬁ 75 AP icapongugs which
arwtzsixom:ﬂ& 7%3?'/311&'}1&@@4 dHillhdteation, - For.instance, as descibed above

ngﬂﬁl}%?%eﬁ:f Osﬁe]-r% 5 @Wﬁ may c%l\x/ls%eal Algt {191&83 fc?r:tned 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 betweeﬁ

components of the dummy MRAM cells and corresponding components of the regular .
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conprise the sanme conponents as the MRAM cells and are
fabricated concurrently with the MRAM cel | s. Agai n,

V?@ﬂg@g,loggg]t; nents of the dummy MRAM cells are ”P{;gfr?ﬁ\ﬁﬁ}mm

for sigmplicity of illustration, howe
R iC r N ioncl ude a

Iglar t (F:’(%:I lg'r |cgi ?id | neu@mo%ﬁg ’Mgr @ CHREent| sepsppy (CSs) may
cnypaise e daare dointpohéxite a$ e R AN k119 BhP afeCRBACkt SR Heurrently with
thé n aApartl cul ar magnetic tunnel junction _
k‘ W ©0Fe A8as s erriongris 9f e dnmny SR AM a¢llsl aag vot shown in
raad 7sr 6 f : tive cj i

RN f 'Iﬁﬁs?ﬂatxb&%ev@p %géﬂ gygig.u@g %Bﬁnypmdl cell may

.conponents are sonet | mes erre
lé@a%mﬁﬁt@}laadﬂmtdw fopngl fram o firet mewhiayes,a M@l WM bit line formed
LI GU| t 704,. an anal og ower control .
£ S0 bdcafi @ TRERC Bver! St § Ddiale? Tonioie eanglunetion (4T core
dispesaiidictweenGhiddfitbt methPlag @ RARGR S cd@nAs! 95 TEd Wi thin
(ﬁﬁ subittlrate 702, and each particular nagnhetic tunnel
[ﬁ i i o aftvectiregifr qosnongain soe s¢1@8imeP Befeand be as “smart power”
. e oL, over a .correspondi
chpiRdi, nl nfe Whinfiso 00 Lo X Bowd Rl CoRRBRLDS an anslog
pfwomntmt eemponkht 812)at diyied] Yogie asﬁ;psﬁéxﬁiw(e:.[s HacHRE AR

chive circuit
708 can

unnel . junctipopn core or _current sensor (CS)
oYBPREIRSAN e dPrIRSEh R, the Spteebaier T, et pedpemntivular magnetio tunnel
judetiory Corel drCatirfent U [ 09651 | n
T he exenplrar.y g@%@nﬁ) Z o '.S)eﬁf?ﬂnég’ g‘?]'zf%’i%%‘%g%u%?"e or over a
cirsspending eHyn esitcuit7 @ampanait 0§04H0Re6, A0t t®! coRBEPe nefdut area.

Al gi | ggi ¢ _conponent 706, and MRAM circuit

Ag%grr%%ﬂéé?ft éa%z? are ﬁg Lﬂw;%ﬁﬁ?/ Wﬁ%’&%@n A 91 FHteng sepsor (CS) 708
cefnetizr focatd, dor ENaaGRE dfaberd of dodbpor@ity 4R E cheuiPiBnQlent 704. 706
ﬁol of these front end conponents rmay be concurrgnt Iny ’ ’
Tor med by 25 the front end fabrication process.

(DG uu st SO ieASl end 808G SHEU I RICHA T oBF ok sfiiBmponent

i ncl ude one or € Sensors
7045 andlog mewebycottiel banporent 71 Bbdipkat loplt BEREEREt T0OMNd MRAM
descri hed above, "back end"

. Kk d | . _As
C‘%gﬁé"?’gl%ﬁ?eé‘t ?Z@ BRLSUEa gk o the v, enc fabricptigreprocess from front

en@da¥erQr Sahlke @falt Mﬁsebﬁ&ﬁ 4 Ed}%ﬁ
concurrently formed by t e&bgcg engﬁggﬁéa%gralx%%%pgﬂﬂy formed by
the, rgaicand fabricagipmprdacess, the front end and back end

[()?‘gﬁf | CRI L raBY QGR35 Sr% %cggfg %ﬁ &%@?ﬁg& iﬁé&lﬁ‘ﬁe} cr)]n% ol\élﬁ\(l)\{l‘e $ensors)

ricatron process _
and MRAM céllineay 71048, foinked BiPMUTHaGE Hﬁ@fa‘?)ﬁcgﬁﬁlﬁ’&@ésﬁ rom back end

i Ci rc‘lgit de.ﬁi e 700“I ever ages the existin
ALY r 8 485°H e‘g?l&yés shack endllapersase yerstformedafterytiwat end” layers.
SofeCdy 1E [ t, | east a rti f

ORI ARG M bich chil SyiFBRORL mi el PS5 8ypE Py Hiespack end
fehyicativaprohesse do praeticg he B6ntemdead buck end Fbribo o&%ses are sub-

t chosen fabri cati on process. [0067] FI 8 is
Pma"'ggﬁe% &% e W d’?%‘rﬁaﬂ%l WEPGEES Prpipsted dpegreats MRAM architecture.,
Thugiphe B ae & infegMidd j 2 tor

sensi ng current clﬁar%%s ic%&gﬁ dggié%?i@gt %g&gg‘%si t?/lg ex1s%ng MRAM
fabgicatien progess for' mmposes pHthersiiartqmwes arhitefirk. Ih@hi¥¥danner, at least a
pox%%ﬂyf%g’ giﬁé[rt IF))OC\;{erUa%'%l%Qgc/tgré %ulé %t 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 M'TJ

core current sensor 802 for sensing current changes in an associated active circuit {or

“smart power”) component 804.
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5 [0068] As shown in FIG 8, the active circuit
conponent 804 can be electrically coupled between one

t| cular digit lines 210 and one of tﬂ?
200
par‘{ cu%aar bit lines 208. The active circuit 'ocru>2006/041148

one t r bit .line 208
[gar ﬁi cuﬁgrﬁg}%& ﬁlhﬁﬁ(fﬁgé téglgi Ot ﬂrgu1£ OPI(I}BPFG ghc"m be electrically
coupled dstvecen ione wif tthe partiewlar §i gﬁkﬁﬁes 2e0enatdd dPthé ?@rtlcular bit lines
4. The nmagnetic tun

{ t 8
2B A ARSI P RORRers Gdhe Bubcnlen b e a8 g Hrelionlar digi
li'nB 2106y £ ci%lﬁ%hf‘ch CRE P %5'51%@ Q‘#,ﬁéé]t% (ick) genergted by.the active circuit

el ectronagneti cal coupl e
cepnpie $04. e ma:ac mmneu umetion Gonet duprent BrRo€ BOZ B&bciated with

e responds es the CIrCUIt current
t Q‘f:tfv é? nltp X Ro&aﬁpta% Elngtxﬁnggne cqg{grg panled {q,Hiab active circuit
cpmpeien@NTEOmE %s%@{é N | u@fé I f i
C ulrar ent ( I c kt). gener at ed %ﬁ%ﬁgfcg%ﬁtvsg&g? 803 9%p8hésct8 c}langes m

ﬂ@dﬂ{%} Inspasticulary, therrBigiReof c'cn'.tagnetﬁi tupnelgtunddion core 802
ircuit, 15

VAR %%{“?&E‘t‘sﬁ bR RO OGR] kel B et Sspa somponent

current

804 Aespbnie magretie noineCiuntticUedre Rhrreft sehsdétgn R Q6 the circuit
c en&/&k%g %1ove W th respect to FIG _ 1, the MIJ core of
UH ) genetale @qepsedogisnt §lsensg) fn respoasectot thedurcuit current
(lkd.ch can be formed of either an upper ferromagnetic

or synthetic antiferromagnetic ("SAF") layer 202, a
{086%nd Aaﬁ @@tt:d dbeve vitthiesheat o Eiéi ﬂgrthedvmi‘f ®id BEanaMRAM cell

ne r.S F I 204 a_tunnel
tyh&m yer s %r ge‘?‘i a‘Fe"‘? 0 @t pk either an upper
feframgﬁenchﬁ sfnﬁiﬁétld’flaﬁ@ﬁhbﬁlahﬁéﬁ‘ér (‘¥ Ndyert 582,P4 %@F&d electrode

g@ﬁnetlc ayer 204 are made of a nagnetlc mat’er
opBed ofgifhet ¢ lawercierronegnaicdonr BAH lpymmuang a tunnel
[ n. the ence
baﬁ“ﬁ%‘ﬁe ) %g V%%{lftﬁé {%e DI nngﬁé}%aﬁeéf i ;,[gf’ 3’3‘;8 Fn%ﬁtlc WE‘ 202 and
the rplmctdamagnetmf laylae 204 garet inadd iofr In&%éné Mﬁat?ﬁﬁlby such as NiFe,
or instance, in

M%)%%t nt or f:‘f in one dlrectlon
lon, grgurs JUERE RFqCesFsing by srnbipimgirertaingnatenials in thegresence of
a Rhgiedd fERY fIﬁtﬂh ihAYERagMicilSyed 59%@3?8?’&@311 &gth§ Hl%gnetlzatxon is

By contrast, e nagnéti zat’ion drien ron in
typically opagiant q>rcﬁx@yg ronQ dﬂ'ecimm d’rmammﬁﬁnca, indIE. 8/hgRidetiition of the

0) 180., [.00701 A
A gL s T ot sy o,

~ the heagnietizetion negaRitich BGhé W nilfeGANaRe 96 IdG g% fn both

th%ﬁé) i ent.ati.on of magneti zation of the free Iayer

tion, dox; ¢ramples feomn 04ipel80204, or vi ce- ver sa.
20,
(007 T iescndlefe BAVECROIE hidrio IRER 202 fpd Bitinded magneti

and the pinne
layer 28htcan berdefified amretrientdtionrofwabtictiziths 6f 8 RIBSE F02 with

t to.the pinned magnetic | ayer

' La e 0 res
resp Bé’f qd“thyeg o QRIVigentare.  tThe WL onglogbevean the free

ma@ﬂ&f@h@eﬂ DORTand 8RS pidned mé’@l gb fl%)?eg i &éé)%hﬁf 8}1[@? Zg{)ir%ntanon of

One state, sonetines refe s ap

magpagtizatipn A thimitten freé enagmeiim Btyez 202 orith edspedietof the @ik Ghagnetic

h ned | ayer .204 oriented in the sane
tayg B0E T Bk R PR oy e e SELPoRectiA e pseicriaypiriast two
dif2osht smatkst he pinned |layer 204 is 0. 17 WO 2007/ 053341 .

PCT/ US2006/ 041148

- [0071] One state, sometimes referred fo 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 betweén the free layer 202 and the pinned layer 204 is 0°.
17 - B -
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51n the parallel state, the TMR of the MIJ core 802

exhl b| ts a relatively low resistance. By contrast,

[ State, sonetines referred to as an
{zqo afal el state, takes place when the PCT/US2006/041148

of 202 dth d
PR RuBR SRR R TR 6 SabFioi 02 i s cwinaiclomnesistance
Byitcotrasgnglothdd ka8 gdnidignel e kA% 2527 aﬂﬁrﬂ galtamﬁl Qtla{%ﬂ Gfkes place

| ayer 204 is 180. This occurs, for ex
e imagnelizations of ghef ﬂ'@&alabfayﬁﬁ ﬂﬁﬂthesplhmedlﬁ.ymﬁﬂ)ﬁﬂ @btoriented in

t;h 4 to,th

B IR B ity il el e ik Fayerdly i tpepaned layer
Zﬂé 1&@2ﬁﬁnh ot |

i et ke O e O A
e g}?rli“@ﬁ%e 1zgtiomy ofthe pismed daxer P§4etrdhep iright hbwthel anti-parallel

f ht t

sttéaﬂléaTl\ﬂi‘gtl" t@lé i\/\ll‘iéir ébz g%eﬁ%%l sha:r%lgf'gél&%nél}]lgrsg (l(:gr iy eg

[8%iF2 ent Bptn the hlnﬂlnefzoﬁlmdpmgahgﬂ'hﬁleCMU aidyScohduétl QWMepl In the

the bit,l d/ the digit | 210
siilithg Rmple st FIG b Sirihline Ao itipe currept o rigks o Tt or
vicRgreeda) evHilROha )didit ﬁh&%l@%ﬁlﬁe@tc&qeﬁylnt é}emﬁ df thi ?E%@o%he currents

and/ or .t he dlglt line 210 can alter or ange

ﬂl?ﬂi’%%?‘” fhe beding20¢ ﬁlﬁé}rﬂhﬁeélgltﬂméﬂ@ccahwef g@fePat@nstresponding
t ggl magneti c | ayer 204. As such, a change in

e|t er of the currents flow ng within the bit line 20

(B8] andlher mbgretidifglds deherated b thé bit 1ineflogamaR: Hedigit line 210 can

tual, angle of the MIJ core 802. As noted above,
a@%a MHof ‘tgt'i]%e Fvtead anglsdreswesn thedfroprmagestic Byer 202 en@the pinned

h t
nglg??{glg%%ft ?s?ﬂ&&%g%ncéatag%%%%}ﬁetﬁg élg%gmgpﬁ& 8 6 bit line
200 and/amtherdigis flime £ 10n#illuiefluence hise mmmutangmmfahemne@ﬂecsoz As

f th 802. Th t
B0 AT el e Bl ool e 8 G e SRt gnees the output

TMR uéihb mtua o S0B0SekéCdiffeRhily GaY SREnBY: 5O sBided 'bg'lﬁe MTJ core
06 and rthe digit line 210|nto an out put tun

3 'Pfé‘ g §leaer the OWPR) tuntel magretc y¢813ta}nmt§7ﬁl\/ﬂ@rofn@e MT]J core

! R 802, t
8%?(@% n%%e rmnll}] § §0%(f@94ﬁhe$ﬁ s ‘?Iélg I’i‘l) anve“ the

magreatlnﬁf'g:]xébaused ibg the it (lizkei 206 cd/dpYhd BiitMIne ER);]ﬁm?Qﬁ olfput tunnel

ndent urrent running _through t
mP?ﬁe t%nﬁ%/@% é&m"sﬁts Ly} bymopitoring thegmtpys TMBR o fthesMTJ core
30, ﬂh@tﬁ%ﬂgqﬁ\e&@&t ecrﬁér‘ﬁ d‘g and the bit line 206
and/ or the dig [ine 210 e st ance between the

[0 cohe %@nathd of I‘the agnétion dieRD 6xperibhoed thyetldi BT core 802 is
nbe ontrolled Ihefabrlcatlon

B Sfn€ 0o, T el R el the, B gg 2ot ikt tine 210 as

welbaeth8QRstams Bdﬁ@eéii the INITE c 8 B02N60 Ghe blQIAR et arLd/d}ethe digit line

of the current sensor m

th t t
21§dﬁ@§@&i?q%gnsﬁé%ghng werscRi2 238 thaobiy ﬁpe DA anitlot fho digit line 210
hi e/ di
cal DA Burid e CTRANE pfoctl, By Higicying Tho fistapfd Betwean the

can
Mhgoret802 adithé ditrifhel 208 @indios R @ N%&dma k%l‘(’)etﬁerh%nmﬁ%@y of the current
curren&ﬂs nsor, tq protect the MIJ current sensor from
SCRReT Jisted to it dpmgn Reeds.MT)  current sensor onl y
[ﬂ‘aﬁls esd RRG tﬁ%ﬁﬁfo&@%ﬁ%ﬁgﬁgﬁg %Elf’i‘d'mg TRRP 81' ﬁlyers 820 can be

h the circudit or
Prpiivduszo Oled Claddiag 218. The thick magnetic shielding layer is placed above the

- MTJ current sensor to protect the MTJ current sensor from external noise so that the MTJ

: .currel_l_t sensor only senses the particular currents which are associated with the circuit or
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5 device to be sensed. The additional thlck nagnetlc
shi el ding |ayer 820 can protect the current signal to

Vpgz@[ﬁmg od, fromexternal noise caused by extern
odrces This can allow for nore precise BeTusa006/041148

now be scri bed w

asurenent s e
ﬁﬁr‘%’é‘i? ¢t%% %f“ﬁ‘?des&lg é@ﬁ@;@" thiFk masestis gﬁelélqgolam %20 qan protect the
et sIFRAICIERS h
20 ? o sitbod Boul ol SoSpchiRd BF BRinaf Wmpes, This oan
W@&@wl’byfﬁﬁﬁﬁmeﬁmgmemvar ying the geonetry of

DB Do ittt il yosbla Bl O £8RY i rference to

Blshdc twl:reatm'@lenlicﬁit!ﬁglth@w.l‘ &ﬁf& it sehbcF 22020820 Blrent sensor

el ec %tljes 202, 204 of the MIJ core current
%‘gaﬁ’é t¥can g Turthen improged by modifyiagios yarvingihs geomeity bbélecirodes 202,

e | an.
29%40@0@ é\lffg(l(': g.tc;]rg dJu%%%%en%r%p TZE%%}%C oirsgll 8%%%&% wes such as the
asperd gati Gelahﬁ@oneﬂ@aﬁomcsmraﬁldr@ap@ ofithecelbstebdee 2020004 BE the MTJ
one: of the el ectrodes i

wh
<ol EPieP fyndticd B, 20, 208 Shs S vigicd nsigiroad Delomiig FIGS. 9-11.
[0arAr al F1G. glishphaefplodd plaffvidy %Otéfaéleét{b% & 29%{ 9(54\/\#2%/[’1‘1 core

shape and size may be nore easily seen
cagsnsnyay 208, ZQﬁ r%pﬁ/mgccu"dmg te an embbdismms of ﬂﬁ(ﬁﬁyerﬂm where at least

6 e h th t is, electraqde
BT, e helif ol 1S 5gB8Y ° Hlelfodis ae Shoyin 78 peing laterally
d2plehdvin BS. @usngthsmu&irafazataﬂel shagla U.lﬁﬂesmé Ry be MI &@ily seen.

nd Y dlnen5|ons Y202- X202 Y204a = X204-

a
I‘éBYe‘% s, assruabled t%mw i oFe cyrrgnd sprpor RA2, 204, 206 they lie one
bOR! 2 Al
SO0 B! 00 Ml REPE2 BRI 9, 001
shgen as being sﬂbﬂﬂﬁallmsqmare ethat inihbving DEatd Udﬁn%ﬁﬁoﬂs H’deﬂ & Xog2.1 =
nd.Y204- 2 xX204-

ecta ul ar, wi th Y2o %322
A@fa. oy For CopysEstie ot fp S foe fepreagrionghat has been
uval uP US nPRIoi BleemsfFRES bOf th'éif‘ﬁ no@ %ss%hﬁﬁt r@l@@t?oc%@ BB 204-2 are

to be exhaustive or I|mt|ng FIG 10
diffesentwidiweleoedeo? 022 égmugorg@gnm WJZIDZmez A Xk and Yooz = Xona.

A?&horﬂisn& gx d%Hblgﬁg eﬁgg 8315 %@'ﬁf}nﬁ n\;éaln\(t)?g? |P8ﬁ§}gle shapes of the

er or el'ec
ebxmﬂﬁsan&nomrbeaﬁhmmveshmﬁm For exanple, in 310-1,

@ g bot qw I ect rodes 202 204 are rect an%ul ar
8T o1 o i Bhehavesrolen Histel Q9 qfegw@rﬁﬂﬁs 20004 o el eccording to
efnB6Mimbnts &F ﬁéoln%gntﬁmt ﬁ'hgsg%eélt 3;[0 Eac b&SG! ﬁ(l%j S04%%ve various

204 are el ongated w r| an
exameid aryanon-squad, Ghapese i Ron examplebmt F1 001, edthecbr b@th&af%ﬂ)ébtrodes 202,

| X >> Y and ded
230 PR S e R s i v m 210

- -2Miitheg OF BothColf &l68ttodss DB 2@ gre é&{’gate%%zth thebryl &H%ﬁh triangular
to

dj mensj ons may make various angl es wt respect
endse Fil%lﬂh%llo'i”:a@thﬁé of bcpthsxfreéncardd@o’mnam and ¢19nganechm1 X >>Y and

k}]] ro e 1S nggiée ﬂgﬁ ‘%g Blﬁ?%@ge:w%lfuwgg iof tg"l%fﬁﬂl core

cigtent acfisoe 2002004,v2@6) tﬂ&yﬂﬁiﬁeﬂdmﬁnﬁ&ﬁsr‘mﬁ% §RdleOURTus angles with
affects he ease or difficu Wi th which the electron

reglﬁﬁcﬁ 0y Or%%)' #reisiHpsiratad schgpa@agﬁpn FIGwhl.| B i psdfsl under certain
_ #cﬁl%bn {dqﬁsea{eltegﬁ&% I{!xp{ag] ﬁna? lLgC %Eg%ﬂic t@}'f Eﬁ@lﬁ%&g@n%ﬁceathe plan

first electrode rea
vigwgsgininetdyi ial thin elé&i‘odé&)aﬂ@&glﬂ%&&é br RETLIS? 0a Afikh4Be 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,
19



10

20

25

30

35

5 anot her approach is to nmake the el ectrode shape
hi ghly asymetric, e.g., long and narrow in plan
whewo8iace it is very difficult to rotate thePCT,U 2006/041148
el ectron spin axes away fromthe long direction
&b@ﬁb i ther ran

P A SUTRS midko HAG ol MR st e ey i fone and narrow
mddan V@W,, sipee ftas Nanyohffhﬂllttth eotMEJ:h@ OleiréIsgig @kess%ﬁw&om the long
(%an f %06 can %so he further inproved b

OPCPRR 9 TSP asgmine P. JBPWEVes, fithenarrangemepifor pinming the spin
meshﬁgbeeasaptrodes 202, 204 of the MIJ core current

sensor 202, 204, 206 with respect to the current

0078s t &n pddisienspetformhnceantyihe VBT icore arien serfsor 262, 204, 206 can

S S ol o Ok SR SR RO e 0 ity of e
chevtrodes/ 202 JH0406f {HREMTE | RES LQERS s8fsol PB2 Mg, Cﬂ}v6ew1th respect to the

curr@nt sensor 202, 204, 206 wth respect to
pidites 9 e gonsed; theanplesiuivatation af peedestiodesofbE ML core current

sEhar 263, 200906 hwif fBopdet 1 Bl Pllnal €%e'sented tnd verage of the

el ect r od acco

clastyodesnafithe MTT core cimensiniehson 20,620, 306 WeStesRetPthe llifent lines

| odes .202. has rious angul ar arrangenents
t(%?g %‘gﬁgg?scf’@e%ﬁé%'tlﬁ ellect rode. For conveni ence

[6080] | | UBKG. Atli Bws pldnStieR 1860 bPHR AQfroded S0 PAUNF %ﬁ\é‘i"ﬁ gecording

SI ngl e continuous el ectrode, wth various Ségnent
primepisaf thpinyemtiom whete at least 204 oflthé emmdesr@z R04bas various

ﬂ?@n{nﬁfﬁg&aﬁglgt'g I}I%Ut E Ecbtge 28@ feﬁgog%ngdgg)a%%pgnece of illustration
ﬁs&ipﬁcabée Qéig-ﬁel@tshowﬁ ash snl}glg %bxht‘iﬂu%ﬁs %le%tr&gé %19{‘%:?5113 segmented

SS%Cg‘ﬁ? gl_ 3 i&ﬂ S 204- 4- . Seéond
EoBE (HKHed%0 -h. |s2Qﬂ~ﬂén@r@%slm tfhatl dlif,feteuh gngiasre it dhis is not
IRSRREHbE %ﬁlﬁngg% %gtg@&fi é?’):a& Qefg nglyt)(l?s%gg)f 5612?1 e fegrgents each

of first elect econd @
ugseryingeasingletonieto sbamng e%trddmamn SUbeL-20, | Schivd electrode 204-

Al L B B 0 o o

flrst

dinteneioh & fvst Blebfredd EMQ4 digrensi El@cﬁa& ﬁ-z %]o:f}]ehte%ntglﬂl its long

second el ectrode 204-4-4 is orlente
dimensiasi wsf@ptlalﬂﬁgwre(llpez(pr \Mntlifparalbﬁpmﬁl tle fdm |damgas1on of first

202-4. Thu
i R A L L LT R ————
(m'hgmcbsecasé@lécubdé be4-8i4 HtorRAd SEEONS 16 eﬁﬂ@ﬁ at2 e (f2) with
‘9’1 OOSHjnFIG 12 is a flowhart show n
“’81?6*’? ihedans Agnsisiopnof st dedtindedfR-4. sEhenn \micoaadciryg)f different
relafive Bngi mﬁfﬁloﬂgﬁﬁ TR0 fofth e SR %g?ncf’l e&ﬁ‘%@ ?éf 204,

has active SR

702 is ovi
[0881]dev FE@sizma ﬂmhm mqwmgcarmamod EEBriAAME lan MITT core current
At step

set}‘% gggogd . 3& {a%feﬁ%gﬁ 6 @m\%rt? ﬁgtdsﬁ%g i}&eﬁr glsgb%@m £l 1s provided
wizit hia$ a&tt\%rblfbﬁlp&)‘iﬁ%nblﬁt‘s Y JEPRUN 7L MEOREY Cs%u%ﬁ as, smart power or

processing 35 techni ques. Thi's can’happén,
ané;@gﬂﬂtegrat% cigiellitsg exphyztdedethemmp OAt diepd<i06] a)rd@nﬁne (DL) 210 with

AL | GPAdhr91 28385 disored e Fookn SserBpmicipeprocessing

| tedlrmypies ZOImercahtht@Eh Mol &lagfld, oste udit 1craf‘ %gpor deposition and

di s&ﬁsed usi ng. known sem conduct or pr
clechenlafing o deposiefas sxempleMuppet Bateriatie AZ@ﬂeprﬂx%ﬁS a conductive MTJ

el&eBBBE 18fer 2O or iR 9P/ P23dd JoTTLAS 03%6/(1%%(%516 8us1ng known

- semiconductor processing techniques. The bottom MTJ electrode 201 may comprise, for

20
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25

5 instance, Ta netal. At step 1210, nultiple layers of
the MIJ device are renoved using known sem conduct or

j techni ques, leaving a core MIJ structur
“@%g@?’ﬁ*ﬂg a free layer 202, a tunnel barri eﬁé’gggﬁﬂﬂ‘m“s
.a pinned |ayer 204. At step 1212, the MIJ current ]
intances Fa 8@mlarg stept 123100 evltide teyewsooftba M Bhdévice are removed using

| ithography techni ques. At.step 1214, th o) J ..
K UE APBRRR et B ORaE e iR Yo et ML Bpethie comprising a
fREOHRE 307G thfdl Daftiée 206 Ahd 4 Binsike Rayé2d®, ﬁﬁ@‘ﬁg@@ﬁj 0¥ BT current
dielectric layer is disposed over the top J

sensewst §7dwe naftered ysing rogyensiondliithesrrty tsekninvase Aty 1214, the
.S ; "

SRt b AR U B ATGRER i tnjes. A

stepgiRdt) an ihérkdvél digleatrichiaydr. is Misposddegvet 2BOtopt k'Y Rlleckb@e. At step

nd/ or the BL 208. ca e_connected.to an active .
@ﬂgc@i@n HHYSN hﬁmeo&ﬂse%@% & Seen an%%%gc\%ﬁ% KDOWH offiniconductor
. . i t .
PR QB e Dk AL oo 0L BB B o b A
sttpt12R0.dbie BDEsI0 gdi@ribe B 208 swh te benrepled ée i egtyetdirguit gomponent

vast, er of varjatio exist,, It should also be

ok fibetit o ent bRt e bodi ment or enbodi ment s
[m?tr | bathile b @ishod exangile embedieRAr has bdeil fredefRdSif AR€ foregoing
applicability, or configuration of the invention

dgiailedydescripemdf should beapptpsiatng hat ajvedgumehss of mariéﬁgns exist. It
! . ' T _ o . .

Al Bk} 5phR B e Lt el it cecrvs

herehoae menintendednb dichitriwetssope, kpplidability] ob eonfigleratsdmalihe invention

.that varjous changes.can he nade.i.n the funetion and ..
in AL WEE A, Gre B m%wfefl HEERriPHap _éi‘f‘ﬁ PHRY 9% GRS fied i the art
VPOt AGOAd RS AR ifeng (Y A Rciibed i ARRBAIR dmbodiments.

clainse and the |egal equivalents thereof. 25 2
Inshavidibs valdeistood that:vatiouychapngésedn bf npde du thierfgnetion and arrangement

Lntearated cinrcuit he et hod npri si.ng:. pr.oviding a
of B Ep 8Bt e R AR08 o FRTPRE ap S B i e Fppende
claiifs Sidtht Mezabedivaedh fietdof. conponent  produces a first
current; providing a conductive digit |line overlying
in the substrate; providing a Magnetic Tunne

Junction ("MIJ") current sensor adjacent the active
circuit conponent and the conductive digit |ine,
wherein the MIJ current sensor conprises an MIJ core;
providing a conductive bit |line adjacent the MIJ
current sensor such that the MIJ current sensor is

di sposed between the conductive digit |ine and the
conductive bit Iline; and electrically coupling the
active circuit conmponent between the conductive digit
line and the conductive bit line such that the MIJ
core is designed to sense changes in the first

current produced by the active circuit conponent and,

. to produce a second current which indicates changes

inthe first current. 2. A nethod according to claim
1, wherein the MIJ core is positioned to be

el ectromagnetically coupled to said active circuit
conmponent, said conductive bit Iine and
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said conductive digit line. 3. A nmethod according to

claiml1l, wherein the active circuit conponent is

di sposed in a substrate anc2 s formed fromfront end

| ayers by a front end fabrication process, and

wherein said MIJ core is fornmed above said active
What isclatoed izonponent from back end |ayers by a back end

fabrication process after the front end fabrication

1. A nstheassf pfoduti td?P%téQFéfté@'é}Q:Lﬁto tﬁbah}@ﬁ'od WRisthg: providing a
substralé RGN re‘ﬁl lfé Eor?l BASht, Wﬁére fhe & t‘i\}evﬁlrcun component
produc Jsr&‘ﬂrtst % Fﬂ% P | A on %gﬁv% g gpg\z yg n Jhe substrate;
prov1d| a a g f NSON, B g pctive circuit
compora%n rﬁ% gg' g@nt s‘ﬁmsor comprises an
MTJ casg; P&W'Hg 3 ﬁ@n lﬂ%’el 'a B,'ﬂe a@l@%ﬁ'ﬁ%ll\ﬂ%pw@nt senaar such that the
MTJ cigpent seRsopis Aisgos &etwe\mﬁiaﬁ? gondective digitriise andthe conductive bit
line; andy lactrlqaﬂy gsuiplisg rtbe adlive etircuér carepothentdretardn theeconductive digit
line angdne @onduciivenbiédineasush thatrting 84T hcoBliscdesigndd tahsense changes in
the firstetureht aproduded oyt the | aitive 4cirduite coripaagnf whth® produce a second
currentasiiph iirdicgtes @BBAGES iMteXirBEE@Rsht, conduct i ve MIJ
el ectrode | ayer on the MIJ core; and dep05|t| ng an

2. A mBlRId S¥&Rlordihg! 861 Elafm Hay\ﬁﬁe:%\{r‘?r tHe i $ is smoned to be
electrorﬁ%ﬂﬂ ﬁéélf{/e eciE c?gél'do {aaé’r%réqt cgolna@f S?E@H {nﬁgit line and

I n"the's
said Coé&f' é r| ses depositing the conduct ive bit
h I | dielectric |ayer, wherein
3. A m 8%&%@93@’ 2 1} WBCHRIR (RGNS GHGUE dompansint 1s disposed in a

Subsffa@ @@@r isctarmedc Bamme foat end ayerse bii an fionk endofelrication: process, and
whereinisgid MTheosnds formedr above esaid cadtive @iratitt comabhgnt from back end
layers hyomback emd fabricationt prodess aftekihegframt éna fagneatmm piccess

conprising a Magnetic Tunnel Junction ("MIJ") current
4. A methugloaccdrithgTes RRIMC o Mahiesdin ProRidy e 4R %ukréhf abAsor over the
active dil@ﬂitﬁﬂ)rﬁﬁoﬁ@r‘itl Yirthet dSHHplis&? YR AingeaIRadsshds 'I\ﬂTJ electrode
layer; MR tahﬁeécfa'yéﬁ é'tﬁﬁHéF baATEHORRE a‘?{o‘)% I-Feﬁheﬂ |yl Yn the first
conducf WJ eleEfrBMé Qn (}5&:‘ it ‘Phé) Ezllé( é]'gt Rmne[ paier layer and
the p:nr? \F/heﬁafnﬁ he en élinep 'ngnel bartier layer and
the patt 5nﬁ8dqﬂ3éersq?5§ 80 eI ect rically coupling

t he actlv circuit co onent between the bit |ine and
5. A mefgdperard nane, claich.dhg MBEhodrer aomprising;odepasiting a second
conductiyes BhEE glacroseniayer RarfheMITH adre; and stepositingran énterlevel dielectric
layer over dae secend eenductiverVEd eléniseie lapet he changes in the

first current sensed by the MIJ current sensor. 8. A
6. A mettidlodcemdigdtongldin &) aiherdin thaestebnobpawidihgd tbadMtde bit line
comprisidf depbsBiagpe beﬁfuct:vli@ b&AineABlEN theC intEritvie] SRTBERBTAyer, wherein
the con808INVe BRYincISRPRId MY Eorl ir%t n&toé‘i%ﬁ'fcbﬂfc He&b@féﬁ@%erem the
conduc‘nﬁé’& it lin %W‘(He‘ Mg IZoke %?e ﬁlrec]‘;rﬁ‘:aﬂ#‘%ﬁ ectagl! €

|nne Ia er conductive MIJ

7. A mgg}e%]t gff Iélée O;P.f't S p:l:nﬁga.upe o G’i‘%lr{,@?gry qiagt lIlunne! Junction
CMTJ") ey e@q eﬁ% d {oRE iSRGy @a'wramﬁeﬁulrﬁmteérawng an active
circuit %@%Qn%oemh%dd tﬂe%ﬂeﬁbcw il dhe Active ciepiticssnponant produces a
first curgagiteproxisting épiiglt fing gvarlweg dhe subaiales pravidimg an MTJ current sensor
over the| sctiveodircuifyeompnnente pribdiding ea 9t liAenevérbdngaber dulbsfrate; and
electrically couplingSthet hetiveetinadt tompbeent bstweer tgs bildipesand tige digit line,
whereint tie M) tufrenEisensor is disposed to sense changes in the first current and
produce a second current based on the changes in the first current sensed by the MTJ
current sensor.

8. A method according to claim 7, wherein providing the MTJ current sensor over the
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7 electroﬁé %'?1(

depositing an interlevel dielectric |ayer over the
second conductive MIJ el ectrode | ayer; and depositing

the bit Iine over the interlzvel dielectric layer. 10.

A net hod according to claim7, wherein the MIJ current

sensor conprises: a dummy MRAM cell, conprising: the

active dirgiit compeneht)ecdmpriddsiejepisiting Qaﬂ’réﬁ cohductive ATV Slectrode layer;
depositint aetred lngsri Qrtunbell\'ﬂ'drrﬂer qayer, anhar fhRed dybridd the Ak conductive

MTJ elfEtogerigyée Othéhﬁ‘&g% &) tﬁé‘QuﬁhélSEalﬁléFrl r and the pinned
layer, wherdin ”b% erndB € fdtndi P b ""B%er and the
e R LS ione

chltecture on sai d substrate, said
archltectur conprising an VRAM cell array and
9. A mégA 5/' RERCIEUNI S, the. mathﬁatfﬁsaerampmlng depasitngrthe digit line;
depositing ﬂﬁéﬂtﬂrlevehdlemmn@ taveriayes|tee sesnad ventiuativeyMisplestiode layer;
and depesitiag thebitiine over the intertevebdistecttio layense changes in
the first current and to produce the second current

10. A methpdreicoriihg t© bRMOE witerehetifd MIU cutrereRensdBeorfprises: a dummy

MRAM eeliheshmpasing dineadig line 2ihe bit livd) &ir@l 4 pafteVifinidgidiR tMhdel junction
("MTJ"F b WheBINS Said %sc&!ﬁ? MTEFEbE ré’épbﬁHhtm PRGBS ik th% first current.

conprises: providing.a dunmy conpr|3|n

[
; ::t: \2 rﬁé@\bglaif;g de(gng)ég Wﬁ {%ﬂﬂo@gﬁﬁ@ . q{ﬁ}ﬁ.—lﬁnt sir;s;r ?;‘/:;1 ghrs
{("MRA Eﬁg § F& O; eal ISHET ng cp(tpgggcgw rasmg an MRAM
cell arrgy,apd t QH”ET‘Y fisi ng a Magnetic Tunnel

Juncti on "MIJ") current sensor, the nethod
12. A methpdiadcagding towlaiimg, Whetﬁitsttln@tl\ﬂhawawig electsemigpetically coupled
to said @ictivgicircoib mpompeEment i sddsel chhages in $hedfiest wageat Bnd to produce the
secondramtamresmestverionchiange sS4 Jirstaueent.ect ure for med

thereon, said MRAM architecture conprising an array of
13. A rﬁ@ﬁMdcﬁédcﬁdm VWaeeiging 7, %é\‘éﬁﬂ BRoVidihg 4hé M‘Pﬂmﬁ‘@ﬁt sensor over the
active cﬁfd&ﬁ“&ﬁﬁ 6‘néﬁtr EB HEé@” mvo‘?ﬁ Surd M'déﬂ compnsmg the digit

line, th& YY" | W ith%nﬁbf c i0 § Iwgr}ém Q?é?tg $8id active circuit
compo % ocegﬁ% {fric find WHEPLIRE s

is .electroma netlcall couypl ed t .
14. A r&@th;ﬁogme King abipisd q'wﬁy RMYNG @.lﬁ@gwérr Tupgel Junction
("MTJI"Wgurrens; sensgieths methed mpr&dn@ p@vm%@séubﬁéataéwmg an active
circuit qarapeneyittembeddechtharaia and a magnetin dardarg taccess Iyemory ("MRAM")
architecturegpfarmgdsheteomsaid/MRAMarchitectureocamprisieg woearray of MRAM cells,
whereirithgi &ctivienaircaiitccantysoriert gdrodecesaa firstioerrent; fsanisghl digitding overlying
the active oilceittoopimansit;] foaming & Aupheg MRAM ecllicahiprisirtea andgnetic tunnel
junctior! ("8IS chieGverhiaty tHéadu it NBe MitheFdih aidSRITI® D ré PBRRFohthgnetically
coupled séltira%‘twé ‘c':fr&ﬁl%o nB PYYGRM aa B¢ iRE SvEMHeSNT JRPE dyherein the

C MTJ co?eid § %ﬁlﬁ é’@%@ﬁme t' n%t Eﬂee Itltﬁ&”ﬁr?djfe@étﬁ pling said
‘active c\?\# ow ? g é)% 8\?78 lﬁ[ i sald MTJ core
is electgqrjjppggg%qoarll qup& Qhasdgil ting, and, dhe dg} ing spely Hat the MTJ core

sensesGhagpes ik 'V%QUT\W@ andpro § ayeron B'érﬁ%%ﬁli’ $¢4 @n the changes
in the first sairmes) sensed by i MTolgyrrestt seager. and a pinned I ayer

on the first conductive MIJ el ectrode |ayer;
15. A mpethodraticotding do falaim 1l 4yeheraiherovidingl theakiTiesurtentesensor over the
active diralitt temponestd congyrizes: depbsitingt é dirgtatdrefuatide fMT8 electrode layer;
depositingy&fred Reep a4 tenmsichdrkisn elydp ard éfplhlﬁ’étﬁlay%ﬁd:ri tHe first conductive
MTJ el@etrdds 'l@_\ﬁérp'pﬁftéﬂ'nh X8 frREAyere thd euldle] 15 iSr 18R4 and the pinned

-~ layer, W 8 t'th Qﬁéﬁ\%@inﬁe%om?t iME MiternEl S DA% Tafdt and the

patterné Fcompnse the MTJ core; and deposmng a second conductlve MTJ
electrode Iayer on the MTJ core. : :



