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MAGNETI C TUNNEL JUNCTI ON PRESSURE SENSORS AND METHODS
TECHNI CAL FI ELD [0001] The present invention rel ates

w@emenedsBy to el ectronic devices. Mre parti cuPEr/iUg2006/060208
the present invention relates to integrated circuit

( . Cch i ti , .
(WA ELLE T dub o GREP R SR e lgher pERR BB
pressure sensors (MIJ-PSs) for sensing pressure
experienced by the MIJ pressure sensor. BACKGROUND
[ 0002] Magnetoresistive Random Access Menory (MRAM is
a nonvol atile nenory t uses magnetic
pol ari zation to storg&g%ﬂgﬁbg%¥ rast to ot her RAM

[obephnoimagi peestdainveaBort! REGkdsOHehere Al @€ %ldcBoficOdByices.  More
data. One primary benefit of MRAMis that it retains

pa@mﬂ@tmr@é pigpt | mverHna ketat do ofmtegpipd edregifstlem devices which

ﬂt &Féj%tlc t{m e§ n&%ﬁx%\/ﬁt]’si rrg)gn {1 S¢ S%l &X%Eegc tunnel

|nc es a nmber o ic ce
juBdtich pmlﬁeméugdmr(l\mbbss)afoe,seMﬁg ere’kaoRe egbdrienced by the MTJ
represents one data bit. Information is witten to a
PTEBMIC $595®%hangi ng t he nmagneti zation direction of the
magnetic free layer within the cell, and a bit is read
by neasuring the resistance of the cell (I ow
resistance typically rEACKKHh@@Bm)"O" bit and high

r ist ce typi cal resent "1 0003 [
(OB beeoYBiERs Rhyddh At e sonr MFANY iz RPT gl memory
teéﬂn%ldggft faf QREE ﬁfa%ﬁeti&s b@lgrlﬁéﬁmuﬁ)t ktoR Rhda, lih R8ftrast to other RAM
conductive digit |ines, and/or |ocal interconnects and

techwldgletsethatﬁrsa@lactramc leglesj tvstoresdaga. eOhaprimegt behelis DAYIRAM is

wn, se 0 t proge tech For ex
g SO TP, Ot RRIE s EF R PR FRPERE Thi it is a
ndiRbRtild fAkaiosy. Vil B, MRADATALIBHcDY 100 AIMBBRI& magnetic cells
i nsul ati ng and/ or ad i tional nmetal | ayers.

foaped, et |8or$amlqoadu¢t@rats|Ubﬁraf§¢ otbswesaell all avpseschist ovRAdata bit.
In %né{raf it 1st \QJrlptgn ?oagl b&%‘ﬂﬁﬁ%ﬁ‘é ?{% r?lg I?etléytp%t (ﬁlﬁﬁ%ﬁOn M)%)e 1111agnetlc

power 1 nteg ra clr SI ng
frebela'yae@ltmapab cell odndnahﬁgf, r@daj}dmpa@mmglth@r@mearnaé lofithe cell (low
power in a controlled and intelligent manner .,
reﬁéﬂﬁe@ typicalby spesgenss pcli Py awBagééﬁalvar}%&ms@élwﬁ@reﬁms a “17 bit).

[00B31€ Aol MR AN deWick gﬁﬂgﬁ@? fltiRies 34 G a?of cé’}lsgﬁé(’{earrea }]né?rconnected

CITCUIt conponent, og control Tcomponent
ustngrieagiduativel oglicese ommhm‘evﬁ dighrimes, qndive ﬂOQahﬁEg‘Caﬁ@dtS and the like.

circ | so i nclude one. or sensors.whi.c
PiEgitibe MRARY  Sidasdre GRrBRcects Ry Sresn Samisatdar process
teSHPbAS. ARt ickiBple, MOLIQM] digf ﬁﬁes AE ﬁerhl%aqidn@ Bifferent metal layers,
t enper at ur e, gressure and so forth. Such sensors can

whigh ugted serfasrte @ xanping, ot omomwtmmlattnlge@ud/putaqdamal imetal layers.
C%&Vgﬁﬁ fafb(ﬁ)lcgtg(?t}ngﬁgﬁ%sﬁ dlsgnct%ﬂAtl\l/I %ewces &ve casily fabricated
ona substrate

[0004] Smart power integrated circuits are single-chip devices capable of managing
and providing operating power in a controlled and intelligent manner. Smart power
integrated circuits typically include one or more active circuit components, such as, a
power circuit component, an analog control component, and/or 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
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smart power products can be engineered to regul ate
power consunption, anplify audio signals, and supply
WEowe02885 col or screens. In inkjet printers, SPEF/US2006/060208
power products can help drive the notors and fire the
nozzles for ink delivery. In autonphiles, smart power
OYPH RIS TLEAPHEF P ERHENTSI OPSFGIA @95%&01& AHqTrRaeplsy Bhgell phones,
sndr! PAJerdSBLEY B Be cANHc3ER0 RQBIatd PO @TconBplio ANDify audio
products can also be Tnplenented in a wide variety of
sigitahse anéypypnily abwont. col @08 Ejenfo inkjat griatessd sgiartquivtes products can

I ressure sensi i s.an. inportant elenent .of |1C
i G e P TR AR PR B b RSN o P PO ROy art power
pro@ebte chie WekpS corfd] kg AHIEBRKING SBRSA! %irb®E dopiesmentdand scat
the pressure suffer fromvarious |imtations. For
positgmpige, Sk yopice fEduets sen sisegbedientleraented ik aede variety of other
e sem conductor |ayout area or space. QO her
al%ﬁké{fbgl%'i ons of such sensing devices include, for
[000FND| Eor axeested \cacsitz @OV i pytsurel easlaguahe impasdnt eeidnt of 1C
preci sion of the pressure experienced by.the pressure
desighsor Proy Ha ey eS8 el utiop %/_Sﬁlilﬁ@% AN FHEWIe r hRigng pressure
s e By GRS R o eGP RRIPAGIRE, Jor cxample, many
pr&yssteesemsipVvB)ces ndesymet e luabdh samiced duetoe eytus arcaersspass.  Other
.actuators, and el ectronics.on conmon silicon . . .
lrgiasions aPE AP otghn ErvrnitudSs ot BRI o Gy Esize/weight,

NGRS tmeasRRYRKE ?fecisWBf itH%}\}gre%re_e bgsdich&@l by 'tﬁepjrﬂ'rtessure sensor,
~signal. Typical types of MEMS devices are nade of
ingdegrate esisstiviyeand@v idyesmigrangsp hightcosteand dinnitedgreliability among other
1 R:%sti stance of a piezoresistor changes when it the
PrELresi stor is bent or strained. A piezoresistor can
[0b@s]us edit-Elce@icel MeciHaazal Syptdhd (NERISY SRbEteSREBOAical clements,
whi ch consists of a silicon diaphragmintegrated in a
seg$ars,c ostustMst rade. clyteonsesnsen i i topMpRonNVENBCeRs sepstrate  through
i 0 S .yariati.-ons, | .
RLAISHERoR HRLReLO DU BRI IR AL L0 Secial oup
sigradjuirypidalt t9pesegfl MEBLS devdbdnge nate ol pizddresistdve &vixck v kypacitive
| arge. Mpreover, because such piezqresjstive pressure
deyiigor Beskit@ncey i @ alPapresinil Flanges ica 1§ithe ggroresistor is bent or
n2HRAL T AL oR&Y. t&ref‘ﬂ $ O GANBUTBatY @ Esisthi! ;08 hich
Ssu stra#gespaéb. 0007? Thewgg%?aﬂggﬁgafﬁoﬁ]% H%h?mynxwlc
commidis roh aappbh daphoigs imbdgeatéd indesiicabdubsttate. shhé seositiagy of MEMS
physi cal size of electronic devices, integrate, .
b PiepiIEs SORPoEHELC BT saY AR o oSy [N Efpigee the changes
inRE R rbqRIcAYE r&idt&H dhahdy RWut@tfat CleBRiGYLy 1hid8aMoteover, because
sensors shoul d be manufactured in a cost "effective

sugla piezOTaMSEES Prassiue essnioie arpdigptcabnantegrateduin asdigowsubstrate they
cons woul d be desirable to

space the sensors.. S. It
ek Peron BT BRI S NESER sBYece. whi ch i ncl udes, for
[000ANP| &he amiRAMzafiehbf Bahyheodett geplRL@chsWhille i@ dS§iRible to shrink
power architecture, ) ) ) S
the physical size of electronic devices, integrate multiple components or devices into a
single chip, and/or improve circuit layout efficiency. Ideally, sensors should be
manufactured in a cost effective manner which reduces the additional layout area or space
the sensors consumes. It would be desirable to have a semiconductor-based device which
includes, for example, a MRAM architecture integrated with a smart power architecture
including sensor components on a single substrate, particularly where the MRAM

architecture, sensor components and the smart power architecture are fabricated using the
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i ncl udi ng sensor conponents on a single substrate,
particularly where the MRAM architecture, sensor
w@ovposss s and the smart power architecture aP@I/US2006/060208
fabricated using thesane process technol ogy. Thus,
there conti nu e a need f.or inproved pressure
SaEENRIGPSSS tf%l@%gmc@g SithgP yeontipugs Ogss f gl do gmproved pressurc
scR§yi de an inproved pressure sensor and method,
adapt abl e for nmeasuring or sensing pressure
[0888ler i ehoodlibglyt fteispdesshleetos privade, an timipgsoviedr priggsure sensor and
bl e t nproved pressure sensor, .a nmet hod
miEfd, AreBols 1Bt metirngar SERGH R SuRiCREt S8 1be PRAGE sensor
1tti9 fartREE AS4HFaBIEXRLItheNERHoRY pREsUBE BSHIS Candie Aetlod kéncrates an
woul d be desirable to provide pressure sensors that
clecticdh sigaalsthitycan be sgreared tow pIessERicERMtbneIddry depreseure sensor. It
t e t e re s
wgpg ﬂéé‘o dedl a%ﬁﬁ % vé {)ﬁﬁé elfﬁes((:sg%eg 56 s8{s g%\!t'/ cgg @J‘ Q4R Wt Eed with

senﬂctcmgnabeddaswesuaﬁd Sifogedtet aﬁrcaﬂgi feaddr ipe@fsin@n sensors which are
nmet hods) ., For exanple, it would be very desirable to
cogrn%b@evvﬁh é§@tﬁ0§d‘é“é‘?ifs davacanpich Htestpescfropit sk and fabrication

%ﬁ' % can be ?ﬁiég?ggggﬁigagﬁ#%ggggg %ens oﬁ%ﬁﬁﬁegggom‘thh

exar‘mhptteexstomrmeasoreumns end empmyeab meamememnpbrMamef ard which can
proces%£ in a cost.ef Elve manner . er desira

I
o MR RISiRL e RUCCEe @va ¥ gt g and allow for

prQ@&ﬁﬂg 1@@%5@&?60&(]@ Mahh&. @%Qﬁk{%{ﬂle AahRéd 8 characteristics of the
description and the appended clains, taken in

inggionnetli drecoine haprhecnacleamnpthey sut@eqireaw detpsled ndiesmnetlon and the
for obg e%Enlcal flel and . kg round. BRIE d th
??N THE E%-XWN@% F66081" ACHIEE B F%atwéngs and the

fowgdﬁfg&b@mehanﬁequanﬁib@cl@%@ﬁﬁnt i nvention may be derived
by referring to the detail ed description and cl ains

when considered in conjunction with the follow ng

figures, whe Eﬁﬁr HEX r to
simlar eIen%ﬁlﬁ:?Eggggﬁfut t ﬁﬁguregnﬂf%glo] FIG 1
[0089]a saeheised cempletesprictstanding ethofpraseniViRAbhteal ay be derived by

o ? onfi ? u {hg dde? aglg 8 gig I%P?lg)&l}%’g ﬁg{f ,c@i‘rggp@{lééﬁgﬁs“%?%i,va"rﬁgnéuncnon with the

foﬁb ﬁgs ¢inA eféréﬁc@g{{ﬂlﬁ% FIFECI dimilar elements throughout
| ture 0012] FIG 3 1s schemati c

theﬁgmesentatlon of an |ntegrated CIrCUIt devi ce

fi d .accordi.n .0 an exe t:
0F B o7 HIG G 5 e Bt R B b e AamAM call configured
acE@ﬂaﬁfgSt%%%kérﬁ 1a§ferhmlﬂneﬁtegr ated circuit device shown
IG 5 is a schenatic cross

[09131:]t i oﬁa@ ? emés aitci seatioral aatew of egrimpbied pmeatipower integrated

circuit architecture;

[0012] FIG. 3 is a schematic representation of an integrated circuit device configured
according to an exemplary embodiment;

[0013] FIG. 4 is a schematic cross sectional representation of the integrated circuit
device shown in FIG. 3;

[0014] FIG. 5 is a schematic cross sectional representation of an integrated circuit
device configured according to an exemplary embodiment;

[0015] FIG. 6 is a simplified cross-sectional diagram of an integrated circuit device

configured according to an exemplary embodiment;
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devi ce configured according to an exenpl ary

enbodi nent; [0015] FIG 6 is a sinplified
wee@3sexsexti onal di agram of an integrated circCRET/US2006/060208

devi ce configured according to an exenpl ary

odi t;[0016] FIG 7.is a f|l rt show a
10fEnoa 55 7 b ﬁ%%@haﬁtg%haww mﬁrh@g?fﬁ?%r@é%%?n &E@d}raﬁw sensor
ackOrdiH}, t%?&ﬁ%ﬁérﬁbbér;ﬁ&ﬁ%iﬁ@ﬁ‘tt an@nd [0017] FIG 8 is a

sinplified cross-sectional diagramof an integrated
[0017lcui FlQor¥f iigur ednpldedr diosgrseadioanl digrgph aofy an integrated circuit
enpbodi,nment ;. [0018] FI 9 i,s.a chart illustrating
Cogﬁtébrﬁfi aF%Ogg@%g%%%l”feﬁgﬁi?ry BIOLMRIAYL or essure sensor as a
00L8ICt | ONG OF ispf @RSUNIEstRXRE u§e edishiicé Jf PVEIIPHS
[sgﬂsor; [OOEB] FIGi‘iO igcgﬁﬁéx Fodgdthgg VieMIzg tﬁgsamor
asg fgpetioade prespurg ey icaeed byytheddT apisesues srgseto exenpl ary

odi tsq : 2 3 p Vi
108 e P30 i GBI alhy M FERGHGEAHAR s onfiured
acobidéfg texeemplaryembdaicienent s; [0021] FIG 12 is a plan

view of an arrangenent of the el ectrodes of a MIJ
[002%Yt i glited ] hdeandiimirded Blan verner txelgstrarss of a MTJ configured
aﬁﬁﬁgﬁgﬁﬁﬁﬁééx&g e dFim. ?ﬂs a chart illustrating

ut put resistance wt espect to changi ng
[02HssuFEGexpersi emdad vigw aof Ml Ahrpngssant eofsdwrselectrodes of a MTJ

operating in an anal og node; and [.0023] FIG 14 is a
et Pt 1 ¥ i 0 Bt P Pice w th respect
[0022]ChapgG NG RN LR BuSKRRE ¥ITE SdtpaY rdshenM il @SRl & changing

sensor operating in a sw fching node. DETAI LED
pPrOBBCERIXPTTaNcd 0924 M Theressotd sswhar@pdeatiag ireth g mpdd; end

LSy rer [ lustrative in re and is not .intend :
OpZ3IT 0 L R el oY BT fsisPashe hli S §RECH changing
prediard dxyeiidnced by e MiTe hilkiee séli6F Epdr&inddn laRvetdhin@Mdde.

be bound by any expressed or inplied theory presented

in the preceding technical field, background, brief

sunmmary or the folbgy%ggEBqﬁﬁgéﬁﬂgﬁgﬁpription. [ 0025]

For the sake of brevi conven t echni ques and
[0024t ur &% Ifell@atiad demilvRANb@RSiogs ndRAMiDEpRIfadl ¢ & nature and is not
. sem conduct or. devjce fabrication, and ofher aspects of
inteRded torlgit eV ertoarthgarnlicadomay st obdcdeedtiphe fusthermore,
the&tidio MENEbA to BUIBIRE {Bgfa%ysﬁ)@?esgécf 6H Eﬁlﬁl@éﬁ”ﬁ’i@ resented in the

ayout's and confi gur at wn I n the variou
precegurge sechontkahi fidd, Heclkeirouat, ebrieft enohedhry oor gpe efodlotving  detailed
exanpl e enbodi nents of the invention. It should be
deﬁ‘a"t”gg’nthat many al ternative or additiona

[0023]C Ui F6E£ ARP QRN of | YA ScIB¥ntRAaPt&PBMucé Mnd features related to
practical enbodi nent.

MRAM design, MRAM operation, semiconductor device fabrication, and other aspects of
the integrated circuit devices may not be described in detail herein. Furthermore, the
circuit/component layouts and configurations shown in the various figures contained
herein are intended to represent example embodiments of the invention. It should be
noted that many alternative or additional circuit/component layouts may be present in a
practical embodiment.

[0026] The following description may refer to elements or features being “connected”
or “coupled” together. As used herein, unless expressly stated otherwise, “connected”

means that one clement/feature is directly joined to (or directly communicates with)

another eclement/feature, and not necessarily mechanically. Likewise, unless expressly
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[0026] The follow ng description may refer to el enents

or features being "connected" or "coupled" together.
wa\soongessher ei n, unl ess expressly stated ot her M BES2006/060208

"connected” neans that one elenent/feature is directly

joined to (or ectly conmun cat Wit h) t her
St%F%ﬁ@ﬁWIfs%amﬁpi & heps et i si.egﬂgm #seﬁt%w?éw %Py gyldlrecﬂywmed
toL(d+CWrS&ly lelﬁét%ec%p ESRmunRhRL e&n@} Qﬁse%ls Riem&G@REE” and not

mmnsthm one element/feature is directly or
neicesshnlyanéopanioalhed to (or directly or |nd|rectly

e EPT MR HCCRR - Of BB T e e QY g Egrindustate the

gebal nlayin@fofl dohstsidtish] 81 ddsb@ptibngd\Wha gletfaug dF @&ll-known features and
illustrate the general manner of construction, and

teefaseues praydresoraitigd depedig gnageesgarily. ehvowing @atnm\re@gomndddltlonally,
Layes t V. 1 I
BT R AT b Bty RAEREREIN Yo eppte. oo
dldfeﬁsmmyg@f sdohgwtabe alemenior Ag@BSalthd figeeamnay be e&@@gemted relative
For exanpl e, the di nensions of sone of the elenents or
toy @f¢1o ﬁ@meﬁtSt P TIgIQr ©s hetRyinpEo Wk dpgetareng f| apbademenys of the
in9denL. el enents or regions to help inprove
un erstandlng of enbodi nents of the invention. [0028]
[0(!2183] t eflie terisr Hirst)” “weaaiyd; thirdf’ ’h‘rfouh;tfi” i thet [ike mnitie tdescription

e | n the descri t|o t.he i f any, be
ariioli k. of e i Shig ‘Bed ey Paiveer sl TRt and not
ne'&@stsaﬂ?lcfso?s&rsétllﬁiné Qr pgﬁ&ﬂﬁﬂ BétGnal R EHI‘G%IQ%ICéﬁe%@pt italis to be
or chronol ogi cal ~order. I's to be understood that
undhestaodr that the tawesdsanpscd zmsen@t@amb]eeundﬁd @ppropriate 01rcumstances
appropriate circu ances such that .the enbpdi nent
oo B B i b o BT PR OGP PR b ETAREIeRRADE, Slpable of
opettidll B QEqURAEEAbIRA thiln SBEN¢CNIAREaRH Ner otthtaRist h@8eribed herein.
illustrated or otherw se described herein.
Firthermherierrdfice termp e comprise,” cowpides e have’ | ged gap, variatigpsethereof, are
1n%ﬂgede‘qg c%%tj %1!18 cﬁuglpee ru?c%s'lorﬁr & ﬂ{]tﬂ%ﬂd& :f)rcgc%ssc OX&h 111, %mcle or
exclusive I ons, t ocess, ret
ap@ﬁltatusl that @fmpip;pﬁﬁatsu sf bl‘eatentsambt ﬁé&s@rﬂly $1tn11@ﬂ to those elements,
el ements is not necessarily |im t;d to those elenents
bub maynaglufe efhgr slepenisimog cxpissls Lirtsd 0B iphersat fo sychdyreeesy method,

mﬁagqg ?hm%R13UCh process, nethod, article, or
appara f0029] The ternms "left,"” right,” "in,"

00281t , " The rtenmns, "‘leftbadght‘ ” g, "‘oﬁtdo(/\fnont & ‘dqm,ck ht’t Gdgwn, “top,”

(13 y OV 29 < e ) 2 a ’” (13 e o ke I h

bgReRY p?‘fe&n :m&ere meocIqY &% aﬁ%ﬂ%e L}gé fgscliption and the

cIABSCHT RhY, vsreweﬂ%@%e@afbtﬁetp&s&%%al hot ﬁ&&ssarﬂy for describing
descri bing permanent relative positions. is be

ponmaiesns t s ve hpasitions. t d ns tg obaigederatoedi ﬂntaé rtheh éﬁ@@ab‘b eused are

iate ci.rcunstances su
infs PG PRTGRE Bhalilss PERUTRERS: RAEMnt TR PE M tnvention
degaiidl tersth aef) Eoatk@RplE,Ncaphblerof WperifibAtih @ftfer tohi@AtatiGkSBan those
illustrated or otherw se descri bed herein. The term

illugtentgsl @gotherydsa deserippdrherein. Tederm reoypled,” as used herein, is defined

as directly or indirectly connected in an electrical or non-electrical manner.

[0030] A practical MRAM architecture can be formed on a substrate using a suitable
semiconductor fabrication process. In practice, MRAM structures described herein can
be formed using a conventional MRAM fabrication process. A practical MRAM device
will typically include millions of cells. Generally, an MRAM architecture includes at

least one digit line formed from one metal layer, at least one bit line formed from another
5



10

15

20

25

30

35

as directly or indirectly connected in an el ectrical

or non-electrical manner. [0030] A practical MRAM
W@e@hiloxses ure can be formed on a substrate usiP@T/HS2006/060208

sui tabl e sem conductor fabrication process.

ctice, , MRAM st ruct res desc d herein
mplaf ks 6 Agnagneliniene |JBP1‘§}°HI\(FMGB$%\‘BFF Soipiegrh ebwf@eﬂg% two metal
lafer@r aniel KAl J%Mléﬂ@d@s Cc%lthﬂla{t oURI &k bPRc locations for the
lions of cells. Generally, an MRAM architecture
JMBﬁ@M@ﬁé@eanﬁieast one dlglt l'i ne forned from one netal

ODEr PR 2 Rt EE " PSRBT FuHEY] trirl SRS CElorg0 Configured

act&rdr@dtoba{ WR&plhiReerh¥etifBh? ! Eh@qy@élﬁ in Jrh oA GRhRecture may be
includes cells that forman array of nenory |ocations

copgeuich exsmanmainchlG-ebt MBAM 068 1300Fgaerallyi mchides cither an upper

fef?‘rggglgﬁetlﬁlc 0 %t@%?c de%ﬂtl\fg‘{ Vtha \’15{61% g%’l}ﬂ\‘fﬁ%ﬁ&% ogmge(i) werl___fgré%magnetic

or(RAH lalyer 204, hm/hﬂmelmal’@ﬁtlw& 2061}06110&61@ drftivgueesmagnetic layers. In
shown in FIG. 1. MRAM cell 200 generally includes

this; qx.ﬁ@pleaﬂlel}wﬁgrf.efr@m@%@r%w ]@yers%ﬂ;{tqqg){pp@es the free magnetic layer

be?ﬁ‘ﬁs'eftﬁé GR0RAREE g( FgﬁéE a)cloh I? be gxgﬁche‘arto %hé fle bit status of cell

erronmagnetic or SAF layer tunne barrier

200ay émwzﬂﬁ“erbmhmnctdreSAEdayar IQﬂlﬂgxm@tvmc ib dy@erfxed Imagnetic layer
this le, the er ferromagnetic or. SAF |ayer 202

beggiig S BedTaGh oF dis miegRAaHEn ispaRe b isenstiregHen 8iq dessiigh change

dlﬁ'fctlbﬁ af ﬁ@gﬁﬁ?&loﬁ%hﬁg n6ARalRpeiitih b BRMHER. CWaRY ﬁletrﬁﬁ‘gﬂ%h%atlon in
status of cel Lower ferromagnetic or SAF | ayer

upey, femlmgmtlc ms Stﬁkfe lﬁyet ed0rag eralll | ay dre maga@tszetwm gin lower

fe%P]?lglgI%%tl(gﬁaygﬁ &b%ﬁgg atnlg?zl g%lagsnccﬁl?ggtl nnegs&]ow resmtance state. When

thp elaghétzatib®m ehpet f&rmrgﬁahc aparmeiin gntcpRdilélite it m¥WiRHization in
t he magneti zation in upper ferromagnetic or SAF | ayer

IOZ’QQfeITTS?Hb‘ﬁﬁ%Hq layert284¢ the rﬁﬁ?@fﬁ@? iagtess el 209 is dpdy high resistance state.

T%@aﬁ?g‘i‘)@n%erf ’tls) 1 %ﬁ{vgé%]tl %&’Q gs %ﬁ'b&tﬁ%3r1§§ HRSRsi§he of the cell

200a0Med techhiqoes uthlia¢d e rredde iid Waign dﬁﬂa&olMR@IM 2)@2 209 are known to
anti-ngallel to the magnetization in |o

thessrskgiradhéha &t 4y gicrofone; wil %Otrb@sdegquhﬁéén Q@ﬁ%&%re@a |
[08951 IS Q. '1t§1sch'd9€” segibH ARCB08L AL dIRE 1R A of ﬁgdlvﬁﬁlally and

in a given c 200 1s rea y nmeasuring t
codlee;tl@hamcferred tb hergel 4s 200grafth éint€¢ hongsiesduty kd zeldl 200. The
ata to

read. and wite M cel.l ;200 e known to }
Ortei‘i%él@n@% £hq waEheZgting lart?@?ﬁ%gneflﬁ SPEF aﬁimtm f F58p0ne to applied
c&&ﬁ??ﬁl@é’sdfrérﬁ tﬂ@a?ghﬂ adale&ﬁ hﬂes P32l FpfBcatdoR! 4@ AR G csomplete

i ne 208 and igit line 10 (i ndi vidual |l y and
l&ﬂdlelgee@trﬁww wheh é)ptle@lgtt ané bitding patscs meqvgemﬁiyl dpplied jor the single

FEIHERIN Aot Ronkio RO mat R Ly BT 3 oRlarblBie MRAM, the

orf REROASE th® bAAP kivREhcAUY RN Ershig tﬁe@ofah@ﬁbf bR dir@ht maﬁld hne 208
bit Iines for toggle applications and nakes a con?
whigp keening et F@Nﬁéqﬂgalro %ﬁ@noﬁoﬁtehcmr@ttmaﬁkgltblme 1%lfe In a practlcal

deﬂ?& T t%'itqu%rﬁ)%% % e In%@t oé’,nait{h%l‘t%!r Bng 1@%1\&061]]3 (eg.,a

ayer or co ona cati on.
cohgnn todgglle) MRAMvidche common write current to ecach of the connected cells.
Similarly, digit line 210 may be associated with any number of similar MRAM cells (e.g.,
a row of cells) to provide a common digit current to each of the cells.

[0033] In the embodiment shown in FIG. 1, magnetic cladding or shielding layers

214, 218 can be provided to improve sensitivity, stability and reduce signal
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orientation of the bit is switched by reversing the

polarity of the current in bit |line 208 whil e keepi ng
w@2monexssht polarity of the current in digit |PeEUDO6/060208

In a practical deploynent, bit |ine 208 may be

connected tq any numnber .of simlar M ls. (e.g., -
ol i cEee 814 &) g aipe! 59“%6 M@f gllng,tﬁus @éﬁ%pkeo(%glt line
2192 fHRiEs fahé’on‘aeaﬁgcal_%ﬁh&&hlcﬁ- 213 Bhd & hmefbIgi ctladd'ir{%e nddial 214

may be associated wth any nunber of simlar MRA

fooetd §ofmea gpfi magnaiv itendl |Ig)thisexpmplei dedding @idhpartidllgisurrounds

cyrrent .to of the. cells., [.00 An the enbodi nent .
coglisie SReReS2. i RSicf i Rugdife S T4 1 QiR FRGEe 4Er gides of
coddtstivd JBeri@i 208 SRER VHadl ek ﬁ}lﬁwér_ﬂﬂﬁélﬁg s@ERsRl 3fl dnli¥otive element 212

stability and reduce signal noise/interference due to

repgisiungleddetl. aloethe cmbodineeni/srqwe s F1G. |1 lingi288 éncdydss @, conductive
gt T . ! T ) -

B kel 18R R ARELRRNCS bY 8BRS 2 0

exapiple, NEghiid Q18apatinky .subuiidsi sSoed@tipd elensdnaddiiong 1Algarticular,

partially surrounds conductive el enent 212. In
clgiding eld g fornearongd 2hpei ddgsopheendarbvmalonenee 16 yek that the
3 V . u n .
AT HHED Sl e ot g BRpbRo16 MEmiMNANF AR "Cladding
2 14/ 1i8hmaw rieoutii e d t to sfooun thenmigpatic1flux itoveard Be iMED udempeove the

onductive bit el ement 6 and c di ng .218.fq d. .
o135 L PHOHY B R e e A A PR RSt R dgAcne the wit
dishARHENS g&?}lﬁ)@ﬁl&'@ﬂs! Mni{}f_édtfeuﬁaﬁb&ﬁﬂl@ﬂt@} ih¥&nfIn@BRIadding is an

216. In particular, cladding 218 is fornmed around
intelgrag gaioddlse bfrricolapiers tusek inethe Helmicatiaib o vepipet hesgrarndines used in
thdgﬁgxﬁgd facing surface of conductive el enent 216

¥ emeinsP'headded. O addi ng 214/218 may be utilized to
[0084us Therdvtigaetmbodimbts! enrIuetitd1elcMEdt D02 iaA@r@Ueudting element

efficiency of programm ng. The cl addi ng has an '
21§d%ﬁetfpﬁh%£¥ frigenan ie?ectsfcaﬂjécmeqhw@w Heatepigl tseclyas capiraneaed cladding

t ei [ i1s. ' . ' t.she, . .
>4 AL MR 0 R LIRS IRRA) CRRLANFDR,pckt o
cobaly edlloy us edbhlt-idohealfogbior ahd iliks. ofn 6P peimle cgtitidirhéme sladding

used in the MRAM process. [0034] In [

| ractical .
21gtd)Sds paprosimaiel B i Y0 pestioms thiey ( ity of lpdding 2147218
e A A 2 SR en S A GARGHRE hitSealized
frérordifcichtr mateaals pédndupevendernte Ttagmet dladdmeg 214 ale @uosidered to be
e S Rt RS BTE bGP SRRl E Mt ctemen
216 adingdidd 418 18 iconARREPXS TR BN Q0 BSAHI AR RSP metal layer
thick (the sidewalls of cladding 214/218 may be

(el ithphmietal fik¢ lyer)) . Al t hough the conductive el enents

t he, cl addi. are realijzed.fromdifferent )
1O fler 1 Gn€ A T A ARt 537 stk PR may b aseg herein o
diffoRatisteeevdcd B¢ thaldisiort ettatla@ie @anea mehlRlayérdy@l “second
(e.?.,,the nmet al four Ia¥er), and conductive el enent
motaklagerd nepdaeli indicoteghametat ope prrb et two by crsapspedtveky. In other

w&lds,a*cp Oﬁﬁ? Inct? m@” H{'Jetalﬁg aﬂ}ﬁ}ﬁ%{al layer within a described integrated circuit

device, regardless of any arbitrary layer numbering scheme, and a “second metal layer”
means any other metal layer within the described integrated circuit device, regardless of
any arbitrary layer numbering scheme.

[0036] Smart power integrated circuits can be fabricated using a combinational

CMOS process that integrates precision analog, power devices, and logic or a subset of
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(e.g., the netal five layer). [0035] The terns "first

netal |ayer"” and "second netal |ayer" may be used
whesoeitoessd differentiate between any tvvo di st i PCT/UsBD&D60208

| ayers, and "first netal |ayer” and "second netal

Ig eL" geed not indicate. the nmetal one.and netal two
the i})@ %, SR PR rdsgrated qirgHiesan fgugs varous; qynytongadp 4pd combine
all ANQE" [IRAGS 3y el @as%ff&edvlal IC anfRafl B&ftions of voltage

integrated circuit device, regardl ess of any arbitrary
regalgieon, movzer |M@S§Eﬁe,nmpuaﬂ1@nal Ccsehtmmngretrmswhapm’téctlon system

h hi h
SiTEagraced el ooy e Spdgbett bl Saf SRR AR, oy varous

fuh @y, ﬁkﬂbefsrpd’iﬂ:rslﬁg e&ﬁnnﬁ@@@t@c]n PoRict nROMEIMdnit @EEtAta8d sensors,
circuits can be fabricated usi ng a conbi nati onal CMOS

angripesethen sccishferptianes Spreeciosi e intagafedgsirqandeature a rich set of

mgi%ws?g%%l bﬁln(?in% Gr%&c%s 1{1013 1?1& b% ar?(ﬁ tlﬁg PAnQI&I%I's Isdn’lai!’o-rall op amps,

ntegra can reduce vari

co@mmmen thargs Q)uﬁ@@baﬂdle gab | driviee,s eoltdgs Cﬂegﬁlﬁ&rs Nirécision references,
‘sjn%je cost-effective IC |nclud|ng functi ons of

digigaltlagie. pagupatviobiile memary MISredrying ignds thergae power MOSFET

i r e
deﬁr:fbgg rﬁ)lg? Iﬂiéiggmvet é@&%}h t% p% ﬂ{cqgﬁ%%#ﬂtg th%#ﬁa‘trﬂ ﬁli‘ane\lﬁgment short circuit
mbmmm@ranédwgnm¢MHMEhmnangln varlous functlons such as

OBBIET £5, 25 B e VS IERETER! el Sl i

arblﬁ%e%ﬂﬁ@??@j V%lEl’i:Lh' L% efx%b}ér & ﬁrtﬁé& Bn 2&8ubQfatd 32t ANALpi layer
di ng bl ocks i ncluding A/D D) A converters,

25f4aus|1ng @)smlgﬂblle sqmlg(ym@ctoc &m&a@@mp@ce&shgﬁ@@‘t puwptsmgqgcated circuits

a rives vtha ere rence
ol o (GGG G R WP BB R Y oy L RGR tevers
erhplaﬁﬁg tnh?f)@ ofp-8y ROV pMABEE EmdR \HoGes umgrblted REbEE héBitecture 250

energy c I ndependent thernmal managenent, short
angi b strupustsedspered. herein gpmb darmed usmda@ewstabig integrated circuit

fai)gpa%tgll gﬁc%s 2Altﬁm% %gﬁfg?ot&/ecf %@eg cn%u aﬁﬁ’l tfz“tstbr%dZSO is depicted

OWET rcui it dre
withipeter MDSFE"E&&G‘DCMOS &n-MOSEET Q68 and PoSIOSHET 26®), and bipolar
with an n-epi  |ayer 254 usjng a SU|tabIe senlﬁfndu tor
depigsp 204t F‘dﬁaiﬁ% é%‘é‘l’t eyt Infgtaded chewhmal dypicpliy diqlude various

achiel 28 Ja%ﬁ? go @1@ %HFh Ly Qﬁédegf re§f§ {ra Qﬁto\{’ﬁ t1Hduct01rs fuses,
out epi

and/or wt taxi al layers, enploying n-type or
anpi-fuygse and nenprracievices. Qeaemll}aosmmrt powegmateeded crraut archltecture

ect re 250 and ot her struct res descri be
2SR @%gpﬁgldlamr it 4doma W@bfﬂz?ré&rec?ﬂﬁ%ﬂ iq increase the

cufoahrdeﬁﬁty A BIARARS -cirthit POUSHM ORI Vaﬁsuseﬁ-tyﬂéta%ar & wells are
circuit "architecture 250 is depicted w th ‘power FET

foprsed u&m@@e(lrknmmﬁmlcm@u@tndpq@cmlgEsuczea@)lmpmwtbnpi@ldahffusmn
262 t t
tseiffort B3R fene o B8 R e DR P LGB §liflliop andior wench

prBéssi ve conponents, such as diodes, resistors,
capacitors, inductors, fuses, antl-fuses and menory

[0838]i cedn cabpsimpentypl tagrigventimvistatosrie @gnteeigted; cirsut 1devwe formed
orfd S%ﬁ%ﬁts%s%rate and having an MRAM architecture combined with a smart power

architecture, where at least a portion of the MRAM architecture and at least a portion of
the smart power architecture are concurrently formed by the same fabrication process. As
used herein, a smart power architecture includes a power circuit component configured to
manage clectrical power and at least one additional component configured to control,

regulate, monitor, affect, or react to the operation of the power circuit. In practice, the
8
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250 includes at |east one netal |ayer, and additional
netal |ayers are added to increase the circuit density
wa@pa7neesehhance circuit performance. Vari ous nPCHPs20861650208
p-types wells are formed using well-known

sem conduct or processing, such as.i

| ant at i o and .
DRI IS OO EBIT (15 e DR SRBAT SantHiobo b ezt Pag additiona

colﬂgioﬂgntarﬁé(y ﬁi&'lﬁ(ﬁb W@thed %It!lt% apdibr (&, §nﬁﬂ el P&fiéhtal condition
An enbodi ment of the invention Felates to an

sensore gn aesdogiagatict saewi @8 eﬂcmmcm‘m@l csemtmn ae u:lt%trtcat e@ttribute

chit t
sclSiiet TPuTierb oF g iR dniovat (pEad RS e g o amponent: o
diMeRAMogicCEirhRSleh; &radt 8dmbi@@sdn ehepyrt i U@lngfsnﬁaﬂﬁ SWBf integrated

power architecture are concurrently forne e same
cifcalis.i @staners ginotsdues thassigs e theraklag Ia)f%%ratl phevdigital logic of

pr%t?c? %pgﬁlc %ehs td %!:Mg\?esd sP 9%&1&?' r'[%%' énan%gESQS@e‘rs tot econormcally

manage el ectrical power an

paatlthdre Geddhres ﬁ)r[d)wpeblﬂlt}cmttf ] glﬂﬂpeﬂ:sﬁlﬂng dtgdated die gtdaatdﬂuced cost,
nmoni tor, affect, or react to the operation of the
anéommﬁdr peffermapge. o Lhdy fndegration ;lalekmé rdegigpersi of wpRmetEn pystems,

él%hﬁlﬁﬁ Wmsﬁ&@ék&f&ﬁ‘f@u él%Bg%t g{gﬁteﬂ{ d(% | tlov@é}es stern cost,

ditiona conponent nmay 1 nc out ‘tatio
andlmmrrel@eénlgy an environnental condition sensor, an

ctr etic sensor, an el ectronechani cal .senso
0551c1 eEIGTaaR & othr Bt aRneBRioh T dhatiagaled”Gromngevice 300

co'nﬁg%)ed QccBE&i\ﬁg 1§ OfH re%mﬁl‘aﬁp%ﬁ%eﬁlméﬁ@ aﬁﬁé%iﬂte& OfRQRCALvice 300
igital logic conponent;” or any conbi nation thereof

geUsnaHg igetndds qaswbetraueni(ﬁgmmnewhmhracmmmlsqr afefsingfiavab C@aponents are

c of the ana or.ti on and he digita
gt b RS ET il ool BaeP SRR PE Pt Ghch ' siicon-
bagéd ldickial - TH&fLﬁlcﬁ&ﬂiD lce@pehesitgae fsshdntatREN aEfi el by bﬁ)@ﬁéﬁn FIG.

nore features and capabl lity into a chip, resulti nP
3 fasgaeeel diustraiiona, Inrthig saeripicodicse Amgtiprad comganents inc Ude o power

cn%%[ fé) NEft: SJ{' g%?%{é% \glrpgr?én? SSO%e‘?il &%@(& argfntecture 308, an

ve sVyS controfls,

MRlAedtaramiecmres} Inop hmd yn Siydd @mnﬂleis b@ﬁpoﬂeﬁﬂb@l 2s yAsltlfmgl@ ﬁStt shown in
and i n‘provg reliabili t%q [0039] FIG .3 |s a schematic
Fife gy 8¥egiptat icgRuibfeovre PH(t Bigy dbdidecidditinne! arppensntsry necessary to

f l@ar 0
saﬁﬂ?eﬂél?g{eggs g??fg{]??%gufa{) i&NEAP! & g @t%% %bﬁiﬁn&f these functional

evi ce 300 gener Iy I ncl udes
comytoatmtatreay302 copplad wbgaheratonemubker cafpefatine toporasibn. For example,

conponents are f .. bstrate 302 be any .
ST BRI SR Eah Nt G P A poREAOassctor Rehitccture 308, and
andidgl @&ﬁ%@%@&paﬁén%rsualmay'r B@oﬁéﬂzﬁ@ttb GBfth L MBOHBMeP afdhrecture for
schematical ly icted as blocks in FIG 3 for ease of

infejgratest ¢la<tul‘fo¢1ﬁv1¢m Ui & hiameaed, thivesentponetts Gindividually or in any

C ne e rcui t. CO onent 30 -
cof TR thegh Sk S feRPeE etk sERTIRART rapiha®.” MRAM
ardifectudd) IMRAMGREGR hcRdtnbt e3ddipledn@d @B g @ﬁn}fdﬁ@ﬁtﬁ Qhd MRAM
conmponents 312. Al t hough not shown in FIG

arpltestyrad Kymay be gppfighs @efueee)nr?éwnulmqp%@naﬂdqsyst@ﬁﬂf integrated
ciltQITPRRERL SoRS THECERBAL Yng 8f MRAM architecture 310 into a smart power

integrated circuit in this manner results in an efficient use of physical space while
enabling the fabrication of sensors from layers that are traditionally utilized only in
connection with the MTJ core of an MRAM.

[0040] In one practical embodiment of the invention, power circuit component 304

includes one or more high power MOSFET devices that are configured to operate at high
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satisfy the needs of the particular application. In
practice, sone of these functional conponents may be
weowpliexss: oget her t o enabl e cooperati ve oper at PORUSH006/060208
exanpl e, power circuit conponent 304, digital |ogic
(ﬁongonent 306 g%fnsor architecture 308, and anal o :
voligaey 1 S5O Right CTPSTARGS-c SujsErt sMPdimsnty My paploy different
po‘%&é‘ﬂ%&n&ﬁ%ﬁ 4&4dNRd ft&[miqﬂ&seﬂﬁ %B@z@r &kdu%%o&nﬁé%ﬁt%ﬁ@ﬂgital logic
In this regard, these conponents (individually or in
coamppnegndithatayobe rdabrebw)ithaCdQ$ gensistoes pedny sulidreidigital logic

as "smart power . conponents.” AM archi tecture 310 .
FIRREDER.  ABEU s SORGURTERdh 1 HanBEHET ‘RoREBnant dhe disttal
opRiiolYRAMt afuppbrt ekd uﬁlamgi&,mcm@c@@@t)f ghtegetddOcircuit device 300.

function as an independent subsystem of integrated
Awdleg oentrad éompend0 12 Tedudshibedlag Agcw conmuicals cnfigued esupport
thg %19121}1 :Ho%efaa Hﬁécttut% %‘P@ﬁtﬁt&&ﬁ%r@ﬁﬁe ge&i%# § (l){?it Ahﬁoé I%ﬁ"trol component

manner resul'ts in an efficient usé of ~physicar space
3ehinlag andkle] rfor tdempRbricsgistbispreaphcived)smdsctbispMOSYETS, bipolar
that are traditionally utilized only in connection
dexicep @ RhsT prlee eFcuttrelomet [ 0040] In one practi cal
odi . . . . ‘
OB SERle 8L Ly AR S OTP TRV i
cl¢duatal anegreanS ¢nyinosthental, op ethet eomdtitidnsgiov altt @gted ctrouit device 300.
nerate high tenperatures. ternate enbodi nents nma
g cogmalcr ol Ponal doadlh 6 M BRS. diRciems il Barameter,

; ) L E o . i tal
01rI ﬁl?ﬁ!ﬁ@hﬁﬁ@sdet&fedpg%?enﬁr SbhitecRREPRIRERY re;ng‘flatebe(Qitltoﬂ manage, or

0gi ¢ conponent may be realized wt

momignsthe tootmsit powan gesanitediblyepaiayi dizghit | cogiponeirtr ¥dg e re thtis regard,

Digital.logic onent ,306 is configured to carry out
SGPWE %Cb‘it?cg‘?“e o%‘ggfg%yo SEP NS (PpSIE (R L hral't 5%188\% (components,
indlin@iist @ethbiteli@itatidt: € gh MRBomafidtict scdi 68 BRBomANNRA! sensor,
control conponent 312 includes analog circuit

suel ap & Hantdicero pfeghpmieal sensoupveh fs ¢ Nraftar engywey accelerometer, a
It e of | ' [ eyl I
B A LSRR S0 B0y PO 0
[004Xi St MBAM apaittdae 3 10i may bt @eseralOShEigireddapddsaribed above in
devi ces, . and/ or ot her analog circuit elenents.

: 0041
cogperir WHEHiectlurrd 08 NAChe HEFHPIPY QBHE | %F@qg% iy employ
conbEhfonqN M@Améﬁglﬁhﬁﬁd Q@éhni(flb? oy NP%L&M g&gﬁ@éﬂn‘éaﬁo, and such

environnental, or-other conditions for integrate
convergiong! deatiree 800 not rbet esribrdnpl deotail nhegnat déenerally, MRAM

circuit Vi 300, uses the. quantit har ac iSstic,
arhifegitit af i Ranariond denudpanond 31k 8 ASMIAN dftarmay 316
coaphi foeMIRU®1 3P& it Compottnat a4 GOANHIG! 4, NANAVEs aOfchematic cross

moni tor the output power generated bg power circuit
segiprnad represcdrion phintdgiraied eiganiddevaesidy. AohMt @ruircengogent 314

ma | oy one or re SensQrs or .Sensor conponents,
i R RO SHrARESeT orirorsh (Y slRfiosh g HaETiion of MRAM
arSidRSRIre FA0, Qh@lﬁﬂﬁl%ﬁﬁ@iﬁﬁiﬂt Clahit&RMS Or switihély @&Singistors; input/output
transducer; a nmechanical sensor, such as a vibration

cigranB R desdere cAMBBIAEY eenscaansplifies/ ot thajlikes di€prd, is a simplified
digg{g@%ygtggeﬁsﬁﬁg) "depicRRE idPottfffcat GRRREemcat bf BRUSERAA cdMiponents
of integrated circuit device 300. In this regard, FIG. 4 illustrates that MRAM architecture
310 is formed on substrate 302, and that the smart power architecture (including power
circuit component 304, digital logic component 316, sensor architecture 308, and analog
control component 312 in this example) is formed on substrate 302. FIG. 4 also

illustrates that MRAM cell array 316 is formed above MRAM circuit component 314.
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[0042] MRAM architecture 310 may be generally
configured as descri bed above in connection with FIGS.

wa 2@mndo2ss | ndeed, integrated circuit device 30PCTHF2006/060208
enpl oy conventi onal MRAM desi gns and techni ques for

M archi tecture 310, and s c conventi.onal featu
lﬂm\ ] ORG SRR A5y ERPqdmeRi Fe HORBion, irtsyateq) mwt it device 300

%Mf%t&%ﬂt@sﬁ{gu h emééigaﬂ ch@&e%cﬁﬁblwwa%hg CH 'ﬁtont end fabrication

conmponent 314 "and array 316 coupled t
pmm&/land racok @minﬁlbneattonsp_mce(sseelnﬁh@ cozntemhihc Hfrorg eaad fabrlcatlon

ematic.cro ect onal repres |nt
prifeE T reradhel Tudos it B SaReekd tsdhe e TR K Hocess is
initRedduderanyed ueﬂéﬁf 0f RbenEat &wleatﬁ&ﬁbwc% tshagsomated with the

support the oper ation of MRAM architecture 310,

formeflardPhelemants rsufcatirayi usig ofiont syt leyerhg whiglhshayt b &% and/or P
dog@ﬁ) ‘%Eél&gsﬁ g}ﬂt‘hb b ﬁlwlﬁonétlctgr 9@%&%@ r302" %i@i’e%?é ?a{yérg oF Sufer layers,

Whilllﬁgfeab'ﬁlck heatl fgemieriah Ipyoddep lsCﬁsﬁoctﬂited tvﬂﬂﬂﬂﬁgﬁoﬁﬁhnon of elements or
arrangenment of the functional conponents of integrated
feptures yisingg ekack endoayers.n Whiels mayghs getatiog, conduqtivg slﬂYeé% edielectric

1a§%§tl\t4We% N LEGHEE & g’rg'oTh S, HEY & <R laﬁ/‘éﬁsatré Rcted Ror on the

sﬁart po r archrtecture udi ng power
substrateiB62 (aodmlnmlm@k eﬁ@zlayech gt ladatddadbee herfipmnend 1a3&6, In practice,

sor u and anal og control c onent
T rergh e b EnE Apacarian daéaceaﬁﬁsg%wﬁ% wielb kngivg, masking,
mﬂ)laﬁﬁeﬁﬁ)n‘ h fH%Mnatr&a%tlw #n MEHY @&jsm@f ﬁﬁteﬁﬁg dends@E8Shtterning,

above MRAM circuit conponent 3 I n"one
phoxisaipivapyr deitssdione relecgoplabing,i nhrmalowapornta@gmat pldsma enhanced

manu ture usli
cHE el SRR B hANRG £ 0T FOHEanlh PABAHRRCT BRI e described
hpéif CRSH t@nmaaufaat@&denﬁngad%t@o@w QhRGI6ELIBat tdh IdRkefige CMOS,
context, the front end fabrication process is

bipelar, oF préer fuitable fhbriqafip@ peosesses conpl et ed before the
[0?@49 SR p ES§1 ﬁlﬂeﬁl &15%51%dof Agmgg&%??ﬁ(f} ! e%tﬁe f integrated
r en rlca I ONn process 1S assSocCl a ed MA ﬂ

cifcRitnadvii@n 3@0 o@hﬁgﬁ&l(ﬁ Scosrdingatou b Sexgmiphgy ' efrﬂhmﬂtmﬁnd A practlcal
| ayers," which be N and/or P doped rggl ons Wt
1

embadisme Al egEHe %@%ﬂr devaces @) may dneluds pedifigad rlgver% fC'g., metal
la &peﬁleie@ﬁfﬁrﬁ ﬁﬁhh cﬁoxﬁg BaREK ﬁﬁlg ft h%@"sh(%‘n RAGHGESS. In this

S aSSOCIate orna |0n enents or
exhaptal rp&mveus;nmglt dmaq:ionemdS(Mayemlak),g COAinnod: frompypnde It aligital logic

coptppBre 0y ansf ML Gsnd Smpgacn g s bbb By ghe front end
faﬁiﬁ&tlloﬁ PRk fr&n%n@ Bnd ﬁ?er%u l@%ﬁ{e%tr %11%@ ales@ﬁgntté'ﬁ@ cla@@%nents may

end ayers are | ocated above the front end ayers
bepcarauirisatly tfoeméd dnt then ﬂroah c¢ndatakriesinf atoacessat ilo ncontrast sensor

orfHiBRERT a0 BFic ey U Tuonc ARG STREHD MR AM coll array 316 are

suphyl§ if6@hedSBUht ®htkNend fdBABSGR l’}b‘ifodéﬁfi fr8Myabl en@ﬁ)ﬁéﬂsC &ome or all of
vapor dep03| tion, elect ropl atin chem cal vap

thesedbask dacqrapshAErBad be P ean a@me@éﬁo@mha@h ‘end fabrication
prége%pn!hggﬁaﬁ e ﬁ:‘&(tﬁréﬁ Gnd %ch{r Q{aeﬂf)f% %n(ﬂr&%géets a?esrnodules in the
escri efe In e man acture
MR@Mnﬁbngajlohh@bc@armeﬂuﬁda@e cﬁh!@SMRAM archltecture 310 Thus, the
manufacture of integrated circuit device 300 leverages the existing MRAM fabrication
process for 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 310 can be

concurrently formed by the chosen MRAM fabrication process.
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bi pol ar, or other suitable fabrication processes.

[0044] FIG 4 is a sinplified diagram of conponents
wanw7adeENt s of integrated circuit devi ce 300PCT/US2006/060208

configured according to an exenplary enbodi ment . A

R RS0 P sy oA i P 8e39R0 o

de@ic%'ﬁ)@téohﬁgﬁ@é( %E&)rdiﬁg% h eéerﬁﬁl@%&ﬁﬁ@ﬂt tIHt%QraftJ&?&rcult device
shown in 4. In This exanpl &, power circuit

30fompo nepntoy3hd geagral sﬁglcammiﬁmbted omﬁcbﬁeﬁlt Igegratedi gicualdevice 500

| ogi it t.. 314 :
roprBEenly SRR SRS BYSE P rod iy SRR AFRg brcated in the
mPHRE B8R ribsPRREMO MitcLiRekdl ¥Eit HeviROFT) g’éneﬂil?r 1@$lu&é%(%13§ﬁbstrate 502,
front end conponents may be concurrentl or med

fromtome layads PAD peegd mnorp%@@lssératel 0% ond rfastt ba0§eqm§dﬁyers 504 and
C r C I

Segénd;té&rcz()éng lgy%%%@ﬁ ar r ay jL%ggé‘%%gs ?a |y ?%Srhrerdeéme 508 in

Floy 3 heprbsails ﬁﬂdmﬁ@bﬁﬂycaﬁvldi)ﬂig pihe dessednr i HAC aeln@nd fabrication

| ayers, Some or all of these back end conponents may

prpeess and (e sesnnd\paskoeibbEGRIORPTRRES% end fabri cat i on

[0PAQCES Ty oh8 pRE&ELI Ghbodithent 619{!1% ﬁo&tﬁaﬂd f*P %cfé‘%ﬂd layers 503 of
rication processes are nod

1nfe<gtated:catquurdeprce G608 snagnptlogee memalcune azty@r MRAM rnetal two layer 512, a

h|te tur 10. Thus, the nmanufacture of | rat ed
mfF e TRyt SLL Bl SNt AR e (RGO 1 FIG. ),
cofnﬁ@crtiv"éastlhsoﬁl@f&ff&ﬁﬁet@v@én PHERO3fS tﬁg likd) QVIﬁIEBz{etCOIRPWk end layers
archi tecture. his manner, at |east a portion of
5Q6hef mh@r@teqb@wemt aiﬁwm: 560 trowye incheicat negddouralager b1 ofetal-five

) e D BS T RA Pty T E e S R ARLRFDlaty RHICEPuly spown in

FIeX Bgidhidctivt 958 598GbhtoNdttweeR 183RNhid thenikef A&Miescribed above, an
integrated circuit device 500 configured according to

M2d ceseenpl by jeabizasideni meretthan prelgyendanateiialuifor thevekeoBoaplicity,
Wele rﬁ{] ¥ dtef;I %tsgcﬁ fhall cork b %8 H, ?e “51 ?Sfj ﬁt{]ot'l:lepe godlrnents of
ntegra ed C rCUI device 0 S an exa ]P

thb/ﬁiAMneamadtégfhtaimrdultp@We Son ﬁ?@hatlﬁﬂudﬁ motd dr less front end layers
bricated in E<he manner described herein. Integrated
a é‘&ﬂ@%@\ﬁ@é 500 [y&Heral |y includes a substrate 502,
0
[0‘)5 fl rs?héb %?oaogig?é[ﬁ b\QeloE %chﬁﬁ r{aeg 90@ a2,nalog control
colnqymmst 506 (ﬁ@ltﬂhﬁdgl&h@ﬂﬂ)Ofl@ﬂfﬁO@ﬁdMM%M ci0Bit cAnqbaBd:md314 are
line 508 in FI epresents an i na di vi
fop L DR R ep el SO B AER ARt Kkt 7 Kbl i, 8212, andor
méRdhk Qe 1586 @M Qﬁgls s%ﬂéﬂ)rfaﬁl@fﬁte@ﬁfré 308 PIACHEEA MI Q&ﬂﬁ}rat@m are
one pracfical ‘embodi ment of the invention, first
foern@ri Iua;lg reéenEOss @feahedtfegn anasd-foir byt 5 Hbvnesel- Sﬁolmly 520, and/or

w28 MEAM, GaFarkBSTe ReRooSs PRELT of Bt RS Fdid on metal-

ﬁ\(dﬂlepersmaaqﬂlﬁlawysdm@n ulﬁeﬂoﬁne&)on BANIRGE (ay8r ’5!18351n5 16 array of
routed between layers, and the |ike, while second back

Mdp gellsayla MTY @eredﬁyqrrﬁt%g‘sa@wetae MTheslls) @ewpd betsgen mgipl-four layer
51'8%%dqg§ta1@fg§fa%r Pl tﬁi’éee&aélf)?e’, séhsBPARhRANME 308 includes a sensor

component that is also formed from MTJ core layer 522. In practice, this sensor

component is created with the same back end fabrication process used for the creation of
MRAM cell array 316. Sensor architecture 308 may also include an additional sensor

component (not shown) that is formed from metal-four layer 518 and/or from metal-five
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| ayer 520, an MIJ core "layer" 522, intervening
dielectric layers (not separately shown in FIG 5),

w@oemwdneassve vias 524 routed between | ayers, aneCT/g2006/060208
i ke. As described above, an MIJ core may be realized

b re.than one layer of material. For the sake of
laygr ré%% cwi} acgaglernsa @MPSNERIH Ay Srepiracnipndsiixe facgy, control
ciutf), Biash@¥ftuity2er tht kOt her enmbodi ments of the

i nvention,” integrated circuit device 500 night include
[0f#8le oA Isewrfmomnsemdrdhatyetn@ an8/ or suiebly opnfigyed Halkg with

047 In t exa dj,me po
coBprialif SHishneht U Ul e Eons obtc U Bt St particular
appligdtionl TIRMHAsEOWRRAER Fab?RBicd IR MRAM Gib N8}k 522, is designed such
conponent 314 are formed using el enents created from
thptevagjatione i ggréain @pgratlﬁgtcgndlmp,s Fappera Blged ghangerin the clectrical,
m%gtﬁm%{[tc 4g%¥t6f: ae?e]cgr?gl araél ca dra%égor o?ﬂe? h:'h&]{%&teﬂgtfcs oq8[he sensor.
Fair sainptt, fahCMiT[i%@dd— detide, lsagtebs SﬂMTITEI)l&l ¢l be cobafigured to sense
520, and/or MIJ | ayer 522. MRAM cel | array 316
chapgys ey csurs eivpsriFaeed dry thetMF I PESSSEISrGo8R  dmendT Iprgsywre sensor
i s
seirlrge%égi ?g%gtlc el éﬂ{)@l %& )6%1\ gﬂr‘tl)g g&nrl%dc% Tf&ﬁ%ﬁ%‘gﬁtlﬁ?eﬁ %eélsed by the
MNT Joc® rchaﬂ@yeis tﬁ@&hsﬁtmmb&ttveeﬂ\/ﬁhb nexirbys Jeohduat@darak thwe A core

nmet al - four Ia er 518 and netal -five | ayer 0...In this
CHEReipt B SHOUE. av dh CORIRG 908 o8 hd 9aAedre. bE output

reﬁ@tﬁﬁ?&nﬁwut)t bthel MTRIBR: AR, had T M chifdlibtol AWREs ?Lzraner away
I'n practice, this sensor component is created with t
freramiee Mdd koren thefoaitit cevistanee PRoo pektha MBI dase dedrenses.
0@ atlo aq[a‘t316 Sensor architecture
[ Je AP0 8 Bhal  sensor conponent
[o(mgt smm}tegﬂa@ﬁ ¢icultor(Med), f frogure b@lsigOldr a lcaiyiesl §id@ent of IC
/or fromnetal -fivel ayer 520. Such additiona
designsidcecib b Rwecs theagirquip dewenor sxstuc Mary I deségns require high
b
i gB4aProASLE R nJoRAR % SRR pullen e bR gpygure, the
discdodet gevhatuealueng rvghbtic ampelr mhttigh QITOUddvige @3ra pressure sensor.
f eat ures |f necessary) to suit the needs of the
Mﬁ&t}ettllcc‘mng? %ﬁppl% d{rp%Hre FHSOSe fYH P10 dﬁeqlgon measurement and

seﬁﬂﬁ{n't}p b a{ll&ﬁ Bﬁ1 grr] Metﬁreé %%neﬁs‘f‘orﬁ? ﬁit@é?@t@ons%ﬁﬂ integrated

at vari t|on |n ¢ ta| operating conditions cause
ciguitel at ed change |n the electrical, magnetic,

[06% ?ta(r:gza]g gl%} !il:gmﬂf at rrggens%gt?onr{agg%,agéa%g%gé ngttg%rated circuit device
6dWol)hE§§r%@ aé*@owlﬁg to &U@f&nﬁﬁa@rén%dm@&ﬁ e, can be

configured to sense changeS in pressure experienced by
(005 MrIhpiiegraicd coowie devibeoMWITar pragnstie sinselyvaetiongnessyre sensor

OFRBRELTiorirbe ulREHV AT R RS G ERANGEAP bvpika herein

msmat@nl@gzexbwsvmmgt Jﬂ@oﬂﬁﬁl@flbé’ li6©B08! @hfbedcaaadh&l@ﬁl Mﬂnﬁl@&fhg layer
changes. For exa as the conductor noves closer

608HevMBRR Mddeorg f@elteﬂuta defogmablgriiephraRen 0) 3 farmed of w/rrsnsulatmg
lagév%v; 6?2I a{l]ﬁrhed@ﬁl% C(ﬁﬂlqc@\;e 1133e6(5>70 Qtdlggstt %ﬁﬁﬁﬂy%ﬁlbfeaﬁédqﬁrthe insulating

layer 612, an optional magnetic shielding layer 620, a pressure sensor conversion circuit

610 and a processor 611. The insulating layer 612 also defines a cavity 605. Moreover, a
practical embodiment of integrated circuit device 600 may include additional layers (e.g.,

metal layers, dielectric layers, and/or a ground plane) other than those shown in FIG. 6.
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fromthe MIJ core, the output resistance (Rout) of the
MIJ core decreases. [0049] MIJ Pressure Sensor

wo pge7aeasss at i on [ 0050] For integrated circuit SPCT/TS3006/060208
pressure sensing is a critical elenent of |IC design

Lhce it can protect the. circuit, ice.or. system. . .
lﬂﬁéﬁy. | ElgelPahioy i ﬁ%wmgg%mﬁﬁheé of %ﬁww%@tﬁg@te(mmmt device
6008128bdthg tbAn ‘é%}hﬁl@f}{] eerﬁl%jbcﬁﬁl@%%% hanak deéabhd 68 rERFence to FIGS.

Sensi ng pressure, I scl osed techni ques use a
6 ambhetic tunnel junction (MIJ) device as a pressure

sor. neti.c .funnegl ju i On_pressure _sensors can
050 7 R R0 b BBl | BnaRERY! ffod ToRh® sSifionductor
pro@i¥piak i tBéHnidues. ankk GaRaRic! 601y ndaQr optidh ety AbvE AR RAM circuit 604

integration with integrated circuits. [0051] FIG 6 is
fogmed i edlher aeftcs eigeuio®alt einagempiist fan dxpmplys sctiye circuit

B N

60d eatidc&ctie@ Qiratit "6oRGRE forencd Uinste | frdnt Rad iloyerPbe asfiiérd end fabrication
sensor (MrJ-PS)" conprises a substrate 601 havin

. 1 ng an
praegsv &t giep i thg dasuétvipe depecd 6PPetueh as an irdenlayer AtglacHiselLD), can
h @y nguct.i i d.; hin,
th?ggﬁlatlng ?%§grg%0§hﬁgy%ng@%§8Jﬁggggggog&ﬁﬁéﬁg?HF known
sededomdnetbt eroicaphg agohbdisf orhed imsfilating i lager! @03 ngpnl alger have a

612 and. hayi a conductive |ine, 607 at |east .
co T iy Wi it e SV hav Pty B gapsiuctyp line can be
foRREd, OfdRlcx BRPRE AL pBIi Gl diap& H@¥BFioR2hd ScRFGHLE deposit, for
sensor conversion circuit 610 ‘and a processor 6 11.
ex@hgld, fiom eeripagot egpper Baszd alleys. déftistrps/ (g, dmvinsufatg@slayer 608 can
Moy eqver ract.i cal . enmpodi yent of int .ated clrcuit
iR bF BFioy ol AerAanER S (e hay @ GRHEE G Shaftipk known
sehilyidSetofpRb&singitechhayes.s, and/ or a ground pl ane)
ot her than those shown in FIG 66[0053] FIG 7 is a
[05Zwc havt tstep VWi thg MTheeid@2as theadpineest inrfe insulagpadaygr 608 by a
i e ageQr O« (AN . 68X
e TGO ISR s TR 0 back egd fayers by a
bakk Gad @tgmgtléh _I{r&&ﬁé]wh%h sdcers 7%?&1 theefrondoshd afabri€fidn process
i s provided using _known semni conductor processing, ,
Altoushitgadd!) e DR s ehaie a%b@ﬂ&ﬁylbsééqdolﬁlatﬁcﬂf yn%lféa_%@galwer 608, it
sh@Gid! & ﬁferci:dlt%cf th80he MPTEAe %P@ il %ene;ral'l]ﬁ @QEﬂegﬁt&i‘ aanhEre within
004 caﬁ conpri se, ?or exanple, active circurt
the ortpgaedicgcat deave mempnisargitesaste. divarckappleethedTanaded§2 can be
I ntegrated circuits. .Th ubstrate 601 and activ
logatrd Hni st Delp the Fidly S05HRG Vi (e ispdig By The structure of
anf Jx@ﬁ?la%ﬁqlofnﬁ!ﬁﬁiti%gtl\}l?ﬁcd}é 8028sh bhonSR gf@dor deBSl in FIG, 8, as will
i nsu atyn% | ayer "603, such as an interlayer dielectric
be(disappsedgmmurthive detod belomred above the substrate 601 and

act,l,v jrcui t 4.4sin npwn senj copduct or
10838 es e HOnhtrraS T R P DR R ThEp BMER Sherape M core
602l &1@ HpoteioR of BRGUGHiNE 1dyeNE0H0Bhd QichEidial NELisTEvesuEily removed
as a digit line. The conductive |ine can be, ) )

to define the cavity 605, and therefore determines the eventual dimensions of the cavity
605.

[0057] At step 712, the conductive line 607 can then be formed in or on the sacrificial
layer. The sacrificial layer holds the conductive line 607 in place until insulating layer

612 is formed and can hold the conductive line 607 above the eventual cavity 605 created

by removal of the sacrificial layer.
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formed, for exanple, via physical vapor deposition and

el ectroplating to deposit, for exanple, from copper or
weoppao2skased al |l oys. At step 706, the insul at PCUSAYE060208

608 can then be formed above the insul ati ng | ayer 603

con ctlve line 606 usjn no m conduct D
Wﬁ?@ces LREPt e meqlaé@aﬂr[&)k%e]g %gF 33 % felhirrgnductive line
667%% Q02fitial P&nchﬁ iRt htnleﬁﬁ‘i)ahﬂﬁ'l#' s%h‘oﬁﬂds' @Y %n@&%w@yme 607

a multi-step fabrication process MIJ core 602 is

anflosapeidciflr leprerh aldécassedthi agr&aﬂ@mlgylajaﬁrtfd@kevenmalﬂ)a tﬁcvrmsathe dnformable

oces 1 ch curs after the.front, end fabricat,i
GRIBEERT AT TonBrS iR S PR st i GRSk Gl ressure yet
at @AY e tnicNbd RGilichs fbat brogkagay emhebid ylatidg ﬁ?&%ﬁ.’ Ry comprise a

appreci ated that the MIJ core 602 can g?enera be

layqytod dpsad asie apaovid rehioh £411 be miaée,ifpr emmnle f ehateriglg such as silicon

or pressure. For exanple, the MIJ core
%@%&gﬂ g Hﬁgc&aet ed anywhere bel ow the cavity 605 and

[0059]hi n Atffee thafighiating ¢aylea e .is Tdrencd] atustepi7€6,0the a@vity 605 can be
exerrgl ary, .non-lim¢gi ngi MIJ core 602 can be shown in
fogpech b Ferprying fhej saciietal 1gycrdq dgfing the ayity 69 Befwyesth the "Conductive

hI{el'Hd:ﬁll llﬁj%/ﬁﬁcogeé w. [ 0056] A_t step 710, a

sacrl layer (not shown) is then fornmed over the
[ONGW] coffhe @aRitynds as definddoim he ﬂph@: fmmnﬂyia@gupied/ey tBO8acrificial

The sacrific | ayer. .is eventu renpv defi ne
lay D51 | ;ﬁeeE@LJ o R i Fe e JpERpry 605 has
diflcABHS PRRdRE & %l@@ﬂh&%c@ Qp ca\[lgiocﬁﬂenﬁtan %ﬁ)%tv?@e%’ cohaﬁ‘ctlve line

conducti ve I|ne can then fornmed in'or on
605zendiNITE perk 6IOa,wmd. hOﬁhentglabstalﬁqemraslavﬂtsa#lerenHQh @) hdh‘eeen sidewalls

nduct i line 607 in ce u ul ati | ayer )
of RO B A st PO Ao s Rt Pebaef B conducive
lirkb ey’ dnbiethe VeI uadre C602l t YTHROBavetyeploRtlichYa rde}?]semlm @pace for the
the sacrificial layer.[0058] At step 714, t

condugiivatling §07 ay aressiro (R)gs apndisd e thesycrpliesirugtyes 600.

duc 6 d I i
[Oﬁﬁ’ﬂl ea;ﬁthg g%‘#l’{l@gﬁ é/) rgﬁl%r %fﬁ%l lh{dhgﬂn lag& | veoqﬁéhstqu%)‘/ie%mable
diaptataga®n B fwhidhathas|thy esnduBeaalirsec (1 7he 1¢arsspdraﬁliyﬂ@slb@ye I‘or embedded
612 eventual ly forrrﬁ t he def ormahl e di aphragm 613

th%tﬁam lhgdetpypihle dpphipepad bt pels anHicclplding reaers égfsthe conductive
WIBEI?% EysHEL f(ﬁltduEtli\ee lﬁ%ﬁdv@?th@%a{;l 6(55_. efffe doh@Mtive line

reakage. e Insulating |layer 6 may conprise a
6(]7eapdr1n83ﬂat1ngslaljleat6ilﬂgrenpxtsﬁronad owhmtﬂgucahsmh tlnmdlmy daarexperience a
of naterlgks such as silicon nitride o

PSP Q?? APOLNENE OF GBI IKPRAUISE t1heChRRRT Bt Pwasqr%l;ig} ghhsreafter,

alitdu§iP hoBhowat inSHTEP 77 4R, thtdkemgg"ﬁéh& xéhéﬁén%c By cP82( 4B tionally be
y removing the sacrificial layer to ine the cavity

fOﬁO@i dletveden defhendundisohiage ¢ neTlB0thickrdagrietic Mngldieg layer 620 is
pl?.c ﬁrﬁ?& %Clglﬁecg%a%v ‘%éhpéro t?]]e%i gﬁ%% éOE fIrohnel cREATT noise so that

the MTJ core 602 senses the particular pressures which are experienced by the MTJ core
602. The additional thick magnetic shielding layer 620 can protect electrical output
signals of the MTJ core 802, including the current signal (Isense), from external noise
caused by external sources. This can allow for more precise measurements. The
magnetic shielding layer 620 improves the signal noise and stability of the MTJ output
resistance (Rout) by eliminating signal interferences due to current routings adjacent the
MTJ core 602. The magnetic shielding layer 620 reduces the effects of unwanted the

magnetic fields in the regions where the electrical output signals of the MTJ core 802
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| ayer between the MIJ core 602 and the insulating
| ayer 608. The cavity 605 has dinensions including a

WO egori1exBs di st ance or cavity di mension (z) beteENS2006/060208
conductive |ine 607 and MIJ core 602, and horlzontal

) tance or cavit si on between si de of
mglﬁ ing BF trighis Sighgl %eé’é? %@npeé tszlmp%l’ﬂe tﬂeexé%’{(}%‘liﬁ tJoigps The MTJ

pregufll SRQFEYn %%d’ﬁﬁ@ Ry R1FORASE néeGsiriment® AheRMEE ARS8 is reduced
MIJ core 602. The cavity provides a depression space

duede thehagrstidebiciding leyere2607 as pressure (P) is applied

t he egall str re 600, The .renain _
l“B@%lt. o FRoE s oo SR oFons eyl Qiprath oy Fo B e circuie 800
%@Jeﬁab&cﬁdlﬂga@bﬁ @%ﬁlﬁi& e\MBo@hnélﬂsvtﬁélﬁ 18 b WETJ dRE€802 for
at | east partlallé osed or enbedded therein.

semﬁ@g tessrerakicaica¢edghrt @r%\&(i?s as the hol di ng

[Opﬁge]e(r: 'Oﬁlg rﬁg%rtclgﬁlc?rgﬁllg g@é %%rgplll%eng sglgs\z/rawé(glo %l*? Lﬁﬁ‘? %913@ 802, a first

inQoaehgc ldyee J0Bne &@ﬁ Hmﬂ(Dﬂ;@Oﬁ;mngmbﬁyanmﬁ&ﬁgaM§m~808 a third
positioned or caonfigured such that they can ex erience

m%}ﬂbtrr@s@mreig %Py, bip e ARl bSGF o fousih 1ﬁswl%é§1@olﬁ§%r , and an optional
m&%}l‘%ﬁg @ﬁleld'i]n%a? 0 fi) H‘l% 684k qﬁtegxﬁ rtgfégﬂ 86@95 similar to the
shown 1 n Fl yer

the th magneti c
in&gfhtmammuntde@ma I6[)9 slioevif mr]ﬂé?d 6ak’1"dm eulbdttatec&)‘lom&ﬁhktansulatmg layer

[ m 613. The i ck netic shielding |l er.620 .
s SPn BN GhRs ey e e gl e st 8T L o FSiieal magnetic
shtQdifg q"«%%r RoOMEAMBEPR cRispéhdRy EIBAEN he FMEJ6 C ABo@B%ly, these

sensés the particul ar pressures which are experience

elpyenthwilMmot teodesciéig?, agTine BdVIT T oorzl 802 hihe Kligialgmee(DIo) 806, and the

b“ir Q?fs)ngq% P‘%@QR/%Q&%P% ’%ﬁﬁm %\actl“ﬁ Cli?ré‘l’ %se%ﬁh%géém greater detail

<w§hgﬂahn&h§qm§eg from external noise caused by
external sources. This can allow for nore precise
[0ReHs ur dhe MBAMrpere r%ﬁé wemipesesHi eallaier §ldy atugepbarrier layer 811, a

plgﬁ%a:}g%%%lb dsélgalao(dﬁg tf %@6”2}1? %péel’llelr?% gb Eﬂf“bM ¥med of either

resis ance m nat i

anl Wiper f@fcﬁlimgﬁstlﬂdlesﬁlﬂildﬁurahﬁfﬁrrdhmghbﬂﬁgs Sadﬂ”a@@ret thehéplhﬂeli” layer
core 602. The mmgnetjc shielding. |layer 620 reduces th

81&?3@&%&6@% ﬁ@\éﬁlﬂeéd‘ fomieT heigRveaanetis Pe §é§ fyery pd thegfupppd barrier
%rl? Iguli] B @ Sﬁ?{gzﬂ'b%ﬁifeeﬁ%é)ﬁée Z%n@bsanﬁfthi Fﬁn %z&og 19 such that it

2l nc udlng e current S gn | sense can
sits wmeqm thé dret damtz%és mall thopsecd Fyer MU Fhepsurcd lsen$o0 can be

n ce ev recl.se, nea ure nts when t . .
i o SR and et B N AR HGTTET S A g PA(igehe right in
FIGZ®). [ PR6Zkc fibfer @31 &nabs inflakidfi REFCC %Qé%nﬁfé&fth&ﬁﬁhed layer, the

di agram of an integrated circuit 800 confi gur ed

ormmuodmghc onagnetesbapliathe Gabduicment rathie oty lnﬁipatedré)mtbe arrows

r 2 for .sensi xperie
st I8 §oorts (el SR W RS el REHCFP G Y pirid tayer
8 IO id ﬁ&slafﬂ\erSBlBSahﬂ @ﬁa@l 0% isé B oMud. Echﬁo&QQ% ﬁtsfbbfo?ﬂ the pinned
insulating | ayer 803 it line %@806 a seco

laygrstil Catwinty pegfber slegrod@ 8}ﬁgrﬂk§s iahaq Hteu e |l@>3¢ér81§121t éhould be
ap?%éc(i_)a%%cl{]%ﬁg %Ane%‘? b Mo QHE §RudNRULAL 19 1A% WillAR the@fpe of the

present invention. The example in FIG. 8 is provided merely for showing one possible
structure of the MTJ core 602.

[0065] FIG. 8 also depicts a digit line 806 and a bit line 807 (individually and
collectively referred to herein as conductive lines or “program lines”). Magnetic cladding

or shielding layers 814, 818 can optionally be provided to improve sensitivity, stability
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magneti c shielding |ayer 820. The structure of the
integrated circuit 800 is simlar to the integrated
wa@poocuosstevi ce 600 shown in FIG 6. The substPer/EsSB0d060208
the first insulating | ayer 803, second insul ating
r 808, the third insulating |ayer 812, t he :
|dy s AETABRRTEY nferieRsnse dP Ep ToNYRgs dsentia ths ﬂéﬂiqu @02. In this
ex%%[ee %@ﬂ%e@6@h@lﬁ§&ta§cdnﬁugﬂv@ difit e}'@ﬁﬁ:ﬁtr ngnngdYaa petnlﬁ%ﬁﬁe cladding
el eménts wi || not be described again. The MIJ core
m@0dal &lHéoringi froin; an@ﬂ(rmgneao @at@fmﬂ fThe dedlng i3 padia)ly surrounds
cl.ude a 'tion feat es.tha
CO&@%%% Crdg Py %?% Atoap &E{e& ~‘f1 C?%‘#“&P‘éen é’%en%e@ gﬁé sugh that the
uviP8 Ahcidh euNBAMoE %ﬁd&@i@e Ce%fﬁéﬂtSSi‘E ferhdi@e uh@¥@1ed81Bit Bne 807
tunnel barrier |ayer glnned Ia er 810, and
ingludest poepadpefiper bit @i@neﬁrh%w preeladdinge 8 %fgﬁe% filgen a permeable
[ o] [
még?r{ IHE %}a?%lﬁ% ;[g laﬂ?m%%%)paﬁ?all& EI?&S, cconﬁﬁncetigf)é %ﬁ%}?’éenrt %19 around

th&k0siden oﬁecéndnmae ofemeht 1880 @ichouar the rdoemiagrtetfh@n@ rsurface of
SAF | ayer, and the tunnel barrier |aye 11 can

coflugssslie i We 8 emaias preaddedy &rladsting éw& &1 andy I?Fh@f&lzed to focus
ok B DA L3k TN SpBRNUSRD S MR e

cladaliiez 142 SNB Feasmat eerddaionah dbeoelit bhvedwidg xled write disturbance to

ST i R RSB AR e Al T R e
pal Bf‘% Beﬁiﬁ@tr layEﬁeusQﬂ'lﬁr{h@tth}fbaﬁf)n to'f'%oﬁ?&“ﬁ%% % 198 1ed in the
the free layef can rotate as indicated by the arrows
N%%B%WHMW$FIG. 8. The tunnel barrier Iayer 8 11
nne C rrent om the pinned O t O
10pbAlE"F 5 ar 54 B it o R EERS BT 805 Bt Sppdiaive cloment
81&1@fe8fbfrﬁeob aoaivaik REcRicaNe Goh@)eik e Sdderiaiiubie aaROpHR! and cladding
el ectrode 816 sits above the free layer 813. It should
819e3 14pp ferscatieem erraft, pereabletyagnetiomyterioh suchtas ey egickel-iron-

co%xft 3 1?371 rhdeo t- 11% t 91' t@le tl%? G%gﬁﬁéﬁthet J&%g&%gf%%ﬁ]éqlents 805, 819

I nven exa rovi

ankdothe $hddingos le 81peas Ibb |realfzbdi dienul Eifff@énttrhi&eﬂiﬁl[d @adective element
602. [0065] FIG 8 also depicts a digit |ine 806 and a
80gjand) ﬁgaﬁiémecﬁﬂ 4 AR GRS tpieéﬁalcem abeRg caammop grctal lygr (e.g., the

rnEth ﬁﬁf}Qh%r?Sagg%‘ﬁHﬁédv% el&‘r%}ﬁ%f@r andOElggﬁlﬁg‘Slanﬁé chnsidered to be

Magneti c c ing or shie | ayers , can
fabiptataivelahythbecqmron dethl iayer (q:g othe neer $ive |1ay|et‘)y

bi lityand, reduce sign noi se/ingerf nce d
10BBTET nds R LeBHE s o e dReB03 S Emated magheic layer
819X &fPhRde Qifgd tmdgh8fe 3Qferiale lsmleﬁs @leendmghéfea%rg lobcurs during
el ement 805 and "a perneabl e cl addi ng materi al

proegsping byr mmlan@efqertm;agmemn@ls riatthe ipedsencehed fclrraugd@tngﬁelm In the

artiall urr conductiv ement
iR R i YB s Oh o it FER R B SRt constant or
firtavialodlc Haedtvn. Tk idemcofin Foadsiaht ¥hchiss th8@Rgnctization of the
remai ns uncl added. Bit line 807 includes a conductive

piphed wpgrasistlaprd® 1Qnd sbpwadispigTe fightnedy fpBish the magnetization
or%ELF ! §F+ ﬁlemr}ﬁ%ﬁq gnEr?a &f ﬂ%f‘j CanT(Jillgliléel 1?1%(3&}@1%5%&618 ﬁlgd direction, for

y Surro ductive e
example, from 0° to 180°.

[0068] A mutual angle between the free magnetic layer 813 and the pinned magnetic
layer 810 can be defined as the orientation of magnetization of the free layer 813 with
respect to the pinned layer 810, or vice-versa. The mutual angle between the free

magnetic layer 813 and the pinned magnetic layer 810 depends on the orientation of
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three sides of conductive el ement 819 such that the
downward facing surface of conductive el enent 819
wo eqvaitepssuincl added. C addi ng 814, 818 may be urCT/UEm®d6/060208
to focus the nagnetic qux toward the MIJ to inprove
the .efficienc addi ng 814, .818
it oz el T BomeTe &ﬂgqre&lgcwﬁé TeWecalor g pinied magneic
la?érsgll@r bBRGA SPEhRIRRPLLPY, Mt §1TI!dBrPREE e Bberate in at least two
mbodi ment's, the magneti¢ cladding814, 818 is an
(hﬁﬁmegﬂabSpart of the barrier layers used in the

1OBFS o D BB TR s R b darrln staEofali. Pl when the

m@é&ﬂ'@aﬁfon@% i ee€ 0RELSY 3 WRd ehepmAtd &18r 81® afcOsrideed MmOt same
an electrically conductive material such as co

dirgqtion heditermutsalang Kepatsednohaiue s b oo the preraatsr 10 is 0°
Innﬁ? géatrélfel rg?abg r h‘gl tuRtd aé\ﬂe't:% %stgjpget @MB{) o(ﬂ[g %Q ﬁl{/lff core 813

Iron a

exbibid uciclatiecgl lewamlstaﬁ&s B;% J;entaatv,d dnbthet btatddl Iscb‘tget&ﬂéls. re&il:ﬁ:d to as
can be realized fromdifferent materjials, conductiv
ancdriirpdin! g otpte riekes| ARG Wpnsthe mageachzteny ef 8y fres B@er $13 and the

plﬁﬁéﬁrlhfeqtéﬁg aftd o Fediifl 5‘511'5%1%}:‘[131@3’31‘?18 élé gt 81 H@g e BRWALn the free

our 1ayer con t1ve el enent ddi ng
lapr88 BY eamt dhs [ pimefeld layor B&0 fiabr80Cat €bisadccarsptthe rexampima rwhen the

m%{eggatllé)gy éhe &ﬁ%Iaiy?rt Egl% @1@ l%tjt l%]f%yer §efé%161(o)g H£ the pinned layer

310 Rned HEQnefh tﬁflelaﬁﬁeﬂareﬁfk@ skE tﬁ@q'%l@fofathmmftcbfé 813 exhibits a
materi als such as . Magnéeti zation occurs during

rebﬂ@ﬂﬂé@ghmgmwyn@nnblnlng certain materials in the

10Pagier " B0 e i TR i el el bR SRR BB BRRFL The currencs

fldwink GatHiy tHeop1s Liaa 80D and/ blxt@h@ diglt BRESOH ELGE b Rendr@E corresponding
instance, in FIG 8, the orientation of the

mﬁﬁxgﬁétﬁek&t i Bre wegndiis fsildmes ﬁﬁ@@étch@geaw@ imugua apgle between the
flreS B‘:Q@rt 883 ani %é &n&? gaw T 8%’1 ngfsﬁ chaﬁg eltheir of the currents
| | netilc

zat1on oflen on Fee ma

ﬂc&ihﬁg edthic thertgel ine 8 aink/ dfrml@ndhgu diac 806 wdil Iitfﬂltehémthe fnfm‘tual angle of
exa fromO to 180. [0068]. A nutual %Ie bet ween

the %%Oé% 80 ghia steengthyeiithgmegngtia fiohbexgicrigaesd bygheM1d core 802 is

ddpBY&int § ﬁl%fbuﬁ%n@ﬁﬁlhgg%ﬁ,% b g 9& 'llﬁ@tSBZ Q80P the . digit line 806 as
gnetization of t yer respect

wtlhes fienhgdndedytweddltic MTJ vore 802 eund ahe Bihdinm$0Uahd/andleedigit line

etween the free ic | er 813 d inned,. . .
SRR s el snoraa st S Shrdnshf B A PuRt M digittine s06
caRfERGRRbIIZAYh Y t\%thBr[bah&? prc@ﬁ RIGSE bE dbRYiBEd %;lraler below, by

w th respect to the pinned magnetic | ayer 810. Based

modtifyting éheminmme bfﬁgde@n tltehMTN/rmra: 80% aigl Hheckin linp&PAtad/ion the digit

at es
s PRee B oraf S5l Sty B v Heddem prose
[0ohEN t KBanEgneid HatuaDRsslObf tHeeMTy @erd 8yekItd#d 3r alhgbNthe output
pi nned | ayer 810 are oriented in the sane
TMR (Rout) of the MTJ core 802. Stated differently, the magnetic field sensed by the
MT]J core 802 can influence the output TMR (Rout) of the MTJ core 802. The magnetic
tunnel junction core 802 can therefore be used to convert the magnetic field caused by the
bit line 807 and/or the digit line 806 into an output tunnel magnetic resistance (TMR). By
monitoring fluctuations in current (Isense) or other electrical output signal of the MTJ

core 802, changes in the output TMR (Rout) of the MTJ core 802 may also be monitored.
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direction and the nutual angle between the free | ayer

813 and the pinned layer 810 is 0. In the paralle
wa@r@ra)2sshe tunnel i ng magnetic resistance ( TMRICDUS100€060208

NWJ core 813 exhibits a relatively | ow resistance. By

Shl DS BerPar bk, & o dinelemriasanplienesya e outpst TR (Rout of
thg@gﬂ]eédr@ 861 eRsShQfsed t@deft&ﬁﬁné éﬁéﬁ@es&% r@&@t‘ﬂret(ia pi nned

| ayer 810 are oriented I n opposite |rect|ons and the
[ﬂﬂimual Rafegtieg bepineem Rlfe ¢, ree nbwdeabdt3 thndonthetive nied 607 is
8 curs,, for a e, when the .
SRRt Dy e ervinos o) it §ies S T3 oSy LrchEpyy ) anc
prb@&eﬁﬁgtﬁ@éﬂeﬁ@tﬂeﬁﬂ of ohdhremplemopdtib@ansé c8ddictite 1iR€ 607 can be, for
ight. In the anti-parallel state, the TMR of the MIJ
eX@mpée g1 Biteling brhich sairish a iovaryt ) go vasioustdgrices Spg0R]MRAM

t 7
cor geﬁ F (I:Ig J%htrl eﬁ%rﬁ&}% esc%%??téc% ?grrglrtgv?n ﬂdvézsncﬁ{t E}? ?ne?ﬁaée antd causes or
gelnblm&:s&(h_tiagiﬁdé dieldtWieicklicgh be bdnvel E}OﬁleMW$ eorer60Q e MhE atagnetic field
correspondln magnetic fields. The magnetic fields can
cag| alisr ob changs e Mukie! sigla detvesey the st Wey@ﬁ apg gher piged layer of the

M3 ¥%6te (ﬁfeé? .Fgu%hg cﬁéﬂﬁ%qg eht?%(tecgf #id Qurréﬁ Mﬁ% W@ﬁh&hﬁ%%g)nductwe

In elt @ currents owm ng Wt
liR0 7am e/ changchia tik gllagndtllcrf@ldSﬁﬁen‘gﬁH dxpenédoae bg ¢ha MEJ core (e.g., due

toptiiat o R Gl e i BS e e KAy B ByBedt to B33y core

63§ RENAFRENLPAR ntiGal %HQIE%@%J MANIRE: 60 OP{QE‘ cﬁeﬁl%epthfe output TMR
line 807 and/or the digit |line 806 as wel

ofdh@s MaFowrdhedneElst the MY cero r6@2 812 sansel tltemaagnetlc Iﬁlewecass)eﬁ by the

line 8 ce bet wee
RG50S B o ety HaRBFCh STHEPGR e Surput runnel
mbgﬂ%ﬁc 8GR0 oPEMIO(RAWR) bl NI ddge 6@6 fabric at I on
rocess. As will be described further bel ow,

i fyAagresserad(Btannbied pedgiemableedinmhyagoe td 3 srblzn%ﬁsd the relative
posﬁl%nbdftthé &%u?tw%lmdédglr Wftltf fes é&'té tﬂe' l{)ﬁ"J %81% '6 hS]i Vedtuf‘al distance

sensi ti Vi ressure be a
(z},lalsodbhan@n. MaedsT] <£di}93(12 eiﬂwﬂ@meﬂg dhb@germtthmhlagmic&iedﬂ since the
t he NWJ core 802 alters or changes the output TMR

copepity lve 00K danmishes meé@@%@w eyayifonkihs NHCG@ ﬁ82 Changes
1nﬁ%ﬂ@ﬁé Relltid EE&&%&@G&M?E‘ EOIMHE %ﬂﬁ]ﬁg&% fhfal angle between the

uence t out put” TMR (Rout) of the MIJ core
pifieel hoggnentd thet fremélyej ofichd dMillcarre @02 tlan chdngeeflwr mubxal angle

sed to convert th etic field sed
b B GiR Brer e GE gIeE Ve 508 N 605 d8e monitored as
chtaﬂmqh tRAGRAL (RoltPef Bbante c6rENB). @/s&ﬁnpﬂe@s@r@@) changes can be
fluctuations in current (lsense) or other electrical

m@mtq@@d by ngmtbrmg thetpaitpur Jesestans e 80 TMR Roge of the Miki&core 602. The

F%l?'lst&t%rg:@ Aé e? fen%egggmrugpélg %%Ig?%&fse{q%\f 8]%%%&16? Slectrical output

51g1{§n?d St | @Bre BBNGaS MTJItdde 601 pHtbil MRI( Rerids) preflictably with
the MIJ core 802 can be used to determ ne changes in
Iﬂﬁﬁégdﬁ e (P). [0072] Referring again to FIG 6, as

OIS SN O5GRISHLVELL 1 O B SUOBVAEE e osnc
fidd o Iaebfres(p'o)ldﬁig (I'MR value. For example, when the insulating layer 612 flexes
in response to pressure (P) applied to the insulating layer 612, a distance (z) between the
conductive line 607 and the MTJ core 602 also changes. As such, the strength of the
magnetic field which is experienced by the MTJ core 602 varies. Because the resistance

value (Rout) of the MTJ core 602 varies with changes in the magnetic field experienced
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produces a magnetic field. In one inplenentation, the

conductive line 607 can be, for exanple, a bit line
wokiochoxssF ri es a current (i) to various devi ceBCHUSIN0EE60208

VRAM conponents In this partlcular schematic, current

| t he a e, ses or enerates a
by(n@)ﬁr%\éﬁ o SO '@g W@%% Nies Vel enanges of the
d1§c91?ce & Eet%%‘ﬁﬂe' &mﬁh&iv@ 16R%08! 4n8 thOM BRI 602 hg MEN@/brdS the

angl e between the free layer and the pinned |ayer of
resibienddl saloc) r(®o602varis asuc rfuncaloulmgl@ngcs & 1ph®sur@f(PD heMoreover,

current oW n,the conduc
ool P raghe] St GrEREe aln Sl arPBd By 02 vary
balsbe oMtk fe@fsﬁémé@ vElue élibl@t ) 108 tiKhRMY o602, hee tohréiti (¥Rnsc) or other
posi tion of the conductive |line 607 Wi th respect to

clegtacalmutpb rsigng byt th@nMTrJf qose 902 cepebeniedale dagst vagiptions in the
2 t
TSR R RS ATE R THE AL Wesre 7

ex@agmbdbyfcheahml@tmgsleyhrwzt he conductive | | ne 607
é bit line and/or the digital |ine)
[0 i

6$lr esElﬁ%oﬁ Kot duttplipstiagng vtk e K%OlF)sgf %Wﬂdge%me‘ﬁwor 600
PRk PL ST B 8084 o O 8 BAESEHEE c) 1o s cr

the ed—aictls dengqyesimbgianicdiiled HE) diofXby othileetht Iynzemﬁ ﬁé’ncmm tunnel magnetic

r.es J e 602, or vertical distance (z
resiraBHTANRL o Tl TGt cBheoBatti el Ehte RMR) of
M@ ofBgeldrfes f a‘s &l finstidicer &Qﬁle@l@%‘l’&géﬁ@atéd ABnPRE cBﬁ&uctlve line

ei ther noved closer to or away fromthe MIJ core

6(12hwh1gb97arlns mag rfemqtmnqueiudeeb(pi@du@ddadth@ycmﬁectwlmoﬁrﬁi and the

B RIVFRE P o E SR MR e 24 vertica

dibthecenih @tah fémglloﬁ drekveen Zlir&ﬁulfél (Phegplicy® theniéfdrhrbler @8phragm
| ayer of the MIJ core 602 can be nonitored as changes

61+3rﬁntdﬁlée ravRopRbdiension Ko casop 050 Becguse shghprizontal dimension
o?%ﬁ‘é" éyp %OSC Q ge %trﬁaﬂra?w bfl c{ 891%11%/ ﬁ@%ga{doﬂgprocess the

* Re "out resr's ance or
ve@@c&l d[haldéU(zDu‘tarfGE%)rSdlatﬁbl@ (;thupr)essuwchhappleedt ke the deformable
oyt put current (Isense) 1@@% ot her el ectrica

dl%t?fg%%vél%f Whea thermagegtic Veatfcaé?ﬁVWﬁl@smSéors@is ftsmzontal cavity
dl[]'%%%lof e ‘and %Eée?&rt@&ntlg%)catr@%ﬁ[sté‘l‘ﬁ hnp Bﬁt?ﬁ{"fégls{a%):e or TMR (Rout)

I’'h one 1 np ation ore 602 can be
Vanise @retdmtajﬂy avith thh @ramgrn €P) expierienatdibyt tbe M TEbeare $pRNndihaguperior

TVR v For i nsul. ati | ayer 6
Pl erisase s it o Tl i sdel B s ¥ 1 pressure
schisr YRt htr&hlb%x ﬁ[ghg%rgcls@n ?k@&@e Qénslr) orbﬁ&%@lﬁgk bility.

conducti ve |line he MIJ core 602 al so anges.

[0886]s uc Refartieg serianigt RlG@f 6 ﬂn@ emglnetn\rec lifgsepep, wffmc han be used to

erienced var B
infre8F PSR Srarub® FrabineS SERPRBRMSE e SRR 4ty core 02,
FoM ih&tafdeangese irﬁ%l tMentaBeH) &l &tdrhel ﬂel@@éﬁérht%ﬂ(l@dﬂw coh@uctive line
MIJ core 602, e resistance value (Rout) changes or
60paRnddey einductiealite 80 bEaRr e uged fofdeor( P Ltsat %éﬁaqgﬁéhe pressure

Ve?ﬁﬂggﬁgt%nﬁc% éha&%te@g‘gc ap gnet lblq"J M&]e &6 .eTﬁlngurth& ﬁfo%rthe MT]J core
WOr ds, e

602 to be adapted to even accurately monitor the pressure experienced by the MTJ core
602. The MTJ core 602 can provide more precise pressure measurecments than the
conventional MEMS pressure sensing device.

[0077] It should be appreciated that the MTJ core can also be viewed as a “dummy

MRAM cell.” The use of MTJs as pressure sensors is relatively simple since the MTJ
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resi stance value (Rout) varies as a function of
changes in pressure (P). Mreover, because the current
w@ b®enexsys and ot her el ectrical output signals PET/UR®06/060208
MIJ core 602 vary based on the resistance val ue (Rout)
of the MIJ cor he current (Is or ot her
PrEisuEst SPREF G Bt f%emai AfBCEFer e “&% ?\'@@?\@ 6t5HS cthigraby allowing
“d‘dﬁﬁﬁ’y’* MT@QMQ%MVG%M @6 be '%§ed A bﬂ%@su'%@%xﬁ&ﬁ%eoé)‘b%ké&eto non volatile
(Rout), which can then be used to sense or determn ne
mgneefsm‘él\/JOP)Tl@qgenl“énmm”by usek henegutoatefergfol MRéyM gl used for

seprgheprlisp ity gRuSaiE s ent SO ORI Bl csts used for

infIrRS66H Stoftdgk a@ R&ItioaS CReh BY, ddhevdWlltde PRRSSI(R\VAENSThe MTJ core
600. In this art, the x-axis denotes magnetic filed

602Hp fprmedeby NhaFlé onh Eabyicaamns prgesrstieam basknend Hagietlngractice, the

frgnq hﬁ tafll&] %gck( br%atl?ﬂﬁg%ées%eg %ﬁfg oépggééf)%qﬁ tltieumw[ntgbrlcatlon

IC reS| ance varil es as

prﬁtﬂ@@ btn(ph)y@ﬁ toregaet iAncMR aVichrglaretuad Gt kh@m)t HEhus, the rnanufacture
conductive line 607 which varies as a function of
ofcintoeeried phrenitidedcn $0P Heverrgsa ke cvisting MRAYY fabiigation process for

AL SR 2y Pl ST PR S0ty grgtn s

ﬂe‘xﬁjbiﬁtyi amcof thex MFIngirespures sensers( Pyn applintegrated  three-dimensionally.
O R RLCAR, DUCLPE O SR 40 e

su%t%@slhfé? d09) wafcht & Ql"l’(\/v\/t%r 60D &ARrRNSAH §fgﬂffﬁlah‘ry layout area
controll ed during the fabrication process,

savings.i dals @msalb)m‘éle(szylsovsatq eepwwedtmbpbemlly,rwemc@ﬂswéaterally

iy B kRl reb 5 M AR R odP SRR bR i) For tRimpie, he

MITQrdoZd BORIcare ®¥i dighoé dTRMSH A ¥dve MBGuBSELE BORL TR dafl)allow for
are constants, the output resistance or TMR (Rout)

signifipans springh ot dibllayot aigat Hdcys progerties ¢ allowder Epgessing in cost
efp&\l\étlgg%taer : s?&) Erﬁpr%gg the-mf%rﬁ fo%?nc%ro?ﬁ}ﬁegﬁrgss&re sePsor deal

arac I CS proper 1eés O

[Oﬂm] usén ofie ﬂ]iiplbiﬂidnt@ﬂi(ﬁﬁ sy @ressares@ns@i doaecrbibn @kbiibbt G can be used
reC|S|on gressure sensi ng or nDnltorln
to caéﬁ%%ﬁt‘? ?wlue[Qfd BPUREH dFsePicy “agla@ rasgine(R) vadte pppsrienced by the

dFORHES 4iY rh% 6 @I@oncﬁ%b&(ﬁﬂleﬁte tHESEHvERioh Ui h®lh o measures the

program o e resistance Vérsus pressure
ommarcamteet (stnse) eﬁd tuses MEJmeauecds0@tput-ourrém isens?, toi determine a

| ement ati.on, ap. externa ield ated t he. )
o HTaTE Pyt S he Rt Sk By ot FENeEaESSe B flfionship
bt &S the oSt RisisRined (RENPSE ﬂae M‘ﬂﬁdé\hé’e BdeRs gf&sﬂ@ r(pééase) sensed
resi stance characteristic of he MIJ core Thi

byf v AMEFT alevigouscanhlee Mlb]gr@mnedemi 10 kbewe,ddm e@nweosuen/ @ircuit can

SRS R e SRR S PEORILE ST DS Bh i

609" ERKSMEE IR ASISCRIEIHE Scuh*éﬁ\mgﬁéﬁ@e)c'@ﬁﬂ QndorRBEIndMaMBensed” pressure
pressure sensi ng devi ce 077] It should be

(é@é?)em ated that the MIJ core can al so be viewed as a
[00%1mwln one specific implementation, when the deformable diaphragm 613 is

subjected to pressure (P), at least a portion of the deformable diaphragm 613 flexes such
that the distance (z) between the conductive line 607 and the MTJ core 602 varies. This
causes the magnetic field experienced by the MTJ core 602 to change in response to the
pressure (P). Thereafter, a corresponding pressure value (Psense) can be determined

based on the resistance value (Rout). The corresponding pressure value (Psense) is
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MRAM cel | ." The use of MIJs as pressure sensors is
relatively sinple since the MIJpressure sensor can be

WO evomaekssdncurrently with MRAM cel | s t hereby aPCDUB10096/060208
"dunmy” MIJ MRAM cells to be used as pressure sensors

S opposed to non_volatile nmeno The term .
in laath’??y Pihe MSHFoHEY o The (5o HERErY %ﬁb@ m?k) et ML Ghrer g2 varies
wik P&b@é}i té@lﬂ’é hi%t%hb@(b% RRGLA thE LoSHCEe tihe 68RARd FHLOMITT core 602,

conventional MRAM cells used for information storage
andpybdoi \aich nth, respactito abanges m the Inzatginktec fidderyer(aNudd by fhhé\/ITJ core
6 J core 602 is forned by a back end fabrication
rocess fromback end layers. In practice, the front

[008¢] and shaek aed'&reg d|1 k@ﬂrﬁ@@@@%@@se?&ﬁl be deterrmned based on
sub-processes int fabrication process enpl oyed

the gesttteneeevatue (RRAM @rcwaﬂm lbzyeme%@fmg tlesapyrrert lssnsey, rf@rrelatmg
thg%gr%ergcdst%{lfe& m%ﬁeesg%r ggzta 3&8{1{)) Coggﬁsl’é JGC%ger %@%’ %Ela%gssomatlng

ther eaisiange avaprce SRS @eﬂsarcor&spdnd&ﬂ@ EssigURBluse@seriss). The
offer excellent design flexibility since the MIJ =
c%qe&oglgm@ RiEpaiss yalug g‘élse)ntsefg ,sgp@% pressure which is indicative of the
prE
I mpl e

Feﬁzlnen5|onally I mportantly, in this
ntation, the MIJ core (PS) 608 is disposed

[088Hve fThe psichssor at Ecdrayse rthcﬁ&ﬁsmretsutm(m’saisbbw doatroBeroration of
inte 0 d SI n|f|c t | ayout are savin Thi

coEITE T GNCR Aot aren Sred ) bR teede sary bisca 1. °

[Oﬁﬁ]t i call \Vlllol'iodf %E Qire%rlb%d \%Mme@p&@ 6 Fi@gr 20-88 afid WA feference to
(e VRAM ded SMOS power 1Cs). For exanple, the

FIKATJ, whme 1r6p)12n1©anmga‘éledﬂ§bo@fed>resﬁywsen®r abdy204 Beo, pressure sensor

stra e 1. .Thi n al ficant savin
s GHich T8 pie ipala¥eSALaRP Blsal v SLLh iR Pl CHoces 202,
200r GC8s M”DDcdrB p@@gﬁree%ﬁ@etzoy e20Mn06r Fondxdrple OxRiabRe such as the
overal I perfornmance of the pressure sensor. [0078] In

aspeRs Tty | relgtie AiPvALon tizepindsshape of dimsglecteasiey @03 it of the MTJ
cofd 151%‘5{%% %%Qor%a ?@4,?@8 datt O @RQCi ate a value of the
curren sense) w a

pressure (P) val ue experienced

[0D§3]t he Fitef b0 ivednl exptbidap lpla&gﬂb@ll&)ﬂo lof tieneleetrdalesl 2OBM04 of an MTJ
the conversion_circuit 610 neasures the output current
corg PEGHSEY seAPTuEEs Y0re 2AR £o0R8Y S ACERIdINgL IS eXRMRlpyerfaRydiments

w%éf}e QEie%Et'T&r{éeofath‘é QU dRESRQNG ggarQUtE%tft KIES b az!?)‘Aeabé B4l as being

e MIJ core 602. Because the re at1 onshi p between
latehedlyoditpdetedr iesk 161 dfice (hRotie)r wefativhehdffJardiesMie enagnist tbee casily

s o JPAAE IR AT, foPHQ A b0 R SHSCIeP 100 3 206. they

hedeﬁeeamvréeth& NPT BB, @ILRSEN38) ABARSEECHRNCNe. Mikctrodes 2021,
devi ce. Thus, the conversion circuit 609 can preci sely

20Asls oisishown ehbeipg sulstantiolly sqreed, theit ishayingoX ead Hodimengons Y021 =

‘sen essu Psense one
Xpo bl dagn oo PO fHe ek of sPmenain ROt tion that has
besH lws@pa%eb hEw PEEHS Wt HAN,, buthak @28t cascpaalt i BctRidet NG2-2, 204-2
def or mabl e di aphr aﬁm 613 fl exes such that the distance

arg giffgsentwe rele¢iwde dRddchaingreciapgulsowith Ydoz e XM ab Y evs-2 = Xoos-
2. 69;%3,}{1?“[!11?%5 idtBh&ed merely to be illustrative of various possible shapes of the

electrodes and not to be exhaustive or limiting.

[0084] FIG. 11 is an exploded plan view 1100 of the electrodes 202, 204 of a MTJ
configured according to other exemplary embodiments where either or both electrodes
202, 204 have various exemplary, non-square, shapes. For example, in 310-1, either or

both of electrodes 202, 204 are rectangular and elongated with dimension X significantly
22



10

15

20

25

30

35

causes the magnetic field experienced by the MIJ core

602 to change in response to the pressure (P).
wah@raedsser, a correspondi ng pressure val ue (PRENES2006/060208

can be determ ned based on the resistance val ue

gré@%@% XZ P@éf%ﬁr??ﬁ@ond@g @?s ?%J eS?ﬁz f@%%rggga%?e%ﬂi@@( >>Y

anQiR@&ﬁ eraﬁéulﬁp&ldwa]ndQR r3@0 B02it& ok 85thWrlelb chiBgRERD, Q@I 51’3 %longated
di stance”(z) between the conductive |ine 607 and

WiKIT X Torear80Rith amddad sodsv aWhes clactrgdas esppleced amecﬂbang é@ other to

ol Qb 08 TEe &b VB antifing i Uy ABmyaar Ty R various

anfgR8 QRSIE YespE t& @adhe&tﬁémw adilRxsaed ShehRbcdIBSInSEI@NAS. It is useful
val ue (Rout), for exanple, by nmeasuring the current

undes eprsa | cirsamstenesi laguscheleettndeeshepgs) hehges) signifigangly asymmetric
0
s S bR Aty bbbt eaths ey @Rftutey with which
the elet @it axg mayebstotaed aFdrexbmprnsleouglilige clectron spin axes in the
correspondi hg pressure valuenéPsense is a sensed
finst dectpde %P% Rinpgd by, At Ficpiprenbin thy @roserss b panggpytic ficld, another
R S e B e e P p B ER FHE G in plan
vitwesimatit sevecy ditfudutlt t6@d1)ate| the theetromipery amsenivagifrccrm tite long direction
evi ce 600. 082 ow be descri.bed wit
O%B%‘b%‘bﬁsyﬁgnﬁ{lﬁséhaplio%eé{% SRS RTARS LN EY RYRg (Go spin axcs may
baes i npl enenting the MIJ core pressure sensor 202,
204, 206, pressure sensor stability can be further

[0084dr ov &G bA2 shodisfpyamgewrl 20@pf amyragemgaiorfahe yle@trodes 202, 204 of

» Sh 58583080 iy G T SRR RRRE st o of

thaSid&ilodéAR0D, 20£hat iviEot affllat h@ihgehica® it =hRRE téfthe other
the el ectrodes 202, 204 of the MIJ core pressure
clecsioder Fongonvemigncoxfllesritipe. sl pweicd DoBSprEM@E nang tgward the
ed. p 0 t.
of ProfP A HorlR e 0080208 450 E5LE R AmudRccone
hawnpf d guged zakmoradion girned ekapphaverti@doditioant s wher e at
| east gne of the electrodes is sguare El ect rodes 20

[0%611 ar NS HERRNI24Y destirgler abertal Y dldpr-acen berprrapeed :@b different
Lhat relhiet {o e l'ay@r SR8 2psLas 'Fﬁ? rﬁ%}‘nc@ qh@ﬁé@l yer electrode

aS| y seen. ver, when assenbl e orm MIJ. core
20863 Syormemahwnh it® (Bﬂ},g cﬁﬂénsuﬁﬁﬁl,bstah‘eg,ﬂy oréhogneal ad thbdomg'l dimension

of%tilg ie{y;ebtalggttr%%g%ei z)gwr%csj zlilf‘e gq:] boveglg eclﬂ)ZiIC %{92 dﬁ2 %soozr'iented with its
lofgl Qﬁﬁé%ﬁfo‘n%hbé&aﬁ%%@%%ralfeh@f‘ith't§e 1) 'di‘lﬁeﬁglﬁf‘@f ﬁ{n la'lzyer clectrode 202-
di nensi ons Y202-1 X202-1 = Y204-1 = X204-1

4. thf\:se rdnféfn@@t rofatizx pmgmgtcmntatlphs ean dlomhélerl‘éﬁi e@r@rto api:r@,ﬁ: in one
S been used nost

ofy i PR IR pifod BoBR Hpd FreviBE RGBS Y fifhpte, the frec
lagdrfdl @k0aé 204-4h lﬁiseicﬁlﬁgiﬁﬁzaﬂ)% ~vAchde WhcH i€ GlissigtilaBy owhbgbnal with

1resYpZe(c):t2 t02th>e éggnzetéat?o%dvet:%oofofz the 13;21 0133;er electrode 202-4, whereas the free
layer electrode 204-4-2 has a magnetization vector which is substantially parallel or anti-
parallel with respect to the magnetization vector of the pin layer electrode 202-4. In other
embodiments, the pin layer electrode 202-4 can be composed of separate segments, cach
underlying a single one of the free layer electrodes 204-4-1 and 204-4-2.

[0087] FIG. 13 is a chart illustrating MTJ output resistance (Rout) of an MTJ core

operating in an analog mode. In FIG. 13, the x-axis corresponds to magnetic filed (H)
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2. Again, this is intended nerely to be illustrative
of various possible shapes of the el ectrodes and not

W o00peoxghaustive or limting. [0084] FIG 11 PGI/ES2006/060208
expl oded plan view 1100 of the el ectrodes 202, 204 of

Se@ﬂ%ﬁﬁ’ tﬁ% ﬂ@ er %%fﬁl%ﬁygéxqg?grg%gﬂgfp |t%§4y‘ff1:§5gutzaﬁzsta%@0ut)

anREEnYRY HRMNI TS 5 REi¥tan S RouHUALEs ccﬁﬁﬁﬁ&%l &h the mutual angle.
exanmpl e, in 310- either or both of el ectrodes 202,

Ingoad off the slerp awgchlag betmer highgatl daiv wisistand e rtbe 3 Prouxput resistance
ni ficant

h . bot h
(GpIdhastrsand %655 ah ety sgbaip g Bhigfgbltanse e

M\%ﬂeﬁzattfdna&@’sﬂr a6 gCntsm spindditddtiSdCof3he Sick N@fer @lechB8204-4-1 with
ectrodes 202, 204 are elongated with X ™ Y and wth

resneghtvetlic aragactization veste of taasn kyer plegieacts WReA sdochangper rotate
“@hﬁ&ﬁmbp form MIJ core pressure sensor 202, 204, 206,
el r1I°onger di mensi ons nmay nmake various angles with

[0088ipeC FIG 0l B chatthiBistratifig IMTI dutpsi redbtescesahandTy eaﬂel dperating
in FIG 12. It is useful under certain circunstance
intagswitcding reeds. ok 1k dpethernays earesspoRghite inagnets filed (E1) sensed by

[
HERITEL L) AC5, LOEGBhaholben ST ALY (g, s nore
abohie 1e|aeamvemi(mal m%im@phlime thmbmmailonﬁnfrthexmgnbmatlon in free

aIthou h the electr spin a e first el ectrode

laer 1OBEY iy Hrgerh o Hised SRt EREs it S dlgh L TG | @ Snakes a
coﬁﬁﬂé’[@tm@ debRbdev@ROtIRN RINRE Q?ecﬁnfuﬁaﬁé%uﬂ?lﬁ%ph&?by both digit and

el'ectrode shape highly asymetric, e.g., long

blh am ovlm antypicah non¢eggls applecation.i the vagieptatiph qu ah¢ fmtt ig switched by

h f h
refyf ik e, Aol R S o r PR ESE Pind s s 2Pk e er Rl polariy of the
cudfchBROGER Nincf Oh tRisNWiRtBineNRo&RIiN tRX@stuABYN X isuseIB0 degrees, the

N%9085] IG 12 shows plan view 1200 of an arrangenent
7 swishes toce reldeeclydosh xoistasee gtakar pnd owfgngtheggutual angle is at 0

dﬁ%g;e%grt%l TS gw%/tg Fhae elaﬁﬁz%'éimlfgé%s EEZB?} RN M%%h?nga&ode the

east one as Val‘l ous

Mangus anlyaivoastgewhich cMrbipohdS@Eﬁhert(DdéQﬂ&sQirh@D degrees. As such,
eI ectrode. _For caonvenience of i|lustration,
th P PP]leCtOP‘éftfééls w thether thsinagieHgrtion arisiitign t“h@lethPﬁ lgyer is parallel

Q& ¢ algllllgl é@%%@lg@%ﬁ&&%ﬁ%ﬁu b &i RAUMNRBT() Avhile the

S|n e conti uous el ectrode having a magneti zation
anyieerdiel patervedipuad @ hightME) vetpti reaibtadéa @oit)on. [ 0086] The

100615 3HE seefire S ERin R warcnNy Feasbidibh fergppyvays. The

1nltﬁl/ Statc®IrORd §WRHGILORIT- cai Bk ak eﬁﬁ@rmm tdreddet&emli@YBingle. On the
el ectrode 204-4-1is oriented with its |ong di nension

otberdwndrihe andlgg MEJH@g@mmltlftl@taﬁm@f 9%¢ngr¢h8rrensu on of pin

| de 2
OB - Gud S 3ty RIS b€ el uronsing: mthods in

acBoiash@Mvith| dMmPRY éhb&limehtshofthe ihedhgioflireRRSio0M dite@hfrd circuit
| ayer el ectrode 202- 4. These different relative

dﬁ‘é(r?@ulsaﬂ)f%’rlql@ntvdllﬂbrﬁ?@m?ﬁﬁesalal SPStraS, MTIoRGicEVve dingpeprfigured to

'?'QE ngregs _ @g?ﬂ gﬁg L@?elﬁﬁlelagbﬁle@@[ﬂgﬁgor@%d between the

substrate and the current line. The conductive line is configured to move in response to
the pressure, and carries a current which generates a magnetic field. The MTJ core has a
resistance value which varies based on the magnetic field. The resistance of the MTJ core
therefore varies with respect to changes in the pressure. The MTJ core is configured to

generate a current which varies as a function of the pressure.
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| ayer el ectrode 204-4-1 has a magnetization vector
which is substantially orthogonal with respect to the
wore@naeisgat i on vector of the pin [ayer el ectr oPET/BEOR06060208
whereas the free |ayer el ectrode 204-4-2 has a
neti zat i on vector which is substanti all ara
1088 :[fbé‘P% (e impleminiadehett RigiRivd ﬁﬁfgﬁe@%& iSonVlded which
coYlﬁHs@é' a%n&ﬁt@w@'lﬁlel @yrﬁz'ign%{ﬁ GhiRASuRHEn “M'I‘fl‘”)ow?@rand a pressure
mbodi nents, the pin |ayer electfode 202-4 ca
seumrp@@ad ofths evpadlmtlefe §a@nm1rf@ure@1atohnmwdenllysmsa to change in a
| e one of th des .204-
SRS S by s edriig Ry, CHETHTRGIRR dr Ehigafifovetue which
vadidl Ry b RS0 toRREE pleRRs, )an@fis ashMlidedClor @nORRY Akhieht iwhich varies
an analog node. In FIG 13, the x-axis corresponds to
baseyprethicoresibtanes YaHysehtbe MBl carae T Pressits sgmior sirewibisyconfigured
toaﬁgk(?cwﬁg ol 95189 %gsch{v%%ﬁ %%{e&?&d B %flés WJC R?Hfl )a Ptlegsure value
resrstance (Rout) varies

ex@eﬂéncawewﬁeycdﬂdﬁd‘nvbhmerrut ual angle. Instead of the
sharp sw tching between high and | ow resistance, the

[ORR2] oudip@pothes F@Plﬁﬁ@atat%u@r) intaatated sEECURn devdiese e Bigwaded which
t 113 99

LD SRt 6 B 0O Bk BEF iR )

cood fctrlmdftheeml, aly@la set@ct medetiRDhydr 1T slltbstre‘@pecﬂ)rrm@mi from front

eng 51 B TR M PR B son D ML S0 G@epeiEfiam back end

%}Ié}r s 16y & bedakhd 'fﬁﬂri&ﬁﬁé@t})k({h@smwﬁu&&ﬂ%s Eﬁ‘e?' tﬁgeﬁkﬁﬁ e‘ﬁﬁ f@brication
J Core operating in a sw tchi ng node.

prt)tr@s x Tagisecondrinsedasimgdey dr gambg mitposcd ovee dhe( ﬁ{)st mnbenlg bayer, and

he st e G ks G R EPRATRBRORE b A3 detines a cavie

the@RY ent icagad pdragfbe trPRvitg ad 1i8Posct Metvich @hd addabti@f line and the
t he nagnetlzatlon in free layer rotates in resFonse to

Mdp |§Pliee h@@pn@mw@ lneBropfigired kep@idueca maghavicticld. nes,

V. | [S .
0808) PR RBETEIE! TSR Bab R BHARD SRS panees i
thé magnéticplicalexpoientadg tie AFP) carat Wien thhisecond entiating ayer flexes

of the bit is switched by reversing the polarjity of
ing KEPABEF 1 MESTHCADPLIEY s g ﬁfrcen@t %ﬁ@lga A dAnCe between the
coﬂeﬁ&fdetlﬁleojndgﬁg M’?f Ecﬁ'@talslorbhg %é Q?esultnthtel}bscl Jance value of the
sw tching node, if t errutua angels at egr ees,
magIEtlk/IﬁJhnSll\JLMCﬂﬁHBCdre charrge$ at revpdmse o plessues e;qieamn@d by the second

and en.t he. nutual t O degr ees,
i e et T Yigh 5%89%%'1'?0&»%%% HRREE e RtV fine and
thsWMtrcdyrg node, the MIJ has only two states which
correspond to either 0 degrees or 180 degrees. As
[089Hh, tThe AV womnrscetmﬁgusedmtq Bﬁnméhm@resmg and generate a current,
rerm?nnv elorn ue q}quVrleSbS SRS ?ﬁ val ¢ MTJ core.
oV Fé‘? pSFFtF paral V& Rp P‘élli‘ T SHAte %H?&ﬁtﬂé N
ThOWIRh TULPWITY &5ies tanased( Bodétprmwht ltee hh@sure experienced by the
anti-parallel state outputs a high MIJ output
sepeigh dnaidiag( Roet ) . FProeBOTPIThdn sl ERPIEICMPIORNE Plgasure sensor

coﬂoajtm%g MR At %s%daplghs%f)l&g Cthg cgﬁk};ﬁﬁéeﬁgttate\g{aﬁff the J Sore, with the

st at can be -at el
préssare ckPorickegd be thascv@ld 1amghtalg et he
[0095] A method of sensing pressure in an integrated circuit is also provided. The

integrated circuit can comprise, for example, a magnetic tunnel junction (“MTJ”) core
having a resistance value, a conductive line configured to produce a magnetic field, and a

cavity is defined between the conductive line and the MTJ core. In one implementation,
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ot her hand, the analog MIJ has an initial state of 90
degrees. [0090] In sumary, integrated circuit
wa@lewraesss and pressure sensing nethods i n accoPCHOS®06/060208
wi th exanpl e enbodinents of the invention relate to an
P e S oSS S B SR 5" TRl Fiving he
mEHREE | GRS jan&fo%S@‘Mﬁ’? WL BorARANGLI, tahaNeldefoMable Oflaphragm
("MrJ") core forned between the substrate and the
decimmesthe chviityeand Tlaeing dindersdisetevel lingghérsinconf i gured to

e in response.to the pressure,. and carries
1OFBH7 en AiRER Genbra B8 AR agnb i S Ting FESXARE firg resspupe. For
exABPlA MEShS tARAM AR eI MM RionAr dt ERaftas epbrlbn td¥ the deformable
magnetic field. The resistance of the MIJ core
digphsngn oflexoyaini eespoRsehta dipatessuis sirlingws the dipance between the
co%ﬁ&&ﬁllérﬁ%lﬁﬁ tMr‘MfP Grd %ar?e%n{) Y ro%d %ﬁeoﬂl%gﬁl% %&Eer?énced by the
current I'ch varies as a functron of tnhe
dafsresdly ¢aplda@h] This anstheic maplcaoeRidEipeAcn@d by the MTJ core to
integrated circuit device is provided which conprises
d@“%bﬁﬂﬁ%ﬁﬁ%émﬁh%ﬁ¢ﬁ%ﬂﬁagnetic_tunnel junction ("MIJ")
[099’{4& FCredrt ! S&Weﬁ%oﬁl%ﬂ%oﬁregéu?& Uhithe IS eCRRAMEALY Based on the
' ne configured to nove I'n response to change 1n a
regpstessuvaduesptici Mt edrebyTtehermepudoty pesdurarealud seiniEdtive of the

core h a resistance VQ%Uﬁﬂwgich var.i es.as a functLon.
PrERUTho THE dESRREE SHC 1 BBV P8 Ve iy sokech 10 the distance
beFWEIERE c¥iduelvy Bhd 81 BRARH) B8kc! Ll dI&SVa{ARGH ML ¢hanges in
the MIJ core. The pressure sensor circuit is
the onaghefier feddd eopass ot ot the MTbdare Of sudhe acorresponding pressure value

nerated by.the MIJ core with a essure val ue :
caf e tunteg Byl s daudeiteaindor Fotesr Th gy ing:e curent
gonBRIRIMBNh VTN cor@NwhbeBOhatcattcftl gcbtatedABVIhe MT$ core varies based
provi ded which conprises a substrate, a first

ory theucsisianes valye el My Mg corereagnistatiagtthe suireyt aeetated by the MTJ
n n I a X i i

cfe VI 5586 L ITE A ISNTL ordh 3, SE50RL LU AL e of

mighetic friiroRt jerdoh abicl wak iaaomeshdas, prasyird dudTThe @v&esponding

is formed from back end | ayers by a back end
DrESSHTS YeAitS 18 D Beasive S5 theIIeUSccur s after the front end

EU C%tck@gh%rte GR cr %pg%&triﬁfé&ngfﬂeﬂfola' d"'ftpir&ﬂlcln%ya%r'nﬁggteéi circuit

be 'di spos ver t I nSul'ati ng Fayer, —an
caodrdpevided Whink cdinppessethct dtesedfnproVidegs @ sobsdrate; providing a first
.insulating |ayer also defines.a cavity therein. At :
inpiitie” evBoon; B PTG Daviicy imulds Jhssd paitecR Ege tunncl
jug@rAuel™Me) tdrBfordtd th&einMpbARE a sIE1EH GANGKHE tonMBe ik €nsulating

is configured to produce a magnetic fleld.ﬁ[0093] A '
layargivst thecd TV abotee fofminge spadwaitviedineumnidl sperdetialdayasowberein the

BT e SHERTGR o B TR 6L R oA i

lajdrexes thd) c6rRRIBOVS Ené Qnd RS SdbkiEicRAP Myice BudiD tHah éhes §0Ad insulating
I nsul ating |ayer a distance between the conductive

layqrrsurravntisth antrapasbereobith sac Higig dayer: agd semexgng the seprficial layer
torﬁe%nﬁtaﬁ%ﬁty"ﬁ‘ét%e@fthet PEITRINELLE ahdNAEVTH g&%‘ %ﬁ?e?ﬁ Gt least a
changes I n°response t o pressure experienced by the
pBB@OOthe second insulating layer is configured to flex in response to pressure applied
to the second insulating layer. A distance between the conductive line and the MTJ core
varies based on the pressure experienced by the second insulating layer, and the magnetic
field experienced by the MTJ core changes in response to the pressure. A resistance

value of the particular magnetic tunnel junction core varies with respect to the distance
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15

insul ating layer, and varies wth respect to the
di stance between the conductive line and the MIJ core.

W 2®949288he MIJ core is configured to sense theCT/US2006/060208
pressure and generate a current, responsive to the

pressure, which varies bas on t resi stance val ue )
beySam Bepipracsie. hnrehaéldc@ﬁ\é[ﬁ“? cgfe ¢ HE@ NASIStEE e hﬁ@dmagneﬂc

tuhfl G Gl BR: LRRSPLRD e XD BRSRAC BkId Bﬁpe?f%ﬁ@eréldby the MTJ
insulating layer. For exanple, in one inplenentation,

CogC. pressure sensor conversion circuit is used to

OB B DS BEE AR B RFRRRf 2 rgn

détaﬁbé@rdes&ﬁ%ﬂ%] 1t/'§hﬁﬁlﬁr&da1ﬁfrec$zﬁ&$ it aPv A6 SkMiBerl 6 PdMations exist. It
integrated circuit is also provided. The integrated

shepldc @uhs‘tr beapreemaed dhat ﬁl@re@m&ﬁo cebodinent et grebadiments described
hérém 5][ 1 teMéJd"go l?rﬁlft ?h é@ gdgshga%ﬂ it &ncoﬁﬁé@aﬁgn of'the invention
co gure

|ve ne con
mfahse IV&dl,y Rached, tﬁaﬁorégbmg dﬁ@lﬂ&dﬁtﬂcﬁlﬁfdiﬁﬁlﬂl proeide drdeisitillv®in the art
line and the MIJ core. In one inmplenentatjon,the

with & sgirenisat e et fog Hﬁplﬁm%ﬂ%ﬁh? aeraripgd ebodient qrgmbodiments.
L

1P S A oI et PR TarRR b e ARG nd gegecment

ofdil apdntagithalefdepartigg fiom thawcdpe oditict insetitiog as et forth in the appended
conductive lLine therein. 1;0096] According to this

dﬁﬁ?ﬁﬁgﬂ“ﬂﬁ%ﬂ€ﬂﬁﬁﬁ@?§0@“W?ne is exposed to a pressure.
For exanple, in one exenplary inplenentation, at |east
a portion of the defornable diaphragmflexes in
response to the pressure such that the distance
bet ween the conductive |line and the MIJ core varies
based on the pressure experienced by the defornmable
di aphragm This causes the magnetic field experienced
by the MIJ core to change in response to the pressure.
[0097] Thereafter, a correspondi ng pressure val ue can
be determ ned based on the resistance value of the MIJ
core. The correspondi ng pressure value is indicative
of the pressure. The resistance value of the MIJ core
varies with respect to the distance between the
conductive line and the MIJ core, and also varies wth
respect to changes in the magnetic field experienced
by the MIJ core. As such, a correspondi ng pressure
val ue can be determ ned based on the resistance val ue,
for exanple, by nmeasuring a current generated by the
MIJ core, wherein the current generated by the MIJ
core varies based on the resistance value of the MIJ
core; correlating the current generated by the MIJ
core wth a resistance value of the MIJ core; and
associ ating the resistance value of the nagnetic
tunnel junction core with a correspondi ng pressure
val ue. The correspondi ng pressure value is indicative
of the pressure.
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[ 0098] According to another enbodi nent, a nethod of
producing an integrated circuit can be provi ded which
w@owpnizses t he steps of providing a substrate; PCT/US2006/060208
providing a first insulating |layer on the substrate,
the first insulating Iayiﬁggﬁx'ng a magnetic tunne
junction ("MIJ") core fo erein; providing a
sacrificial layer on the first insulating |ayer over
the MIJ core; forming a conductive |line on the
s &¢hat i daialedlisiyer, wherein the conductive line is
configured to produce a magnetic field; formng a
second insulating |ayer over the conductive |line and
the saqmiihicgtaddd diryiRdes6 tohdpakinghe second i nsul ating
| ayer surrounds at |east a portion of the sacrificial
| apebstragad renpving the sacrificial layer to define a

CRLIAY (PRSI Rl RSBGPS e

thereihayer is configured to flex in response to pressure
applied to the second jnsul ating Ia¥er. A di st ance
1

bét teeenrd tRdleBird lerv Bispesie avrl theeliMrJingpiang, dayces the second
insula.*ﬁﬁ% q?ye‘? el RrORGWH GQﬁl%e&i's €8 dnd¥int %ﬂgj IEHARG a cavéty therein,
I'nSulating IFayer, and the magnetic field experTence
wherdy tHehrendficiive dine i€ barigesed th predyponseagnetit fieldpped sheein & least a

porich R GRS B b AT P B Sut e

disHANE §REEWRRE ViR FARANEI 368 VAR \@iﬂgcﬁa!ﬂgeé_\'ﬂﬂ]thg Hanetic field

The resistance val ue of the magnetic tunnel junction
expericoeas byathe TIdarer changes in the magnetic field

experi enced by the MIJ core. [0099] While at |east one

exanpl e enbodi rent has been presented in the foregoing

det ai | agh @@s@hicAt Lidduit idbvishodderddfy apRigal at egdhdrbiat e second
' vast nunber of variations exist. It should al so be
insulagipgrlaar flaxgs dhaespphee xpiepivec applindi wethe seoshbwlaagdayer and
Where‘ijﬁﬁ‘ rr'egggﬁlﬁe\/raﬁlenofacﬁg co'r@%l%rﬁ &d LQnon § eér?&ufsec&ﬁgﬁenced by

appliicabiTity, or configurati of of the inventilon
the scasnd inayatidgalbyrer, the foregoing detail ed description

will provide those skilled in the art with a

convenient road map for inplenenting the described

eRbodi 3 I . |6 :

CRat var R S TRk kg AR PG T S between
the conduaivgdmerand dlic kel1dmwor wries bhawdtondbp arcssung efpeoiendddeby the second

: cope of the invention as set farth in the appended
insula g Tl "CHEO QTSI 315 £ HendT PR pigeect o the
distank® b&hWREIBR dofiduckive Mlc bAd BGMATEELEI r cui t devi ce,

conprising: a substrate; a first insulating |ayer

havi ng a magnetic tunnel junction ("MIJ") core forned

therein; a,second.insylating |ayer i.sppsed over t .
f :ﬂr St | S{]ﬁte&r%ﬁ C][I%lg.}g F{,ewi:eh 'élgcgéci%% &o cijalrn é), wﬁiereln tlile I\H?J core 18
configured to sense the pressure and generate an electrical output signal responsive to the

pressure.

5. An integrated circuit device according to claim 4, wherein the electrical output

signal generated by the MTJ core varies based on the resistance value of the MTJ core.
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i nsul ating |ayer having a conductive |ine disposed
therein and defining a cavity therein, wherein the
w@oemwdneassve line is configured to produce a maRCEUSI06/060208

field, and wherein at |east a portion of the cavity is

di sposed between the conductiye |line. and {he MIJ core

A0 wh T2 LT e geoune o £ hish MyhIdngsiEigal output
signalVUfttﬁ]e FIBNYESisiked 101 PRMNEL thE _pfe'sﬁlrg eg@%q’f_%ﬁ&&i%)eﬂ;le R¥cohh ®nsulating

MIJ core. 2. An integrated circuit device according to
layer.cl ai m 1, wherein the second insulating |ayer flexes in

response to pressure applied to the second insul ating

| ayer and wherein the resistance value of the MIJ core

changegnl iﬁter@m&@ittd@vi@é a6®kdiflg @X O8It 6NRRHIBonigBing:

second insulating layer. 3. An Iintegrated circuit .

d e Preseurg serset Pty crseprcdiguhcenfigyred & gpseciafp shesgiewdrical output signal

. ri.

prod GELUEAD S ENH KR0S AR SO E RS e

i nsul ating layer, and wherein the resistance val ue of

the MIJ core varies with respect to the distance

bét weert HECLEYRY GEFTY devichacetdinghie Afim domdicraan the, substrate is
r [ eNj e, ACEL; - :
formeli BRI R InS L by AL ACRFRBICLAN B & ufirfn the MTI core i
formefdrfess baek emtllagemdryat backrendl febiticationalprangspwhichiagoads after the front
esponsive to the pressure. 5. An integrated circuit
endﬁ@@ﬁtgglgegﬁﬁding to claim4, wherein the electrica
out put signal generated by the MIJ core varies based
on the resistance value of the MIJ core.6. An
i At egr d&ngdtegiatesiditcudaleivice, @owoisdigng to cl ai m 5,
mherqinfth? eIe%IriQFI ou&put signal 2& the MIJ core . d
i & CQURHFUYE AR PRI OHEC Yt BdEIPES LR &R StPTES gk perienee
by thes®@@istivienid| ating layer. 7. An integrated circuit
devi ce according to claim®6, further conprising: a '
peasaaneidc sansghivneidmvieMTIohcerehaying acispisiages edug which varies as a
- j lectri t Si I { -
funceif S TEpRPR FUESHIL ERITAMEHE AT HLATUT Sl SR which
variesi based @i tho gediayee valic ofithel MIT@go@t @dl ci rcuit devi ce
according to claim1, wherein the substrate is formed .
f AORTSPHIS HENSOR QTP eandighipddo ppsostaten dalpa BF thealgcsiical output signal

produPéPGLHR MNESE Whtﬂﬁe%ﬂeﬁ%e@%%&mg éﬂmﬁ&% 1
9. An

ayers by a back e I catl on proce occurs
after the front end fabrication process.

Infegrated circuit device, conprisi.ng: a conducti.ve
| 1o cAnPrihar lPioguriay a fiiegaeh sty BAbA]oPAisne:
PHESSURE a SXRBRIcenced by the conductive line; a
magneti ¢ tunnel junction ("MIJ") core having a

r paivading adfingtaingelatihg tyew an jthes substrate, the first insulating layer having a

magnetic tunnel junction (“MTJ”) core formed therein;

providing a sacrificial layer on the first insulating layer over the MTJ core;

forming a conductive line on the sacrificial layer, wherein the conductive line is
configured to produce a magnetic field;

forming a second insulating layer over the conductive line and the sacrificial layer
such that the second insulating layer surrounds at least a portion of the sacrificial layer; and

removing the sacrificial layer to define a cavity between the conductive line and the
MT]J core, wherein at least a portion of the second insulating layer is configured to flex in

response to pressure applied to the second insulating layer.
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function of the pressure, and being configured to
generate a electrical output signal which varies based
woroorhessesi st ance val ue of the MIJ core; and BCT/US2006/060208
pressure sensor circuit configured to associate a
val ue of the electrical output signal produced by the
MIJ core with a pressure val ue experienced by the
cenduciy ¥RtHoliNReordfhg t JTRINAS WHerflh QUUSRAG Bllween the conductive
integrated circuit, the nmethod conprising: providing a
line agdldbe Mt conprawicslibaggdaorf thespressusa bstariegeddalye theosecohe insulating
substrate, the fjrst, insulati a havi a .
layer. 38 RUERET fg mianelc At Shchnd By WENTL! Pa¥ s ppanse to the
pressi@eoviding a sacrificial layer on the first insulating
| ayer over the MIJ core; form ng a conductive |ine on
the sacrificial |ayer, wherein the conductive line is
conpfiguyr t e t ield:. ' .
cazond ) FEbd REGAHEGMIBETE ferel B B B B g magneti
tunnel fudcts@cedrt ivariad withyredpestuohthé datanthécseennitt caglutiatd hg and the
| ayer surrounds at |east a portion of the sacrificial
MTJ qoser: and renoving the sacrificial |ayer to define a
cavity between the conductive line and the MIJ core,
wherein at |east a portion of the second insulating
| da§er iAsmethofliagenréidgtto claireX 2| wheresypiho sesistancp vekis wif ¢he magnetic

runne R Rl Fiee A PEOE IR G R B BSEDEEA L) core

conductive |ine and the MIJ core varies based on the
pressure experienced by the second insulating |ayer,
and wherein the nagnetic field experienced by the MIJ
core changes in response to the pressure. 12. A nethod
according to claim 11, wherein a resistance val ue of
the magnetic tunnel junction core varies wth respect
to the distance between the conductive line and the
MIJ core. 13. A nethod according to claim12, wherein
t he resistance value of the magnetic tunnel junction
core varies wth changes in the magnetic field
experienced by the MIJ core.
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