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

wo edoane®9general |y to el ectroni ¢ devices. Mor ePCT/US2006/036634
particularly, the present invention relates to
[ nt at ed circuit devices with smart_power

§CéFrKH\JNEQHE@HQ)P&TEWE%BHRE&F&I@QRWMETHODS

(I\/RAI\/D circuitry which inplenent magnetic tunnel
junctions (MIJs) as tenperature sensors or magnetic
tunnel junction tenperature sensors (MIJ-TSs).
BACKGROUND [ 0002] MRAM i s a nonvol atile nenory
technol ogy that uses WI@% ﬁéﬁapl zation to store
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inP1oRest RiglERg ‘ﬂtﬁ{n'epjlﬁgi!ul)lfs (]fl\@'l: TH s i eraerd Ay 6} Iﬁ{agnetlc tunnel

substrate, where each cel ep resents one data b
junefiy tempetahire senapistMIH-T35)a ceII by changi ng the

magneti zation direction of the magnetic free |ayer

within the cell, and a bit is read by nmeasuring the

resi stance of the cel |BAlCpWwREEMNTY ance typically
represents a "0" bit and high resistance typically

[0082) esdMRAM,is' alnonwpkatlledﬁempz?Jetedewi%yt Ttoeeﬁslpagwtlmmnzatwn to
stgl%vda&e 1@9&%&91:' c#) %tﬂep 'RAl‘l\q%%:hﬁ log{ att %Fe gl@étl‘o?u(; %U%e%rtg store data.
uc tive

I'nteréonnect ed usi ng con i nes,
Ode gritnaly basfit ahMRAMI ie¢ladt if netamscthe rs&mcsdamch thkebkénkce of applied

Practi cal M devi ces are fabri cat ed u
SSSlstH EN Gy G 1ot #08VelateBrBghes Cerge &@lﬁp‘}r@ incjydes a large
mihberaBfl MBiktic |deNeSfoph&l f@ REdediicomuidid:f &lbeRhte m%&}éke each cell
| 'ayers, which are separated by one or nore i nsul ati ng

rearedéns oad datai oh aInformagion| iayeitten t@cmméhby ohmlgmg the magnetlzatlon

SRS ORaBAEER R bR I SAAUER) i

refieidBEe bR tiRgEat @@qu*eglgtuhé&ty@[oml?lre@le@neha pO’d 8iti RIShigh resistance
capabl e of providing operating power in a controlled

tyaisally Fepsesenigent ” Ribriferice Sagwt power i ntegr at ed
[Oﬁbﬁ gln éﬁ} W%ch'g%ﬁéﬂdﬂ &'ﬂﬁieg Iﬁflf g 8?Eélis tﬁ%tcelré Gitbonnected

r CIt & onen
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PIRGROSTAM ofe¥itie Aen OGN RiEariBum, SEgpdacior  proces

teBRATIPIE. HordRhaple, MRS 4R dlg@hﬁ&%@ ESrnd For@ ifferent metal layers,
gOSI tion, notion, force, acceleration, tenperature,
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R ST ok Re B Mo bR AHERE bt v
oeXaumtgte. i N cell phones, smart
[0004] Smart power integrated circuits are single-chip devices capable of 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 circﬁits may also include one or more sensors which can be used to measure or
detect physical parameters such as position, motion, force, acceleration, temperature,

field, pressure and so forth. Such sensors can be used, for example, to control the output
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power products can be engineered to regul ate power
consunption, anplify audio signals, and supply power
W@ 200c0k91 sScreens. In inkjet printers, smart pRPUEDS2006/036634
products can help drive the notors and fire the
nozzles for ink delivery. In autonobiles, smart power
pewerdinaesponsmtondiapgias epeisting aepdidonsn Fdsrexkply, By edllephones, smart

airhb d o) LLioni . . .
o580 LSRR Fga o PPN AR B RLFOEfo it
afd B@fpl}@%ﬂ%ﬁ&t c6165 scrE@305in mlifet ipRinGgs, anelt powauptoducts can help

(IGCs) ich inplenent snart. power and nagnet or$ i stive

driyh desnimetre s8d ERIRG DORRAMVOTGRk ¢liyerst e i @RigmgPdes, smart power
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positienisg. mShiatt woves phadvetsi cancales be dimpleinentet] in a wide variety of other
éﬁpresentation of a conventional integrated circuit
a V?E@misoo i npl enenting a tenperature sensor 1502 for
[(RSP! n@&e%gﬁ%&r Ceircht® YRYSFewhRMS! BiplerBénta smart power and
tenperature sensor 1502, power source 1504, silicon
neghetoresistvel HM8pmasccesssmenbin MBUIE) dasigns] 3@8perptyg sensing is an
. 1514 d a M architecture 1516. Both .t he
el Srmpal Cabudt FuesSE e o sl gh e osairmy o
[EOVBEAdetGN 1Hi R bhsingilifie OBCHHBSE T afo8s-dA6nathidpgedeh@tion of a
i nsul ating substrate 1508 |ies above the tenperature
cempigatonal Huosraied cyevie dewop pFY0 irmplamentingsa femperature sensor 1502 for
e [1S.: 3 [
sty U TR UGS Uanei o RO RHIPAhek 1EndoPTBE5 ThiGEr source
15047 dildonosnubstratl el S06 e iadulutegsabsipate GRS chigido @514 and a MRAM
i mpl enent ed usi ng.a junction-base evice in which a
aﬁcﬂﬁmrsnl%gnﬁ@%pthe HERBEa iy F?Pspéﬁs@%@n ON% RAE fgroe 1504 are
et BORRE 3iHif theMGddn REPstatN E30600niRAHE %sﬁ%ﬁ? B8 OB lies above
1502 consune val uabl e sem conductor |ayout area or
thepameeratirtieensdi hi02eaenid grosveo Supply. A 584 nEkwtngl tewipeeasure $e@sors 1502

i ncl ude, f.or. exanple, .excessive si wei.gh . e
rieag s S STUEPRHE R P OLTSIOR [ Tdduuntiom various limitations.
THE Rphperatinte)serddd 107 calyhiflerh o€ usifg 8 furfedsh-baded device in which a
limted reliability anong other Ilimtations. [0007]
jungBombaidagaprahgeges GRtharsHeRy dreRIERS teapsraterst Syl p/meilection based
sé tsin%egé\)i&lgl OtZoc ihP K/aﬁl.bal%lég leﬁfcgﬁ]&ucf % &g eﬁ'lef %tr rsggéec Other

dleVI ces, I ntegrate mul ti ple conmponents 0}/ evi ces nto
limitatiogd ef sildhpsensing/ devides150% dnelide Ut ekayiplef excessive size/weight,
.efficiency. ldeally, such sensors should b ) )
ingg PIPSeT R PIEGSON o Qe AlRe SRR W9 Qerdygic sange, high

cddtGn@fntited 9&ﬁbilitf%ﬁ¥f}ﬁg 8heAliRftafRRCE the sensors
consunes. It would be desirable to have a

[608 corithecnomathiazaion ddmay mhiarh applidatides make WRIRirable to shrink
architecture.inteqrated wth a smarf. power L

o BeieBE T B EREFF A5 ot ot Bebmblisht Ehpongnts; grfyices into o

singRSEHAL d/draimpréw aGikduyt WBHhtCeffoRnMRAVHEIGNEEBCEdnESs should be
and the smart power architecture are fabricated using

mapelagtes igraeskeffecivmeneyyvhigihigduces the additional layout area or space

the sensors consumes. It would be desirable to have a semiconductor-based device which
includes an MRAM architecture integrated with a smart power architecture including
sensor components on a single substrate, particularly where the MRAM architecture and
the smart power architecture are fabricated using the same process technology. Thus,

there continues to be a need for improved temperature sensors.



there continues to be a need for inproved tenperature

sensors. [ 0008] Accordingly, it is desirable to provide
wa@eooropoeved t enperature sensor and net hod, adeEt/Ek1006/036634

for neasuring tenperature. It is further desirable

that the inproved tenperature sensor and net hod which
[0968r at Ascadinglye dft isidesikabdé gcnarovtidm@ haprobed tasesatiredsensor and

b, AEPRRIE oGP Biirdnte o do Reu2 defapcti thg improved

teffptdtiteisBARH hid &@th‘UdWhl&?é@lﬁﬁHﬂé&ﬁi &éctAe isipsal thikccan be converted
integrated circuits nper ature sensors which

togd tenapsnaiatei df] aehegt tswrg@ ﬁ?tc\ﬁwdd dealesigehle tepyifle temperature sensors

thﬁg %g%g;e%gi}:}g I}r{tég%lgt:?p%l HJS%IH{CSE?%?C% ée%gcrelsc elslgr alted %1rcu1ts (e.g.,

tepfpRMitEe depsmreratiith ers eompihtiblehiigh semhﬂohdﬂict@f éeiisd and integrated
nmeasur enent and i nproved neasurement ﬁ%:rf or rrance an (3
ciggviitesirusareand frbagtionanethads). thiprsxamplee isyeiHg be very desirable to

pRVRRY 1 &6 }?}éfﬁtﬁret LS %]?ﬁ?he | &gyt r@&ﬁ@n a%@ﬁ ng esf Bihd 1mproved

processi COst ‘effective nanner. i rabl e
nmiegRkeman @Bﬂom’tmcacﬁr&ir ivehicle scaaf Heheaniepnacadt |1n)navvtﬂrd:e-d1mens1onal
becone q?parent fromthe s gfe ent det.ail ed o
argBERERYIB i GAPSSHS [ LA TRIOCEYRGH f fost effective manner.

?%Fld%ﬁﬁbﬂ@ﬁamrééqaﬂd“&a%@&ﬁﬁé@kif lis® 1ﬁ5é}Moﬁgﬁ1llaEBéoﬁ1@%pparent from
regoi ng technical field and background. BRI E

thBE@@RIanmtdetfméd'ﬁaEcrmAWaN%hf @pqued\cmns telmplmeqomunctlon with
der st andi f th . d
g per Ry g e Gineh 8T E Tre etk BeBRIch o g BRABR b

when considered in conjunction with the follow ng
figures, wherein |like reference nunbers refer to

sinilar el enBRIEF Eﬂﬁ%ﬁﬂﬁ@ﬁ@ﬂﬁN%THﬁﬁgRégv @10] FIG 1

U, AP g PSR 1 R S o e v b

rdf@oihg lto FieGletZilddsdeacriptioanmtli dtaigs Oﬂhemlmlnsniexedllmi:oxzjunction with the
f(i].&)%]illé %{gﬁ%sé %rt@gggl]:e mfé2£%g£$§g§ gﬁr@% tﬁlgnlar elements throughout
HeSRheSeNtation of an integrated circuit device

contigured according to an exenplary enbodi ment;
[qOa0NL3] MGG 1 4si s ssheudimmpeispedtivessiewe of | ainMRAM cell configured

ntation,of the.. nt gr ated circuit device shown
a‘fcﬁpc{i’il@e 0 3 exepplaty E'E s a schematic cross
[(0ag} | ONAIG. ReRrLsdematié @ébtl@ﬁalaﬂewrﬁfetg Eigiptidied ish@tti power integrated

device configured according to an exenplary
clspiioarrlftasturel 0015] FIG 6 is a sinplified

@rg S- S8 ?qg @'sclgéngagx @Jggen@a@loh%tf%g i te?'yc'i&h'iit Hevice configured

ce contigure cor to an exe
a@ﬁhhdgfmmexebﬁﬂ)al'ﬁ]emlﬁbdimeﬁtl s a sinplifi ed
[Q%)réngeSFeI((:}t |4012a21 SC Ieran trlg rcr:]m%fs sgcr]uoln t1ree geasgrﬁgtlon 0 Hle 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;
[0016] FIG. 7 is a simplified cross-sectional diagram of an integrated circuit device

configured according to an exemplary embodiment;



configured according to an exenpl ary enbodi nent;[0017]
FIG 8 is a sinplified cross-sectional diagramof an
w0 nioege@ved circuit configured accordi ng to anPCT/US2006/036634
exenpl ary enbodi nent which inplenents a MIJ core
tenperature sensor for sensing tenperature of an
[083%bci dlled hdata souplifkedo rcrchzeat:ct'gmgg rdaetgrarg  oe\einc@tegrated circuit
18], FIG ,.9 i.s an ex | an view.of th
oo e 15,35 <SSR ao Rt aVhih israsny 4 Y core
teﬂ?ﬁ&ﬂ&rﬁemm (80 L8sirtd Gempiatuse T @ sSiefded|IRBt Woe or heat
of the electrodes of a MIJ configured according to
g%leﬁémgélﬁ‘éll%;l ary enbodi nents; [0020] FIG 11 is a plan
[ ofgran t I
(OBA8F oiran ST T GRIROLS Mant O oP bk ARolls B MTY configured
aceoRiink WwesxespldrPeRbpdiletds; 12 is a sinplified top view

of an integrated circuit device inplemnenting nag iC
[004Rhel Fjlﬁngpi ISrATy Rlﬂl?iﬁ’éjqdeﬂlﬁ’ér‘ﬁ?‘ﬁr gteodey of aa%a‘fonﬁgured
a%?ﬂ?%%ﬁo_ (Itﬂépe%]amgia@ emdBodideftsf | owchart showi ng a net hod

ricating an ‘MIJ core tenperature sensor

[0828)r diFiG. tld &n aeplempliew yofe ab catrameerhent] 60 28] eleki®des4of a MTJ
is.a chart .illustrating MIJ output. resistance with

e Py GNP RE PEDOUI R0024] 1 G 15 i s

[0028] MPIAIG! e9 iS58 BRipHAlcd t65 ORS SE&T InfétRAted BREBE8Hi& inlementing
of ‘a conventional ‘integrated circuit device

magsitieramtel ivgchon EvipBrtamperetusespnerrs opErpAqaEsyurce;

GIBIZ:.%EP [0025], T i N A i ptio

L I'S r eFI-%; i 3I l%)sstz;1 r %.1? ‘Ijvglgar{ (r%i-ljr)?gvle rg %ﬁ%%flsgﬁg?o%l%%@g%dpﬂj core

tehpetature serisbeadcovding todh axemphey apbbdigsht;on and uses of

the invention. As used herein, the word "exenpl ary" .
[0023hs Ty b4 A2 ggmgﬂlug;ggmﬂ ]g[’TJ iqylgwéﬁ%s&tarme with respéct to changing
teh{é}e%rgagddon." Any enbodi nent described herein as
Yexenplary" is not necessarily to be construed as

[0024F er FE@. of5 asdvandimghbet schenatad heossesdpbidhate nepsesediation of a
of the odi nents .descri.bed in this Detail ed

CERERAGTEE HTEEPS CERE R ey Bl e AR BV RS Fo

enabl e persons skilled in the art to make or use the
invention and not to limt the scope of the invention

which is defined by the clains. Furthernore, there is

no intention to be sed or inplied

theory presented i ]r?%#‘gﬂ%rgﬁ?;%@m nical field,
[0asKgr athediollbwingf dedallededegcriftionhie rhertlyoliustentidetiaina®@e and is not
_description. [0026] For .the sake of brevi tfy . .
ineaoe e ilisnhithe BRYRRA @S theraprfieaian gyl puss afdle duveptigm As used
hé&téip! Y R A SHANYGh YxaflBle GRtance, or illustration.”

%gg’r i ca‘tvyl?r?, an? ag% h{g:{éa%ls,pg%:\{;sé]géJ i€, Sistance, or illustration
Any embodiment described herein as "exemplary" is not necessarily to be construed as
preferred or advantageous over other embodiments. All of the embodiments described in
this Detailed Description are exemplary embodiments provided to enable persons skilled
in the art to make or use the invention and not to limit the scope of the invention which is
defined by the claims. Furthermore, there is no intention to be bound by any expressed or
implied theory presented in the preceding technical field, background, brief summary or
the following detailed description.
[0026] For the sake of brevity, conventional techniques and features related to
MRAM design, MRAM operation, semiconductor device fabrication, and other aspects of

the integrated circuit devices may not be described in detail herein. Furthermore, the
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the integrated circuit devices may not be described in
detail herein. Furthernore, thecircuit/conponent
wo 200008®98nd confi gurati ons shown in the vari ORGI/US2006/036634
figures contained herein are intended to represent
exanpl e enbodi nents of the invention. It should be
mmtéc@nmqapntnlgmgutmapér@@ﬁgg@tl@ns shwn iipihe various figures contained

C|rc e
h%F f#é ﬁ%r?&%&b &%eésg% %ﬁ’y%a&?ﬁgdlﬁlg fso(gvg tllllerh geélélronp It should be
ey tHaeﬁIﬁjhytaDteﬁiaﬁﬂE ot additiod @irotii@sorpoept 'Ie@)@ﬁt@ agiyene pmSent ina
CO%EI ed" together. As used herein, unless expressl Yy

pigetigabembedimel- se, connect ed neans that one
nt b [13 22
(BB LN i oSt 1 0t S iy e

omn é@ﬁp&d’r’ itd getinee.c h‘tmuma&il HleyemJ_uMe.w @@resslyl ased express) Yconnected”

a d ot herw se ou nmeans
b P SR R 1ot SOt et Ipeythy femugiates witk)
ar(o‘?ﬁerdél %ft)fé’au% hﬁlﬂhB@ﬁéde&aﬁW@h&ﬁ&aﬁ% V‘Ll‘k@s)ws@nﬁﬁlgé%r expressly

el ement eature, and not neceéssari | Yy mechani cal ’| Y.
sthed 28jervAse, ‘&“Dnﬂdbcﬁ’tmegnsathai onk ghemept/tfatire isudiracty oo mdinepidy joined

oo ol 3 e SebhBichS 5 GRpa ghot/rature, and not
n¥RbdariknavehahRaliyr es and techni ques may be onitted to
avoi d ‘unnecessarily obscurln&uthe i nventi on.

[0828] t i &@alsuryph@Wemwrﬁm of plusiaton.nthe drpyinge §ouics ierate the
gcgm%ﬁﬁ %aﬁ%ll of ?Jn@%ct}o% ﬁ?cﬁhgscpgt%ns%ﬁrﬁ% afls otf@?ell-knov&{rhtéeatures and

I 'Mensi ons o ments or regions 1n
tebhigytisssnaplye beitedaggesidtundedessasily viesctiing tHeenveﬁitmrre mtdlitionally,
or regions to help inprove understan

clefspiai b dreBYing BEHRY 8 R rflccr By o S48 P palg. For example, the
dltnaéélﬁighs of soRRCOMNHe elelﬁemsrd}I reg101fxs°11ﬁrth9 ﬁgﬁirég rﬁzﬁl%el éxléggérﬁed relative

escription and the clains, if may be used
tof othed iebmantiu bs regignb éd \wekbpn ingproié amdeisanémgSO%nmbﬂdJments of the
necessarlly for describing a particular sequential or
VAP0l ogi cal order. It is to be understood that the

[0029]'S SeUsHis efift,? MRbANANGEAD! efouREehnd P BRE iRt description
ci rcunmst ances such that the enbodi ments of the

anchtherpldimn i aarrmpebe paedefon digtiaguishing brhvgsn simidariepents and not
ngcessgﬁﬁfe% ! (%%cfa g églg%ﬁl%r %Eﬂﬁ%&%l??ﬂ cfu%ggl%glctain ld?(%e? atRds 1o be

or o r'm se erel ernore

utidepdipod gt the' tenad l.sld ased ‘Afeainectclangeabiy under iappropriate circumstances
e_.inten non- excl usi v

h d
Slgqhgflgg{l% ﬁ@lt’)o@ggﬁtstq%g}@e tgl%ﬁﬁt%géegcnbpgtl}%gn aLg, ?@rcep@mp}ﬁ, capable of

Qt?d'naﬁly%eéwfcesc QMR:| #8R Mokd S’Iltlus.‘ﬁfate%l SFEfhSwis HQstcrlbed herein.
cessarily limted to those elenents, but may include

Futtheemond, éhe ttrssnompxise,8 s$hojude)’s tleaved ranid renor eariatiops thereof, are

nsf%)gigii 3{3 géo%%s HPp- ex&yﬁléfﬁtai%lugpﬁé su.claﬁ\ﬁ taaal%rg%r?? [ gl%ﬁm]d article, or
apﬂé@é%ﬁs that H(ﬂanseg QWist oftePdments ROt Qﬁbessarﬂyﬁlfmlfed 1oNH6de clements,
above, '’ ow' and the like in the description and

bythmay include other elements not expressly listed or inherent to such process, method,
article, or apparatus.

[0030] The terms “left,” right,” “in,” “out,” “front,” “back,” “up,” “down, “top,”
“bottom,” “over,” “under,” “above,” “below” and the like in the description and the
claims, if any, are used for descriptive purposes and not necessarily for describing

permanent relative positions. It is to be understood that the terms so used are

interchangeable under appropriate circumstances such that embodiments of the invention
5



clainms, if any, are used for descriptive purposes and

not necessarily for describing permanent rel ative
wEoTNIwas. It is to be understood that the tePEBEUSI06/036634

used are interchangeabl e under appropriate

ci rcunst ances such that enbodi ments of the ) )
desenilesst heseidexserfop syarnplecrapableco!l gpsratiopdnysiteer asigptabipes gran those
+OPE ' ' ti a SE
SR bP i 8860 AR, PARSel Ahubln Sod toel R, ¥ dofined
addifdil ef giditecthyscah@bite®th sl ebittiet ot nomelecmﬁalrrﬁaﬁdey

connected in an electrical or ngn el ectrical, mann

[0088131] Aapyscteal MRAM, puckitestensican be fpranedon e)éutfs&famnw suitable
se%@d‘fﬁ%tro?:ﬂ?orfé fiog Pﬂm%é@%}rﬁctﬁ:@"ﬁ/ﬁ@ﬁ@ﬁ%%r@%ﬁ%& ﬁ@éd R&ein can
ce, e ereln

rocess ract - structures descri
be: fommbé uking mecdmusmtnmahMlb&Meﬁabmmh phboaka. f Apractaal BIRAM device

WiﬂL myrﬂl{ﬂ}%%% 1?9%& I gq%g\}(’\q lgl,rll %Kmm&%ecmre includes at
le tQ)'ﬂb [al5s lﬂ{eefohﬁgé Frgﬁlsorﬁtmét@leﬁilerOMeﬁlt Ghé bit '11H@ férﬁfeﬁ%m another

romo met al ayer | east one 1 ne forned
nofetab e (anﬂl ermagett tulmybjunctamd(“MWég n@tel fometmmween the two metal

unct on et ween the.two net
o IRy e P e TRl B FE R Pt o for e
mm@ﬁﬁécﬂug@atl ons for the MRAM architecture. [0032]
FIG 1 is a schematic perspective view of an MRAM cel |

[0932] corFﬂngrléoa a@@ma@pr@r&p@ctaw wirwnpl an MR deleifl0. configured
oA b R ARG SERUL Sl o R LM may b

c@ifighed anshowrein FEG, dagiRe NI ceelir 26 Igbﬂimall}c includes either an upper
ant i ferronagniél c (" SAF")

feropaght Y BgHC @Kﬁelrfa%@eﬁe?[sé?o{ﬁ layef aﬁ%é%rvg@awﬁ fgromagnetic
ot P ggpﬁyio &heiVg BthrleBarki¥Ola{ &06 TRENRh ite ﬂvﬁyﬁ%mahﬁknc c layers. In

anpl'e, the upper ferromagnetic or SAF | ayer

ﬂmmnrp@ thehepplr fezromeagnetid @ 34 byeh2@aemupaserethdifiee maguctlc layer
ot e TROIE G G S8 b SRR B s o o

2004 LARNERAbmabFeticher BAFeRysRINEt hevdvayeis thecRisdembbitetic layer
direction of its nagnetlzaglon 'S plnned i n one

b@nau@dhe divection efdtssmpgnetizationge pinned én prsdiggction and does not change
| r I t d

B A D PR DAL e il cion s

uﬁﬂn? fe&oﬁlagﬁétice lor t SAF hlayeragoRtis zpdraldel ton thoweagnetization in lower

KCAE LN LRI RETD Bt T T I

tﬁ%@t‘lﬁﬁ%h %Fuf[)&r YORGhadnllié RYBONR i %nﬁ%)i?a‘llelzt%%hé thagnetization in

ant - paral | he magneti zation in
lofnesr f@rmoga@emzlalyalym4 B@4resisthacerasgiss celh 2@0 mcn@fsiuglfmemstance state.

898y T bl ot BT S5iE R s meblEa o e oot
20 ThE AERiRks LBzl red@And Higte tdaE MRESMUEH 20T Sketiiown to
read and wite data to MRAM cell 200 are known to

thopogalledin|theart prd, tthesefere, vak aot bq@@ﬁbﬁden dgjajlihergin. be
mb%gf“ hsg 1n6§8td%' c@gf&t fine| njg% Jm?e' A g&eiﬁ@uy and

I"i'ne "2 |g|t |V|du
collectively referred to herein as “program lines”) correspondlng to cell 200. The

orientation of the magnetization in free magnetic layer 202 rotates in response to applied
current pulses from the digit and bit lines for toggle applications and makes a complete
180 degree reversal when both digit and bit line pulses are applied simultaneously for the

single magnetic free layer (or conventional) application. In a typical non-toggle MRAM,
6



collectively referred to herein as "programlines")

corresponding to cell 200. The orientation of the
wore@netiogat i on in free magnetic |ayer 202 r ot aP@BUBI006/036634

response to applied current pulses fromthe digit and

bit lines for toggle applications and makes a conplete
the@picalatieeel the Pitris switchied byovdusiog gietpadarity of thel dunrent in bit line 208

.are | ed_simul taneously .for .the.single .
o 38506 SRR SLTY LRGBS oA IS, i g, procica
deplépnmine, it INBTRASAEEY be Midbich e oy QRhidriofSingiar NIRABA tells (e.g., a
i.s switched by reversing the polarity of the current
cqlymp of ¢ellak to PEOVM RecorEBen Fyita MEEBE Eheagiophithe gorurected cells.

S Cait L _ td cal
SHIBSLS8 e 2 e SABRIGIRI U, BBl v et e
a ruwrbecellsf togirowilian coiAldnaikgit surfent b each of ﬂieuﬂ?s.of cells)

of the

royide a co n ite . current to each of the
(0Bt d: BBl Hhas 2 Fi g mpghlcodidieg o shiclding layers
2f(1§é.§883 k&t ﬁé‘jpl‘ﬁ'vfc%édgg f{rlngl;b'ir? gfalsfr?lf% ?ﬁdd;}eldﬁée M%Xngﬁla}ih?terference due to

., arowo a com
teoyperagne rausings edjacdnt tchihe MRADM c¢lD0B4hislenample, digitditier?d0tincludes

o AR G PRGSO SO K o

mb &6 enSérialn fi9d é;ﬁa&ﬁﬂ]é,&ﬂéd%[ﬁmﬂ SHe@alfyOsul RVREY &rdl&ive element
routings adjacent to the MRAMcell. In this exanple,

21@: gintpartiqudarpaladding i ssfosmed apued three sidgs of edndpetiite gapent 212
. ' jal ;21 med .froma

B IRSIERRRE e SEL08 LR iy o7 W] AP S, 1n e

erpeodiment! shosw i FdAs 1¢ ¢ind @IS Uehelee e bénditAve bt element 216 and

ticular, claddi 214 is formed aj dth id
cligingo L o< EOMLHBHEbls SUERLS MBI ol e amplis PRgding 218
pﬁil{yﬁs‘ﬁ?roﬁﬁdsg&ﬂgﬂ&weve%rﬁ&ﬁ Q‘?E.t I@%i&ﬁ?xﬁ'cﬁggféﬁ@.czllgqg g)ggneg around

e enbodi nrent shown 1n FIG "1, e i nclu
theasnsides iof ecopiltctiviee alemien? 266 aswth cthad dhenglogh@atdriagidg surface of

couf T A SRR anT o9 R rile bR ABARES &1 Biled to foous

the kRagnbfic BRI oGkt @lthe MIPHE MPpA8 the FRsiERY & BfU'ggaﬁnming. The

three sides of conductive element 216 such that the ~
cleglslipanbascar additinnal berfedic of asdusingdhe mirite distwhanve to D@ighboring bits.

' . d j. Al 218 b i Li.zed t.
R AT L R
used iri the €ateicatidn of @@parrogigm s usddoid dh\NIRISI @Bcess.

itional henefit of reducing.the wite disturbance
Wﬁgﬂnei sacrlﬁé gnhadimenfs, condugtivg elemgpld? e snd copgustive element

2180 GbinGedC et dhd gle.kﬁic Ty icBhRRESL rial Qlicit BE CB%{ iEx%degladding

| ayers used in the tabrication of copper progr
214648 is forpied fiviRARIspftopessablp ARG tid majeriab $uchads NiFe, a nickel-iron-

coBE AT £ROUFEOR ilnie oF Fos TG dFici PLES Cotvitioety dadding
21;4&1@1& @ﬂfpr&}biﬁf&te@ﬁ 260 BRI trontNHick| (B didagadd 8f aa&ihézm/% 18 may be

formed froma soft, péerneable magnetic material such
slightiyitienerh Altbregh thecwodidive clgnes and thebdadding ane realized from

aifpeefl sk ol e DeRBS R17 R IBHRRE oTF rhkecspmidred o be
faljri daeedsit davadthéronfmethldaghir g g 2 I/ a8l Y BSer), and conductive element
216 and cladding 218 are considered to be fabricated at another common metal layer
(e.g., the metal five layer).

[0036] The terms “first metal layer” and “second metal layer” may be used herein to

differentiate between any two distinct metal layers, and “first metal layer” and “second
7



slightly thinner). Although the conductive el enents
and the cladding are realized fromdifferent
woradoensmbs, conductive el enent 212 and cl addi npCRLUL2086/€36634
consi dered to be fabricated at one conmon netal |ayer
(e.qg., the netal four |ayer), and conductive el enent
2teb layed’ nded ddt nﬂglcamhamtaimsuadé mestial tteo Bayersisespeetivety. In other

Pg&g??‘ 1r§ 6"5%@ n’é rrrqeetg}all%rglll? %&ag tv?alfhthrl] E);FE Qn%eg C}ntegrated circuit

deaes Qé‘girdTBsIsaif ang\eeitrafyldy emitgReinBcRée, ta@d a “second metal Jayer”
differentiate between ang two distinct netal |ayers
\q

mgpis ampy] gther etablayerayishin the descibed iniemsttad cirayibdeviep segardless of
ne and mat al two | ayers,
eésrbéc?yﬁg rqnﬁlh)%nggaer IT%or ds, “first nmetal |ayer"
[008%FNS aﬂmyarmpbazler |1ﬁt¢gfatedd blhcblﬁtsaca(ihGSé r fabigehtédntusipp as @dmbinational
circuit de regardl ess of_ any ar b| trary | ﬁlée'r
CHD @Fchts h@#ﬁ@ratmeawww@ém, Reven dqvigperand fagigsorgmgubset of
t .
R SRy R S e, ARTEALBRAALT, ST Bfhs and combine
alh uhbm ifmgtionhente. a[ §08l¢] cStreifectpendC includgrgatfeattions of voltage

BithcSRar MsERRs, SENE Sisthl P Cuiang (s protSles, system
dlqgﬁ’dSﬁ@SS an@NEbrtRAi CICRN udnS URREAL pSlert RePAtes kbrcutiRbhtain various

povver I nt egr ated circuits can reduce vari ous
fuaetigrsn émhsawerol@@; pemajunicahiers epofen cnar@g@nw,t gafety and sensors,

Voll%?ha)g 0 %§ ts% ?‘@Ilri]ctl\ég% \I/\grmaﬁg!g%%fngt Eit 1pc|u‘§ts gfature a rich set of

méxpdddigriad rhuﬂ@mgtb’l&ﬂ@ iacludingOA AT tah® rD/ASV@iVeﬁbrs rail-to-rail op amps,
di agnostics, and control. |1Cs using smart power
quaé@% &hagp rr&mmsar@o it GFFar vekiAgor SAElRIoBh sbregigion tgkerences,

éﬁefoig'lccsclnd AID4M 6 POps! d#@ﬂ%g@ﬂé rlhergsaq ?pto}Gve?'NiOSFET

ensors, many ot er speci al funttions mart power

devites gwidh emtuctive andrgy fobeanipsy éndependent slermelf mahagethesit, gvhatt circuit
+d| ng loc . {ﬁlzﬁgum .ng A/D and D/ A converters,

prrogﬁ CHOR G Hgn icdpaksendBipar at or s, char ge punps and

[0038) dIHEeS, jsVAkLRERLE QHY A0F SimPIRel Shan pﬁ%ﬁ hg8&8Rd circuit
digital logic, and non-volatile nmenory. For driving

arclitagtire ﬁée,evlaple qwneaxammom@vd oas smbsttater a@m wtithvess n-epi layer
25%”1?5& fl%lln"fl mlggne ug r(])a g)rgzé ﬁ%rigaocesga d‘g%rgﬁ ﬁr 1nl9egrated circuits

canEB&])nﬁécGonZVarﬁ)u@ t9pd3e oR shbstiated Wvith ﬁld%rnﬁithémteépltamal layers,
smart power integrated circuit architecture 250,
CPIPEIRE 1akyDE AT BiEWIRS! 40 Prastiee, SHsH Rowes 1 egyater &tréulﬁ grehitecture 250

%ﬂclasrﬂruﬁﬁf'&' dds ORI }?eg‘}n Wsh BY Rl ﬁsﬂg ﬁ{yssgl 612 qgtléglta&rd circuit

a rication process. power 1 nte clrcui
fabrcatioa pfrocese dAhhou@rmtamspctwqreﬁtegrfateslmun atdhstevmitd250 is depicted

?Pi‘?%r& \M{({)M gfgg’l @%@%W% vzggpr?{ﬂg M}ﬁy BEQ) gnd bipolar

d@ﬁdéﬁ“ié@c taUpr@ctddal sAas ﬁﬁx‘?@rm%gféﬂgé ireit Qﬁﬁ Ct&bféﬁlqiy h&di€dd various

can be forned using any suitable integrated circuit
actizprand spasgire gowpessnts, /Slutﬂh@sgho@ﬂaretSISmeapautoegrlaﬂwors fuses,

an(ﬁ-ﬁlcég n(?rn%erﬁ(;& Gelless. 2%%nerall d’e ma rE power integrated circuit architecture

250 includes at least one metal layer, and additional metal layers are added to increase the
circuit density and to enhance circuit performance. Various n-type and p-types wells are
formed using well-known semiconductor processing, such as implantation and diffusion.

Isolation components 264 could be realized using oxidation and or trench processes.



wi th power MOSFET 256, CMOS (n- MOSFET 258 and p- MOSFET
260), and bipol ar devices 262, a practical smart power

w0 niogge@ved circuit will typically include varPOUES2006/036634
active and passive conponents, such as diodes,
resistors, capacitors, inductors, fuses, anti-fuses,

[938] rrerfor smblesiimentsof tiie freieatidnyrelaeseiotangoisgratédndisyitateeide formed

circuit itecture.250 jhc es..at | east, .one netal
of s o ubalsle i it MY A Rp® BB T < omart poveer
atlchigécRas,ewlidie atlcaq porflenof the MRAM QrHeaiELard 4tqtst a portion of
per formance. Various n-type and p-t%;)es wells are
thegmaeidowsr aghijratyre Rrrosancumentydatned b thesame faliriegtios prokess. As
i j i sion,.ls [ qnponent s
o pefll AL A et e SR SR EREDER Fonigured 0
mahapeedeascd] GR32} aAd atbadionentddibnilheniponent taifigured to control,
ates to an integrated circuit device fornmed on a

re
regBlatee o8RG taff5tle OB ARRCH B the PraFRtioRAlIths PAVelceitquite In practice, the

- . it r t oy
o FREREA i PR o AR B MBS Ry o

canpmett way aiclidee withant lipdweon: an chisoe ¢¢.g; @an aheironmental condition
concurrently formed by the sane fabrication process. )

ScREOTe S0 P PRSCHE SSPavt BB TR AR SEPTs AR | oaced atrbute

SRSWER thankdildbd of AHP ARSIt | Qi8I0 ngpdﬁéﬁ@% analog component; a
electrical power and ‘at 1east one additional conponent

digiialf Jogier eanpanests rarr a1y, combinhtiere thenendi t Usingagnhast power integrated
. t e operation of the power circuit, .| . .

o ERE, folbna bR O S ot uRHRas P ) Bt togic of

practval applikitsistto aehictdedsb @iraditrl € I%is @Bl dAdsiEh@9® economically

nponent may jnclude, without linmitation: a sensor

Pa(ccg mgpre fepturghgnd: enpbiNtainte a §HID: respltias s grducethdie area, reduced cost,
| i n .. . i .

ol EEQOPROR GpEe o, RS LLATIRURALE ISPl s,

intudtedl; coatrployard cometmer elecirgmivsesipliBrsyateal ogigy ipodresybtem cost,

aI]Egdi ital.lq i C conponent; or any conbination thereof.
FWSOV%E.‘H“%@S\Ner integrated circuits, designers can

[oogsluce Fihe3siszg Rhehfife ARERHAGE tdfoth %&Q%&%g Eir it 8lvice 300

| ogi c of practical applications to achiev nse
cogifigeugilt aopordintg $o emalskempldnsicpbediment e bsegyatied aditopitpdetice 300
o TR S M B Wi S B A 0 are
foped. oSuBsICe: 30kl by alitabrR Religmddest a@drsal 0duch as a silicon-

aut onot i ve_systens, industrial controls, and consuner
basemategial cEhés fumstiona) cammpenrapisrrs sghematisoly depjetedas blosks in FIG.
3 8, i aRidst 0 . i '

A B, A ok 088Le B Gioy ot RERRALE o pover
ciortf ¢ognproaentat(®o rad diggtal dogin cemeoidnardp6e ambedsoremthitecture 308, an

t.ed ci it .device 300 generally includ a
MBSt ) cindia eis RONGFomR! CREPIGHhaL .  Although not

sheRAPANETL S, #it8orRINEFbuit Rl PR AP AnfBYe REIRBNal components as
sui tabl e sem conductor nmaterial, sucﬁ as a

nesegsprydniratisll themeedsadf thpartiamtertapphedtiononipopractics, aemee of these

e ically depicted a locks in F 3 for. ease of
BT PRl RBY R ouRBae EHE o CerebiFrecbpeilivS 3p6ialion.  For
ex@@pRo PewtiScitduit dogoaeBIS digital logic component 306, sensor architecture

308, and analog power control component 312 may cooperate to form a smart power
architecture for integrated circuit device 300. In this regard, these components
(individually or in any combination thereof) are also referred to herein as “smart power

components.” MRAM architecture 310, however, need not be coupled to the other
9



circuit conponent 304, a digital |ogic conponent 306,

a sensor architecture 308, an MRAM architecture 310,
wa@ea7amoanal og power control conponent 312. Al P¢IDUSIN06/036634

not shown in FIG 3, integrated circuit device 300 nay

i ncl ude additional conponents as necessary to satisfy
cethponesisd end f MRAM p awchitedfimgr 35@p pinpy dbvd canfigeredr tac timtion as an

. Sone .of { tion co ent s y coupl,ed
PSR, SPGB SPPREERLS TP T S BuGhg of MRAM
aePi&ture 31 6 iitd a SRS idedatedicHtiitin thRGhenrePrREMEM an efficient
306, sensor architecture 308, and anal og power control
ugeo b shsieal spacenidile soplling thet fbrigatianaok sensprspbmy layers that are
.chi J iy o Cl i ' I n
AR ol i R R e T oYM oy
[0ddipi ndhiona privticaloémbaiiment sfothe ghesntion, poverasifiuit @sponent 304

V" rt power conponents." NRAM architecture 310, .
nGBiEs ene Ofﬁe%@%ag{)p%%eré\si%ﬁ% eY1qeh Ewamérroeg%ﬁéwgemte at high
it .
P R REABI AL D0 g by, ploy aiten
pevercgeneratia leoece30nd ta&iheiqued fotgiongr affcuVRANM@Emeht 30dc tDigial logic

310 int S t wer integraged ciycuit in thi . .
st o8 gibevs sbaitet prfht EIBS dessSlofy oy el g st togic
attdigb@enalbightal 1d¥c fRRposalt 906 Qf aNgeks fof MR aXR e digital

that are traditionally utilized only In connectlon _
oRgratipns Hbatvpppeid rthe smagnpovraMrcliitrgind of rintsgeatas eiceuitc d¢vice 300.

[ W\ ] I ECULt onent
G2 B o S5pDRED S0 Ll Lo BRARE i
supipatt the emacnidvep raechiteotupp of ditegrated ndigiitVddvic@g®®. t Analog power
enfr ate hirgh enper at ur&s. Al ternate enbodi ments may
0@1%&9 dymenelr bt PneRclyenefist PRy Fesiorangapacitors, mductors,
' ' i i . Digital
s e
[0042Insi Sensos ahitectyres1istialgbreraliygedndiguteddo serme roan ge meing physical,

CIEHE e o R RARRGED ] Athes SpRBRen s TUpRIRied gu deviee 30
Inethizhixb@plell iffehted BirO@F aévgek P00 63dk thedRMKES), gﬁ)ﬁactéﬁk_@iltc%ameter,

power control conponent 312 includes anal'og circui
orc phenomene sdegasiedi hurssasaroarshiggsore 108etos megulatpoegtrol, manage, or

o5 B sd TLRRIES 99, K6 SR BICI0 0 B8 rs

con

sehe®i sichitscture apERe ichayr Tmpldyd Wik 0615 mdYESRISs & p&lsaF components,
. devj ces, anc{[ or other analog circuit elements. [0042]
inejudmg, wathey; limgitatione aspenvitonpenial gendjtionoyenpeyy Fadh a5 temperature

scRES €& MEnillty "RnSorPhY SHHA! serRbECHT %a?i?a{ti'on”@&{égfi Or the like; an

envi ronnental, or other conditions for I'ntegrdted
eledtrameghetitesdns®; 80 6lectromettiagicek sampbre sudhniseq transeddeer; a mechanical
seggq&;ﬁgxeageav\lgﬁreagﬁg %gl?l’%ﬁsaaqt[@cheglgfo%ét%;g’égggg#r%ﬁlt seernlsosrt, Iof: the like; a
mageiic t @1l WeBso308r 2@ El@Hkal SitritiRd sbRbr, SRAEE Wltage sensor, a
moni tor the output power generated by ‘power circui

teppaisstie ntensy4 . an| Amppdance egtarresistaraes sensar,chi tasmengtare3@dnsor, a
caﬁRééta‘ﬁE'? ée%xor%}le ina{lctgl?geeseﬁseo?,so%rtﬁe iKke. sensor components,

[0043] MRAM architecture 310 may be generally configured as described above in
connection with FIGS. 1 and 2. Indeed, integrated circuit device 300 may employ
conventional MRAM designs and techniques for MRAM architecture 310, and such
conventional features will not be described in detail herein. Generally, MRAM

architecture 310 includes an MRAM circuit component 314 and an MRAM cell array 316
10



including, without limtation: an environnental
condi tion sensor, such as a tenperature sensor, a
woeovrdiwoyl sensor, a |ight sensor, a radi ati on BENES006/036634
or the like; an electronmagnetic sensor; an
el ectronechani cal sensor, such as a transducer; a
covpladate OERANEsEowi} complanet H 4v(dee AliGont, sehisbris aschematic cross

accel.eroneter., a.stresslistrajn sen , e like; a
SR FRRRh Blinn BERLEFARA PIAR! SR R A MEAM g Gimonent 314
maPRfddide SUCHuBBertoVElbindRE of TBAMes tHat SAPPRE MeUbReration of MRAM
sensor, an inpedance or resistance sensor, a

architgserat Ihle weliding, witkenhalinitatione sewidehing dransistors; input/output
| ta r 1 i ke..[ 0043 M . T
oIBR8 o 5l B SO A g, 4 b v
didgsar thbegenahdlyalepivtc e newilo @ eal \Wriahgdnhéab of theafuelctZonal components
[ndeed, integrated circuit device 300 may enpl.o i
okinipgErted et dorsR s iy reaerds BiCh lau%téatffsdhatmﬁml\d architecture

3RS féhfgIérﬁ B4 Su e A 254 G SROVE 'p%g'@ll a cﬁﬁ{/éﬂﬁﬁiﬁ,@idd&ng power

not escri be t|n detail hereln. nera
ciaquithiongonente3 03] GigitatlogthengrondRANIGE serson drchitsvhaaé0§, and analog

314 and an MRAM cel ). array 316cqupl ed to M cir cui
QR SOHEN, OB FRE 6l ke 1 RSO RRERHE 30P0gdC: 4 also
iIRSe4tOMA MRANIRER AEraY B P8lisGbrnh il £HBLEVATA N EifchiticodPYh&R 314.
301(‘)[{). MRAM ci rcui t conponent 314 may include any™
[Mddber Infaceprdamrget withr theeenampds etbatingwnd pdr thet ingention, integrated

R 300 AR S T M o o

fabticatidint prgcesa afl@ COBAIK; ertD DAL Sroc&sNSR @IPEddté@) the front end
or. the like. FIG 4 is a sinmplified diagram.that
fagdpation) prgcess ps gresformed tfb”ﬁolnggm@a@daksr s0TaRIsteAt bedpret the back end

L A T T e
tharfomatimat afr derBdlls ios féaume dsinp “Sohs tndilaye02whiwhdnahbé metal or

the smart power architectuye (incluydjn ower _ci.rcuj.t
cg D SO o, Pdhe ol R cad fasieation process
is s SGUAKL tyith hS @ maBbe oRRRIRAsRAVREEAN SR “HaBERRN ERkrs,” which
312 in this exanple) is forned on substrate 302. FI'G

may degvoetpl pusenducieve tayars, NRIvirselayeray Ml @6 layers, on raghkr layers.

RO AR S S MRRSP s 208 ph R0 B0 s e

locate® gb&teetle Oftdnt Whll 18kRyd. Ch BRQtidss thmRvhBetdarlbatki & Rbrication
nodul ar process technol ogy having a front end ) )
pioggssescmay diilise orell knawa Hasking rededive 4p bding physical sputtering,

-+ hi ant -fro rq [
OB REEE kil by S b (LRR L B SR oo, anor
plbghoreghdnced whelkicahdapsrodgesition teclitiquas.e dForAsxansilel an integrated

herein, the front end fabricatio rocess is
CIRGUGES SioEHbGH DO JrnBER A BB AUZowos feslipgipey that can
leVsrh RICMOR Bipdidol AUET iitabl W afiBY pldtesi®BE al  or

conductive layers, dielectric layers, or other |ayers,
[08AF] e THe. Baiska emaplifeedr diegainonfl compesenty sndshwadnst efl integrated

A 0455, 105 OB Ry TR B ol P2
ettlb&Ji@6iitr o FCintepy 26 cirdlit) d6QEL30@URKSincldbie QHMEbNA] AN S (e.g., metal
layers, dielectric layers, and/or a ground plane) than that shown in FIG. 4. In this
example, power circuit component 304, analog power control component 312, digital
logic component 306, and MRAM circuit component 314 are suitably formed by the front

end fabrication process from front end layers. Some or all of these front end components
11



Thus, the front end |layers are | ocated above substrate
302, and the back end | ayers are | ocated above the
wo ewnv4mnd | ayers hi practice, the front end apPdI/bsake6/036634
end fabrication processes may utilize well known
maski ng, reactive ion etching, physical sputtering,
may rheseanarrgulyt rmehy tbh;fmn@: and faprosatide poedess. odn contrast, sensor

e D I UL N T

suitabBAoah &b ¢ tHe®dtk edbrabas4ion}RecdIe F8bdR¥n® tryers. Some or all of
manuf act ured using a process technol ogy that can

thess, begkgendcrmsponsnsomay beo‘POU@FIﬁ@TﬂYS formed | by fhﬁkhadéaﬁndoﬁbncatzon

e I|f I
prBEz%go?é act1[:e gﬁesf\rox]l:t € aﬁd {18%} o prrgée@?e %ev cc:)éiules in the
NBOWc%ﬁchneﬁroamommaged Q) afw:aw BIRARS Yrchitedeien®It . Thus, the
practi cal  enbodi pent integrated circuit device 300

maayfasthes eigimtegaried cosl dmg‘reé 0 @vegnges s eisting MRAM fabrication

px@%@sg ?&ﬁdr%f%?%ﬁh%snﬁ% loWer Qrcﬂft?é{&% Rh ﬁﬂ?)nahﬂ&n at1B&% a portion of
shown in 4. I'n this exanple, power circuit

the @nmtherSﬁéhlteanmé agd poleast a:pnttro:nl o&MWearthmﬂ:ﬁl;re 310 can be

BB EE R E R RPN SEREACBY MRS [ ont enc

[Oi)%’]“ CHMEGOB iRra0&BEMatid effsé k&HonSNEplA¥RASon §Pﬁ‘? iREgr@ed circuit
of these front end conponentsnay be concurrently

dervmerféw @ylﬁgh@dfapmrdmé el ah ghernplaty @nbcp;hmcets slntegrated circuit device

SRR 570k, B3R e Dl ilrdoriv i b T PR 5 tegrated

mﬁ:luitt adlie 500 restesiyitst e chaaflee MR A Einbedded Nsnfti® @)Gﬁ'ér integrated
fronlback end | ayers. Sone _or all_of these back end

e ingthe panpes siesaribed hetei. onesratsq cirerit dryige WMzenerally
1nE n(P ?‘thpjogcﬁﬁﬁ‘t enldrla%rgngl (fcﬁ‘metdrh%atl{ st %OQ”%ISA ck end

rication processSes are nodul €s I'n
laj/@“b 506 &trined apooc frest cadphyeyeo4. oAaiadmddlﬂVFSQMm FIG. 5 represents an

.architecture 310, Thus, ture of integrate
imAeaE (i e Ry m&‘r@g {ARHBHOR PripeAMaNd back end
fabAOftHioa3kbdREs. Pr ocess for purposes of the smart power
architecture. In this manner, at |east a portion of
(004 smédr tonsopractieal cémbaimente oirfhe dnvénsiant feonpantli yyewsf 504 of
r.chitecture 310 .c be concurrent forme
inf N GE et Pt ARRanE pROAaTE ARG ol SRR ol foyer 512,
métab e Thiyef 5¢4,0B%ers@fifid dividctie MyREL Hodtsepdtatefy sHdbwn in FIG. 5),
integrated circuit, device 500 conflgure accordin
1

oS5 |0 ETHIHPHBNED 1AYtiegnaiesi 1Es hile bas grdclayge 506 of

ol a1, ) TP DB £ LYo e

arr Mﬁﬂwsmﬂsyaﬁ 582 ainfrrecnivi2Aikentoiedepals &rmmbpqnml@rshown in FIG. 5),
t.ed fabricated in.th bed

B SRASELTStAEt FaLed L g Tl fesried o

cord Gh RS rAli S4B i€ t15a912®nef a‘i’/@lt of RehtdrRAY. € For wsngrMmpllc1ty,

abové substrate 502, and back end | ayers 506 forned
hogtsyee HGondepists the%TJscosc)zis aAmgéps‘ﬁeyzbﬂ’ A% Boethene®ba@iments of

thg 1%Ve?1[1§1?72191£e§5a? dccé‘l gt n c\é et VI d TR (Pegglgﬁet é\ﬁlgss hgr?t end layers
and/or more or less back end layers.

[0048] In the example embodiment of FIGs. 3 and 4, power circuit component 304,
analog power control component 312, digital logic component 306, and MRAM circuit
component 314 are formed using elements created from metal-one layer 510, metal-two

layer 512, and/or metal-three layer 514 (of FIG. 5), while sensor architecture 308 and
12



fabrication process. [0047] In one practica
enbodi nent of the invention, front end | ayers 504 of

w0 nioegs@ved circuit device 500 may include a NMECHUSINE036634
| ayer 510, a netal-two layer 512, a netal -three | ayer

514, intervening dielectric layers (not separately
I\Mﬁpeﬂrarlﬁb’@m@f Fmdmdﬁ\) are/foamed u6ng slensutshercated from metal-

R VSEF SRR Gt Bea T mee EF D iy A et ey

31 @RIuded 8 phaa st 6l bif 1iM&s fored oh2RetalefivdVbdeC I a' 1@»&% of digit
522, intervening dielectric |ayers (not separate

lisgscfarmedrorrmetal-qur layss §d 8+ andeandresy SMTH s@RSe@hqoMTw@@rﬁ layer 522
n%g%%):MrTga lléz)r}g Jgéci(getvﬁg‘l% ﬁ‘%ﬁa g%tgq?}ée?gﬁ\ég@d%]?twﬁv 1%9% 520. In

thir éxatrﬁ}ﬁe S@hﬁ)rdrclﬁtefmﬂrd: 608 ynclﬁdwslelvaihsoﬂdﬁlp&edleﬂiaﬁ isSalso formed
the MIJ core as_a single "layer" 522. In othe

frampMdi et keyer S3heln améhfq, élﬁs SPRFOE GPIAPRRENE Y eri?aﬁed with the same
vi ce r.e e S

S0 s LU TG ich S 0N e 2456 Snsor

areliaevplre 308tnak aisutmciﬁdé:hﬁaddﬁoaaddsedsorpmmronemtr @ot shown) that is

fogglgg ?rrl]fr%egq gfoexgﬂaas gl‘llg a\g%r ont 1 o) ]\ﬁ) ﬁlg % (?’ 1?S’uch additional

QoA hentd thad rE&hﬂ&gldH&N&ra%bﬁ ABRES cHeh fglagiﬁg @rcuitry, or
rretal-one l'ayef 510, netal-two | ayer 512,

thedikal - t hr ee Iayer 514 (of FIG 5) whi | e sensor

itecture 308 andVRA a f F
(RS %5, 5t e s e s e, 208 2% Bt oppfitiied Yatong with
cavplrkihg Ugirduitise ror%e&turé&ﬁﬂneédsb’e@ﬁ 3y eduitS 24s naedd/ of th Jparticular
| ayer 522 (of FIG .5 Mcell array 316 includes a

appligatian. t%wenmrt wmwe@ felsianisd fé‘ﬂnﬁéTmeﬁlﬂﬁéefl%ﬁel‘s dssigned such
Bl oY Sl S IRAERATAHE P el b i

mbguets, elhardvﬂagneaa: |aecnfommhmm¢,t amléor atéradhafaoteristiesyef the sensor.

518 and. net al Ve yer 520. In this exanpl e, senso
Foir cHemale ufe é%%‘ P%& uRSOL BaKs §RV offFBHe ntePRERIP 5 dependent

ol & QersAETBHA Fthe Ty¥he t619616g}|r aa)fﬁrc&-%ﬁ cohRedtoR§ ttb GRat s‘éﬂéo‘f can be
sensor conponent 1S Cr eate wth the sane back end
sﬁeaifmaﬂjadcnglqdrtocfega mmefamretsmsocr edli basedfsemm@erl dlso have
5{? 316, Senso {ot ect ;WX taI so_include an d
ol Y tifisterR cler @b @h HRisE s s aels oY oelre an
adceRerativh! ah tHeQdmibddayiedt ded&iban deliv With RefeRinaé td FIGS. l6a)dglan MTJ-
520. Such additional sensor conponents may represent
b%sséqdi%tcw@ copfigured te gRnseofempieratiptafya nppagiliggt source based on a

SR HLLY 0L MY PP, BraBTantubl SBUSRL o
[Ocﬂsope r MThfemperaturd Sgnsor Inipdernenmtetson f nec es sar y) t 0
tion,

if the needs qf .the ticul ar [
(BN or FORARIGHSCG st Lt 9ol SHitoin WPSe STl Bpwepand magneti

rahﬁoﬁea%b&g%’e G MIDANM)V@rch Aty @é}ﬁpér&uféekh@ih? i9RerRfchNdement of
condi tions cause a related cﬁange In the electrical,

power IC design since it can protect the circuit, device or system. Many power

application IC designs require high precision temperature sensing. In contrast to
conventional practices for sensing temperature, which utilize discrete junction-based
sensors, the disclosed techniques use a magnetic tunnel junction (MTJ) device as a
temperature sensor. The output resistance (Rout), and hence the output current (Isense),
of an MTJ device or “bit cell” varies predictably with temperature. An external field

generated by the digit line and/or bit line can be used to set or program or change the
13



magneti c, el ectromagnetic, electronmechanical, and/or
ot her characteristics of the sensor. For exanple, an
wonw7bawed sensor nmay have certain tenperat ur ePCT/US2006/036634
dependent characteristics, and the | ayout, topol ogy,
and circuit connections to that sensor can be
tegpmstrtite cgrduy refésanps edharastetistionof an MPE cell-urldisproporty of the MTJ

- hase r a have ¢ i K

ek ARE AR T BBty SR it thespmpegargg e hea

sABcd Bt gane teagredterealf ity heat Soulrdeurigb 0dti s Wperating conditions
described below with reference to FIGS. 6-14, an

capTOROEsSEY, 1B gxameple.to gweiestghe Bept seuree HsQVATPOPIET sifuationsf The MTJ
: e \V r S cur ! .

ISERPRORL Y BB ES: UB Il comenionn

juneSorsband devio ulle ufe@IMT Id\EIemhpepirasansers feredatvely simple since

I nentation [0051] For integrated cjrcuyits (1Cs),
the o o Ee E‘sr?rs‘]r?ﬂ!r\?e possl epnFURERY e it P/Q%@%@l_ls thereby
alffifg SdiiRiRP M’(‘W%\@ bélféuﬂotl{e)c’: ung SNEhALHPe SGRSISNE dpposed to

a critical "element o power esign since It can
nqyr woleithe nodreoryi(NMNILY. , Thie mipeeontenpesttemchivanteriptooseand properties of

of G fkeith i 87 b B B My et Roiste Aeg it xhibits bigh-
piRtidiohi tefferhidfe SARBE DY nEMBANA LHFBilitWh METT-beskd MIRAM bit cells can

di screte junction-based sensors, the disclosed
be séledfaessnigstbe girgwl trmpegatingniola Vatiset oloprrpeses) Feeeikample, the

RO 2509 T B 5L B o

fod ewarives @irclibimord®ling paposes, puchdas; tfatdbackvdohtrol, over-temperature

tenperature, An external field generated by the diﬁ‘gi t
PIOFSHORN &M CIBTE IRCHRIORA A TIs etmeRE cdherdy ~ it digperAl ofuch MTJ
PR LRSS IRGR 1AASL Bkl svios
IGst andbother anglog and digitaboppavitatwivich meed $@npdraturmsentiog. t he

erature. of the source. Mnitaring the . o s
pSRPer 3 idiogh. IreMAESIerBRAGE ey colst eantlibhdrsien Apxivility
sifQHE N PNEnpRAnle stkiefsidan HeQhte@re®dMthfoe-diReRSiOi A5t ThidRan allow

heat source in_over-power situations. The MIJ device
the asengsrave e pasitionsd aeripberalbyypesrtiealiveonisierallie myat deathsoyrces or
d%s,cs%gl){ f%] 5&% %trcﬁiw? g&vvgpd&/?cseg %r d z{r? 5/0 f:‘l;h Cottip né)nfts. These heat
$as tenperature’ Sensors 18 relattvely sinpre sincs
sdubees MFd typdeqlier fabticsted emnsloy suistratecofl @ iegraied cifcunklgy, MRAM

ith MRAM cel I s t hereby allow ng "dumy" MIJ NMRAM .
er&?ﬂﬁ@ SV poweICrs g ﬁﬁ@flakeums%é& tegpnerafure sEptos &an pe disposed
LI . .Q rd . ) A s
ARAOUTN® o SEREAN AR in B SR O U Rl pover
cdngprongste. liis &an Migw tfenpignificantesasiags of dei lagentiareae XHldse tpsoperties

hi ghpreci si on. t enperature sensin {__nmonitorin
o B! FF P OIS B A08 AR BRENSE AP SPRANE B R pegfprmance of
the GerSRRgOrelddfsogl rcuit tenperature for a variety of

ur poses. For exanple, the nonitoring capability of

P r e . . ) . .
[0083 Mr¥idebiis e simpliiqdecrass-sectientl dingsanm o anHategiatag gircuit device

TR Sl 6 L HRY o BLRL! BOAMBP it of
integrated circuit device 600 may include additional layers (e.g., metal layers, dielectric
layers, and/or a ground plane) other than those siown in FIG. 6.

[0054] As shown in FIG. 6, the integrated circuit device 600 comprises a dummy
MRAM cell (TS) 608 which generates a sensed current (Isense), a heat source 604 which

dissipates heat energy from electrical power, a conversion circuit 609 which converts the
14



protection, and circuit operation shutdown, anong

others. In general, such MIJ tenperature sensors could
wheooavidodrzed to protect conmponents of NMRAM enbRCEs2006/036634

SM3S | Cs, and other analog and digital circuits which

need tenperature sensing. [0052] In addition, the MIJ
saneefhaireant; flsensentioor senesid temperaise [ Esensalewidgnprobessots I1i which uses

39550 ok CFRALALA SnBESR0R552 B B hOY SAEA) S and other

Hrée- nsi on iS can 0 be

cdiRysdrieht® mﬁa smewnphﬁuhahﬂtygraﬁee keirbia e cd600. af1Rd idat YouBLE04 can be
heat sources or devices, such as active circuits

fosme or falicatad Br a subsiiinte 195¢e602, sual n @ntiicorrrased layehtwhile the

aERMGIER AR Qe VPRI dhn (b%%frﬁéfh}‘a%m i ngﬁg @g&?@@&ﬁ@ga% which

egrated- circuit
1s|cﬁ.§p))sed:a1rovex1mmibetrate [E@/eMiO]Z areimpmatds ltee StﬁﬁﬁlngRA[M bell (TS) 608

A Y DRIca i DGR T SHEIFIepBHR (he dummy MRAM cel

(1%9 '@@9 g Hfs?ose?i@b%v&&f& 1iRh! de®04SkBidh chit @Féwsf 3-@3§1té§rat1on and

di'e Tayout area. These properties can al
s1gmlﬁcaﬁéa3wgt arga sogngef The telrmé‘dnmmé ris apddl hargn oy élstm@ush MRAM

veral I. perf.or mance,.of e te at r. [.0053 .
o G Tor 06, BRIy (015 s P RE R UR AN R B OE flformation
stbﬁ@@%;ﬂio@ﬂo&d Edhl o, KR IRi16 812 tNVM d according to
an exenpl ary embodi nent. A pr actl cal errbodl nment of

[0085kgr 4R dbiscoxample, thelpalesoBDT GRA may ompsisadfirtxemale, a power
. e . er.s /.0

ml&c%%tr %osfun e énag%ﬁ% b@%ﬁ{a dntt hoseg@hﬁérﬁ’ %)Iﬁx ﬁl%’tal 2850 c,romponent

wbﬁBSAforrﬁsd $haviront BndFiaGricijontprecdss fregl fbd@nd ilayets. tThe heat source
devi ce 600 _conprises a dunmy MRAM cell (TS) 608 which

64k g a&eéeraByS%ééa letﬁglfaé% deyige yeish bsnﬁféf«at frrg menitggg of its
teMpleiud] hﬁ&ﬁcﬁﬁ‘é &%t RRAmieliah 9% ahﬂﬂ)\x?ér’egé bdiRhtspover, a

conversion cifcult 609 which converts t esensed
[0066)F entln Costeass eluningy MRAMset (T8)NPes it formed By esel gndafatirication

pr(o?%r ?é@?ls}?%kG \Mgilfsg B élilil z)?gcalltgg,gfhséeﬁggﬂ 8t cf n‘gg nat E g gfabrication
prabéhst BRT subOBeReRt & (18 qMRsJMvmnmohgﬁowgg RepARE to create an

circuit device 600. The heat source 604 can bé formed
MEA N peliteatusel (tiof skoveub skhugtthe mapsfacoe of gmghata% cigeuit device 600

legggéecsoﬁlebg)? ?tgnrgr‘reﬂdﬁAM %Acgtutn{] g;trgéégswfo oges of (th S)ssnar“c power

in an 1nsu Iay or Ia
aroBiectiech i s di sposed above the substrate Iayer 602

d h | S).. 608 f h
(0R3k ° SOiuEB 0T SoMpBrGnb 7 Splcity of HHEHERBBS B MRAM
cdiN@ sy 6oV NBAN, %g#kaﬁe-gsa) dlgﬂq nkSa @itslﬁfés & 2 gﬁetw‘ﬁnnel junction

heat "source 604 can a ow for 3D I ntegrati
(G:7 ile s mgmdﬁspomdtbdt\agmﬂaldahg]almaandl gﬂd biffiae tsectnas' “chatmhw/n in FIG.

' h to disti h [l
1o THERRS S bl emsfuss bBRIReSRL MReR RGP REAN 1 Seripall gappled to
the @imn®yf PRI RN ($SP6(%J@&M%8?B ﬂn@?&etlc%&ﬁfél Afction core.

non-vol atil e menor this exanple, the

0988k sdilEcd4do4 ¢hait élyﬁmtungeMTﬁ Srutpay gppstancea Rosthewith respect to
changing temperature. This chart illustrates the dependence of the MTJ output resistance

(Rout) with respect to temperature, where the x-axis denotes temperature in Celsius while
the y-axis denotes tunnel magnetic resistance (TMR) of MTJs in Ohms. Each line on the
graph represents a magnetic tunnel junction having a tunneling area of a given size.

Regardless of the size of the magnetic tunnel junction, the output resistance (Rout) of a

15



circuit conponent, an anal og power control conponent,
or a digital |ogic conponent which is forned by a
wo ewnv4mnd fabrication process fromfront end PEHESRN6/036634
The heat source 604 can generally be any integrated
devi ce which benefits fromnonitoring of its
MIErdsuicatvaries ant fungtionyof th@ttemmraﬂurerwmdem@d byshesMTJ device (e.g.,

onents In contrast, dunmy MRAM cel |
d%’ieéfes()adg erf‘mFen%lare%ﬁ/es back end fabr| cation process
[0059M bagle dngny AIRAM ctiD (PSR603 GSos thew ﬁrbpmle@prmme a three-
back end fabricati on processes are sub-processes in

dimeasipredly ingagratechiemparapire seser e iheyivg an@uiu sireend flsense) which
h t t
VoPEgMh g ¢ Mnehing2O3Mdncel W dlnBRAN el (Ts) 603

wmch&tanngleMMM balhisdd &t sane preopessurt qTs¢usepos else hkatt fdirce 604.
smart power archi tq%Ct ure. [0057$ Al t hough_not show in
Changes gt wriadioppIof cthe youstent [(Jsgee) stapobe useb tuprrgisUralgtect and
| Gl t .
P{%?Aclten(z-g gmg%n%gﬁ gﬁc?/g} ltt X ﬁ%?{f@xjr | dfang %nﬁil( ﬁl\myjélgiﬁ§ of 3hdhbat source
6. spasednipsd, waen tb@tedlpdragme off itheehemb dowae d0b utcrdaserséiecreases the

reg‘éﬁg?egt%é g ?‘am effer Igég) 85}%&56%%;12’%3%%61%@ %llé Lo %ﬂlgt? ?‘;\gﬁfrxy (Isense)
inERURs A ceBses hq}fé%ﬂ?@ht VEMALR ! (Rolit) D tRORIPRErE GU8 Fatids inversely

its magnetic tunnel junction core. [0058] FIG 14 is a
with awapeﬁ:tl tpube pensedgurvny (Jeensplte-g- etiesutnvs cesistonge YRowt) fis inversely
chan ture. This chart
pmpﬁlﬁgﬁélé[{’ % 1% %%‘%Zgggcsg of the MIJ out put

[0066] St aﬁnwaéﬁahﬁéld\@eﬁ&aﬂ'e&?op&né dight e @el/@tuif kne sddEdEused to set
the x-axis _denotes tenperature in Celsius while the
ory Prograin e rdege thin EIPCHAYREYS IS egisenem charpatpdficoef the dummy

V¥ ¢ defl (%%8 Et"ll&ﬁe th@ Su tlteglgtagé u H?ﬁ@&l gu %Terallt (Isense)

magnet1 ¢ tunnel " juncti on aV| ng a | ng ar
ofgam/IeIﬂ“J sieziee oREgacdl essy pfedtdmbl}s wZth teﬂ'npel’amma@]nst wten the output

o b BN RS RLRT B 157 mst Byena o) G Varies, the

c&?&ﬁ?(ﬂs&ﬁé}%ﬁs@aﬂe@ eanE]reﬁﬁMﬁ g) Eé%w%n th@%@ﬂs%é%ﬁﬁ’erﬁfflsense) and the
t enperat ure i ncreases) MRAM

tefipglatige xpetesnced by ¢he ndumrm Ma&Alvb cqzll (ﬂ}$)d608a can be determmed and
reedi nensi o I I y integrated tenperature sensor (TS)

usﬁgv?ﬁens errg)l&afap “current (lsense) which can be

[0oe1)r eI ah de tenbddiredhpethat dohGereioh &iitc@N DY M¥asuie tHeFput current
MRAM cel I (TS) 608 which can therefore be used to

(lseangeands HifSr he upeastrrd i)t @rrenhalspess) te sigkesmingoa corresponding
@ﬂggﬁﬁaﬁ’c!e (‘R%'[l %tf't ﬁfdewes %Eé&@&h&ﬂeﬁ%@e n%ﬁé’tgvteglr? éhe output

to preC|s and characterize
resintihoy (Rarpef ai'teuNH‘J cdearrt@eemdl the tttimperatire i Tyensd) %hRdHEﬁthe MTJ

source 604. For when e temperature of th
dYisy S RF AHOBERIMEHCPith 1 KPOEy g‘&s%@“ o PRGHL Can dgtegpine the

tefperablid (FRISe)0REsdass S8 UBHESaTERp @ﬁﬂn’é b Ridhidted/sensed by
current (Isense) increases/decreases. The out put

obsewniing adidierqne bedwvest therrarmemt(Isens® abd @ roferénes. Thuse theedopversion

circuit 609 can precisely associate the current (Isense) with a corresponding “sensed”
temperature (Tsense), and provide the sensed temperature to a processor 611 which can
make adjustments to the operation of the integrated circuit 600 if necessary, for example,
to protect the heat source in over-power situations.

[0062] FIG. 7 is a simplified cross-sectional diagram of an integrated circuit device

700 configured according to an exemplary embodiment. In this embodiment, a number of
16



with respect to the sensed current (Isense) (e.g., the
out put resistance (Rout) is inversely proportional to
wo b@7oudput current (lsense)). [0060] An ext erPel/Us1006/0B6634
generated by the digit line and/or bit |line can be
used to set or program or change the tenperature
magnedigs tunasl Juzotion Et)actttr@pqr@tutec seifsotsh& 08 ueany bRMplemented in

cel | TS 698 nce,, t Si
ol e O S UL £ LEOREL S 7 e,
praétidaf el‘a{tﬁbdfilr%?éif fatopblted &ilrduit deotBREMB IR EIncibBY 8ddiMBYRN layers (e.g.,
t he_ out put tunnel i ng magnetic resistance (TMR) of the

mgghtayeRAidlastiq layars) ang(e agiered planpkotber then thqse §b@1\§%}n FIG. 7.
N@k’&)Qfelv ‘ri‘1rn' fe%ten?a %n?of &[ %fe?ﬂ?&la' c?rcpﬁtdm@%g 755 %ar? gﬂg a conversion

rrent sense enperature experience

cﬁ‘d‘mﬂ: @UMO\MBAM aghber(ilSheb Shisedh buldént ddefsd)ito e’ds@mﬂ temperature
used_to sense tenE Elat l{*g‘égfo 0061]...I n one enbodi e

(sgasepgler Biogessel Hotishovepdorsariilbing pperatih Bﬁthedﬁteg@tﬁd circuit
de(xﬁc%%%)% m@sﬁgnééstS%het Jéﬁser(ﬁg‘ﬁ#érgglr@ s@ﬁ'ste current (lsense)

to deter € a correspon g out SI stance (Rout)
[0863} he THEIintkpvated .cirBeit aleseet THRO meinans&sns hsiubsthm We2n a magnetic

t he out resi he |ce t.h
sapiip o semn rnsors BB Abirersre HAS TAS Tori o8 Sell e 702, 0
s&E&%f@lﬂf@%ﬂlr@'&meﬁsﬂﬁg Qifhmy RER KRN ESISTEN fcﬁh{eﬁ Wint arf%ls’i’d} above said

determ ne the tenperature (Tsense) sensed by the

subpsiyate & 02 Tendprgtive wireuig aﬂmn@mnt%? & /79endidfosped btgﬁlm thﬁ;gsubstrate
G LAr | sen
T MR AN A0SR S MR B BRI G RSB T4 e am MRAM

arﬁtye’l.‘,ll638| y associ ate the current (lsense) with a
correspondi ng "sensed” tenperature (Tsense),

[09p8l i dehs Pried abrisy theeMBeMt ileariay Al Gpfiaissd o péurﬂlity of MRAM
celfdl ElciEFY gg?hﬁalﬂgjo?w&ggg}e Fgﬁ]ﬁ% 2hbRBedr c'i)ﬁff)onents which

Integrated Circu or exanpl e,
arp mot eh:ctwrt fve Fi@at fmmmphcﬁmobﬂmstrqﬁmme r Fai ihstatdep as descnbed above

005k Bao ) e BB L GBS i AP e i
m@fé? % oll?) 319 1iR8 1EXREP EBhY sGINREb I Rletal 1RydrNhdd a magnetic tunnel
i men a nunber of magnetic tunnel junction (MIJ)

Jwetmzecf‘MUF’bccgerﬁ@meé b?tyeeeoamdtfgsu mﬁalelnmaed sgid second metal layer.

i (i FireReSiolh BRI onotor” o el o ARG between

cdm;tcﬁ@matcﬁ“cthe dugikiyt MieAMCEIEAed ot fenbtitife debind Qspdications and
| ayers (e.g., netal layers, dielectric | ayers and/ or

COITESPRASHEE PATBRRRENTSOS ghe tepar VRS cgloredifer fotage purposes, such as,
(gzp{/(ﬁgt\ﬂ% 7t881'118§J )at E23S oPlhe Binkd ﬁt R 1%' FRUbL temperature
e not

Vi ce ude a conversion circuit
semlsmerFSﬁ)o commmaeﬁml sagnet ¢venmests chscihe rMRtAl\(II slnsel aro fabricated

BRI SPUCARR AIAM G ol RoNIGRM RET gy 1P Asain, these

cdthpdnehis G’ietﬂeC@mﬁlQ@ MRAMISRIRSEe tridt LABWABRSEIS. 7 for simplicity of
tenperature (TsenSe). 50063 The integrated circuit

illyetvation, nOGeesngachpayicalas domma MR Albcelman grebudeca particular digit
line formed from a first metal layer, a particular bit line formed from a second metal
layer, and a particular magnetic tunnel junction (“MTJ”) core disposed between said first
metal layer and said second metal layer.

[0066] The active circuit components are sometimes referred to as “smart power”
components, and may comprise, for example, a power circuit component 704, an analog

power control component 712, and a digital logic component 706. Each of the active
17



random access nenory ("MRAM') architecture 714, 716
formed on said substrate 702, a sensor architecture
weewpni®dng dumry MRAM cel I's 708 forned on andPOr/Usinoves6634
said substrate 702, and active circuit conponents 704,
706, 712 formed within the substrate. The MRAM
cimuéimonmnmte cambe &omdivg&lilaﬂlel\mhmat@ G02, aidreach parjicflaimagnetic
t ed ove
Rl el a s e D 7 efhd S Wi
ox%@'a' Sorrebpeiidintd adthe ditcultadohdpyn&it W%@eﬂzsto”&ihserve lay out area.
onpri se a nunber of conponents whi ch are not shown in
Aﬁplwtlvreltf,oq%h ipapicular tyagseti fungek juaetighcorEe gy temperafee sensor (TS)
C t e
TR HIRCIRES (8P QU idoBANC e Boldifh aclve e Hipbnent 704

7061720, IThygesbirespdaiding] dctiee f:ﬂdiuiedomp(mm&a}'(m 99@ ona gﬁﬁtﬂ&te thermal
| ayer; and a magnetic tunnel junction (" ) cor

eHeAhER BRENSEAPLATEF Y ASHPAHRSPOV Sy eTheaWalp%hae $@a b gensed by
I, ot I

B R s e Rl 708 B8 £ Ritance (Rowo

assécmtlada Wﬁiﬂhrﬂmn MRAGY cazlek as alﬁanttlblm of teepeeatat (sce EIGn $4)nBecause the

I t d t t
o e TRARRBERICe HEETRBRe SE e o sb sl corfarogemmed or
otﬁawlyeochaéﬂﬂlﬁemmdmﬁm&@nseﬁaﬁ fn)e%fssac%dﬂwnmhé\ﬁﬁhﬂance (Rout) of

cells 708 or terrperature sensors (TSs) conprise t
the AviEJ G@Wﬁ@ﬂe‘ﬁhlgh &8n bp @owﬂmﬂdelal empaThture @xp@rtﬁnp@chbje ¢he dummy

t he I\/RA f the
MG IS RO A it el oe BT pBlag b M ordgn s the
owgit! tﬁmadlmgriﬁ&grﬁﬁ@mldtemcﬂﬁ/m? of ahe SiagpdticCiuhivel Glinction, varies as a
illustration, however, each particular dummy NRAM cell

funghjon A Hgdetenal demperaivas. By greniforisg the r%aﬂfrﬁaﬁ%ce (Rout) of a

r
mg%% Hic JHH éﬁlﬂﬁﬁgﬁetrheaﬂlﬂgfagb%s; {nt ﬁefatﬁljer}ﬁ#e lelrség%? l}%}é{g{&@d This
cqnuhsmhwomp@éMﬂJ for exzmq)lell ﬂp%@vbﬂtomamwta(Mt Khovwet) configured to

net al er and sai cond ne 0066 h
R PR SRR DO e dametHaEh AV firbeeh Ge MTT core.
The BRversAVBircuif AP A0ERERe tRNFbsISBCE YaRMe! ®Rut)f & the MTJ core/cell
exanpl e, a power circuit conponent 704, an anal og
bapgdven the ntmrcnt (Esnpn é?tomﬂhe resasrﬁ@nca alugi (Reiut), Sy @pnverswn circuit
v ﬁ&onem $50C ﬁela 0 rr <§1I Ve’ccI ’ CUIU}I‘ Co (n? correlatln the
a@a S‘émfl?)rar?e& WEEH Nt r?8 %SLRBE Pat & P2 A nd Each &

refistahécvdlag OB gmeidrautel AL 8LcH, HIcMTINcellWose € be used in conjunction
tenperature sensor (TS) 708 can be forped, for

WHR PN SIS0 GECUR, 2%% & FOTRpeETTC eSS BENTi th glekEninea dpRaztpre of the
Mﬁﬂtcoﬁg%nenz%tl &é%nﬁﬁg%%? Xﬁtrélaé()n{ﬂ&leﬂrﬂé and the digital

ternatlv each’ parti ctl’ar magnetic tunnel
logmmotnponemmOé or tenperature sensor (TS) 708 can be

f or med or exa acen a co spondi ng active
00T i K ARGy Foppod %0 T FLS b iPe BER R FRT! component
7@ptah}ﬂ%ﬁcﬁd%‘ér”éonﬁgﬂ’@&ﬁ t ’_VIQZJ' digh&l, loéll‘zc At 06, and MRAM

thermal "energy at a 3 ven tenperature |SS|pat|ng

cipwitesompPhentt Hrase gvi tamed dysefigeidendyfabrication process from front

end layers. Some or all of these front end components may be concurrently formed

pieh Sbove or

during the front end fabrication process. The front end components can be partially or
completely disposed on the substrate 702 or partially or completely embedded in the
substrate 702.

[0068] In contrast, sensor architecture 709 (which may include one or more sensors

708) and MRAM cell array 716 are formed by the back end fabrication process from back
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the dummy MRAM cells 708. The dummy MRAM cells 708
have a resistance (Rout) associated with them which
wQo 2007040995 a function of tenperature (see Fl G PABYS2006/036634
Because the resistance versus tenperature
characteristic of the MIJ core or cell can be
el dayreeanebheo sensoh erahitsefunge 09 ris rigpicalihalipasadent embedded in an

b A g S S ARIRPRE B e pl e B0 s sJBlite 702, Ao

dés@fm&f #ovecrspenienyed al%’latyeﬁ REABY a AN oBE EA S’ 1769&8 Some or
intrinsic property of the magnetic tunnel junctio

alk ﬁﬁthﬁsea@ck Ivad eemprrentsuntEbe erpcHagfibt foomedhy Bedaele end fabrication
I%)Ié@) If ﬁra%{fc?e {Pﬁ%@{t effd Lm%k( ehH ?E?Dtrlcgp OIBQ/{r%Eésgg's &8 s@b-processes in

tnct er na enper a

thie NRIRANP Gibrictons prkess ¢riploled @b creat@ QIRAM atcmﬂeﬂure Thus, the
junction, the fluctuations in tenperature rray al so

mirppetareal nfparated sHeWE dares AP ilevrerges s e mﬁawww %abncatwn
PRCERERTRAL: B (Ol SRENEL R 1 Y 1 040 o o

thfel onst trorey ginc}tlteetuMT and aat deasthe podivne p IMRAM ragchitecttan can be

N VU T -

alle Fér2fifiSe- Hﬂéﬁ@loﬁﬁofﬁb) ihRBraA8RVEN BleOBenSdr Githite@@d@ 709. For
deternine an associ a or correspondi ng tenperat ure

ingtahese FIG. Tdluseitas thngtht: BETY @meyt @ﬁm@@r 708l ags be plaged above the power
dlgs(alnﬁﬁ{ a%l 1gesvﬁ4 Sggwi ! Igleea ngl ﬁ)[%(:)s1§11cs‘c§:naQubs?rafJ As mentloned

ersi on

befb&[fﬂl%ra@édﬂaemgﬁlﬁ@ﬁs erdhancb@iedt /M prodectivegper at ure of the
(@omer circuit component 704 the anal og power cantr ol
[008%h ondrhe MT3 terapriatireeseapesi 105 als gravidss pmwasent demien flexibility.

T%ﬁ W&hberhtird Qﬁgﬁ?&?@o%gﬁgw Og@ﬂéoré HQ%B%)I{V\%F! Cﬁgog thf distance

e power cir anal og
bawapothe M TV &) theipgwtradisdijpging Immrmurwn’t“he?l@ﬁpecawddﬂwam&s between

gAY SRR RO EEEEt KrBO T DAY BRI aPBbs snofi igpperatue

scﬁkées ofpat hese7fx et b& RentFARONEMSThE YRGS PritesE rﬁ}} Yodifying
f or med durlng the front end fabrication process.

theseptistanged sesttpoiyeritle tcmpeltaelrp a¢nsmamay be adjus;tntbtoeﬁfedeylgn needs.
0s o the su r.at e rtially
ORI P e iRy otinS ol e SRl Bl A Oy bggrate, crcuit 500
caiigufeds hccosding ab & eRérhplaty reﬁlblsaﬂne(n\t\mmbh NBpldoiéts @@ MTT core
one or nore sensors 708) and MRAM cel |l array 716 are
temperabiy e pipnsgi eS8 0afx sspwng atﬁmp%raiur% Rf prowseadiateq dpt source or heat

gétﬁ;%;g%ﬁﬁg(ae{a@{ $884, sUdasSANR (é’lfcgl (Bfecstnlf;{rﬁ%o%? ”)I component.

I'Ty di spésed or e in an i at’i ng layer,
[08GTth aérhenmtegrzﬁed a:}aemtoBOé)I eatptises Mubdtratcegouea @abgnatic tunnel

t he substr te 702. ove ck end”
supiess ERRe e pet BT AR Rr R g g 03 A AL (L) 810, a heat

ocRRIRIng de@ck 1@54 td“?e%@ncpﬁféﬁlaﬁﬁg 16/RFRO% &NhEd TR Rfhg layer 807, a bit
concurrently forned by t back end fabricati on

ligy Gd998. fpupha@&uﬂ&t@g lmae 869,@m1 agpaizngtielstieldingdmyeer 820.

[Of(ﬁ?]r oyt hle(%rrlla A Rne S]urafétﬁonstlérkr)lpgra%%ee S&sor éﬁ) associated with the heat
generating device 1804 is thermally coupled to that heat generating device 1804. The
output tunneling magnetic resistance (TMR) of the magnetic tunnel junction core 830
varies predictably as a function of its internal temperature. By monitoring the output
TMR (Rout) of a magnetic tunnel junction core, the fluctuations in temperature may be

monitored.
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the MRAM fabrication process enployed to create VMRAM
architecture. Thus, the manufacture of integrated
we@reochsw9devi ce 700 | everages the existing MRARCT/US2006/036634
fabrication process for purposes of the smart power
architecture. In this manner, at |east a portion of
[00A3] s mélfor explaie fuheshihe naenetéc tamdelfunptionscora t@nparature sshsor 830

CCERALE 1 GROAREY Mt SRR DB b Tpet ot T g pactiular

th@lrlesawancfeooRohbrﬁea gk tomadl jfrktioh doRd 890 aﬁm@msoa‘ filnB€on of the
sensor architecture 709. For instance, I G

tepiperature sgeaerated ty thpdeamesnerating eviee h&Qﬂr wa,athe peagnetic tunnel
Juglfst?cgn\?mg%rgqg%ggrta@g% ROWGL 89(% Eé’f’ﬂ B ts%: glgen ée(fse ﬁlw ich can then be

udedné panedte bebnee terh;hﬁatafee(iscsﬁv) ngs al I ows enhancemsnt
i n ﬁr oducti vity. {1‘0069 The MIJ tenperature senso
[0974h pridigiMBANM jcghiSp) camprises i f57e mpgetisilayer $O ,ﬁﬁénel Bartier 806,
r [ r “
D A B e R e BT R 5 e g magnetic
lapexvmz chinstsd ﬁnaﬂnem of hﬂhﬁr asompereferr‘ﬁhmgnﬁmc&ymﬂ&tlc ant1ferromagnet1c

casgnees el vean e AT oo he vl i
fe‘ﬁ% HAGR&i/ASAF Bhrer, 43d tlfeatﬁm’%? bﬁﬁ‘fé} 1Rlet 866 géH be@ispdIBd between the

abrication gr ocess. nmodi fyi ng these di stances

ffS%hS’P‘It §02i ang thé ptnnid taefnqa@‘lﬁugh that gy betimeyn Bie fafm layger 862 and the
0,
fellyecf Ofd BREL R b wenles &5 NP Pl ldooan have o

ﬁﬁémf)h@ﬂitﬁﬂl 8 fapadtgti 610 (tarthexlghpiraFLG esihoTheTgiRt 1a¥er 02 can be
npl ements a MIJ core tenperature sensor 830 for

madmed Ng'e @kﬁp@ﬂﬁqe&h@p@ﬂe%hygs%m@&% ehthegpagnetizagion in the free
SRR 4 8- 58 APAA SRRl 3B X 41 Gk v
“tanmetali turBHO frmmn]nhle pimmed lasylﬂb&t ttat Fe8Odyer andrapyetomprise an oxide.

unnel nct nperat SO 83 , . a. first.
Eledees | g é@ pimngd e S0 Mbilg @fﬁ)ctrs% 817 sifg gbove the free
lag&ngpat i ng device 1804, a second insulating |ayer 805,
athird insulating |layer 807, a bit line (BL) 808, a
[0035k t h FlGs @ also nipplctsy erbislioe &fdaml radjgiétline 8H) éindwmn@aally and

320 072] The netic npel junct
R dfented hohrtisS e S Mt o R Bh o cel 830 The
ofjé@i@ioat dffbe BRYhEEl80h frée bgidie!lhyer SODRbERS D résbéﬁse to applied
heat generating device 1804. The aqutput tunnel|ng

cyreeghitises fremy e shgle aledrm)hn@ﬁ fqrﬁ@gg}aga@lﬂqaeowmdemakes a complete
1$dJ ée%vgx@%lewl%eoo\fﬁﬁ{%?ﬁnﬁ rﬁﬁ’éex a?esa E&* &?ﬁdlﬁﬂe %}% for the

tsTnternal tenperat tori ng e out put
sififfo whdgnefic freerbayrefor ccom\wntlejhalj appdicatom. claragtypichlenon-toggle MRAM,

05 HHROR BF DG = ERBSHAGHAE 60 DB RO BF R o ot ine 808

whEOREEA 1 h RoRERT Yol B3P of aRRAUPAS: Iodighan@es ol "Mﬁgrﬁztlc cladding or
tenperature of the heat generating device 1804

stpeldmigclaers ,81¢th 818 exsi speinealy( b@mqwéﬁfd to irappowe |stabtl1m rasfl reduce

51Jgrlfaq Crltoas%y]mt%r er%ngg’ L rou%mgs a acf;e%rt] % tl?enl\/ﬁ{Achell In this example,

digit line 810 includes a conductive digit element 812 and a permeable cladding material

814 formed from a soft magnetic material. The cladding 814 partially surrounds
conductive element 812 around three sides of conductive element 812 such that the
upward facing surface of conductive element 812 remains uncladded. Line 808 includes

a conductive bit element 820 and cladding 818 formed from a permeable magnetic
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tenperature generated by the heat generating device
1804 As such, the nmagnetic tunnel junction core
wao esopes@dur e sensor 830 can sense the current PCHESNE)/036634
whi ch can then be used to generate a sensed
tenperature (Tsense). [0074] The MRAM cel | 830
mpenal. i Shs daddireg 8hdgastaly suapendsgomduetiven elenisat 8R@naround three

s1gi%of %?tg{ %x)%}ltl g%d & c‘lflrtggt %cﬁ)nﬁvgiwfalég %%01&9 (sewér(g:ﬁy chﬁconductwe
clemehO8IBEmains @htlagdeda CIHARRE 8148 1OMBY BELLTZAT to focus the magnetic
synthetic antiferromagnetic ("SAF") layer, the

flupitewerd therdGRkta tnpraye thegefficeany B8 Pragr#a@ing:  &he isiaddiag has an

AR BERTIOD B o S LN BLE, AT, 10 s

elhBMﬁfneSQZth@Hﬁagd&ﬁc pladdig ik ay dnte@l pat off thehbarrikt lagefssused in the
bet ween the free Iaier 802 and t he p|nned | ayer 804.
fabrigatinor{cqprreipeqeragn dings usaddn theddRHM #10¢ef%e mat eri al

(ﬂﬁ@] can rﬁé(&wg]l %ﬁg@@#kg%ﬁddcﬂ% QUenfBRYREY a%lﬂt é&f&u&ﬁ\% element

he rlg ree | ayer 802 can be nmde
8@0 aNi feemed ficbnuahi diecttidudlypiondectiveayaterialt sveh oasi @ppert, iaod cladding

e neLizatign in t free layer.can.poipt. in . .
sE/ghors FREcY brh oot metthoagli magnels Sgrral qog & N, fpiskeliron-
C(Sﬂéﬁnﬁhoyb g Edb%[t-n&nuﬁl , Sor t‘ﬁH rgent 1f bRNkhBpRI BBsHIdNE cladding

to free layer and may onpri se an oxi de El ect r ode

8 84!(81 &1St@pmimwwr8é0mnm@@ns ﬂy@l‘f (ﬂ&)ﬂdewﬂswé claddingrid 4818 may be
I
slbémg 88 %(fql(?l.}gzl %xﬁé:ogﬂ%&ﬁ/ ?nt:{ i ne%el § a@dmg c%hsboe realized

%im@ifféfdﬂu alatetialy) dokdctioe bleﬁf%hyé%m%ﬁlﬁi’ cleddihg Sh4raed Bordidered to be
program|ines” ) corresponding to cell 830,

The
fericaing at PRSEOENPIhECth HYEY (oztht 116 ot fwré@/%@ﬁ@f%ductwe element
8&@%3& cgag %O%%t g% éort]lsfdg St?e fa@n@ﬁp £ g.n&tﬂélr &8thmon metal layer

pul' ses i |

git a ines for toggle
(@@pﬂk@mﬂﬂdh&l@m@ makes a conplete 180 degree reversa

100 ¢ FhceieRy. wbpie el HEF bRt R GRF 5 dpyera0 can be

pf&mé@rgv'epﬂﬁll\)ﬁﬁgwe' tedpl@hire bdhsér 3001 iR th[hcknt%%E @hielding layer
the orientation of the bit is sw tched

82@wseplscenigaholwe theo VAL texnporfature eensar foeprotech thsi M |tﬁ@p€@18lre sensor

S et eRE Boe iR gRac e W71 i Loifaf §1( §olsey By partioutr

te%l;fbratﬁrleg wihidh @PhbbRtddywiHe tHerteut ﬁﬁlﬁcetcﬁ HeaPgaétating dev1ce 1804 to
stablllt¥@§nd reduce signal nojse/interference due

be gensedgs haipddidenal thick Heaguriagsiglding Jayex §24 Céstemﬁqe%t the current
08 (ol T A CIRLUGSS B SEBISINE Ol PS8 dor mor
peeise nxagumemients Tl ke inapnetithehiatdiag diyey 82114npmlves ﬁnlels;gnal noise and
rrounds conductive. el ement 812 around.three side
St B HoVia) SHan TSISTLE g Y REE™ EHoS Bl BT FEBPRghuc o current
r@\ﬂfn ?%ggl@éntctﬁél QGick VELE BB @fi‘l@ld{n%nﬁy&s&-m Qécﬁ@é*seﬂle effects of
i ncludes a conductive bit €lenent 820 and

unWantdqi e 8L@nétir frelds fin dhe zegensnwhbreghamyrent sigpalellseape) can be
Sléﬁcgwgmf (glfgl%g}ai th%ar ﬁbal l %Hrrrén usrérqssor CC%.Q dpl%gédc\éeeven more premse

measurements when the noise is reduced due to the magnetic shielding layer 820.

[0078]  The heat generating device 1804 is thermally coupled to the magnetic tunnel
junction core temperature sensor 830. As described below, the digit line 810, provided
below the MTJ, and the bit line 820, provided above the MT]J, allow for initial setting or

programming of the temperature versus resistance characteristic of the MTJ device 830.
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si des of conductive el enment 820 such that the downward
facing surface of conductive el enent 820 remains
waperadded. C addi ng 814/818 may be utilized tPCT/U82986/036634
the magnetic flux toward the MIJ to inprove the
efficiency of progranmm ng. The cl addi ng has an
[083%i t | dwawvilbeoefbet destribedduish mespetietonfiGSe %1k aud pathcrterence to

i ghbor.i its. . tical, K enmbodi t t
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elegitodas ABHt 204 eb AUl veereteamsraturg 1sensor 2020 ABhc6y eFor example,
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[03§9loy, Fi@. 9 feany gxploded alaarvée%ﬁ@%f %le slsiadereie, 204 of an MTJ core

. 4 . . ' _

i

attledshoms Of thaleldvtrodés is BguarenBiecctrodes 202eAehtis shndntahdeing laterally
.cl.addi n n_be realjzed fromdifferent naterial .

digelpy Cmggg(?.epe%ma?éﬁér At élbe{?Fn dgiige APy (5?18 rfg%ﬁe?aéﬁy seen.

HbReRE, WAL h&sahBlkdab foRe MDNIRE i RhtutcPefor (929204, 1208, they lie
netal” four layer), and conductive el ement 820 and

ons] abaue thy Bhe, that is; elesireidte 204 abovp elertipda 202 ellegirodes 202-1, 204-1
anpt her commo . | ayer e T . T _

o Ao b GOR bRl B qBA, ool i BT YiehifBos Yams = o,

=agnet Kg, shFet einvenieascedt eplahatyey, $hid 20the agprésentation ithetlas been
over the MIJ core tenperature sensor 830. The thic

: } k
used gindloinove Hirdhel gt parsdiut g3 15 Botusaetigl aBlsslodese?(oms 204-2 are
OREESAE 085071 O LSS DSl Y Ko
Aganpdriatisriateaded aner8l30tos basiissttatioe pafi vartarlsapossible shapes of the

t enper at ur es ich are associated wth the heat source
elﬁ?trﬂﬁiﬁé?n‘g’éﬂé?gg%@“até‘(ﬁ@ 1“1‘55%; to be sensed. The
[od8f ti o, 1lohk Gk &?Hﬂ_@& bfanSiee 1000 91 Ry 8EctRA8s 287 204 of a MTJ
protect the current signal (Isense) from external
condiguredcangemiing o ether excmnplaryugnateaslimis svheas etihdrow ladh electrodes

B S AR, JFRBEL SRl ng. o o

béthof MEdtredts ROL, 2@5ins radiafzuby atdl elvngated pgthsdigieadion X significantly
interferences due to current routings adj acent the

gigatgr then Yrie 3herdneithes oz Rpth odiclegtrpdgpell2e2¢f pisplrngated gth X >> Y
Nt e t b : : ;

oA ol AR 10, RS 60016 e 5, 2300 Wonst

with 3ext &f aad withi reendedteadMTWhen reieetrodssears placediongatmde dlee other to

eve re precise nmeasur t n.the noise is.
oM<l ST Bl 00 CPon Mgy Gaigicions may make
vifRE 8helTh &itheatpaeedatt b, d8Vd ARsHSRd stierddhi@AIPId BIG. 11. It is

coupled to the ‘'magnetic tunnel junction core o
usefirtp ender u certadie nGMUNBBOCEsAdO dissc elebisedebshangs thak ap giignificantly

aslylmrrlr?etr%g' (s)i’ncg {h%vpllgne \(/jiew asymmetry in thin electrodes affects the ease or difficulty

with which the electron spin axes may be rotated. For example, although the electron
spin axes in the first electrode can be pinned by heat treatment in the presence of a
magnetic field, another approach is to make the electrode shape highly asymmetric, e.g.,

long and narrow in plan view, since it is very difficult to rotate the electron spin axes
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bel ow the MIJ, and the bit |line 820, provided above
the MIJ, allow for initial setting or programm ng of
W0 b@70&per at ure ver sus resi stance charact eri seCTUS$006/036634
the MIJ device 830.[0079] As will now be descri bed
with respect to FIGS. 9-11 and with reference to FIG
awaybfroMnehe lomg|dénetinn efguchhen Midnroetrie shapep dtartayen edbersmrangement
202, 20%1 206 rat yre sensor stability can be
ﬁ?BPFW%%t?ﬁ$P8§$Hn%E "Bt fyi ng or varying the geonetry
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a MH ecsfiguredragcording ol et jofher @K@l@ﬂkﬁ@t probodimients vahge ghlgpet one of
ofIqoEh 0 29 5sf FgR® el Iy MERgBR, o PIBBGELY e ot

eladtrRi¢P| PekeBorleniense ofvilAdGatidn the dearide dest 202hovidd4s a single
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1éoh=1i1t7 s w&ﬁp&lovémg fopGiftfidifk rﬂ)ogﬂtlbﬁé" %&1%5‘%6& doQerd8& of the MTJ

el ectrode shapes that are si ficantly asynmetric
tegiperaguresensor devioe ewharsgpmﬁetort%e hnattsouwe@lr @owendissipation source of
r@ffﬁcts the ease or difficulty with which the el ectron

“axes may be rotated. For exanple, although the

[%B@Ft IdIG. 13 is a flowchart showing a method of fabricating an MTJ core

temperature sensor according to an exemplary embodiment and will be described with
reference to the cross-section illustrated in FIG. 8. At step 1302, a substrate 801 is
provided which has active circuit components or devices 804, such as, smart power or

analog integrated circuits, embedded therein. At step 1306, a digit line (DL) 810 with
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spin axes in the first electrode can be pinned by heat

treatnent in the presence of a magnetic field, another
wapproaoh i s to make the el ectrode shape hi ghl BCT/US2006/036634

asynmetric, e.g., long and narrow in plan view since

it is very difficult to rotate the electron spin
magree@avvalﬂddmgnﬂihelsl theg dispessdi osingf ksowh semigenyduntet r processing

oFR S ootk e TRBT Ms0BIHF G via ProRishl e Fregion and
elé&%l@ﬁl‘gaﬁ Epb&if) Qf@f‘f@ﬁémﬂ% tdppeehRedriades #6213@04 fifst ansulator

MIJ confi gured accordlng to_ yet other exenpl

lagero B, el 65 Whanterdavel ditlectrisnILED leyes, i Senoséasies Apetep 1308, a
%ﬁﬁctmsl\/}ﬁr (gt?r ogga% r81@rcraﬁnt%gged?§ 0534 Hl!':J 1 el?r%%{ .s&ﬁiconductor

e other e Or conveni en

pilotéssing ebdtmiques eucOBatdit issspabaiMromstha DIl &g) By dmﬁnsﬂuswlstor layer.
el ectrode, w.th varlous segnented second el ectro

Thehotiony MTJ elogiinde§6cea9s BicAgbs patignedt as aeeded aﬁg? bettom MTJ
elle&ro‘?iy‘gqg rﬁ%b%ﬂlgﬁ&t $or ihbftEnce! $GLHAME gp% ? 1§6§‘ tﬁ@ layers 804, 806,
of” sep erly

conpose at e segnments, ‘each ‘un
364, wdlich eveatuaily seampnide dieer[‘ﬂ (cdms aR0sticdessively. depoﬁtbd ot the bottom

MR EPEn S at Sipilal dypieh Bl S04 S 8o fn B emoved using
kSYWERSbSRpRY tefchﬁlﬁﬁese le%@ﬁl@%ﬁ%?p Strdotare vAIEN ﬁlcﬁrd%s a free layer 802,

Second electrode -4-27is oriented with its |ong

a tinprelrhsirder Sakod armmrzﬂdllyyqn 804l Aeptep 33 1A nnpthpaingylper Jayer, such as

o505 R TBR R 02 RS 08 oot 517

didpared ahd pattn NG lrowhn @ﬁﬁc@ﬁaaﬁﬂpﬁcaﬁtﬂgadeum&s 4A4 step 1316,
is oriented with its long_ dinmension at a e b-2
anodlags dafer-feyel ﬁ@lqcmlaaﬁrn@r@ms’ﬁedopvqn th%tt%l\’gla dlggiiode’ 317, At step

1321932 4001;@?193% %ﬂwhﬁig (E%'@bylsotfhe@ cp%%r @cﬂ l RBldwie gemlconductor

ngul ar orientations be use rrst an
pmeessmg tedhadfuee ceth ﬂ@@letlﬁ @Zhdd{n@(l&&]rs bt ﬁagﬂ:ﬂlcssﬂlmMng or both. The

| Mc{hé %ﬁ—aé#](g Pﬁ*‘bg ' nt ﬁ%@? Itpg‘ggr%y sle¥ th%er\émstance versus

t hﬁ)‘gﬁ%r@tcld&%ct%ﬁﬁﬁ;o&sthé %@iﬁy é(?ré 830V N &thaat Q8 gchQUWRE by the digit
di'ssi pation” sources 1220-1, 1220-2, and 122 g

lime ahdprdifclncotart he USRY te Geleor prageamtarr chansn s t@awrafure versus
Q further i d;by optim zing or varying
K@ﬁ&?ﬁ%&%@ ﬁ ggggkﬁﬁee Xlnity of the MIJ core
[(08BPeEr dh WUt NS Ws&nis?@lvﬂ;@s@%nw hétho®s paffiguted fnha&ccordance with
tenperature source 1220-1 to be sensed, the

cxpyle enbedimepisiof e igyention fﬁlﬁ'&? @ ¢FrRP S AFHSSIeATING echRiAUGT s
1 .
[6@% %01‘8‘ é;td' &?eoéﬁlgo%ﬂs 8 ﬁrﬁggfgﬁék#ﬂﬁ:_?t gg\tﬂé&% provided which

ensed izes o
cctmpms athuatesonee sinpesdi2ih 3-shRdAtayiand adagnetic Tuondl Henction (“MTJ”)

§@gture aourc 12%% g to be sensed. Performance of
tve RSETSAT HSROSCR Q¥ET thE ARAL SRY§201- 1217 can be

m{ oV etk oM APt ThéthBY cR8SiteR) Sn MAPrA8] 3NuIE AYELAFE provided
he MIJ tenperature sensor device Wi th respect to

whivh ¢eeprissvarhset sourpothat getiesatephedt shatsesnr sy ¢t temperature, and a

dﬁrﬂlt'nerﬁﬁiAM cell disposed proximate the heat source, the dummy MRAM cell

comprising a particular magnetic tunnel junction (“MTJ”) core configured to generate a
current which varies as a function of the temperature.

[0088]  According to yet another embodiment, an integrated circuit device is provided
which comprises a substrate, a heat source formed within the substrate and having a

temperature, and a magnetic random access memory (“MRAM”) architecture formed on
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[0084] FIG 13 is a flowhart show ng a nethod of
fabricating an MIJ core tenperature sensor according
W eooa4menpl ary enbodi ment and wil |l be descri PEriUB20061036634
reference to the cross-section illustrated in FIG 8.
At step 1302, a substrate 801 is provided which has
thectubsteate | FfdstauMRMmmvemtyrwommee @8 MB4AM el rarms( and a dummy

hﬁg@%?ﬁpvﬁfé §?r351y1 M Ceg &%{P%ﬁ%eﬁ:!% E’% §1Sd§ i‘rglgnenc ﬁmnel junction

(‘MIThyRgRE ohfied hiBsid the h8didsolufcet andreodfigues el gosdring KELWAt which
sem conduct or Br ocessi ng techni ques. This can happen,

vatgs vailnieptest tothe tammesatenglof fhgdsat #Ssi t i on and
[(ﬁiS?gt ro c!c@l:dA{@to s%ll%%gg%f Emb%cﬂfneﬁtx ?ﬁgl&?%?t%@ Qﬁ@ﬁlt deVécaagis provided

ayer

muﬂ:lhccﬁﬁpra;es lanticat sbmelhadingl ® tdnfipetat(deL4n)d b(mfgured f generate heat
dep05| ted. At step conductive MIJ el ectrode

epexEYera EPIEPCEAtPret f‘ﬁéﬁproff 1gpased @ vers thegherh SACS e fmiesrapire sensor
t

o AT S AAPy B b Bl il DGR E Db N erature of

t}el mat sotutk@ gl temperatven sowopameiseed Magnate deohel Thection (“MTJ1”)

m MIJ el ectr de conp e, f i nst ance,
oF3 i enegics S BT Hates 45 Aot ofghe EIGRERGR of the heat
sovRES An@ Bein %@ﬁﬁg/urwﬂpﬁérféﬁté BeuMint vAREIE vardsSrith the resistance value
successi ve deposited on the bottom MIJ el ectrode
OQ@@pwubrb%Ulc@m part of the |layers 804 806, 802
no a e .
l/l ng an ﬁ\/ﬁg‘p}éﬁ %Pé%lﬂt%%%él g lg%gﬁl §1§?é/%ded which

c(&ﬁﬂmsea atsubstedte, alidak ediur8é) forared weithih mlﬁwd;blsaafte; ariDd dudiny MRAM
step 1312, another insulator layer, such as an |LD, is
Cﬂbﬁ%’%ﬁ"?sé%g Bwaricles magagtiq Bipgs! jgpetions Mk gy cqrgq 4lhe figat source is

ﬁé}ﬁ A8 Blioyl shdHas ROSHLEARL. PHRENGR A2l Be formed
in vvn se%e p%’yl %ﬁ

con uct or processing techniques. At step
fro81Bontand ldyers byna éront exkfabdraloagirogdess. | ﬁkxeheat ssouhcs pxmsfecubmpnse

over t{w {9? %Jeectrode 817. At st
RORARELS 9l B O S B S eomRaRom &5 %asz,vs*a cfiigifgomponent, 2
pERQWMINEETdoaRiadbintRh 1850 eompbiat.t echni ques with
netic cladding |ayers or magnetic shleldlng or

[wgh 'Vﬁées[ﬁlt_an@i valwa@f dhe pardcupr @2@@&[’(‘1@@ instion gore varies with

e ce V SUS
thteQeﬁlé ﬁer gf}éeg%r aclﬁer : Sé,]}eclcg? u kﬁcjn core sggxe)ds t&,}changes in the

temgiewtmloffcheelhadt ganes, ahe g mhﬁtghﬁ:ddb Qérise |tlhd’ltbni;i&d¥tﬁré abil tgenerate a
line can he used to set or program or change the
CYTERR) dRSPONTIES @ g demRpsgitiea n de reiviange (valiesel theppartipulpgrmagnetic
|
P b, o SR oo St P ot M M RUMASI by the
hedh goume ewthi that the Irestistartce vtahnmfrthet paramﬂetnmlaglgptlc tunnel junction core

VRS PAVERORNY e RBUNEL] G RaTPtiEa MAF BN BB Fysed on the

reﬁlsﬂﬁ@é vaRMr grethdi ﬁaﬁ»@éﬁ& hﬁg@etﬁuﬁﬁhélaﬁlﬁetuﬁﬁ ord, MEB&QUirent of the
Tunnel Junction ("MIJ") tenperature sensor disposed

paytieplag mgrreélatfurmmu@@tlor{ oue 7 usad todalemyne o camespReding temperature
oFt'ﬂg%gétTSn}ce an integrated circuit device is provided

[0092] A temperature sensor circuit can be configured to associate the current
generated by the particular magnetic tunnel junction core with a corresponding
temperature which indicates the temperature of the heat source.

[0093] In one embodiment, the dummy MRAM cell further comprises a first

conductive layer and a second conductive layer, and the particular MTJ core is disposed
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whi ch conprises a heat source that generates heat that
can vary in tenperature, and a dumy MRAM cel |
waelr@poswel proxi mate the heat source, the dummyP®fRBER2006/036634
cell conprising a particular magnetic tunnel junction
("MrJ") core configured to generate a current which
b&tmeeleﬁlea?gshcdndn@twegwe@fand e secopbecnductive lpp@gdihe first conductive
1652 Rl b 5! PP AR RE ek TGP beow e

paHbghr afagnett f@adl jafcHoREcdro) ARIdthel debdrdl tdiRustikeslayat fay further
and having a tenperature, and a rragneti c random access

corapriscy? eenRaNRgnese ehiplding laye diosetabene e narisaar apagnetic tunnel
. MRAM ar chitecture conprises an MRAM cel | array and
Ju-éllzgtg%nwy ‘MRAM cel | . The dummy MRAM cel | conprises a

[00Q4] | c AmMRAYHetll arrty e lalgoulee provide " WHidH compriges a plurality of

f ormed_ above t heat, source and configured to .
Mpehidr celle BagupF Br PTG LARABES St qpnREspee firy copductive layer,
thtee§3|3|8ﬁ(f‘tc%ﬁ@uc@if‘/et Qger,h SR S MHohEric [tlgg%P]é C’%ﬁr@‘l\/ﬁﬂl”f Qore formed

st anot her e di ment, anm integrat ircurt device
bétwepn the st covduchive biypr arskbtheasehest canluctie hged mdesein each MTJ

t enperat ure. and configured. t rate.heat ene
g rparaethaniudaTl dpseRish G SR felE pireiiapfeen. e
MR ARNREN Atdif £hdS@B Jafticial GhH gneG® AinnBUfuBetidOcdts $af batfermied from
val ue of the currént with a correspondi ng tenperature

bask  ende layerst by gubask. enphébrientinar arasess whishopccuisngftarsias font end
i n " " i NG o
eOREH ol oML Mt oL Sl B mction cor
cdndfermédiivefthd leat fimade Sduhamallgrougied tvghe hedtisguced
enerate.a current which varies with the, resistance

tQ .
l“_@gﬁﬂe dr opRémplapepialipn thaartieyppmagrRiig dynneh ggdon core comprises
a GHe %&Hﬁ@&e\%&{uﬁéﬁ secdlld blEEEA LA ﬁlisfs@dﬁ'cé Vg%ﬁé fefpbrature characteristic

provi ded conprises a substrate, eat ~source
of the pexdiiculiat hiagn¢tivgusneb ginctiore corandries whaedhyn Atédst ord 6f a location of

C ri.sing a particul ar netic tunpel junction..

o B B B e et Ja SR G cppfovtive layer or the
se@BRE cahduictifaliay@RepBxindfdoha®e frst QREHE! bF he End1@RLtrode with
source can be forned fromfront end |ayers by a front

regpret feathei firalt qopAusive dasss or Thessepent conduetevs lazey, aorpettyatio of the
ﬁIfS9 rele%égﬁre%n lcne theaéec!n%fléltect%](ﬁa \%th %-Q%)%&I {ov%ecﬁrrsfc g&ntducti\{e lalyer or the
conponent, a power Circuit conponent, a power contro
second omelictivs lager, a@ize of dgpse Blectrddd02 lthe fedonsd ekb@rodewith respect
rticul ar magnetic tunnel junction core

val ue of the p C
tovng‘ it W@W&Vﬁjaifeéﬁﬁ&ea%?@ copdactye ey Euphfin AEgHEIqcof the first
clEMRRR! or) tHE §éc'o?&‘ eﬁ:@frﬁdé' ik Qékgéctttg RO BRY eSndudtibd'Biyer or the second
t he urce, g dr to

tenperature o eat so and 1s configur
cadnstevetlhgert enper at ure and generate a current

r onsjve to the.te rature. resi stance val ue of .
(DRRF b arAsetiiSs ' TR e S me\RG: bR AGr Y 2B nisgped cirouit
areréBdRPNSse to changes of the heat energy generated by

t he heat source such that the resistance value of the
(0997} i cAaserdingyivcaniecxemplas) mplhadid Bibstede baving a heat source disposed

in the substrate and a conductive digit line are provided. A Magnetic Tunnel Junction
(“MTJ”) temperature sensor which includes a MTJ core is provided over the heat source
and the conductive digit line. A conductive bit line is provided over the MTJ temperature
sensor such that the MTJ temperature sensor is disposed between the conductive digit line
and the conductive bit line. The MTJ temperature sensor can be fabricated by depositing

a first conductive MTJ electrode layer, depositing a free layer, a tunnel barrier layer and a
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varies as a function of the tenperature of the heat
source. The current varies based on the resistance

wo 2000040091 t he particul ar magnetic tunnel junctPORUSHNE036634
The current of the particular magnetic tunnel junction

core is used to determ ne a correspondi ng tenperature
pinhed payeheat thsofirst eonduetioe MR telmti@detﬂmee Hongg the MTJ core by

rcu C Cc t.0 aSSOCI e th urren
%{eﬁrgp%%%e %Bi, P%YﬁreC%g% Lgﬁnglel?a er nlg th.F pix ‘efichXﬁﬁt?t}d %eposmng a
s&Oh® codubtive MOTT @6adilngr be WIVBIMCEe mmnclhtdrm@l;ec aieRStric layer
the tenperature of the heat sour ce} L;OOQS In one
&

canRrodRPaBitRd over éhemmww et MTY glectiade e and e genductive bit
] rst duct |

g A yeSRAGHE o B R0 FHIBRGOINROTCLE un e

[(f098t Oﬁ(m:dtdiﬁg ueoﬂeae}cempmnyinteﬁmdsem&amm grsiidedeand a heat source

| ayer The first conductive |ayer further ~al.so
180@%?4 igthg spbsteate Ffe@né@nt@ng e 1§ fronyepd %@@aprocess The
h&? QIWCI: s Qat&gl'p 5 WRAD G4 es. t&ﬁg}e hfe ﬁr’k{}ﬁtehg Far¥afion process, a

d the second’con uctlve | "ayer y er conprise-a
lvﬁagnetmﬂ‘ wagh Etrictios i MITdT)grd sythen tirsyed sexin dacly end h@ers by a back

i.cyl | ti
o Eaion nepreny - abf i L5 bt St WAt Artchite S aifonction
oP{hE rtéﬁlbérﬂtu@é aldRe8th & 8bh Bour ol cpbratd® clirelitalHitl vaiesN288d on the

| s conprises the first conductive |ayer, the second

rqsemge vilve lAaWﬂuctaﬁ?cﬂlalt Hng past then ba depsitedin & igter-level dielectric
o! twee C

la&er %ﬂn)éhegle% 3 ﬁlg %Sétﬁg uoct%l ﬁe ectbgg Jo lzértlev%opﬂlj (ﬂ&i\ﬁ{ﬁle "JM\T%r and a
corglustinashialihé edd theh dedeposiatd 6‘£ertt1|ik91n}t)eirlévdt di@&‘ctlﬂdﬂhyém;ueh that the
of the dummy MRAM cell. The MRAM cel |l array and t

toFReraterg| seRsoRdy AtsPpeedi et the ferqusHve diaat et @ﬁé‘&fﬁve bit
11{/1\#1 Ragkaf QﬁerJf gerﬁeﬁzﬁ&% FiabR ks 91?6 éﬁﬁfe' SAT QAR REAE BRS and the

occurs after the front end rication process.

C(bnduotme binjihetoeset ateinmeratm’ee/epas teisistanae clgpteistic of therdIlJ core.

' tio 0 forne abov t _source d
o3 Sy SEits FE geiGer FsTRLY TSH e S OBY8] S FrOGHG! and a heat
sduFRd 18 TER Al ih b sdb@@a’c@ afrhé Rabh %ur@%ei fefpbtafi?6! A magnetic random
junction core conprises a first electrode, and a

agresso b of PRIBM Anafchitactise ds fntaed ens the sehspateat Jhe MRAM

aﬁcBﬁ aGt erl fy@tﬁg%/ g‘ifll ﬁg&gs elgl Iaglﬁ}l/ %%‘d @gur}’iﬁll CMtR%erleéell The dummy

MIogRt bélh cofmptib&s & igasticudlreabgmetde tﬁﬁndl hﬁnﬁﬁﬁO(‘l‘tMTJ”) core having a
el ectrode mnth respect to the first conductive |ayer
reststanpe vale shichovign et # fenctiay ef thegemperaiurg, bhe Mid Pre ggperates a

@&?Wh?&ev es E&%d%‘ﬁ%é‘fésﬁiaﬁ Ja@ge with respect to the

rst con ctlve l'ayer or the second conductive |ayer,

(D106 petdcording o othet brabddimshts einethibd® dEsamsinghaetenpenhue of a heat
rode. with.r e . firs condu ive |ayer

| t t t
o] L Bt SRS fy s cria PRgiaa Lo Yt
[R18F] I W&oRling W& o‘ﬁ@ Ceeteﬁpﬁbe eleftRAS aWWaBndtRSP@flel TehdkiBe (“MTI”)

first conductive er or the second conductive | ayer,
tapppeatus $enpQra s prq)v edt pieer fthe dyeat source. The MTI temperature sensor

comprises an MTJ core configured to generate a current. The value of the current varies
based on a resistance value of the particular MTJ core. The resistance value of the MTJ
core varies as a function of the temperature of the heat source. A value of the current
generated by the MTJ core can then be associated with a corresponding temperature of
the heat source. This association can be accomplished, for example, by measuring a

value of the current generated by the MTJ core, and associating the value of the current
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el ectrode or the second el ectrode with respect to the
first conductive |ayer or the second conductive | ayer.

WO 0@908309ccor di ng to ot her enbodi ments, net hodBCD1S2006/036634
producing an integrated circuit are provided. [0097]
According to one exenplary nmethod, a substrate having

genehated by ther&T @pw@glea qorresmdmgkismperta@r@mpraxnnately equal to the

SRR 1 bobAReTRL SoBERE S AL B Y o con

bdMskotiated with » E@r\fés@ﬁﬂdlﬁg e¢mpdreuRest the huateRuiRhyt Measuring a value
conducti ve di i ne. A conductive bit line is

ohthe\eurreet &W@naqudﬂé/ o MTE Rgrer ering & reSEHRAGE Veeh cymet characteristic
t [ [

MR AMRTRSI LRI e 1 QAR B b e gy i

coffebpbmtiferesistanee 4ins of the MT beoré,ahd usiag ademtamtgep@sdub item@perature

a first c?qguctlve MTJ electrode | ayer, ositing a
charerterishig of the M gags to @é?ché? thezfygﬁspgﬁéﬂng 5?43%@:@ Vé?}@r(’f the MTJ
c{rlﬁ V\t1 I:drfe%% rgﬁfggfaé f’a‘?ur ﬁxﬁ eélg deud1 3y &1, ’teﬂqﬁéﬂ%ﬂg of the heat

cor ernlng Fayer, the tunnel
shamca.i ek coadetivantgit Hmepcamnt}ﬂnladgoebe mmid@tlapdal thisngasa, the MTJ

second conductive trode | aye the MIJ c
SR PR d P ueborsatr et sulik ps epu bty eoPa ine. A
cé iR cERCHD Uné 0AHYE blotd Mok e HRCMTP denpear¥i@fe sehBSk $uR that the MTJ

conductive bit |ine can be deposited over the

teimmeeaturiecsprsor d¢ dispesed ibstweppethe cpabwtiye digitding angl the conductive bit

e [ t
111?3:( %Rer@aﬁs/er,ﬁg% Frgsg tarﬁ.’:ets\yﬁegsﬁg t%éﬁerét?rep#h%}@c ?té%?gﬂ%c}bﬁ? core can be
pio@ymrﬁect;yfoa dxample, €yd ubialr atCRbstoonep e esriuciine digittline and the

source has a tenperature which varies. After the front
cKlct B3k i on process, a Magnetic Tunnel Junction
f 8

UL aEPEing B tffer YSHBR) PR GO oF KEieheY tdnperature
geresited by e heatabueewhpoivided wiash emmprises potviding efdutiney MRAM cell

olgirBT b rseS i dima MR S6f Erugh s FouTpe Yafhe WG Dhries os o

ffrRAGWEE thY EenthePithred deRRdIANHE BERNRAVRAMD SEN BneMng a current in the
inter-level dielectric l'ayer can then be deposited

dummy MRAM seld rvchiclo denends ve tlmmes’étaee@ vajue of dheedummsidMBAM cell;

nducti ve bi Ilne an th eposi t
R PUHE hoflie Y B LR REnR PR PRRAVELL RS ytprpine e
tehfiesddiirel 6f ¢heS hoste Qoﬂ@ed WeRN ohé mplunthnedtion e tikd giuumhy rMRAM cell

and the conductive bjt line. Afield can th
cqBpfatea pdieeVrYerat tyregkbartplager ande pignefliayes smssﬁi petween a first
ehﬂﬁb%BQa%Q&xﬁQﬂQM%E gve bit line to set a tenperature
Versus resi stance characteristic of the MIJ core.
[q0003P] Awonting tmganlodlea ﬂminpiaryemﬁhqzxi amyeth@d hf:lfdbnSIag a temperature of
i_%strate i'S @ ¥yt nd a at sour.ce i t tic tunnel
e SAUSS {1y REpE e é’%ﬁt F‘&‘ cYgroertipg PrﬁBFS‘B d’Pé‘ m%ne 1 tunne
Jdﬁeﬂ&et‘fmr?reamgﬁﬁfg ARRRE YO @' MRRAM YerRtAEd b§GhINVETN Sore; and
f or med he substrate. The MRAM architecture

detompiningethe dmparavrecef thedreabgovaerabased omihe VAR  afehe current. The

te-rq]p%ra%m the heat source can be determined based on the value of the current, for

instance, by determining a resistance value of the MTJ core that corresponds to the value
of the current; and determining the temperature of the heat source based on the resistance
value of the MTJ core. The resistance value of the MTJ core can be determined, for
example, by using a resistance versus current characteristic of the MTJ core to determine

a resistance value of the MTJ core that corresponds to the value of the current. The
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MRAM cel | conprises a particular magnetic tunne
junction ("MIJ") core having a resistance value which
wa 200704096 a function of the tenperature. The MTUSHNE036634
generates a current which varies based on the
resi stance val ue. [00100] According to other
tegmpematlinaenftthe hest doots w@h twedetémyned basep ematha resivifncg value of the

at source dispased in a substrate of an_.integrat
MIT R B pobeRate PSRt Als (P deshl 59 AT core to
dQ%8TR¢ MY teliBeRBtte oF tMNRBER sbEred WAB&T o WCiekidtande' Mle bf the MTJ
tenperature sensor is provided over the heat source.

corhe MIJ tenperature sensor conprises an MIJ core
i g t ner C f e :
RTPHL SIS HR556 M GnP s SRRy TIE el sl v foresong
daaildd @askaptiod] dt SuRl bd bgprecisted tthatcevasahumberf of hariddbds exist. It
core varies as a function of the tenperature of the

showlt alseube @ppracipied balofher frennle reathodiasné rait @BDYYmeRg described

hoffh SO6: SRALE RNMR B SQpL Apflcity, 8 CRTRERRBAAH M invention

inemyae0 pdthahthd fofegoing detaileddesbsiptiwawill progida thask skilled in the art
t he current generated by the J core, .an ssoci ati,ng,.

wiihe PRV IR FORHBAR (¥ 1 ﬁ‘éﬂ‘é"r‘g&&d‘e_ i PR S SEF o G Riments.

1t3h&A8 b8 SRAG DY tHa€ VRIS A8 BRI BnA®d Bl tHe AMYAIN A &rhfigement
tenperature of the heat source. The value of the

otelements widnut depedingyfronh thelvopecefithe inantinn asssbiorthtie ¢he appended

W t h orr ondi n e rature of the heat source b
dﬁ@%% ﬁﬁ%&§S®%WH@h@%t%ﬁgB§urrent generated by the NWJy
core, using a resistance versus current characteristic
of the MIJ core to associate the value of the current
generated by the MIJ core with a correspondi ng
resi stance value of the MIJ core, and using a
resi stance versus tenperature characteristic of the
MIJ core to associate the correspondi ng resistance
val ue of the MIJ core with a correspondi ng tenperature
approxi mately equal to the tenperature of the heat
source. A conductive digit line can then also be
provided. In this case, the MIJ tenperature sensor is
provi ded over the heat source and the conductive digit
line. A conductive bit line can be provided over the
MIJ tenperature sensor such that the MIJ tenperature
sensor i s disposed between the conductive digit |ine
and the conductive bit line. Thereafter, the
resi stance versus tenperature characteristic of the
MIJ core can be progranmed, for exanple, by using at
| east one the conductive digit |ine and the conductive
bit Iine. [00102] According to another exenplary
nmet hod, a nethod of sensing a tenperature generated by
a heat source is provided which conprises providing a
dunmy MRAM cel | over the heat source, the dunmy MRAM
cell having a resistance value which varies as a
function of the tenperature sensed by the dummy NRAM
cell; generating a current in the
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dummy MRAM cel | which depends on the resistance val ue

of the dummy MRAM cell; and using a value of the
waeenoresogener at ed by the dummy MRAM cel | t o deCBEURINE036634

the tenperature of the heat source. In one

i npl enentation, the dunmy MRAM cell conprises a free

| ayer, a tunnel barrier 1@4AMand a pinned | ayer

di sposed between a first el ectrode and a second

el ectrode. [00103] According to another exenplary

mewhads claini&tibod of sensing a tenperature of a heat

source is provided. This nmethod includes generating a

current in a magnetic tunnel junction ("MIJ") core,

asuri f; t .
carer ARt Rl B ER RN etid Dnthe
S quévdéinpaseabstoate hdvéngyahent sofrcd dispased irethic.sufdtete;

tenperature of the heat source can be determn ned based
o@r?ﬂ@ngélcﬁég‘&ﬁw?l@ég%léﬁ%ent, for instance, by
d - A | g i (13 b
g BN, THA QoG VT erfletalty rkGibver the hea
saeteeand thie vgndieiveehigic tiae, whereh thé ¥ Retempsoiture sefras edmprises an
1\4312[ t he resistance value of the MIJ core. The

S5+ &fte val ue of the MIJ core can be determ ned,

f QroRdiABTRl SondaMiksShiRling ofESths ML EenvSr fue serEdrasith that the MTJ
characteristic of the MIJ core to deternmne a ) )
tempstairgsersoyas dispefedthetvemmihe eprduckye digif linsspnshihe qopductive bit

liﬁé‘e val ue of the current. Thetenperature of the heat
source can be determ ned based on the resistance val ue
of the MIJ core by using a resistance versus

tenperature characteristic of the MIJ core
det er ni‘hEehod aceprgEep g v i i M dewperatire sensor

Ofg%gﬁ{g@w%%gﬁggﬁsgshe MIJ core. [00104] While at

east one exanple e I ment has been presented in the

f alepopitimgya Ot aordegtiveNiliexcirods layer; shoul d be ,
appreciated fhat a vast n er. of variations ist. It
SRERFEE o5 b dpfred: ptd e e’ el PEbe Jarnan the firs
cOIduEIRAATIRRCEodERGE: bed herein are not intended to

limt the scope, appfi cability, or configuration of

t Herming dhe MW ForednypatkepninRéichiee layre thefuygel heyrier layer and the

iled scription will provide those skilled in the
p%rg%(?w%hmg&conveni ent road map for inplenmenting the

dekpoditiga ssrtbad comtuctics MaTbdirodnlager did the MIDI ¢brbe
under stood that various changes can be made in the
function and arrangenent of elenments w thout departing

froomt i-nv.ent i ia.d he
R S RPRR i R 6 i

t hiepextingCa\inBr-1afelt dickcicaaperdvies thel secondrephdrtivé MTJ electrode
165; Qdu(?i ng an integrated circuit, the nethod
8PPt si ng: providing a substrate having a heat source

g!cﬁap?ﬁtﬁa_@g 1he chAduchivbbit 1iak 8verth&Mit&H18¢:] Aict&had Gl éry e
i gl I ne;

4. A method of sensing a temperature of a heat source disposed in a substrate of
an integrated circuit, the method comprising:

providing a Magnetic Tunnel Junction (“MTJ”) temperature sensor over the heat
source, the MTJ temperature sensor comprising an MTJ core configured to output a

current during operation thereof; and
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provi ding an Magnetic Tunnel Junction ("MIJ")

tenperature sensor over the heat source and the
w@eeowdonewdve digit |line, wherein the MIJ tenperBCTD82006/036634

sensor conprises an MIJ core; and providing a

conductive bit line over the MIJ tenperature sensor

sustocidtiag a WelupMif thenpereat onpus diistbe MIJ diospogdda corresponding
tbetvvr%en %H%IPO ductive digit line and the conductive
PrReraty et e bRt 98t od according to claim 1, wherein

providing an MIJ tenperature sensor over the heat

source, further conprises: depositing a first i

conductA wetharjaceprding oodaimadevhersia fog valug g1 ther quagent varies based

£ | I nd a pinned | ayer on

O%%é&¥$?§?b%§§§tg?&%gh%#ﬁ e g%??ode | ayer; formng the

MIJ core by patterning the free layer, the tunne

barrier layer and the pinned | ayer;. and, depositing a

setond & gogerdmetoglairy P.oueereil G resistange VRl OB H1eQMT core
vatiesds T0AEn g? AR t8inP&ahiRe 6 @Ak Mea sollde Met hod further

conprising: depositing an inter-level dielectric |ayer

over the second conductive MIJ el ectrode |ayer; and

depositjng.the conductive.bit |jne over .the

o - VA ool argetin o (4. whaniSacity = alve ofghg curent
oﬁt?ﬂp&f Rk WMET Qre a«iﬂﬁ%aéon;?e@wngﬁlg%ﬁ?&aﬁ@e bfthd heatksticat ®mprises:

of an integrated circuit, the nethod conprising:

prioedsaiingye valve ghibeicorrautmvetut by e VaH coreymyd )

t enper.at ur SOl QVer .

¢ RRE B B SEREE BE Corlell qIBE oy $Er1, b8 MY copresponding
tenEpefdttin uhp@dxBhUtEIgEqualus tigemdpemaire oftht hestaotizce.

andassoci ating a value of the current output by the

MIJ core with a corresponding tenperature of the heat

Saur Ce'l?ﬁn o BLAPHREGE %ﬁaqlllnng, &/Hﬁgihaés%éatiﬂ’gqgrv%ldé $t'@e current

val'ue of the currentovaries based on a resistance
oviphitiey the M Recqramtithcudoarespdidinpdempertur@ofihe heat source, comprises:

accordi.ng tq claim5, er el h si stance val ue of

t %e%ﬁﬂngﬂ’%“% afﬁh&u’&gfw;o“{fmﬁ BV&}%?(:ME? “Pife tenperature

Ofystrdes RERIanSOVESSs cufrenf\KRANGiIBGE MMNY doft ©l Rbdbidte the value
wher el n associ ating a value of the current out put

: . by
of e awmnicautputviist the MEDcorespidndicagespendias aesistencefvatugeot the MTJ
Chreat ource, conprises: neasuring a value of the
UG #Ent out put by the MIJ core; and

using a resistance versus temperature characteristic of the MTJ core to associate the

corresponding resistance value of the MTJ core with a corresponding temperature

approximately equal to the temperature of the heat source.

9. A method according to claim 4, further comprising:

providing a conductive digit line, wherein the MTJ temperature sensor is provided
over the heat source and the conductive digit line;

providing a conductive bit line over the MTJ temperature sensor such that the MTJ
temperature sensor is disposed between the conductive digit line and the conductive bit
line; and

programming the resistance versus temperature characteristic of the MTJ core using at

least one the conductive digit line and the conductive bit line.
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associ ating the value of the current output by the MIJ
core with a correspondi ng tenperature approxi mately
we@owal4wo1 t he tenperature of the heat source. BCT/BS2006/036634
met hod according to claim?7, wherein associating a
val ue of the current output by the MIJ core with a
cdir espormi¢thed taseqréingt to elaim thevhesein providing a Magnetic Tunnel
conp! . - SUr| of the current output by
RS IR RS eRol it omblieCls cur  ent
Cliapestings 4 fist CorbctiveeMVT EleeRb@ lagerpssoci ate the val ue
of the current output by the MIJ core wth .
copeespennidappsiting atieaedaysyat themek barrer e @r%?lna?fhlayer on the

' . I e Y, us tenperature characteristic

ﬁ%$%@%anf%%gz%ggﬁgkggg%biate t he correspondi ng

r €sinsingreeMiTal doee by pahenMplthediee layéd tlee moneldspoeadliager and the
tenperature approxinmately equal to the tenperature of
pipped lger adburce. 9. A method according to claim 4,

f : P $L 0o OV t iGrd 11 ne,

e e e M R B e s e

the heat source and the conductive digit |ine;

pr.qvi di onductive .bjt |ine over the.MJ

teﬁrper a@ 81’53‘0@&2 1%?6%“{%6 HEUT LR at ur e
SeRSAlinkS sdbih@sed between the conductive digit |ine
and the conductive bit |ine; and programm ng

t he

r deimsing adwatsopgdn thenpibptaate fiont fiantanddayest by a dont prd fabrication

MIJ cor sSin . t h onductive digit |ine
prgﬁ%sst 8%8%3 %c?ﬁ%"elh%?t%er??eﬁ%}l OSn(i nmet hod according to :

El|faimlih)é,a MhagtigicrTupmhel hiciign Q‘f‘N)QE‘@’R&toiré: friotnbek ehdniayéroiby a back

"MIJ") .tenperature sensor, further conprises: _

erfb oSioRtioTgPRCess radier din Rt PR Tabmistir Brp Bto e ATy, core having a
re?ﬁ&‘ﬁ@é%lg@ Lvﬁicﬂ%ﬂgé %51 DEnddd @ﬁthla eratfrelddd 'Tlﬁ{/ing%%l\iil%ﬁt during

ayer and a pinned l'ayer on the first conductive

opdratidir theieof witieh vafiewbasetormthevisdstammeerabye. pat t er ni ng t he
free layer, the tunnel barrier |layer and the pinned
| ayer; and depositing a second conductive MIJ

eliect r odgiRvec@Binkshs oMind 18 0the metHod MirtABdorRing:
making an integrated circuit, conprising: providing a
s ulsponitinga cingiugtiveyligit Heet source in the substrate from
front end layers by a front end fabrication process,
the heat source having a tenperature; and formng a
Magnet i £ methvdelccoldingtt enirh "1 Mlthe metlordefufthaenooageisingnd
| ayers by a back
epositingy an inter-level dielectric layer over the second conductive MTJ electrode
layer; and
depositing a conductive bit line over the inter-level dielectric layer such that the
temperature sensor is disposed between the conductive digit line and the conductive bit

line.

14. A method according to claim 13, further comprising:
generating a field via at least one of the conductive digit line and the conductive bit

line to set a temperature versus resistance characteristic of the MTJ core.

15. A method of making an integrated circuit device, comprising:

providing a substrate;
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end fabrication process after the front end
fabrication process, the MIJ core having a resistance
wQo a00ae408i ch varies as a function of the tenpeP@/USM06/036634
and having a current during operation thereof which
varies based on the resistance value. 12. A nethod )
adewridg ny heat sbaicen fhamed Heitlat thed sihstratee the depl iseirgg: having a
tem edetglos,i ting a conductive digit line. 13. A nethod
PAE¢BPding to claim 12, the method further conprising:
degp@sihl i H0mapndtiot emdbey atcedi ahembiy MRV P \Wechitettare on said
second conductive MIJ el ectrode_| ayer; and depositing
substeatcs SHELARAM BRIV ICrRFCUEIIEE MIAM fellaraig sevrmy MRAM

h e -£..S i j : :
cel, yBYSln SHEAIARY NRACERCE b RoF RaRloplsl AUTRAE Hncl junciion
(“MTO)t cdré having4 refistmatd osluamdieldivaipstay « faictiod 3f theitentperature, the

conprising. generating a field via. at |east one, of the
MT] E@gg@@sicoéﬁa?rsﬁl fo putpt 2fyereniEhich yagieshased o theresislancg value.
set a tenperature versus resistance characteristic of
the MIJ core. 15. A nethod of making an integrated
cilbcui tA deeihakof sansingi & tenperaturevgediratpdabys aldeatr stuece, the method
formng a heat source formed within the substrate, the
COMPHARE: source having a tenperature; formng a nagnetic

I RGN GCRESNTRIRANK CelMROMmaté e Heafsduiides sAa dadinty MRAM cell
substrate, said MRAM architecture conprising an MRAM

having & resigteneeyvaduadwhich yarigs avRAfvnetian of thp knanepatyrg sgnsgd pppthe dummy
MRA C(jz\{[_cell conprises a particular magnetic tunnel
junction ("MIJ") core having a resistance value which

V aiida€Grigs a scubienCin edid afuninive MRAME call wridch dbgentl bncthe eesistance
bei ng configured to o‘gt put a current which varies
valueypd dheugpmy Medb gA¢e val ue. 16. A nethod of sensing

a Ll %am%ﬁhgﬁ%ggu%cpﬁngﬁtm%y &%@i&o{ﬂé EEnper e PRt source.

conprising: providing a M cell proximate the
heat source, said dunmy MRAM cell having a resistance

P T EN ARt T -
sal gedlunyer, YROM @ EbdrivhiaBr dePendmned [b® di§5dsed dREReen a first

val ue of the dummy MRAM cell; and using a val ue of the
clpelzsigrend asgeandralectrodelet er mi ne the tenperature of the
" heat source. 17. A nethod according to claim 16,
wherei n said dunmy MRAM cel | conpri ses:
18. A method according to claim 16, wherein determining the temperature of the

heat source, comprises:

determining the resistance value of the MTJ core that corresponds to the value of the
measured current; and

determining the temperature of the heat source based on the resistance value of the

MT]J core.

19. A method according to claim 18, wherein determining the resistance value of
the MTJ core that corresponds to the value of the current, comprises:
using a resistance versus current characteristic of the MTJ core to determine a

resistance value of the MTJ core that corresponds to the value of the current.
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a free layer, a tunnel barrier |layer and a pinned

| ayer di sposed between a first el ectrode and a second
web@chiwode. 18. A nethod according to clai m 16PCTHIS2006/086634

determining the tenperature of the heat source,

conprises: determ ning the resistance val ue of the MIJ
cAle t Hamethodrassprgingstor daimn &9, wehasein sletermining thetemgerature of the

current, term ni e r r ..Lhe heat

hGS iR tralfn B B R ACTRR B BopfisknS Core.
195ind ARbibRAcataistiem@etature chardtdisticowdfahe MTT core to determine the
determ ning the resistance value of the MIJ core that

tespnerabuis Oh Hhe heat somecabaserbonthe repistange vawe of therdT sers:
using a resistance versus current characteristic of
the MIJ core to determ ne a resistance value of the
MIJ core that corresponds to the value of the
current.20. A nethod according to claim19, wherein
determining the tenperature of the heat source based
on the resistance value of the MIJ core, conprises:
using a resistance versus tenperature characteristic
of the MIJ core to determ ne the tenperature of the
heat source based on the resistance value of the MIJ
core.
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