\ ne3ebi _ddef"fNi 6i Ti CH 16 SEP 2004 1 MRAM HAYI NG SEM CONDUCTOR DEVI CE
| NTEGRATED THEREI N BACKGROUND OF THE | NVENTI ON 5The present invention
relates in g ry cells and, nore particularly, to
Magnet i cmndammmm‘mm ry Cell (MRAM.A variety of magneti 31rﬁt~wﬂaﬂuﬂl,
and -structureshayg been utilized to form magnetoresistive nmaterial s10for
non-vol atile nmenory el enents, sensors, read/witeheads for disk drives, and

ot her magnetic typeapplications. One prior magnetoresistive elenentutilized
a magnetoresistive material that has twonmagnetic |ayers separated by a

conductor l|ayer. Thel5magneti zation vector '
| ayer st ypi cal |NRAM Mﬂﬁgp‘éﬁﬂq%YDQ@%aF%q%rf%é%ﬁgﬁ%ﬂ%N any

magnetic fields. The magnetizati onvectors of one of the layers points in
one directionand the magneti zation vector of the other |ayer20al ways points
in the opposite direction. BACKGRQAR QF W dTENSIGEs of such magnetic
material stypically require a wdth greater than one mcron inorder to

mai ntain the orientation of themagnetization vectors along the width of the
cel | . 255he | arge Wit h prepemrtengmvenitiions rrdagefsi i) oPpBRBRLestBtili zi ng
such materials. Additiognall ead] su hesciypically
requi resa t witpidse Fgggsopayer%éa't ?@hptgh;%%r%tsﬁlt%;qifyﬁ vgJ?y%ng‘%ér’ead cycl es.
The two phaserdmich Fpereds AMeradiso 3TrlquiMRAMlextra circuitry to deternine

the state of the nenory. thus dn of CO: PERAPLLES. An
exanmpl e of such aPhaﬁﬁ\éefa%yrrﬁferrﬁ%?@%nggn@%gf)%glggsdiaﬁoggd in United

St ates Pat entpiNdehssen ufblIzbE 2004f&ri, mBGnEUSresssbive ndheyhadh et al .

~on Cctober 25, 1988. Anpther prior mater] se L - ‘

. g ant ré@net or k¥ s??%'ev?rﬁ?‘@iedl Igelfl?iﬁ)egﬁlja&{ﬁhgl i %%é%é%%hi %%%ﬁ/‘\xnré%ﬁ in
order to incrgasgs depsi-t yaiskt hisisés uctamé, otkerwomasgebifc Fxpers are
al soseparated by a copductor |ayer and_the_maaneti. { ec e
paral l'el to t¥RPIEPREHCRF- t he Qfégné’tril(?ﬁat @PPQEFg%ﬁégrﬁgggmo%?%@ﬁ?Et he
magneti zati onyveei KEd0¢f pAgneRoRekistivbermatetrbglr tlmtal Ways kwent ai nedin
one direction while, the magneti zati on_vectaqr of gheti.c | ayer
swi t ches bet WB¥NeEIAI F-@Yﬁ%ﬁ éﬁ??‘ﬁagﬁfll %y %o %%I%Alfclt?ogoi\;%é{%r. I E‘ht%hese t wo
above glgscri baggnat £zhelén 15eteesrOnohavieg awepevabnetispi Aayers

(rmagneti zati onvector_points in . a speci.fic direciion) ctin ane
through the sE¥RKCHLYhér%So A r@llla?;ter\égndé%&gon Uuc ort'%’fpa}::([e-%e

| ayer. §| f thesspbncefl dfheahypormagreric | yelds are The sagpetiketadbactrons
travel 20t hrough the stack wth | Qw scattering. which r | 151

resistance. |VeeherspPf oneond dﬁ"ec H@%e‘?‘?’cﬁ%@eﬁ ?égo%‘%ggﬂt@w{‘o t he

ot her magnetignhayehe t,hg%h@@ii@tﬂi&i argp e sl N thaennotheasi lpyeravel to

t heot her magnetic layer. This results in incr easegZSg(l:?f&éon scahleering and
therefdPe a hRENRYSr eBPilhSced® HSesRRYH Th ofteF t6 det ermine t he

| ogi cal stat emQ{ynéBEBDrdua(i%dtéﬂiiédiﬁmgofheﬁmh*rat\@gmattc magerdmdsycel | has

reference cell and_an acti,ve cell, _ The30refere c : rovi des a
30| t agecor r espYREFAY LY o TEAM IR, P Wikt e?r%e%%f/s&ggnlsh%rgb'%ég gL i 0"). The

out put of thegpaber enge celgairmegipar eché o tbeientpuionf thé actihee cell in

order to 16 JUN 2004 3 determ ne thg st ate of t%ghm% rt\{hgelée 1The
requirement fBRIBALAZREFENANPEEFET oPeRBE E1 Yeluces the density of a

menory,khat  Ulphbi ZE$,-S4ICHyilteepbguirdiesyampieitf sheh dGemmitet iaf mat eri al
and 5 menory is disclosed in United States_ Patent Num%egd.!sd.343dl 22 i ssued
to Kung et al meparAgg. Bbiligong such materials. itionally,

reading the state of such memories typically requires
a two-phase read operation that results in very long
read cycles. The two phase read operation also
30 requires extra circuitry to determine the state of
the memory, thus increasing the <cost of such
memories. An example of such a magnetic material and

memory is disclosed in United States Patent Number

QT

*GOO001*




Yet another prior material using nulti-layer nmagnetoresistive materials of
subm cron wi dth conprises two magnetic |ayers separated instqﬁg \W %

10i nsul at or spacer (known as a tunnel junction). |Inone enbodi nen N 04
magneti zati on vector of onenmagnetic material |ayer is always maintained in
onedirection while the nmagnetization vector of thesecond magnetic |ayer

swi tches between parallel andl5antiparablel (parallel but opposite) to the
firstvector.In this tunnel junction, electrons having aspecific "spin"
(magneti zation vector points in aspecific direction) tunnel from one
magneti c | ayer 20t hrough the i nsul ator spacer to the other neti.cl ayer. |f
the spin of tAe7B8c8A8I ngaveshet? c DREGELPE t9e &ame Us 5%5&2%& dn, the

el ectron easih¥ggnnels into the nmagnetic |ayer and therefore a
| owr esi stance 'S freasured. |f the spin of the receivi ng25magnet,ic |ayer is
the opposite of thanekbetrr apxivhesiederiad cufifidt I@é]s'ﬂ‘?rg?}(ﬁﬁ?elglta&tt he
second nmagneti cl ayer and_a.hi ghe b nce (i as . | mandesed o

det er ni ne themPgﬁgggreEtlﬁ?évgf agﬁg%?aﬁggl I u(tblﬁlerfgl nght@ﬁi s material, a

resi st agce30difibpiersa hetden ifhe orderpotei bhcrepss idenfettett ed. TBh exanpl e
of such a magnetic naterjal and .memyry isdi edq i it Stat Pat ent
Nunber 5, 734, 58555 sHERUEEI3R Sﬁh%r‘.%“%’n ﬁ}élg@%'t%% 13 ggg é?%lté%ﬁl 2004 A
magnetic randgepasaess MM Ye¢idRidgor slayeonand! &hiel eagnaiiyzatith

~basi cal ly includes one of thes er] al a e, gdeyice } @an be a
transi st oror UIeG&é’réorﬂ'Té’ctQBrFSTgiset se ?ngfﬁ% aoﬁo;éég_l irﬁnggr%‘}hlg@NRAM
enpl oys the nMagReLeRasi StaNem e dmodimestto tharaaame tsitzatden MRfHT ¢
vectors in one or allof the,magnetic _Layer fath rials

Sy tchédvery @di S PRGRAFBAE SEtllalt-)Ln k¢ eax(r)l %]%pgs}iut%g%i rnga{cltrl?{)aﬁi%den a
"magnetic fiel dy SoR@Plig@ctaochhedfits echel mamretal zatricn nvesteshatl.
According to thedirection of the netic vectors i i tates
are stored, fd&heexeegrrd E‘ﬁ@nBFF-Ega%@r‘?rcaﬁwbté%?lgnﬁeagty%%gn?é)%ac:ﬂ%f, and
anot her di r ection 4631 hiledagne lfagise VEctokhe naterial maintains

t heselbstates even wthout a magnetic field bein ied, T es in the
materi al can be redd® by thess ng%H(?ur r@APVehr o %ﬂgﬁ?}gg%el ﬁn?@n%fésgéﬁ'se li ne,

becausg of t he didd8/RRCe HaglkiRenat hepeeststancesinf t magnenizaeion states.
An exanpl e of such a magnetic20materi al.fand gem)ré/i(i)g dic%%d%%%d {R-United
St at esPat ent Neff@r 5p838t80d N sRUSRSLI T2Tu Bt aF - dNovenber 17, 1998. Each
of the above dpsg{d begySREAT 1R eseadisr equi tie atdbodegmetd ot r bageéssor to
control the25current through the el emfnt. T_rlg dit%‘de sgn[irf roapséﬁéOE‘g\,g
connected in $md & GPRMUEHRT nEBPRFEE| 1a¥ey: dfaithe FH'E FouFce, magnetic
layer, insul atQr {QriGONdHeERE) ,ar@ndtRagReires, | aler elHutwdnsansiavet foreach

'he iz, An mpIGh oFNSUERACK FELR PP aRBBNERE TS dIERToeEe ih tn: ted
St at esPat ent ng'rfw Sy dBls 6D é SSHEGtH® ibiln edf abne oof MahehBdgnende. 16
~JUN 2004 5 In addit

ton, in the nenory ele ts based ti spacer
Dayer, the reslavenelsf opROSItEndiR ~FRe nﬁnﬂjﬂa§ gﬁgﬂe&%%egp%hemﬁgsi st ance
of the conductiyg.Spasess! ayeiveli epins davitiot reddidlcaseawsl Stanthasul ating
spacer |ayer, the resistance of the element is ex\ﬁ(s)tnent.i aIIi cggggggent on
t he thi ckness @thenhe Magnatetd nda¥§Zcer | Fi gt afid-drffrcult to
control,unifor engh {1k Yandl sRet8foresashagheri sesnsenpeky
proportzl%nal t%i%(%e 10 %?égngérgg) of the magnetic bit; therefore, the
resi stance i nccaaskee meagweeeel | size decreases for higher nenory density.

BRI EF DESCRI PTI ON O, THE JRAW NGkl /liGe 1the dlcgigui f sedtsi def vieew of a

multi |ayer magnetic nenory cell in accordance with ihe r.esent ior% ntion,;
FIG 2 is a simphotyedehkbl oddd ialog ofheRg ZPhaftfPaye e e nenory
cell lllustratgglinhlélsea 1'reference cell and an active cell. The

30 reference cell always provides a voltage

corresponding to one state (either always a "1" or
always a "0"). The output of the reference cell is

compared to the output of the active cell in order to



FIG 3 is asinplified section view of a nmenory unit including the
multi-layer nmagnetic nenory cell of FIG 1; 25 FIG 4 is a schenmatic
representation of an array of cells illustrated in FIG 3. FIG] & JENZ0OF
schematic representati on of another enbodi ment of an array of cells simlar
to those illustrated in FIG 3. 30 DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Referring to FIG 1, a nenory cell in accordance with the
present invention includes a nagnetic nenory 6 1 6 JUN 2004 cell 10
having "a first ferromagnetic layer 11 and a . "Y: second ferromagnetic

| ayer 13, which are separated by a seniconductor | ayer 11%1 Fi r st @nd second
' ferromagnetdetéxyine 18handstateacRicak e, TGP efzfrrp ‘e, single |ayers

of ferromagne{,é {?‘éﬁéﬁﬁl SeSHCh, RS Abeked, ad@n,acobaféremceal ¢@ys t her eof
. As anot her ‘exanpl e, the ]Ferr.omagnetic | ayers 1%1 %nd L .coeul dsggha
conposi te ferredegeet the sdrneiyy aof afer™FrORY ckBRY Br-cdbal t *Covering a

| ayer of cobalt-ir 10,91 | Qelguiy Ui @set €| hadtegiahyand of

cobal tiron anaiﬁ?‘%ﬁg?li%gn?g{%@gﬁf and Sco.bal t-iron with cobhal ’h@ingon at the
interfage w themoipcdmst digelssedsiandiidredxdhpres Fd Tttt ex -

ferromagnetic_| rs,J1i, 3 LS P& exthangeawds nnegl, byosa | ayer 15 of

ant i ferromagnét $%§h§%%aﬁ§§ge%agg?eung?e%al | i ke i?%n- manginesi,?

ni ckel - manganese, peati mothengaess;, nat@rialradgangse™Bt L4 if¥YSF pi nni ng

“material. Materials that _ate sui . segecondygi9erbayer widthncl ude,
for exanple, ’ﬁ‘BgPeE@ﬁ?%ﬁgﬁX?or é%plrargf'ée?%al s such as germani_um silicon, or

gal I i um ar senipdpprksest tasdmagoendct dayenagaeppEakgfeinsteagnly18n ypical Iy

conprise different materials an i fferen LEKeSRas 4¥) .one1bei ng
:?chané@ pi nnéBSULREPELVRASTA d%&érqd%fsstiaﬁc{:u%gggspance cha{nge 25

ependi ng on the MegbRiditesitat echell trimgnpt SatviPhavyegteho PEr r R&gnet i ¢

| ayers in this enbodinent, it should be_u 0 fgethc ol | 10
coul d have adBROPERAF ARG acTEE” o%st O%%(;{ rmq%I%ti ple cell For

S.
exanpl e, anot @8kection while the magnetization vector of the
second magnetic layer switches between parallel and

15 antiparallel (parallel but opposite) to the first

vector.
Tn this tunnel junction, electrons having a

specific "spin" (magnetization vector points in a
specific direction) tunnel from one magnetic layer
20 through the insulator spacer to the other magnetic
layer. If the spin of the receiving magnetic layer
) is the same as the electron, the electron easily
tunnels into the magnetic layer and therefore a low
resistance is measured. If the spin of the receiving
25 magnetic layer is the opposite of the electron, the
electron cannot easily tunnel to the second magnetic

layer and a higher resistance is measured.
In order to determine the logical state of a
memory cell utilizing this material, a resistance
30 difference between the two possibilities is detected.
An example of such a magnetic material and memory is
disclosed in United States Patent Number 5,734,605

issued to zhu et al. on March 31, 1998.



30 sem conductor material (not shown) could be positioned above the second
ferromagnetic layer 13, and a third ferronagnetic | ayer (not shown)
positioned on top of the second sem conductor layer. It should 116 o U 200
understood that there could be 35 an interfacial |ayer of another material
bet ween t he '16 JUN 2004 7 ferronmmgnetic |ayer and sem conductor |ayer in
order to enhance the injection of the efectron in and out of a
ferromagnetic layer into a sem conductor |ayer. Turning nowto FIG 2, an
enl arged exploded view 5 of cell 10 is illustrated. Portions of FIG 2 that

have the sanme reference nunbers as FIG 1 are the gs t he flrespondl ng
FIG 1 elenments. IA mhgnptWerWé@Olén%%l‘?%%rfPem?’éYrgﬁgg% tie ?a§ rs 11 and

13 are rect anﬁugg%ignd %#\Sr{r%ﬁ’fghv‘bwlééflﬁaﬁcBﬁdésOBnéooﬁaghetsezat| on

al ong a | engt ong a wd 26." Ferromagnetic Iaé 11 and 13
each have magnetezhalsn ancaotsve1deﬁh€eawlél%sF?Po 8d3shher 8F1y al ong

length 27, that is, .substantially p 110 dE£NGHA 2 - woedi U.h.ﬁﬁal ly,
width 26 is 18%f 8-hEE £81 Bgcst%ﬁll ?Egradt ?aérﬁe he Wi dt h of th‘g magnet i ¢ donai n

wal |'s og tranghki omrmMMdt dmpd oys n ﬂmemgﬁﬁt@rx@@:?ta@&r%e&éé iy, Yectors 21

can not be parallel to wdth fihesfet B2Na110 to 1.2
m crons resul FtPﬁesﬂ‘@ﬁ‘oﬁycgﬁé—"t%Fgl I%‘E\‘:ﬁ.létthec %%‘ir%é;rred enbodi r?ent wi dt h

26 is less thae qme fﬂté‘dﬁtﬁldlayens ofinltheagnaker izl nage Wlﬁﬁﬁ@ﬂact uring

t echnol ogy, and |ength reater thg 26 0engr aldppdsiive tines or
greater. As |I"Ieﬁ¥tr8?é8%r7LK %\ , “¥&ct ogg\%g&gﬁd 27in 25 erronmagnetic

layers 11 andglget@R6baSamMen Wa dnaigfmtem ftellds 5 mppddezatPorfBM t hin

cell 10. In this enbodinment, the magnet.c 2 ehEORRINRGId C | ayer

?L i s 1§i nnedmatRrdnd AVEIctd LA rﬁ%ne%f&(?ay %ckggécr?bed | ater).

" Anot her 30 en‘g Q¢iceRAbnC bt d thac muthdti: feecbangnem cthay@aterigdvi ng bot h
n

vectors 21 a I't shoul d be derstoo that th h ¥ vectors
and t hat theyséilaée@ \PETP cﬁqq]%ﬁ"%'ntp FEP-H1 O?% ?ﬁ‘gfggg‘é’}‘d? ?‘erent

states. One qu%ff‘i el & &f reghi® es" A 35d| agothéﬁ" damecthenotdsar R ate i s a
ogie "1 deflne%FéLUQ.%ggﬁc8"l“ The material maintains these
15 states even without a magnetic field being applied.
" The states in the material can be read by passing a
current through the cell in a sense line, because of
the difference between the resistances of the two
magnetic states. An example of such a magnetic
20 material and memory is disclosed in United States
Patent Number 5,838,608 issued to Zhu et al. on

"“) November 17, 1998.
Each of the above described memory elements

require a diode or a transistor to control the
25 current through the element. The diode or transistor
is connected in series with the material, e.g.,
drain, gate, source, magnetic layer, insulator (or
conductor), and magnetic layer. This transistor for
each memory cell increases the cost of the memory and
.30 decreases the density of the chip. An example of such
a circuit arrangement is disclosed in United States

Patent Number 5,734,605 issued to Zzhu et al. on March
31, 1998.



it will be understood by those skilled in the artthat any Logic definition
can be assigned to eitherstate, in this exanple when vectord glJ

of ferromagnetic layers 11 and 13 both point to the left5in FI yN&lMI 10
isin alogic "0" state and whenvector 22 in ferromagnetic layer 13 is in
t heopposite direction cell 10 is in a logic "1" state. Thus, for a first
state magnetization vectors in bothlayets 11 and 13 point in a first
direction and for alOsecond state nagnetization vectors in layers 11 andl3
are pointing in the opposite direction. Thenmagnetic vectors are only
pointing in oppositedirections (antiparallel) when specific nmagneticfields
are applied to cel In1@ddidign. be &S{% afnﬁg‘ﬂ%gi neﬂ?ﬂl%m&%t gﬁseﬁgegént ly. Cel l
10 may be desi | opg atier naagnet ithd ayassi ddarde 130£hi ther than

t he ot herso tﬁg{’]ggcé\&rrg I ergs?ragneti cgf%i eld wll swtch therragnﬁ;i ﬁati on
vectors of thelehenneis| mgénlyhaantsobieduPy clile or 8fiBEATCReChradRiSti zati on
vector of thegther |ayer heL YRYwh PcRCEOMPOISh thi sheesualsel #fto form
one | ayer outc8’flgﬁﬁg'ﬁg§i %p%g?%“féy th‘gtr%qui res a higher magf&eti field to
swi t ch ghenngast i zedulort irert spaceBThayelwni $h6n BES3BRRBERAULLE o Fayer 12
bet weenf erromagneti ¢ l.ayers 11 p f8snd i tRuhicgh cidnlegws a flow
of current (ng'E{“?Bﬁ &ﬁyf?ﬁ%%?%rgér}g?%%a{igggtﬁr%ugh sem conductor |ayer 12,
f ronf er r omagngti cchayeindillavifer rapmemet i mveyermB ds 3didhe $8Ssa). For
exanple, in this structure dependi ng . | agi,gat '&%@,Igfdﬂ@,ly,

f err omagnet i cdﬁfﬁﬁéFPiF 1%° acgggﬁgrﬂ pggﬁtgrg?fngg o% electrons with. a given
spin (up or daws) ‘Whe e iistagrtecdd ntrveheely 1Br IR 2HOBaY $enitdénduct or
material. The electrons will _then maintain thej.r. spi aizat itgye during
"ty anspdPt thr&&gR t hBTSB 'c%f‘ndu@?%r Wrgért{&a(} gjnld:’vml rift to the other
f'erromagnet i ¢ rg@RkRehcé3.iddrddiess ool ahezateldn wize hdegrrasererfiagnet i c
contact 13 is_sanme as the iajﬁect%ng ferromagnetic contact 11, el ectrons
will drift tohigberePEBREYNEPPE ESntact 13 With a minimumresistance. |f
the pol arization of the other ferromagnetic contact 13 is opposite to the

10 injecting ferromagneti c contacts 1 gt rons will not be
able to drift to the femgPWBQS‘#P&‘E?ﬁﬁ?%%T#g%ﬁore, the resistance of

the cellg i s higher. Wen the nmagnetization vectors in layers 11 and 13 are
antiparallel, the resistance 15 of C(:[L If'lg reir@i ng.;yer yopi gh. Lt he
magnet i zati on vect &&-i nl f &fr Fra§rBPHE rEery 1 End 137 are paralTel, the

resi stance of 1%?ér 1Qa§h8PSc Paieafithyt begllFI i Accoraagianl wikbd Beeti onal
view of a cell 20 30, simlar to that illustrated in FIG 1, connected in a
first enbodi mPmesent WVMEN§Lo%urse be understood that for conveni ence FIG
4 illustrates only e ob aisirgl eimphidledeldspliodeh arireay afid @t t he

array extends into and out of the paper as_25,wehl eftcand
right. 20l | 3@uliddees nagnelmf é&%‘B%’anS?r?%nég%é‘t%is% %ae‘yd;?*s‘* 11 and 13

with a | ayer gf, sem conductor material 12 sandw ched therebetween. In this

~enbodi nent , an'antiferrorragnetic,la er..3Q 34 i.s posij.ti i rical
dontact with ferrofidghety cif a?eFlTEXFSF‘egi ﬁﬁFﬁf?‘hZ’lr?a""gn%e |%%§h§g% 21 in a

speci fic direghion. iNeonglh§ lcawemsée irdaywanprageetior ezt egell
k

i ron- manganese or ni ckel manganese or pl ati num nmanganese oriri di um nanganese

16 JUN 2004 100%rFEGnidiar pinning material. An electrical conductive

mat eri ajg conpri si ngefg digifs |4 NEcématic r@ppetentcaticonofcanwatrhayhe

ferromagnetic | ayer 34. Another electrical conductive naterial conprising a
of cells illustrated in FIG. 3.

FIG. 5 is a schematic representation of another
embodiment of an array of cells similar to those
illustrated in FIG. 3.

30
DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 1, a memory cell in accordance

with the present invention includes a magnetic memory



line 36 is in electrical contact with the ferromagnetic |ayer 13.
- {53 contacts 37 are optional in the present invention. Wthout the gate
. c@ftacts 37, the semconductor |ayer 12 serves as a di ode, WnﬁréUNtZﬂ%é can
3 either a Schottky or a p-n junction diode. In this case-.the electron
arge conduction is dependent on the direction of the bias that is applied
bet ween the contacts 35 and 36; Wth aégate 37, the sem conductor serves as
3o transistor, where the 15 el ectron conduction is through a channel and the
3 cl ectron charge is nodul ated by the gate. The gate nmay be fornmed as taught
F in U S. Patent Nunber. 5, 943,,574.i.s5U ic elapér dat eddAwgust, 24,
1999. 20 Ref é’terlilnglq oh‘ﬁ’&lg4,a ;!EriL e g'gelﬁrr%br]{ﬁg%@n ar rgé 40 ch &%V%s simlar
to cell 30 i sdddrdstfeatmmagrdtichalawgy st30 %&Cﬁb S e%‘%PeacFar T ows ard
colums. Only four_ cel I§ g?ﬁrt hriggh 30dzare i I FiBse at eddf orsexen@ni énce,
but it will B ufBBFsPBsd“that any 25 desi red%nunb r of ceLLs whkeh can be
practical |y fadwiceetetin Bavens oydd. 2BGuridi GRS % Phrogg?. 4%Sare
illustrated, one h i S iced ol t leeaomagreki@OamBORK 13 HSt hi s
enbodi ment t%@%’st%ﬁc@%iqﬁe cell§ 306})—!3%9]_%}% thedigdes 43-44 30
are both inheswesh am nhekedm d8RBucCOPHAyer 17 Cant i nui ng vvicilh |G 4,
]tc:ell 30 has tgkﬁoéﬁéfogﬁgﬂg&'@q Iugwaféﬁrmmmtie@ leyere Bilt arriae1 6 and the
erromagneti c Tayer 11 connected thrg + 16 204 d114geronmagnetic
| ayer 34 to tteubdgbe 13 rf“eo%“?s%%s?ggfgpmégﬁ?gléhi %Hglhy agdﬁ_essgd by
sel ecting bit, ki pedReandrehgbbbhloecagering ahaayeri Afr 6SPeLhntE®Bicell 30
can be easily and quickly sensed n | ensyegsapgatabuad tbet ween
bit |ihe 36 apudFBFree 5ﬁ§e§5.S%fﬁggéiggqug??lggngf tEe emi condugtarl ayer 12
B mits currentrbhowahllr ongkkedHireo-gabadtbst 876 afobPreRtS any ogher

Tourrent gt s L5Pel 08, QENEAll BagsERkceOuleRehasacant  DapeTs 5, ano her

enbodi ment of “§ a cells simlar to cell IS, ] Latiedwi th the
cells being orientas i anp BT arfKa® 1fms °B7 y© ourfl'ﬁ%:)el srlljglgleéa%lhrough 30h

are illustrat ﬁgyf\?%rscqaveﬂ&rm,cmdi beWekthbagenpénsedobyt Ratla¥RF15desi r ed
§Yhi

nunber of cel ch can be practicall vf ic Capa bEr BAD! Qe A
plural i1ty of t péns&@‘t:é)%r?)?mﬁﬂgﬁﬁbﬁ é?rg%r?é; % BhStacfla

wn, one .each t}eéag%g%zoci at ed
with each cel l;, 308 rdqRues e30midke I-hiswenssiave 12ty & of the
cel | s 30e-30h and20t he transi staor. =594 ,ars ey matenrdnl .in
t hesem Conductlé'rlqlé’;%rmaf‘gaqﬁ:ﬁ’e é’ar(s:hs%}:nelﬁda 36%— 30trr1]!g t hefirst fﬁa({“[ccg@gneti C
layer |1 is coupl edatessieris hebat lanfe SelbdalehdorespdMTVE T ansi st or
51-54, andthe second . f.erg gt i Ceday @ixakiplies cavpkedséetomehaBidle digit
line 35 and tﬂfl?eé%pélczzti \%iqutgrggnéi stor 51-54. Thglg%ﬁs 0 tf“%liiﬁﬂﬁi stors
51 thr @mh 54cepessels f gudkamf e STV i Eonmat &r | af hegatf of each
transi stor 51 %%%%yﬁﬁb.54 3RS &isd asecontl ferromeedeti§ A4¥84S cttar cel |
(bit) to read. IS arran nt_ of {. | 06 QUnd ARSeSiL1¢ naxnd por at ed
within the nensh§ &é I"—YRingig'S’I &ﬁqp&l%%%%er Qlephsi ty over the prjor art.
qéf JUN 2004 different thicknesses or one€ being exXchange pil '

resistance change

thereby providing a distinct

25 depending on the magnetic state.
| Although shown having two ferromagnetic layers
in this embodiment, it should be understood the

uld have additional layers stacked
another

magnetic cell'lo co

on top forming multiple cells. For example,

30 semiconductor material (not shown) could be

positioned above the second ferromagnetic layer 13,

and a third ferromagnetic layer (not  shown)
positioned on top of the second semiconductor layer.

It shbﬁld also be understood that there could be

35 E an interfacial layer of another material _bgtween the



As shown above an active device is now integrated inside the menmory
element. This results in sinpler menmory el ement and reduces thﬁ gogst of))khe
memory and i ncreases the density of the chip. 5.1n addition resistance of
the el ement can be easily controlled by the thickness and/or doping of the
sem conductor spacer layer. This results in a well control of the
resistance in order to achieve high yieyd, |low cost nenory. In addition the
easily 10.control | able resistance of the elenent can be utilized to tune
the resistance of elenent in order to achieve the high speed integrated

circuit. In addition, since_the resistance is contralled by the .doping in
the seni condueBromagREERF cRAYEE GRS GTHE NENMS (ﬂ}ﬁ¥ﬁr|§9ePr8852 ngt

Qg\ljgl itggbge;/aféa E{ﬂ%‘&nc@mﬂ}{%ﬁ irliﬁécf‘tEidrundsleL thg edsetrbmeriaf oard bhe Neel

_ en e magneti c, ers _can_be reduced and a_s rical
hysteresis | 08p @aRCHE® Eﬂ?%@%ﬁé¥§%er E%taLﬁJ%ﬁﬁﬁF?&ﬁﬁi&&R&i€¥§%°is cl ai ned
is 5 é.fA nagnetlfTﬁEFmﬁg fiewl t60RPGL sknganaehlasyefleexpiradedt vdewayer; a
secon erromagnet | er emco cto pos thpred,b en the
first aﬁd_seCBﬁdCFéﬁr33%@H%t$%f?%§5?€g§the%f%%éghfcgﬁadggg? Faé@%%
char act eri zedhasea ttear gamer arefisaenceayeunbers ppsd BIhg & miPetdeesi stive

signal. 2. The_pmagneti Chk&-m 1- ' he 1b,Semeconduct or
| ayer forns_as%@ﬁ f%hc |%ﬁg§%¥ﬁg§%£?gé%tF§E% S%M?ﬁéﬁ%?ﬁéf angnsgggnd
fer r omagnet i corefersed3 embedimegtiet iferromsopetdel lavensi b 12Rferldi n the 20

SeniCondUCtOrakgy?EckghgﬁlﬁrS%ﬂat%EéjﬂHBﬂéd“WﬂﬁHftK@ 83§t agtig @ff th
first and Secon erronmagnetic | ayers. ‘
10 magnetization along a length 27 and not along a width

ﬂ-) 26. Ferromagnetic layers 11 and 13 each have
magnetization  vectors 21 that are positioned
substantially along length 27, that is, substantially
parallel to length 27. Additionally, width 26 is

i5 formed to be smaller than the width of the magnetic
domain walls or transition width within layers 11 and
13. Consequently, vectors 21 can not be parallel to
width 26. Typically, widths of less than 1.0 to 1.2
microns result in such a constraint. In the
20 preferred embodiment, width 26 is less than one
micron and is as small as can be made by
manufacturing technology, and length 27 is greater

t) than width 26, generally five times or greater.
As illustrated in FIG. 1, vectors 21 and 22 in
25 ferromagnetic layers 11 and 13 represent two
different states of magnetization within cell 10. In
this embodiment, the magnetic vector 21 in

ferromagnetic layer 11 is "pinned" in one direction

by a magnetic layer (described later). Another
30 embodiment could include the ferromagnetic layer 11
having both vectors 21 and 22. It should be

understood that these are the same vectors and that
they are given different numbers only to indicate
different states. One state 1is referred to as a

35 logic "0" and the other state is a logic "1". While



4. The magnetic nmenory cell of claiml further 25 conprising: a digit

i ne

electrically connected to the first ferromagnetic |ayer; and a{it I ne
8 JUN 5004

el ectrically connected to the second ferromagnetic |ayer. 30 5.

magneti c nenory cell of claim4 further conprising a nmagnetic |ayer

posi ti oned between the second ferromagnetic |ayer and the bit

pi nning a nagnetic vector within the Sﬁfond 35 ferromagnetic | ayer.

JUN 2004 14 6. The magnetic nmenory ce

gate contact spaced apart fromthe |ayer of sem conductor materi al

controlling the el ectron flow through the sem conductor,|ay 7.

magnetic menorty wéll dfe cuaflpreteadt Y EBRAPP Skig-led gigi tt%el ndrt
electrically
electrically

r

line for

for

The

16

of claim1 further conprising a

@gané‘egﬁgg 1§o§ifch€‘dé£ifrﬁtt {51 T OAROIBRE! G lignels tandeifharbit line

nnec

lrjn:;;mry C'?lhl (iétacttca,i md7ifn‘ ur thés coepamelag ahemynetieCtoffer BdsitPbned
ween e secon er £ | r b |4 EANI
mmgnetic. vectERRTTARAC T e TRRE £ AHE T S ot e e L e

ec! _ Tel i |'ayer. 9. A magnetic menor
cell cogmprising: F20. alf,i csfllf it crmgiret &c legier i"d" S%%ﬁﬁxﬁﬁﬂf%h?ﬁnagneticy

mat eri al ;

10

15

20

25

30

vector 22 in ferromagnetic layer 13 is in the
opposite direction cell 10 is in a logic "1" state.
Thus, for a first state magnetization vectors in both
layers 11 and 13 point in a first direction and for a
second state magnetization vectors in layers 11 and
13 are pointing in the opposite direction. The
magnetic vectors are only pointing in opposite
directions (antiparallel) when specific magnetic
fields are applied to cell 10, as will be explained
in more detail presently.

Cell 10 may be designed with one of
ferromagnetic layers 11 or 13 thinner than the other
so that a smaller magnetic field will switch the
magnetization vectors of the thinner layer than is
required to switch the magnetization vector of the
other layer. Another way to accomplish this result
is to form one layer out of magnetic material that
requires a higher magnetic field to switch the
magnetization vectors.

The provision of semiconductor layer 12 between
ferromagnetic layers 11 and 13 produces a medium
which allows a flow of current (electron drift)
perpendicularly through semiconductor layer 12, from
ferromagnetic layer 11 to ferromagnetic layer 13 (or
vice versa). For example, in this structure
depending on the polarization of the ferromagnetic
material 11, a larger proportion of electrons with a

given spin (up or down) will be injected into the

the second ferromagnetic layer. 8. The nagnetic



a sem conductor material positioned between the first and second
ferromagnetic materials, the sem conductor |ayer characterized.as a ghaa&ﬁ:
25 transport layer for producing a nagnetoresistive signal; a fFT@tJmﬂ:a

| i ne positioned near the first ferromagnetic material and in electrical
contact therewith; 30 a digit line positioned near the second ferronmagnetic
material and in electrical contact thergwith. 10. The magnetic nenory cel

of claim9 wherein a p-n 35 junction is forned between the first
ferromagnetic material and the sem conductor material. 16 JUN 2004 15 11.

The magnetic nenory cell of claim9 wherein a ﬁchottk% junﬁi o%s for med
bet ween t he fsemicémiuaienndaatesigleri al Thed EhESERNEontittt o Terial. 5

12. The magnetic nenpry..cel ¢ Al @ hustheh caupihgi Ngranspgnetic | ayer
posi ti oned be’f‘%ré%ar%e %rg%ollndgfpelﬁr o?agngt ic | a{er and the bit_line for

pi nni ng a magrietéuglvether semthpnduhtosepstarielf andombigietdct FaykP. 13. The
magnetic nenory cell .of claim C LsiNng 1& gat e gant aghespaced
apart fron1th%g§enp B5&uct ?r$éﬁ%$$%§35159§§? Tﬁe magnetic nenory cell of
claim 18 furtpslacvepeicnngf athegother feyremagreti@neertreheth tfie second

ferromagnetic | ayer_and_t he bj | f Ok . Pi- Qi 84 8noghght Sc¥ectior within
t he second 205%® roﬁﬁgn%ﬁ?c f%é%r#gﬁg. eﬁ%ﬁﬁ% |% ﬁnnnry coﬁprising: a

first electrigpbéyrenndwtllyerpditt itonthe ffemtonagnetist ¢ertafhghédtic
ggﬁ telr Ioﬁl; 'n Zgigllqe%t rigal contact wilcthe firsheelGotdd CAld YorpoBguctive
the other ferromagnetic contact 13 is opposite to the
_”) i0 injecting ferromagnetic contacts 11, some of the
. electrons will not be able to drift to the
ferromagnetic contact 13. Therefore, the resistance
of the cell is higher. When the magnetization vectors
in layers 11 and 13 are antiparallel, the resistance
15 of cell 10 remains very high. When the magnetization
vectors in ferromagnetic layers 11 and 13 are
parallel, the resistance of cell 10 drops
perceptibly.
FIG. 3 is a simplified sectional view of a cell
20 30, similar to that illustrated in FIG. 1, connected
in a first embodiment. It will of course be
L“) understood that for convenience FIG. 4 illustrates
only one of a single row of cells in an array and
that the array extends into and out of the paper as
25 well as to the left and right. Cell 30 includes
first and second ferromagnetic layers 11 and 13 with
a layer of semiconductor material 12 sandwiched
therebetween.
In this embodiment, an antiferromagnetic layer
30 34 is ©positioned in electrical contact with
ferromagnetic layer 11 for pinning the magnetic
vector 21 in a specific direction. Magnetic layer 34
may comprise, for example, iron-manganese OX nickel-

manganese or platinum manganese oriridium manganese



a second |l ayer of. ferromagnetic material; a | ayer of sem conduct or

mat eri al positioned between the first and second |ayers of ferromagnetic 30
material, the semiconductor |ayer characterized as a charge trarfsBo({N 2Bt
for producing a magnetoresistive signal; a second electrically conductive
portion positioned in electrical contact wth the second 16 JUN 2004 16

| ayer of ferromagnetic material, whereip the first [ayer of ferromagnetic
material, the layer of sem conductor nmaterial, :and the second | ayer of
ferromagnetic material forma nagnetic nenory cell 5 with the first and
second el ectrically conductiye portions forming a sense |lJine: and, an
electrically %nd@éﬂl\}érdi gPinN{RG pd%qrﬁ’b]rﬁd gdj acgﬂt t e(ﬁ%ﬁjhcé?}c menory

cell so as tQJHAYdER & MROSRIAT Ebmbelisihignat Begdtoilinki 36 iis abni vat ed,
to 10 at least partially switch nmagnetic vectors on ope qof the %%rst and
second | ayer kfctricahngaetact nwieh 4he r SRFROPRPREL YT r &YiSn At ong a

length of th%&&é&aigeeggéap%@mé YmQPPPsA1 € copealiog al ong the

| engt h of the one. e magnetic nmenpry of claim 15 wherein a p-n
junctidn is fartedlibee wekh the finstelegricHl f rqimdhetWtat BR®al and

the | ayer of sem con 0 i« . 20 17. The magnetic nenory of claim15
wherein a Scht(sﬁ]ilf&m?ﬁ%%%nlr?}s olfgrfed between the first |ayer of
ferronagneti c mat Gate sodtekés| ayer agle septiondlctisy fheerPEPSeRS 18. The

magnetic menory of claim 15 r rgak B9 2JIRIRELL C §-ayeryResi tioned
bet ween the s& %enlat*%@'er ofwggfrlz?gﬁagggtg})cb%ateri al and the b'?/t line for

pi Nni ng a nagnmiicondodtoor wilaiien tlife sexoes 86 lay@iode, f @hexitaghbtic
RS 19 e IS, P By A0 b o aisas! nizh gt e
this case the electron charge conduction is dependent
on the direction of the bias that is applied between
the contacts 35 and 36. with a gate 37, the
semiconductor serves as a transistor, where the
15 electron conduction is through a channel and the
electron charge is modulated by the gate. The gate
may be formed as taught in U.S. Patent Number
5,943,574 issued to Tehrani et al. dated August 24,
1999. .
20 Referring to FIG. 4, an embodiment of an array
40 of cells similar to cell 30 is illustrated with
fi) the cells 30 being oriented in rows and columns.
.> Only four cells 30a through 30d are illustrated for
convenience, but it will be understood that any
25 desired number of cells which can be practically
fabricated can be employed. Four diodes 41 through
44 are illustrated, one each being associated with
each cell 30a-304d. .In this embodiment, the
resistances of the cells 30a-30d and the diodes 41-44
30 are both inherent in the semiconductor layer 12.
Continuing with. FIG. 4, <cell 30 has the
ferromagnetic layer 13 connected to the bit line 36

and the ferromagnetic layer 11 connected through the



16 JUN 2004 17 of sem conductor material for controlling the flow of

el ectrons between the first and second | ayers of ferromagnetic ri
through the layer of sem conductor material. 5 20. The magneti cm@l 3&%1
claim19 further conprising a |ayer of magnetic material positioned between
the second layer of féerromagnetic material and the bit line for pinning a
magnetic vector within 10 the second | ayer of ferromagnetic material.
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embodiment, the resistances of t_he cells 30e-30h and

20 the transistors 51-54 are both inhe;:ent in the
semiconductor layer 12. For each cell 30e-30h, the
) first ferromagnetic layer 11 is coupled between the

bit line 36 and the respective transistor 51-54, and
the second ferromagnetic layer 13 is coupled between
25 the digit line 35 and the respective transistor 51-
54. The gates of the transistors 51 through 54
comprise, for example, a polysilicon material. The
gate of each transistor 51 through 54 serves as a
switch for selecting a particular cell (bit) to read.
30 This arrangement of the diode or transistor

incorporated within the memory cell will allow for a

higher density over the prior art.
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As shown above an active device 1is now

integrated inside the memory element. This results in
simpler memory element and reduces the cost of the
memory and increases the density of the chip.
5 In addition resistance of the element can be
easily controlled by the thickness and/or doping of
the semiconductor spacer layer. This results in a
well control of the resistance in order to achieve
high yield, low cost memory. In addition the easily
') 10 controllable resistance of the element can be
utilized to tune the resistance of element in order
to achieve the high speed integrated circuit.
In addition, since the resistance is controlled
by the doping in the semiconductor, the thickness of
15 the semiconductor layer does not have to be very
thin, unlike in the tunneling case. Therefore, the
Neel coupling between the magnetic layers can be
reduced and a symmetrical hysteresis loop can be
achieved.
20
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10%5) & ()-71 3. The magnetic memory cell of claim 1 wherein the
20 semiconductor layer forms a Schottky junction with at
jeast one of the first and second ferromagnetic

layers.

4. The magnetic memory cell of claim 1 further

: ) 25 comprising:
a digit line electrically connected to the first

ferromagnetic layer; and
a bit line electrically connected to the second
ferromagnetic layer.
30
' 5. The magnetic memory cell of claim 4 further
comprising a magnetic layer positioned between the
second ferromagnetic layer and the bit 1line for
pinning a magnetic vector within the second

35 ferromagnetic layer.
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5
12. The magnetic memory cell of claim 9 further

comprising a magnetic layer positioned between the
second ferromagnetic layer and the bit line for

pinning a magnetic vector within the second

10 ferromagnetic layer.

13. The magnetic memory cell of claim 9 further
comprising a gate contact spaced apart from the
semiconductor material.

15
14. The magnetic memory cell of claim 13 further
comprising a magnetic layer positioned between the
second ferromagnetic layer and the bit line for

pinning a magnetic vector within the second

20 ferromagnetic layer.

15. A magnetic memory comprising:
a first electrically conductive portion;
a first 1layer of ferromagnetic material in
25 electrical contact with the first electrically
conductive portion;
a second layer of. ferromagnetic material;
a layer of semiconductor material positioned
between the first and second layers of ferromagnetic
30 material, the semiconductor layer characterized as a
charge transport layer for producing a
magnetoresistive signal;
a second electrically conductive portion

positioned in electrical contact with the second
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layer of ferromagnetlc materlaJFA &hereln gﬁe first
layer of ferromagnetic material, the layer of
semiconductor material, .and the second 1layer of
ferromagnetic material form a magnetic memory cell
5 with the first and second electrically conductive
portions forming a sense line; and
an electrically conductive digit line positioned
adjacent the magnetic memory cell so as to provide a
magnetic field, when the digit line is activated, to
kﬁ) 10 at least partially switch magnetic vectors on one of
the first and second layers of ferromagnetic material
from a first direction along a length of the one to a
second, substantially opposite direction, along the
length of the one.
15 '
16. The magnetic memory of claim 15 wherein a p-n
junction is formed between the firét layer of
ferromagnetic material and the layer of semiconductor
material.
20
17. The magnetic memory of claim 15 wherein a
Schottky junction is formed between the first layer
of ferromagnetic material and the layer of
semiconductor material.

25
18. The magnetic memory of claim 15 further

comprising a magnetic layer positioned between the
second layer of ferromagnetic material and the bit
line for pinning a magnetic vector within the second

30 layer of ferromagnetic material.

19. The magnetic memory of claim 15  further

comprising a gate region spaced apart from the layer
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10

of semiconductor material for controlling the flow of
electrons between the first and second layers of
ferromagnetic material and through the layer of

semiconductor material.

20. The magnetic memory of claim 19 further
comprising a layer of magnetic material positioned
between the second layer of ferromagnetic material
and the bit line for pinning a magnetic vector within

the second layer of ferromagnetic material.
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