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The present invention relates to a nenory cell which is configuredsgs@.as to
Zelect a wite word line current driver circuit for data wite operations
or a ground for data read operations, a nenory circuit bl ock Mmmmwummnm
menory cell, a data witing nethod, and a data readi ng net hod

of Related Art A nenory cell 44 shown in FIG 3 is a typical mendkgesel |

{]Séh”?fQ%MBZI@!ﬁ%&%ﬁﬂM@m?@%@@ImWWW‘M%E? bt VRAM
h d . 44,
ronvor ati 1o M- ol oNERTEEED AR DAL READISE MRS "L Shry e T
array 43 of a typical nmenory circuit block 42 used in an MRAM or the |ike,
word lines 50 and bit lines 46 are arranged in a matri x and the nenory

cells 4 i Lons of the word lines 50 and bit |ines

46, as éﬁmﬁ(}%@ 6Eﬁﬁ@1wgﬁbﬁt 38 is a nonvolatile nmenory el enent

conpose ‘gfte tthree | ayers of thin filns: a pinned ferromagnetic
tIWEGW@H

| ayer 3 19\n Y& ion direction is fixed, a tunnel barrier 34 which

drives a tunpeling current,, and,a free ferromgnet | er ich can
change t he Jf‘ﬁg prgsent invention relates to a memory c% il(i:ch %ssyconf3 igure

80 as to select a write word line current driver circuit for data write
operations or a ground for data read operations, a memory circuit block
containing the memory cell, a data writing method, and a data reading

method.

Description of Related Art

A memory cell 44 shown in FIG. 3 is a typical memory cell having .
one transistor and one magnetic tunnel junction (MTJ) which has been
used in a 1-Kbit magnetic random access memory (MRAM) chip and
512-bit MRAM chip and is expected to be used in the future. In this
memory cell 44, a nonvolatile MTJ element 38 is used as a memory
element. In a memory cell array 43 of a typical memory circuit block 42
used in an MRAM or the like, word lines 50 and bit lines 46 are arranged
in a matrix and the memory cells 44 are placed at the intersections of the
word lines 50 and bit lines 46, as shown in FIG. 4.

The MTJ element 38 is a nonvolatile memory element composed of at
least three layers of'thin films: a pinned ferromagnetic layer 36 whose
magnetization direction is fixed, a tunnel barrier 34 which drives a

tunneling current, and a free ferromagnetic layer 32 which can change the



2 direction of magnetization, The positions of the free layer 32 and the
pi nnéd | ayer 36 can be reversed, and therefore the pinned | ayer 36 can be
connected to the bit line 46. Wen the direction of magnetization of the
free layer 32 is the sane as that of the pinned | ayer 36, the data stored
in the MIJ elenent 38 is "0". When the direction of magnetization of the
free layer 32 is different fromthat & the pinned |ayer 36, the data
stored in the MIJ elenent 38 is "1". The bit line 46 is used for reading

and witing.data stored in_t MIJ el enent,;.3 Fl first

conduct {580 b pitedieReasbnt Tt dPeo Atedres Boveraa faddhe 55 1o o

di ffusian_anga n a drain (D). of net al i de_semi,condyct or (field effect
trans; segretnaees 35 Bp et And i elire e iRl 574K 46 Bhad ' ot
conductive siryucture, 48.is ¢o sed,of ,MX  .V2, M2, V , CA wherein
v, congetast B HiE bt ding 47 TRy difErtion of VenpHeatiin ehtherch ar e o
conductor enbe dj,n avia | e i,n, an.insulati l,ayer .. A ,gate of the
VOSFET 136e 187 eﬁgéjfl%éheasﬁfgﬁ&%ag of the pinneq :lf’ye?r;%a&% ﬁiﬂtatsit@‘i‘?,d ithe NOSFET
20 is tyr b P I, ead,vol,tage to,the word lin 8,. and t hereby
2 cur r e SERT SemertiBula, NP, Ahen diperasr SEtipm o tnbgmeRiear g Rl Sho fres

resi stance r.oss,.t he J el.enent . 38 de ds on the direction, of

magnet [BHET 04 I8 CiifpEent lzany hat ot shAginec lgvar 4 ther datpvorasl inghe of 1t he

pi nned f omagnetic |ayer 36, Thus, the data stored in the MIJ el enment 38
can be Mgaﬁe@me%ﬁ%lscdr r emnefhibRng g6 1 orreating and yeRtingglalp as a

vol t age vahye obtained fromthe current and the resistance of the MIJ

el enentstgged in the M ielemepkp8i i on, wite currents flow both al ong the
wite word Iine 60 and along the bit |ine 4B, thereby generating a conbined
magnet i ¢ fi eltFIGh8, adinst gendvetive etractura 48 elactrgnkly gonnectgithect i on of the
magnetization of the free ferromagnetic |ayer_32. The direction of the
magnet i Yt element; 3fbtq adiffngips aren p of adrainiBLof pymeted oxidecti on of the
wite current along the bit line 46. In the known nenory cell 44 shown in
FI G 3,seamicendnetosifiedd affoct seansistos MOEFHTH() formed o2 aconnection to the
ground in a read operation, and an M2 |ayer is used for the wite word |ine
60. Thesaanispadugtargubstratedr i The finsd sondiacting stametuare 488 eemppeedipf f usi on
area n of the MOSFET 20 nust go through the MX, V2, M, VI, M, and CA

Si nce nMX; Y2yM2s Vi, Miecand CAIwhereine Mt nMily and| M2senchyarsl aimetab reduced in
the production process and the reliability of a resulting product is

decr easline layeraantl Vilo V2, eimel €Areachi ane atomdwstor syhesldediines vimhplecr ease in
production cost. In such applications as a systemon-chip which incorporate
an NMRANMnasml inswating yayerts on a single chip, global wiring is required for
connection anong circuit blocks on the chip. In those cases) if wring

| ayers are udahtepfithe MOSHENR04ddart ohalreagpesrdidine A§. | Iyarreadre required
for global wring andasfmer supply wiring. An object of the present

i nvent i eperiationp the MOSFET 26rie tywroed bh by applying sireedivolisigedio)the dat a
writing nmethod, and a data reading nmethod which realize a high-yield)

hi gh- pewbod hevecks, dralthereby a hingbnt phtlalfitdm th bitHink dl- toos grewnd @8nduct or
magneti c nenory and | arge scale integration (LSI) having the reduced nunber
of et ais formed! afhesesistdanGibttaRy the MTE dleMENT 138N\ opemelsmnytieel | of the
present invention conprises: a bit line a nenory elenent which is connected
to the directiomef amagrwtizatiamed thhefrea fémonmmmptizt layer 3Rarelattivs to

magneti zation direction is determned by the direction of a magnetic field
gener at drhtadf theginnkg farmomagmaticalayen 36heTlvis, thiendata staradihi the el enent a
first conductive structure which is so placed that the first conductive

st r uct uME'Bheldndret 38 tah ibeereadrmi axha cherentrflowing ehrenghahe MAlJch connect s
the nenory elenment to one end of the switching elenent a netal |ine

cr ossi nglentent88 or haa woltdgruralnerdbdainadnfromvthencarndnd aselctdred conducti ve
structure connecting the netal line to the other end of the switching

el enent resfstamoo oy the MTJteldthenk 38f t he present invention conprises: the
above-descri bed nmenory cell a wite driver circuit for driving a wite
current through the nmetal line a ground and a switch connected to the netal
line for selecting the wite driver circuit or the ground. Another nenory

circuit block of the present invention conprises: a plurality of the
above-descri bed nenory cells arranged in a matrix or in a line; swtches

whi ch are each connected to one end of the connected netal |ines or each
nmetal line wite driver circuits for driving wite currents through the
metal |ines connected to the switches; and grounds connected to the

switches, wherein the bit lines of the adjacent nenory cells are connected
to each other and/or the netal lines of the adjacent nenory cells are

e b o " . -, =



5 driver circuit for driving a wite current through the netal line, a
ground, and a switch connected to the netal line for selecting the wite
driver circuit or the ground, conprises the Steps of: connecting the netal
tine and the wite driver circuit through the switch driving a wite
current through the netal line and driving a wite current through the bit
line. A data witing method in a nemoBy circuit block in which netal |ines
or bit lines of adjacent nenory cells are connected to each other, sw tches
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netal line for selecting the wite iver,ciyrcuit qr the ground, conprises
the st etﬁsagaﬁ@lze*aﬁn@%tthﬂgrqen@yea33|ISﬁeﬁ@@mihﬁ%‘? gmtlpﬁcﬁfd ethe switch
turning on the swtchi ng %ie{irlelnt in the nenory cell and driving a read
cur r entWEne susrentrlopg theibibling 48at a reading nethod in a nenory circuit
bl ock in which nmetal lines or bit |lines of adjacent_pepory cells are
connect ed terﬂwkeewarmemrymklﬁ‘habowdmlz‘jlé% 3 AWML laver &2 ach of the
connected netal lines, and wite driver circuits _and grounds axe connected
to the wsgd anametad dayerstor theconnepiionte the greund ig a rrad-eparasiong net al
line and the ground through 6 the switch turning on the sw tching
el ementand an| 2dem;eua¢£ foxrtheawrise mprd line§0c uTheraforerrmoeiirente bit |ine.
The structure of the nmenory cell of the present invention is nore
si npl i fdrives from theMBd elemenh 36ro thawiiffusien areson ofitlhe M@SHENIBOt i on
process steps can be reduced, production yields can be inproved, and
pr oductnwet goghrough bhe MXuU&d&%N 1,nd1, andeCAedinee mansbkayess angri ng
|l ayers also inproves the reliability. Since unused wiring |layers) can be
used f oreqetitest 1rptheueasory ¢adl d4, yieldscard raducedrig theconodmotipncel | s can be
reduced, and thereby the cost and power consunption of the chip can be
r educedprocdss hndrtheirelinbility offa rémiltingproduchis deqgreasesdi. Imadditieon,i vel y, the
chip can contain nore functions. BRI EF DESCRI PTION OF THE DRAWNG FIG 1
shows athesformationoéf mamynlaygrs edisestaruinareesa it produnfidrocedte Ipr esent
invention. FIG 2 shows an exanple of a circuit configuration of a nenory
ci r cui tsudloapplacationt ag ataystdre-pn ecwipt whivheintcooporafe Gn MRAMaasd de vi ew of
a known nenory cell.

other circuits on a single chip, global wiring is required for connection

among circuit blocke on the chip. In those cases, if wiring layers are used
up in the MRAM, additional upper wiring layers are required for global
wiring and power supply wiring.

An object of the present invention is to provide a memory cell, a
memory circuit block, a data writing method, and a data reading method
which realize a high-yield, high~performance, low~power, high-reliability,
and low-cost semiconductor magnetic memory and large scale integration

(LSD having the reduced number of metal line layers.



FIG 4 shows an exanple of a circuit configuration of a nmenory circuit

bl ock containing the nmenory cells shown in FIG 3. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Next, enbodi nents of the nmenory cell, the nenory
Circuit block, a data witing nethod, and the data readi ng nmethod according
to the present invention will be described with reference to the
acconpanyi ng draw ngs. As shown im FIG 1) a nenory cell 12 conprises a
bit line 14; a nmenory el enent 38 connected to the bit line 14 and
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conposed of a pinned netic,.layer 36 whose nagnetization direction is
fixed) AnimAEttching plament: afiest cRnOYRLVe sErRArLFe néneﬁrl%éﬂtp 2% | ow t hr ough

it, and.a free, ferroqagnetic |ayer 3 se..magnet.i zation direction is

det er ni théd tﬁw fingt canAuekive ﬁtwtar%@i £h6 BI4 1186 Fangmicls (RAGIERONY | o 14 | s
connected to the fi‘?&hl ayer 32 in FIG 1, it nay be c r&zegted to the pinned
| ayer fnid Yhich capmeaty the memgryelamentsty easipRg otbeent 20. The
first conductive structure 22 is con,ngg\(iéled tqg a diffusion area n of a drain
(D) of Ywidchingretementeaguetaldinessregeineg heshit hine withonticentagtnect ed to a
diffusign area n of a source (S) of the MOSFET. A read ward line 18 is used
as a gaﬂ@l‘@m‘thn@Manﬁﬁ@mewﬁluﬁr@@nGﬁﬂﬂg thgpnetadding tead vol t age
to the read word line. In this case, a current path fromthe r 8 bit line
14 to tthe ofheyeamdosf the switehinmgsglememtect i ng the ground 28 to the netal Iline
16 and the second conductive structure 24 through the switch 30, The first
conducti ve sfrmemgre cixzuitsbloglpsshe psesemt invention)compriegs’ thaer ei n MX and
ML each are a netal line layer and V1 and CA each are a conductor enbedded
in a viabaows-deperibed meampe tell) a wyite duiverpeirewitifor driviegamnite onal nenory
cell 44 shown in FIG_ 3, the nenory cell 12 of the present invention

conpr i sewrreht theangletheymetal line: 4 gyennd: andia swifch gennectedyiodbel 12 of the
present invention does not conprise V2 and M2 |ayers. Although, in FIG 1,
t he bi tmetaleline forsseleeting the mnjtecdriver civduitoon the grovadt. er r omagneti c | ayer
32 of the MIJ elenent 38, the bit line 14 may be connected to the pinned
magneti ¢ | ayAnotiger memory circuit block of the present invention comprises: a

plurality of the above-described memory cells arranged in a matrix orin a
line; switches which are each connected to one end of the connected metal
lines or each metal line; write driver circuits for driving write currents
through the metal lines connected to the switches; and grounds connected
to the switches, wherein the bit lines of the adjacent memory cells are
connected to each other and/or the metal lines of the adjacent memory cells
are connected to each other,

According to the present invention, a data writing method in a

memory circuit block having the above-described memory cell, a write



In the case of a menory circuit block 13 with the above-descri bed nenory
cell* 12) the block 13 conprises a wite circuit 26 for driving a wite
current through the nmetal line 16 and a ground 28, as shown in FIG 1. The
tetal line 16 is connected to the wite circuit 26 or the ground 28 through
the switch 30 connected to the |ine 1?. The switch 30 can be a MOSFET. This
bl ock 13 can be used for storing 1-bit data. A data witing nethod in a
menory circuit block 13 with the nenory cell 12 is described below First,

the wite driver..cirguit 26 is.,connect tQ netak 1dine 16 through the
Swi t o Sfaveh iRt bF GPiving & viies SBRRE b et o P0G s B Oubl) o
current_throu the netal lipe 1 enef at i the,.magnetic.field around the
W o RAGPIETECR fnReed theRE mitp HHEER sel R URE WP SR he bi ¢ 1 ne
14 to gener,ate the magnetic field around the bit,lipe. Th i rectj on of the
conbs nJArHHE REChE SFPRRE Sriges Had BIRRS ofboRTRsting femptel fthe Ad) do
determ nes the direction of magnetizatipn,aof the free ferr net.ic | ayer
32 of 106 WS driver fircst theobiedy the-abteRnBBYING ARG FuTSREtHIRIER w i { o
data into the J elepent 38. For exanple, in FIG .1,. given that data "1"
o i (PRl RGN i 8 WLt CHIERt ShapvEla Lt BHOHRCS | ove through the
bit line 14 fromright to lefif, data "0" js witten into. the J element 38
when a writ dwévﬁltmsdmthmfBhgrmelﬁermrcmtrkloqh llferYr}hﬁchéP?t%IYg wite.
Further, a daja readi png . nethod is described. The ground 28 and the netal
line 161%%0%544&«!%# @dwsw]mtenprmeﬁlérﬁrgmonméteﬁm ehetherenent 20 is
turned on by applying_ a read voltage to the read word |line 18, and thus the
cur r entswiteRes armpraiaded to pnpendpofieachinf thenonaested meta) lines. andl | e t he
switching element 20 is on, a read current is driven through the bit line
14 to deridetdriverciranitmand grounds prg conneaiad tadhe pwritahesnpomprisesen t hat
data "1" is stored in the MIJ el enent 38 when a voltage between term nals
of the tWpistepepErmongectingithghwrite daivep citcuiiband dheicannpetelmpetslenent 38
when the voltage is low Alternatively, given that the data "1" is stored

i n the limg thranghhtheswitichr drivireg auvritecuttentithgough shemetiad live) el ement i s
smal | when a constant voltage is applied, the data "0" is stored in the MIJ
el enentand thedrivinga woite enrresitdhirogghthelhgtilinee MrJ el enent is |arge.

Thus, the netal line 16 of the nenory cell 12 functions as a wite word
line and as Accorting to the presendrinventionca datareading method lreaswi t chi ng

el ement 20 to the ground 28. The nenory cell 12 of the present invention
has at measirycecuitiocknleadngltheaabosrgedesarikead niemdm’mﬂ? mewnitg cel | 44.
Therefore, in the present invention, a cell structure is nore sinplified
and  ldriyeetiteuitrfor idming edwiite zupraxtutirough theanetal line, adgiionindn, a
shorter length of the first conductive Structure 22 reduces parasitic

resi st amod a avetel) cannected yto the auétal Binecfor selesting thepivwitaldriverof nmenory
cells 12 is described. As shown in FIG 2, bit lines 14 and netal lines 16
are ar rengsd orrtha graundxcompriised shewtapsyoft ebhsecttngtie pletakblnatantdei r
intersections, thus formng a nenory cell array 11. In other words, the
menory the grouid grouwmigthe switahcthoring (cor ther switghthg/elemeand!inthen FIG 2) are
connected to the bit line 14, and the nmenory cells arranged in a row (or

ar r angentelmoryzeehls anldydriiving Sre@d carentdhreagk dhe bit Heenetal |ine 16. In
FIG 2) arrows indicate the directions of nagnetization of the free

f erromagnet i A dsageeadihgmibthod ipisunethorggrirduit blotkein ®hichH methe nenory
circuit block 10, one or required nunber of the switches 30, wite circuits
26, andlige®uonbitnkines o28&djacent memaeisdcel Bspectontmcyed €o ancleothef each of
metal lines 16. The swtch 30 can switch between the wite driver circuit
26 and gwitchesure ppovided o oo didShidactnef the eonarbcted idetablintghardd. Only one
set of the switch 30, the wite circuit 26, and the ground 28 is sufficient
enough wiite Rlriver dieduitd ant igounds areicottedéteddo thedwibchay, compritdsar e
connected to the netal line 16 selected by the row address. Since data

wri tt enthieétepk g eormucyingeite dohneetedemetsllindiangl tie gfomnd tlaoughn of the
wite current driven through the bit line 14, wite circuits 40 are

provi ded on both ends of the bit line 14. The nenory circuit block 10 can
be used in the nmenory circuit block in an MRAM or a | ogi c chip.



11 A data witing nethod in the nmenory circuit block 10 is described. The
netal line 16 is connected to the wite driver circuit 26 through the
switch 30 in a wite operation. The wite driver circuit 26 drives a wite
turrent IwL through the netal line 16. At the same time, a wite current |
is driven through the bit line 14. Thereby data is witten into the MIJ
element 38 in the nenory cell 12 at t e intersection of the metal |ine 16
and the bit line I4. For exanple, in FIG 2, when the wite current hsz is

driven through the petal line.l§.in the mddl,e row and the ite currents
e are e i En TR By hvifhiod laedhia the bREmBRY bt Al | beonmry
cells ip.the mddle row, In FI.G, 2,.data "1" is witten into the MIJ

el enent&]té‘é‘%%ﬁe? s%ﬁ%nﬁéhéﬁ‘ﬂ%ﬁ]?e iblt?ﬁ%\)s fromtop to bottomof the bit
line 14, whereas data "0).is witten,i the MIJ. el enent, 38 when t he
written cur R SHruehaesof the mSBQs Aollok e RHPCPRb YRGS B9Fe Thu) t he

data writt into the MIJ.element 38 vari dependi.ng on the direction of
Che 1| cimaidthgn B@tc?ﬁ]*]}’@rknqunA@emﬁrYﬁ 3 har therradNSHDNRAM renor y
circuit block) the t al ing 16 functions._as a,wite word Ijne. A data
r eadi ngPLPELHOREPS CABNG ¥ edy prq tmaﬂefﬁsﬁe?% b@r‘n‘,nnrﬁ‘ée(ireﬁllbfi line 16 is
connected to the ground 28 throu%h the switch 30, The swi tching el ement 20
i s turie@dyatiep cagbcfwg?g regneede Fusthere the zadyegdmpmper f WiaiRg t hus a
current. path fromthe bit line 14 to_the ground 28 is forned. Then a read
cur r entlayersiplspdmnraves e relaahility .  Sincesinusedeviving layar{s)aambe of the MIJ
element 38, If the voltage is |ow when a constant current is applied, data
"0" i s uneskfon othex purpoppscthaehip a®a ingludingdbatmampryicellsiganks t age i s
high) data "1" is stored in the MIJ elenment 38. Alternativel y)b if a current
f 1 owi ngredmcedigand thenaby thecest andavwerseanisumption of thechimean be2 vol t age is
applied, the data "1" is stored) whereas the data "0" is stored in the MIJ
el ementreg@ced andetheuneliability ofdhecchiprasmgbe improwrsl. e Adtermatdely,sthear ge. In
the read operation, the netal |ine 16 perfornms a function of connecting the
gr ound ddpaan condagomore fuhcties. MOSFET 20. The nenory circuit bl ock 10
contains the nenory cell 12 in which one netal line 16 perforns two
functions of the wite word line and the netal |ine connected to the ground
28. Therefore, the nunber of netal line ' layers contained in the block 10
can be BBIBFIESSRIBHONKF ABIRAMWINGocess steps (wafer step) and
production cost are reduced. In addition, the reduced process steps results
in the i nprolEnehshowstaeexamglecof amaermetylcell sthvetuesracgording to thél ock 10
and the increase of the reliability of the nenory circuit block 10 and a
chi p copreaent mpertorbl ock 10. The nunber of the-netal line layers in the
menory cell 12 is reduced, so that the upper netal |line |ayers can be used
for other puFKas2shoWhian exmmblesof a chicuitr emfigurationf oft dhmexhony area, the
enhancenment of power source) and the shortening of a line | ength between
t he i nteraut bdoakcacdording tonthet prmseptiinypatdsormn the chip. In these points
too) the production yield is inproved, the production cost and power
consunpt i on BI@. 3 éxlncide vievd of hdkroswn abérhotyceld. i ncreased. The netal |ine
16, the second conductive structure 24, and the source of the MOSFET 20 are
el ectri cal | yFE®ndehowd dmexampld ef apiarcait anfigurativar efa memorpaci ty of the
wite word line (i. e. nmetal line 16) of the nenory cell 12 is |arger than
t hat of cirdueit blodkecomtrihinigritheGfienfory fvells hwent iroF3G. Benory cel | 44. However)
since data is witten using current 13 and not vol tage, such large
parasitic capacity exerts little influence on the data witing. As stated
above, the cell structure of the present invention brings the foll ow ng
mer i t s: DESCRIRTIONUGF THE'RREFERRED EMBODIMENTS$enory cell can be
reduced by at |east one layer) and thereby the nunber of |ayers having via
Next, embodiments of the memory cell, the memory circuit block, a

data writing method, and the data reading method according to the present

invention will be described with reference to the accompanying drawings.



hol es can be reduced by one (2) Accordingly, at |east two masks are
elimnated fromthe wafer process one is the netal |ayer mask and the ot her
i s the acconpanying via nmask (3) As a result of (1) .and (2), the wafer
process is sinplified) the process yield is inproved, and thus the process
cost decreases (4) Since at |least two of the electrical contacts are
elininated due to the reduction of the/ nunber of netal Iine | ayers, a
parasitic resistance decreases, and the reliability of the product is

other _par pos28 2 suetﬁigié?v{/? gt B e s Be g %”di’e( pads for
! . ¢
Syst o Bpnidhy Slghine P %we??%%ﬁﬂw Bis g 34@8&‘ %q%ﬁ‘phéﬂf%é“ﬁenﬁfyaﬁa | 22
t
are 1ol RaRaeHR v VB magnsFiaREn, «ﬁir;sc °“€%é$%3ﬁ585f (B vely,
ctions at t r fu ctlon can be

h h
| oaucodtiRifioRd Pefpﬁaa?flfﬁﬁfé}e% s ning aletient 20, £ b 5k condgativg, | o the
nbod f el .dat, t t
Snd"d;{ﬁt%éa@nen%f o eming % mamoncabmantct tnd tRS SuifRile Slemantnt | on | &
not rrg ed to the above enbodi nents. For exanple, the MIJ el enent nay be
e

r epl ac Wi th a giant magnetoresistive, (GVR) el enent . The menory cell 12
can be used pot only Gﬁel t wo- di nensi on menory cel | E)ay 11 _as shown

in FIG 2, b eapgmomc OPAPIISeHh & Mt a\yx%%mssm&&hﬁ tjingd in | ogic

LSIs such_.as an 8-bit regi r
without contact t erev%iti. The metal line 16 is so placed that the memory

element 38 is sandwiched between the metal line 16 and the bit line 14.
The metal line 16 is electrically connected to the switching element 20 by a
second conductive structure 24 which is shown as "CA" in FIG. 1,

The memory element 38 connected to the bit line 14 and the first
conductive structure 22 can be an MTJ element. The MTJ element 38 is
composed of a pinned magnetic layer 36 whose magnetization direction is
fixed, a tunnel barrier 34 which allows a tunneling current to flow through
it, and a free ferromagnetic layer 32 whose magnetization direction is
determined by the direction of a magnetic field. While the bit line 14 is
connected to the free layer 32 in FIG. 1, it may be connected to the pinned
layer 36.

Normally, an MOSFET is used as the switching element 20. The
first conductive structure 22 is connected to a diffusion area n of a drain
(D) of the MOSFET. The second conductive structure 24 is connected to a
diffusion area n of a source (S) of the MOSFET. A read word line 18 is
used as a gate of the MOSFET. The MOSFET is turned on by applying a

read voltage to the read word line. In this case, a current path from the



Many changes, nodifications, variations and other uses and applications can
be made to the enbodi nents on the basis of know edge of those skilled in
the art without departing fromthe scope of the present invention. 15
YWHAT IS CLAIMED I'S: (1) A nenory cell conprising: a bit line a nenory

el ement connected to the bit Iine and g’bncl uding a ferromagnetic | ayer whose
magneti zation direction is determned by a direction of a magnetic field
generated by a current at least along the bit line a switching elenment a
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connec;% g the netal line to the other end of the switching el enment, (2)
The menor'y cell according to claim1, wherein said nenory elenent is a

magnetic t un’fﬁle fjrlé 85918&&\'/@ ‘sléru%h?rrtraeﬁ is composed of MX, V1, M1, and
CA, wherein MX and M1 each are a metal line layer and V1 and CA each
are a conductor embedded in a via hole in an insulating layer. Compared
to the conventional memory cell 44 shown in FIG. 3, the memory cell 12 of
the present invention comprises the reduced number of layers, that is, the
memory cell 12 of the present invention does not comprise V2 and M2
layers. Although, in FIG. 1, the bit line 14 is electrically connected to the
free ferromagnetic layer 32 of the MTJ element 38, the bit line 14 may be
connected to the pinned magnetic layer 36.

In the case of a memory circuit block 13 with the above-described
memory cell 12, the block 13 comprises a write circuit 26 for driving a write
current through the metal line 16 and a ground 28, as shown in FIG. 1.
The metal line 16 is connected to the write circuit 26 or the ground 28
through the switch 30 connected to the line 16. The switch 30 can be a
MOSFET. This block 13 can be used for storing 1-bit data.

A data writing method in a memory circuit block 13 with the
memory cell 12 is described below. First, the write driver circuit 26 is
connected to the metal line 16 through the switch 30, Then the write
driver circuit is activated to drive write current through the metal line 16,
generating the magnetic field around the write word line. At the same
time, current is driven through the bit line 14 to generate the magnetic

field around the bit line. The direction of the combined magnetic field of



(3) The nenory cell according to claim1 or 2, wherein said swtching
elenment is a netal oxide sem conductor field effect transistor (MOSFET),
one end of said switching elenent is a drain, and the other end of said
Switching elenent is a source. (4) A nenory circuit block conprising: the
menory cell according to any one of clainms 1 to 3; 16 a wite driver
circuit for driving a wite current tfrough the netal line a ground and a
switch connected to the netal l|ine for selecting the wite driver circuit
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element 38 when a write current flows through the bit line 14 from right to

left, data "0" is written into the MTdJ element 38 when a write current flows
through the bit line 14 from left to write.

Further, a data reading method is described. The ground 28 and the
metal line 16 are connected through the switch 30. The switching element
20 is turned on by applying a read voltage to the read word line 18, and
thus the current path from the bit line 14 to the ground 28 is formed.

While the switching element 20 is on, a read current is driven through the
bit line 14 to detect a resistance of the MTJ element 38. For example,
given that data "1" is stored in the MTJ element 38 when a voltage between
terminals of the MTJ element 38 is high, data "0" is stored in the MTdJ
element 38 when the voltage is low. Alternatively, given that the data "1"
is stored in the MTJ element 38 where the current flowing through the
MTJ element is small when a constant voltage is applied, the data "0" is
stored in the MTJ element 38 where the current flowing through the MTJ
element is large.

Thus, the metal line 16 of the memory cell 12 functions as a write
word line and as a metal line for forming a current path from the switching
element 20 to the ground 28. The memory cell 12 of the present invention
has at least one fewer metal line layers than the known memory cell 44.

Therefore, in the present invention, a cell structure is more simplified and



connected netal lines grounds and sw tches connected to each one end of the
connected netal lines for selecting the wite driver circuit or the ground.
(9) Adata witing nmethod in a nenory circuit block having the nenory cell
according to any one of clains 1 to 3, a wite driver circuit for 17

driving a wite current through the netal line, a ground) and a sw tch
connected to the netal line for seledDing the wite driver circuit or the
ground, conprising the steps of connecting the netal line and the wite
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FIG. 2, arrows indicate the directions of magnetization of the free

ferromagnetic layer 32 and the pinned magnetic layer 36.

In the memory circuit block 10, one or required number of the
switches 30, write circuits 26, and ground nodes 28 are provided
respectively to an end of each of metal lines 16. The switch 30 can switch
between the write driver circuit 26 and the ground node 28. An MOSFET
can be used as the switch 30. Only one set of the switch 30, the write
circuit 26, and the ground 28 is sufficient enough if the switch 30, the write
circuit 26, and the ground 28 are connected to the metal line 16 selected by
the row address.

Since data written into the memory cell 12 varies according to the
direction of the write current driven through the bit line 14, write circuits
40 are provided on both ends of the bit line 14.

The memory circuit block 10 can be used in the memory circuit block

in an MRAM or a logic chip.



(12) A data reading nethod in a nenory circuit block having the nenory
cells according to any one of clains 1 to 3 arranged in a matrix or in a
line, wite driver circuits for driving wite currents through the netal

I'i nes, grounds, and switches connected to each one end of the metal |ines
for selecting the wite driver circuit or the ground in which the bit lines
of adjacent nenory cells are connect ed!to each other and/or the netal |ines
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38 when the write current 7/ flows from top to bottom of the bit line 14,

whereas data "0" is written into the MTJ element 38 when the written
current J/flows from bottom to top of the bit line 14. Thus, the data
written into the MTJ element 38 varies depending on the direction of the
flow of the write current /. As in the case of the known MRAM memory
circuit block, the metal line 16 functions as a write word line.

A data reading method is described. In the read operation, the
metal line 16 is connected to the ground 28 through the switch 30. The
switching element 20 is turned on by applying voltage to the read word line
18, and thus a current path from the bit line 14 to the ground 28 is formed.
Then a read current is driven through the bit line 14 to detect a resistance
of the MTJ element 38. If the voltage is low when a constant current is
applied, data "0" is stored in the MTJ element 38. On the contrary, if the
voltage is high, data "1" is stored in the MT{J element 38, Alternatively, if

a current flowing through the MTJ element 38 is small when a constant
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voltage is applied, the data "1" is stored, whereas the data "0" is stored in
the MTJ element 38 if the current flowing through the MTdJ element 38 is
large. In the read operation, the metal line 16 performs a function of
connecting the ground 28 and the source of the MOSFET 20,

The memory circuit block 10 contains the memory cell 12 in which
one metal line 16 performs two functions of the write word line and the
metal line connected to the ground 28. Therefore, the number of metal line -
layers contained in the block 10 can be reduced, and thereby production
process steps (wafer steps) and production cost are reduced. In addition,
the reduced process steps results in the improvemtnt of the production
yield of the memory circuit block 10 and the increase of the reliability of
the memory circuit block 10 and a chip containing the block 10. The
number of the metal line layers in the memory cell 12 is reduced, so that
the upper metal line layers can be used for other purposes. This results in
the reduction of the chip ares, the enhancement of power source, and the
shortening of a line length between the internal circuit and input/output
pads on the chip. In these points too, the production yield is improved, the
production cost and power consumption are reduced, and the reliability is
increased.

The metal line 16, the second conductive structure 24, and the
source of the MOSFET 20 are electrically connected in a write operation,
the parasitic capacity of the write word line (i. e. metal line 16) of the
memory cell 12 is larger than that of the write word line 50 of the

conventional memory cell 44. However, since data is written using current
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As stated above, the cell structure of the present invention brings
the following merits:

(1) The number of metal line layers in the memory cell can be
reduced by at least one layer, and thereby the number of layers having via
holes can be reduced by one;

(2) Accordingly, at least two masks are eliminated from the wafer
process; one is the metal layer mask and the other is the accompanying via
mask;

(8) As a result of (1) .and (2), the wafer process is simplified, the
process yield is improved, and thus the process cost decreases;

(4) Since at least two of the electrical contacts are eliminated due to
the reduction of the number of metal line layers, a parasitic resistance
decreases, and the reliability of the product is increased;

(5) As a result of (1), the unused metal layer(s) can be used for other
purposes, such as wiring for other circuit blocks, C4 pads (pads for
soldering ball) for chip I/Os, and so on in applications such as a
system-on-chip; and

(6) The size of the chip containing the memory cell 12 can be
reduced. As the result, the cost and power consumption of the chip are
reduced and the reliability of the chip is increased. Alternatively, the chip
can contain more functions, so that the cost per function can be reduced

and the reliability per function can be increased.
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While the embodiments of the memory cell, memory circuit block,
data writing method, and data reading method have thus been described,
the present invention is not limited to the above embodiments. For
example, the MTJ element may be replaced with a giant magnetoresistive.
(GMR) element.

The memory cell 12 can be used not only in the two-dimensional
memory cell array 11 as shown in FIG. 2, but also in one~dimensional
array memory circuit blocks in logic LSIs such as an 8-bit register.

Many changes, modifications, variations and other uses and
applications can be made to the embodiments on the basis of knowledge of
those skilled in the art without departing from the scope of the present

invention,
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a bit line;

a memory element connected to the bit line and including a
ferromagnetic layer whose magnetization direction is determined by a
direction of a magnetic field generated by a current at least along the bit
line;

a switching element;

a first conductive structure being so placed that the first conductive
structure and the bit line sandwiches the memory element and connecting
the memory element to one end of the switching element;

a metal line crossing the bit line without contact therewith; and

a second conductive structure connecting the metal line to the other

end of the switching element,

(2) The memory cell according to claim 1, wherein said memory

element is a magnetic tunnel junction (MTJ) element.

(8) The memory cell according to claim 1 or 2, wherein said
switching element is a metal oxide semiconductor field effect transistor
(MOSFET), one end of said switching element is a drain, and the other end

of said switching element is a source.

(4) A memory circuit block comprising:

the memory cell according to any one of claims 1 to 3;
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line;
a ground; and

a switch connected to the metal line for selecting the write driver

circuit or the ground.

(6) A memory circuit block comprising a plurality of the memory cells

according to any one of claims 1 to 3.

(6) The memory circuit block according to claim 5, wherein the bit

lines of the adjacent memory cells are connected to each other.

(7) The memory circuit block according to claim 5 or 6, wherein the

metal lines of the adjacent memory cells are connected to each other.

(8) The memory circuit block according to any one of claims 5 to 7,
further comprising:

write driver circuits for driving a write current through each of the
connected metal lines;

grounds; and

switches connected to each one end of the connected metal lines for

selecting the write driver circuit or the ground.

(9) A data writing method in a memory circuit block having the

memory cell according to any one of claims 1 to 3, a write driver circuit for
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ground, comprising the steps of:
connecting the metal line and the write driver circuit through the
switch;
driving a write current through the metal line; and

driving a write current through the bit line.

(10) A data reading method in a memory circuit block having the
memory cell according to any one of claims 1 to 3, a write driver circuit for
driving a write current through the metal line, a ground, and a switch
connected to the metal line for selecting the write driver circuit or the
ground, comprising the steps of:

connecting the metal line and the ground through the switch;

turning on the switching element; and

driving a read current through the bit line.

(11) A data writing method in a memory circuit block having the
memory cells according to any one of claims 1 to 3 arranged in a matrix or
in a line, write driver circuits for driving write currents through the metal
lines, grounds, and switches connected to each one end of the metal lines
for selecting the write driver circuit or the ground, in which the bit lines of
adjacent memory cells are connected to each other and/or the metal lines of

adjacent memory cells are connected to each other, comprising the steps of:
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driving a write current through the bit line.

(12) A data reading method in a memory circuit block having the
memory cells according to any one of claims 1 to 8 arranged in a matrix or
in a line, write driver circuits for driving write currents through the metal
lines, grounds, and switches connected to each one end of the metal lines
for selecting the write driver circuit or the ground in which the bit lines of
adjacent memory cells are connected to each other and/or the metal lines of
adjacent memory cells are connected to each other, comprising the steps of:

connecting the metal line and the ground through the switch;

turning on the switching element; and

driving a read current through the bit line.



