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5 The present umw \ \W \
havi ng shared

A

ﬁ ﬂ j ates to a nmagnetoresistive random access nenory
I'git lines, and nore particularly, to a

" magnet or esi stive rdAW¥M access nenory having a connecting |ine between word
and digit lines. 10 Baskaround of the Invention A magnetoregsi;gfi¥gy5andom
access nenory (MRAM, which is one of non-volatile nenory deviceS, I ncl udes
a 15 plurality of rnagnetic nmenory cells.jlt is known that the

“magnet oresi stive effect appears in nulti-layer filns that are alternately
stacked by magnetic | ayers and nonmagnetic | ayers. Magnetic resistance over

.a magnetic nenory cell jndic 1.01 i I when 20
magneti c vectors in nad%%g#cﬁﬁggeggﬂggpghgﬁﬁ g§§EE§EQM§6§§§F&e di rections,
respectively. The sane and opposite directions of magnetic vectors in two
magnetic | ayers are called "PaﬁﬁiéfﬁlgfﬂfiE%ﬂﬂﬂu%ﬁ?ﬂﬁhe'" st at es,
respectively. When nmagnetic mateértal 1S enproye or a 25 nenory devi ce,
parall el and antiparallel directions, for exanple, are logically defined as

"0" and "§" statesphd gsResdhvel NvedPEoNRAM de¥ECEoNAr MaghktakeaRges ve
magnetic nenory cells on intersectjons of word and sense lines, which are

d A
30 placed in¥ 0, fF ST IMRENO TR RIRARE c SPEGPE, WPER 2RSk Si8eT 1dP§S8scri bed
in U S patenindpmieaidon dolabdyP56073lmeghitbee siMAGNET GRESLSETI VE RANDOM

ACCESS VENCRY, DEVI.CE, AND. CRERATLNG, METHEDCTEEREQE . (e AL 11,1098

assigned to t%e Sdire assI Iron word and sense |'i nes
enabl es the MM ©elinest o access the nenory cell. The sense line is
i"v~-nnpa;g 3 JAN 2003 2 device to access the nmenory cell. The sense line is

directly coupled to the nenory cells and ense current flows in the
magnetic layers so that a seéé?&ﬁﬁQ%ﬂﬂ—9§;€h$1%R¥ﬁp%&Q%agnetic vectors in
the magnetic |l ayers and 5 the sense current value in the nenory cell or the

voltage drop acrosﬁ.M@nE‘F’g‘B%i%‘E'ib.ei $ aQldof %%tc%%sa%‘?{%éﬁg(»}ﬁmhe
direction of magnetic vectors. "Sensing the changes in sense current
val ue or the vbiehgesdenp afl 6@ -¥9d atd lfeMeMorst A8 aDr ddnqdlvdafe senory

cells. Onsthepl@raibey Banflaghetiict imdbhod0ERIS d.S CAd i Lkriiin BhaPRInd Ng a
sufficient magnetic field to switch n%&petlc vect ors {gh$he qggpetlgi
‘layers. In orBRPPEEORBEL SER¥ enEdit&ST APRFRTerdh ™ L T ¥t Tr ™ ditdt i ne
is placed in paeakleérnathklyhestawked ime rMagreEtova deayers gand ownent. 15 The
digit, word, nse nts eat ; nggnet i i ;and apply
it to the nem%rggnggP? l\%glg(%% ‘st ﬁedgleglg?e%%ngﬁ%enpmry %:gﬁéfén@la%cordance
with directiof§MeFYt ABlLodAd LfRdrRet ML FIMIY . andh RA¥RUR oV 2HaRF 7 hen
suffici erfo cumbgRbridi gkt od® WA Gnagiist SENMSey i 1650iyPi LAl samenphoy net al
material, which cauges a neqﬁﬁ¥kcel Siz jncrease for accomodation of
e

I 10
all three netgppgﬁé Fnal§ﬁ§ sfe§ﬁ§§§%ﬁ% v, Sord"Fi fe i%pQ%%f%%ed
with pol y-sil ddorchibesi af magrndteld atectospate twen nagnenic Repyerengne to

25 pol y-si | icari1aklows a0 1INRAM deyd Cepdo; JA gl Ve i At egrgbs menory cells. A

pol y-silicon Iiné, however, has an increased resistance that causes a
transni ssi on FESRECHLVELSi-gndneh T3FNePLE PRHRTARY +8qBIPESYRAchORCRess

time. Thex®f omemolrye deRie e YaLkél sahdladneiPat 8l @l atiedect béns, for
example, are logically defined as “0” and “1” states,
respectively.
The MRAM device normally arranges magnetic memory

cells on intersections of word and sense lines, which are

30 placed in rows and columns. The MRAM circuit, for
instance, is described in U.S. patent application No.
09/055,731 entitled “MAGNETORESISTIVE RANDOM ACCESS
MEMORY DEVICE AND OPERATING METHOD THEREQF,” filed April
1, 1998 assigned to the same assignee.

35 Activation of word and sense lines enables the MRAM

device to access the memory cell. The sense line is

LT

*166166*




e

+ 30 nore access tine is needed. Accordingly, it is a purpose of the present
invention to provide an inproved MRAM devi ce that has a hi gh-speed
operation. It is another purpose of the present invention to 35 provide an

*inmproved MRAM devi ce that has a high density nmenory cell arrangenent. r 3
JAN 2003 3 It is still another purpose of the present invefntigon $gp3rovide
an i nproved MRAM device that attains reduction in nenory cell size. 5
S~ma_ry of the Invention These needs apd others are substantially mnet

- through provision of a magnetoresistive random access nenory (NMRAM device
that includes connecting lines coupling 10 between a digit line and a word

line. Th M d h L ur al d d
col ums. R Fer? RGaFS| ShpINA DSkl T nt SHECEETBR bR Sense o bit

line and a%:ohag:ttljncmuplbedotd thaegendiry hceé 16 oandd aokepsky csirriegun
material, 157 ura?ﬂ%@e'ﬂﬂé%?@é ai%féré’“ Lo EHQtdh%ten's'e”%urPé gegrd |ine

connects a ity of s arranged in a row t orma menory
bank. Con ﬁ$¢ﬁﬁ¢|Qésmagéeééﬁm&ﬁﬁﬁF%e%QeEhetHQQBP§PF P?M@%ﬁuﬁﬁ%e wor d

line at eweiy HeABEDEMrehtSvhlud hen NERE! Mehapk. cEhe Bumkele NdJix:fgositive

i nt eger The connectjng lines r acce s tine. tqg the nmenory cel
becagse sré%%% ﬁﬁfﬂsﬁnahﬁgﬁﬁﬁcFYn%%fgeb?eﬁgaefﬂg |%ﬁﬁ%ﬁ9%ngkﬁﬁwdlnély

connect i ngtheé nesréot tred bétmagnethe wectokene sansum@ tihgi tcHanmmpees educe a
menory cel]_s hi e C . 25
FIG 1 sho%% EKS SQFQF gQ %9&8 bhechs N A ia ranf?%ggé%scrlé

ematic cCircurt Ing a
basi ¢ conc’é@tdaﬁégﬁdﬁﬁgtﬁé ﬁﬁérsg preEBAt MEROENt |C@d- 1 GO Wiwws an VMRAM

devi ce (ci r gthérennhay! agwtrh%la@eﬁeaaegavqatlcg&,rl@&pl dutGp @9 Rgot her
enbodi nent for ?ﬁnennr bank circui a~~P=

Descri pti of BREERELPREF BRROG CEADOUR nFQ Sw%?ﬁﬁw%ﬁﬁﬁfgiqq%ﬁC%P%ﬁoh& a
si npli fi edthadmaghendti d agiercui t Idi agham 10 tlestt h&se anavagtetice c t unnel i ng

junction (ML), FeMRRY sSeld hhRle68d408:13N 1iMee SeGIi QL Pf; @ bit line 12
parallel with the word line to provide a digit current.

15 The digit, word, and sense currents all create a total
magnetic field and apply it to the memory cell, which
stores states in the memory cell in accordance with
directions of the total magnetic field.

In order to ensure a sufficient current, digit,

20 word, and sense lines typically employ metal material,
which causes a memory cell size to increase for
accommodation of all three metal spacing and pitches.
Accordingly, a word line is replaced with poly-silicon
material to alleviate a space limitation. Replacement to

25 poly-silicon allows an MRAM device to highly integrate
nemory cells. A poly-silicon line, however, has an
increased resistance that causes a transmission delay of
a signal on the word line and requires much access time.
Therefore, the more memory cells that are integrated, the

30 more access time is needed.

Accordingly, it is a purpose of the present
invention to provide an improved MRAM device that has a
high-speed operation.

It is another purpose of the present invention to

35 provide an improved MRAM device that has a high density
memory cell arrangement.



+5 and a digit line 13. Menory cell 11 has three layers that include
magnetic | ayers 14 and 15 separated by a non-nagnetic and insul ated | ayer
16. Insulated layer 16 is very thin and has typically a thickness of 10~ to
~30~ that forms a tunneling junction between nmagnetic layers 10 14 and 15.
Magnetic layer 14 is electrically connected to bit line 124 fggwpﬁgyﬁding a
sense current to nenory cell 11. As shown in FIG 1, for exa nmenory
cell 11 has magnetically pinned and free fayers 14 and 15, respectlvely.
Magnetic | ayer 15 stores information as 15 directions of nagnetization
vectors therein. Aword line 17 is placed in parallel with digit Iine 13
and is connected to a gate electrode of a nenory cell transistor
Transi stor 18 is connetteetto aRF&e s PUHRPSE g?%u’n e sRFEER1Er &n’s’es"&)‘-role
that is controd |gmebbydegr o ndnpd e MM e v De 26haf gobataki igdudiiodl,
whi ch is forn~d of a_ et lsuch as Al, Cu, or TiW electrically connects
digit line 131 "WYY 1§ 728 ¢t I|ne 12 is connected to a bit line
control 22, while digit and word lines 13 and 19 are connected to digit and
wor d I|ne5control 23. Bit 25lSﬂﬂﬁiﬁy%déﬂnﬁg%£§§%ékﬁﬁﬁ and word |ine
control 23 control current flow 1 n Bi I ne , digit line 13, and word
line 17 on read and wite nodes. It is understood that the magnetic nenory

cell can be any cwf@eggth@@dgfamméﬁsIﬁy@rsuﬁéﬂdnt(ihedyoﬁneaﬂ dHshgt or
sandw ¢ a_cond ct ive layer. In order to

(MrJ) or 30 magnetic Iag rs

r ead |nfonnnPgﬂstb?%d F aﬂﬁﬁﬁﬁﬁ?ﬁﬁtlﬁﬁlvﬁrﬁFP SR 2G6EE S MR oht rol 22
sends a word $MBAHA) devboéhthmtdhmmh@dég audndcgnnglﬂnees3cthaglpmgn1ts
transistqrp 18b&9w%gﬁn 08 ES?S é'&?@rdgﬁggd 32naMveGly COL{ &

turns transistor ine contro provides a sense current
on bit line 12aswAj EhuraélBN\PQO@@“%rYl6%1§hﬁéﬁgb{eﬁeﬁ§rf% |ang |

transi stors 18o0a0fng9 tgaangﬁ\enuaﬁlyOéewrrm@nplleeed%n The i9aNSes SO L 6At
generates a v§% age drap ac o?slnenorﬁPcell |ch % r|es<$0ford|ng to

information i 8l PeLTS Phat*Fs™*Par affef" d%géﬁd A p Fal9%ET " tPates. A
conpar at or ci wbaich {mofoghednyfnpaiuredlihenyolatagd adr,of sarek teteedi hps
states SthedpEQaﬁﬁgﬁrﬁlEﬁ|khéldlghE hing, 12TN¥jd3ﬂHtlﬂdé“b&ﬁhé%@sbgth

formed by a netal such as al um num or copper, whereas word line 17 is 10
made of pol y- BtPFedAt¥net W&§°ﬁ¥gﬁ8?lﬁe§F§PP@FF&théh’ﬂ%ﬂeﬂ%@tlfoﬁﬁl9 wor d
line 17 carri eaemble wamet .Si gnahet:alht;amShets,orarJaB cdritecdghabet waBaNtREI ON
is delayed to nsi,star _18 to_the,resi_stance of wor d I|ne Th|s
means t he accgég%Frnéan dngﬁ w@FFsﬁépgat%yeT§’|ncré%%%%ry %%5 present
i nvention, cofhecrengulyi iankl c@hﬁe@ustberrngt s ree plc&:ttotw)runtegerﬂ o)

é hat : t Ihe 2@?3 @mn%g%td&q% QQBE%Oke%%c%thté' %Sd%énrt%f& I@oreﬂece.eﬁeegause
i gi i ne e 0 ccordin Wor nal reaches
transi st or cfél\r;n%(%@d’tsedélwe@aﬂs’é@ degtl;ﬂls‘i Ihﬁllt:"?)erﬁ i T ASPi ﬁ €17. In a
wite node, artastlsnt:tmrcmtt aml:o:rddmgrlty C WworeTe c tairmey pIm/e:deﬁonmebi betweenl?2
and digit lin 3, \, ur4fs ti.g fields
that produce a eCh]e meg' (}{é %[ ?ﬁ% q"I'hlel‘%{cgo |ned 2 emn’%ﬁgg C% |eI d has
a sufficient rt-’e)gfr?et |3<¥1dstfr ¥h mrtprgmet dherafrese vbee ore mnmnﬁgneﬁlds -ayer
15. The wpgting process carries out the follow ng steps. First of all,
ground switch control 20 turns off transrstor 19 to avord current flow from
bit line 12 through nenory=36=¢ : 13 -Sfop Hgyd 19 to conmon
line 24. Next, bit line control 22 provrdes a bit current on bit line 12

and digit and word e cont rol ren n dr line 13.
Bit and digit I|i nesklilg' aﬁdsnri Sdeasr gl%}ﬁllfn% éj gmée%? ?LTa g [ cm‘tthe

conbi ned nmagnediag3sn f f et ddéscaidpined thz)asimeoocesw achogtanags tin theyneti ¢
layer 15. 3¢ 3 JANZHO3invention;

FIG. 2 shows an MRAM device circuit employing the

present invention; and
FIG. 3 shows another embodiment for a memory bank
circuit in an MRAM device.
35
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. 6 Referring to FIG 2, an MRAM device 30 is illustrated, which arranges a
plurality of MIJ nmenory cells in rows and columms. Device 30 is roughly
divided into a nenory array 31 and a peripheral circuit portion 5 including
“a bit line control 32, digit current controls 33a and 33b, a digit selector
34, and a switch control 35. Menory array 31 has a pIuraIi%yJQ& BEPry
cells 36a and 36b (Not nunbering all the cells and other elenents 1n FIG
2.) that are located on intersections ¢f bit 10 Iines 37a and 37b and digit
“lines 38a and 38b. Bit line control 32 extends bit |ines 37a on nenory
array 31 and 37b that are coupled to nenory cells 36a and 36b. Digit |ines
~38a and 38b am coupled to transistors 40a-40d, one of which is sel ected by
digit line selector 34 to supply 15 a digit current. Transistors 40a and
40b further ar &‘Icm.uml E{hdvﬁs ta ast&hplofieélandndcébmtmi chirdaiier m ne

di rection rrent mnth { 42a and,42b under
the controf* Ene 1dq t?(%h s conrﬁ£§flgt§§a %3351% \?‘W i %es and 39b
are pl acemamrzo qmlrlallblpl/awﬁ dogi an| |ln@§r38&ta,m 2Eba ém'd: coup ek t o gate
el ectrodes,ff o4 s St Pffe 458, a3y @fameqtll PG d ithe%et4t 44b

el ectrically connect between digit |ine _38a and word |line 39a, and between
digit |in& %ﬂﬁﬂ%ﬂﬁcP???EFB@blaYﬁrﬁeﬁﬂrfqgw%%/?ﬁPqW?WQQE & @ connecti ng
25 lines 44m-armt;r4él=tb1car£nqolmgdlateav&rayeltmmenwmsmdeﬁ IJnayei)wsw

Transi stors_ 45a re.co tro Switc ro connect
transistors 4‘@% %‘ﬁgba?% Xﬁ?jc orrrr%’g-‘ﬁ ne 46.° Cl?d]étdl ngg)@?‘)er ation
for devicelsx bfé@rmalaytveneehiag Joncid garhetstegys eepndiel opkapeiron of the
schemgpic cirgiit€ia I rat f st eps
describe a readin gopg[?%?h%ﬁl%oh%gtr%?)}%geﬁ{ El':'Le%tr'llocra e%arr%%rl"?&mﬁg?e
tran5|stor%°4%hFa Hnﬂ5h2aﬁarcﬁﬁﬁ§éﬁﬁﬁ?IQrﬁ?Q§%1QRﬁ?%%%dhﬂ PRMPF¥NSi St or s
18 and 19 @él’dll 3b1connecthbgnl iAEFZE. :cnl ledlﬂlléxah;fmi,arm&ﬂbtﬁ EeG 11 g
respectiv . 3 JAN 2003 7.First o 1 iqit i sel ector 34 provides
o onal ot mesadhReFETY PR Al Toies Udker s PEAR T g U e sais
activat ed. réeRectivelyrn ¥agnesasi stayert3e shigies cimfermatbanrab 33a turns

transipgt ordﬂ»}éc@aoésae@ ﬁaeﬂétitzfarcl@zb @éétox"@ endfsiht, R dbakt aknhi gh
vol tage on a ﬁOV\Br i ne 1S ap | i ed rough t r ansi st or 41a t ransi st or

40a, digitlfing Eéécﬁﬁdleoﬁﬁééﬂllﬁd- I‘Y‘rreh /1% 1HRe ghf e2RPedfr ode of
transi st or cddnectedakbya gatkclhle@tiroade 36 sendsmcary uceirbntsapBaktbe
transistor 0 4 al, l,o r trav fro .t o 1 ne
control 32 %hroggﬁn\gntsgpfnéss %r?éfrrgef&%ﬁl % lt7?ran§| %‘d 214?’:%!“Eml
transi st or SHSECPO teamsds tioirnd 9462haﬁ1el%e<h@@té®ll@ﬁt byedtpunds saiveht age

drop aqy ossoReEBnY 208! | A3GRnNekitGh4 S1 exal pa) edhb&halgoméfrahorofmar cuit
(not 15 shown) .to determ e states stored nent i oned

arl i or, aPEDRD AU G ELYc SirelQF GREB nF HBSCBE PRLEF oRENBE Chig ReGLE
vectors inlthe ncénmmy w@&id lame sito. ~eBist aiee lhedei nonhacdevd ¢e 20,

current fl B\_l‘\_ltdlll%(‘et |C%Q&xjorl 3 i ghgjhi%ng gif_aghhst}o Eaﬁﬁ 1t3h%r§£| JENory

cell _ For éxanp I's assuife current's on owing to
the ri ght ase F@Ftnetﬁtreeﬂctq%r%lqlrtdl@la@eﬂOEQ éiﬁ@v@omgréﬁidz% stBite a | ogic

"0" angls a 9@k cohtdd) tAYe JFRIMY g{fﬁfl hndl @spachinel ¥onkEebiwriding a logic
"0" i n~nmenor ceII 36a, digit 25 Iectgr 34 tuyrns  on transistor 40a

ne. s
to activat E°BEFA 1G4FE &Ba, flﬁlﬁtjcrh Rkt iEJPe3 2y uPh g5 £ iPRansd st 45a to
keep a cur mentd flriome f]l’ovumgream nenar yriekl msdeshef are iki undegrstasd rol 32

provi _des at% g_t;Hét' %]%%r gL LS mémo 32%11“&%% E%ur y g;ntco%qtnra%l 3?'?’%15\’“ tches

transi st or f and r ansi stor rn on ile current
control 33pagnetsie rleatst st osanidel chednd £t _ANSInSuGatezh (MTRT) Gonsequent |y,

the digpt %arzgmla §ds$’é(d@£{:ﬁ)é/d9%ff |a0‘ﬁ%nfdru‘2:@ ePAWRfed i ne 51 through
transistor 4Za, digit 11ine 38a, transistor 40a, an 35t anS|stor 41b to

conmon |ine 46, 1R rRlRX i 60 fFRRd gBhermiedd By Suered it ManqBhtcohL di gi t

line 38a isll, digit and word line control 22 sends a word signal on
both word line 17 and digit line 13 that permits
transistor 18 to turn on. At the same time, ground
35 switch control 20 turns transistor 19 on. Then, bit line
control 22 provides a sense current on bit line 12, which



- 3 JAN 2003 8 conbined with a magnetic field generated by the bit current on
bit line 37a to produce a conbi ned magnetic field that determ nes the
direction in magnetic vectors in nmenory cell 36 and stores the logic "0." 5
"Alternatively, in order to store a logic "1," a digit current represented
by arrow 50 is provided in digit line 38a. First, digit lige;s gﬁlggggr 34
selects digit line 38a by turning on transistor 90a whi | e"transi stor 4ba
is shut off. Digit current control 33a 10zllows transistors 4la and 41b zo
“turn on and off, respectively. At the sane tinme, transistors 42a and 42b
are turned off and on by current control 33b, respectively. As a result a

.digit curren I| r & Q1
transi stor LSF A?g}g eﬂ&%@‘%ﬁ.@mé@g%g%ﬁ?r é\ng'lgsé11 %fq}%gg%:oaﬁ{?onl%l :Ene is
f or med. Bitanﬂynﬁnﬂﬂcﬂommoprbwnée24a bThec§QN§ﬂ QaIrgsnt |dener3res WhICh

forns a CO”binﬁGEaI’@eQrt%éﬁ éb?ofs.saInemerw tR1a magneiicH iwld generated by
the digit current. , menory cell 36a is connected to transistor

43a in serle§°9MﬁQﬂP9cﬁ?ml%fﬁ§W6F9°€Iéﬁeﬁ@llE&éh(ﬁﬁﬁ % 3§ ngangsyd 18l ow
directions hama Mmafamélrre@eweel enanmmpdnaﬂbn S ioed ied amdmrmry

bank. Th I I I
e:(r:]h rrerrgf'yl f)a {“?xi‘rr)gr a%%["ég |§n§I ggt%%Ie? pogj(rafl Ic{ yde JIK%?% ia:ao eIS“ﬁ(s shown

in FIG 2 hawsﬂtnﬂhecmlmgmbrMeseAQalénd 44b that are forned at every two
menory el ements i ng (NPl ¥ebaBken RaienE N9 ded 1H (ére3 bc?t!??tf‘c?fme?d Rpid

configuration 30 is i1l]lustrated for a nenory array 60. menory bank 61,

for exanpl e, THs2h PrERafft FLoRipsoLy SOBRS TS W}IF%%%II“I’%‘Fd HRe dachts

gﬁmory ellerreniac}n@sw PeIPF¥iceldonanthat tl'faﬁlfﬂﬁjfhﬁr cmémgﬁl | _;Wllttg? tsbream Ies 6
ese menory osition.on |ntersect| s.of .2 rali of, bit, lines

35 and a di girfee’f ne’ 63HE OWEilyd 19 r‘Iielbl |sloi|g)l Heed T %ﬁaﬁ%‘? %\H i rg‘?t

line 63. Menotyamahktét b§5|¢@hIwugnal1&:Bﬁ$ﬁlﬁﬁi@hth@ dabayed tde circuit

in FIG 2 excepinkotebbe: BOBMIRCIGHd Nasss ddbdBuOsy 3Rk Binecopnecting

| ines 65-67 are, arranged at every nmenory elenments for connecting digit
line 63 to mo?@lFlﬂéaBE.té@néHQQ%FE?%ﬂﬁﬁﬂ@rﬁﬁm%ﬁhﬁ%%%IﬁggFFﬁE%Yare pl aced
bet ween tiite digctehkge.andnt hhevprbddrte ﬂtvavuewnj\l @améytehgnBMé,zymere

the Nis a pogbg ggt%nggge% unbep¥§qg |s nfg g é%%ngg

el ectrical reSPStTVi
pol y-silicon ¥ﬁa@SthGWSb@@w&&ﬂ%@bﬂtﬂnﬁcﬁﬁt@n@aﬂeaBpa§§0t018mA$|ng and to

i ncrease ”E”D£¥dd§€a'b%cdﬂﬁéfﬁﬁdﬁH‘ilﬂ%r¥§ 99“&@&&'89 hipegaglectrically
connect a digj rd 1T ne at ever enent

resi stance ofk?ﬁ a6PGRan§ %s@ﬂﬁ%t%&ﬁ?%&l%éﬂ%%?éag anﬁFﬁﬁﬁrm}bh adigit
line, a rEnoryithoacceeday mmusedreatpylyAptdirednand aotdt aineytve for

reading is highly &%dgc%qute:%%&%JAQJg993cN%§égﬁsaﬁhabnaq8ﬁe %{réht

magneti ¢ random access nenory uni npr|3|ng nenory
i ncl udi ng: are provided on bit line 12 and digit line 13,
respectively. These currents generate magnetic fields

that produce a combined magnetic field. The combined

25 magnetic field has a sufficient magnetic strength to
switch magnetic vectors in magnetic layer 15. The
writing process carries out the following steps. First
of all, ground switch control 20 turns off transistor 198
to avoid current flow from bit line 12 through memory

30 cell 11 and transistors 18 and 19 to common line 24.
Next, bit line control 22 provides a bit current on bit
line 12 and digit and word line control 23 gives a digit
current on digit line 13. Bit and digit lines 12 and 13
designate memory cell 11, to which the combined magnetic

35 field is applied to store or switch states in magnetic
layer 15.



K

. a magnetic nmenory cell having first and second nagnetic | ayers separated by
a non-magnetic layer; and a nenory cell switch being connected in series to
the magnetic nmenory cell for activating the magnetic 10 nenory cell; a bit
"line being placed on the first magnetic layer and electrically coupled to
the first nmagnetic layer; a digit line being placed adjaceqt ihe dgnory
cell, electrically isolated fromthe nenory cell, and 15 perpendicul arly
placed to the bit lines; a word |ine b%lng placed in parallel to the digit
line and coupled to the nenory cell switch for controlling the nenory cel
switch; and a connecting line for electrically connecting the 20 digit |ine
to the word line. 2. The magnetic random access nenory unit as clainmed in
claim1 furtherRe¢feruihadgta HEGund, sant Y¥RAH odevbopl BAgishe magneti c nmenory

cell to a coupprhtdg, @élmeafkangég 9r8¥89a§i"t§(cgf' ﬁTbUHé% for

providing a sense current to the magneti ¢ menory-c read node,
wher ei n t heShefot) ERY$ 20fteplpBng. trQﬁ§F§?o?°hé§|ﬁ@uﬂpﬁé1C“é@é%ﬁﬁ and
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33a and 33b. Word lines 39a and 39 are placed in

20 parallel with digit lines 38a and 38b, and coupled to
gate electrodes of transistors 43a and 43b. Connecting
lines 44a and 44b electrically connect between digit line
38a and word line 39%a, and between digit line 38b and
word line 39b. In memory array 31 in FIG. 2, connecting

25 lines 44a and 44b are placed at every two memory cells in
rows. Transistors 45a and 45b, which are controlled by
switch control 35, connect transistors 43a and 43b to a
ground or common line 46.

A reading operation for device 30 basically executes

30 the same steps as the operation of the schematic circuit
diagram 10 illustrated in FIG. 1. The following steps
describe a reading operation to memory cell 36a, for
example, where transistors 43a and 45a and connecting
line 44a correspond to transistors 18 and 19 and

35 connecting line 21 in circuit diagram 10 in FIG. 1,
respectively.
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As mentioned earlier, a combined magnetic field
determines directions of magnetic vectors in the memory
cell and sto-res states therein. 1In device 30, current
flow directions in a digit line establish states in the

20 memory cell. For example, it is assumed that digit
currents on line 38a flowing to the right and left
directions indicated by arrows 49 and 50 store a logic
“0” and a logic “1” in the memory cell, respectively.

For writing a logic “0” in memory cell 36a, digit

25 line selector 34 turns on transistor 40a to activate
digit line 38a. Switch control 35 turns off transistor
45a to keep a current from flowing in memory cell 36a
before bit line control 32 provides a bit current on bit
line 37a. Then, current control 33a switches transistor

30 4la to turn off and transistor 41b to turn on, while
current control 33b turns transistor 42a on and
transistor 42b off. Consequently, the digit current
indicated by arrow 49 flows from a power line 51 through
transistor 42a, digit line 38a, transistor 40a, and

35 transistor 41lb to common line 46. A magnetic field
generated by the digit current on digit line 38a is
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a plurality of sets of connecting |ines, each set of 15 connecting |ines
for electrically connecting between the digit line and the word |ine at
every N nenory elenments in the row line, wherein the Nis a predeterm ned
positive integer nunmber; a bit line controller, coupled to the plurality of
20 bit lines, for selecting one of the plurality of bit lingsy apdza digit
line controller, coupled to the plurality of digit lines, for selecting one
of the plurality of digit lines. 25 103 The magnetic random access nenory
device as clainmed in claim9 wherein the bit line controller provides a bit
current on one of the bit lines and the digit line controller provides a
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are turned off and on by current control 33b,
respectively. As a result, a digit current route, which
is from power line 47 through transistor 4la, transistor

15 40a, digit line 38a, and transistor 42a to common line
46, is formed. Bit line control 32 provides a bit
current on bit line 37a, which forms a combined magnetic
fiell along with a magnetic field generated by the digit
current,

20 In FIG. 2, memory cell 36a is connected to
transistor 43a in series, which forms a memory element.
Each digit line, to a row direction, has a plurality of
memory elements, which is called a memory bank. That is,
memory array 31 includes a plurality of memory banks,

25 each memory bank is activated by digit line selector 34.
Memory banks shown in FIG. 2 have connecting lines 44a
and 44b that are formed at every two memory elements in
memory banks.

Referring to FIG. 3, another circuit configuration

30 is illustrated for a memory array 60. A memory bank 61,
for example, has a plurality of memory elements in
parallel, and each memory element has a memory cell and a
transistor connected in series. These memory cells
position on intersections of a plurality of bit lines 62

35 and a digit line 63. A word line 64 is placed in
parallel with digit line 63. Memory bank 61 basically is
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connecting lines. In memory bank 1, connectlng lines

65-67 are arranged at every 16 memory elements for
connecting digit line 63 to word line 64. Generally
5 speaking, connecting lines are placed between the digit
line and the word line at every N memory elements, where
the N is a positive integer number and is determined
according to electrical resistivity of a word line.
Thus, a word line employs poly-silicon that allows
10 an MRAM device to save space for wiring and to increase
memory density. Furthermore, since connecting lines
electrically connect a digit line to a word line at every
N memory element, the resistance of the word line is
substantially decreased along with a digit line, a memory
15 access time is greatly improved and a total cycle for
reading is highly reduced.
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What is claimed is:

1. A magnetic random access memory unit
comprising:
5 a memory element including:

a magnetic memory cell having first and second
magnetic layers separated by a non-magnetic layer; and
a memory cell switch being connected in series
to the magnetic memory cell for activating the magnetic
10 memory cell;

a bit line being placed on the first magnetic layer
and electrically coupled to the first magnetic layer;

a digit line being placed adjacent the memory cell,
electrically isolated from the memory cell, and

15 perpendicularly placed to the bit lines;

a word line being placed in parallel to the digit
line and coupled to the memory cell switch for
controlling the memory cell switch; and

a connecting line for electrically connecting the

20 digit line to the word line.

2. The magnetic random access memory unit as
claimed in claim 1 further including a ground switch for
coupling the magnetic memory cell to a common line,

25 wherein the ground switch is turned on for providing a
sense current to the magnetic memory cell on a read mode,
wherein the memory cell switch is a transistor having
first, second and gate electrodes, the first electrode
being coupled to the second magnetic layer, the second

30 electrode being coupled to the ground switch, and the
gate electrode being coupled to the word line.
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3. The magnetic random access memory unit as
claimed in claim 1 wherein, on a write mode, a bit
current and a digit current are provided on the bit line
and the digit line, respectively, so that the bit current

5 and the digit current generate magnetic fields,
respectively, a combined magnetic field of which

determines directions of magnetic vectors in the magnetic
memory cell.

10 4. The magnetic random access memory unit as
claimed in claim 1 wherein the first magnetic layer is
magnetically free and the second magnetic layer is
magnetically pinned so that information is stored in the
first layer as directions of magnetization vectors.

15

5. The magnetic random access memory unit as
claimed in claim 1 wherein the magnetic memory cell has a

tunneling junction between the first and second magnetic
layers.

6. A magnetic random access memory bank
comprising:

a plurality of memory elements, each memory element
including:

25 a magnetic memory cell having first and second
magnetic layers separated by a non-magnetic layer; and

a memory cell switch being connected in series
to the magnetic memory cell for activating the magnetic
memory cell;

30 a plurality of bit lines, each bit line being placed
on the first magnetic layer and electrically coupled to
the first magnetic layer;

a digit line being placed adjacent the memory cell,
electrically isolated from the memory cell and

35 perpendicularly placed to the bit lines;
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the memory cell switches; and
a plurality of connecting lines for electrically
5 connecting the digit line to the word line at every N
memory elements, wherein the N is a predetermined

positive integer number.

7. The magnetic random access memory bank as
10 claimed in claim 6 further including a ground switch for
coupling magnetic memory cells to a common line, wherein
the ground switch is turned on for providing a sense
current to one of the magnetic memory cells on a read
mode.
15
8. The magnetic random access memory bank as
claimed in claim 6 wherein, on a write mode, a bit
current and a digit current are provided on one of the
bit lines and the digit line, respectively, so that the
20 Dbit current and the digit current generate magnetic
fields, respectively, a combined magnetic field of which
determines directions of magnetic vectors in the magnetic

memory cell.

25 9. A magnetic random access memory device
comprising:

a memory array including a plurality of memory
elements arranged in rows and columns, each memory
element having:

30 a magnetic memory cell including first and
second magnetic layers separated by a non-magnetic layer;
and

a memory cell switch being connected in series
to the magnetic memory cell for activating the magnetic

35 memory cell;
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a plurality of bit lines, each bit line being placed

on first magnetic layers of magnetic memory cells
arranged in a column line and electrically coupled to the
first magnetic layers;

5 a plurality of sets of digit and word lines, each
set of digit and word lines having:

a digit line being placed adjacent memory cells
arranged in a row line, electrically isolated from the
memory cells, and perpendicularly placed to the plurality

10 of bit lines; and

a word line being placed in parallel with the
digit line and coupled to memory cell switches arranged
in the row line for controlling the memory cell switches;

a plurality of sets of connecting lines, each set of
15 connecting lines for electrically connecting between the
digit line and the word line at every N memory elements
in the row line, wherein the N is a predetermined
positive integer number;
a bit line controller, coupled to the plurality of
20 bit lires, for selecting one of the plurality of bit
lines; and
a digit line controller, coupled to the plurality of

digit lines, for selecting one of the plurality of digit
lines.

25

10. The magnetic random access memory device as
claimed in claim 9 wherein the bit line controller
provides a bit current on one of the bit lines and the
digit line controller provides a digit current on one of

30 the digit lines, so that the bit current and the digit
current generate magnetic fields, respectively, a
combined magnetic field of which determines directions of
magnetic vectors in the magnetic memory cell.



