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specific integrated circuits (ASICs), system-on-chip (SoC), and other like devices as

will be appreciated by those skilled in the art. RAM can be volatile or non-volatile.
Volatile RAM loses its stored information whenever power is removed. Non-volatile
RAM can maintain its memory contents even when power is removed from the
memory. Although non-volatile RAM has advantages in the ability to maintain its
contents without having power applied, conventional non-volatile RAM has slower read
/ write times than volatile RAM.

Magnetoresistive Random Access Memory (MRAM) is a non-volatile memory
technology that has response (read / write) times comparable to volatile memory. In
contrast to conventional RAM technologies which store data as electric charges or
current flows, MRAM uses magnetic elements. As illustrated in Figs 1A and 1B, a

magnetic tunnel junction (MTJ) storage element 100 can be formed from two magnetic
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the logic state of the cell 200. Accordingly, data can be written to and stored in the MTJ
100.

MRAM has several desirable characteristics that make it a candidate for a
universal memory, such as high speed, high density (i.e., small bitcell size), low power
consumption, and no degradation over time. However, MRAM has scalability issues.

Specifically, as the bit cells become smaller, the magnetic fields used for switching the
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herein by reference in its entirety.
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BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are presented to aid in the description of
embodiments of the invention and are provided solely for illustration of the
embodiments and not limitation thereof.
Figs. 1A and 1B are illustrations of a magnetic tunnel junction (MTJ) storage
clement.
Figs. 2A and 2B are illustrations of a Magnetoresistive Random Access Memory

(MRAM) cell during read and write operations, respectively.
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“embodiments of the invention” does not require that all embodiments of the invention
include the discussed feature, advantage or mode of operation.

As discussed in the background, STT-MRAM uses a low write current for each
cell, which is an advantage of this memory type over MRAM. However, cell read
current can approach or be higher than the write current threshold and thus cause an
invalid write operation to happen. To reduce the potential of an invalid write,
embodiments of the invention use different word line (WL) voltage levels for read and
write. Conventional designs apply the same WL voltage for read and write. At a given
read current, the probability of an invalid write increases with the pulse width. Hence, a
conventional design scheme uses a short pulse for read and a long pulse for write. In

practice, this results in imbalance in read and write cycle times, often making the write
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anplifier 470 is coupl ed

the state of the bit cell 401 by amplifying the voltage differential between the bit line
420 and the reference 472 at the input of the sense amplifier 470 during the read
operation. During the read operation transistor 410 is conducting and a read current
(i_rd) flows through the MTJ 405. The read isolation element 450 will be conducting
and a voltage in proportion to the resistance of the MTJ 405 will be generated and

detected at sense amplifier 470. As discussed above, the resistance will vary based on

the logic state of the MTJ 405. Accordingly, the data stored in bit cell 401 can be read.



to the bit line 420 and to a reference 472. Sense
anplifier 470 can be used to determ ne the state of

wo b@shodregel | 401 by anplifying the voltage  PCT/US2008/056086
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differential between the bit [line 420 and the
reference 472 at the input of the sense anplifier 470

duri t he. t Du t he. t
Cr ans g ing e b Rt atia R i B PR ord Begpansistor
fl | (P"Woﬁd"ﬁﬂ@" ahvdrne oL sé@@ﬁve-ﬁh @hafn%@ Ghd §6’llt%(3 e ggh@d ﬁ)nﬁﬂ{smtor 410

be conducting and & vol tage in rtion
ﬁhdhcesubmahweHprmheomﬂJIhm@gwmbhebbogﬁm@nanadddnw<ﬂnwr432

det ect ed | i fi 470, As d d

PR g nt 20T ey oE AL A Socdnd SHRESOBEFGymat con be
tdrexMhgled@R- coRC e gb NGldy Rdre@ing ab &igs U qdnﬂlgwwmet oﬁe@étions word
401 can be read. [ 002 VWord line driver 432 is coupl ed

tiee daecrviBEdreyides wag! IMoand trangistardd Asvigh o firy voltage (WL_wr)

ne, dri | change t h
V0T S MEn olGls 197, S SBAF B, ¥Rty RIS LT g Va0 For
Wdntite,ape hakd 0nS drifeir432gis ilestriagd s dReingttvosupiendlthgdea lower

drlver 432 provides word line 430 and transistor 410
Wltage aV dbteghd? geeraias\indralyigheiatoliagn Vipe, (cgera pumping voltage).

%’&Q%Qﬁ Be af IR GRHeGeviPlal ?sgﬁl\ﬁgﬂ%i fq'rb‘qlfleef sl BBk %&éé:]l‘&?’oﬁfﬁéle ge g,12

during wite operations, I ne rlver
Wor didri axem$B0) imnomt rearmidsharts ) eant be an fthe stdev«»tf t4@gfe to 100%

s a hi voltage (e.g.., V than t
§@e@h Hzav\?fdiagfaowaw q?h@d&mntwg%e igihiigy &Eﬁﬁ%@ e ©This range
Pf) bﬂ?bé’ﬁdb\éﬁﬁtlélﬁzhlg&r' f 'ﬂ&b%‘h&%ﬁ&@ Vafta SN NEotidihage or degrade
supply voltages, a’l ower voltage Vdd (e g., a core

thelrtlaadel) ty axh ovoaid limiegtheasistog il Bl ge otliep c1(ce11tge:l¢m@tp u ﬁvﬁqpr@n be supplied

oltage). Vdd can be at the s eve [ p
g ?‘ﬁ{%&ergé%t?‘? B?W?‘h%o“ﬁ%ens?%l}' o] &%fi‘}.at P?V%ergmana%e’?e‘@)lg cgfyped circuit
exaoml @herl dtteRIBuFHREd iAI&ﬁia%vM@PVEg RabBc @Bndrited BOEEV dd using a
of 40%to 100% greater than Vdd wever, enbodi nents

BEMpiE CiraNib Ao OWMie aptknop@iindef a6 t hi s range and Vpp
Can bg fzg t(f?lgéll gk)by él'&' %?J 1%016{t10tnh§16{51gﬁ1.rse?®e ncY @O agf% coupled

hot rel

bétﬁ/ﬁsm EHeCHlt 501508 andtsbeﬂ‘ce ¢1InE: aui to ah&leniles:noh/ ppa (bﬁrhnb and writing
uppl ied from an |ntegrated power, source, such_as from

gatbdmt Frdh Al mevit dipgibesy shovg aa itk inf Fign By fiep STT RAM
ag%ﬁ@@beﬁ%m ofShe MISf0BALL ChhYee tyg pofaﬁgy nlg:]ethg eRe r@e? Ghich in

ron1 usi ng & punpi ng CIrCUIt
omowhanges tthe resistanck @928 MTiwDS.e "This vhﬂngﬁaff Iamstanwa tan then be

|sola i on elene s.502 a 504 Ied bet th
HRES ko SRR it s S e sl fo KB isREmat: AFFH S current
af wh)kdah flow @Wst%ﬂe&ﬂlﬁgtod@ht% 4 OO’bldglccﬁhtle 40 %ecoﬁ§ write current
dlscussed above and illustrated in 't@, t|n a STT

eﬁ%s eagti

@Aer)ans ifloy iour seeend dirgctiag ppdséte KT th e gmgeltet hel” logic
i n_turn changes

o | aye c

PRLT S Ble PGS R RS0 B D" PRRRES: ftination of
aaﬁcetshﬁan cag sﬁ@étﬁ@tﬁ&bu@ﬁe aaldCdaaamgﬂ e WOGikivet 80 Bir dxblple, the
bit cell 401. For exaqP a first wite current

write isolation elements 502 and 504 can be transmission gates coupled in series with
the write driver 500. Further, the write isolation elements can receive a write enable
signal (wr_en) to coordinate coupling the write driver 500 during the write operation.
However, those skilled in the art will appreciate that the write isolation elements 502
and 504 can be other devices and/or combinations of devices such as multiplexers and
the like, which can be used to achieve the same functionality. Referring to Fig. 5, a

circuit configuration for write line driver 500 is illustrated. The write line driver 500



(i wO can flowin a first direction to wite a "0"
| ogic state. A second wite current (i wl) can flow

w0 pood/18g6Nnd directi on opposite to the first dPCEUE10081056086
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to wite a "1" logic state. The wite isolation
el ements 502 and 504 can be any device or conbination

of devi.ces that can select vel
FHeInGludE @ I&Pliaf}%vr oyerigey p | @x%%%q L@h@*&gvﬁg %f?liﬂeﬁ%ly drive
e SBISBY: %n@ Q&lﬂ'é@ ﬂné:fgl) k?)%sédr(ﬁf‘@f@c&%b(@ Batd @ tlﬁl@ #ab@d written

In serles wth the wi driver 500. Furthe
urmtbnwsblatlon el enents can receive a MWIte enable

signal. (w. en) to di nat e, coupl, i n e Wi

200 abia B Erebenti s G MStuftir R SeRi 08 ab Mo sl Ea R 1heShord tne
trindif@ B twrikk lahd 20 8fdrat s tiBaaridiS Wk @IV, ahk QMustrated, the
el enents 502 and 504 can be ot her devices and/or

Borblirtatcrd ﬁgltftﬁe (Xl ird 6l Geanrbea¥ddniHpprax tiesvaiding Weite voltage
t\k’fe r)V\éE Al Ql?an%dr({ ?y g Cro]ftaeg\égd&fgr%néae} r{’:"‘.dtelta. The higher write
unctiona eﬁ erring 10 Elg , a Clrcut

Gﬂﬁfgbgw‘nabda aRed @6 iMErcise thien@abin \oET thE Q0rifeSthreshold over the read.
illustrated. The wite line driver 500can include a
Aregrdimghy \ordeftyje pf%}ogtwslfbto D9 IngRepsSBMaEyRf FQ ek gntigerease in

Q" ﬁ%l 200t aihla}‘l 19&@(5% df q@ %afgull LAEa Qi@i'r)eas%qg tl?é)fg(gtgrgua!l t5t&he read

ased receive ta I nput that
mperamc&ntot oaush enbntalrdebvhte [ 083 @]schisgd above Wngamhn ®0Qzenerated

illustrati.n e word I ne vyolt ljed t t he rd.

P 2 PARRPE tVBB Cointgye @%%f @F% 0§18 %dd% apphications) or
&?ﬁéﬂﬂ@l"ﬁl }6 ﬁé\LthaVQ reaﬁ@r fhhih %téo?é @(qtagE heA&%ﬁgnélb n§1raph 600 is
read voltage can be Vdd. However, the

provededr mte@l)vdbt dbe mlmoswqf Gmstratsotg raeditlernqthalmeﬂdﬁd rtd hrmt the
b ol t di.ff t h
TR S GO on Bl s il G LG (TS coutd be o

nkéd ealbdsevhedith wyal bbheidcrasing A@rfeﬁbﬂ la§) gﬂdm,meq‘ezd;@é t Altbmatively,
Froportlonar to this increased mar

t hat
heovidtageltnge WHeVD£oplsshy & Bultiplef Wgﬁ@ (%&s@*b’fid; ‘ﬁ’éﬁf@ Niis a fixed
il %@b&ﬂg (?Vd §akS358d 'bg ahl}gc Qa%gn%%h@lj on égercﬁ(pﬁlcfegge% However,
operati o 15" cau alTd Wit e, A8 di scusse

use an
adgarddsss \OE the stategp €og gﬂmrzatngdv uddlag ag lEigTd WOl ot tsag@ater than
I nternal supply volta & 8 i.n enbedded

X\Gplrficahfi‘?%??sqf 1R theapatery Wﬁli orst %5@%} qp@rattlgﬁéo CAYSE anginvalid write can
gL gati&lqgt han the core voltage. Accordingly, graph 600

'S prOV|ded nmerely for the purpose of illustration and

i s notsidiscpeddint wldtionitd Kipedethoodomtelmes dofert 482 is configured to

i nventj on or, exa th te vol e (W .

RO by 6 P ugs o Bl Gpet e fOF write and. read
ﬁtﬁﬁﬁ' Mohd WOEd 1iRS daSeVaith bﬂ? 'Itfé‘ﬁﬁféslogrel tbe§e%¥ 'tﬁéeée)éond (lower)

t wite voltage (W._w) could be a nu

(J@lta@e lexml fmdeadmaéloms ped ﬁlefﬁrxte(&ilgheﬁlvott@gmlgml fahwrlvs operations.

e taa 1n gln upp?y SSH R lrjln £ Otd Ane \difver 432 can include a
%én%fl-% el PPrebal tHIES e o VYmer%aégeyf%
gﬁfﬂ@ﬁﬁg ElRgheMt %edeleﬁt tisfidsog 8oVl v¥ltades. gheatvechinfaement may
W. rd, a decrease in the potential for the read
g}g&dgttqa@ﬁstpbq, SanYRISHAN Eates | Mgtiplexers, @iy other device that can select

the first and second voltages, as will be appreciated by those skilled in the art. If a single
supply is used, a pumping circuit may be included in word line driver 432 and
selectively enabled for the write operations. Accordingly, those skilled in the art will
appreciate that many configurations can be used for word line driver 432 and that
embodiments of the invention are not limited to the illustrated and discussed examples

provided herein.



be achi eved. [0031] As discussed in relation to Fig.
4, the word line driver 432 is configured to

waedosaod7eel y supply the word Iine with differeP€T/US2008/056086
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voltage levels for wite and Pead operations. The word
Iine driver 432 can include logic to select the second

Iomer) vol t evel for read operations and t
first %?@H@?@) re%m%gg@ figyéya g]&PE tran Gh oy pishgne @BE) driver
@??[Emlﬁstra!té'ﬂ aTl‘ijé"@brdsl%bOJiﬂve‘f Qr@ﬁ Iy 'i&tldd%rhefegﬁoﬂvﬁfg?c bi (T‘@onﬁgured

driver 432 can include a switching elenment to sel ect
tdwwlefqt thet ﬁlahdolsg@c(ng Yob} tgewitc Diperagions @il thg se¢anemitage (Vdd)

et fadiie’. & TR Sinee NBURRE R 2 I3 o s coppolipgervitching
fiévisds A0tanAeTIONdr \g@lb&te@eﬁle fast Mdl decHR] APRIBE iRtBPolR¥ to a write
those skilled in the art. If a single supply is used,

enablapichd OV ewi @ndnaye%ﬂe cnahde siesal (1_ewr eesbeativelyr i Yerdiscussed
ﬁ\%rg%lﬁg 1ﬁ3ﬁy ﬁ%rﬁmgteéf tl}(&?ﬁ%l squtcfn bzlece%’\lrrleletdeqo?Bg ﬁay %é)r[}?ular device

bhadnfiERiioaor logigraatthe fisnceianallee oﬂ@ﬁdndhﬁg aV\lﬁgﬂbrl volt@ge during the
driver 432 and .that enbodinents of the |nvent|on are
Wéite pregationds pehigyed.  Tyrthst.ribd BeMBiNG CHEWE 15156 1tdnanls) iggorporated

g{ ﬁlé' %ﬁ Et% Qliled 2932104 KOEcR% ha%le(f %écf Eﬂéh@l@d.t oﬁngdggclinslgly, the

diagram o the mor [T ne rrver
corfigatatmne dproVided waarein| arve nabrély efor4ﬂﬁlstratmn npod unk® limitation of

se| ection Io ic 710 configured to select the first
FIPeUpENEL: &%IVEﬁ¥“mor wite operations and the second

vol tage §Yddiraflh Jiead di%\%@efn"ilhf #RSyor@dink |(M5)td|%§%194132 dde6rding to
selection logic 710 i ncludes controlled sw'tching

getha esnbodnem o f 780NV artione | Bt finsgvaltage (¢.gsVpanidr sedo nperations

Ko B9 ahSBraRaTgha B by YA BebiT g g Ribonse 0 o
QS UisdbRe si gﬁﬂeavn brl) Miffe'redos% aPREE BaL edhehrtoddfoltage (Vdd) for
swi t chi ng devi ces need not axbpartlcular devi ce or

BoAfPgiFFians srrodded ondrives cirpat Blhby it@awstpr §0Gvhich is activated in
Persf}é’ﬂsg &9 gad“@%fe %’&'1 ‘(Iﬁggn)%{fffe?&l BJ‘%V‘SM ﬁ)lgg plﬁlélgéd' sﬁt'ﬂ includes

I S" achnl eve I I Cul
mlén@rslmaamﬂmatcﬁdpleﬁottlﬂevm tind I(WQ)dr Dviger @Hﬂlsadl@b selectively

I [ I | A I
ge e|Ct W y en?b ed E?Q(HV 'S ?lrg?lglr éq%éy%élg I g,fglg%/he wrlte enable signal

i Acuéétééglhq%gg%] @g{ggl_lb%& itsfalt gna@f tl%HQQch Qf@m{sswg{ch&hsn and the

I nvent i on. ates a circuirt di agram
ﬁfst tvbktag/ao(mg J Vpp) (SWLr))VilﬂBd Ve rdri4828 HE ¢ dipdin mgtivaicanoft ﬂhe rword line

dlne the i nven The first voltage (e.q. )
SHERT it Be nlonn as s St o Ky Bodfick, the driver
Sird5us 10 SAPwBY of BAND §f®ﬁﬂv§&éwww%lt§geq% theal&d liﬂ% Slrnllarly,

response to a wite enable signal (w en) buffered
upmemtlefatl(aoczf th¥ eadsenebledrd; shi ag@al (wdldi)s dase arh@leglc State signal),

? Iés ss?r ? X5 158%&3\1%{ k)%ea%gttggglggl})v I b Cl(le g. §gfc?) 18°provided to driver
810. Upon activation of the word line enable (1n thls case a low logic state signal) for
the read operation, the driver circuit 810 will turn on and provide Vdd (WL _rd voltage)
to the word line.

In view of the foregoing, it will be appreciated that embodiments of the
invention can also include methods for performing the functions, sequence of actions
and/or algorithms described herein. For example, an embodiment of the invention can
include a method for read and write operations in a Spin Transfer Torque

Magnetoresistive Random Access Memory (STT-MRAM) device including applying a



response to a read enable signal (rd en) buffered by
inverter 808. Driver 810 includes transistors 812 and

w@esaaTrst e to the word line (W). Driver 810 PGI/EBR08/056086
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sel ectively enabled by the wolld |ine enable (W en)
si gnal . Accordlngly if the wite enabl e signal |s

?ctlvated in tqls case a P gh I@%4 state signa

1sh yeltagedp agirdilue dipnsisineal R LAY SpHRE pEE 09%{9&1% @nd applying
Q%e(gmd %@lﬁ%e 'toc‘tH%r\QUI'ddl% ﬁ&sﬁ'ﬁdr"cﬁfnn@@reay%@raﬁﬁﬁ' YALERNthe first
of the word |ine enable signa inthis case a | ow

Vaoltage ishigher thmgﬂnalsgth‘ndrvotth@ whe n@tlmdenaatfunﬂmr indhede generating the
grkver ci.rcuit .810 w hn on and rovnﬂ FV%

Bt v lps” BPUHINg R F%mﬂoﬂéf ONEEMOMHF YN 68% tVPbtﬁge source
Rfustd €or Bade@nabloBagd. dARBMaBYANAs diddisdeliabotdIBe ArddivBRage and
| ogic state signal), transistor 806 is swi t ched on and
theesoserdrvaltegs magecach lg: pwer)edu gompr spRéEd PewC powees. Methods
§cc%rdng£ Tﬁi(): tcflrngﬁtsg 1nven%owe fulrghteﬁlél%frhég gleét %h i Pst voltage

hhﬁ:spb’ﬂs&’% ac\m&wnﬁbl%lﬁlgnm hhd E&léétltfgnthal’sdcd’nﬁoxkdltdge ‘ifd@bsponse to a
(W rd voltagegmto the word line. [0034] In view of

feﬁé °nghlegianaly, S fugther meghods PR dckidsSUPREn g S ViREagssto word
Hfle Ph?e e %} a%o&alﬁ‘neaé&%lé Bgﬁaﬂ%rl tah\‘)?}ﬂ?e {)J]%;ratlon 7nd the second

per ng t functi ons, uence acti

ablepei to hirs v@t&ddmebmdrehlanﬂe no tko woed(a]mrpl em,ablarslgnal durmg the read

enbodi mept of. the.inyention ca nclude net ho r. ..

PREA] U o 0T ¢ 88l p ke r?@prqelaaedébﬁtr@nﬂoiﬁ alﬁe%rvaﬁnctwnalmes

h@:}gﬂﬁé Qér@ﬁ' 4 C?} ﬂﬁh%@ﬁ%&&%et%&%fyerﬂb%ﬁﬁnw the invention.
devi ce including applying afirst voltage to a word

| i ne Whaleghg faregmfg disblosure shdwsiillustngfiva emliodgnents of the invention,

TRRR T 5 Mor By By Gas-a o UG oBR Sol ab SRR without
fiépasting/@binage sécpeifGhdfodiheils bheheSeeitidn \u9ldeA8&l by iR appended
i
met hod can further include generating the first
91@1m5aglé>rwa@m¢pﬁml i 6%1%%?%%@@@0@@1& feethe {{pesigpry / circuits to
h
O RO B AR b B BESE (RS By o

ttﬁ)[hﬁsﬁ@e /agitbuith en8ebe mtbdviidd /g eomplymeaialy Hevmet’sow g’i lethterchanging
fron1%ﬁgarate power sources. Methods, according

BMSOiane MQ dewisey)ny bemdis: dhs TregticRe r steic rl%@r actions of the
Eh{‘&c&fbl%néé Kb t@éoérﬁtﬂ%néﬁ sb Q%\%ﬁu&fd@sc%é& Rerein need not
a e VO

ena I'e signal and selecting t secon tage In
bepgﬁm&ednnaaymeamu@nahke §ughahunéﬁmmmu§ucEMmeofﬂwlnvmumn

nmet hods can ., incl ude, s first.vol t rd. . .
e croofDen ohclatnic 5 RSl el i SplsAFactpiRy limication
%ﬂhggmg@@fgkkgpmﬁ?gmkge second voltage to the word
line in response to the word |ine enable signal during
the read operation. Accordingly, it will be
appreci ated that any of the alternative
functionalities describe herein may further be
i ncluded in nethods of enbodi nents of the invention.
Wil e the foregoing disclosure shows illustrative
enbodi nents of the invention,



it should be noted that various changes and
nodi fi cations coul d be nmade herein w thout departing
wo c@ni104168 scope of enbodi ments of the inventi OPCEHES2008/056086
defined by the appended cl ainkl. For exanple, specific
| ogi c signals corresponding to the transistors /
circuits to be activated, y. he _changed as
appropriate to achieve theqﬁ¥§@“§sed functionality as
WEBA RGLAINTED fsCircuits may be nodified to
conpl enentary devices (e.g., interchangi ng PMOS and
NMOS devi ces). Likew se, the functions, steps and/or

actio s of ,t hods i.n accgrdance th th

RO LI R IR R S —
bErpRIE A REmpAsiapy particul ar order. Furthernore,

al t hough el enents of the invention may be described or

cl ai nedit ¢ellt rpving hgraﬁgaﬁtlc tunachiugetign (MTé)omde@rmoeid dige transistor,

d tlon llar. is _ex itly
W?art% th&LfZ[\]l ﬁg e:a }lt\lSl %%Fé Solirceﬁ %pl ﬁ Transfer
Tor que widag@ifig afiegicetplve tiiapatodr Aroesd IMen@hyistor, wherein the word

ESTT MRAM) conprising: .a bit cell having a magnetic
inhAeyer) i rrepfigied mrmova%la Airylorolfaps HY 4 WAlks pRgrafion and a sccond

VhEL, @' rlh%% IQ%(%] dﬁe%t ont %911 ﬁfthtecﬁrgt smlﬁgé d@ﬁgﬁé}qhﬁl the second

sou a mof |ne I'ver coupfFe a gate
m@h&ﬁe word line transistor, wherein the word |ine
driver is configured to provide a first voltage for a
wite operation and a second voltage during a read

oper abi on, TROGTMARAIM o?l?l%mﬁ 'lrﬁlhh&oéotﬁ%?slﬂ hi gher
than the second vol t age. claim1,

further coarmsads iisodatioa ¢leladﬁt| mitdrpescd rbethvesmetite bit cell and a sense
t t he . bit
ABP R FRs T LTS PR TR g ray dpoletd Blresisive

élein@ﬁtt fryi@lide bis Bhad@iddhewriesdpetdtion. el ement from the bit
line during a wite operation. 3. The STT- VRAM of

claim?2, wherein the read |solat|on elenent is at

| east z0ne ' '
mul t | p1 exe(ri‘fle % Tﬁwﬁl\ﬂiﬁp c%gel(?l?nt%a&f%g rI? ﬂ%@on clement is at
tagsguhi $if B Gwitah,\ar ttdn@mibsioviefate; Oflzﬁ hgltipgekek.0 provi de an

electrical signal to the bit cell to store a logic
state in the bit cell; and at |east one wite

| sol ayi on e} egefty Hlalrf 1SREhESco Psn{r%he write
driver between theﬁ%‘ Flne an sourceﬂ;r wher ei n
the wite asoitatiiver @nfigert to proodd ameleetdicslosignal to the bit cell to
store a logic state in the bit cell; and
at least one write isolation element coupled in series with the write driver

between the bit line and source line, wherein the write isolation element is configured to

isolate the write driver during a read operation.

5. The STT-MRAM of claim 4, wherein the write driver comprises:
first and second inverters coupled in series between a data input and the
bit line; and
a third inverter coupled in series between the data input and the source

line.

6. The STT-MRAM of claim 1, wherein the word line driver



isolate the wite driver during a read operation. 5.

The STT- MRAM of claim 4, wherein the wite driver
weoerpniwes: first and second inverters coupl edPCTUS2008/056086

series between a data input abhd the bit line;, and a

third inverter coupled in series between the data

i nput _.and the source line. 6. The STT-MRAM of claim1,

wher efWOEREOHRTINST i ne driverfurther conprises:

sel ection [Ogionq0REiaHfigHed & S8L&%he HRE vbItd! fol Wrft@@Berations
for wite operations and the second voltage Tor read

apkthatséwnd voltageToerc8d DpiRAMISOf cl ai m 6, wherein the
selection logic conprises: a first switching device
coupled to the first voltage; and a second sw tching

devi ce couphesSTo-NMRAM Q€6 ¥OoWhaeR: thSselddidn Hdic MhifiMises:
of claim6, wherein the selection |ogic conprises: a

first sel eefirgnwiteingideties cawinsl tedha forst ieltagprand
vol t age .COQfSﬁ':c_%H&%%itéﬁngwevti{,?ehc%le' 3 HESRONPForted Wi te
enabl e signal’; a“second Selection transrstor coupled
to the second voltage configured to swtch on in

response to a read enable signal; and a driver circuit
coupl 8d t oThei@ T MRAM péclaise Bnyhaeingbe pdertiondpgie sprypises:

and_confi gyrigd: LA QRhPHnE G LAGRLd YPIAATRA! Polkfie Wfdured to

b
line in response to a wor enabl e si gha ring
swit¢heoropergionentoandriteenebit pighat he second vol tage to

the word line i response to the rd. |line enable
signal dur ﬁﬁ@coagﬁela&?%fé%%tsr%ﬁw wﬁ@egﬁq agg configured to

&b A Bnlin ARG 13 4 R&d EddbREsiyRlitage and the second
vol tage are provided froma common power source. 10.

The STT- MRANrivEr cikaiinea@pleduptthe first oug rseeindgselegtion ffangjetors and

u Ci fcui nf L. gur t enerate the first voltage
PR e I e g P 85 el oy Op b2 enable
SibadlndukingWh@ireé Bpédagod bhd ko balpua@ie send REItSRCONMe word line in
vol tage are each provided from separate power sources.
1esponpR o BT TQURARE ehatde sipmal duripg a reddrpperiéion r st vol t age
is about 40%to 100% hi gher than the second voltage.

9. The STT-MRAM of claim 1, wherein the first voltage and the second

voltage are provided from a common power source.

10. The STT-MRAM of claim 9, further comprising:
a voltage pump circuit configured to generate the first voltage from the

common powcer Source.

11. The STT-MRAM of claim 1, wherein the first voltage and the second

voltage are each provided from separate power sources.

12. The STT-MRAM of claim 1, wherein the first voltage is about 40% to
100% higher than the second voltage.

13. A method for read and write operations in a Spin Transfer Torque

Magnetoresistive Random Access Memory (STT-MRAM) comprising:



13. A nethod for read and wite operations in a Spin
Transfer Torque Magnetoresistive Random Access Menory

W@ 30sAMRM) conpri sing: applying a first vol t ageCT/OSH08/056086
gate of a word line transistol3d of a bit cell during a
wite operation; and applying a second voltage to the

word line trapsistor during a. read ,peratLon,%fhgreiﬂ )
the fPPRYIng g HitggEoliage e grafe ehaworhdng datyoyef ¢ agec!! during a
&4ﬁeJ§§mﬂ§ﬁg&p of claim 13, further conprising:

generating the first voltage by punping a conmon

vol t ageplgiogracscomheokige tohtbe comidmevtoinsage deong cercad operation,
used. f or e second. vyoltage. 15. The nethod of claim

¥BESi B ol SoResr pigh®t R s Sond WeBEecond vol t age

are each provided from separate power sources. 16. The

met hod of claim 13, further conprising: isolating a
senseléanpl The method oinclaiia 18i further ¢orpfuisigy the write
operation. 17. .The nmethod of cl.aim 16, wherein an

i sol ation EI"SHERE thegrS? o' eg {Pe PYRRMEe s HAPT  Yoltage source,
veRin the @sin@A6 ohthgdscuvdelis Dsedafot thaResBndSiotlggat e, or a

mul ti pl exer. 18. The nmethod of claim 13, wherein the
bit cell conprises : a magnetic tunnel junction (MIJ)
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response to a wite enable signal; and selecting the
second voltage in response to a read enabl e signal.

20. The nethogheffodDrdiaih 49, fultet &ﬁﬁprd?s?rlfg?ri si ng:

supplying the first voltage to a wor I ne in response
to a word Isphéngnabise agiplfial framrthabit achwlining thperde dperation.
and the second voltage to the word line in response to
the word |line enable signal during the read operation.

17. The method of claim 16, wherein an isolation clement used to isolate the

sense amplifier is at least one of a switch, a transmission gate, or a multiplexer.

18. The method of claim 13, wherein the bit cell comprises:
a magnetic tunnel junction (MTJ) and wherein the word line transistor is

coupled in series with the MTJ.

19. The method of claim 13, further comprising:
selecting the first voltage in response to a write enable signal; and

selecting the second voltage in response to a read enable signal.

20. The method of claim 19, further comprising:
supplying the first voltage to a word line in response to a word line
enable signal during a write operation and the second voltage to the word line in

response to the word line enable signal during the read operation.



