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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
layers 110 and 130, each of which can hold a magnetic field, separated by an insulating
(tunnel barrier) layer 120. One of the two layers (e.g., fixed layer 110), is set to a
particular polarity. The other layer’s (e.g., free layer 130) polarity 132 is free to change
to match that of an external field that can be applied. A change in the polarity 132 of
the free layer 130 will change the resistance of the MTJ storage element 100. For
example, when the polarities are aligned, Fig. 1A, a low resistance state exists. When

the polarities are not aligned, Fig. 1B, then a high resistance state exists. The
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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
memory state increase. Accordingly, current density and power consumption increase
to provide the higher magnetic fields, thus limiting the scalability of the MRAM.

Unlike conventional MRAM, Spin Transfer Torque Magnetoresistive Random
Access Memory (STT-MRAM) uses clectrons that become spin-polarized as the
electrons pass through a thin film (spin filter). STT-MRAM is also known as Spin
Transfer Torque RAM (STT-RAM), Spin Torque Transfer Magnetization Switching
RAM (Spin-RAM), and Spin Momentum Transfer (SMT-RAM). During the write

operation, the spin-polarized electrons exert a torque on the free layer, which can switch
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due to the magnetic write operation in MRAM. Further, the circuit design is less
complicated for STT-MRAM. However, because both read and write operations are
performed by passing current through the MTJ 305, there is a potential for read
operations to disturb the data stored in the MTJ 305. For example, if the read current is
similar to or greater in magnitude than the write current threshold, then there is a
substantial chance the read operation may disturb the logic state of MTJ 305 and thus
degrade the integrity of the memory.
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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
element.

Figs. 2A and 2B are illustrations of a Magnetoresistive Random Access Memory
(MRAM) cell during read and write operations, respectively.

Figs. 3A and 3B are illustrations of Spin Transfer Torque Magnetoresistive
Random Access Memory (STT-MRAM) cells.

Fig. 4A is an illustration of a bit cell array of a STT-MRAM with a ground level

precharge.
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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 mitigate this problem, the bit line (BL) voltage
level during read operation can be held to a lower value than the write threshold voltage.

Conventionally, the bit line (BL) voltage is precharged to a midpoint voltage
(e.g., 0.4V). However, embodiments of the invention hold the BLs at a low or ground
level during the precharge time. When a read command is asserted, the selected BL’s
multiplexer (mux) will be enabled. Through this mux, a current source (e.g., a PMOS
transistor) provides a charge to BL. Unselected BLs stay at the low or ground level and
there is no read disturb. The selected BL goes up to a certain voltage level, which is
configured to be lower than the write threshold level. Also, embodiments can reduce
read operating current and overall power consumption.

Referring to Fig. 4A, a section of a STT-MRAM array 400 is illustrated. For

example, four bit lines BLO - BL3 are illustrated each having a precharge transistor 410-
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bit lines could be used in place of read multiplexers.

Fig. 4B illustrates an alternative embodiment of a STT-MRAM array 401 having
a ground level precharge on the bit lines. In the illustration, many of the elements are
similar to those described in relation to Fig. 4A. Accordingly, common reference
numbers will be used and a detailed discussion will be omitted.

Referring to Fig. 4B, a section of a STT-MRAM array 401 is illustrated. For
example, four bit lines BLO - BL3 are illustrated. The precharge line 415 is activated

prior to the read operation to establish a known reference value on the bit lines (BLO -
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BL1- BL3) remmain near the ground |l evel after belng

@I|mc¢iar@edotb§oltsfzwlabr(emhmtgémt redsitet orechak0- waBistor 480 can be

02 It. will be a eci at ed t ot fore n
bttt iR ar AR raBl B RS SubEpe o 8 fiBudRgnial. When o
bit lllag t(e at, iBID)an delebred P adi RN hixak.of, MRDI NUL) lthrenblanlﬁe will be
not limted to this illustrated exarrpl e. For exanp

edplasligrtbecommen bif\linganh 478 do pasowan 4601 dn pn@emb@@ment all bit

W{leér[o C%.H b% E#gdco uén%bﬁli?% ﬁllgaarss?o% aggct}%%g rllm}%é? g&? (gorbsevvltches)

urce ne cou e arrange
Rax ®iuk - 3 t @ hé berbittsolica &s50icas be athablied uios teathiciradd ()lperatlon (e.g.,
perpendlcular to the bit line as illustrated. Furthe
8 KBtb @éx&nélegoraf‘éaortﬁé% 26 RO cnccmblgldo et a current flow

éﬁ{;\‘:tc 'tﬁ’eni%laﬂ toﬁera{: 4, %]Srt 118y aé\@l%l {ﬂng? nﬂ VIR o BB%te:lated that

tively can cou e vari ous es coul
theechirient pbace 469 1nd“ag #AI maylaésoebes sinﬁi&@l&Oc]lisaFEﬂegi addBthen enabled

Il lustrates an altern t|v embodi ment a STT- :

i M GTT He ATOURRA G TEUPa e B TRav g e discussed
{ﬂlgglﬁonlt@ngthleO%St ration, many of the elenments are
simlar to those described in relation to Fig. 4A

Accor Higndidy, 111m®mf@n81g@‘lmgefm ethm et sofinfig. 4fe insadomlance with
ﬁgﬁ%cinijnieﬂta otf Ie"i%g/g’rﬁip%n 56%[1&5%6 s&g}n %Egglg?irlsmhag}ep (,%t/ a high level
BAdr toShd tdatl beraties] wiieh weXadiRlat, thé ichdigt thahdigsr Bk cg., 410 of
BL3 are illustrated, The precharge line 415 is

Biex fOaeedidisehasge the bitHerte arapuhpatersial.t Huspedby rogn ogeration the
OMeC RG0SR ) SRR o BT B Rl il e e
bffam&id&'ittmllp,ahe ted hex emble Hpital 520 €RASMIM dndbley atilede botivated as
bibe i SRRy R 1 Belar O 3P0 G A peeypoticulr
férdd ll’Ill ?%tl\hﬁx § BRNERad B@Q@lb@t&?é néoﬁLQ)a‘nLlﬁlgwme actévatlng a

acti vated whi ch di scharge t nbit line
péu‘tlaulglr pont llpotvehtacatfate\meassacbted Wwomelifee frgnsist@k @.gi,s430) in a

I d t.h d .0,., R 0, . h it ) )
PetE o EheliBGaEith M St it T it fofost e prgicutar bit
EQ1 REBSRa@MIhE B0 linkRofRg: SAPRH] RRtase Al proPdrioh kA BR resistance of
BLO-3 can be sel ected by enabling the associ ated read

hel MiTp1 (exeer420) end $h¢ rcutieny)supplied by the current source (e.g., 450) when

enabled by current source enable 535. As discussed above, the MTJ will have a
different resistance value for each state (e.g., “0” and “1”). Accordingly, the bit line
voltage 540 will change based upon the state of the MTJ and this change can be
detected at the sense amplifier in relation to the reference value (e.g., BL ref) to
determine the value of the bit cell.

Fig. 5B illustrates signaling for the circuit of Fig. 4B in accordance with
embodiments of the invention. Precharge signal 511 (pre) is maintained at a high level
prior to the read operation, which will activate the precharge transistor (see, e.g., 480 of

Fig. 4B). Additionally, the read mux enable signal 521 (Rd mux enable for the selected



RD Mux 0-3. The current source 450 can be di sabl ed
prior to the read operation (e.g., an enable signal

w@rpespondi ng with the word |ine enable) to pPEVERL008080300
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current flow prior to the read operation, while the
bit Iines are discharged. It will be appreciated that
al so be

b ek o G R blovnih ik elbHRFrg HBle el precharge

9&%&@&1 Q-beAEh b gealed gfotuﬁbl lo® 16&9@&%&13@% i 9O ddﬁgitlon As
e discussed in relation to Fi B bel ow.

ﬁlugtratsd; th¢ belsttedbadingirgrhmungnlge 5t2lh @ag be cmamtamrhd Iélngand the Rd

4A i n cord enbodi t.s..of the inventi
s caPGeiingr dao hepPas e GOl it RS maEIHIGR low stte 10
Hedoablehd @iisclcotckigt IRAPrioPRY thk lr@a,op\etah@ﬁ A\ltérhatﬁf’ely \oatyethe read
the precharge transistor (see, e.g., 410 of Fig

and carlde A éu thihveclented bif Hee ean 12@ higead ppot @rﬁqa@anvatm?; (c.g., 511)

B‘é S&]ta}% an? g%éo @gl\%\}%g i retag %891raﬁ81;1 ﬁ{eggﬁ&la%a;%gn%%gl 1 transitions

tor anew staae and lthe b&c@a&ge(ﬂraﬁﬁﬁtmr Adiditei dmainiayed (ehoﬁ g&adl off). The
nmux_enabl e si gna enable) will

werq lng eyblesighel ﬁ3Q5 h%&x%bq poiaaien abrEths iP&WQPTgS gignsistor is gated
g)f\f\L)Add‘ﬁrcbn?l@ GHe \%‘%‘#@Iﬁl QQM’SS: &y b@ﬂﬁb:lah %o %e%@ﬁﬁlbg %eg 7 5%5) after the

read [T ne can
pechkprge Bhl@)stoﬂ_ls ketail 9F. aky dilvatssadgabavpéxytanabﬂhmga patidular read mux

line [ tivate the associated dlin

{4 6 Pl ?geiﬂtgm@ Gy SPROGE gt PLUL b e atigating a particular
%Fcﬁlﬁﬁee@ﬂl K0y ok thdBs¥Q4itdd Wo?(?hfi’@@arﬁisttork (@g M‘Bd)'m g phREhlar row.
the particular bit cell to be read R

Vb¢ tndggeccian ofiiticl worddingagé bitring rvaldcsplmtdhe p@rtltchler blt cell to be read.

tance  of J (e.g.., 420).and
EE%BSE lléla Vglta%fhé :}ﬂ érhcs‘eaggbl} Breop(a}eﬂoél to th% 6351%31%%8 otf the MTJ (e.g.,
mkahladh@yurﬁdm K@ilic OYItEE @D |s@1r5§@ g A350)] G618 Seenabled during
above, the MIJ will have a different resistance val ue

fh@,reqéia(a:ﬁ:ragpgtbé( quereht sourqg' enghlg 533 §Xs dseesed ,al?@eythetl\ﬁ@ will have
I e Lpon t

B R B o RO REE P GERE I B A B0 e bit lne

salnge Jopliill ichandenbased atploﬁrtht: otdthefrtag eﬂ@n@adwaisuﬁlange can be

%egg. BL ref) to determ n? the value of the bit cell

geded afithe SS@% é}mp_} 157 aifexsTatiognigl thegref@enaenyalys (ggi. (BL_ref) to

Bdteimide t1tRalfd &91%’151@'@61?6 wi th enbodi nents of the

I nvention. Precharge signal 5 11 (pre) is nmaintained

at a hiltghughevﬁ fpragomgt distlosure edd)wspelﬁlatrmm ontbiodhments of the

t th tr t
Bheri it SaahivePafidl o SpinliPeud hisd ERGbIG Segpedimitcd to
Bde (IRGraMbn. SMARIxem! ;)IU tﬁe%e&ﬁb achrdbd bf bibo R 11'Ms{rht69@n Figs. 5A

activated to allow for a Selected bit line to couple
agl 1B, @amb@crh@ch@@d v lang ps therfurgtigniléty ds Bedaigedcteo raad mux, word

grgeo i currenlt QU RO4E Qrtlallb"ileld Ig)r{olr 5 a5&d ol}‘ether 6id cepr%ru%her embodiments

of the invention can include methods for performing the functions, steps, sequence of
actions and/or algorithms discussed herein. For example, an embodiment of the
invention can include a method for reading memory in a Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) comprising discharging at
least a selected bit line to a ground potential prior to a read operation (see, e.g., 510 of
Fig. 5A or 511 of Fig. 5B). A bit cell can be selected on a selected bit line (see, e.g., 520
and 530 of Fig. 5A or 521, 522 and 530 of Fig. 5B). Then, a value of the bit cell during
the read operation (see, ¢.g., 540 of Figs. 5A or 5B).



illustrated, the selected bit line read nux enable 521
can be maintained on and the Rd nux enable signals 522

wWo 20090537unsel ected bit lines can transition tPCEUBZMS8/080300
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state to decouple the unselecfed bit lines prior to

the read operation. Alternatively, only the read nux

enabl g 5 r the selected bit _]ine can be activ

pri or oo faresatts gclpgirg shows 1i‘lfftr%t|«i@ rediaof the Sovention,

ft rsﬁ&ﬁh $E (%ted@h'a[t'V@Hoﬁsh&laﬁgé‘&danggﬁ‘&ﬁﬁé%nﬁ B&ul@ ‘B@ %ha@l% @€rein without
signal 5 11 transitions | ow state and t

geractine gemtthanaipstadrenbiod|mdigs dethetinveatiod ag eieﬁnq:d brathedappended

he word lin nabl e signa
Sy, A SATDE, St ER e Bl ety 6l a Bl ereuits to
Belghtivaraahby be thged b SiProSiaie &eachRvE the d&00sc8 FhAbAAlity as the
be enabl ed (e.g. 535) after the precharge transistor
trgnsgeé@réd @Foiits ARaydbe srpsifaad @bweplewn@ﬁagww@ (@ g interchanging
e D b [

BR{G Aty SR Ae ) O honi RO TpRbighs pitny BAPRCANAR of the

wethddk imzﬁtcmirdlahcea@ith ﬁ&t eﬁnljddﬁnaim Gﬂﬂhaﬁtﬁd:nw dedchhﬁi herein need not

transi stors 43 in_a Eartlcular I OW.

bnpeiasciip ﬁnbﬂoalftwelawsfdfn FHE %m@r%.aﬂthwg%ﬂeelﬁmpms 9k thscipvention

fng b@ %l&drl‘ji)géi 8f 1: Qhﬁedclﬁlthe glﬁ%lggr, £ ural ﬂecome'in leit&?unless limitation
tage 5 i ncrease Tn proportion

nehegmgMQem@kphhéymw&d(e.g., 420) and the current

supplied by the current source (e.g., 450), which is

enabl ed during the read operation by current source

enabl e 535. As di scussed above, the MIJ will have a

di fferent resistance value for each state (e.g., "O"

and "1"). Accordingly, the bit Iine voltage 540 w ||

change based upon the state of the MIJ and this change

can be detected at the sense anplifier in relation to

the reference value (e.g., BL ref) to determ ne the

value of the bit cell. Al though the foregoing

di scl osure shows illustrative enbodi nents of the
invention, it will be appreciated that enbodi nents of
the invention are not limted to these illustration.

For exanple, the specific sequence of signals
illustrated in Figs. 5A and 5B nmay be nodified as |ong
as the functionality is maintained (e.g., read nux,
word |ine and current source are enabled prior to a
read of the bit cell). Further, enbodi nents of the

i nvention can include nethods for perform ng the
functions, steps, sequence of actions and/or

al gorithnms di scussed herein. For exanple, an

enbodi nent of the invention can include a nethod for
reading menory in a Spin Transfer Torque
Magnet or esi sti ve Random Access Menory (STT- MRAM
conpri sing di scharging at



| east a selected bit |line to a ground potential prior

to a read operation (see, e.g., 510 of Fig. 5A or 5 11
wW@R00B0sR376B) . A bit cell can be sel ected on a BE&I/E8100%1080300

bit line (see, e.g., 520 and BBO of Fig. 5A or 521,

522 and 530 of Fig. 5B). Then, a value of the bit cel

during the read operation Qﬁfe g.g., 540 of Figs. 5A

or 5B). Wi le the foregoing tAI3sur e shows

Widstrseci Xevaiives ments of the invention, it should

be noted that various changes and nodifications could

be nmade herein w thout departing fromthe scope of

enbodi ment f.t i pvention as defined by the

peniied citabhE TEoRTEE e AEpETTENe hrhiGh ghsgess Memory
S T-SHPARNY aRgy tOmphRgngr ansi stors / circuits to be
activated, may be changed as appropriate to achieve

t he di scl os@urplifcefi Bharlls waels coupded tmpss of griurality of bit lines,

i eult .ypdj fied to conpl enentary devi ces
?8&5&%”?%?3#%?aH%%né&Lwcs and NMOS devi ces). Likew se,

the functi angyraBtyeps paohldrQe taatisons cath icbecspphfiadstoi dhe of the
accordance with the enbodi nents of the invention .
plsdity BEfitHmce; Wheteia dha prechrep diepyptrisgere ronfigured to discharge the

?ﬁﬁh&&H' uﬁ{ﬂﬁgrmﬁggﬁgg%ggggl al t hough el enents of

e tnvention may b ed or clained in the
singular, the plural is contenplated unless limtation

to the singul [ licitly stated. CLALMS WHAT | S .

CLAI VED 1 5119 STENBAW#rian of blaimdr Sheraii isetrshatgesiinyistors are
Ranogm.Asaess Menory (STT-MRAM array conprising: a
plurality of bit cells, each coupled to one of a

plurality of bit lines, word lines and source |ines;

and a,plurali foRhechar transistors, .each .

cor r e3pondi A 5t B RENE AR BPeshF T4 8 HbagF O fotpgarises
wher ei n t hg sirehmgat;tanansi stors are configured to

di scharge the bit lines to ground, Prior to a read

oper at i on. & Fordliee wamsisiamAonBled 4y/theptogags dementwher ei n

the precharge transistors are NMOS transi stors. 3. The
STT-MRAM array of claim1, wherein each bit cel

conpréses: The SITA-MPA M amBnbf chmd & wherdinl theestorage element is a
transj stor coupl to the storage element. 4. The

e . .
SRFIQURANE ﬂglygeﬂ ?Wéa HRd3vheReia g Wordlinedtansising 1epaupisgin series
Weth&he MTJ.

5. The STT-MRAM array of claim 1, further comprising;:
a sense amplifier having a first input coupled to a current source and a
second input coupled to a bit line reference; and
a plurality of read multiplexers, wherein each read multiplexer
corresponds to one of the bit lines and is configured to selectively couple the

corresponding one of the bit lines to the first input of the sense amplifier.

6. A Spin Transfer Torque Magnetoresistive Random Access Memory
(STT-MRAM) array comprising:
a plurality of bit cells, each coupled to one of a plurality of bit lines,
word lines and source lines;

a read mux configured to select one of the plurality of bit lines; and



magneti c tunnel junction (MIJ) and wherein the word

line transistor is coupled in series with the MIJ. 5.
Wab@9BIZB7IVRAM array of claim 1, further conpriBCTHS2088/080300

sense anplifier having a firstlinput coupled to a

current source and a second input coupled to a bit

line reference; and | uralit read I tiplexers,
wherei n eat RISBYEC ﬁrarl%lg re%&ledzf& dém theyregf gy wherein the

{)J&@ha{i’ b& trhh R8s 1§%Qnﬁg°ur€@{8° dilgé{fa?ﬁe t‘h@ s@l@ét@@ Bit‘(ﬁ'e%o %%fﬁheprlor to a
he corresponding one of the bit lines to the first

faapwpcrofion.he sense anplifier. 6. A Spin Transfer
Torque Magnet oresi stive Random Access Menory
(STT-MRAM array conprising: a plurality of bit cells,

each goupl gHec STTONR AN adraplofiicliite/ vHerdh thd p@a&rga\@aﬁmmr is a
| ines and source lines; a read nux configured to

NM@B{rapngonf the plurality of bit |ines: anda
precharge transistor coupled to an output of the read
mux, wherein the precharge transistor is configured to
di schar ge TheSTelMRued abh of ¢lnien 6.0vldreidrRdch Wit tell cdrdpréses:
read operation. 7. The STT-MRAM array of claim 86,
wher ei n t héSi9Fagsklgmf@tiandnsi stor is a NNCS transi stor.

8. The STT; NBAMiAL fra¥%ied: c%hﬁlem@the%% h bit

cel | conprlses a storage el enent l'ine
transistor coupled to the storage elenent 9 The

e ognet e STwB Y e Bh L. Shalinbroraroen@oment is

Hﬁ%ﬁ’edc'tﬁﬁletl 5191@§b1§ f\/RAJ y aﬁld%l‘rb%lﬁ‘i‘hé &}oﬁlel'iﬂeec%n‘éisﬁdﬁ i &fRipled in series
M array of claim®6, further

wahphd Bildg: a sense anplifier having a first input
coupled to a current source and the output of the read
mux and a second i nput coupled to a bit |ine

ref er ence. TAISTAMRMMErrhpbf daiheeFuftBerBMpiKingh a Spin
Transfer Torque Magnetoresistive Random Access Menory
( STT- MRAM) 2 8851%p ,apg)(fﬁgr having a first input coupled to a current source and the

output of the read mux and a second input coupled to a bit line reference.

11. A method for a reading memory in a Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) comprising:
discharging at least a selected bit line to a ground potential prior to a
read operation;
selecting a bit cell on the selected bit line; and

reading a value of the bit cell during the read operation.

12. The method of claim 11, further comprising:
selecting the selected bit line using a read multiplexer;
activating a word line coupled to the bit cell; and

sourcing a current on the selected bit line to read the bit cell.

13. The method of claim 12, wherein the bit cell comprises:
a magnetic tunnel junction (MTJ); and

a word line transistor coupled in series with the MTJ.



di scharging at |east a selected bit line to a ground

potential prior to a read operation; selecting a bit
W@2000/05237t he sel ected bit [ine; and readi ng a REI/U82008/080300

the bit cell during the read Bberation. 12. The net hod

of claim 11, further conprising: selecting the

selected bit line using a read nultiplexer; activating

a word line coupled to the bit cell; and sourcing a

currenj 0nTB@ﬁm&%h%ﬁk%ﬂnQULmhh&ﬂxh&ﬂﬁﬁég the bit cell

13. The nethod of claim 12, wherein the bit cel

conpri ses dischamgiggettilcast Lmeedt purutalign of Mt Jinesapdorato the read

mord |ine transistor coupled in series with the

RRFAUA The nethod of claim 11, further conprising:

di scharging at |east one of a plurality of bit lines

prior to the read operation. 15. The nmethod of claim

14, wher ei hhe methadyetaslpiny 16f wherein tha edurplity efdis lipgreincludes the

g’e%c??: a?lg élg% taglri] SQ act %i? ﬂl&% 318%1 {sg!sltaﬁg I??c?la%% r{[ga%?%{:or %Bglged to the

Hlnsﬁa&rcgscliafg&tbebltlhnae 16 The nethod of clai nl5,

further conprising : deactivating the precharge

transi stor prior to enabling a read nmux coupled to the

plurakity [ of cl ai m 14,

wher e%lé] thzﬂ%ﬁﬁﬁhghlo?sﬁu?il% tllﬂﬁ'@r?g}s‘?1 [ ngﬁudes t he

sel ect ed bdd:actwatmgattné @rq@ha\ghaﬂrgslstarapﬂosttmremabhng a read mux

couled oth S%tl ed bit line to discharge the
inttgﬂhebli’lflr 1|t3h bIgMNCSThe et hod of claim 17, further

corrprl sing: deactivating the precharge transi st or

after enabling a read nultiplexer coupled to the
pI ural7ty ®he bicthddi efedainnhér ehereinhtde mh@-,r@h@r@eblt lines includes the

%eﬂﬁcla ﬁ%?n? %Ibd Cg%glhaﬁg? {I%Ibﬂ::lsgge{ elg’ gm?p é(F t0 tﬁe selecten(Fblﬂme f discharge

the selected bit line.

18. The method of claim 17, further comprising:
deactivating the precharge transistor after enabling a read multiplexer
coupled to the plurality of bit lines, wherein the precharge transistor is coupled to the

selected bit line at an output of the read multiplexer.



