VRI TE OPERATI ON FOR SPI N TRANSFER TORQUE MAGNETORESI STI VE RANDOM ACCESS
MEMORY W TH REDUCED BIT CELL SIZE Field of Disclosure [0001] Enbodi nents of
t he i nverwODanovrss27ael ated to random access nenory ( RAM PChhrseoopantsrgul arly,
enbodi nents of the invention are related to wite operations in Spin
Transfer Torque Magnetoresistive Random Access Merory (STT- MRAM .
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appreci ated. RAM can be vol at@%@%%ﬁoﬁjﬁ(ﬁg\&@gl atile RAM |l oses its
stored informati on whenever power is renoved. Non-vol atile RAM can nai ntain
its nenory contents even when power is renoved fromthe nmenory. Although
non vol atil e RAM has advantages in the ability to maintain its contents

w t hout hayj. wer applied, conventional non-volatile RAM has sl ower read
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| ayers 110 and 130, each of which can hold a nagnetic field, separated by
an insulating (tunnel barrier) layer 120. One of the two Iayers (e.qg.,
fixed IayerBaEKQIJOlmlds set to a partl cul ar poI arity. The other layer's (e.g.,
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field can be applle arlty
architectures. RAM can be stand alone devices or can be integrated or embedded within

devices that use the RAM, such as microprocessors, microcontrollers, application
specific integrated circuits (ASICs), system-on-chip (SoC), and other like devices as
will be appreciated. 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.

[0003] 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 clements. 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



the free layer 130 will change the resistance of the MIJ storage el enent
100. For exanple, when the polarities are aligned, FIG |A a |low

resi st ancwov@dseii sts. When the polarities are not al ipgma2o00l0@s78 B, t hen
a high resistance state exists. Theillusration of MIJ 100 has been
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Accordingly, data can be witten to and stored’in the MIJ 10 [ 0006] MRAM
has sever aloppesicmabiriey,dharcaistaecd sthiger tivhe "Hekecadt a candi date for a
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mgnetic f Io?)lelrcailtslolllJ SeAdccf01(r)dr1ngsl\3ll\:I ‘;[rgr?slls?o% 21hOels off during the write operation. Current is
propagated through the bit line 220 and digit line 230 to establish magnetic fields 250
and 260 that can affect the polarity of the free layer of the MTJ 100 and consequently
the logic state of the cell 200. Accordingly, data can be written to and stored in the MTJ
100.

[0006] 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
memory state increase. Accordingly, current density and power consumption increase
to provide the higher magnetic fields, thus limiting the scalability of the MRAM.

[0007] Unlike conventional MRAM, Spin Transfer Torque Magnetoresistive Random
Access Memory (STT-MRAM) uses eclectrons 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

the polarity of the free layer. The read operation is similar to conventional MRAM in



menory state increase. Accordingly, current density and power consunption
increase to provide the higher nmagnetic fields, thus limting the
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el enents such as MIJ 305, transistor 310, bit line 320 and word |ine 330, a
source |inéing2gd0. gepurccdims|4; ensaapplifignadply répd;/turitsi qignitr 300389 Bihing; t
line refer re. i rat e I , .t ration
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vol t age bet™MRAM ishdedititall iRmd33ritarvirctiity FdugamerakdsrewBtOvolidgp dadvaeg tha t he

polarity of .the valt between bit line 320 and source_.line 340, the
pol arity ofit!HE %25@@‘33% e ﬁ%@m%@éﬂéﬂ e poky BbthsrgItice between
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during a read operation, a read current i's generated, which flows between

the bit |iwbaiB20 aaddosesnondinglynte3dgic tstato oghbd/diti8oso thaheadl 3e Eikewesst i s
permtted to flow via transis the resi st i,C st f the
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the voltage differential between the bit line 320 and source line 340, which is compared
to a reference 370 and then amplified by sense amplifier 350. It will be appreciated that
the operation and construction of the memory cell 301 is known in the art. Additional
details are provided, for example, in M. Hosomi, et al., A Novel Nonvolatile Memory
with Spin Transfer Torque Magnetoresistive Magnetization Switching: Spin-RAM,
proceedings of IEDM conference (2005), which is incorporated herein by reference in
its entirety.
[0009] The electrical write operation of STT-MRAM ecliminates the scaling problem
due to the magnetic write operation in MRAM. Further, the circuit design is less
complicated for STT-MRAM. In a conventional arrangement of the STT-MRAM array,
such as illustrated in FIG. 4A, the source line (SL) is orthogonal to word line (WL) and
is parallel with the bit line (BL). This arrangement increases the area used for the bit
cell array and results in large bit cell size. The conventional arrangement promotes a
stable write operation. For example, during the write operation, for a state"1" write (or
“1” write) WL=H, BL=L and SL=H for the selected bit cell 410 and a proper write

operation can be performed. As used herein H represents a high voltage / logic level and

L represents a low voltage / logic level. For the unselected bit cells 420, the WL=H,



t he operation and construction of the nmenory cell 301 is known in the art.
Addi tional details are provided, for exanple, in M Hosom, et al., A Novel
Nonvol at iwe 2Mams8374Wi t h Spi n Transfer Torque Magnet or esiPSTiuseoovagrses i zat i on
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first row of bit cells.

[0012] Another embodiment of the invention can include a method comprising: forming
a Spin Transfer Torque Magnetoresistive Random Access Memory (STT-MRAM) bit
cell array having a source line substantially parallel to a word line of a first row of bit
cells and substantially perpendicular to bit lines coupled to the first row of bit cells.

[0013] An embodiment of the invention can include a method for writing data in a Spin
Transfer Torque Magnetoresistive Random Access Memory (STT-MRAM) having a
source line substantially parallel to a word line coupled to a first row of bit cells,
wherein the source line is substantially perpendicular to bit lines coupled to the first row
of bit cells, the method comprising: establishing a low voltage on a bit line of a selected
bit cell coupled to the word line of the first row of bit cells and the source line; and
establishing a high voltage on bit lines of unselected bit cells coupled to the word line of
the first row of bit cells and the source line.

[0014] Another embodiment of the invention can include a Spin Transfer Torque
Magnetoresistive Random Access Memory (STT-MRAM) having a source line
substantially parallel to a word line coupled to a first row of bit cells, wherein the source
line is substantially perpendicular to bit lines coupled to the first row of bit cells, the

STT-MRAM comprising: means for establishing a low voltage on a bit line of a selected

bit cell coupled to the word line of the first row of bit cells and the source line; and



cells, wherein the source line is substantially perpendicular to bit |ines
coupled to the first row of bit cells. [0012] Another enbodi nent of the
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[0020] FIG. 5 is a simplified schematic of a STT-MRAM bit cell.
[0021] FIG. 6A is a schematic illustration of a reduced size bit cell arrangement for a

STT-MRAM using conventional write logic and FIG. 6B is a layout of a reduced size

bit cell arrangement.

[0022] FIG. 7 is an illustration of a reduced size bit cell arrangement for a STT-MRAM
including write logic levels.

[0023] FIG. 8 is a illustration of an STT-MRAM array.

[0024] FIG. 9 is an illustration of signaling timing for a block memory in the STT-
MRAM array of FIG. 8.

[0025] FIG. 10A is an illustration of a bit line selector that could be used in the STT-
MRAM array of FIG. 8.

[0026] FIG. 10B is an illustration of a bit line driver that could be used in the STT-

MRAM array of FIG. 8.

[0027] FIG. 11A is an illustration of a combined word line driver and source line
selector that could be used in the STT-MRAM array of FIG. 8.
[0028] FIG. 11B is an illustration of a source line driver that could be used in the STT-

MRAM array of FIG. 8.



[0017] FIGs. 2A and 2B are illustrations of a Magnetoresistive Random
Access Menmory (MRAM cell during read and wite operations, respectively.
[0018] FIvwe.208A58a1d 3B are illustrations of Spin Transf @CTS2@ao47878

Magnet or esi sti ve Random Access Menory (STT-MRAM bit cells. [0019] FIG 4A
is a schematic illustration of a conventional bit cell arrangenent for a
STT-MRAM and FIG 4B is a layout of a conventional bit cell arrangenent for
a STTMRAM [0020] FIG 5 is a sinplified schematic of a STT-MRAM bit cell.

[0021] FIG 6A is a schematic phETUSLER HDPSCRIPFIOKDUCEd size bit cell
arrangenment for a STT- MRAM usi ng conventional wite logic and FIG 6B is a
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include the discussed feature, advantage or mode of operation.

[0031] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of embodiments of the invention.
As used herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further
understood that the terms "comprises”, "comprising,”, "includes" and/or "including",
when used herein, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements, components, and/or groups
thereof.

[0032] Further, embodiments may be described in terms of sequences of actions to be
performed by, for example, elements of a computing device. It will be recognized that
various actions described herein can be performed by specific circuits (e.g., application
specific integrated circuits (ASICs)), by program instructions being executed by one or
more processors, or by a combination of both. Additionally, these sequence of actions
described herein can be considered to be embodied entirely within any form of
computer readable storage medium having stored therein a corresponding set of
computer instructions that upon execution would cause an associated processor to
perform the functionality described herein. Thus, the various aspects of the invention
may be embodied in a number of different forms, all of which have been contemplated

to be within the scope of the claimed subject matter. In addition, for each of the



detail or will be omtted so as not to obscure the relevant details of
enbodi nents of the invention. [0030] The word "exenplary" is used herein to
mean "serworngoswassza exanpl e, instance, or illustration. PCAUS2@00TSTSIENT
descri bed herein as "exenplary" is not necessarily to be construed as
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"enbodi ments of . the inventjon" dges not requi at all odi nents of the
i nventi on .eﬁ@Pd%enf%eSan% Al fheerrenonadEar Fagd 2o Sﬁ%@gg?ﬁaﬁeml%n.
[0031] The phekeanek 99%11#&?5%&%?&%1@ +§ 1@95nitié1ﬁ’ecpf6'; %@ﬁ@rtﬁfthe%%&meﬁ'a@ﬂon
particul ar enbodinents only and s no% intended to be limting o

enbod|[0ﬂ§ﬁls of tthe. ﬁml\lfl&;matesra 51mp11ﬁ|@b$:bhhmam nf a SHd-NiRag\ | tatr cdllor e Biatgll " an”

and "t he" | nt ende Iud he p forns, as I'l,, .unl ess th

ot ext cf ST aPaaS BTl ¥ i iney Bre R el nessb oS SRmAE: ¢ ne
terms "conpRpges, MTEHORRENSIML as 4 kidgllsld@sstarRBd/ e trdndizlodB10%ind shefe used

her ein, speC|fy t he presence of stated features, integers, steps

operations;¢ @F@ﬁéﬁ@ gre dispysed bebrasoriebit sinc BBL) derd AcpuLse dse(FR)-t ’fipg dbence
or addition ﬁ %%18n for sfffo% h%VL‘CI—'? rﬁsa’nfi S'f[ Eoga%réi] ?t% R WierfﬁéiLorLS

el enent s, corrpo r- groups’ ereo her enbddi frent s

nmay be desahd IseeH. n Ak aised hakins ellsentigh @ﬂta@&l mgmsletvelmipeg fanS\Kde)ltbge/for
exanpl e, elenents of a conputing device. Wi be reco ni zed that varl ous

actions dedegif kgl theY%taé%}?Vﬁﬁé Hﬁérﬁeépa@la Vﬁya&?p'é&w (cg-cVAdand @) qrangy be
appl i cati 0%%%?%% foluor AL AL ﬁlép% Fifa %L‘ fevelk. Aﬁlvgﬁ)b)e’agg RIQIRAThé @%%dt%%' ons

bei ng execut y one or roce sors, nmbi nation o
Addi ti onal lagrangdnese ascbstatemoedmbnamtelpmmdetbmerdlﬁﬁrﬂ direnssion efambadinearnsbfler ed

to be enbodj ed entirely within any f . cqmput readabl e, st ra e di um
havi ng. st ot EYRAFER randl &t Mok plamfiwﬁ 1Q oftmisy theg A wmanhG 9 Bt | DHATA
upon executy@Rs MR GRIS SorftiiR 3P L@L@d processor to performthe
functionality descrl bed herein. Thus, the various aspects of the invention

may bd0®rbodi ed Referang torbks. @f, i drfapgementiofarEl T-MR ANF binb¢ It hrriascsotsben
cont enpl at gd to

addi tion. op SmBR i bk aBar e b Pinselh GudRERst it SophEyml ng
form of anycsurb. enbestid¥Ent the ¥Biventional design, such as illustrated in FIG. 4, the word
lines (WL) and source lines (SL) are arranged substantially in parallel and substantially
perpendicular to the bit lines (BL). For example, when compared to the layout
illustrated in FIG.4B, the vertical metal 1, which is parallel the bit line and
perpendicular to the word line, used for the source line can be eliminated and thus bit
cell area can be significantly reduced, as illustrated in FIG. 6B. In comparison to Fig.
4B, it is clear that the source lines (e.g., SL (M1) are no longer parallel with the bit lines.
Accordingly, the configuration of Fig. 6B provides for the reduced cell size by allowing
for the removal of the additional parallel metal lines and connections used for the source
line of Fig.4B. Further, using the illustrated arrangement, the source line can be shared
for all cells along a given word line direction. In some embodiments of the invention,
the source line can be shared between two adjacent bit cells and can be positioned
between the word lines (e.g., WL (Gp)) as illustrated.
[0035] However, using the conventional logic for write operations creates a potential
invalid write operation on the unselected cells 620. For example, in a write operation of
a “1”, the selected cell 610 has WL=H, BL=L and SL=H. However, the unselected bit
cells 620 will also be subject to an invalid write because each will have similar signals
applied (i.e., WL=H, BL=L and SL=H). Accordingly, using conventional write logic in

a reduced bit cell size design can lead to problems during memory write operations.



be described herein as, for exanple, "logic configured to" performthe
descri bed action. [0033] FIG 5 illustrates a sinplified schematic of a
STT- MRAMWOR0@elsB274 The bit cell includes a word |ine (VeLCTasSa@osd7st® a wor d
line transistor, 510. A storage elenment 20 (e.g., MIJ) is represented as a
sinpl e resistance. The transistor 510 and storage el ement 520 are di sposed
between a bit I|n8 %Bll@‘_s and a ource write operation

gt

for st¥Bl "o, Lpfes Ao mnt%m a?%fren@fl ?I@QH oblcipg Loy wige-apesians =hi
As used herlﬁlréuucbh bR éeuha&ign\é%fga rxue!wcdnhesm | R L MEA R bW tpge /
|l ogic level. The voltage |evels y be supply voltage levels (e.g., Vdd and
0) or nay Beboilghmets @ﬁtht mntlwmarRetfmngupBI@ N tha agelscted bellmes 725 vatl be be
appreci ated, t ha ng _arrangenment and state nditions are

o ovi ded. méFers o by e 8G B B¢ Aauarhn: & 5ot e ERT T SRR e no
i ntended t nkdi&dtéd blmeelwml PRGN, WRn it 4 ate @k salReea®it 1o ost at e
condi tions discussed. [0034 Referrl ng to FIG 6A, an arrangenent of a

STT- MRAM bithe weitd logicrsgis Wd€ ngBL67 1 arlemawgm Bt Acperdinglienmnpdecteds

illustrate o] ast
to the con\?)én ?%r?gp a?e5|ave%igﬂlr¢gas # gygjg}l}ﬁn&ﬁﬁwﬁ{e If1erat10110§q;%|{nes
(W) and seul ol i Ties, (&pﬂevattamfnwalﬁtgedw upaﬁam matﬁeyunseleptadahﬂ &llisanag,
substantial ly per endicular to the bit |ines (B For

exanpl e, when
conpared t ¢ntHeetRFbuY2T prewst todd daringthervaitagycle rﬁ@f witing chl tgpﬁlaﬁ glecied Rihj ch
is parallel bi h fi t he
source | i ncaTop It g B aBERENRRAMENLET oot MGl otk hitbeloch SRt s |10
reduced, asmlllbleumsllgaedad) appl¥Fh Giglo @) Vaitago Wﬂmglc sxgnaltdmlriﬁlgghe ABite bperhtsors| ear
thatthe soyrce |ines r | gnger . par.al | wth the bit
i nes. Acco‘ﬁtﬁ%wp, u@%ﬁﬁ@é’bﬂ%%%rpaaﬁbemqgcede ﬁokng la@gfafna? Stffe Wieluced
cel | size Ryou#d bl%%rﬁgmir @ﬁn&rﬁ%lo%@fﬁ%ﬁ%‘h tRE uﬂs*éféc%q@lttﬁ&@'rhé’%ﬁé &&hro'ﬁ&g%

| i nes and connections used for the source line of Fig.4B. Further, using
the illustrcanéd impargéedering thedsatr eecdmbisatganobédevsdrartea dan peefofm dled | s

o019, QLR et Belion LbusQlT SIROEAIRDLS LIS ghENELLE"
posi ti oned |h@tede@nht RPedAE dirkhitesr (Ridillusited @odein &S phifbrus ticafiRdtionality
described.

[0037] Referring to FIG. 8, an example of a STT-MRAM array is illustrated. As noted
above, the unselected bit lines (BLs) in the array are set to a high state while the
selected BLs associated with cells 801 and 811 are set to a low state in one write
configuration. The selected signals are denoted with a rectangular box and the selected
cells are denoted with a circle. Accordingly, for bit cells 801 and 811 to be selected, the
word line (WL) driver 820 activates WL1 821. WL1 821 activates the access (word
line) transistor associated with cells 801, 811 and other cells along the word line 821.
Likewise, source line selector 830 activates a select line 831 coupled to source lines
SLO1 and SL11. Specifically, select line 831 activates transistors associated with source
lines SLO1 and SL11, which are coupled to source line drivers 803 and 813,
respectively. Additionally, bit line selectors 804 and 814 select bit line drivers 802 and
812, respectively. As discussed above, for this example, bit line drivers 802 and 812
could be set to a low level and the remaining unselected bit line drivers could be set to a
high level. Accordingly, bit cells 801 and 811 can be selected out of array 800.
Although, the example discussed above describes specific cells being selected in the
array for block0 and blockl, it will be appreciated that any cell could have been selected
using the illustrated logic. Further, cells in both blocks do not have to be selected.



[ 0035] However, using the conventional logic for wite operations creates a
potential invalid wite operation on the unselected cells 620. For exanpl e,
in a witwoapeviagizen of a "1", the selected cell 610 ha®CWirsk)ooBurszs and
SL=H. However, the unselected bit cells %20 will also be subject to an
invalid wite because each will have simlar signals applied (i.e., W=H,

BL=L and SL=H). Accordi.ngly, using, conventional wite logjc in a reduced
bit cell siAz‘Q)ltH%’éﬁZj’rﬂt eﬁﬁgqee%quceﬁt?ﬁr 0B Uiesirr IHHERLF ARpifiey and can be

oper ati ons.sLA0BR) oF iGwn s inkbdtt @RS vAiSR! dHiveRY %e%dcw}_? CQI{S Bs g&%ﬂﬁé&@@%

problens for wite operations in reduced bit cel esigns (e.g., parallel
W. and SL) pfondSmprdvRAMsacesotudiongntseleetmin tienprdtveduaf bithrells.nventorodetailed
Referring to FIG 7. the.unse|lected bit .|Ijnes .725 can riyen to. i gh
State duri fghTine O PSR PRPlGRe e aSdhtdosiFdar PaRTeEHsHar atvafelt or
unsel ect ed WRioky. CEblvSvet2fhesd @tai®XAEMeR, BedMd Exatehl@s ant’ark Aot MEended est ed
bit cell 710, the wite logic sets W.(730)=H, BL(715)=L and SL(740)=H.

Accor di ngl yimitipraedimerty obthe-igedntion @ theallusrarpgvearcwity, 7a0g eHlisensseddieqtnas) =H
durin Wit per-ati.on of . bi. el | 710, Then vent, an cifmal d
o 1o B o0 on HEP BB R aPlihe Rl BBG e SRR BRI S ¢ ser
to H duri nqzddisonatliyt ©loydhe i arlismrdft éonditiohs b thideas@lsedpeds Datedcenh Ithe’ 10.
It can be apprecjated that the wite control |logic for the unsel ected bit

lines will apumpsiony g theobibips (Bla) hiayree(lme (ph) pEgrresharags © &pgmiaw dvel ng
the wite %H&'EI%HH%"E%HS éiletsgfeg\ﬁ?ig%ﬁh%tr?tg@ﬁlm%l. ected bit lines can be placed

in a high inpedance state, wou prevent any current flow through the
unsel ected bit |en@giteditelwrite control | ogic can be inplenented using any
devi ce or conbination of devices that can performthe functionality

descri bed herein. Acc8rdi n%ql%te odilments of the invention are not |inited

to the specific circujts ofj,ld itéal%ﬂgﬁoraﬁﬁgﬂ herein to performthe
functionality described. [0037] Referring to FIG 8, an exanple of a

STT-MRAM array is ill ustraBedeledtsomugred fabeoleeted Ble= hsel ected bit |ines

(BLs) in the array are set_to a high state ile the selected BLs
associ ated with cells®801 %ﬁldelgaiof Ségllé‘tl ?Qitunﬁm‘lgecéeqléﬂ/_s ate in one wite
configuration. The selecteg sl s are denoted with a rectangul ar box and

the selected cells are denoted with a circle. Accordingly, for bit cells
801 and 8 11 to be sebect ednseldseed SL = Floating L

0 SL selection signal for selected S =H
0 SL selection signal for unselected SL =L
e Write data H

o Selected BL=L

o Unselected BLs = H

o BL selection signal for selected BL =H

o BL selection signal for unselected BL = H

o Selected SL = H

o Unselected SL = Floating L

0 SL selection signal for selected S =H

0 SL selection signal for unselected SL =L
As noted above, H is a high voltage / logic level and L is a low voltage / logic level and
these levels may be supply voltage levels or may be higher or lower than the supply
voltage levels. The term Floating L generally indicates the line was at a low voltage
prior to being decoupled from the low voltage source.

[0039] The foregoing listing is provided merely for illustration and it in conjunction

with the illustrated timing signals of FIG. 9 illustrate the discussed selection of bit cells



word line (W) driver 820 activates W 821. W.I 821 activates the access
(word line) transistor associated with cells 801, 8 11 and other cells

al ong t hewaao@b/15821¢ 821. Li kewi se, source |ine sel ect or PB3USaaWi0YBIES a

sel ect line 831 coupled to source lines!&LA and SLI 1. Specifically,

select line 831 activates transistors associated with source lines SLA and

SLI | , which are coupled to source line drivers 803 and 813, respectively.
Addi ti onal 19 Blegk 0 R 0T SFEMBO4 IS IA @)@W@&ge PRIl bi 1§ f%e 802
and 812, regRRCHILYS! BLOf)Sarg'sétCtHsdslﬁgh aRAV qne §@Ectddhis iRX P! BLOP] £ sbi o
drivers 802 and 812 coul'd be set to a |low | evel and the Temaining

unsel ect ed lipwtlevel med dird ssspsated sbarcbdinsdB8L.0Q) @ skt tpha heghelevel Apdon chrrigigyg  bi t
cells 801 and 8..11 can sel ected out.of array,80Q,., Al though, e .exanpl e
o scussod By PT ool SRbEf: Raedsnie i 2 8 ons aht Misded F LGS o
bl ockO and (bL0o®tlo0, BLOM BLODAr&RAEGI Ik a6k dl,NBE s@Bited Bit |1in6Qé!%.g BJM\IEisbb%En

selected using the illustrated logic. Further, cells in both blocks do not
have to bet@d Bighelyvadand thenagspeiatedtsoprdel line (SpYDeisi st dd a taw levrd afhay

di rensions are arbitrary,apd n.be scal ed {p L do S. neede d :he
Bl& (ki)ln IS? r%é(l)sr gorctgg b%)t fine GAVE! (éSt]lT (Ia)glvteg, \g?[ @R se‘?ec(%| sggngfrg queLss

various drivVer@°f"s e reconfi ovi de nor
resol uti on Scliechek@até Mget dibret ELVDHUEDY, id s@gbd $inc Achvor €SIdeSchichieske also
di scussi on of sPeci fic . inplenmentations of the |ogical blocks illustrated is

provi ded bélleatedoveifeits delogicalr dmpiengniingdheng fypeiangetillale dsserpred and
are not | ”tg‘?éh‘?&ddeftﬁld!aglglvtuéSgg@@gglgﬁptasd&%i %&ggigcﬁi!%&{ BP??gfhosi%gHaﬂ whi Hst pat ed

circuits, l[Fogic or es. ustrates a timng
di agr am f oprevidgtal It sigpuldhlad benoted bhad did@rait dataGdatd.L ddditda Hoonad by writtoh kowi ng

is alist ndi.tio or the various signal se n e .as tions
that the bﬁoqiﬁﬁad?%v}ﬁﬁ%fﬂa@@lq, (haTisytedr o @Pai@rﬂi%zf%& fﬂgwd)?@fa%%%
llevel and thaty §iBRaIc &hd §mﬂ{geo§%§.eﬁéa%%eaa§ litd 8016A08Hd IWYitE Usta FBsignM{ b data
L o Selected BL = H 0o Unselected BLs = oating L o BL selection signal for

sel ect ed Bltiming{obFBLY sen betpndied 0 bloakl.f or unsel ected BL = L o Sel ected SL =

L [0040] FIG. 10A illustrates an example of a bit line selector circuit. For example, using

column address inputs (CAi and CAj) and their complements (CAib, CAjb), as inputs to
NAND gates 841, in combination with the inverters 842, NOR gates 843, inverters 844
and data signal DHO (data high (H) at block0), the appropriate bit line can be selected
and level (e.g., H/L) can be provided. For example, the two bit input of CAi,j (00, 01,
10, 11) can be used to select one of the four bit lines. The data high logic signal can be
buffered by inverters 845 and then provided to NOR gates 843 along with the output of
inverters 842. Accordingly, when the data signal DHO is high, the output of all NOR
gates 843 will be 0 (low) and the corresponding output of the inverters 844 will be high.
However, when the output data signal DHO is low, the output of NOR gates 843 will be
controlled by the output of inverters 842 (based on the column address inputs), which
will also control the output of inverters 844. Accordingly, the signals can be configured
so that output of NOR gates 843 are provided to inverters 844, so only one bit cell is
selected (or set to a different value than the remaining bit line select signals). The
outputs (BLsel00-BLsel03) of bit line selector 804 are provided to transistors in series
with corresponding bit line drivers (e.g., BL driver 00-03) to enable the respective bit
lines.

[0041] For example, when DHO is low, the circuit is configured to write data “0” to the
cell. The selected BL is high and source line is low. Additionally, all source lines of

cells which uses selected WL are low. For the unselected cells, the bit line should be



0 Unselected SL = Floating L o SL selection signal for selected SL Ho SL
sel ection signal for unselected SL = L Wite data H o Sel ected BL L o
Unsel ect eslOBL®/t883440 BL sel ection signal for sel ected BPCEFUL2009BlL783%| ecti on
signal for unselected BL = Ho Selected!BL = H o Unselected SL = Floating L
0 SL selection signal for selected SL = H o SL selection signal for

| ected SL = L As ted ab hh | ogi c d L
:1233 iegwevé@‘tfé@@re/vemdgﬁ%ﬁ @%fvgwatet %@%@nﬂe g@ﬁ?ﬁ%ﬁ@éﬂ t&agfglﬁve@&t%&aan
level's or mayh RRilOFSREEiInQTink ONRTIoW ! h@ﬂlch hseth%gp&%tevs@dté afa@la{ BNSksied TEit €r M

Floating L generally indfcates the |ine was I ow vol tage pri or tg bei ng
decoupl ed fromthe | ow vol tage source. [0039] The foregoing listing is

[ I il t d ti ith th trated
1 i ndieehnar s G1OR1 68 TGN o8 PxfaPieind L BEELENTs o B vt S Ep L BR | sof
Bl ock O in cE:ng GAijFoCASY IRk Ed fdtn dbReds a6dteabRyaLs (A sselagrurd thiif
lines (e.g LOO, "BLO2, BLO3) are set to a high level, the selected bit
line (e.g. complmentss(Caab, €4k, ¢a@vlvq moelded ayinphis taélsz‘@lit linedrivesnfes. B9Re
(e 1 35 akBaPo e YRt o0, b2 Bate Bl BEopbinepl g 12"

BLO3) are watof @& d40virde ¥al. ,10Ahansetcecs 3arbicbupledibet@edinpuBldde} 85 B aset to
a high level and the associated source line (SLOO), is set to a |low | evel.

The corr espGRUPAE ©F giHehes %?3(?heA1mtber|naH@N4yrlﬁ @&VIQ@L ety espdaput ngdes By he

| ect |
sol oot (St Bl frabifoSOURED) TR AR B ALMERS G a1 i R0 ot 11 ne
i mpl ement i 8§41t hEae fignalt Dbls isvubdd ke pd@sde ibbdd ai mrgplembﬁr (g0 hnd eoawv.

A I f
ceording yom%lecrineén?ls%g%gl ?Bﬁ(%)l Rt 1ghn a?e p?o%(i: ed ‘Icog ﬂle 1nputs (gg?é[s) bo? transistors

853(b) and 853(a), respectively. Accordingly, when DHO is low, the complement path
through 853(b) is active and when DHO is high, the non-complement path through
853(a) is active. Thus, the appropriate bit line level (e.g., H/L) can be provided from
each bit line driver (BL driver 00/01/02/03). For example, If DHO=0 (when write data
is L), then BL0O0d=CAibjb / BLO1d=CAibj / BL0O2d=CAijb / CA03d=CAij. Only one
of BL00d/01d/02d/03d is high since only one of CAibjb/CAibj/CAijb/Caij is high.
However, if DHO=1 (when write data is H) BLOOd= complement(CAibjb) / BLO1d=
complement(CAibj) / BL02d= complement(CAijb) / CA03d= complement(CAjj).
Accordingly, only one of BL00d/01d/02d/03d will be low, since only one of
CAibjb/CAibj/CAijb/Caij is high.

[0043] FIG. 11A illustrates an example of a circuit that can be used for word line driver
(e.g., 820) and also for the source line selector (e.g., 830). For example assuming four
word lines and two source select lines, as illustrated, NAND gates 825 can receive row
address 1 and j inputs (RAi and RAj) and complements thercof. The outputs of NAND
gates 825 are provided to inverters 826 to invert and buffer the signal and drive the
respective word line. The outputs of NAND gates 825 are also provided in pairs to
NAND gates 835 to select the appropriate source line. Since the source lines are shared
between two cells, the source line selector can be configured to be enabled when any of
the two adjacent word lines are enabled. However, the foregoing circuit could also be
arranged into two or more independent circuits. For example, the row address 1 and j
inputs (RAi and RAj) could be provided directly to a source select circuit comprising

NAND gates 825 and NAND gates 835 and the NAND gates 835 could be removed



provided. It should also be noted that different data (data L or data H)
can be witten to bl ockO and bl ockl. For exanple, to wite data L to bl ockO
and dat a Wotoodisszzkl , wite data L signals and tim ng ofPCFiu$2009/0¢z8m8 be
applied to bl ockO and wite data H signdls and timng of Fig. 9 can be
applied to blockl. [0040] FIG 1OA illustrates an exanple of a bit line

selector circuit. For exanple, using colu address inputs. (CAl and CAj)
and their JdBW rk@rféfﬂ%dslnzﬁ‘c@al T CHERPIG) ,Acagrdiltregﬂt@%&lwogé‘tee@vg&@ grg not

combi nat i omiddho HRE1ILEMEE S @nfigfAfond IRl ARr843, 1 nverters 844 and data
signal DHO (data high (H) at blgock ), the appropriate bit Iine can be

sel ectléiddhnd | el @G. { B3 glystrhick pn caample op aeeinge dine Moivere x dilpldeivet ¢tva reomvdi t

i nput of CAI,j , 01, .1 11) ,can be .0 select one.of the four bit

| hes. The saLoRD iRkt Bugh oy et BntiBeeGebors VS itertrensifia t hen
provi ded t OENOR B&t iBScrddiShya tRN@uvdet Ind Mev@ WopUs ifistiaRder HBGSvE&4 - will be
Accordingly, when the data signal DHO is high, the output of al |l NOR gat es

843 wi | | bappreciatpd)thairibis chefigurtiaseutdbhippigepby aginglheon-myeiting pspddigr wi | |
be hi gh. [,y when.the . i.gnal is { .he t f NOR
oot 08 843 ou VG, LIROERe! IR BB ForSiR: BUANR ol B o0y RE BHbRNE O B

col um addrik@ssniinpte st torhadvevd Isimiddrsfanctiotatiol. Aeorditgyt thofenibadenémes s
844. Accordj nsgtéé the signals can be configured sg that output of NOR gates
843 are pr oNpsgabpdihsraipgisrmaely fanhe copvemenee oharayiding examples 4wl aptasation, set

to a differ val . . i ni TN i.gnal s). The
out put s (Bfgg%ﬁo%ﬁggf%g?o %&%&??%Eg@%@ g(?:l?l Sb{ggﬁ@a@génﬁﬁ’%&i ded to
transi[@dsr s i n denies ofithd farogaieg pondll radsobbd appraatdd i th@r snifceligents BIE thik | ver

00-03) to enabl.e th espective bit lines. [0041], Far, exanple, when DHO is
| ow, the ci'MEgfen ilgﬁlﬂ: f’\% SaSERS: RTINS d%‘i"[ﬁn“@s' ]a{ rifhpes %‘g‘V‘Pr. PHREsSEei®ct ed

B'—_ i's hi gh aivdyS drfascton MgidsidcQ¥ed A | W'eké’mpl@,' in SAVEHRcht &%ﬁnéﬁld&m I's
whi ch uses selected W. are | ow. For the unselected cells, the bit |ine

shoul d bel @wm¢thop f@viermingrmmad TH-MRAN 4By hiviinga ishared s;mzed Bt echftgkdton. Thus,
the selected bit remai nin i nes ar.e | \lg/?i

opposi (o sesrene T Earaa TR ood cpopfSpE Ermint b FiutPa: oo
an exanpl e @kqid WagndtdBsistitfcl R@TdomTNEccss INdhdiy (STU-MREANhibcell array having
a source line substantially parallel to a word line of the first row of bit cells and
substantially perpendicular to a bit line. Aspects can further include forming a word
line of a second row of bit cells substantially in parallel with the word line; and coupling
the source line to bit cells that are coupled to one of the word lines of the first and
second row of bit cells. Embodiments for writing to the memory array can include
establishing a low voltage on a bit line of a selected bit cell coupled to the word line and
the source line and establishing a high voltage on bit lines of unselected bit cells
coupled to the word line of the first bit cells and the source line (see, e.g., Figs 7 and 9).
[0046] While the foregoing disclosure shows illustrative embodiments of the invention,
it should be noted that various changes and modifications could be made herein without
departing from the scope of embodiments of the invention as defined by the appended
claims. The functions, steps and/or actions of the methods in accordance with the
embodiments of the invention described herein need not be performed in any particular
order. Furthermore, although elements of the invention may be described or claimed in
the singular, the plural is contemplated unless limitation to the singular is explicitly

stated.



CAibj, CAijb, CAIj) derived fromcolum address inputs (CAl and CAj) and
their conplenments (CAi b, CA b), can be provided as inputs to the bit |ine
drivers (WOQ009/B82)%. For exanple, these signals coul d becCTapsaragisys deri ved
or could be obtained fromthe out of gafés 841 fromFig. 10A. Inverters 852
are coupl ed between i nput nodes 851 and transistors (or sw tches) 853(b).
Anot her pathway is provided between :eéﬁ# régdes 851 and transistors 853(a).
The transistors 853(a) and 853(hb) ar ™ oupled to inverters 854. Data
si gnal DHOwWgAB sl ciamigpide both a conpl enent (DHOb) and nonconpl enent
signal (DhQd), which are provided to the inputs (gates) of transistors
853(b) and 853(a), respectively. Accordingly, when DHOis | ow, the

conpl ement path thro 853(b) Js.active and whe i.s _high, t

non-corpl erent ‘dath PR bt Odien b dorhRus RauSapieiss | demop

l'i ne | evel H L) can, be prow ded fromeach bit line driver (BL driver
00/ 01/ 02/ 0§§ %6 @Slqgf DHO=O (when write data is L), then

BLOOd=CAi bj b / BL01d=CAi bj / BL02d=CAijb / CA03d=CAij. Only one of

BLOOd/ 01d/ 02d/ 03d1f ellkirgh hevinge sowtcy linaeulfanGailhpiralBAitb p MO jib¢ Gaipled s

hi gh. However, if DHO=I (when wite data is H) BLOOd= conpl enent (CAi bj b) /
BLO d= conpd emedtrdwait bjt cclls, Bloadrtheaomice naa iy suBsthijally peAsdadicular to bit

conpl ement (CAi j). Accordingly, only one of BL0O0d/01d/02d/03d will be | ow,

si nce onl ylﬁ@&&{ple@%%@fﬁgﬂom oG EdwsCaij is high. [0043] FIG 11A
illustrates an exanple of a circuit that can be used for word line driver
(e.g., 820) and also for the source line selector (e.g., 830). For exanple
assuni ng four word |ines and two source select |ines, as illustrat ed, NAND
gates 825 can r celv ddr ess and j uts (RAI and RAj) and

conpl ements the eof ef'bﬁ%\%ga][v‘gﬁej\é’ %chlmﬂaﬁg&}e £018pEsitge provi ded to
inverters 826 to invert and buffer the signal and drive the respective word
| i ne. The out puttsvefl linaxprijed @2 gpendiioav aff bjbehisovhered thesgpeea linais NAND
gates 835 to select the appropriate source line. Since the source lines are
shar ed bet weepled wothe s¢doad rowef bowelte | i ne sel ector can be configured to be
enabl ed when any of the two adjacent word |ines are enabl ed. However, the
foregoing circuit could al so be

3. The STT-MRAM of claim 1, wherein the source line is disposed between

the word line of the first row of bit cells and the word line of second row of bit cells.

4. The STT-MRAM of claim 1, further comprising:

logic configured to establish a low voltage on a bit line of a selected bit cell in
the first row of bit cells coupled to the word line and the source line and configured to
establish a high voltage on bit lines of unselected bit cells in the first row of bit cells

coupled to the word line and the source line.

5. The STT-MRAM of claim 4, wherein the high voltage is a supply

voltage level and the low voltage is a ground level.



arranged into two or nore independent circuits. For exanple, the row
address i and j inputs (RAl and RA]) could be provided directly to a source
sel ect ciwoune/ssarpri si ng NAND gat es 825 and NAND gat es P83AISannd/081828 NAND
gates 835 coul d be renovedfromthe wordI#ine driver circuit. Accordingly,

enbodi nents of the invention are not limted to the illustrated
configurations contalne herein. [0044] FIG .1IB.illustrate npl e of
a source |ine ditver Iheid TaMR/AM ofg 1me4e@’l\?@1%1hﬁﬁ%$lc g%?ﬁs@ﬁsﬁagf(ﬁlﬁfered

by inverters 836. Since there are two inverters in series, DHOis not

i nverted byow heltagaanctie bithiac @f theeseleged cels comprisesr at ed. However, it will be
appreciated that this configuration could be replaced by a S|ngle

non-i nverting amilirkiselect logdiciceepled ta k plwradiey ofimy lin¢ dtivees.f or egoi ng circuits
can be nodified using conponents known in the art to achieve a simlar
functionality. Accordingly, the enbodinments illustrated herein are nerely
for the conveni ence of providing exanples and explanation and are not

i ntended to |imt theysaareslaaTliiRl iheRln iR%d IMSBkLABeii0045] | n view
of the foregoing, it wl SO be appreciate at enbodi nents of the

i nvention |nc ude tlon uences t hns, and/ or
brocesses. B EATAFEerTS  ofedRE R FRbE et St te e SRRl R ampl 6 an
enbodi ment can include a nethod for form ng an STT- MRAM array having a
shared source |ine configuration. Accordingly, an enbodi nent can include a
met hod conprising formng a Spin Transfer Torque Magnetoresistive Random
Access Menory ( STT- MIARSTHI-MRAMI of ataimy/, mdreiongcachsd thacgutalityeofdublgtcant i al |y
parallel to a word line of the first row of bit cells and substantially
per pendi culdaitetsas eoupldd tbiaf@ssobpridiisliatusé o begledtRndbRohakdbingna wor d
line of a second row of bit cells substantially in parallel with the word
| ine; and %ggghbgg the source line to bit cells that are coupled to one of
the word lines of the first and second row of bit cells. Enbodinents for
witing to the nmenory array can include establishing a | ow voltage on a bit
line of a selected bit cell coupled to the word Iine and the source |ine
and establishing a hi i nes.of u elect bi t c

coupl ed to the word Iﬁﬁéﬂﬁ/ﬁﬁg\dfqr}rcgaﬂmtﬁ phegin thesh Cttsﬁ%la F dgriys r’?Jéon(‘see
e.g., Figs 7 and 9). [0046] Wile the foregO|nP di scl osure shows

i | Tustrati Ve exhypaidlasiagddisss vigrals segompiements of the column select signals.

10.  The STT-MRAM of claim 9, wherein the column select address signals
and their complements are provided to NAND gates and the outputs of the NAND gates

are input to respective bit line drivers.

11.  The STT-MRAM of claim 2, further comprising:
logic configured to drive the word lines of the first and second row of bit cells

and logic configured to select the source line.

12. The STT-MRAM of claim 11, wherein the logic to drive the word lines

and the logic configured to select the source line are combined.



it should be noted that various changes and nodifications could be nade
herein wi thout departing fromthe scope of enbodi nents of the invention as
defi ned byotbh@/agiyended cl ai ms. The functions, steps an#CoruSaawiosrsss of the
met hods in accordance with the enbodi nehds of the invention described
herein need not be performed in any particular order. Furthernore, although
el ements of the invention may be describhed or clainmed in the singular, the
plural is conterpl at ddie bR AV ClmI: pEOFikhE HofguPRRiguecdde drive thq y
stated. CLAIM5S WVHAT |S CLAIMED IS: 1. A Spin Transfer Torque

Magnet or esivetil liseseiribo firsherdsesonbravy 9f PisTetlsraggupiasitp ro s iaddiessinpits age| |
array having a source line substantially parallel to a word line coupled to
a first rowgt chnfiguesl toscleedthe edurcd lie s@UEed td the lagic safamltto drivy the
perpendicular to bit lines coupled to the first row of bit cells. 2. The
STT- MRAM ofwgil &l 1, further conprising: a word line coupled to a second
row of bit cells, wherein the source line is coupled to the second row of
bit cells. 3. The STT-MRAM of claim 1, wherein the source line is disposed
between the word line of the first row of bit cells and the word |ine of

second row of bit cells. T- of claim1,. further, conpri,sing:

| ogi ¢ configured®o j&?ﬂﬁ]%ﬁ%ﬁ%| i?agllergﬁl @g@‘?g’ﬁc F(?"rf[]eguﬁefd tg%g&?g& ed bit
cell inthe first rowaf bit cells coupled to the word Iine and the source
line and covf §neerf thefiesspadhsgeand Eovhplhit ¢Alsccag@rises: bit 1ines of unsel ect ed
bit cells inthe first row of bit cells coupled to the word |line and the
source |ine. 5. aThst SANDVRAMc@fplel taitwo4owwtdiced mputhenthhghing ah vatget i s a
supply voltage level and the |Iow voltage is a ground | evel.6. The STT- MRAM
of cl ai m 4coupled & Dfitshnveneito deioathcomsddine®f est il doshofebil @Nsvaldt age on the
bit line of the selected cell conprises: bit line select logic coupled to a
plurality of bit, dbdia \ANYEERe coupled to two row address inputs and having an output

coupled to a second inverter to drive the word line of the second row of bit cells.

15.  The STT-MRAM of claim 13, wherein the logic configured to select the
source line comprises a third NAND gate having inputs coupled to the outputs of the

first and second NAND gate and an output to generate a source line select signal.

16. A method comprising:

forming a Spin Transfer Torque Magnetoresistive Random Access Memory
(STT-MRAM) bit cell array having a source line substantially parallel to a word line of
a first row of bit cells and substantially perpendicular to bit lines coupled to the first row

of bit cells.

17. The method of claim 16, further comprising:
forming a word line coupled to a second row of bit cells substantially in parallel
with the first row of bit cells; and

coupling the source line to the second row of bit cells.



7. The STT-MRAM of claim6, wherein the bit Iine select logic is configured
to receive a plurality of colum address signhals and a data high signal. 8.
The STT- MROND@I15817ai m 7, wherein each of the plurality eCThiskoovioms7giri vers
is coupled to an associated bit |line baséd on a select signal fromthe bit
line select logic. 9. The STT-MRAM of claim 8, wherein the select signals
are derived fromthe colum sel ect address signals and conpl enents of the
col um sel ect signals. 10. The STT-MRAM of claim9, wherein the colum

sel ect address signals and their conplenents are provided to NAND gates and
the outputs of tlie NANDmepiesbofaplaim Kpdurthes comppsngi ve bit line drivers. 11.
The STT-MRAM of claim 2, further conprising: logic configured to drive the
word |ines of thldaspbi;ingtheamdrcsémeMdtwaawtlm‘w&nidtlimebf thedinst andgec@wnd ook iofur ed t o
sel ect the source line. 12. The STT-MRAM of claim 11, wherein the logic to
drive the wwdibines and the logic configured to select the source line are
conbi ned. 13. The STT- MRAM of claim 12, wherein the logic configured to
drive the word lines of the first and second row of bit cells are coupled
to row address inputs and logic configured to select the source line is
coupled to the lagic con ured to drive t 14 T STT-

of "6l 21 m 13, whddai n At REUElE e S B B TFTS e s e BRI he
first and second row of bit cells comprises: a first NAND gate coupled to
two row adde@gdem;AgsgissMamarhevt ni! bepine wufﬂeéaletsabsgamaﬂlgtpar%k?EtOtaer to
drive the word line of the first row of bit cells; and a second NAND gate
coupl ed t o waxd lmgwoapddgss: firppuos ofnidt hellsi mdhesan olast putrcec bop lieshbstantialecond
inverter to drive the word line of the second row of bit cells. 15. The
STT- MRAM ofpefleadigulistio bihkisicouplbé td hgifiesteoniof glircells, tie methed tormpasis@ur ce
line conprises a third NAND gate having inputs coupled to the outputs of

; gﬁefc][ r 2 |t g ﬁg? S Q&P MNP 092 S1ta@8En @it QR sERCQBE BRICRH Bodh | SPW tRE wokd1e

line of the first row of bit cells and the source line; and

establishing a high voltage on bit lines of unselected bit cells coupled to the

word line of the first row of bit cells and the source line.

20. The method of claim 19, wherein the high voltage is a supply voltage

level and the low voltage is a ground level.

21.  The method of claim 19, wherein establishing a low voltage on the bit
line of the selected cell comprises:
generating bit line select signals; and

activating or deactivating bit line drivers based on the bit line select signals.

22. The method of claim 21, wherein the bit line select signals are generated

from a plurality of column address signals and a data high signal.



16. A method conprising : formng a Spin Transfer Torque Magnetoresistive
Random Access Menory (STT-MRAM bit cell array having a source |ine

subst ant iaDI2gopiEsEM| el to a word line of a first row of Poirtuse@vlog7sasnd
substantially perpendicular to bit lined7coupled to the first row of bit
cells. 17. The method of claim16, further conprising: forning a word |ine

coupled to a secqnd row of bjt S. sybstantially in ith the
first row of bicel B f%ﬁﬁ%odc%ﬂfgaw Mﬁl@reé%%é@f|ther@uﬁa &Fow of
bit cells.18. The nethod of claim 16, further conprising: dlsp05|ng t he

source | inés erpivden ap laesogistad if linesbased ehend ofithe bigfide slednignalsw of bi t
cells. 19. A nethod for witing data in a Spin Transfer Torque
Magnet or esi sti ve Random Access Menory (STT-MRAM having a source line
substantially parallel to a word |ine coupled to a first row of bit cells,

wherein the sounge | iThe m&hsidsdam 22aMrdeRoMdirWerEt JighdN dreldbiesd coupl ed
to the first row of bit cells, the method conprising: establishing a | ow

vol tage on ft%n?{h%: clohfﬂ‘ﬁl Q(fdféjss%%lggﬁtaﬁ&]c&h leﬁl% socf%boé gﬂnﬁgd P fg l'ine of

the first row of bit ce t he sou I ne; esta ng a high
voltage on bit lines of unselected bit ceIIs coupled to the word |ine of
the first row of bit cells and the source line. 20. The nethod of claim 19,
wherein the high voltage is a sup voltage | evel and the Iom1vo|tage is a

ground | evel . 223 Thdhgergieed foC% Anvbgreiigrcel il pddipisaysignalopd

voltage on the bit line of the selected cell conprises: generating bit |ine
sel ect si gnladisgonapicmants axegirovidedio NANEY gatest andghdoutplits oé thgr N ARNDsgddessad on
the bit line select signals. 22. The nethod of claim 21, wherein the bit

| i ne sel ectinit gnespecaivebidinedated. froma plurality of colum address
signals and a data high signal.23. The nethod of claim 22, wherein each of
the plurality of bit line drivers

26. A Spin Transfer Torque Magnetoresistive Random Access Memory (STT-
MRAM) having a source line substantially parallel to a word line coupled to a first row
of bit cells, wherein the source line is substantially perpendicular to bit lines coupled to
the first row of bit cells, the STT-MRAM comprising;:

means for establishing a low voltage on a bit line of a selected bit cell coupled to
the word line of the first row of bit cells and the source line; and

means for establishing a high voltage on bit lines of unselected bit cells coupled

to the word line of the first row of bit cells and the source line.

27.  The STT-MRAM of claim 26, wherein the means for establishing a low
voltage on the bit line of the selected cell comprises:

means for generating bit line select signals; and

means for activating or deactivating bit line drivers based on the bit line select

signals.



is coupled to an associated bit |ine based on one of the bit |ine select
signals. 24. The nethod of claim 22, wherein the bit |line select signals
are deri Wwe0 2009015817he col unm address signal s and conpl emeoraisedoonims7e€ol unm
address signals. 25. The nethod of clai @24, wherein the col um sel ect
addresses signals and their conplenents are provided to NAND gates and the
outputs of the NAND gates are input to respectiye bit lLine drivers,. 26. A
Spi n Transfer T&ﬁque%%ﬁgﬂgl%ﬂ%éﬁ@§ﬁqﬁgnﬁgﬂﬂ'ﬁ@ﬁb SR ) ﬂ?“?@?%Nﬁﬁhv havi ng
a source line substantially parallel to a word Iine coupled to a first row
of bit cel lige solaetrsegnalstraecivsarnderalityrd cobinyugridresasicaplsyngedpeddglesigeal. t o bit
lines coupled to the first row of bit cells, the STT- MRAM conpri si hg: nmeans
for establishing a |ow voltage on a bit line of a selected bit cell coupled
to the word line of the first rowof bit cells and the source |line; and

means for estabbigshi ngeZTi-BIR A0 SFREEMDT, Whbreld he BitQnc WRSEls@ed &fipRiditocel |'s
coupled to the word line of the first row of bit cells and the source |ine.

27. The ST -ﬁ§ﬂ¥ i i ishing a | ow
vol t age onzg e fgﬁ?§%§h%%%E%8&@§%§%ﬁgﬁ??gﬁﬁﬂg%ﬁ%%?ggéﬁﬁﬁgans for
generating bit line select signals; and neans for activating or
deactivating bit line drivers based on the bit |line select signals.28. The
STT- MRAM of claim 27, wherein the neans for generating the bit |ine select
signals receives a plurality of columm address signals and a data high
signal. 29. The STT-MRAM of claim 27, wherein the bit line drivers are
coupl ed to colum address signals and conpl enents of the columm address

si gnal s.



