Cl RCU T ARRANGEMENT AND METHOD OF FORM NG THE SAME CROSS- REFERENCE TO
RELATED APPLI CATIONS [1] This application clains the benefit of
priority of US provisional application No. 61/715,304 filed Cctober
18, 2012, the contents of it being hereby incorporated by reference
inits entirety for all purposes. TECHNICAL FIELD [2] Various
aspects of this disclosure relate to circuit arrangenents, especially
circuit arrangenents including data cells, as well as nethods of
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BACKGROUND

[003] Recently, a new write mechanism, which is based upon spin polarization
current induced magnetization switching, has been introduced to the magnetic random
access memory (MRAM) design. This new MRAM design, called Spin-Transfer
Torque MRAM (STT-MRAM), uses a bidirectional writing current through the
magnetic tunneling junction (MTJ) to realize the resistance switching. Depending on
the direction of the writing current, the free ferromagnetic layer in the MTJ can be
aligned parallel or anti-parallel to the pinned layer and consequently provide a
different resistance state.

[004] Each STT-MRAM memory cell usually includes one n-channel metal oxide
semiconductor (NMOS) transistor to act as a switch (i.e. a select transistor) for
selecting the cell during reading or writing. However, as STT-MRAM memory cells
scales down with complementary metal oxide semiconductor (CMOS) technology, the
driving ability (in opposing current flows) across the STT-MRAM becomes more
asymmetric. The transition between the 2 states occurs beyond a threshold current or

voltage applied to the MTJ. The required threshold current dictates the size of the



2 word-line select transistor and limts the extent in which STT- MRAM
menory cells can be scaled down. The current flowis further
exacerbated in the direction fromselect transistor to the MIJ. FIG
1A is a schematic 100a showing a current flow ng though sel ect

transi stor 102 and MIJ 104 in a first direction i.e. fromthe MIJ
104 to the select transistor 102. FIG is a schematic 100b showi ng
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of the menory array includes a transm ssion gate 154 and a MIJ
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line 158 gapdiBlalily 8% d8%es solely as a word-line selection switch. The terminal of the
transmission gate that is not connected to the MTJ is known commonly as the source
line (SL). The terminal of the MTJ that is not connected to the transmission gate is
known commonly as the bit line (BL). FIG. 1C is a schematic illustrating a memory
array. A STT-MRAM memory cell 152 of the memory array includes a transmission
gate 154 and a MTJ 156. The transmission gate 154 is coupled by source line (SL)
158 to source line (SL) driver 160. The MTJ 156 is coupled by bit line (BL) 162 to bit
line (BL) driver 164. Both the source line 158 and bit line 162 has to be driven by
drivers 160, 164 external to the memory cell 152 and array. It other words, having
both the SL and BL lines 158, 162 inevitably necessitates a two port access (i.e. via

both SL 158 and BL 162) to an individual memory cell 152. The task of decoding of



SUMVARY [6] In various enbodinents, a circuit arrangenent may be
provi ded. The circuit arrangenent may include a data cell having a
first electrode and a second el ectrode. The circuit arrangenent may
further include a first transistor having a control electrode, a
first controlled el ectrode and a second controll ed el ectrode. The
circuit arrangenent may al so include a second transistor having a
control eb@bttg@ab ling ¥S56rand Bloming diB a¢l thel lmudeneathgreglumms decsder. Further,
control |l ed Il%:ctrode The first controlled el ectrode of the first
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[008] The invention will be better understood wth reference t
detai | ed electrically connected to the second reference voltage via the second transistor when

the second transistor is activated by a second word line voltage applied to the control
electrode of the second transistor.

[007] In various embodiments, a method of forming a circuit arrangement may be
provided. The method may include coupling a first controlled electrode of a first
transistor and a first controlled electrode of a second transistor to a first electrode of a
data cell. The method may further include electrically connecting a first reference
voltage to a second controlled electrode of the first transistor such that the first
electrode of the data cell is electrically connected to the first reference voltage via the

first transistor when the first transistor is activated by a first word line voltage applied



description when considered in conjunction with the non-limting
exanpl es and the acconpanying drawi ngs, in which: FIG 1 Ais a
schemati ¢ showing a current flow ng though select transistor and
magneti c tunneling junction (MIJ) in a first direction, i.e. fromthe
MIJ to the select transistor. FIG 1B ,js a schematic showing a
current flow ng though select transistor and MIJ in a first
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current flows through thée data cell in the second direction when t
second trtest&indiransist@eti vated. FIG 3D shows a schematic of the
circuit arrangenent in FIG 3A in which the first transistor is
deactivated and the second transistor is deactivated.

BRIEF DESCRIPTION OF THE DRAWINGS
[008] The invention will be better understood with reference to the detailed
description when considered in conjunction with the non-limiting examples and the
accompanying drawings, in which:
FIG. 1A is a schematic showing a current flowing though select transistor and
magnetic tunneling junction (MTJ) in a first direction, i.e. from the MTJ to the select
transistor.
FIG. 1B is a schematic showing a current flowing though select transistor and MTJ in
a first direction, i.e. from the select transistor to the MTJ.
FIG. 1C is a schematic illustrating a memory array.
FIG. 2 shows a schematic of a circuit arrangement according to various embodiments.
FIG. 3A shows a schematic of a circuit arrangement according to various
embodiments.
FIG 3B shows a schematic of the circuit arrangement in FIG. 3A in which the first
current flows through the data cell in the first direction when the first transistor 304 is
activated.
FIG 3C shows a schematic of the circuit arrangement in FIG. 3A in which the second
current flows through the data cell in the second direction when the second transistor
is activated.
FIG. 3D shows a schematic of the circuit arrangement in FIG. 3A in which the first

transistor is deactivated and the second transistor is deactivated.



5 FIG 4 is a schematic showing a nenory array according to various
enbodi nents. FIG 5A is a schematic showing a colum logic circuit
according to various enbodinents. FIG 5B shows a driver circuit as
shown in FIG 5A according to various ‘enbodi nents. FIG 5C shows a
first inplenmentation of the driver circuit according to various
enbodi nrents. FIG 5D shows a second irplenentation of the driver
circui t aEKortisagchematisrshowengeampoaioriearntay. ackording3p vehowssensbadimends.

i npl ementation of the driver circuit according to various )
embodi menflG- BAGIS @ pehealie nihoating as e 1egi¢ el grecording (it various
according to various enbodinents. FIG 7 is a schematic illustrating
a nmenory SIPB%%H}?PVCUH arrangement according to various enbodi nents.

FIG 8A Sp . ?Sh%%%%%ﬁﬁ?g&g%ggﬁc;w&%ﬁ@ 8X a%é:grﬁfﬁig o%ﬁo%@%ﬁ‘n%%&tments.

according to various e
FIG. 5C shows a first implementation of the driver circuit according to various

embodiments.

FIG. 5D shows a second implementation of the driver circuit according to various
embodiments.

FIG. SE shows a third implementation of the driver circuit according to various
embodiments.

FIG. 6 is a schematic showing a row logic circuit according to various embodiments.
FIG. 7 is a schematic illustrating a memory array circuit arrangement according to
various embodiments.

FIG. 8A shows a schematic of a memory array circuit arrangement according to various
embodiments.

FIG. 8B shows a schematic of the memory array circuit arrangement in FIG. 8A
according to various embodiments.

FIG. 9 shows a schematic of a circuit arrangement in test mode according to various
embodiments.

FIG. 10 is a schematic illustrating a method of forming a circuit arrangement
according to various embodiments.

FIG. 11 is a schematic showing a column logic circuit according to various
embodiments.

FIG. 12 is a schematic showing a row logic circuit according to various embodiments.

DETAILED DESCRIPTION



FIG 8B shows a schematic of the nenory array circuit arrangenment in
FI G 8A according to various enbodi nents. FIG 9 shows a schematic of
a circuit arrangenent in test node according to various enbodi nents.
FIG 10 is a schematic illustrating a nethod of formng a circuit

arrangenent according to various enbodinents. FIG 11 is a schematic
showing a _colum_logic circuit according to various enbodi nents. FIG
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are not necessarily nutually exclusive, as sone enbodi nents can be
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exclusive, as some embodiments can be combined with one or more other
embodiments to form new embodiments.
[010] In order that the invention may be readily understood and put into practical
effect, particular embodiments will now be described by way of examples and not
limitations, and with reference to the figures.
[011] FIG. 2 shows a schematic of a circuit arrangement 200 according to various
embodiments. The circuit arrangement may include a data cell 202 having a first
electrode 202a and a second electrode 202b. The circuit arrangement may include a
first transistor 204 having a control electrode 204a, a first controlled electrode 204b
and a second controlled electrode 204c. The circuit arrangement may include a second
transistor 206 having a control electrode 206a, a first controlled electrode 206b and a
second controlled electrode 206c. The first controlled electrode 204b of the first
transistor 204 and the first controlled electrode 206b of the second transistor 206 may
be coupled to the first electrode 202a of the data cell 202. The second controlled
electrode 204c of the first transistor 204 may be configured to electrically connect to a
first reference voltage 208 such that the first electrode 202a of the data cell 202 is
electrically connected to the first reference voltage 208 via the first transistor 204
when the first transistor 204 is activated by a first word line voltage applied to the
control electrode 204a of the first transistor 204a. The second controlled electrode
206c of the second transistor 206 is configured to electrically connect to a second
reference voltage 210, such that the first electrode 202a of the data cell 202 is

electrically connected to the second reference voltage 210 via the second transistor



[10] In order that the invention nmay be readily understood and put
into practical effect, particular enbodiments will now be descri bed
by way of exanples and not limtations, and with reference to the
figures. [11] FIG 2 shows a schematic of a circuit arrangenment 200
according to various enbodiments. The circuit arrangement may include
a data cell 202 having a first electrode 202a and a second el ectrode
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software stored in a memory, firmware, or any combination thereof. Thus, in various



[15] In various enbodiments, a "circuit" nmay be understood as any
kind of a logic inplenmenting entity, which nmay be special purpose
circuitry or a processor executing software stored in a nenory,
firmvare, or any conbination thereof. Thus, in various 8

enbodi ments, a "circuit" may be a harg-wired logic circuit or a
progrannablg%¥ogic circuit such as a programabl e processor, e.?.,a
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enbodi nents, the circuit arrangenent nmay be configured such that the
dat a cel | as20@ Jaga.substantially free fromcurrent when the second
transistor 206 is activated and a bit |ine voltage at the second
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further igpehUsiereat GREMR JeBCHACtrAisTs€oH 206G YBkREkd Mdt 1Bit HRE BHage at the
el ectrode 202b of the data cell 202. The columm row logic circuit may
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providing a wite voltage to the second el ectrode 202b of the data
cel | 202.refqrai8¥ veoltagarlldusnevdrods nerhiosliments thel cimuitl agangenient may bay
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second el &l 53%2219 %Qbs?a(nti%ﬁ? ecﬂ?atl & e lﬂrst%gi%fence voltage 208.
[017] In various embodiments, the circuit arrangement may further include a
column logic circuit coupled to the second electrode 202b of the data cell 202. The
column row logic circuit may be configured to switch between accessing a read
voltage from and providing a write voltage to the second electrode 202b of the data
cell 202.
[018] In various embodiments, the column logic circuit may include a write
driver. The write voltage may be provided by the write driver. The write driver may
be a voltage mode write driver.
[019] The column row logic circuit may be configured to switch between
accessing a read current from and providing a write current to the second electrode

202b of the data cell 202.

[020] In various embodiments, the column logic circuit may include a write



[20] In various enbodi ments, the colum logic circuit may include a
wite 9 driver. The wite current nmay be provided by the wite
driver. The wite driver nmay be a current node wite driver. [21]
The circuit arrangenent may further include a sensing circuit coupled
to the colum logic circuit. The read yoltage may be accessed by the
sensing circuit. [22] The circuit arrangenment nmay al so include a

col utm addmesssThe weite curent ceaypheeprovisled iy the waiie diivei dhe iwrgeidtiverTinay
colum addressing circuit may be configured to control whether to
provi de the wePHeEntypodesyatedsiyer.o access the read vol tage. [23] The

[ [ ) f h i ncl ud fi d Lin d
The" cont r BPIL7 ec TG Ebi g rniati: PEReingies & g sHons rahlbd Eulhe
i ' led to t.
contro | erutRioft SBelil Ghe fat oREACRTY PRALeel By RRRA g e
transi st ofpaP4 mye Recae IMALGHRYMEP &40 [RiuddCf Lolunlf MPleERUL circuit

applied to the control electrode 204a of the first transistor- 204 via

the firstcompled tbithecolling 1686 eitelit. TAB ThRinaY adl0G iR \:irb@it ﬁféﬁ/ib\é%bﬁﬂ%thb!d
the second word line voltage applied to the control el ectrode 206a of

t he secont dontrokwBéetber tuipeovidecths ectedoMaygednt tnaccess[tBd teadlveltager cui t
arrangenment may further include a row logic circuit coupled to the
first tralf@Bst or Thodrewicarrogpment may funbesiaclodela firsineird lioe coupded mithe
l ogic circujt be configured to control the first word |ine
\r/g\l/vt aggl aﬁalltrpﬁgieg‘ggrg%@% ) 8t (Fensishgye204. The circuit arrangement may also

plathe i,
include a second word line coupled to the control electrode 206a of the second
transistor 206. The first transistor 204 may be activated by the first word line voitage
applied to the control electrode 204a of the first transistor 204 via the first word line.
The second transistor 206 may be activated by the second word line voltage applied to
the control electrode 206a of the second transistor via the second word line.

[024] The circuit arrangement may further include a row logic circuit coupled to
the first transistor 204 and coupled to the second transistor 206. The row logic circuit
may be configured to control the first word line voltage and the second word line
voltage.

[025] The circuit arrangement may also include a row addressing circuit coupled
to the row logic circuit. The row addressing circuit may be configured to provide the
first word line voltage and the second word line voltage.

[026] The first transistor 204 may be a p-channel metal oxide semiconductor
(PMOS) field effect transistor. The second transistor 206 may be a n-channel metal
oxide semiconductor (NMOS) field effect transistor. In various alternate embodiments,
the first transistor 204 may be a n-channel metal oxide semiconductor (NMOS) field
effect transistor and the second transistor 206 may be a n-channel metal oxi&e

semiconductor (NMOS) field effect transistor. In various embodiments, the first

transistor and the second transistor may be bipolar junction transistors (BJTs). The



[25] The circuit arrangenent may al so include a row addressing
circuit coupled to the rowlogic circuit. The row addressing circuit
may be configured to provide the first word |ine voltage and the
second word line voltage. [26] The first transistor 204 may be a
p-channel netal oxide sem conductor (PMOS) field effect transistor.
The second transistor 206 may be a n-c annel netal oxide

sem conduBtssfrapspimsi 04 may be efNFaCBIT. rHW§ﬁ§?tﬂdrtfanﬁlﬁt0\r7 arab'ch@gt EYE Bifat e
enbodi mentq the fi rst tr istor 204 ma a n cha nmet al oxi de
seni condu NS & é‘f‘?eé‘ﬁst’ therdetrs t L GH’FEI (f'érfﬂha"eaﬁm

e et éeéfspf’fif%ﬁé%ﬁ%\y oH By ?%%1 TR bibiyal e 6] foaRe A e The

and the s t r [ dns )
The 10 1rrarey Phaana be'eaffirle PHAR Risrieletitinie BREIGORI Sulsilfe)
my be a FRrdd From {hgﬁrsﬂré‘mét@ﬂdeohﬁmeﬂﬂ%@gf ﬁ%@&&ndtcﬁﬁe%@u@eché dgtg%el'imy
be configured to have a first resistance upon flow of the first
current tbeligh thdeecdad alieefidn. i Thet fea feell A02dinae dhdlede a The@at aukrlihg
202 may be configured to have a second resistance, the second

resi st ancpindii¢if.erent fromthe first resistance, upon flow of the
second current though the data cell 202 in the second direction. The
data cel | (028} nmayaripes gabodimentinmay cProvidndl Fifigpl amengegent cppfigured to

e o TR Gl 4R e SRR B SR
enbodi nmen L equl f separat.e source |ine
(S Vartnd B iPHEa bR LIRS VS RBB U ST sV the

gl obal or,&al 4emn HaudRhal bﬁlh@i‘ S Qirdvh P?(h(tﬁlf)souljcg I?ﬁ@r('S?,?’ SIn vané)B%

enbodi ments, the first transistor 204 an e second transistor

are enbedeiﬁslodimdmrseqid Antlradsibte£ 04 avarthe WscRAD@EHSTTRIN TRy dkdadee
driver circuits onIy in the colum logic circuit. [29] Various
enbodi menbidireetionpl duvete Harn®@ishedbafiments thaygiricnder drivee efsuingoilydmtheie
data cell using a bit Iine without a source |line. Various enbodi nents
may provieumnjegipeidcwt accessing the data cell in a menory array

wi t hout t{bg ?eed fqor an additional serial switch such as a )
transm ssilgf] gat ¥aresy pEhRABSHS AL R idm rﬂ?tbw @& vaitingniq AP @eretieg

rom a motidry Rt e p PR HER iy ineov it ShebRistrrer oy
writing t o?fdegﬁﬁﬁgéd 89%&%&%%@8 dgat n%%;naﬂ%drg Wﬁﬁq ﬁetﬁgn&dt#a% a

source |line an S reduces e nu er of int nec S requiredi

the menoryd@EdmY seNAr bwich SFRPYS B RaSsHBY ol v, d‘@ar?odgEérﬂﬁ’Gh1ﬁEnts may
distributing |oading by a global read/wite driver coupled

source | imevide atlbe impetince Pathafirotigh iedidats e€lUivhim thealiel édllQB&}ritten to or
transistors in the nenory array. Various enbodi nents nmay provide a

met hod  of adcassefgeratai memonyaarsiys Verisus enbaiiacits iy movideg method of writing
reading/witing into a circuit arrangenent including a single data
cel | . Varfico®isaenssins fom Sienddia gell owingns difr lng wiithont a sperceilios aid thus

functi ons ﬁal‘l‘l d out Iy af source line and_ cjrcuits associated with
t he sourc¥ p?Eﬁe e numbe interconnects required mm the memory array. Various

embodiments may provide a method of distributing loading by a global read/write
driver coupled to a source line to the memory array without requiring additional
transistors in the memory array. Various embodiments may provide a method of
integrating transistors for operation during reading/writing into a circuit arrangement
including a single data cell. Various embodiments may allow integration of a portion

of functions carried out by a source line and circuits associated with the source line



Il intoarowlogic circuit. [30] FIG 3A shows a schematic of a
circuit arrangenent 300a according to various enbodi nents. The
circuit arrangenent may include a data cell 302 having a first

el ectrode 302a and a second el ectrode 302b. The circuit arrangenent
may include a first transistor 304 hayjng a control electrode 304a, a
first controlled el ectrode 304b and a second control |l ed el ectrode
304c. Theﬁﬁﬁﬁéﬂvﬁﬁﬂ?ﬁﬁwgenent may i nclude a second transistor 306

havi ng a roI ﬁ%ei% %de 306 a first controlled el ectrode 306b
and 5 seclRl conFl) TAGRaNs & FuRBatHE » P FRaEeRSRt 1013 dording to

I de_304b of, t.he f 304 f |1 ed
o1 cct r ode3es BloopRertal SEPRAT R ers ity b« éfS{i"p‘feél g &
first el eﬁfs odeir 29 n(ﬁ DSedddl R1eRRbde 53(%% 4Tﬁc.r,'9ir F’ﬂﬂlﬁ dA)J 1ﬁglude

el ectrode 3 4c 0 |rst transi stor e conp |gure

el ectri caj kyst @@ﬁﬂ@t@f 3@@h@1ﬁg i e@mf&feercea@@wﬁal h@ﬂ& c3ffolfeddedidat 3008
first electrode 302a of the data cell 302 is electrically connected
to the fi#mlaseebed esrtelled btea@@de.’mﬂc(DHe ditcufttarfff@ian efyihidladdd Jecvhd
the first transistor 304 when the first transistor 304 is activated
by a firstanstatet I06rteving a eaperobplotiratt 306at h&rst contrdledell@tvdo d@6t8Mtha of
the first transistor 304a. The second control | ed el ectrode 306c of

t he secontfcpidsepiselind dograds 3Qef iTharfiat contealled: elpatende\3Mbnefethe fist a
econd referenc olt e 310 ond.r rence current), ch that
Che fir st @IS 04ang q(ﬁeﬂaif leotradq fi@?fn e sqeapd r t@r§3u06 may

t | 1 t
rane st o ol 2 ”{érséZ%e%ﬁrﬁﬁ“’?%%aiféﬁ%?d%ageﬁ;ﬁgc?ﬁsseéoal p§prolled

second ma@c&dde%ox@bfrﬁe%&r{ml@fér5@4 Hag bE2h ﬁ%{red? oeaéat ﬁdﬁy%gﬁeec? o4 he

second transistor I'n vario
ref er encefing kéfa@ﬁc£0&tdgay3daesuhhglmrthé Ifiadd dlét@foa@gomﬂ of efecdRnea RO tigge
310. In various enbodi ments, the first reference voltage 308 may be
VDD or a @ecﬂdeﬁl@rmnnecdemtogme\fmittra@mn\{e woltdge A08r(bofist esflrendenammtcat) vihie
second reference voltage 310 may be ground. In various enbodi nents,
t he fir stthedirelrteasistadOderkenry fiyet iningisear 309ain actieateb bpadinseerdline
current. ‘8ﬂe first refﬁrence current may be provided by a first

S

curre gt fage 2Bpird odhe seRfrrl elestrade Al el thedst ﬁjﬁ%ﬁlsﬁe W@vﬁéﬁ'}e@%‘}d a
raner st ororsplied dofifae 30, ok i secfnd HenGitor G083 OB by Siebkieay
field eff eétrtg'ass'eé g{rg{e?%@%} 0/ 8P g@%@ Cedidfied's e% ?ucﬂ tﬁmﬂ@e'

met al oxi sem con ransi nvari ous
al t er nat eﬁeme@tra@@tseza torenbidatd cbi 2 At aectﬁ%lweameetea MN{%@ ééc&h&i
effect transistor. The second transistor 306 be a PMOS f

ef f ect t rafgbisdeomnltagd3 Maviaahis seohd dan®abdbs304 hﬁeldaiease@cﬁidl trzﬁmstd@eoe lis
may include a non-volatile nmenory. In various enbodi nents, the data
cel | may dstivetedfbyguseednd evosd dine valtdger applicd ¢ thestcatre! elpcinodead®h g the
first current through the data cell in a first direction and
configure%m?@iﬁweﬁ@”éoﬁécond Iogic state upon passi ng a second

current tﬂl?f he dat a # cond direction, I n.various
enbodi ment%8 1 t he nc‘fama% ?mﬁ? lawaté d 13 %elceaﬁlﬁ?afa%n@u highgr; thap

f t t flo th t t .di t

when the PE PR Tfutndt SpRs10 BN S o dtn Bt etk uatiBf
may be cofiid guy 6d 3. de@en%eremﬁ %ﬁag@tvlw g@@aﬁa{s%mdw&}tg%@

cell 302 in a secon gecond direction opposI

first direebhdReferies vbneges gq:@ ']Ha)I bar@b‘@ﬁcprm?:%d@ é}ﬁ&dleﬁErﬁQ the! ﬁs@B
shows a schenmatic 300b of the circuit” arrangenent in 3A in which
t he fir strefatencerdurehtonsy béhiphahthtf ﬂlmb@lcb&h“érelﬁﬁ%ut‘rﬁntt flfﬁe fikgt Séference
direction when the first transistor 304 is activated. The second

t ransi st oeur@96 magybenpitovisied dot 4 Viadt enirrefs seinoavnd theRe@nd3Bfertine duirrent

may be provided by a second current source.



13 306a of the second transistor 306 is high. [34] "Activated" has
the sane neaning as being turned on. A transistor that is being
activated or turned on is in the active state. In other words, there
is acurrent flowng between the first controlled el ectrode of the
transi stor and the second controlled ?iectrode of the transistor.
Correspondi ngly, "deactivated", "not being activated" or "turned off’
means t hal032he t mavasioss gmbpodimants, fiee firsh ransisiorsI may bherpchanngbmetal
current or gn i nsubstantial current_ (e.g.. subt hreshol d | eakage

current) PrEGsTBicaRIusas(PMRS)igld effecdtansistosd Ecctecprstisangision 3 may

d trol |l.ed el ect.rod f the t i h bt h | d .
eakage ol b Brsta) Mo Bute Smiroel (IHEAS feld ofted s ShaRaacians
302 b i i i st |
Prrst pur SiERl: pANORMAR, B8 Kbl 0 MR RMIS Beld Hcblraddifr
data cel | TRDZ:0m) BEnGAS 308" Byt B RAPRIES SEAQ N EHBERREE In [HEiou

second resistance different fromthe first resistance, upon flow o

t he seconembadiments, thsdu@helligayliod ar g} incBER 4 sbnt Natfle ebrdl] MeGkios.
The data cell 306 may include a magnetic tunneling junction (MIJ).

The ci r cuéthb@limengetire datarel}l nwy lor comigured b stbee a fist TodiRétvtenonpasdeg | .
[36] In various enbodinents, the circuit arrangenent nay be

conf i gur edlfisst ewrrent ghroygh theslata ceBon aifsstaligestiemandaonfighned éo storrm sagpndent
when the first transistor 304 is deactivated and the second, .
transi st oPBIGERS UPGRBHSHAG ASERPnd HITBRHBIOUES FhF1ata gl in arpecardycifection.

econd transi stor 306 i,s

: 4 i : he .
L ned o038 culpr Btoob ARG RERdbe Tl SR mbr PR e dop Bt ShE

data cell I j i i

arr angemetrlllt§p ig rfli r%lc%eﬁﬁgﬁ?%?ﬁg% !r:eglt ﬁ??glnés)&%t?ﬁr eg%éff%gn the first
deact i vatieshspis 302eisSREONEI t TROSirsdiO hrrdQRmicht ARG ¥GHRMred such that a
Additionally or alternatively, the circuit arrangenent may be

conf i gur egkcontt burtrératt flavre tidatigh ded HatdQc2lli 302s1nb 5 tsacdnidadiivactibh e ehef $e@6md
current when the second transistor 306 is activated and a bit |ine
vol t age (drectom pppasjte ghe fitse dgediondwberethersecmd30@bisoi 30hdés atdivated eFIG
302 is substantially equal to the second reference voltage (or
current) . EERow%S p seliomatic 390 ofdhg cingt arangesentdpAtlGgdida wuieh thenbst

P e e A0 R BTkl S Yo e SRS e L e
the Seco%dlefsea%ﬁ{/&g& fh%zgcgﬁd &Qfsmqgrt $he rqﬂg'y not be activated. As shown in FIG.
3B, the first transistor 304 may be a PMOS transistor and may be activated when the
first word line voltage applied to the control electrode 304a of the first transistor 304
is low. The second transistor 306 may be a NMOS transistor and may be deactivated
or may be not activated when the second word line voltage applied to the control
electrode 306a of the second transistor 306 is low. FIG 3C shows a schematic 300¢ of
the circuit arrangement in FIG. 3A in which the second current flows through the data
cell 302 in the second direction when the second transistor 306 is activated. The first
transistor 304 may not be activated. As shown in FIG. 3C, the PMOS transistor 304
may be deactivated or may not be activated when the first word line voltage applied to
the control electrode 304a of the first transistor 304 is high. The NMOS transistor 306

may be activated when the second word line voltage applied to the control electrode



cell 302 is substantially equal to the first reference voltage (or
current). [37] FIG 4 is a schematic 400 showi ng a nenory array
according to various enbodi nents. The nenory array may include a
plurality of circuit arrangenents. Each circuit arrangenent nay
correspond to the circuit arrangenent as shown in FIG 2. The nenory
array may al so be divided into colums and rows. A circuit

ar r angeredf6a df the sesoniiansysteral06 iabigh. in the nenory array may be
addressed_v row and cgl umm sel ection. One nenory cell 402 out of

the plur aiq3f@ of “%H@F%?‘ def the e 119@&1%8 é%b@agts‘}ms%ﬁpyﬁrt@anaﬁw&wﬂ&t e
| t t th di Each

o rourt oo atheRE & RBHPyCRIhe BB orlgenaRs. BRF as.a‘i‘éargma

two word 6\9 % b ERSHL st REnTRIRT YeGElde 6@%@% Et%l’ udg &@pl;e\é

sui tabl e or | ow vol tages (of curren cor respon
bit Iine @d?ﬁ'ro‘ﬂ’@di ¢ldcnidgs off thEh@aﬂgﬁfB?r CofebdondidgBBl “dehivaRA”] 8n&. bem
schemati c 500a show ng a colum logic circuit accor di ng to vari ous
enbodi menidivattie of GthtHEd JfFgheans itlizt the traRistd2es GoWB IRtV sthlze TE&E dNgb
el ectrode (e.g. 302b as shown in FIGS. 3A-D) of the data cell. The
circuit acuremgeneninsuissantiak tument (erg kulubreshadd | aakmgeanidireay flomgng betowed
502 coupled to the colum logic circuit. The col um_ addressing

circuit 5t fisgheonireledyleqtrnieand the sscens! eontrelledrpleeteadsardithe Tansistart The

addressin uif. 502 may be configured to provide bit selection
si gnal s B%‘ ﬁﬁgsﬁlokfsle@?ﬂec entznayhe la% thanaoyt {le 2ol urm | ogic circuit

o the meiraey ar TS A cpfsht mad PEROHRRE Y neyRin A eCSRERks bprcft il
502 may Sk st ﬁ%lsltte ol 516%?1& &Cﬁ dﬁ? 1?11 R <§>c‘in%gt§:)d'}3§'h§%ata (.Q:lll Y- IP!I}ES 02

colum 1 is to b ec i nst ea e co ressing circu

may set B cdifidufediodhav@ng sddond QesistiRe <t s'é@&l(ﬁ%siiélﬁcé QiftQ¥ht fhdin Qhd1er
words, the col urm addressing circuit 502 may be configured to control
whet her t firspresigtatiee, tipen fnirt &f thobdcage curfht tiyugh tasdatd bl 30246 thotdcage.
VWhet her to provide the wite voltage to or whether to access the read
vol t age fdietian.pEhe daalcall 306Iramninchdd aamdgnesiccehieliaggngetioneMTI). The
particul ar, colum) may be determ ned by the colum addressing circuit
502. The fétﬂuWﬁaaa@v%@wdaecqmwmc Bdoa FhY-MBAM marguy €dlt o provi de
the bit s t|o als based on the col um addressing s

o0 ADDR 88T an R OABsReodones di Py P oo dadr Buet s
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logic circuit and a read voltage (or current) accessed e co

| ogi ¢ ci rigatisistor 0@ iPidt thinB@oy Md B@8&cohd trrhdmtoDFVEE ﬁotEtle%QBn Iﬁi—cu?ﬂeﬁt
BL <2> and BL <3>. The switching between the read voltage (or
current) anu inhibstaniisleunsht doe tirouglr tiatdptane)l 392. ElGhBdHosd abychehetic
colum logic circuit. In other words, the colum row logic circuit
may be co?ﬁnggfé]@l? cocehiarengdreenieanF s cd8 sinnwhichr tedfixst brengjgor Beiznd
providing.a wite voltggg to the second el ectrode of the data cell.

In vari oudeagiyaedandethe seroad vensistor ?%IS&?Pﬂﬁﬁteﬂoﬁld%@P@lﬁbWftlﬁmatlﬁﬁly be
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my correspond to one respectlve colum i1 n the nmenory arr

bit sel ecdecomd sfgaale BEsE>(or BIFbnt). TBS%ﬁeuloanﬁfgéaenf ﬂh@ﬁhlsb%e Gohfidiited
addressing circuit 502 to one AND gate of the plurality of AND gates

504a, 504duch H0wthestacell $02 é substatiajly fearfcbnt berene whin thedirdMAngistoe 3041 €

is activated and a bit line voltage (or current) at the second electrode 302b of the data



[42] In various enbodi nents, the wite voltages (or currents) my be
provi ded by the driver circuits 506a, 506b, 506c, 506d. Each driver
circuit may be configured to 16 provide a wite voltage (or current)
to the second el ectrode of a corresponding data cell. The driver
circuit may be configured to be enabl Fd based on a WR signal and a
bit selection signal (e.g. BS<O>, BS< ”5, BS<2> or BS<3>). The driver
circuit neg)l MR is oulfsiagtinkbylequal fortbe ifigs refaenoe veoltage (drtcagent).or current)
based on a data input signal, i.e. IN FIG 5B shows a driver circuit
506a as sifdWh i nF¥6.-& issnseheawtigidfg showing @ SEEaHsTaY meerding tp43Yiors G
5C shows a first inplenentation of the driver,.cifcuit according to
var i ous cBbimEHE T RerREm O APy T EAS AR Pl RS B8

o gnar gl alah derh Y el gl e B e e SR FRED. o
an i nput &@%aﬁaﬁal%&ﬁ@ﬁed Tﬁiﬁggﬁiﬁéﬁ;aﬁﬂdwwcim aﬁ%%e?rﬁ%%, ie.a

include a N I'stor 554 coup e output term

st ruct ur eme®dry deNeI02UinAbE meROR} &dy By 5 dddedssddvi® Ry BRYcdhemA 98lBdRA. t O
the control electrode of NMOS transi stor 554. The driver circuit may
al so i ncl OdemeneMOS:1t 402nit of the phivélity@if pleasbri oclishraybe geidctdderyrdppBling
structure 552. The output term nal of structure 552 nay be coupled to
t he cont rafpreitatt ydtigesfor RMIBNS) tnibe souespeBding Thiunfr amst roso ifach clredt

el ectrode of the PMOS transistor 556 and the first controlled

el ect r odeATHEERENINVOSIGRARY 5ot H92 o glpdseonsobisl g argd e werd lingse

T R e K T M
second ¢ %’Hl{agéér @? cﬁjr&ﬁ%rtg c%treggb%d tltlﬁeaﬂl%ig%rg Ell&%is é@g?}élggﬁorrg gggl ed

to the second reference voltage 'such*as ground. © 0
may out pufp3g] hi g BlA A9 s@lendal€ 5004 Bidwihg aedidhn @Jgié EhbGt Hcfc%rc?§$ to |
only when driver enable signal ENis high and data T nput signa Nis

hi gh. ThevdticghembbdiagatsoDhdedlliRa 1dprc Stduitahalr 8 ®apletiythdGbdondleRchdES
transi stor 554. Consequently, the bit line signal (i.e. OUT) at the

bit |ine (e §026id4ahowmyn FEGSePAtld) ohthesdntonell. rBfeerienitertanptmee ey g.
ground). Structure 552 may output a |ow voltage at the output
termi nal ‘@rthetipgiudes eolump addnessingeireuet50Y spupedieltee edlgmalogineiranithiyh

and data input sjgnal LN j ow. The | ow vol tage out putted by
struct ur cabipn ﬁ@drg%%&& %@gﬁwﬂs&ﬁs redpiatd e d Selymaiigersei Jte ol ¢
line vol ¢ s ilng%irc%& %{aytb%%orblfitgérleg' % ér%’v%e b51t1 sdt'a?e?ctiox:l]' Zignals BS <0>, BS

<1>, BS <2> or BS <3> to the column logic circuit for selecting a column in the

memory array. For instance, if column 0 in the memory array is to be selected, the
column addressing circuit 502 may set BS <0> to high and BS <1>, BS <2> and BS
<3>to low. If column 1 is to be selected instead, the column addressing circuit 502 may
set BS <1> to high and BS <0>, BS <2> and BS <3> to low. In other words, the column
addressing circuit 502 may be configured to control whether to provide the write
voltage and to access the read voltage. Whether to provide the write voltage to or
whether to access the read voltage from a particular column (and a data cell along the
particular column) may be determined by the column addressing circuit 502. The
column addressing circuit 502 may be configured to provide the bit selection signals

based on the column addressing signals COL_ADDR <0> and COL _ADDR <I1>



may be set to the first reference voltage (e.g. VDD). [45] FIG 5D
shows a second inplenentation of the driver circuit according to
various enbodi nents. The driver circuit may include a first PMOS
transi stor 558 serially connected to a second PMOS transistor 560.
The second control |l ed el ectrode of thzsfi rst PMOS transi stor 558 may
be coupled to the first controlled el ectrode of the second PMOS

t ransi st oapi3g0 to Teecobwumadiiressimgrapichie d02| ect r ode of the second PMOS
transi stor may be coupled to the first reference voltage (e.g. VDD or
Vrw) . Thel®fiverIe |vaew& embydmmntsmﬂr bitnlkine, geltager (qrseurrgubsat thensgoondr

562 | | d NMOS t t 564. Th
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cont rol | edyehggBIOdR>- Ofhd mt&aﬂgssetwm}ferramvcﬂiafgé (b&urfRY) HR hewRied

to the bit line. An output termnal of a NOT gate 566 may be coupl ed
to the cowndltagk (elrenity mde befcontrelléd b thePddlnnh nagis icktwit. InSdher Wék@}, thee
driver enable signal EN may be coupled to the input term nal of the
NOT gat e &88mnToR legi¢ cigeuiamabbecaifigned tEpvitehybesivean dsecssingpl reat] valtaghe
control electrode of the first NMOS transistor 562. As such, when
driver enﬁaqn@nslnﬁw&ﬂmsm Vetesytage tehihgisecandetectipge of thgdafaygel. In various
transi stor, 558 and the tragmstor 562 are ac

Conver sel YTife P! 15 R SRUBTLIST JoelF BREF S obe CTRBHIES Boithe
P .
alci ;SJ\[/at (I\a/(;§ e(#y%@{; (%}éé\?lél% g&éa&F%‘%&%Jerhr 31{1&) 5 anu%r gln gnafgl?rﬁ{ﬁ% tﬁ%gem%

coupl ed t getthRleGPRld @hta 8lipct rode of the second PMOS transistor 560
and the control electrode of the second NMOS transi stor 564. The

driver cijoaojt neke beitaind mgybedohthdledttie weeaash FVRPsichanppiédio th§0
may be activated when the second NMOS transistor 564 is not activated

or deact i vdtmd loglonverit Eluying mhiingy WResigoals ©uANDngeyesli®4a,diiktb gilded0ddich
that the second PMOS transistor 560 may be not activated or
deact i vat@r@s?ﬁi@@g}b second NMOS tranS| stor 564 is activated. Wien the

dat a mpu@i aJE @set to hi t he second PMOS transi stor 560
18 i s dea at ebacty ANSY B4fE mayat SB th‘élesré%ﬂvq\mnﬂlrlaﬁg? g% 64

oi 11 ne. bR B Slhaou il Bier SRS BTl g Moy Bl e
Lransi ot 0%%936*“%“%%1? F@%ﬁ"’eﬁ dﬁt%%ﬁet%ftécoﬁlﬁl‘@‘&%@eﬁéfﬁéﬁgé?ﬁﬁb gt

deact i vat sgidok sBiofo 1ASh (MLt @ redeMAMBOARDL %a)fes 4r88etotiolh NRe v,&lrésgg@dm
(i.e. OQUT) at the bitline may be sét to the first reference voltage

(e.g. VDDirwer ¥hable sigha18d alkd €8t tDligh Fansnstanchiwien WRIieHe /i leikh afd B<the
driver circuit according to various enbodi nents. The third

i npl ement &tseote high sihnlie| BS< 1t BSE> sad Bk 3Prapt estendew) anly e doveephatlte
first reference voltage is replaced by a first reference current 578

and t he sEg¥hdTORANIR gl DGR isntsd to blghe?sljll%@wr@?alsle sigpals drane AV getes
5
568 cor i ot difimaRidarest t IS BN Mokt SOl 870 ANRLeoidias

o the f1 140 aoaktaF ciredisBtine lvebtend SEBE I b i A Bkl el S
ihe secondeea il pﬁdreﬁlaﬁﬁ%rencgatés%ﬁ%@@g STAPGr A3 1Y Othe e{my

be coupl e to the Tirst current driver circul

further igeduitdg06b,50661500W% Adt@AsdIed.or 572 serially connected to a
second NMOS transi stor 574. The second controll ed el ectrode of the

first NMJ®4Rt ansinstasioubdnbixdisnehss, o uwpltedoltages foe chirérts) reprta mrblided by
the driver circuits 506a, 506b, 506¢c, 506d. Each driver circuit may be configured to



[49] The driver enable signal EN nay be coupled to the input term nal
of the NOT gate 576. The driver enable signal EN may al so be coupl ed
to the control electrode of the first NMOS transistor 572. As such,
when driver enable signal ENis set to high, both the first PMOS
transi stor 568 and the first NMOS transistor 572 are activat ed.
Conversely, when the driver enable signal ENis set to |low, both the
first PMOFoOvIHg atwiiie yoKagsr(op@8reando thescedndslecmibsot a comsispanslingsdea calle
not activahed_or deactivated. _[50] The data input si&PaL IN may be
coupl ed t 61§ HEVRIGHEHHEI MY Be confirurest to b crablesnbased/o 2 Wi sigaal pindsript

i ver ol TORIE FEPeb L Eat? S Gurik h e P ROTSRT PAEAT SR BRY B0

may be acii . { r 574 1. t ti ed
or deact | vo e SRERiAdHe SEELRVR BT b b e BllRleg B Ly R
that the pgeossl VWS 4 HANS SitQhit 506k FRY¥hAEh '?HtFIéi‘.:tﬂAV%&gdiﬁg to, various
deacti vated when to second NMOS transistor 574 is acti vat ed. en t he
dat a i npuémbdéd@imehts] N is set to high, the second PMOS transistor 570
is deactivated or not activated and the second NMOS transistor 574 is
act i vat ed[04@bnseBl{&niC yshowhe fiist ihplemeniagoalof(the eriv@Udiycudt adcoeding to
bitline may be set to the current provided by the second reference
current 5Sg@iouggEodimeenta Tie dniyer cisnuimady insjuds askelNDtgatd H%0 andhe ORegaterd
PMOS transistor 570 is, activated and the second NMOS transi stor 574
s deact | VHRER RVG 1 ignl 334 der thesrver erabls sygnal Fdp Pirugtirge 2 naehe

et or ence SlAdN ping SO T bt B beaRb ARG rE oty P i
ot or encome rr e RAReANMOISt st B8 BUbEF L] ol REp b iR

to FIG 5850, Wihe dufpudl idriial S s&tdthre(B50%napRé ddufl&l RNARIBRrHas&H o8 of
WR signal and a bi't selection signal, the driver circuit (e.g. 504a)

may set tHN®M®S ttahsietov O54.aTke drivéharduit nbpalouincRide [aPMOR tratsifot 564
the driver circuit (e.g. 504a) based on the data input signal IN The
driver cit¢wopiad tpdhgouthoutymmal obgrutwre 56 2gEharoutputdenwioal sfitiuctse 65z
driver circuits shown in FIGS. 5C and 5D or a current node driver

such as t®ay deicowpled ¢ theicongploglpctiode pf EMBE trangistp] 56 Theclist ¢amtrolled
i di , it I h d el

(e Gar DR BBl b 5 18/ AR B BuSRG ELIRIRVES
e gured o t

Phe cot untssaitcS2l M, O Uimed 1 the ol fom flc T a8 g8

the witequaldi@ge IS t&ﬁﬁ%t'i)gljﬁdaﬂaﬂfe &&1@1&% H{Ehﬂsggfeg%@g;;fswﬁgdme

colum logic circuit may I nclude a wite driver (e.

write vol 4s5gpDale becopd euhtetakdR)ectrbée ¥ the BIMIOR \RIsib@r 954 RA$BE coddIed
wite driver (e.g.
to the second reference voltage such as ground.
[044] Structure 550 may output a high voltage at the output terminal of structure
550 only when driver enable signal EN is high and data input signal IN is high. The
high voltage outputted by structure 550 may activate NMOS transistor 554.
Consequently, the bit line signal (i.e. OUT) at the bit line (e.g. 514a) may be set to the
second reference voltage (e.g. ground). Structure 552 may output a low voltage at the
output terminal of structure 552 only when driver enable signal EN is high and data
input signal IN is low. The low voltage outputted by structure 552 may activate PMOS

transistor 556. Consequently, the bit line voltage (i.e. OUT) at the bitline (e.g. 514a)



20 504a) nmay be a voltage node wite driver. [53] In various

enbodi nents, a bit line current at the second el ectrode of the data
cell may be configured to switch between a wite current provided by
the columm logic circuit and a read current accessed by the colum
logic circuit. The swi tching between e read current and the wite
current may be controlled by the colu logic circuit. The colum

| ogi ¢ ci rmay be setyo thecligeleaengeivoliagr jexge VY. g.  504a). The wite
current may be provided by the wite driver (e.g. 504a). The wite
driver (el®5]1504B8G. il shsvsa serond amplepreatagon of th drjey clrepib agcor¢ingiher

ds, th I | 0gj I. I, b fi i t.ch

bet ween abERUS P Tens Vs ﬁ%{g%“élﬁca%al AT B M Eré“n%%m s
h , ' ' t

col um 1 oorRny EPEEHANE Sehd NS Ry sgby TR ol IRER! JRBg et ™

may be preuifigbiiog msidrisdhiy 68 coddién W f-hEQirgt;c':o ﬁBllé@Me&%dghog the

vol tage node wite driver. In various alternate odi nent s,

col um | ogcénd PMIOVS frafi®iytor 560.UTIR: sechfid bentfblled @loctrdf oftict Rcotd PRIS
may be provided by the wite driver. The wite driver nmay be a

current ninadsistarirh®y lokr conpted to ftlbfirst refarandeowdtagaread VD o VrivineTNaRIriver
signal may further be coupled to an input term nal of a NOT gate 508.
The out putirquégrmahBirther inchide RATstPIVMO SSodsirtgr 368 sevallyi eineased for ssecpmput
termnals_of AND gates 510a, 510b, 510¢, 510d. The columm addressing
circuit SOYPRilfansestrnbdt Bee segondrongalemhelestindg of thediwst ABYIOSdrangisior §82 es

?iggj 101 SoeeIgd B mecis ool clefirde o w8 satong NSl 50
12d. E i

cor t esponib e jelioEd UeBRodt g A NUE NS SAURL AR Bppica 1o
struct ur efhe kd@ndeRr&ie moltbééRgLé 1%.11{09 TheilBlopified MUY LE HRIRR

couples bitline 514b to the Structure 512c couples bitline

514c to tieO¥Bansikords8 and thedirsticendiRd deupliess ik firdt DNVIOS 2ehnkistok be2
MBL 516. Each structure 512a, 512b, 512c or 512d may be configured

such t hatmahbacaiphidgh thsi lgnlale. As oappilt teeairtabof AW OT tgatectGomesy tidveupled to
structure_allows flow of current fromthe corresponding bit line to
t he MBL. tbBpoerdslaptrodpehihg firg KMOFtransister 3%l i ed to the structure,

Lhe. SLTUCHUER T, SURSt anLl Ly BER ot 1y ST EnL Lo L

o e st T IR BPa M B e TR

ot ?652/5"‘6? e ﬁi’ﬁﬁoﬁé{%@is@& $2° AsTsuE I ien' Gl LRI 5BHAITEE i04d: hd A,
both the first PMOS transistor 558 and the first NMOS transistor 562 are activated.
Conversely, when the driver enable signal EN is set to low, both the first PMOS
transistor 558 and the first NMOS transistor 562 are not activated or deactivated.
[047] The data input signal IN may be coupled to the control electrode of the
second PMOS transistor 560 and the control electrode of the second NMOS transistor
564. The driver circuit may be configured that the second PMOS transistor 560 may be
activated when the second NMOS transistor 564 is not activated or deactivated.
Conversely, the driver circuit may be configured such that the second PMOS transistor

560 may be not activated or deactivated when to second NMOS transistor 564 is

activated. When the data input signal IN is set to high, the second PMOS transistor 560



[56] During witing, the WR signal nay be high. As such, the signa
at the output term nal of NOT gate 508 may be | ow and the out put
termnals at AND gates 510a, 510b, 510c, 510d may be | ow. The
bitlines 514a, 514b, 514c, 514d may be thus electrically isol ated
fromthe MBL 516 by structures 512a, 9 2b, 512c and 512d. [57]
During readi ng, the colum addressing circuit 502 may be confi gured
to provi die ¢hactieated ot inoh astivpted snd3gecoeeonBINMOS, trBBistO>50F iB8ctudted o
the columm logic circuit for selecting a colum in the nenory arra
The col unhoRgavedly; hy bt fiagisignalg. eatdBebithoe syl gt doithresecn
bit selecti.on signals to the ective AND gat 10a, 510b, 510c
5100, For T REISICLIES (feb. @it AL 8 SFiA et S Mo 30k fa o Bhe Second
confi gur i I i i 0> .to ate 510a
For ool ectMich BRSO acifuBE s SLaa NI gl Br a0 s dRATipi g o
circuit ' i j th O 115 >
Fo AND gl ‘COThF SRS e tnd B Phovb el tL.{ (OTER OBIRANA posu o
col urm adgie gegiref@reakct Otlkdpc$0.2. VB &evla:gnfi gured to provide bit

sel ection signal BS <2> to AND gate 510c for selecting colum 2 in
t he menor 048} r ayFEh®SE kleowoh thind anhgleasatatign aifrthe idriveO2irethty adverding to
configured to provide bit selection signal BS <3> to AND gate 510c
for sel ectarioys cembadingnisy {The itrdr implementation] 58] sithidarc gburthe | sagpied
circuit H%X be configured tgo provide a witing voltage or witin

current t&RigEeRtptionpY eé?%#gegﬁ@hfefsraa%g@%e By Tephase &mﬁw&a@fﬁ@gﬁ ng
i it 502 duril iti i hi.gh). Th jti | t

L OB S0 (Rt PR esdp et b bRl 28R e humens
the _dat as .tﬂ'le ﬁfigé]‘aéirchﬁlma}hﬁclﬁ@é %’ﬁ&t k’%§tr§1§sﬁ§f6‘1’ §68F$Mal§?cctnllﬁreétg(? {oa
conflgure not to provi ae he wri Ing curren or witin VO tage
(i.e. thesgabid PREIOS UrdnSidtor B70WTihE fR3BoMOLS ALl SclSYRIE Mt hal A BRICH

when the circuit arrangenent is not addressed by the col umm

addr essi ngarcistari68. maN 8e colplod té G first bottolled boctrbee 60 MHel GUHRIPMDS
electrically isolate the sensing circuit fromthe witing current or
writing @msistirtSdgellthnecory emiroiledelectfode pf hesecgd PALDS tgnsistes ARnay
signal may be |ow. As such, the signal at the output term nal of NOT

gate 508 BeaspupledHp ghe fiesh nefersnemeuyent Sh% Therdsiver cisewit may Sursher Apghidsaa es
510a, 510D, 510d be high if_ th di ng. sel ect
tsi gﬁal :3 1r§bg'}i/? ?‘%‘EgﬁtoBéﬁé@agky l Q‘!é%d E?p%g‘%%{i‘rl S\E\i}%%e&%‘n’gﬁ%gﬁgﬁnjﬁﬁﬁn
ermnal s r n a ar s
i g ror >l Eher Rek R SRR N Bros 35 372 R Be Blenif Lo i v
addr essi ngnghiiedicleciBde 07 MRk Hachd W?Qetrﬁrﬁi;@drnSW Pl 86doh8 n(fo?l'tx?ﬁ%i\ls
ow, the al o D

BS <1>, BS <2> and BS <3> are set to output termn

gat e 510acledpodeef Meecohti NRIOD Gramidtbrs 74 RaFbobpled to NP sEdhe seferkfbe
510c and 510d nay be low. [60] Wen the output term nal of an AND
gat e (e. geurteh580. ThOffirst Sdfieolizd ekebdde dfths Gist PHMDS$ ghnsistbe568 and the first
corresponding swtch structure (e.g. 512a, 512b, 512c or 512d) is
enabl ed atvdtiralledelectengierodite firet NMEW fransistari?@2 owyrbespuapldd toth bit lineieAn
(e.g. 514a, 514b, 514c, 514d) to the MBL 516. For instance, when _the
out put t ePPHAERal Al NQT @ats 1774 may besouplediip dhe cantrel elgptrads ofthafisstr e

512a i s t. 1o hi , e structure 512a is enabl ed and current fl ows
from bi tsﬁ%}“ﬁ’@tﬁf’fﬁgp"cré%?he MBL 516.

[049] The driver enable signal EN may be coupled to the input terminal of the NOT

gate 576. The driver enable signal EN may also be coupled to the control electrode of
the first NMOS transistor 572. As such, when driver enable signal EN is set to high,
both the first PMOS transistor 568 and the first NMOS transistor 572 are activated.

Conversely, when the driver enable signal EN is set to low, both the first PMOS



[61] In various enbodi nents, the circuit arrangenent may further

i nclude sensing circuit coupled to the colum logic circuit. The read
vol tage or read current may be accessed by the sensing circuit. The
sensing circuit may include a sensing anplifier 518. The MBL 516 nay
be coupled to a first input tenninal of the sensing anplifier 518. A
read reference voltage or a read reference current REF may be coupl ed
to a sec oﬁfﬁ@flsi&fm‘@&aég ifeniagst M@ transesiel g aaepot dctivated esdeaTheaterdbnsi ng

e, WBL-SHEBU], { b gee OB CHER VBl TaY Gegfoupl Etpéﬁ%‘é%?t?m?é@a%‘é&%%?tm%Q
[ Lifi 8 r i ' (e.q.
27 o st B P ¥IOT i U ks BT sleCnta b FrunPhiaS Biebilr

(or read gﬂ{qﬁgHﬁvg%jﬁ€gﬁﬁﬁqgfﬁﬁﬁgﬂ%&ggt&@%Qx&ﬁ&ﬁﬁ6§%ﬁn¥&hf?ﬂﬁgé&%% a

read reference current er-wor he sensing cCircui

vol tage SgiivhRf Whéif Wd s@ond MO Rans&BS 57 i€ o Yelivatél bP!deBlfrated.
sensing circuit nmay be configured to access the read voltage in the

MBL 516 a@ohniepsetynipedrévet bigcuieady bobdrdp@red dubh that ShrGcédmit PNEOS Eransistor
voltage. A current 23 sensing circuit may be configured to access

t he read T neptbe nott fbivhBl & 1dcaamatedo whempa secandeNMEHE trausistent574is h
the read reference current in the MBL 516. [62] Al so, as the WR

si gnal i saqtiyajeduWihaytheclats input signel Bliispat tothighatheseeondPNAS tanpstgnd &
504a 504b, 504c, 504d are |ow and the driyer circuits 5 . 506b
506c, 5069 HRETHIEhAT J4t a@b"ﬁéeéiq%fheyffe%&affﬁsetrwsﬁggggf 4 actpgied

tputted f ..t itlines,.51 5 4c, 514d ri,n
out e bR u At PR O 3P pERSG P Y] biuren
Lectri _ . . . ) ; : ¢
S eesod B YidERBITL dobfd AREhOLkchl S0, Whislpl rathblitidngR I APGEEPT

| ow) . Thelo&Q tésRcdRIGMNIOS thabistor BRY iskRti¢aed hiihe dedofd NNOBHaadbioY 574
isolate the sensing circuit fromthe circuit arrangenent not

addr essediskigadtiveted @r mohaciddied SComgquantlgpihe bituinenarrcsd ithgbitliHeangwbaim
logic circuit may al so be configured to disable to deactivate al
driver cisetdd tthe qurenigrovided by tho firstatefarereecurenh §78w The hig lins| ¢wangst or
writing current apglied to the circuit arrangenent. i
provided by the first reference current 578 and the bit line current provided by the
second reference current 580 may be in opposite direction.
[051] Returning to FIG. 5A, when a driver circuit {e.g. 504a) is enabled based on a
WR signal and a bit selection signal, the driver circuit (e.g. 504a) may set the bitline
voltage or the bitline current at the output of the driver circuit (e.g. 504a) based on the
data input signal IN. The driver circuit (e.g. 504a) may be a voltage mode driver such as
the driver circuits shown in FIGS. 5C and 5D or a current mode driver such as the driver
circuit shown in FIG. 5E.
[052] As such, in various embodiments, a bit line voltage at the second electrode of
the data cell may be configured to switch between a write voltage provided by the
column logic circuit and a read current accessed by the column logic circuit. The
switching between the read voltage and the write voltage may be controlled by the

column logic circuit. The column logic circuit may include a write driver (e.g. 504a).

The write voltage may be provided by the write driver (e.g. 504a). The write driver (e.g.



[64] FIG 11 is a schematic 1100 showing a colum logic circuit
according to various enbodi ments. The colum logic circuit may be
coupled to the second el ectrode (e.g. 302b as shown in FIGS. 3A-D) of
the data cell. The columm circuit nay be an alternative to the col umm
circuit showmn in FIG 5A. The circuit _arrangenent may further include
a colum addressing circuit 1102 coupF%d to the colum logic circuit.
The col unfid4e) dragdeiangltage modé wiitO@riveay al so be referred to as a

col um decoder. The colum addressing circuit 1102 may be confi gured
to provi di95Blt shbi egtoupambodjmehts, Bt Lioe curBSt atithe s@Snd 2lecwpdeBS theddaty o
the colum Jogic circuit for selecting a colum in_the nenory array.
For i nst affdenay be enfigwedgo syriteh betiwean A Wide purjent gravisled dydbe el ivan logife
col utm addr essi circuit 1102 et .BS <0> to hij and BS <1> BS
O A e SiSand ad fifrdne ARt oY FEbqiip g et & e Sutieiae dtien
col um adgr i L[ Cul 2 <1>.t0 hjiah _an . <Q> . BS
Son"and” BB Rt B¢ e ST REY o RoRIGNd R U o RS Hhenit
1102 may i -ed; whet : A BV

Vol tage an e O Yo SHITAT P bty
vol t age t®e grovided! thethe! RrifCeess (Ele 50890 THOMrRE|INVEO(8.@ F0AhS hiay| B a
colum (and a data cell along the 24 particular colum) may be

det er m necuriepnt ede switeidnvaddr essing circuit 1102. The col unmm
addressing circuit 1102 may be configured to provide the bit

sel ect | on[%§ﬂbnal I gsheredordn theeolwoinuray kagdlr eisaiingay bgrranfgwel th\BPiRck 0>
and CCL_Q%PR <1> a?plied to the columm addressing circuit 1102. [65]
The col un?FtEE} acEiTRe eirpaduveliagsyirase apd PEPEYNE S YHES YRlinee &e it sgoond

di ode structures 12 1112 1112c 112d.. The cqlu addr.essi n
ciroui & 19BESoh 1 Bite: I dn vBEORS soPade W FuE pRGSERR Rey
access th t i : ;

Ti12c, 11 T5RCRKR ARE, Bl GARNGRaC Ay bOGropldell By Brcklliele Tl
sel ect ed, 4N £ VB ElHeESHRORIweitd AHVEr. I QAriHBY a18@hatBIniHdirintd)i 4
Setting BS <0> to high may enable structure 1112a and all ow current
to flow tévlomghogt civatitimey inkhiia.a Witetdiieen tThe ivrhaoahredBayibe, prBad ey
and BS <3> may be set to |ow, which disable structures 1112b, 1112c,
1112d. Thikestrrtedrivere$hd wiihdriviet iy, beld@atnmmpdaotitedivew currents to
flow through and bitlines BL <1> BL <2> BL <3> are isolated from

the mai n 95811 n vertpgs empediments, ther VS enahBwdi freherde cguplied to pm énput

| t t t ot d el ectrod t d ||
cont 1 gur CHTBGL0 A KRR En 156 RPEETBITLYanE DISTCEHF SH a6 PURes by
th I i iLLCUi I db
L he Co) o 4% BuSebith I g ERS HE B0 GBL N EREL S SpRRGEY
<0>, BL <dizuitBloo<dz Beféo‘%ieﬁ?theTs*aeorﬁiv\fn[;ﬁJ‘eel(ﬁlﬂinQEt Dt%}%grﬁ%, 510b,
vol tage (or current% and the wite voltage (current) may be

control | eslidey 51b& E&husiiphiOghGinl LEUWND gdles0s R 500b,d510c, 3¢0& PhainBe
row logic circuit nay be configured to switch between accessing a

read vol t agelddrionwacidstpreawresds g, 512w 5122, ¥1d Bgeh dvdtchBaustemeid2a, 512b,
el ectrode of the data cell. In various alternate enbodi nents, the
col um r oW AcoiZd conplesip comespolnding bittiriego thednaio bywine MBhg S \We dier instance,
accessing a read_current fromand providing a wite current to_the

f
second el ¥BICREge 14 coppeybitine: ¢l4a tothe MBL O, stracturet> 12b coupigy biling
| t it i d i dri 7] Th
Vo 00 e G Tl O ST A P P 1
the col “regn‘][isd;)&hléggeg 'tl))ﬁetﬁi'fé 512d B HBNBES 18ROH! AR Fe s15E s15, 1424 QL 5398S

(or curr
may be configured such that when a high signal is applied to the structure, the structure

allows flow of current from the corresponding bit line to the MBL. Conversely, when a

low signal is applied to the structure, the structure may substantially stop flow of



25 provided by the driver circuit 1106. During witing, WR signal to
driver circuit (wite driver) 1106 may be set to high. The WR signal
may enable the driver circuit 1106. The input term nal of driver
circuit 1106 rmay be coupled with a NOT gate. When the WR signal is

| ow, the output terminal of the driver circuit 1106 may be high (e.g.
VDD or Vrw). Wen the WR signal is high, the output terminal of the
driver cicwrant fibbh06eneorrespordivg bie lipe tgrtiouNMBL. Mhsthert vaerds,owhas pewitcing
bit selection signal is selected to high, the current or voltage at
t he out pustrucgprgihdisalded, tthebigkinsseyl 4a, Yldhi £14c1 664drmpyihe elecinealytisadated o
the corre ponc{i@ng/I bitline, For .instance, if BS<O> is high and BS<| >,
BS <2> anHomsthesMBl; Slpodhe septing Lﬁ“@“@l@?ﬁleﬁa"? e MBlpi>d§ mAay also be

curront | ReTHEAR e PR ok A e PR al RBP4 06 mmy b

. ol i )
ol actri calbs! P sopufig g, die Wit sE6a Al il 3 S, OB af the opipus
1112b, 1142@inal dARGDT %Jt@%bsm BN &e%gm;&a&%h ART gMeds1dang

witing. Bidirectional diode structure 1120 may be set to | ow.

Sensi ng asib, fa16¢, AM0HESmaRbebRwe | Tt bitlams | 314h,5 914, &d4E,r dMmdt ey Wel thuog
current or voltages on the main bit line 1116. [69] During reading,
t he RD_ENelsitgpally inelgtel drogrethetNdBhiSgh barstiutthees\AR25i 5§ Bb) S12apnd 81Xkt to

|l ow. The wite driver 1106 may be di sabled. Wen the colum

addr essi n§3¢] r cuPuring geading; dagrolagnt asldressiag £ircuit ri¥dtmey §meonbgurad 40

L o SARE B S LD A
| . St e 1112a t t 11 . 1112c.

ERpTaAY s € R A R AR B R SR R
of the d aﬁ]ﬁ;&g@ l:(!mﬁl??%ﬁ‘ 16 gréﬁdﬁhe 58 ﬁelg?gm%%n;aﬁgg g%' _I‘E%ﬁ%g?‘;geﬁ%ﬁﬁl %Aﬁeg Ist Oa,

line 1116. structure 1120 1 s ena

vol t age 0f510BU5T®NE 1 0RFoPiRstaRdts Bl cBMmiMRIdrasiak BEcd32 thiehe cbhki8ured i’ O]
FIG 6 is a schematic 600 showwing a row logic circuit according to

vari ous epfoetiiertindetectibn sighal BAs<OenbdNDegts 513 fr selesting counan Stiartheay

be activated by a first word line voltage (e.g. W._P<3>) applied to

t he cont racmgex array, théygolummsaddresaingi aitcort S0Aonax hownnfigured @ pBvidel it

various enbodi ments, the second transi stor may be activated by a 26
selection signal BS <1> to AND gate 510b for selecting column 1 in the memory array,
the column addressing circuit 502 may be configured to provide bit selection signal BS
<2> to AND gate 510c for selecting column 2 in the memory array and the column
addressing circuit 502 may be configured to provide bit selection signal BS <3> to
AND gate 510c for selecting column 3 in the memory array.
[058] The column logic circuit may be configured to provide a writing voltage or
writing current to the circuit arrangement addressed by the column addressing circuit
502 during writing (WR is high). The writing voltage or writing current provided by the
column logic circuit may be based on the data input signal IN. The column logic circuit
may be further configured not to provide the writing current or writing voltage (i.e. the
writing current or writing voltage is substantially zero) when the circuit arrangement is

not addressed by the column addressing circuit. The column logic circuit may be

configured to electrically isolate the sensing circuit from the writing current or writing



second word |ine voltage (e.g. W. N<3>) applied to the control gate
of the second transistor (not showmn in FIG 6). The first transistor
may be activated when the first word line voltage (e.g. W._P<3>) is

| ow. The second transistor may be activated when the second word |ine
voltage (e.g. W. N<3>) is high. [71] The circuit arrangenent may
further include a first word line 6025200upled to the control

el ect r odevalfage derifig wsiting.r ansi stor. The circuit arrangenent my
further include a second word |ine 602b coupled to the control

el ect r ode[05P] t heDysupreddingaiisiVER signalihay beé lost. Asrsuelsitha ¥gnakat/thbeutput
activated by the first word line voltage (e.g. W._N<3>) applied to
the cont r §rmepket NoHeswe SPBand beshishr Gorseqperlyy thy quiutterminalgat AND ne

CoEe e EeBg, MRS\ B BB SR B,
et 1L SO L L LR B e TGS

the first ANDARRESS106, DY, SQLRY € e . ional B8 <09
logic circuit 604 may be’ com?)i gg?&elghzégl E?)ﬁ??cgl?ce% ﬁga?i&@sn%{gv\%}%gl ion\elyS

vol t age (set@y tW.cdNidx hd@vshitdeira@condo WMphGvhild@e Ye&thiiam@ seRclon signals
WL P<3>). In various enbodi nents, the circuit arrangenent may further
i ncl ude aBbeW>alddr<és anthBSci3Pame set 60Bwe teplugebt taymiidad of AWD gage 51 @A mayi t
604. The row addressing circuit 606 may be configured to provide or

control tbeehigh mdiiledls ehtpytiermingls aidNDegages SADbNIDs and 4404 mey detond
d i t .g. W._P<3>). [73]_Th logic.circuit 604
be cont | B o VESRIANBRASTT 0T AN Ehi (68 S0 7 DS Tgonkide) ™
dth d,lLi I . P<3> d i t
rgnal (AR Kb e B Rnilelfy b B B B T PORFadr

circuit 6 i fd 1 : : i ez {4, St
word i ne&ég{ggggg%éﬁg@tcﬁgééggoﬁﬁyV\%/tl)&rl%?llk&i ﬁg{é\%ﬁhégégﬁlg@e@%%lgﬂeﬁégt a
i nput si gspde, $ 1207 & the MBR516.r e cdliviRe thOdutsihtd8alind BPAR R:aR 3364
on a wite-read signal (WR) signal. The WR signhal applied to"the row
| ogi ¢ ci risyetito Gikh, tryswhikhistractagnd 2a$s dehe MEh shgnalctappll 2eid enabledend
colum logic circuit. The data input signal (DATA _IN) applied to the
row | ogi cewstentflows 60m bitlind el 4alte theavtBLAE 6t he data i nput signal (IN)
applied to the columm logic circuit. [74] The row logic circuit 604
may i ncl ud8lh filnstarigyg ¢m @%@@ts,ab%@r%mﬂang%%%wwv&hﬁymqltmeéiré&mg
606b. The .first l,.tipl exer 6Q6a and t second. mul ti pl exer 606b y
e 5 t o1 FiAtG omBlet e st e SiEniki T TS6F Vol or e Aot hBss
606a may .a frati - term.n f ND. gate 6 . <1he
output 1 e R B sk Aok T tlp SRy PSR BBl R s e
first in i The i el of
bot b NAND, et GO 20 AR GEboR BEERPuC DTy SRy Ll A

addr essi ngad iréforehte 6fage 0rer Rl Referens Biniélt RHF Nﬁgmeg@ﬁlﬁlea%ea §gynde
coupled to the first transistor (via word |ine 602a). The out put

term nal mputANDmged eof6ihi8 senmiyg e diepl @A@. tThet MSingcaJﬁpliﬁeraﬂSSi siagr be
(via word line 602b).
configured to compare the voltage or current in the MBL 516 with the reference voltage
or reference current REF. The sensing amplifier 518 may be configured to output a
logic state (e.g. a high state or a low state) depending on whether the read voltage (or
read current) is above or below the read reference voltage (or read reference current). In
other words, the sensing circuit may be a voltage sensing circuit or a current sensing

circuit. A voltage sensing circuit may be configured to access the read voltage in the

MBL 516 and to compare the read voltage with a read reference voltage. A current



[ 75] The first multiplexer 606a may be configured to output a voltage
only based on the data input signal (DATA IN) (and not on the read
direction signal (RD DIR)) when the WR signal applied to the first

nmul ti pl exer 606a is high. Simlarly, the second multiplexer 606b may
be configured to output a voltage onl%/ based on the data input signal
(DATA _IN) (and not on the read direc ion si gnal (RD_DIR)) when the
VR si gnal seapipkictduit endyHise sexdigoebdnulaceqb eieeread @bbentanthgMBL [576 land\ tdNOT
gate 610 is coupled to the first input termnal of the first

mul ti pl exeampBoGthe regieenrrehewithile ieapafersnepratrenOatite MBY) SHppl i ed to an
input termnal of the NOT gate 610 is |ow, the output termnal of the
NOT gate B8] be Hilgh. asvihe WR seEnplsdpyiliringspadieg the output fermpigals of the

ot ibBI Ei@&DSg%%s S B SO B B ah e tﬁ?l&ﬂgﬁi%%i?ﬁ%‘sh% et
i . 7 T i i i 4 i
To Pe i o 2ba are Wil KRS CoRUGAARNE 30 RREVIREL sB00r TR BRATE Uyt BEUEE'

the row | ggides8i4£ i 4b ke SAUEALIiAGrAdigW I N the nmenmory array. For
instance, if row O in the menory array Is to be selected, the row

addr essi n@eg] r cuThe GdtinfiBlogietirMlit 7y b chrfifuranty Yectrically Wonfiekt thé1d
W. <3>tolow If row3 is to be selected instead, the row addressing
circuit 6dssingyiredt with the3trchn alragdensantadtress@dbby the celirmmpatdradbing 2irctio
low. I'n other words, the row addressing circuit 614 may be configured
to provi dd02odugemreading QWRS jsrlow)wdhel columen lagic sieuihmanyt bee cg@ﬁmm@ig vor d

line vol t%ge.,%‘lﬂﬁe row addr essi hg '%@[CUH 614 may be confi 8ured to
provi de t HECtHeAlydeplatethesnging piadt fygm depciropjt acrgagemgnt potadgressgd bydhe
28 based on t he J4oW .addr.essti .si]genal S ??NAO\FDR 10>. and ROW Al gl >
appl i ed t& VAR 9SG R ALY n‘ﬁ’q&gr Gf e 14 HNBY QHEPIHE BEY e

t er m nal fir Lol.exer L3S e A G adi g
Fow sl ecPS RIS b HRALIPH) e ARl RR Lfeds M el SRAATRIND
gate 608awHﬁM%b@llt\|dE@Wr wHglcufrehit dppBOPiothOLir&RURtRPehntt he out put

term nal at the ND gate 608a may be a PMOS transistor and nmay be
acti vat ed[0sdEn tRE. dut pu sdhematiaal 0@thdwiag NANRIGR 166 0Beuit Scdoédihg to
Correspondi ngly, when the data input signal (DATA IN) applied to the
first i npvarioveembodimenfs. Thecdewmo heieciktuiijphexies codpBL to thelsewondtchstrode
output termnal at the second nmultiplexer 606b nmay be | ow. The first
i nput t er@®igd02es sVInNDFHR- 3 08 19T thg dafa celbwlherprduma cinquitinggyulpe an
termnal gt the AND, gate 608b nmy, be hi a <3> is set to high.
The out putterEE ARG RO AREGHD BObE ng A d e Sare B SeUDr ey
transisto I 0 ut term a h D gate 608b .nay be
a NMOS trglﬁtgl?}sj Sﬁlﬁgtﬁ Oiniy g%&r eS}a{l (ﬁl\‘/cgftggb%r&?@ﬁ%foﬁﬂﬁoct%ﬂ]ac R0 %lﬁcut en

the out puppatoihilie AN G &r&AR Ob%%&p%’lél% lgél"rserfeﬁf'eéiﬁB Q?E cBRpt: déché@Rr{lé

hi gh and the data input Signal (DAT e first word |'Ine
vol t age agphrhf dddiesdikiecifduitSi] 0D madishSsfigiRy t6 rdViddbiabdled:da sERERMER
word line voltage applied to the second transistor nay be high. The
first trand,8Dr>BS B2> ar BVMES>tipdinsedtmn logibcetuii for delagingvadodeinnin
remai ns not activated. The second transi stor may be a NMOS

t ransi st othe mgma areyrdiondnsdacesigceldmn § inghe Meamorpwrraoisite beiselected, 1694
may be configured to activate one transistor an be confi gured

d
not to actalyangddressing %ié%ttlil@atnéaytWéB&we*rtOthi%ihéndrs%éﬁlguBSrﬁ?,>vanritl$smg
WR is hi d the circuit t is addressed by t
aar easi LI B H Bl 1540 GsteRta TRRRET e chiuR iR SR st AT 0 "
a0 . 3 ! : ' .
e cort a0 SIS0k bRp IR SRS oy HEBS SR R Y e e

transi st ofo13Af ARS8t | ANShEY BE VSR R ol whe@Er ﬁ@ﬁgﬁ@%éz S

not addressed by the Tow addressi’hg circuit 614 during w
write voltage and to access the read voltage. Whether to provide the write voltage to or

whether to access the read voltage from a particular column (and a data cell along the



[80] During reading, the WR signal nay be set to low The first

mul ti pl exer 606a and the second nultipl exer 606b may be configured to
out put a voltage only based on the read direction signal (RD DIR) and
not on the data input signal (DATAIN. A 29 NOT gate 612 nay be
coupled to the second input termnal of the second nultipl exer 606b.
When the read direction signal (RDDI® is set to high, the output
term nal pdrtitiler Eolumh) mayt bepliaxeiineD6q thayolagnhadifessing dife@itoUORUThe
term nal of the second nultiplexer 606b may be | ow (since the output
t er mi nal oflumheddicTsigatiecudl 2 02 sndyolyd configeredud putvidethribitaieleofiont signdlAND
gate 608a may be | ow when the second input term nal of the NAND gate
608a i s hbagad onhidefqolunn taddressing @rgnﬁbycgé_énﬂm(h ank CQlaADRRI € i s

tivated. Th t t inal of th ND gat e 608b be low. Th
Second ¢ r iLEgtoihe Bl Adi e SHERR [ anei otor, mmy remain
ti t d ti d.. 81]..Th | I i it .60 b
cont 1 gur o030 act SN sine: St e bR BB Gt BitbisBRd T °°
act] val e afud BefIerohl YPish, 4E0 ke NS} ShPGHUIROIERHI00 AHRL

| ow) and en the circuit arrangenent 1s a

addr essi ngbrighfedith pedAde theSwritth@ikaghignd i &dceds'BOSdA WItabS bRChAYRLLE,
the second transistor is not activated. The row logic crircuit 604 may
be confi gheatuantestld 1aatiMabel bidchlt v, For distaheqris calumn (eindhé Memory
second transistor when the circuit arrangenent is not addressed by

t he row adttryeisdd g selectedi thegplingh addrgssingacdiouif. 1 10R 823y $at BEardp tis high.
enbodi nents, the read direction signal (IRD DR) may be fixed, e.g.
fixed at PetHRS BRsOstehigh may eaable sipctureill £1a andsplovhelyrant o Bew ithyanr

act f_ﬁéi e YR b I PrehERRiE ?ﬂdr%féf%?ﬁﬁb??%‘%ﬂéhég ﬂwgﬁéﬁts%ﬁto low,
The dat o R bRt o007 R A0 M B 8 Lk PR

whi | e curfePthoMBlYov lcBWehtd 6 1w Hﬁ&ighdidd?ﬁhirf&@ H <4 P Bhecseqqndss are
direction (opposite to the first ditection) through the data cell 1n

t he addr essiatkddant thetmah bangenmang, dependi ng on the data i nput signal
during witing. [83] FIG 12 is a schematic 1200 showing a row |l ogic
circuit ade6rdi np variomr erobedimebsdiankintlme Tbleageofer | augieat) catr thei secomd/
be an alternative to the row logic circuit shown in FIG 6. In

vari ous eftpseidgenittBe dafaecelli may bercnSpwedto swiich deteen \cawaite b9ltagef(pr st
word |ine voltage (e, g. W PC>) applied tg the control gate of the
first traffres Oxlﬁ?ﬁ B ARSI s cijgyt andp spad Velipged AngHTRbMCsessethe

second t rl%'f’] ﬁ'llesc%fl)lrmnnfao%icbcgrc%ﬁ.t & %i?ﬂng ¥ol?ages in FIG. 11 are BL <0>, BL <1>, BL

<2> and BL <3>. The switching between the read voltage (or current) and the write
voltage (current) may be controlled by the column logic circuit. In other words, the
column row logic circuit may be configured to switch between accessing a read voltage
from and providing a write voltage to the second electrode of the data cell. In various
alternate embodiments, the column row logic circuit may be configured to switch
between accessing a read current from and providing a write current to the second
electrode of the data cell. The driver circuit 1106 may be a voltage mode write driver or
a current mode write driver.

[067] The switching may be controlled by a write-read (WR) signal applied to the

column logic circuit. In various embodiments, the write voltages (or currents) may be



30 second word line voltage (e.g. W._N<3>) applied to the control
gate of the second transistor (not shown in FIG 12). The first
transi stor nay be activated when the first word |line voltage (e.qg.
WL P<3>) is low. The second transistor nay be activated when the
second word |ine voltage (e.g. W N<3>% is high. [84] The circuit
arrangenment may further include a fir word |ine 1202a coupled to
t he cont r ptovaled diyrtheldrivdr ciraait fl i 06 Durimgnvei istg WR Figpakiordriviet circuit (write
arrangenent nay further include a second word |ine 1202b coupled to

t he cont r 81ives) ragebotet torugh dhis YR sigaakinay enablethediiyer sircpit AH. Sher
b fivated. b first, dli |t WL N<3>
rmy be actvaked by L LSt 1Bl L he YO ARe (g U e
second " wor 84 P IP0 IR e RERANY b 8BTS TG %y RE eV BD br
el ectr Odev%).t\@ﬁenstﬁg e s%%ﬁf‘ﬁ'lﬁ%}f??hevétﬂ%ﬁtn&nﬁﬁﬁgﬁ‘{ihm&r lelr Bt %M?X
nt ma t her ude t

[85] The circuit arrange ur I nc arowlogiccirc

1204 coupb&mby @4 hoddd) Stvhks ﬁﬂﬁ(‘:so‘i’lteglﬁzor@ﬁ% KPS ERn s PR ssReRBdo high
transistor. The row logic circuit 1204 may be configured to controf

the firsttheotudreni Re wilapage the.ogtpulieiddal) ofitite dHeers eieaid 1 Vo6 ¢hdyi be
voltage (e.g. W._P<3>). In various enbodinents, the circuit

ar r angeneienspaifed torthérearrdspendinipbitineohorddstamesif i <O ichigh ad®B6<taBS ed
to the row logic circuit 1204. The row addressing circuit 1206 nay be

conf i gur et2t 8GRI P aarelove sty 14 héa may Be eqgbled and swuctures 42y d1Hc, w.
N<3> d . i | t . WL P<3>), Th .
ogi & i r ke HEE6F gL Thsenes oactrshEatine SiomnErhinel b Glved e
|t . > d Jyi |t 0. .
e, pags,  Fidtdl SRt OB REO B IET B R el BRCHS afhvermagy

si gnal ( RReLiRlty id18tel @¥nl QQlubivEl diklitl 18484 BRYubEres 9N I04E B8, § Pr24.

switch between controlling the first word Iine voltage and the second

word |'ine[0s8] t agBh&IRINEN Kignslahay bﬂl@bﬂto?lb%rir%%ﬁné.@idﬁéctidﬁ_@l digas
direction signal (RD_DIR) based on a wite-read signal (WR) signal.

The WR si gineturappZld edytbe sthte lowws tmsgigcaneplifemild 18 204 baeyedndcallp ésodetad
as the WR signal applied to the colum logic circuit. The data input
si gnal ( DATA the Nyitiagshirent or goliagss povhd mgindidinecllilf. 31 1204 may be
E:Ih sczia[r? %9} he S%It“igg Irerll%yntg, %ﬂegllilfl)l_}ilﬁlI sl}l)gna?%)elyl l:?edsét ?0 thlhg% e?n%l tlljlgn W]lE{Os?én%I
may be set to low. The write driver 1106 may be disabled. When the column addressing
circuit 1102 determines to read a current from the data cell coupled to a bitline, for
instance BL <0>, the column addressing circuit 1102 may set BS <0> to high and BS
<1>, BS <2> and BS <3> to low. Structure 1112a may be enabled and structures 1112b,
1112¢, 1112d may be disabled. The voltage or current at the second electrode of the
data cell coupled to BL <0> may be transmitted to main .bit line 1116. As structure 1120
15 enable by the RD_EN signal, the voltage or current may be sensed by the sensing
amplifier 1118.
[070] FIG. 6 is a schematic 600 showing a row logic circuit according to various
embodiments. In various embodiments, the first transistor may be activated by a first

word line voltage (e.g. WL_P<3>) applied to the control gate of the first transistor (not

shown in FIG. 6). In various embodiments, the second transistor may be activated by a



[87] The row logic circuit 1204 may include a first multiplexer 1206a
and a second nultipl exer 1206b. The first multiplexer 1206a and the
second nul tipl exer 1206b nmay be 2-tol nultipl exers. The out put
termnal of the first nmultiplexer 1206a may be coupled to a first
input term nal of NAND gate 1208a. The output term nal of the second
mul ti pl exer 1206b rmay be coupled to tA® first input terminal of AND
gat e 1208decordderosd tinadoitapeule.d Vi Nals) giplibd td tHyANDrghste b2 Glkasanad
AND gate 1208b may be coupled to the row addressing circuit 1214. The
third i npwansiserninotstevor int FE. KANDigtse trigd8er may bandtigaicd wheo 8e fisy
be configured to receive a row enable_ signal (RONEN. The out

terninal WPrANmYoFage(e2 8k firdy) dowolipt @@om%tr@u@@tqummbqacaﬁ@tptgwhﬁn
i d | 202 tp f AND gate 1208b b

Coup 2’8%@#&%@ Stsine sl B @J\L%w&ne 1202b).  [88] The

based on {0 dat s Aal Liedie ﬂ? R T s R RS 2 BReYo

di

irecti onggi.gnadr of 202 Ig%t}le it m mwfh keaal %rﬂagi%lahﬁﬂl fuptﬁexf E)%Ee

mul tipl exer 1206a 1s e sec exer

nmay be copbdcand @drd Hn@@@Mou@le\de tﬂeeg@m%l YleBARRGI @ k@&@@&@ﬁ@ipmhe
signal (DATA _IN) (and not on the read direction signal (RD D R))

when t he Rt sagisadr mppbd adivied biyehsBoowdrdtind voiagx s g. BZDEN<E8) dpiptjed
[89] A NOT gate 1210 is coupled to the first input termnal of the
first multoit gt esairol ed@gade of therfirkiciranNGprgaa thefirstowor linsuifl2e dThaoseached

i nput termnal of the NOTgate 1210 and the first input term naI of
t he secon'aal}ﬁﬂqfl%yeb@earmi% By therispondngordding VPH?ﬂi’t(egr gﬂai 1|e 0

the out pﬁf?lefa?tﬁqu Ctrgbie izg%e FWH%%:” hg%e %ﬁ&répﬁégeﬂ i fr?&%z,;;'hgh |
out put te%di?ﬂa e§1 it Nrthngah&nt HRY: i 1tc fﬁ6 cgﬁlﬁg
I'p

applied t e firs exer ails |g, eou termna

of the fifShe il &aRiNrOhd @&%ﬁ@d t'@ﬁﬂe Je@bx‘l@t\f‘éﬁsﬁ?or%aq{d%v 15555'311’9@&6(54‘: mhy'©
NOT gate 1210 and may be high [9 The row addressing circuit 1214

may be copd c@ificaeed o q@haul the ﬁwtrdoﬁielhxﬁ;:mlm@e ge.gnails NAZ>30ad (WL sesdad
W. <2> or WL <3> to the row logic circuit 1204 32 for selecting a
row i n t heoremr yltuge 4¢.g. Wir_P<is}. dnoeriouf embadidents, thheimeitraryngenreay
is to be selected, the row addressing circuit 1214 may set W. <0> to
hi gh and Wy &xther weludea romdadgrcssins qréuut é% coypledoiy the rasv lagipeiraw @t ed
i nst ead, e row, addressin ircuit set W <3> to h an
W <0>, P e 60 G e opt e Pigyiderd gopiEel t%ﬁ%ég@r
circuit 1214 f rovide cont.r ol mord
line vol tlégeevogﬁé E%qgge§%§£ﬁ%}dcfﬁ?$ Cé’n%i"f‘gg%e Vgl‘l%l r(%gvr\g&dke?s)
ci rcui t 1hd) mayThe, Gonidig tnfifGed Weciflo?5id AR §
W <0>, V{L ]1> W@<2> gl \% gé’ onnt%ger gvacagé)r essﬁfr%g é’?‘gﬁg S
ROW ADDR dlfagd (¢la. ROV NRBR) mhambh@%hphﬁ@%lf W(SEANesS PN Haksdot 4
1214. [091] eﬁ(@% he row enabl e signal ROWEN |ag ﬁn %h t‘heﬁg)ut put
term nal @dta tidget fsignal (DATA_IN) or a read direction signal (RD DIR). The row logic
circuit 604 may be configured to switch between controlling the first word line voltage
and the second word line voltage based on the data input signal (DATA_IN) or the read
direction signal (RD_DIR) based on a write-read signal (WR) signal. The WR signal
applied to the row logic circuit 604 may be the same as the WR signal applied to the
column logic circuit. The data input signal (DATA IN) applied to the row logic circuit
604 may be the same as the data input signal (IN) applied to the column logic circuit.

[074] The row logic circuit 604 may include a first multiplexer 606a and a second



mul ti pl exer 1206a is high and the correspondi ng row sel ecti on signal
WL <3> is high, the output termnal at the NAND gate 1208a may be

| ow. The first transistor coupled to the output term nal at the NAND
gate 1208a may be a PMOS transi stor and may be activated when the
output termnal at the NAND gate 1208a is | ow. Correspondi ngly, when
the data input signal (DATA _IN) appl fed to the further NOT gate 1216
i s high, mbhipbexep@GdocH. dheifinstimalfiplcher 6068 tahé theNetorgladaltipker GEgh hey beow.
The first input terminal of the second nultiplexer 1206b may be | ow
and t he o2t@umuliglexersalhaoutpbtdemmoard theufinsi phitiptexed GFaIMayeye doapledin
The first input termnal at the AND gate 1208b may be | ow. The second
i nput t er#ifHal input te@nippipo NAND2 gels 6dp- Jdenpynutaterminak 3 the sgsend o
hi gh. The row ena si gnal EN may al so, be high out

et nal BRRRE AR et b sostter) ot bl ghaNS gt &b, e
coupled t . . ferm th D 208 e a

Crast st ol B ERAANP o3 R RPAS D LR i 3P
out put at wANR ; be o : ot | i i gh
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[92] The row logic circuit 1204 nay be configured to activate one
transi st ot Qlﬁdia%alypweﬂm{%aﬁea‘l hisnd mgt g thergaddigection sigalbtRIY 1R} he

ot her transisto urin ditin VR i s..hi gh nd en.the.ciycuit
arr angerreWEel} e%@ﬁ@%@ﬂ’%‘a k%‘g@ &5%%%8&88@%69 Ea & t\flﬂghi%t‘mglﬂ%,tﬁ‘? segond
when the fi i i I t L St OF ] t
ot vat et izl B8] Bhfbe cSnikd B Spul d FIBRERAN KON 5 Hebart Rl
not to acdipARi®ATH MNY iend hoSén iHeARad AWRELIANHANGRELTARY) HhaD ISR
when the circuit artrangenent is not addressed by thé row addressing
circuit 1sidrh] dpisliedgo td debtrgd mihiglexeno@dds @ikl ng circuit may be a 2-4
decoder. [93] During reading, the WR signal nay be set to |low The
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transi stor, _maﬁ/ remai n unactivated or be deactivated. [94] The row
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1214 during readi ng _ n vari ous enbodi nents, e read rection
signal (RelfdbRandaie Becohnt %@6kd line voltage. The row addressing circuit 614 may be

configured to provide the row selection signals WL <0>, WL <1>, WL <2> or WL <3>



34 e.g. fixed at high. As such, the rowlogic circuit 1204 may be
configured to activate the first transistor and may be configured not
to activate the second transistor. The circuit arrangenent nay be
configured such that current may only flow in one direction through
the data cell in the addressed circuitg arrangement during reading
while current may flow.in the first direction or in the second

di r ect i onb3eHHB derrewiaddiegang pigaals BOWEAPHR <@hanlRAW HEDBERt < >casplied n
the addressed circuit.arran nt dependi ng on the data input signal
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by the row addressing circuit 1214 as well as input signals DATA IN,

VR and RDpdbt 608afthey bowPMID$ trandistonkrid MA0ke aaiyateé when theguutgd térmifidlan
off the first transistors and the second transistors along a row

t hr ough t the NAMDeatd1 082 43 lgwal Crowpendinglye wheirthe.dat ingutasige @t A cIN)OO
illustrating a nenory array circuit arran(gement according to various
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i nclude a colum addressing circuit 706 coupled to the colu | ogi c

circuit 7DHe settied remstyr @uphyl t6 itheoiithutttefminglesrand ANEY gatd B0BH ekl Heya

i nclude a sensing circuit 708 coupled to the colum logic circuit

704. The EMQhtransogyoraand imaybietdeasivated of voiesionet astivated ehelr theentpoi atchi t s
for providing witing voltages or witing currents to the nmenor

array. [OYP gae 608b unipw.don shecotherphandy g4 Whais high @@?ﬁh@d@fégnm‘-ﬁ Smgt ch
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(or wite current e circult arrangenent addresse e colum

addr essi Nphedebitd frankBfor nTAVELLHNMOS kralifo Whidh feméRd abBYAIRE
configured to switch between accessing the read voltage (or read

current) [0O78m anbheroswlogingrduites04rmaeby obrifameed ©r activate @ne Wan€stb) and

based on a wite-read WR signal applied to the colum logic circuit.
may be configured not to activate or to deactivate the other transistor during writing
(WR is high) and when the circuit arrangement is addressed by the row addressing
circuit 614, i.e. when the first transistor is activated, the second transistor is not
activated, vice versa. The row logic circuit 604 may be configured not to activate both
the first transistor and the second transistor when the circuit arrangement is not
addressed by the row addressing circuit 614 during writing.
[080] During reading, the WR signal may be set to low. The first multiplexer 606a

and the second multiplexer 606b may be configured to output a voltage only based on

the read direction signal (RD_DIR) and not on the data input signal (DATA_IN). A



[ 099] The colum logic circuit 704 may be configured to provide a
witing voltage or witing current to the circuit arrangenent
addressed by the colum addressing circuit 706 during witing (e.g.
WR is high). The witing voltage or witing current provided by the
col um Iogic circuit 706 may be based,pn the data input signal DATA

IN. The coI c circuit, 706 may be further configured not to
provi de tTHQ w%q ¢ gﬂbn@ﬁrbﬁéﬁtlp lgd tWtSF?f@d\}mtAa@lml 0 the 3ge0Rg oujtipdexer
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during reading (e.g. WRis low). The colum logic circuit 704 nay be
confi gur eNAND ehtecd(8adcalhigh. i Bwel fise trahestesenay rig < PMDS tirarfisiof, rwhich he
circuit arrangenent not addressed by the colum addressing circuit

706 duri n@tlﬁ/@tﬁéuﬂy ouimie tesminatal the iND enrte©0B map he ay: Thiesecond transistor,
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further inc ude a Tow addressing circuit cou
circuit 730R ié 16@1 6t fwhdh (RO IRBBN brrhilchldft RARIs@ bRXhe/ ARv HBIreBEng

addr essed via both the row

circuit 614, i.e. when the first transistor is activated, the second transistor is not
activated. The row logic circuit 604 may be configured not to activate both the first
transistor and the second transistor when the circuit arrangement is not addressed by the
row addressing circuit 614 during reading.

[082] In various embodiments, the read direction signal (RD_DIR) may be fixed,
e.g. ﬁxedi at high. As such, the row logic circuit 604 may be configured to activate the
first transistor and may be configured not to activate the second transistor. The circuit
arrangement may be configured such that current may only flow in one direction
through the data cell in the addressed circuit arrangement during reading while current
may flow in the first direction or in the second direction (opposite to the first direction)
through the data cell in the addressed circuit arrangement depending on the data input
signal during writing.

[083] FIG. 12 is a schematic 1200 showing a row logic circuit according to various
embodiments. The row logic circuit may be an alternative to the row logic circuit
shown in FIG. 6. In various embodiments, the first transistor may be activated by a first

word line voltage (e.g. WL_P<3>) applied to the control gate of the first transistor (not

shown in FIG. 12). In various embodiments, the second transistor may be activated by a



36 addressing circuit 712 and the colum addressing circuit 706. A
circuit arrangenent in the nmenory array 702 nmay be addressed via the
row addressing circuit 712 based on the row address provided to the
row addressing circuit 712 and the colum addressing circuit 706
based on the colum address provided to the colum addressing circuit
706. [0102] Each circuit arrangenent i’ the menory array 702 may

i ncl ude asdcondtward dinsivettage @yl WLsKesrdappliadiso stteocontrdh gatéfshgpabnday
al so be applied to the row logic circuit 710. The data i nput signal
DATA | N ntgnsétero(napghavedin G 18). (b fireigransistor queiyt be7divatet evhreowhe Gt
circuit 710 may be configured to activate one transistor and may _ be
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activate one transistor and nay be configured not to activate or to
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t he CI rcuit arrangenent is addressed by the row addressi n%m(ii rcuit
712, i.e. Wihéfr¥heppliaddo the eomtiobeloetrads ofhe firat leansistheriasthe dingd word line

tranS|sto t activated. The row logic cjircuit 710 rmay
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addr esei nd/ e eda torhEs it oafe BT orbSeipre ORI uRfetmiaierd.

the menory, cig@yi t arrangenent nay be conf i gured
[085] The circuit arrangement may further include a row logic circuit 1204
coupled to the first transistor and coupled to the second transistor. The row logic circuit
1204 may be configured to control the first word line voltage (e.g. WL _N<3>) and the
second word line voltage (e.g. WL _P<3>). In various embodiments, the circuit
arrangement may further include a row addressing circuit 1206 coupled to the row logic
circuit 1204. The row addressing circuit 1206 may be configured to provide or control
the first word line voltage (e.g. WL_N<3>) and the second word line voltage (e.g.
WL _P<3>).
[086] The row logic circuit 1204 may be configured to control the first word line
voltage (e.g. WL_N<3>) and the second word line voltage (e.g. WL _P<3>) based on a
data input signal (DATA_IN) or a read direction signal (RD_DIR). The row logic
circuit 1204 may be configured to switch between controlling the first word line voltage
and the second word line voltage using the data input signal (DATA_IN) or the read
direction signal (RD_DIR) based on a write-read signal (WR) signal. The WR signal
applied to the row logic circuit 1204 may be the same as the WR signal applied to the

column logic circuit. The data input signal (DATA_IN) applied to the row logic circuit



such that current may only flow in one direction through the data
cell in the addressed circuit arrangenment during reading while
current may flowin the first direction or in the second direction
(opposite to the first direction) through the data cell in the
addressed circuit arrangenent depending on the data input signal
DATA IN during witing. [0105]In varidlus enmbodi ments, each circuit

ar r angenei204nmyy baitlesdde as drtdataciapht. signal (1NN eppiesdns Yheadalwiin tigicCeiiduit.
arrangenent nmay be configured such that a first current flow through
the data B8 inThe cowdogic crcniar@ofenty invludefa fistt ronltipleken h20Gacamdt he
first transistor is activated (i.e. when the circuit arrangenent is
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pl ural i t ymay beicooplied tathearoge adiressingFamhitcli21d uThe diirdaingeinterhinaByof the
include a data cell. FIG 8A shows three data cells 802a, 802b, 802c
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The coupling of the first electrode to Vhigh, VIow or no connection
st at es nayhérethe 89R sippaltapgliedtodhd firsemultipyexen 20fa isls gb.lumlaily, the GcoBd.
Simlarly, the second el ectrode of the data cell nmay be coupled via
the dri vemuliipiesgr 12Q6 maebg condiguragite catue a veltagegaly basgd oy thy dea swat e)
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and the first input terminal of the second multiplexer 1206b. When the data input signal
(DATA_IN) applied to an input terminal of the further NOT gate 1216 is high, the
output terminal of the further NOT gate 1216 may be low. The output terminal of the
NOT gate 1210 may be high. When the WR signal applied to the first multiplexer
1206a is high, the output terminal of the first multiplexer 1206a may follow the output
terminal of the NOT gate 1210 and may be high.
[090] The row addressing circuit 1214 may be configured to provide word

selection signals WL <0>, WL <1>, WL <2> or WL <3> to the row logic circuit 1204



VI ow state. Conversely, current may flow fromswitch 804 to switch
806a when the second el ectrode of the data cell 802a is at the Vhigh
state and the first electrode of the data cell 802a is at the VI ow
state. Wien the first electrode of a data cell (e.g. 802b, 802c) is
in the no connection state, no current, or an insubstantial current

flows thrg)ugq the data cell. Simlarly, when .%ihe econd el ectrode of
the data PEFPleqtgafopa hignemaraetaydiprdasiance, iipwed iy Bpmegiorg array 1s to
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Si m | ar | yworis, therove addressirgrcitcns 0D 54 may batordfigurend pfdvadsortcbrioighe first
data cell (e.g. 802b, 802c) when the first electrode of the data cell
is in thewotd lyge waltage andhthet $seormbworddling edtagedéheofowt drisirebaing cirehit 1284 i n
the Vhigh state. [0108]FIG. 9 shows a schematic 900 of a circuit
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switch 906. extern nmeasurenent unit (PMJ) 906 may be
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via a switch 910. The switch is configdred to Sel ec e maln

lines of guftiptixen!200dlis Bighays theldt@reSgitdenosdP defdeBbn Sifal WY, 13€ is high,
di sconnected to the main bit line 904 during test node. Only one
circuit atheangpatienningDa thesNANIZ gate d 208 aynaommieet Ehe ficst trivesisodd todpled to
during test node. [0109]FIG 10 is a schematic illustrating a nethod
of form nigie@uint tarminad af hegdAb gate d3PEa gy e aBYVIQSusansiswdindanasbe
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that the firs trode o
of the second multiplexer 1206b may be low and the output terminal at the second

multiplexer 1206b may be low. The first input terminal at the AND gate 1208b may be
low. The second input terminal at the AND gate 1208b may be high as WL <3>is set to
high. The row enable signal ROW_EN may also be high. The output terminal of the
AND gate 1208b may be low. The second transistor coupled to the output terminal at
the AND gate 1208b may be a NMOS transistor and may be deactivated or remain not
activated when the output at the AND gate 1208b is low. On the other hand, if WR is
high (ROW_EN and WL <3> are also high) and the data input signal (DATA IN) is
low, the first word line voltage applied to the first transistor may be high and the second
word line voltage applied to the second transistor may be high. The first transistor may
be a PMOS transistor, which is deactivated or remains not activated. The second

transistor may be a NMOS transistor, which remains activated.



electrically connected to the first reference voltage via the first
transi stor when the first transistor is activated by a first word
line voltage applied to the control electrode of the first
transi stor. The method may al so include, in 1006, electrically
connecting a second reference voltage_to a second controll ed
el ectrode of the second transistor suth that the first electrode of
t he data [@8R] i sThkd wot loigaditopitd @Ok ewtyda doofipived seecitvdterakaraamster and
vol tage via the second transistor when the first transistor is
act i vat edmpy bg cepigned wel @ actinete wolte depstiapislthe dthep trapésterodiring] writing
el ectrode the secqond transistor. [0110]ln various enbodi nents,,
refer ence(s&%dst}%g A8 BN SPolle Lfeuit ﬁaﬁn@@f@laﬁ pdressed Bydhe Bpveddicesing o
reference_.currents. [0111]J n_various, enbodi men the circui .
ot angeneilt e o -EoNTEB e P HARRIRE S dgEeeh the seof siiser df ryt
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second transi stor activa n vari ou circult

arrangenet fay uhfsi&en hh@ Yhe den NrdRRtort BRefl MA chlit abringement is not
substantially free fromcurrent when the second transistor is

act i vat edadilfstsed by tthé irove addbdssigg oadcuit Ne 18 efiping whiged. rTidered athesdiat a

cell is substantially equal to the second reference voltage. In
vari ous esbogdimentess 2-¥htecedarcuit arrangenment may be configured such
that the data cell is substantially free fromcurrent when the first

transi st o098k ackpieg eepdings the BVR slanabmyay) heagpt tatlowhdhe degnaultiplexer
el ectr ode equal .to the first

f the data cell is su ntially
ref er enc_el%ﬁtaa dhe T@@_&&Cﬁﬂtﬁ#ﬁ%ﬁ@é@%& FireRtgured ot olkagy only
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confi gur St |
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[0113] I n seasndrmsltipraxes i 7Bt Wheh g read 8ipgttibA 9ighaliRIE WIR) fBeét ioMhhidee a

e output terminal of the first multiplexer 1206a may be high and the output terminal of
the second multiplexer 1206b may be low (since the output terminal of the NOT gate
1212 1s low). The output terminal of the NAND gate 1208a may be low when the
second input terminal of the NAND gate 1208a is high. The first transistor may be a
PMOS ftransistor, which is activated. The output terminal of the AND gate 1208b may
be low. The second transistor, which may be a NMOS transistor, may remain
unactivated or be deactivated.

[094] The row logic circuit 1204 may be configured to activate one transistor and
may be configured not to activate or to deactivate the other transistor during reading
{WR is low) and when the circuit arrangement is addressed by the row addressing
circuit 1214, i.e. when the first transistor is activated, the second transistor is not
activated. The row logic circuit 1204 may be configured not to activate both the first
transistor and the second transistor when the circuit arrangement is not addressed by the

row addressing circuit 1214 during reading.

[095] In various embodiments, the read direction signal (RD_DIR) may be fixed,



driver. The wite voltage may be provided by the wite driver. The
wite driver may be a voltage node wite driver. [0114] The col um
row logic circuit nay be configured to switch between accessing a
read current fromand providing a wite current to the second
el ectrode of 40 the data cell. [0115]1n various enbodi nents, the
colum logic circuit may include a wr%"’te driver. The wite current
may be preayifibed doyighhAs wndht thedow\egic cifhat 1204teaydsd aoafignmy tdactivate the
current node wite driver.
first transistor and may be configured not to activate the second transistor. The circuit
arrangement may be configured such that current may only flow in one direction
through the data cell in the addressed circuit arrangement during reading while current
may flow in the first direction or in the second direction (opposite to the first direction)
through the data cell in the addressed circuit arrangement depending on the data input
signal during writing.
[096] When the row enable signal ROW_EN is low, the output of the NAND gate
1208a may be high and the output terminal of the AND gate may low regardless of the
signals provided by the row addressing circuit 1214 as well as input signals DATA_IN,
WR and RD_DIR. In other words, the first transistor and the second transistor may
remain unactivated regardless of the signals provided by the row addressing circuit
1214 as well as input signals DATA_IN, WR and RD_DIR. The row logic circuit 1204
may be configured to turn off the first transistors and the second transistors along a row
through the row enable signal ROW_EN.
[097] FIG. 7 is a schematic 700 illustrating a memory array circuit arrangement
according to various embodiments. The memory array circuit arrangement may include
a memory array 702. The memory array 702 may correspond to the memory array
shown in FIG. 4. The memory array 702 may include a plurality of circuit arrangements
(memory cells). The memory array circuit arrangement may further include a column
logic circuit 704 coupled to the memory array 702. The memory array circuit
arrangement may also include a column addressing circuit 706 coupled to the column
logic circuit 704. The memory array circuit arrangement may additionally include a
sensing circuit 708 coupled to the column logic circuit 704. The column logic circuit
may include one or more driver circuits for providing writing voltages or writing
currents to the memory array.

[098] The column logic circuit 704 may be configured to switch between

accessing a read voltage (or read current) from and providing a write voltage (or write



[0116] The met hod may further include coupling a sensing circuit to
the colum logic circuit. The read voltage nay be accessed by the
sensing circuit. [0117] The net hod may al so i nclude coupling a colum
addressing circuit to the colum logic circuit. The col unm addressing
circuit may be configured to control whether to provide the wite
voltage and to access the read voItagé% [0118] The met hod may further
i ncl ude cowpdnitnty a €irewt amengenienh @fttbe tpherabndf eircelk ectangetecras it hbe
first transistor. The nmethod may al so include coupling a second word
line to tWEMeBhEFRY. Hiccealipadopit dinesit 8¢ gney be gosfigired to Twidcl betgteen
wor d I|ne voltage applied to
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first word line voltage and the second word |ine voltage.
based on a write-read WR signal applied to the column logic circuit.
[099] The column logic circuit 704 may be configured to provide a writing voltage
or writing current to the circuit arrangement addressed by the column addressing circuit
706 during writing (e.g. WR is high). The writing voltage or writing current provided
by the column logic circuit 706 may be based on the data input signal DATA_IN. The
column logic circuit 706 may be further configured not to provide the writing current or
writing voltage (i.e. the writing current or writing voltage is substantially zero) when
the circuit arrangement is not addressed by the column addressing circuit 706. The
column Jogic circuit 704 may be configured to electrically isolate the sensing circuit
708 from the writing current or writing voltage during writing.
[0100]  The column logic circuit 704 may be configured to electrically connect the
sensing circuit 708 with the circuit arrangement addressed by the column addressing
circuit 706 during reading (e.g. WR is low). The column logic circuit 704 may be
configured to electrically isolate the sensing circuit 708 from the circuit arrangement
not addressed by the column addressing circuit 706 during reading. The column logic
circuit 704 may also be configured to disable to deactivate the one or more driver
circuits during reading so that there is no writing voltage or writing current applied to
the circuit arrangement.
[0101] The memory array circuit arrangement may further include a row logic
circuit 710 coupled to the memory array 702. The memory array circuit arrangement
and further include a row addressing circuit 712 coupled to the row logic circuit 710.

A circuit arrangement in the memory array 702 may be addressed via both the row



[ 0120] The nmet hod may al so include coupling a row addressing circuit
to the rowlogic circuit. The row addressing circuit may be
configured to provide the first word |Iine voltage and the second word
line voltage. [0121] The first transistor may be a p-channel netal
oxi de sem conductor (PMOS) field effect transistor. The second
transi stor may be a n-channel netal oxide sem conductor (NMOS) field
ef fect trahbséssingreirchd722]and tharoloms widbasingentsii 7061eA dircait arhhgeneyt be
configured to have a first resistance upon flow of the first current
t hough t hia Hemeenewly |amay 70Rengdyi besaddgessed viaghe rdmeddigssing eikduitn®l? rsed
configured to have a second, resistance, the second resistance
on the row address provided to the row addressing circuit 712 and the column
addressing circuit 706 based on the column address provided to the column
addressing circuit 706.
[0102] Each circuit arrangement in the memory array 702 may include a first
transistor and a second transistor. The WR signal may also be applied to the row logic
circuit 710. The data input signal DATA_IN may also applied to the row logic circuit
710. The row logic circuit 710 may be configured to activate one transistor and may be
configured not to activate or to deactivate the other transistor during writing (WR is
high) and when the circuit arrangement is addressed by the row addressing circuit 712,
i.e. when the first transistor is activated, the second transistor is not activated, vice versa.
The row logic circuit 710 may be configured not to activate both the first transistor and
the second ftransistor when the circuit arrangement is not addressed by the row
addressing circuit 712 during writing.
[0103]  The row logic circuit 710 may be configured to activate one transistor and
may be configured not to activate or to deactivate the other transistor during reading
(WR is low) and when the circuit arrangement is addressed by the row addressing
circuit 712, i.e. when the first transistor is activated, the second transistor is not
activated. The row logic circuit 710 may be configured not to activate both the first
transistor and the second transistor when the circuit arrangement is not addressed by the
row addressing circuit 712 during reading.
[0104] In various embodiments, the memory circuit arrangement may be configured
such that current may only flow in one direction through the data cell in the addressed
circuit arrangement during reading while current may flow in the first direction or in the
second direction (opposite to the first direction) through the data cell in the addressed

circuit arrangement depending on the data input signal DATA _IN during writing.

[0105] In various embodiments, each circuit arrangement may include a data cell.



41 different fromthe first resistance, upon flow of the second
current though the data cell in the second direction. The data cell
may i nclude a magnetic tunneling junction. [0123]Wile the invention
has been particularly shown and described with reference to specific
enbodi nents, it shoul d be understood by those skilled in the art that
various changes in formand detail maf/ be made therein w thout

depar t i ngThe membiyearspyi airchitandngnogne mafy be kkenfigurehsuchnhas fosfourrent fhyw
the appended cl aims. The scope of the invention is thus indicated by
t he appentheenghithe daia eeibing dircet angregement ot fsrdiregtiomvhen the fivgidrainsigionnd
range of equi.val enc f the clains are therefore intended to be,
enb?ac ed. lscllﬁtzvaéid/ex lﬁéw en e Gircpig prangement s AdAtested hpMedneBory ArgN CH k| |

having a Iirirz{nsg%m%rllten%); ’t%j ceon%%(tjlre% seh t%g{j a Seelcgl(l:& éu%je%i flow through the data cell in
a second direction, the second direction opposite the first direction, when the second
transistor is activated (i.e. when the circuit arrangement is addressed.). The flow of
current may be determined by the data input signal DATA_IN provided to the column
addressing circuit 706 and the row addressing circuit 712.
[0106] FIG. 8A shows a schematic 800a of a memory array circuit arrangement
according to various embodiments. The memory array circuit arrangement may include
a plurality of circuit arrangements. Each circuit arrangement may include a data cell.
FIG. 8A shows three data cells 802a, 802b, 802¢ from three circuit arrangements, The
second electrodes of the data cells 802a, 802b, 802¢ are coupled to a column logic
circuit 804. The column logic circuit 804 may include a driver circuit. The memory
array circuit arrangement may be configured such that the first electrode of each data
cells 802a, 802b or 802c may be coupled to the first reference voltage (e.g. V high state )
or to the second reference voltage (e.g. V lowstate ) or neither to both the first reference
voltage and to the second reference voltage (e.g. no connection state). The coupling of
the first electrode to Vhigh, Vlow or no connection states may be determined by the
row logic circuit. The coupling of the first electrode to Vhigh, Vlow or no connection
states may be represented as a three-way switch as shown in FIG. 8 A. Similarly, the
second electrode of the data cell may be coupled via the driver circuit to the first
reference voltage (e.g. V high state) or to the second reference voltage (e.g. V lowstate )
or neither to both the first reference voltage and to the second reference voltage (e.g. no
connection state). As such, the coupling of the first electrode to Vhigh, Vlow or no
connection states may also be represented as a three-way switch. FIG. 8A shows the
flow of current from switch 806a to switch 804 when the first electrode of the data

cell 802a 1s at the Vhigh state and the second electrode of the data cell 802a is at the



a first transistor having a control electrode, a first controlled

el ectrode and a second controlled el ectrode; a second transistor
having a control electrode, a first controlled el ectrode and a second
controll ed el ectrode; wherein the first controll ed el ectrode of the
first transistor and the first controkd ed el ectrode of the second
transistoy. are coupled to the first_ el ectrode o$ t he d&%a cell;
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activat edyf the data cell is in the Vlow state and the second electrode of the data cell is in the
Vlow state. Similarly, no current or an insubstantial current flows through a data cell
(e.g. 802b, 802¢) when the first electrode of the data cell is in the Vhigh state and the
second electrode of the data cell is in the Vhigh state.
[0108]  FIG. 9 shows a schematic 900 of a circuit arrangement 902 in test mode
according to various embodiments. The circuit arrangement 902 is coupled to the main
bit line 904 by connecting the column select switch 906. The second electrode of the
data cell is coupled to the main bit line 904 via the column select switch 906. An
external parametric measurement unit (PMU) 906 may be coupled to a pad 908. The
pad may be coupled to the main bit line 904 via a switch 910. The switch is configured
to select the main bit lines of different sub-arrays. The sense amplifier 912 may be
disconnected to the main bit line 904 during test mode. Only one circuit arrangement
902 is electrically connected to the PMU 906 during test mode.
[0109] FIG. 10 1s a schematic illustrating a method of forming a circuit
arrangement according to various embodiments. The method may include, in 1002,
coupling a first controlled electrode of a first transistor and a first controlled electrode
of a second transistor to a first electrode of a data cell. The method may further
include, in 1004, electrically connecting a first reference voltage to a second

controlled electrode of the first transistor such that the first electrode of the data cell is



43 wherein the circuit arrangenent is configured such that a second
current flows through the data cell in a second direction, the second
direction opposite the first direction, when the second transistor is
activated. 3. The circuit arrangenment according to claim1, wherein
the circuit arrangenent is configured such that data cell is
substantially free fromcurrent when the first transistor is

deact i vat ddctaivallyt bennsetedndl thia Arss irsferehcé soldag@ctia \thd @kt ténsidioe whien ahié t
arrangenment according to claim1, wherein the circuit arrangenent is
conf i gur etirss tramsisténals acthentefalpna dedtlwdrd lisalysttagetdpalied, tof the gofitral relestrodent
when the second transistor is activated and a bit Iine voltage at the
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that the first electrode of the data cell is electrically connected to the second reference
voltage via the second transistor when the first transistor is activated by a second
word line voltage applied to the control electrode of the second transistor.
(0110] In various embodiments, references to reference voltages may generally
include references to reference currents.
[0111] In various embodiments, the circuit arrangement may be configured such
that data cell is substantially free from current when the first transistor is deactivated
and the second transistor is deactivated. In various embodiments, the circuit
arrangement may be configured such that the data cell is substantially free from
current when the second transistor is activated and a bit line voltage at the second
electrode of the data cell is substantially equal to the second reference voltage. In
various embodiments, the circuit arrangement may be configured such that the data
cell is substantially free from current when the first transistor is activated and a bit
line voltage at the second electrode of the data cell is substantially equal to the first
reference voltage.
[0112] In various embodiments, the method may further include coupling a
column logic circuit to the second electrode of the data cell. The column row logic
circuit may be configured to switch between accessing a read voltage from and
providing a write voltage to the second electrode of the data cell.
[0113] In various embodiments, the column logic circuit may include a write
driver. The write voltage may be provided by the write driver. The write driver may
be a voltage mode write driver.
[0114] The column row logic circuit may be configured to switch between

accessing a read current from and providing a write current to the second electrode of



a colum logic circuit coupled to the second el ectrode of the data
cell. 6. The circuit arrangenent according to claimb5, wherein the
colum row logic circuit is configured to switch between accessing a
read voltage fromand providing a wite voltage to the second

el ectrode of the data cell. 7. The circuit arrangenent according to
claim6, wherein the columm |ogic ciréit conprises a wite driver;
wher ei n tthe datadedl. vol tage is provided by the wite driver; and
wherein the wite driver is a voltage node wite driver 44 8. The
circuit alfddhentmivaneworwibedjmentscitkd gelsmn logic circuit may include a write

driver. The write current may be provided by the write driver. The write driver may
be a current mode write driver.

[0116]  The method may further include coupling a sensing circuit to the column
logic circuit. The read voltage may be accessed by the sensing circuit.

[0117]  The method may also include coupling a column addressing circuit to the
column logic circuit. The column addressing circuit may be configured to control
whether to provide the write voltage and to access the read voltage.

[0118]  The method may further include coupling a first word line to the control
electrode of the first transistor. The method may also include coupling a second word
line to the control electrode of the second transistor. The first transistor may be
activated by the first word line voltage applied to the control electrode of the first
transistor via the first word line. The second transistor may be activated by the second
word line voltage applied to the control electrode of the second transistor via the
second word line.

[0119] The method may further include coupling a row logic circuit to the first
transistor and to the second transistor. The row logic circuit may be configured to
control the first word line voltage and the second word line voltage.

{0120]  The method may also include coupling a row addressing circuit to the row
logic circuit. The row addressing circuit may be configured to provide the first word
line voltage and the second word line voltage.

[0121]  The first transistor may be a p-channel metal oxide semiconductor (PMOS)
field effect transistor. The second transistor may be a n-channel metal oxide
semiconductor (NMOS) field effect transistor.

[0122]  In various embodiments, the data cell may be configured to have a first
resistance upon flow of the first current though the data cell in the first direction. The

data cell may be configured to have a second resistance, the second resistance



wherein the colum row logic circuit is configured to switch between
accessing a read current fromand providing a wite current to the
second el ectrode of the data cell. 9. The circuit arrangenent
according to claim8, wherein the colum logic circuit conprises a
wite driver; wherein the wite currth is provided by the wite
driver; and wherein the wite driver s a current node wite driver.
10. The cdiffewint fianT the desteedistawepwmhinrtpw of thieaecond cutrbugt thoughutht data cell
arrangenent further conprising: a sensing circuit coupled to the
col urm | ot the s¢qoad directind Thiéate cell miap incdeds ampgnetie tinnehog poséen. by t he
sensing cpreujt. 11 The circuit arrangenent according to claim®é,
the ci rcutqligiraﬂ'é'é e fareph h@&rﬁ?ﬁlsl?%‘?m%{%éég%ﬂ #ifodexsippg with
cireurt C%fl&legf% tE)()spttacrllEc %&Lgﬁ?ﬁwln&git%hgﬁlﬁ (f)léll.{[n’derstood by those skilled in the art
that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention as defined by the appended claims. The scope of
the invention is thus indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims arc therefore intended to

be embraced.



wherein the colum addressing circuit is configured to control
whether to provide the wite voltage and to access the read voltage.
12. The circuit arrangenent according to claiml1, the circuit
arrangenent further conprising: a first word |line coupled to the
control electrode of the first transistor; and a second word |ine
coupled to the control electrode of t e second transistor; wherein
the firstCLAAMS stor is activated by the first word |line vol tage
applied to the control electrode of the first transistor via the
first word line; and 45 wherein the second transistor is activated

by the second word Iine voltage applied to the control electrode of
the seconlt t SESHIFTANSFNENCABIDES®ENd word |ine. 13. The circuit

o angerent aceonlng bR EhM besblf kG UBETTL LT
coupled to the fﬁ:%?f}gnsqsrt@rr}ﬁakrﬁltg%rcontrol electrode, a first controlled electrode and a |
second controlled electrode;
a second transistor having a control electrode, a first controlled electrode and
a second controlled electrode;
wherein the first controlled electrode of the first transistor and the first
controlled electrode of the second transistor are coupled to the first electrode
of the data cell;
wherein the second controlled electrode of the first transistor is configured to
electrically connect to a first reference voltage such that the first electrode of
the data cell is electrically connected to the first reference voltage via the first
transistor when the first transistor is activated by a first word line voltage
applied to the control electrode of the first transistor; and
wherein the second controlled electrode of the second transistor is configured
to electrically connect to a second reference voltage, such that the first
electrode of the data cell is electrically connected to the second reference
voltage via the second transistor when the second transistor is activated by a
second word line voltage applied to the control electrode of the second

transistor.

2. The circuit arrangement according to claim 1,

wherein the first reference voltage is higher than the second reference voltage;
wherein the circuit arrangement is configured such that a first current flows
through the data cell in a first direction when the first transistor is activated;

and



14. The circuit arrangenent according to claim 13, wherein the row
logic circuit is configured to control the first word |ine voltage
and the second word line voltage. 15. The circuit arrangenent
according to claim14, the circuit arrangenment further conprising: a
row addressing circuit coupled to the4{om1Iogic circuit; wherein the
row addressing circuit is configured to provide the first word line
vol t age and t hewbecaribe vinewt driangemedttiaigmiighfed sthle thak a setiond anrenigenent

according to claiml, wherein the first transistor is a p-channel
netal oxi de senfl@bhidieuebrihg falssll i esegord disgstionsthp sgoonddiredtipn The

circuit arrangenent. accaording to clai 1, . . .
g opposite t e%rrst dn%ctlon, when rt’ﬂe second transistor is activated.

3. The circuit arrangement according to claim 1,
wherein the circuit arrangement is configured such that data cell is
substantially free from current when the first transistor is deactivated and the

second transistor is deactivated.

4. The circuit arrangement according to claim 1,
wherein the circuit arrangement is configured such that the data cell is
substantially free from current when the second transistor is activated and a
bit iine voltage at the second electrode of the data cell is substantially equal

to the second reference voltage.

5. The circuit arrangement according to claim 1, the circuit arrangement further
comprising:

a column logic circuit coupled to the second electrode of the data cell.

6. The circuit arrangement according to claim 5,
wherein the column row logic circuit is configured to switch between
accessing a read voltage from and providing a write voltage to the second

electrode of the data cell.

7. The circuit arrangement according to claim 6,
wherein the column logic circuit comprises a write driver;
wherein the write voltage is provided by the write driver; and

wherein the write driver is a voltage mode write driver



wherein the second transistor is a n-channel netal oxide
sem conductor (NMOS) field effect transistor. 18. The circuit

arrangenent according to claim2, 46 wherein the data cell is
configured to have a first resistance upon flow of the first current
t hough the data cell in the first direction; and wherein the data
cell is configured to have a second resistance, the second resistance
different fromthe first resistance, upon flow of the second current
t hough the data cell in the second direction. 19. The circuit

arr angemetrt 1AECHFYE AgARESTENbAGPrdingeeddmy.t he data cel | conprises a
i [ J ion. 20. A t hod of .f ] . i it
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second transistor to-a ata ce electri cal
connecting a fidiskoehereas &0l tage to a second control |l ed el ectrode
of the first transistor such that the first el ectrode of the data
cell is electrically connected to the first reference voltage via the
first transistor when the first transistor is activated by a first
wor d | i ne9.vdheageuibppingechehicacchmirgpotciaiin &1 ect rode of the first

transi stor; and :
wherein the column logic circuit comprises a write driver;
wherein the write current is provided by the write driver; and

wherein the write driver is a current mode write driver.

10. The circuit arrangement according to claim 6, the circuit arrangement further
comprising:
a sensing circuit coupled to the column logic circuit; and

wherein the read voltage is accessed by the sensing circuit.

11. The circuit arrangement according to claim 6, the circuit arrangement further
comprising:
a column addressing circuit coupled to the column logic circﬁit;
wherein the column addressing circuit is configured to control whether to

provide the write voltage and to access the read voltage.

12. The circuit arrangement according to claim 1, the circuit arrangement further
comprising:
a first word line coupled to the control electrode of the first transistor; and
a second word line coupled to the control electrode of the second transistor;
wherein the first transistor is activated by the first word line voltage applied

to the control electrode of the first transistor via the first word line; and



el ectrically connecting a second reference voltage to a second
controll ed el ectrode of the second transistor such that the first
el ectrode of the data cell is electrically connected to the second
ref erence voltage via the second transistor when the first transistor
Is activated by a second word line voL;age applied to the control
el ectrode of the second transistor.
wherein the second transistor is activated by the second word line voltage
applied to the control electrode of the second transistor via the second word

line.

13. The circuit arrangement according to claim 1, the circuit arrangement further
comprising:
arow logic circuit coupled to the first transistor and coupled to the second

transistor.

14. The circuit arrangement according to claim 13,
wherein the row logic circuit is configured to control the first word line

voltage and the second word line voltage.

15. The circuit arrangement according to claim 14, the circuit arrangement further
comprising:
a row addressing circuit coupled to the row logic circuit;
wherein the row addressing circuit is configured to provide the first word line

voltage and the second word line voltage.

16. The circuit arrangement according to claim 1,
wherein the first transistor is a p-channel metal oxide semiconductor (PMOS)

field effect transistor.
17. The circuit arrangement according to claim 1,
wherein the second transistor is a n-channel metal oxide semiconductor

(NMOS) field effect transistor.

18. The circuit arrangement according to claim 2,



46

wherein the data cell is configured to have a first resistance upon flow of the
first current though the data cell in the first direction; and

wherein the data cell is configured to have a second resistance, the second
resistance different from the first resistance, upon flow of the second current

though the data cell in the second direction.

19. The circuit arrangement according to claim 1,

wherein the data cell comprises a magnetic tunneling junction.

20. A method of forming a circuit arrangement, the method comprising:
coupling a first controlled electrode of a first transistor and a first controlled
electrode of a second transistor to a first electrode of a data cell;
electrically connecting a first reference voltage to a second controlled
electrode of the first transistor such that the first electrode of the data cell is
electrically connected to the first reference voltage via the first transistor
when the first transistor is activated by a first word line voltage applied to the
control electrode of the first transistor; and
electrically connecting a second reference voltage to a second controlled
electrode of the second transistor such that the first electrode of the data cell
is electrically connected to the second reference voltage via the second
transistor when the first transistor is activated by a second word line voltage

applied to the control electrode of the second transistor.



