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BACKGROUND OF THE | NVENTI ON The present invention relates to circuitry for
controlling Magnetic Tunnel 5 Junction (MIJ) devices for Magnetic Random
Access Menory (MRAM devices. MIJ devices for providing an MRAM are

beconi ng popul ar and are considered to be of nmerit because they provide

hi gh data read speeds and enabl e provlsi on of a nenory device which is
non-vol atile. A typical structure of an MIJ includes a substrate onto which
is forned bottom | ea | |,ead and
then an a@ﬁ@ﬁg—ma'“&ﬁ:ﬂ%} N VAGHE ) ipiy ayer—Above this
is formed a pinned ferromagnetic |ayer, followed by an insul ator |ayer and
a free ferromagnetic Ilayer. The free ferromagnetic |layer is then capped
and a top lead layer formed thereon. In sinple terns, when the

magneti sation of the free layer is parallel to that 15 of the pinned | ayer
t he resi st ancBAAIKKGROUND Qe THE INMENRONver, when free | ayer

magneti sation is anti-parallel to that of the pinned | ayer the resistance

f the device_is high . Usually, th . sation of the pi | i

{1 xed by t he KRArERERt iRBCoRtalales Sy arontalina SAreSE i hanged
f el _ | _

b1 cat Popcopt QP deiaitol Rladienl Rindeh Hock S Mg MFRLIBHSES e the

magneti sation of the free | ayer can be used to record data. The different
magnet i sat i onMsftJatdesvicespfars praviding f an ekiRAM s ast deveniing popuiselanda@iet he

resi stance can represent a "0" or_a "1" ,and.act as a nenory. cqQurse, in
practi cec?'t‘s'ggre@e@ﬁ?%% rgerig Be?ﬁ%&msyemm&a?g@bﬂﬂ%ﬂﬁﬁ&'&ﬂ%@éﬁ@%ﬂﬁ?s i s
usual l'y A0 [Wafe TIYY | : It g e array being connected in

par al | el ﬂ&ﬂﬁ&é‘%%ﬁagﬂ%@‘é gg‘(’:’@?f““ﬁﬁ% 'ﬁ%‘v}@gis&i'n a cell connected at the

cross junctions of the colum and row |ines of the array of cells.
. A typical structure of an MTJ includes a substrate onto which is formed a

10 “bottom lead. A seed layer is formed on the bottom lead and then an
antiferromagnetic (AFM) fayer formed on the seed layer. Above this is formed a
pinned ferromagnetic layer, followed by an insulator layer and a free ferromagnetic
layer. The free ferromagnetic layer is then capped and a top lead layer formed
thereon. In simple terms, when the magnetisation of the free layer is parallel to that

15 of the pinned layer the resistance of the device is low. However, when free layer
magnetisation is anti-parallel to that of the pinned layer the resistance of the device

is high.

Usually, the magnetisation of the pinned layer is fixed by the AFM layer. The

magnetisation of the free layer can be changed from parallel to 'anti-parallel to that

20 “of the pinned layer by application of an external field. Using the properties of the
device the magnetisation of the free layer can be used to record data. The different
magnetisation states represent different resistance for the cell and the resistance can
represent a “0” or a “1” and act as a memory. Of course, in practice it is desirable

to produce an array of MTJ devices, and this is usually done with individual devices

25 in the array being connected in parallel. In such a case each of the devices in a cell
connected at the cross junctions of the column and row lines of the array of cells.

Mutual electrical connections are provided between all of the MTJ ¢ells. However,




Mitual el ectrical connections are provided between all of the MjJ) cely 2006
However, JUN 2006 -2 this provides a shunting arrangenent which has

di sadvant ages. For exanple, the shunting arrangenment adversely affects
signal to noise ratio in a read operation, and has a further disadvantage
in that in such a configuration the individual resistance and nagneto
resi stance of a particular device in tBe array can not be detected 5
separately and directly. PRIOR ART | nprovenents of the above arrangenent

have been ,suggested, ,and these include a provision of a _diode or swtching
transi st BHS PHHVIgRT A shepling arranggment wyjch hgﬁ disggyapiaass. t'%@xﬁmﬁﬁ%gy can
be found.,f | : : | : T | netics
35(5) 28 RSERTERmehadySréony BEAS Sigtal I hoiE oot i e rensiion, MIETE.
| ncr easehab kefuaner disadoantagefintthat imesuehya asmfiyuratisheindividubl resiktencet
difficult to produce a small device. A further problem associated with such
arrays i angdhaegnele resistasee 98 @spasficulaidavigsein, theeprrayigamnaebhe deatestedd wire
wi dt h degr ich results in an increase 15 in connector resistance and
degrease%?ﬁgéﬁwgﬁgvéngﬁﬁy‘resistance, causing problens in terns of

I ncreased signal to noise ratio. The present invention seeks to provide a
circuit for cemIOR ARTUO MIJ devices for use in a magnetic random access
menory, together with a MRAM which is free of the shunting effect found in
prior art devices. It also seeks to overcone the 20 probl ens associ ated
with prior arimpesesments of the abpve armngemeast hiaya hasngsuagastedrangd thespvary

OF THE | NVENT1 ON Accor di to, the present invention re 1S L.ded a

i routt ISR At dlie SonBiaRRE ranSE el RESab Belice ndhe SEle.

menory  ( MrMssRAMBTThis t8chridlogy £8Y be found, for example, in US-A-5640343 or in IEE
10 Transactions, Magnetics 35(5), 2820(1999), Hans Boeve, et al. Provision of these

extra components increases the overall cost of the memory array, however, and

makes it difficult to produce a small device.

A further problem associated with such arrays is that, as storage density
~ increases, cell dimension and lead wire width decrease, which results in an increase
15 in connector resistance and decrease in relative cell resistance, causing problems

in terms of increased signal to noise ratio.

The present invention seeks to provide a circuit for controlling MTJ devices
for use in a magnetic random access memory, together with a MRAM which is free
of the shunting effect found in prior art devices. It also seeks to overcome the

20 problems associated with prior art devices in relation to connection lead resistance.

SUMMARY OF THE INVENTION

According to the present invention there is provided a circuit for controlling a
read operation for a magnetic random access memory (MRAM) comprising an array
of magnetic tunnel junctions (MTJ) having conducting row and column lines attached-

25 thereto, the circuitry comprising:

a current supply for providing a read current;




of magnetic tunnel junctions (MIJ) having conducting row and co@y?ndumngﬁﬁ
attached 25 thereto, the circuitry conprising: a current supply for
providing a read current; ,0 2 JUN 2006 -3 a row selector for selecting a
row containing a junction to be read and applying the read current to that
row with the respective row line; an unselected row swtch for swtching to
at least some of the row lines not coAnected to the MIJ to be read; 5 a
vol tage source for applying, via the unselected row switch, a voltage to

each of the unselected rowlines that is substantially identical, to the
vol tage on th@ royeiselacker faselesting a @y ¢entalang A dungtign o Pecigadyande

col umn | Lpg FONRRGEEA o orc P e Fow AT RERBUVBS oM d.0 be read; and 10 a

vol t age etecting age atross the J to be read via
the selected colum and row lines. The voltage source may conprise a

vol tage fol | owArurdaldciad fow isiteh fei bwittisidg to at Idast seme ofitheaow linesmt and
havi ng an out put attached to the input of the unselected row switch, and
t he vol t egeneaed dothe My todwpraask - an appropriately 15 configured
operational anplifier. According to the present invention there is also

prqvi ded a magnetl.c. r I S/ f etic
priavided o TRanElGs SAURTor AHAA0, U5 T InSdend s8Rl Ll A
transm sgf Yife GRiseBttENdowoinds fel it sultaririlly ddestidat Jo dther wlagendn ¢dhbumms
of MIJ's; and 20 a circuit of the type defined above. In an MRAM accordi ng
to the peelestad iawbme;i on the read |ines may define the '

a column selector for selecting the column line connected to the array

containing the MTJ to be read; and

10 a voltage detector for detecting the voltage across the MTJ to be read via the

selected column and row lines.

The voltage source may comprise a voltage follower having an input attached
to the read current source and having an output attached to the input of the
unselected row switch, and the voltage follower may comprise an appropriately

15 configured operational amplifier.

According to the present invention there is also provided a magnetic random
access memory comprising an array of magnetic tunnel junctions, each MTJ
connected across a grid of electrically transmissive column and row lines to define

a series of rows and columns of MTJ’s; and
20 a circuit of the type defined above.

in an MRAM according fo the present invention the read fines may define the

row lines, with the write lines defining the column lines.
A corresponding method is also provided.

BRIEF DESCRIPTION OF THE DRAWINGS




row lines, with the wite lines defining the colum lines. A cor{jespnliZgh
met hod is al so provided. BRI EF DESCRI PTI ON OF THE DRAWNGS 0 2 JUN 2006 -4
An exanpl e of the present invention will now be described with reference to
t he acconpany drawi ngs in which: Figure 1A is a schematic view of an array
of magnetic nenory cells enploying an MIJ construction for use with
circuitry according to the present 54%nvention; Figure 1 Bis an enl arged
view of one of the cells shown in the array of Figure 1A, Figure 2 is a

schematic circuit di agram show ng known contr ol HC%tég\d associ atgpd wth

a known MrJ; A0 exaginle osthepresent inyention wi now beAaseyPs feifepse
circuit C ' .invention during a read operation; Fi
ot SRRty ialing PESAEh: k i ntrol

rcurt agram showi ng an array of MIJ cells and control
circuitry according to the invention during a read operation for an array
with 128 x 1Egjueel15,is1d dohgumiaticoMews of an rarray of agagnetihenemgnyt kellsol t age
and current levels on a known MIJ nmenory device switching with the circuit
of fi gur employing@neMiE cansirggtignnprdisey math sihaiing pacredipgitoate BFR$eREr r ent
| eyel s dwiaﬂg aread and wite operation of a device of the present
i nvent i o' V&R Tehi ng with the circuit of figure 3; and 20 Figure 6 is a
graph showi ng magnet oresi stance as a function of external field neasured

by a), a knowRigigé hBds afirshldnged ¥idw e66né offtichsuils shipleyin tige bivay of Figuré ry
1A;

Figure 2 is a schematic circuit diagram showing known control circuitry

associated with a known MTJ;

10 Figure 3 is a circuit diagram showing operation of a circuit according to the

present invention during a read operation;

Figure 4 is a schematic circuit diagram showing an array of MTJ cells and
control circuitry according to the invention during a read operation for an array with
128 x 128 celis;

15 Figure 5A is a timing diagram showing the voltage and current levels on a

known MTJ memory device switching with the circuit of figure 2;

Figure 5B is a timing diagram showing the voltage and current levels during
a read and write operation of a device of the present invention switching with the

circuit of figure 3; and

20 Figure 6 is a graph showing magnetoresistance as a function of external field
measured by a), a known method, and b), a present method employing the circuitry

of the present invention.

DETAILED DESCRIPTION

Turning now to the drawings, Figure 1A is a schematic illustration of an MTJ

25 MRAM according to the invention with magnetic cells 12 located vertically between




of the present invention. DETAILED DESCRI PTI ON Turni ng now to thg 2dciaw RS,
Figure 1A is a schematic illustration of an MIJ 25 MRAM according to the-

i nvention with magnetic cells 12 |ocated vertically between 0 2 JUN 2006 -5
bit and word lines. The array includes a set of electrically conductive
traces that function as parallel word lines 1 and 2 in a plane, and a set
of electrically conductive traces thab-function as parallel bit lines 3
and 4 in a plane parallel to that of the word I|ines 1,2. The bit lines 3,

4 are oriented in a different direction, tprefera_bl?( at r‘ié%_ht 5 angles to
t he wor dbitiangsward bness o Thaarrahiactugesseset of electisally ppadudie Gess Vobwed

o Al P ARARRIRIILE o0 4 B bREE G B0 et i PhladeBE' 5L

bit |inegades thdt fuidiBn dsPHERA Git PRsPAHPY IS APIR1E PRLIGIE0 thatsfihé wodef i ne
an individual menory cell 12. Two word lines and two bit [ines are
i || ust r atiees i1,2. FToabd linas JHut archerientaddn acdifferant directiam rafargblyatiright be

h | . _Th |, 12 ] ' I cal k d
el udes SB0a g i BORANGS: 1 ama iRt i ettt indy Wiaeerxasb geheatBin o ¢ ne
array, CHPB%‘F Al dise SEEREMY bR #RldntibA-shbiaé iRUetANn FMghfe 1B! uabviese
menory cell 12 permts the nenory cell 12 to occupy a Very small surface

ar ea becmukeatmhatench torosdimg woird dfi theswordhiinddld, drahd bit iles 3,i hdn dhe
occupy the sane area. A layer of 15 insul at

_ . r, not shown for si icity is

| ocat ed Kéeimestion Froignspachd between Yngs \Fﬁ)ﬂéﬁ'ﬂ‘? Radndiyidusy “?EHBOW%J ?:gr
regi ons t | | r apd : r ; ry
ol 12 TRl e SRR GEARE ARAGSRERT, FODR TA R MERMNRS B IRER Y o
The WEWD%uﬁpricb?lP(itﬁ: mREReargen Bl mamegrdeiict2 ¢l driarfyetoinda veitical stacki gur e
1A). The nmenory cell 12 is formed of a series of layers of material 20
stacked 8ne ingludes aomagnetiaturnel junadiogndB))i Duning Hecfaad eperalied @t taat
corpri Se%rray, current flows through the cell 12. The current path through the memory cell

12 permits the memory cell 12 to occupy a very small surface area because contact

to the word lines, the MTJ and the bit line all occupy the same area. A layer of
15 insulator, not shown for simplicity is located between the bit lines 3, 4 and word lines

12 of the MRAM in regions other than the intersecting regions.

The structure of the memory cell 12 will now be described in more detail with
reference to Figure 1B. The memory cell 12 is formed on and in contact with a word
line 1 (Figure 1A). The memory cell 12 is formed of a series of layers of material

20 stacked one on top of the other. The MTJ 9 in the preferred embodiment comprises
the following layers: a template layer 5, formed from a material such as Ta, an initial
ferromagnetic layer 6, such as a permalloy (NiFe), an antiferromagnetic layer 7 (AF),
such as IrMn, a fixed ferromagnetic layer 8 (FMF), such as CoFe, a thin tunnelling
barrier layer 9 such as ALQ,, a soft ferromagnetic layer 10 (FMS), such as a

25 sandwich of thin CoFe with permalloy, and a contact layer 11, such as Pt. The FMS
layer is fabricated to have a preferred axis for its direction of magnetization known
as its easy axis. The other possible direction of magnetization of the cell is its
unidirectional anisotropy direction, and this direction is parallel to the easy axis of the
FMS layer. The desired easy axis for the FMS layer is set by a combination of one

30 or more of intrinsic anisotropy, strain-induced anisotropy and shape anisotropy of the




the followi ng layers: a tenplate layer 5 fornmed froma material} Bughy s
Ta, an initial ferromagnetic |layer 6, such as a pernmalloy (N Fe), an
antiferromagnetic layer 7 (AF), such as Irivh, a fixed ferromagnetic |ayer
8 (FMF), such as CoFe, a thin tunnelling barrier layer 9 such as Al 20' a
soft ferromagnetic |layer 10 (FM5), such as a 25 sandwi ch of thin CoFe with
pernal | oy, and a contact |ayer 11, suth-as Pt. The FMS layer is fabricated
to have a preferred axis for its direction of magnetization known as its

easy axi s, The ot her possible direction of magnetization of the cell is it
uniﬁirecMToHa|aHﬂﬁ%nfasﬁférdiheémﬁné%%gﬂwg i ﬁé@me{%a?%\?ﬁ PPRo the
easy axi f E [l [ X ' : I . t
by % contl AsestdfoledfRrdt{§ and BTN Mire 1R Yt frarby (risure 1B, Wi ° o0

ani sot r opys@fik Fagpetie MaraéntufFS préfers b 3lighBlorgQhe direbfion biLa known
manner. The MIJ and FM5 is nmade, in this exanple in the shape of a

rectangle of length L and width W where L is Iar?er than W(Figure 1 B).
In this caseThaangigational apsetepwdiresionekine RMEdayern & is sgtdngdravdng

(s %Sat ohecl g Mt AN IR SR GRABY 06! GfiEhdR ifer bRRA MR &V PL 2
6, whi chidmiplatsRlEr ST TH8 tampldle 1dyeiBl indecdsay a1 1 zrystifodrapiit aeuteinahe 5

induces a 111 crystallographic texture in the initial ferromagnetic |ayer
6. Theseirnitigléersomagneliplayer @d Thesalayagmane depasiied inipmeagnstic figld direetedt o t he

desired eas I s,of FM5 10, creatin desired. intrinsic. unidirectional
o sot roBgrer ey 1 dsrefpeasy A tar iR 0. rethl g st itinsss
deposite ] Y&dtion d If faltei kRé o petésn beel d
par al | el ngg&teE{eEnéslal_ %E((?pg %ﬁtlgﬁh(ggi@ﬁ;&lt ﬁletggﬁdgigll:e%’ét eto Iagﬁ(tgerrper ature
hiigher t deposites dr thoekiengplatedaparainua suffitientiy Iahge meagnetial field paratiekto the
alternative, the initial ferromagnetic |ayer i ?'&ghrefr i red. 1.5 al so

pose! bl eSE6 4R oVl hRalis Tot SURSTEGH=R JETREEREh Raharbapyie Blagkift o
devel op, tgﬂﬁé%@rmﬁéﬂﬁqﬁat@ﬂéﬁﬁaﬂp%é GEMHaT0L T ARYniBI ftrdthagitic layer is

not required. it is also possible to take advantage of the magnetostriction of the FMF
layer to develop, during processing, a magnetic anisotropy which aligns

15 magnetization along the applied magnetic field direction during deposition.

Figure 2 is a view of a schematic of a conventional four-point probe MTJ

MRAM read operation structure without switch transistor and diode. 15, 16 are the

bit lines. 17, 18 are the word lines. A cell can be selected through the bit line select

IC, 1, 2 and the word line select IC 3, 4. A conventional read operation for cell 12 is

20 as follows: bit line 16 is selected and the word line 18 is selected. Then a current 13
is applied between the bit line 16 and the word fine 18. Finally, the voltage will be
detected by a voltmeter 28. In this detect method, the current 13 not only flows into

cell 12 indicated by current 14, but also flow into cells 11, 9, 10, indicated by currents

25, 26, 27 respectively. This effect is known as the shunting effect. The shunting

25 effect cause a reduction of the signal to noise ration (SNR). As the memory array

size increases, the SNR decreases more severely.

Figure 3 is a view of a schematic of a present invention switch- free MTJ
MRAM read operation structure. Again, 15, 16 are the bit lines, and 17, 18 are the

word lines. A cell can be selected through the bit line select IC 1, 2 and the word line




15 magneti zation along the applied magnetic field direction durrigii 2006
deposition. Figure 2 is a view of a schematic of a conventional four-point
probe MIJ MRAM read operation structure wi thout switch transistor and
diode. 15, 16 are the bit lines. 17, 18 are the word lines. A cell can be
sel ected through the bit line select 1C 1, 2 and the word line select IC
3, 4. A conventional read operation fof-cell 12 is 20 as follows: bit |ine
16 is selected and the word line 18 is selected. Then a current 13 is
applied between_the hit line 16 and the word |line 18. Finally, the voltage
Wil be Seepel %cf*-bagqitwmit' ole opwanty-bit finp Selgetos oihish QRBcBeldds N OiheEnt 13
not only FgiTely I L ngdl ent |50 Lnto
Col 1 5 11 unBAERGHEIREE, 0,28 526} SBkBHoRY SHBERT whibh, SHvel AP Vollihe

ef fect i follon@nraribiticha applins votagé tete uidulectbd it lings25 ef fect cause a
reduction of the signal to noise ration (SNR). As the nenory array size

I ncreases, the SNR decreases nore severely., Figure 3 is. a view of

schematic of Ahgdetailsd opgvation with eqll 12 15 ag follewsabit lingRkeisy selected éhrag% n

B 7 L D P P PR 4 A e Pt el Bopdlidy o
i ne 02 {INe2AMuL 22 GReheSbithde Rolloker 20dTTheARAbUrtdALA3 i Bpplecibéivelhith | ne

sel ector, which can sel ect t% other unselected bit lines. 1C 20 is an
oper at i ohiilinafplard tbe wartilipe 18 rkipslla she vollageaigaleteaed bydhe valianetar 28an

coli Y15 1188 BBt pualfiod TR6 oifput Yatade 22 PER: 2 MR o tiSinBERYSaAGRRSY | 1
18 is Se|%¥@¥dlﬂé§3@‘£ﬁlﬂ1eﬁbitﬁhe]§lgﬁ?bﬂﬁaféﬂét@'tﬁ}%ttecﬁ(ih@bft lihb®. | Pher@i8mied to

t he output 22 of the voltage ower 2 na current 13 1s applied
bdiween nbeurdent fidw irdo 16e aalls 19,2 hand the werdlbne ¥ n&umegnt tiBeonhpflowy ntd s

e e Bl 1 A 5 Sontan. TetioSaorted Bl e o bl 7, 2
15 i's eayn! prbdutd BREuRENE 1§ dRltthk' ASistdhce 8EEAI 5. 3t i&¥tore the shunting
effect has been suppressed effectively and the SNR can be retained at its original
level. As the cell 10 is also selected by the IC 21, there is cutrent flow 27 into the cell
15 10, which causes a increment in read power dissipation. However, as the sense
current is very small and the block size is not very large, the read power dissipation

increment can be controlied to a reasonable level.

Figure 4 shows a detailed schematic of a switch-free MTJ MRAM read

operations for a block with 128x128 cells. One can see that only one voltage

20 follower 20 is required for one block. Furthermore, the voltage follower 20 can be
used for the other blocks in a MRAM chip also.

Figure 5A is a view of the voltage and current levels on the bit and word lines

during MTJ MRAM read and write operation for a conventional four-point probe

- method. Figure 5B is a view of the voltage and current levels on the bit and word

25 lines during MTJ MRAM read and write operation for the present invention. During
the read operation, V; of bit line 15 is not equal to V,, of word line 17 and V; of bit line

16 for the conventional four-point probe method, so there is current flow into cells 21,

19 and 20. On the other hand, V; of a bit line 15 is equal to V; of bit line 16 in the

n




10 no current flowinto the cells 19, 21 and the word line 17. Cir¥ ety 2805
only flows into cell 12 indicated by current 30. The vol tage detected by
the voltneter 14 is equal to the products of current 13 and the resistance
of cell 12. Therefore the shunting effect has been suppressed effectively
and the SNR can be retained at its original level. As the cell 10 is also
selected by the 1C 21, there is current~flow 27 into the cell 15 10, which
causes a increnent in read power dissipation. However, as the sense

current is ver mal | d the block sjze is not very | e, the read, power
i 551 pat PEent Inalitno Bire Bare eirsacaing cal 48hii g1 Bb syintinortiet b4
shows a I i i ! = : operations for a
Bl ock wi [E- DB PYRPRERRY eMgbivayMMAC BrodeRe aCfive MVDERRA. 00" Fol Iover 20
is required for one block. Furthernore, the voltage follower 20 can be

used for the Biduee 65 aciraphrwhicMithigtrakespmaighetorésigianee™®d a furctiochaitiod t he

voltage and current levels on the bit and word |ines durin&ﬁNﬂJ gﬁ@glread
and wr i t extepaalfialdmeasurg RiofAidhei erventisnal taerpeinisele metheda angdi Qhre 5B

IS vie a e e (3o} |, nes
dur5 i ng I\ﬁﬁ%@ﬂkpﬁﬁ }églaﬁ'angc\%g?? éyg%’e%ﬂtﬁ'ﬁ %%r&'{}négp'rs giéﬁe‘hﬁgﬁr?\@gﬁ Fﬁﬁf.ld"thri ng
the readimeeehti2opith W priopait. |1t 68n bisd Be ReknaRatihel doti¥itedojolitgednithee 17
and V. of bit |line 16 for the conventional four-point probe nmethod, so

t her e i scenvendionat fosiirpointprelee methoed is fowvestbare that amthenpresentinvaatien, iv, of a

bit line 15,i | to VB of.hit Line 16 in the 02 JUN 2006 -8 present

net hod, ¥ ’%@Fzgfaicl’lﬁe%&?‘@mnq?IC(?\HA/‘Iirénto cells 11 and 9. The shunting

effect has been suppressed effectively in the present device and net hod.

~Figure 6 is a graph which illustrates nagnetoresistance as a function of
the external field neasure by (a) the conventional four-point probe

nmet hod, and (b) 5 present invention. Because of the shunting effect, there
is only part of current flow




into cell 12 with the prior art. It can also be seen that the deEQ@RﬁH@ZEﬁ
voltage in the conventional four-point probe nethod is |ower than that in
the present invention, in which the total current flows into cell 12. 02
JUN 2006 -9 CLAIMS 1. Acircuit for controlling a read operation for a
magneti c random access nenory (MRAM conprising an array of magnetic .
tunnel junctions (MIJ) 5 having condue®ing row and colum |ines attached
thereto, .the circuitry conprising: a current supply for providing a read
current; a row selector for selecting a row containing a junction to be
read and applying the read currentd&dimﬁﬁt row with the respective row
line; to an unselected row switch for swtching to at | east sone of the row
lines not connected to the MIJ to be read; a voltage source for applying,
via the uhsel éctoduit dar santrolingaa read agperation éach mbghdlic vamsdde cdaess ow

lines that is of a | ﬂ bst ant.i al | identical to the Oltae'ﬁ)ﬁd on the
sel ected row Wﬁ'@f)wg tmPgeng fbﬁ"iaafrofs@ﬁeeﬁ'%éﬂm%lwt AR (Ml
connected to tg; LD t NIT ; a

detnfgct or for dHéé?Ierg Fggd% g@t/o \}toaécj"gd adc??u org@_ ]tliée% %ﬁgélﬁ%ﬁg@é‘%ﬁ%dth‘é\%g&?ﬁg

sel ect ed col urmemprisin@w | i nes; wherein the voltage source conprises a
vol tage fol |l ower havin 0 attached to the read current source

an i nput .
and havi ng an ou?ﬁb‘fregﬁmﬁggw{ov Hkg?ﬁ%?ﬁl cYreRtie unsel ected row swi tch.
2. Acircuit accgrgdivgeléstof FeH $Bldcting8rewt dshtditlirg2d Suh@lonese e@aPRhEes an

_ applying the read current to that row with the respective row line;
10 an unselected row switch for switching to at least some of the row lines
not connected to the MTJ to be read;

a voltage source for applying, via the unselected row swifch, a voltage
to each of the unselected row lines that is of a load substantially
identical to the voltage load on the selected row line;

15 a column selector for selecting the column line connected to the array
containing the MTJ to be read; and

a voltage detector for detecting the voltage across the MTJ to be read
via the selected column and row lines;

wherein the voltage source comprises a voltage follower having an input

20 - aftached to the read current source and having an output attached to
the input of the unselected row switch.

2. A circuit according to claim 1, where the voltage follower comprises an
appropriately configured operational amplifier.

- 25

3. A magnetic random access memory (MRAM) comprising an array of
magnetic tunnel junctions, each MTJ connected across a grid of electrically
transmissive column and row lines to define a series of rows and columns
of MTJ's; and

30 .. adcircuit a current supply for providing a read current;
" a row selector for selecting a row containing a junction to be read and.

*-applying the read current to that row with'the respective-row line;




appropriately configured operational anplifier. 25 3. A magneti c{ranggnZi06
access nenory (MRAM conprising an array of rmagnetic tunnel junctions,
each MIJ connected across a grid of electrically transm ssive columm and
row lines to define a series of rows and colums of MJ's; and 30 a
circuit a current supply for providing a read current; a row selector for
selecting a row containing a juncti om1®-be read and applying the read
current to that rowwith the respective rowline; 0 2 JUN 2006 -10 5 10 an
unsel ected row switch for switching to at | east sone of the rowlrnes not

connected to thedHnselectrd yaw gwitgh joy switebing tn ableast sapgigfithe rowiligeghe
unsel ected row sw trfb'?co Pé{&b&g&@ne m‘p@% c,the unsel ected row | i nes that
y 1de

is of a load substantia ntical to the voltage | oad on the selected
row |ine; a col uawoliayesporcd tor amlgng) vig thbajrrselan:rhed rowewitchpactoitdgeo t he
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lines, wherein the ifahicat FRUNIRGEITRY bAIRe SeRldcnlfy i) over having an

input attached to the read current source and having an output attached to
the input of theanelwnecesierctobiorsglecing the goiumRANeacematied) te the bmam 3,

where the voltage f %l ia‘iHﬁ%@ thé rrUi’fJ fo be read and
a voltage detector for detecting the voltage across the MTJ fo be read
via the selected column and row lines,
10 wherein the voltage source comprises a voltage follower having an input
attached to the read current source and having an output attached to
the input of the unselected row_switch.

4. An MRAM according fo claim 3, where the voltage follower comprises an
15 appropriately configured operational amplifier.
5. An MRAM according to claim 3, in which the read lines define the row lines,

with the write lines defining the column lines.

20 6. A method for controlling a read operation for a magnetic random access
memory (MRAM) comprising an array of magnetic tunnel junctions (MTJ)
having conducting row and column lines attached thereto, the method
comprising the steps of: |

selecting for selecting a row containing a junction to be read and
25 apblying a read current to that row via the respective row line;
applying, via an unselected row switch, a voltage to at least some of the .
unselected row lines that is substantially -identical in level to the:
- voltage on the selected row line;
selecting the column line connected to the array containing the MTJ to
30 - . be read; and
detecting the voltage across the .MTJ to be read via the selected column
and row lines. wherein the voltage is generated by a voltage follower .-




is appropriately configured operational anplifier. 5. An MRAM agcbrilinngiito
claim3, in which the read lines define the rowlines, wth the wite

| ines defining the colum lines. 20 6. A nmethod for controlling a read
operation for a nmagnetic random access 25 30 nenory (MRAM conprising an
array of magnetic tunnel junctions (MIJ) having conducting row and col um
lines attached thereto, the nmethod cofprising the steps of: selecting for
selecting a row containing a junction to be read and appl yi ng a read
current to that row via the respective row |line; applying,

unsel ected row swi tYINGAYINpUgataches: to thesreadopmr twc%ﬁ‘é’gl@é‘ﬂ%af‘ow
LTS Lnat 12| Subsidiputiathedighe fHodtof Y EhedigcbliSowilifchoe on Lhe

sel ected row line; ecting the co i ne connected to the array
containing the MIJ to be read and detecting the voltage across the MIJ to
be read via the selected colum and row |lines. wherein the voltage is
generated by a voltage follower 0 2 JUN 2006 -11 having an input attached
to the read current source and having an output attached to the input of

t he unsel ected row sw tch.




