MAGNETI C RAM CELL DEVI CE AND ARRAY ARCH TECTURE BACKGROUND OF THE |

| NVENTION (1) Field of the Invention The invention relates to a magnetic
RAM devi ce and, nore particularly, to a magneti c RAM devi ce based on a
magneti c tunnel junction cell (2) Description of the Prior Art Magnetic
menory devi ces, based on magnetic tunnel junction (MIJ) cells, are an

i nportant new type of nenory technology. Magnetic RAM arrays can be forned

on an integrat edygivkedbt RARP CHNIOWEYE CRORNNOARKLY idRcuIeghuspeed, | ow
witing energy, Infinite wite cycles, and inmunity to radiation. These

advant ages nmake magnetic RAM a technology with great prom se. Referring
now to Fig. 1, nodels of magnetic tunnel junction cells 10 and 30 are

i|lustrated. A magnetic tgnnetrdusisioroRugethvedfraind 30 conprises a pinned
| ayer 14, a free layer 18, and a dielectric layer 22. Typically, the tree

| ayer 18 and the pinned |ayer 14 conprise ferromagnetic materials that can
be 1 magnetically oriented. The free | ayer 18 is configured such that the

magnet i ri i NRee or rotated, by exposure to an
externaﬁ 2&9%%%?% ?ﬁtﬁ% ﬁe plnned | ayer 14 is configured

The invention relates to a magnetic RAM device and, more
particularly, to a magnetic RAM device based on a magnetic

tunnel junction cell.
(2) Description of the Prior Art

Magnetic ﬁemory devices, based on magnetic tunnel junction
{(MTJ) cells,‘arg an important néw type of memory technology.
Magnetic RAM arrays can be formed on an integrated circuit to
provide non-volatility, high speed, low writing energy, infinite
write cycles, and immunity to radiation. These advantages make

magnetic RAM a technology with great promise.

Referring now to Fig. i, models of magnetic tunnel junction
cells 10 and 30 are illustrated. A magnetic tunnel junction cell
106 and 30 comprises a pinned layer 14, a free layer 18, and a
dielectric layer 22. Typically, the free layer 18 and the pinned

1aye£ 14 comprise ferromagnetic materials that can be

t



such that the nmagnetic orientation is fixed and will not respond to a
typical nmagnetic field.. The dielectric layer 22 typically conprises a
relatively thin oxide | ayer capable of electrically isolating the free

| ayer 18 fromthe pinned |layer 14. The dielectric layer 22 may be called a
tunnel |ayer. Because the dielectric. layer 22 is very thin, perhaps only
about 10 A, electron tunneling occurs at a | ow potential across the

diel ect piagnkay&s1 22 oriRntba. f ks tr:ME) 166kl 10, it heorfinneddl ayen ddatand the
free layér 18 are magnetically oriented in opposite directions. In the

second Mid gebhed®: dMenRhines taydde Hhaagdd herfremdayeby &Bpasere
magnetically oriented in the sane direction. If the sane current val ue

| CONSTANT, 32 kst {Ledaleesghs eacd. celd planaadidfer 14 iisschbadngutdmt the
‘first cell 10 voltage VI is larger than the second cell 30 voltage V2. In

gener al g t-herhesi staneRnetidnor 0ppasi ifr alsi enked Mid wiall ndbd iresgoedt er
than the resistance of ~ a sane-oriented MIJ cell 30. Binary logic data ( 0O

and 11' ) cantyBecst ARfheithcasrMidcelthand enettireyethpased eyptibaicel |
orientation and resulting resistance. Further, since the stored 2 data does
not requd@rasskof age ANSkLAY SRR CExidd8 (Rl chpabpd ¥Plalddieically
| isolating the free layer 18 from the pinned layer 14. The |
dielectric layer 22 may be called a tunnel léyer. Because the
dielectric,iayer 22 is very thin, perhaps only about 10 A,.
electron tunneling occurs at a low potential across the
dielectric layer 22.

In the first MTJ cell 10, the pinned layer 14 and the free
layer 18 are ﬁagnetically oriented in opposite directions. In
the second MTJ cell 30, the pinned layer 14 and the free laygr
18 are nmagnetically oriented in the same direction. If the same
current value Icosstanr 32 is forced through each cell 10 and 30,
it is found that the first cell 10 voltage V; is larger than the
second cell 30 voltage V2. In géneral, the resistance of an
opposite-oriented MTJ cell 10 is greater than the resistance éf

a same-oriented MTJ cell 30. Binary logic data (‘0 and '17) can
be stored in a MTJ cell and retrieved based on the cell

orientation and resulting resistance. Further, since the stored



Referring now to Fig. 2, the program schene of a prior art, MIJ cell 10 is
illustrated. The MIJ cell 10 is electrically coupled to a bit line (BL) 40
overlying the free layer 18. A programline (PL) 48 runs under the MIJ
cell 10. However, the PL 48 is electrically isolated fromthe MIJ cell 10
by a dielectric material such that a | arge gap 58 exists. To programthe
cell, PL 48 conducts a witing current I\WRITE to generate nmagnetic field

HDATA 521+ Ehaog rest iRn@freHRAT A Q%ﬂ@i@g @Butbe, dineadlan isf noh¥RI TE In
addition, an assist current |1ASSI ST is conducted by the BL 40. |ASSI ST

generat%%lgtgygpetic field HASSI ST 56 that is orthogonal to the

| ongitudinal axis of the cell 10. The HASSI ST 56 field assists the HDATA
52 field in switching the magnetic orientation of the free |ayer 18 but
will not programthe cell wthout the HDATA 52 field generated by the

program || neRégerriTlgberrﬁJm% rie selind QrRigrhhesknbgs Sectd griok aptactive
program line 48 and an active bit line 40 is progranmed. There are two

si gni i Gant a7 bl By letlhlstt%%eeesmél Mt I&h1 1bhes negneticaaaypl i ng
between the PL 48 and the cell 10 is not optinmal due to the gap 58.

Ther ef org,, ﬁegawea W44 ':ﬂlglect{hwnao SVRIEE iusheberss etk g@nenat ed

adequat e flel strength. This | arge wri'ting current can approach the

e'eCtrf”BﬂH@%%hOﬂlhéfﬂﬁLfﬁ4a runs under the MTJ cell 10. However, the PL
48 is electrically isolated from the MTJ cell 10 by a’'dielectric
material such that a large gap 58 exists. To program the cell,
PL 48.coqducts a writing current Iypre tO generate mégnetic field
Hparn 52. The direction of Hpara 52 depends on the direction of
Iyrree. In addition, an assist current Iassist is conducted by the
BL 40. Iasarsy generates a magpetic field Hpestgr 56 that is
orthogonal to the longitudinal axis of the cell 10. The Hassisr 26
field assists the Hpamp 52 field in switching the magnetic
orientation of the free layer 18 but will not program the cell
without the Hpapn 52 field geﬁérated by the program line 48.

Therefore, the cell 10 at the intersection of an active program

line 48 and an active bit line 40 is programmed.

There are two significant problems with this design. First,
the magnetic coupling between the PL 48 and the cell 10 is not
optimal due to the gap 58. Therefore, a large writing current

iwmmgmust be used to generated adequate field strength. This
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t he conductor and prevents dowward scaling of the RAM cell 10. Second,
there can be many other non-selected cells that are exposed to magnetic
fields generated by the active programline 48 and bit line 52. Referring
nowto Fig. 3, an exenplary MRAM array 60 1is illustrated. A 2x2 array of
cells is shown. Each cell conprises a MIJ cell and a transistor as shown
by RO 66 and MO 64, RL 70 and ML 68, R2 74 and M2 72, R3 78 and M3 76. Each

_transi Sigf gd S GQURly e@ukeeﬁtvwrd dpp8ash0oRe W2 ol Yk o86Lintt el | i s
witten by assertlng the word line of that cell, forcing a reading current

t hr ough, t he, idudidie affi phates] laowaRdriNesa1 A ithg kAR ¥ellage. on t hat
bit |ine. For exanple, to read the state of MIJ cell RL 70, the word |ine

W 82 i 5.8558" U8 0 chHM Be M MotB8r FBE-EEEEcty @10k Rha¥0ais thereby

coupled £o groun 80 t hrough .68. Next, the reading current is forced on
bi t Bgp00dd 4. maéh@eecoewla@ag@ma%ang%sw Mti68 bgobusmetidd, the
readlng current flows through the Rl cell to ground 80. The voltage of

Bn+l is,kh rs det t he stat 0' "1
15hg qﬁ9§q_%g k9 determne the state (' or "1') of the cell Rl
70. Each ceﬁ? as one readlng transistor. Therefore, this type of MRAM
architecture is called 1ITIR . 4

Referring now to Fig. 3, an exemplary MRAM arfay Gd
is illustrated. A 2x2 array of cells is shown. Each cell
comprises a MTJ cell and a transistor as shown by RO 66 and MO
64, Rl 70 and M1 68, R2 74 and M2 72, R3 78 and M3 76. Each
transistor .is coupled to a word line signal Wn 82 or Wn+l 86. A
cell is written by asserting the word line of that cell, forcing
a reading current tﬁrough the bit line of that cell, and then
measuring.the voltage on that bit line. For example, to read the
state of MTJ cell R1 70, the word line Wn 82 is asserted to turn
CN M1 68. The free léyer of R1 70 is thereby coupled tec ground
80 through M1 68. Next, the reading current is forced on bit
line Bn+1l 94. Since only reading transistor M1 &8 is turned ON,
the reading current flows through the R1 cell 70 to ground BO.
The voltage of Bn+t+l is then measured to determine the state (0’
or ‘1’) of the cell R1 70. Each cell has one reading
transistor. Therefore, this type of MRAM architecture is called

YITIR".



The cells are witten using the nethod described above and illustrated in
Fig. 2. Referring again to Fig. 3 and for exanple, the MIJ cell R2 74 is
witten by forcing the witing current through the programmng |ine PLn+l
86 and the assist current though the bit Iine Bn 90. PLn+l 86 and Bn 90
intersect at cell R2 74 such that R2 is programed. However, note that
PLn+l 98 al so runs under the non-selected cell R3 78. Therefore, cell R3

is "half-sel 115 THEe RONatd L ok ahde genesaiRd dakcr Phad! afiirec amadi st ur b,
or flip, théﬁ%%ggglgf 3 78. 1n 5ﬁ&iFion, Bn 90 algg couples to the

non- Zegﬁi%g%%&éﬂ]ggeﬁﬁgf © @sS$tingf hghon CéSatigd ByaBA B can disturb the

al f-sel ect” "di Sturbances can cause | oss of data or

change Lt Ghingrkh Sra 3 RGLSLEER G P M Qb Ghe dwrfrisgrEond prior
art MRA 3??# qJaij!rec Fgeéfgﬁlgézioo isS il ustrat%d. Thing ar{raayr 1ogﬁ'ﬁses t wo

Lrans! SLQLsc {0 ieagn ML, OelboAhich, ahbosh.8 PHRAN Be doeidybrove the

programm ng efficiency, the ogranmm ng current runs through the MIJ cel

di rect 1y, L DLougih d G BLONSE: | AUET 0F ool NoBHED # GaRuG! byciheyredram nat ed
to the prnnéd | ayer. By running the programmng current in the MIJ instead
of in an,adLacey GONGUGT Phat tHE MBYIRGLGuROMP ddiket, | ABEEVERREUCh that

PIn+l 98 aiso runs under the non-selected cell R3 78. Therefore,

cell R3 is “half-selected.” The magnetic field generated by

PLn+l 98 can disturb, or flip, the state of R3 78. In addition,

Bn 90 also coupies to the non-selected cell RO 66. The assist

field created by Bn 90 can disturb the state of RO 66. These

“half-select” disturbances can cause loss of data or change of

switching thresholds.

Referring now to Fig. 4, a second prior ért MRAM array
architecture 100 is illustrated. This array 100 uses two
transistors for each MTJ cell ana is called a 2T1R array. To
improve the programming efficiency, the programming current runs
through the MTJ cell directly through the pinned layer or
through a conductive layer laminated to the pinned layer. By
running the programming current in the MTJ instead of in an
adjacent conductor, tﬁe magnetic coupling is improved such that

the programming current can be reduced to about 1/5 the level of

the cell illustrated in Fig. 2. Referring again to Fig. 4, the
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the progranmm ng current can be reduced to about 1/5 the level of the cel
illustrated in Fig. 2. Referring again to Fig. 4, the 5 programm ng current
path is changed such that the longitudinal axis of the cell is orthogonal
to the witing current path. In this way, the cells can be programred
solely by the magnetic field generated by the programm ng current w thout
an assist field. For exanple, the programcell Rl 108, word line W is

assert egrbQritlihONukFansi sdH si Mnhfgeangudd thtd. tNeXtongitwdidding current
i s passed through cell Rl 108 either fromP2 134 to P2' 138 or from P2' 138

to P2 134isThe Md Cend SHréLMod¥rdl +8eBRE al etk g e@rebhe péeh d 1o ori ent
the free layer in RL 108. Note that there are no hal f-selected cells since

the progpragmd\g Gl 8Nt s0pdy dd Wegk-BrREghss e s eheehedmeghétidach. MRAM
cell in this array 100 requires two transistors, two programring lines, a
bit 1ing;eaddydnadidd byerndWht&ytdtind nYRAM BEchi i@ttt eahSadsist gni fi cant
| nprovenent over the previous art shown in Figs. 1- 3, the addition of a

transi stoLri140 each cell is a significant disadvantage. Further, since both
transistors nust carry a large programm ng current, the transistors mnust
be relatively large. 1In fact, the witing transistors occupy nost of the
cell area.

For example, the program cell Rl 108, word line Wl is
asserted to turn ON transistors M3 109 and M4 110. Next, a
writing current is passed through cell Rl 108 either from P2 134
to P2’ 138 or from P2’ 138 to P2 134. The writing cufrent will
generated a magnetic field to orient the free layer in R1 108.
Note that there are no half-selected cells since the programming
current only flows through the selected cell. Each.MRAM cell in
this array 100 requires two transistors, two programming lines,
a bit line, and a word line. While this MRAM architecture is a
sighificant improvement over the previoﬁs art shown in Figs. 1=~
3, the addition of a transistor to each cell is a significant
disadvantage. Further, since both transistors must carry a large
p;ogramming current, the transistors must be relatively large.

In fact, the writing transistors occupy most of the cell area.

Several prior art inventions relate to magnetic RAM
devices. U.S. Patent 6,335,820 Bl to Rechr et al teaches a MRAM

architecture where the MTJ array is configured in segmented bit
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Several prior art inventions relate to magnetic RAM devices. U S. Patent
6,335,890 Bl to Reohr et al teaches a MRAM architecture where the MIJ
array is configured in segnented bit 6 slices. Each bit slice segnent is
coupled to a segnented word line. Current flows through the segnmented word
line to the group of cells in the bit slice during programmng to generate
a hard axis Mfield. Bit line current generates the easy axis Mfield

that prepiess. HehMbitcellcst dementionay ebupl ddrie iss segmestedictarde or net hod
to apply an assist current or assist magnetic field to the MIJ cell through
the pinpede) ayefredt &hbws flerenagnele cebayeted hkdEd RPAhento6tHd 8y Bl to
Naji shows a MRAM architecture using two arrays of MIJ devices. U S

Pat ent oApPPdlGAtinorh2082{ 090122 AN irigo pPagtametingltd lgknsraas es fandunnel
junction ferromagnetic element with a series diode. U S. Patent 6,456,524
Bl to Pgkperm-etidld.shaws1landRAMaald deacicages Sof iesy dikodeM-fhild ref erence
does not disclose a segnented architecture or an effective witing nethod
to el i mpatephedfanseltaet rdycedll dHaateur baoeevet] Sheat éstnb, 242, 770 Bl to
Bronner et al teaches a MIJ cell having a diode. U S. Patent 5,838,608 to
~Zhu et ghkrudesed idemeahbliic6ehpp ¥ tdh asdiiedecutrent or assist

magnetic field to the MTJ cell through the pinned layer or anit-
feromagnetic layer. U.S. Patent 6,418,046 Bl to Naji shows a

MRAM architecture using two arrays oflMTJ devices. U.S. Patent
" Application 2002/0001223 Al to Saito et al illustrates a tunnel
junction ferrcomagnetic element with a series diode. U.S5. Patent
6,456,524 Bl to Perner et al shows a MRAM cell having a series

diode. This reference does not disclose a segmented architecture

or an effective writing method to eliminate half-selected cell
disturbance. U.S5. Patent 6,242,770 Bl to Bronner et al teaches a

MTJ cell having a diode. U.S. Patent 5,838,608 to Zhu et al

describes a MTJ cell with a diode.

SUMMARY OF THE INVENTTION

A principal object of the present invention is to provide
an effective and very manufacturable magnetic RAM integrated

circuit device.



SUMMARY COF THE | NVENTI ON A princi pal object of the present inventionis to
provide an effective and very manufacturabl e nagneti c RAM i nt egrat ed
circuit device. 7 A further object of the present invention is to provide a
magneti ¢ RAM devi ce conprising a magnetic-tunnel junction (MIJ) device. A
yet further object of the present invention is to reduce the average size
of a small magnetic RAM cell by sharing witing transistors across several
MIJ cells. A yet further object of the present invention is to provide a
reduced-si ze magnetic RAMcell with excellent cell performance and little

non- sel ect e, Gl ndLSEYs AN AROpBBLCAUI {fiRntabheeh O iy picesent

inventionis top to forma magnetic RAM cell. Anot her

further, Soh&ele ol QgﬁgﬁfZﬁ@yfig\iﬁBt;laotﬂ?éﬁ)ehqrcp—\f:iu@lﬁeﬁnﬁﬁﬁ@tm heds)to read

and write a magneti c evice. In accordance wWth the objects of
this inyeption, a magnetic RAMcell device is achieved. The device
conpriséS a Tplurality M cells each conprising a free |ayer and a pi nned
| ayer separated by a dielectric layer. A common conductive |ayer

A yet further object of the present invention is to reduce
the average size of a small maénetic_RAM cell by sharing writing

transistors across several MTJ cells.

A yet further objéct of the present invention is to provide
a reduced-size magnetic RAM cell with excellent cell performance

and little non-selected cell disturbance.

Another further object of the present invention is to

provide a method to form a magnetic RAM cell.

Another further object of the present invention to provide

unique methods to read and write a magnetic RAM array device.

In accordance with the objects of this invention, a
'magnetic RAM cell device is achieved. The device comprises a
" plurality MTJ cells each comprising a free layer and a pinned
layer separated by a dielectric layer. A common conductive layer

couples together all of the pinned layers of the MTJ cells. A

8



coupl es-together all of the pinned |layers of the MIJ cells. A8 first end
of the comon conductive layer is switchably coupled to a progranm ng
line. A second end of the commobn conductive layer is switchably coupled to
a ground. A plurality of diodes is used. Each diode is coupled between one
of the MIJ cells and one of a plurality of bit lines. Also in accordance
with the objects of this invention, a nagnetic RAMcell device is

achi eveds  Jhe, 4e\WC @ hEOBBNhSEe cohduRkukal i bye M) calikshaplh eougirddsi ng a
free layer and a pinned |ayer separated by a dielectric layer. A common

“conduct Lye, | gySirark@up €8nt 0getdiiondl bnaf ot henidunednl ayaascoivé he MIJ
cells. first” end of the commobn conductive | ayer is*sw tchably coupl ed

A
to a preguapm NgJ):itRBanly SESHEELERS af gkBang oML GeNdYet bYediddyer 1S
swi tcha ?% coupleé'toaaféround. A plurglity of MOS transistors is used.

‘Each Mgt ﬁg@e‘e! SHAh 65080UPs ethhiplaseertaaen She tdie tME) Meel b1 Backane of a
plurality of bit lines. Also in accordance with the objects of this

inventign. gr MMBONRLIGcRAMarf@y gy ce is achieved. The devices conprises
a plurality of programring lines, a plurality of ground lines, a plurality

of bit lines, a plurality of word lines, and a plurality of nmagnetic RAM
sub-arrays. Each nmagnetic RAM sub-

Also in accordance with the objects of this invention, a
magnetic RAM cell device is achieved. The device comprises.a
plurality MTJ cells each comprising a free layer and a pinned
layer separated by a dielectric.layer. A common conductive layer
couples together all of the pinned layers of the MTJ cells. A
first end of the common conductive layer is switchably coupled
to a programming line. A second end of the common conductive
layer is switchably coupled to a ground. A plurality of MOS

transistors is used. Each MOS transistor is coupled between one

of the MTJ cells and one of a plurality of bit lines.

Also in accordance with the objects of this-invention, a
magnetic RAM array device is achieved. The devices comprises
a plurality of programming lines,-a plurality of ground lines, a
plurality of bit lines, a plurality of word lines, and a
plurality of magnetic RAM sub-arrays. Each magnetic RAM sub-
array comprises a plurality MTJ cells each comprising a free

layer and a pinned layer separated by a dielectric layer. A

9



array conprises a plurality MIJ cells each conprising a free |ayer and a
pi nned | ayer separated by a dielectric layer. A 9 conmmon conductive |ayer
coupl es together all of the pinned |ayers of the MIJ cells. A first switch
is coupled between a first end of the comon conductor |ayer and one of
the programmng lines. A second switch is coupled between a second end of
t he common conductive | ayer and one of the ground lines. The first and

second smidihesnanet ceat 1oldreddplenetofetiner wirld ofl thespivhgyd ural ity of
di odes is used. Each diode is coupled between one of the MIJ cells and one

of the bifedd RES thél 8OJi Fe BOLORIFIGR Lt Wsk Dt dhel O jorpll edobetdren ianvention, a
nmet hod of formng a magnetic RAM cell array is achieved. The nethod
CONpr i sesrd0lHdNG raBhel eemhdd oliuMEdr Cebyer eaeh cpenpEi shag a free | ayer
and a pinned | ayer separated by a dielectric layer. The MIJ cells are

formed progrinind! Nixesl BB LANCOIMEIuGH]betveen| aysrcaroupl es
together all of the pinned |ayers of the MIJ cells in each sub-array. A

pl ural i &g off fines bomitbh CEESdu ifver TBgeangngaste ecruphedgioutdel iranmon
conductive |l ayer of one of the sub-arrays. A plurality of second sw tches

are eachnhd ofied and ceUph@dsdO-dHhe 6@BNBAnt ESTIRL W enkayer tiod wanel of the
sub-arrays. A plurality of diodes ,
lines. A plurality of diodes is used. Each diode is coupled

petween one of the MTJ cells and one of the bit lines.

Also in accordance with the objects of this invéntion, a
method of forming a magnetic RAM cell array is achieved. The .
.method comprisesbforming an plurality of MTJ cells each
comprising é free layer and a pinned layer separated by a
dielectric layer. The MTJ cells are formed in a plurality of
sub-arrays. A common conductive layer couples together all of
the pinned layers of the MTJ cells in each,sub—array. A
plurality of first switches is formed and each coupled to the
common conductive layer of one of the sub-arrays. A plurality of
second switches are each formed and coupled to the common
conductive layer of one of the sub-arrays. A plurality of diodes
is formed. Each diode is coﬁpled between one of the MTJ cells

and one of the bit lines.
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is formed. Each diode is coupled between one of the MIJ cells and one of
the bit lines. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS I n t he acconpanyi ng
drawings formng a material part of this description, there is shown: Fig.
1 illustrates reading a magnetic tunnel junction device. Fig. 2 illustrates
witing a magnetic tunnel junction device. Fig. 3 illustrates a MRAM array
of the prior art. Fig. 4 illustrates an inproved MRAM array of the prior
art. Fig. 5a illustr@dRIEFaDESCRIPPI@®Y aFF e PBAWIREHt of a magnetic

tunnel junction device of the present invention. Fig. S5b illustrates 6
second preferred enbodi nent of a magnetic tunnel junction device of the
present invention. Fig. 6a illustrates a first preferred enbodi nent of a

MRAM sub- ar rlay thé sbeonpeasdmy drgentgonidrnifigys. mébeniall gwrt bifustrate a
second preferred enbodi nent of a MRAM sub-array of the present invention
Fi gs. *rand d@siclelipsiomt e psoghawmm ng nmechani sm of the

Fig. 1 illustrates reading a magnetic tunnel junction

device.

Fig. 2 illustrates writing a magnetic tunnel junction

device.

Fig. 3 illustrates a MRAM array of the prior art.

Fig. 4 illustrates an improved MRAM array of the prior art.

Fig. 5a illustrates a first preferred embodiment of a

magnetic tunnel junction device of the present invention.

Fig. Sb illustrates a second preferred embodiment of a

magnetic tunnel junction device of the present invention.

Fig. 6a illustrates a first preferred embodiment of a MRAM

sub-array of the present invention.
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present invention. Fig. 9 illustrates the preferred enbodi nent of a MRAM
array of the present invention. Figs. 10 and 11 illustrate progranm ng and
readi ng met hods of the present invention DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The preferred enbodi nents of the present invention disclose
magneti ¢ RAM devi ces. Methods of form ng, programm ng, and reading
magneti ¢ RAM devi ces are disclosed. It should be clear to those

experi enced Fiyd.hébarhdt fatithstgeesent seovmhipmafecand bebagphérdd cfnd

ext ended wi thout deviating fromthe scope of the present invention.

Ref er r i agMRaNy dub-Rirgaybaf thd iprstseptefisverdi@nbodi nent of the present

invention is illustrated. Several inportant features 12 of the present
i nvention are shown and di scussed below. A group 150 of MIJ cells 151
152, and 153, called a sub-array 150, are illustrated. Each MIJ cell 151,

152, and 153rionprii ses 8 plhwedrateaybe pSdgemuniag meehbajem 450ckepar at ed

by a dielectric layer 158. The pinned | ayer 154 and free | ayer 160

pref er apkysewnminwatiberromagneti c materials that can be nagneti zed- The

dielectric |ayer 158 preferably conprises an oxide layer. In addition, the
Fig. 9 illustrates the preferred embodiment of a MRAM array

of the present invention.

Figs. 10 and 11 illustrate programming and reading methods

of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention disclose
magnetic RBM devices. Methods of forming, programming, and
reading magnetic RAM devices are disclosed. It should be clear
to those experienced in the art that the present invention can
be applied and extended without deviating from the scope of the

present invention.

Referring now to Fig. 5a, a first preferred embodiment of

the present invention is illustrated. Several important features
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dielectric layer 158 is nmade relatively thin so that it will conduct
current by tunneling when a sufficiently large voltage 1is applied across
the dielectric layer 158. Mst inportant to the present invention, the
sub-array 150 of MIJ cells 151, 152, and 153, further conprises a comon
conductive | ayer 165. The common conductive layer 165 is preferably a
conposite layer conprising a first conductive |layer 164, an

ant i - f eff QROPEEEEnt a¥FerkB®n apd shapimned kayensidd.belkhe @onmEOLD
conductive |layer 165 couples together all of the pinned |ayers 154 of the

cell's 1By Sk52rsand1153i51Tha seonapa 153 F sdalqedduckiveatmyeri5D64apeef er abl y
conprises alum num copper, titanium tantalum tungsten, or alloys of

these nei@dlstrathe Ehéstmeorduat 951) aysr, Lodl nedueespt ey esipdhaade of the
pi nned side of the cell, especially for programm ng. In addition, the

conmon LORJUQLELV @nkiay ef rdd 9 AroWs 0 Cltp it dcd byl awdithsougic theeentire
segnent of MIJ cells 151, 152, and 153 and in 13 close proximty to the

cells. {dgi smeuEtiHsédu Stiead shhatre€ Urayait Meoopreadrasturcamprasy of the
| ayers 165 on the pinned side of the cell, including the first conductive

layer 184y :dii@ne@iti mbesf IBONSLILCchAYSE MfifhetdRedt hehpi dieikdtayier 154. The
common conduct’i ve | ayer 165 conprising the pinned | ayer 154,
layer 158 preferably comprises an oxide layer. In addition, the
dielectric layer 158 is made relatively thin so that it will

conduct current by tunneling when a sufficiently large voltage

is applied across the dielectric layer 158.

Most important to the present invention, the sub-array 150
of MTJ cells i51, 152, and 153, further comprises a commop
conductive layer 165.‘The coﬁmon conductive layer 165 is
preferably a composite layer comprising a first conductive layex
164, an anti-ferromagnetic layer 168, and a pinned layer 154.
The common conductive layer 165 couples together all of the
pinned layers 154 of the cells 151, 152, and 153. The ecommon
first conductive layer 164 preferably comprises aluminum,
copper, titanium, tantalum, tungsten, or alloys of these metals.
The first conductor layer 164 reduces the resistance of the ,
pinned side of the cell, especially for programming. In

addition, the common conductive layer 165 allows current to flow

through the entire segment of MIJ cells 151, 152, and 153 and in
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anti-ferromagnetic |ayer 168, and first conductor |ayer 164 is also
referred to sinply as the pinned | ayer 154 in the remai nder of the
description. A second conductor |ayer 170 may be added to the free side of
the cell to reduce the resistivity during reading. Again, current flow can
occur in either the free layer 160 or the second conductor |ayer 170.
These two | ayers are sinply referred to as the free |layer in the renmai nder
of the dbsoy igioixanitFhieo MMAMcgldgp, ITorisubraheay uhB0rstsodhdwat conpri si ng
three MIJ cells 151, 152, and 153. Each sub-array 150 conprises at | east
two Mllceetdrs, fapd oeneoqref dmabhy, obethecmahoufl68 MIJtheghlrsmesnd about
128 MIJ cells. As a key feature, the common conductive |ayer 164 couples
t oget hegidd loft hepcabed imylerdntS4hesiichst handmctareehayeuniihg thier ough t he
common conductive |ayer 164 can generate nmagnetic fields intersecting each
of the Myi-feldomathdtidSlyeand 6853andntiaeldiiirirenl, lblger| ayér Bieack of the
MIJ cells 151, 152, and 153 and the common conductive |ayer 164 14 coul d be
i nver t egomusth ddnaiact bee coigan 1eendoept veinayere toaned bayéheliLp and the
free layer 160 is on the bottom Referring nowto Fig. 5b, a second
pr ef er r g prteadiomaghefct heyddTl 68el bngr dipst scdridudsbrat egder | 164 hiss case,
only the free

also referred to simply as the pinned layer 154 in the remainder

of the description.

A second conductor layer 170 may be added to the free side
of the cell to reduce the resistivity éuring reading. Again,
current flow can occur in either the free layer 160 or the
second conductor layer 170. These two layers are simply referred

to as the free layer in the remainder of the description.

The MRAM group, or sub-array 150, is shown comprising three
MTJ cells 151, 152, and 153. Each subﬂérray 150 comprises at
least two MTJ cells, and more preferably, between about 8 MTJ
cells and about 128 MTJ cells. As a key feature, the common
conductive layer 164 couples together all the pimned layers 154
such that a current running through the common conductive layer
164 can generate magnetic fields intersecting each of the MTJ
cells 151, 152, and 153. In addition, the layer stack of the

MTJ cells 151, 152, and 153 and the common conductive layer 164
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| ayer 160 and second conductor |ayer 170 are unique to each cell 181, 182,
and 163. The remaining layers, including the dielectric |ayer 158, and the
comon conductive |ayer 165, conprising the pinned |ayer 154, the
anti-ferromagnetic layer' 168, and the first conductive |ayer 164, are
conformally formed and not patterned to the individual MIJ cells 181, 182,
and 183. In practice, however, it is difficult to stop the free |ayer 158
et ch orcuha benhetexpddeueh thet diled eninmion kapdncibse drayer tléd ipi nned

| ayer 154. Therefore, the first enbodi mrent of the method wherein only the
comMmDn GOoRHECtby eattdiyie FaéeexbpatdslGrriecsont hbe bobta@mray, as shown in Fig.
5a, is easier to manufacture. Referring nowto Fig. 6a, a first preferred
enbodi ment of a MRAM array 200 of the present invention is illustrated in
a schematic form The array 200 uses the uni que MRAM sub-array

conpri si ng, Reflething examle Fighr 8, Ml Jseeginlcs pké f202ed RaRAB meammdofR3 210.
Each MIJ cell conprises a pinned |ayer, a free layer, wth a dielectric

| ayer ties elvet WeeD @Soud SeUssedsaboved. Tihe thienmrere comauettihee flrager causes
t he pinned | ayers of each cell to 15 be coupled together. In addition, as

an i npardyart 16eahnd secdliddendbbrdfila i A0B, agadulBq?d 2@reaaoepléd to the
free layer of each of the MIJ cells 202, 206, and 210. Mre preferably,
t he 181, 182, and 183. The remaining layers, including the

dielectric layer 158, and the common conductive layer 165,

comprising the pinned layer 154, the'anti-ferromagnetic layer

168, and the first conductive layer 164, are conforméliy formed

and not patterned to the individual MTJ cells 181, 182, and 183.

In practice, however, it is difficult to stop the free layetr 158

etch on the tunnel oxide of the dielectric layer 158 or on the

pinned layer 154. Therefore, the first embodiment of the method

wherein only the common conductive layer 164 extends across the

sub-array, as shown in Fig. 5a, is easier to manufacture.

Referring now to Fig. 6a, a first preferred embodiment of a
MRAM array 200 of the present invention is illustrated in a
schematic form. The array 200 uses the unigque MRAM sub-array
comprising, in this example, three MTJ cells R1 252, R2 206, and
R3 210. EBach MTJ cell comprises a pinned layer, a free layer,
with a dielectric layer therebetween as discussed above. The

common conductive layer causes the pinned layers of each cell to
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cat hode of each diode is coupled to the free |ayer of the MIJ cell. The
di odes D1-D3 nmay conprise any of several known types. For exanple, the
di odes may conprise a sinple p-n junctions. Alternatively, bipolar
transi stors, such as p-n-p transistors or n-p-n transistors nmay be used
where the base and emitter junctions or the base and collector junctions
are shorted together. As a further alternative, netal-based diodes, or

Shot t ky, diQdes Ay ohertsed 1rFLAak L Yon ME tHalabekess: fidihate,p- channel or
n- chan¥M$ ngyebe %ged mherg t he. dr%?n and gatg are shorted together to

create &A@% devhee, thRtdiehavwespacsps ding cdu gladdt@d&@%@é QRyefs anot her
i npor t ant ature, a nmeans to swi tchably couple SW 214 a flrst end of the

conmmon e t r i a wi-hehab
%%%%%Sw th@Y®fg LR35 s pogd 2581 Nghd 119 .aRdra PRANS A S y

coupl e a second en e comon conductive ayer to a ground

line G 2l§, g 8! ngllr'd&godeﬂl% %aaﬁeaotévuﬁecrﬁ%ylgwplgf% ik and SW2
215 conprise switc More preferably, the switches SW 214 and SW 215

conpri % NOS transistors of either n-channel or p-channel 16 type.
Alternafively, the switches SW 214 and SW2 215 may conprise bipol ar
transistors, mcro-mechanical swtches, or

The diodes D1-D3 may comprise any of several known types.
For example, the diodes may comprise a simple p-n junctions.
Alternatively, bipolar transistors, such as p-n-p transistors or
n-p~n transistors may be used where the base and emitter
jqnctions or the base and collector jﬁnctions are shorted
toéether. As a further alternative, metal-based diodes, or
Shottky diodes may be used. Finally, MOS transistors, either p-
channel or n—channel, may be used where the drain and gate are
shorted together to create a MOS device that behaves according

to a diode eguation.

As another important feature, a means to switchably couple
SWl 214 a first end of tﬂe common conductive layer to a
programming line and a means to switchably couple'SWZ 215 a
second end of the common conductive layer to a ground line G 218
are included. The meéns to switchably couple SWl 214 and SW2 215
comprise switches. More preferably, the switéhes SW1 214 and SWZ2

215 comprise MOS transistors of either n-channel or p-channel
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thermal swi tches. The sub-array 200 further conprises first, a plurality
of bit lines B1-B3, a programming line PL 216, and a ground line G 218.
This sub-array 200 arrangenent has several unique features. First, the
MRAM sub-array 200 has three MIJ cells R1-R3, three diodes D1-D3, and two
access transistors SW-SW. Therefore, on a per-cell basis, each cel
requires 2/ 3 access transistors. In this exanple, the 3 MIJ cells Rl 202,

2 206, 200 R 2dhadiely2 ofaPhds COAD R bas TS i) 1a20RLLur L her

conpris Si X" externa I nes. ree of the [ines are the data lines, or

?L; liQﬁ%@%&seZEP of%%%%%ns@gtgggg Mﬁ&i¥%ﬁﬂgkbgaﬁw 'QQ%E%,RBERB- Two of

| inés conprise e programm ng 1 ne 16 and the ground line G 218.

Fi nal | d 1] | t he . b d d
B N e R e R A T O

374. Ther ef.qr, \er ch- bi ' 2411 le3 9fgagswitch, 1

di ode, pg'r?&a?lﬁ/h{]ggetﬁjlé l@glr%g Ege%%‘ri%:aﬁﬁoﬁ, #o?ﬁﬁg é%atl)é]g%azé éorrp—ri%es n-bits,

each bit _re uhnes szig? cell, 1 diode, 2/n switches, and (1 + 1/n) wres.
a sub-

It is $ound for- array of size n > 2, that the present invention has

a smaller per unit cell size than the prior art ITIR design in a simlar
t echnol ogy di nension 17 :

This sub-array 200 arrangement has several unique features.
First, the MRAM sub-array 200 has three MTJ cells R1-R3, three
diodes D1~D3, and two access transistors SWi—SWZ. Therefore, on
a per-cell basis, each cell requires 2/3 access tranéistors. In.
this example, the 3 MTJ cells RL 202, R2 206, and R3 210, form a
3-bit chain cell. This unit 200 further comprises six externél
lines. Three of the lines are the data lines, or bit lines Bl
220, B2 224, B3 226, overlying the MTJ cells R1-R3. Two of the
lines comprise the programming line PL 216 and the ground line G
218. Finally, a word line, not shown, is used to control the
first and second switches SW1 214 and SW2 215 as is shown in

" Fig, 9 by, for example, WLl 374. Therefore, on average, each bit
requires 2 lines, 2/3 of a switch, 1.diode, and 1 MTJ cell. More
generically, for a sub-array comprises n-bits, each bit requires
1 MTJ cell, 1 diede, 2/n sﬁitches, and (1 + 1/n) wires. It is
found for a sub-array of size n > 2, that the present invention
has a smaller per unit cell size than the prior art 1T1R design

in a similar technology dimension.
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Referring now to Figs. 6b and 6¢c, a second preferred enbodinment of a MRAM
array 230 of the present inventionis illustrated in a schematic form
Referring in particular to Fig. 6b, the bit |ine diodes of the first

enbodi ment are replaced wth MOS transistors 232; 234, and 236. Each MOS
transi stor 232, 234, and 236 is coupled between the-bit line 31 220, B2
224, and B3 226, and the free |layer of the MIJ cell 202, 206, and 208,
respectively. The MOS transistors function in simlar fashion to the

-di odes of the first enbodinment. The transistors 232, 234, and 236 conduct
pr ogr ami ng Rafféreeagi mew dur FeRt .t Bb ough ddye aMBéconél praferradhat cell is

sel ected by asserting the switches SWL. 214 and SW2 215 and by asserting

t hat celdbsiibieht! bfea BARMB.arthe gao est afhd hereseansistantsidi3ds 234, and ' 236
are coupled to the common conductive |layer of the MIJ cells R -R3.

Ref er ri figlusdwatedFig. a Gachead ial format Reveframmn af pheticecandoembodi nent
MRAM array 240 of the present inventionis illustrated in a schematic
form léb,tihe baselitdedigrieas odf thhefitsarsiwiddmenPddre 24hlaged 243 are
connected to a gate select signal GL 245 and & 246. This gate select |ine
pref er ablth MOGNTRERESSsSMS CBRs S¥B, 24d arik .S\WacR4BOS ot tdratisanlry 28Be | ocal
set of cells RLI-R3, is selected. 18

234, and 236 is coupled between the bit line Bl 220, B2 224, and
B3 226, and the free layer of the MTJ cell 202, 206, and 208,
respectively. The MOS transistors function in similar fashion to
the diodes of the first embodiment. The transistors 232, 234,
énd 236 conduct programming and reading current through the MTJ
cell when that cell is selected by asserting the switches SWl
214 and SW2 215 and by asserting thaf cell’s bit line B1-B3. The
gates of the transistors 232, 234, and\236 are coupled to the

common conductive layer of the MTJ cells R1-R3.

ﬁeferring now to Fig. 6c, and alternative form of the
second embédiment MRAM array 240 of the present invention is
illustrated in a schematic form. In this case, the gafes of the
transistors 241, 242, and 243 are connected to a gate select
signal Gl 245 and G2 246. This gate select line preferably
compriseé switches SW3 247 and SW4 248 so that only the local

set of cells R1-R3, is selected.
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Referring nowto Fig. 7, the sub-array 250 is illustrated in 'a top view
In this view, the common conductive |ayer 260 underlies each MIJ cell 262
fromleft toright. The data lines, or bit |lines 254, 256, and 258,
overlie each cell MIJ cell 262 fromtop to bottom To wite a cell in the
sub-array, a program current [ ASSIST flows in the common conductive | ayer
260 fronlthe progran1|ine PL to ground GND. Note that the |ongitudinal

axis of eag %@P P o288 kg n7th§m§%%5 di-rgetinn sas ihhgsdisession  of
n CJt %

t he conmon co Ia er ‘The program current, |ASSIST, generates a

ragnet 6 & BhE vw‘,ﬁS' Sk tm@t viSy OAOUBRRbn! Cohdiber B 52961 oM cel |

262. Since assi'st ‘programcurrent flows along the [ongitudinal

di rect ion.0f ; each. Gehir Higéﬂé B2 CHIGE e ecPRLN. | gnlamoWek caThepgl Or e, t he

assi st ﬁagne% cannot switc e MrJ cell. The magnetic

field f ted by th
data | %2@?‘#@%%92%’2 AT %ﬁe?ﬁﬁﬁg!%?zﬁeé%%ﬁ@i”g BATAL 1 DATA2, o

I DATA3§%%pn§L§t§% &St glQ%é{éegcheﬂﬂDQEAthgogug Igsrg@ta i nes

254, 2 overI| respective MIJ ce 262 Bnd’are

?{;P39Q£Ekfag the cq fhe CgﬁgtEgﬁhgfugghd%gg1vghf$fgf"5%0 en gMetching

. ¥9%5F ong’ axis direction ng progranmm ng, the
d'reCt'On %Lmﬁﬂlngaﬁf*to NS oGHA" ERD: FUHY 38+t the longitudinal axis

of each MTJ cell 262 is in the same direction as the direction
of the common conductive layer 260. The program current, IgmmT,
generates a magnetic field, Hagsisr, that is 6rthogohai to the
axié of the MTJ cell 262. Since the assist program current flows
along the longitﬁdinal direction of each cell 262, the current
path is narrower. Therefore, the assist magnetic field Hagsist

cannot switch the MTJ cell.

The magnetic field for ;witching the free layer in the gTJ
cell 262 is generated by the data line 254, 256, 258. The bit
line currents, such as Iparai, Ipatazr ©F Iparas, generate the
switching field, Hpara, for each cell. The data lines 254, 256,
and 258, overlie their respective_MTJ cells 262 and are
orthogonal to the common conductive layer 260. Therefore, the
switching field, Hpara, 1is along the cell axis direction. During

programming, the direction of the data line current, such as
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19 | DATAlI, determ nes the orientation of the switching field, HDATA, and
this further determnes the orientation of the free |layer. The assist field
BASSI ST generated by the common conductive |ayer 260 is substantially

| arger than the data field HDATA generated by the data line 254- This is
because the flux coupling of the comon conductive |ayer 260 is greater
than that of the data |ine 254. The magnetic fields add as shown by 264.

Referrix\’;\%wpg‘rqe%‘%rﬁmes. ond [Ibg:i\sg\%ét%iéﬁgntﬁ 1°!{s@iitéh9{i‘€?flié)ﬂi.tﬂﬁm

St oner - asteroi a cel he vec addition of the

assi st Jﬂd‘;;ﬂgggfgiﬁw%%ﬁg%gé;%é i LATAAUSE X GaRd hligest er ol d 270

as shown ata pol nt swtching nagnetic field threshol d of
the cells on the conmon conductive layer is given by: 2/3 2/3 3/2 Hsw =
(HDATA BASSI ST By applying a |large BASSI ST, the switching field Hsw of the

I d ' I ' m i
selected — cahes,DELAMTS MY, 3R ndOHREEby PhOCCohll RAMLRTILRY |\ ne P

is short, the assis acts on on t I's 1n sub-array
250. Al I 26 t n i_ye y 60 sel ected. There
are nolﬁg%%?égpe%%éﬁﬁg% %gﬁggﬂpnl%ﬁ@ pﬁ%@% tggtsgiém§5%${%%ﬁ%re are

hal f - Seg}e%%}%%egeﬁgg S c%%%h l?%et 9@4 .daltha_’is is because the flux

coupling of the common conductive layer 260 is greater than that

of the data line 254. The magnetic fields add as shown by 264.

Referring now to Fig. 8, the writing thresheld is based on
the Stoner-Walfarth asteroid. To switch a cell, the vector
- addition of the assist field Hapssrsr and the data field Hpars must
exceed the asteroid 270 as shown by the data point 274. The
switching magnetic field threshold of the cells on the common
conductive layer is given by:

B 2/3 2/3, 372
Hsw = (Hpara’'® — Hassrst™' ) /2.

By applying a large Hpssrsr, the switching field Hgy of the selected
cells becomes very small. However, since the programming line PL
is short, the assist filed Hpgsist acts only on the cells in the
sub-array 250. All cells 262 on.the common conductive layer 260
are selected. There are no half-selected cells as in the pripr

art. However, there are half-selected cells on each of the data
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20 lines 254, 256, and 258. As a significant benefit, the small Hsw
prevents the wite disturb problemof the prior art for half- selected
cells since the data field HDATA is kept small. By conparison, the |ong
programming lines of the prior art create many half-selected cells on each
programming line. In the prior art case, HDATA is roughly the sane

magni tude as HASSI ST. In the present invention, however, HASSIST is

Signi fhGanLl ys) arges than,sEDATA, t},e%%g;%‘?_f%aﬁbeoér@éﬂte,r t3R26kAY1 begween the

conductive layer carrying "ASSIST and the free layer 18 of the cell.

Ref er ring. 0gwe {0, Fils o3 oiBeuPE el ahned, @IDRALBRLoOMad MAAM,aEray 300 of

t he pré%ent Invention 1s 1 rated. The illustrated MRAM 300 conprises a

2 x 2 arhay, gf ;@ﬁsargi%% Bhe 30dea A2 AW iR 308 cp@Nendth 34 |0 practice,

very |large arrays ~of sub-arrays may constructed. Each sub-array

conpr i S%?np%%rigl)rtilf alid % d fgeggggg%ﬁn%%ﬁin%% @fcgﬁ%ﬂn%ﬁt icyeatayer, a

pIyraLfiy I I odes con eac cel |, rst and second
swi t ches. e e r r =ar Al c ses
Lhr e el 5 SRR G 31 Y ¢, p s L T R S
14, D2 31 nd,D3 322 I ch.of, the | s R1- R3.
Two smf?% E?FQSU%%“hégsﬁﬁ %gipqg%dggvéq%%éﬁEﬁgﬁg ?ﬁcpﬁggﬁ’gﬁétgﬁiferably
Conprl%%eggﬁt invention, however, Hassrsy 1S significantly larger than

Hpara because of the smaller spacing between the conductive layer

carrying Iassisr and the free layer 18 of the cell.

Refer;ing now to Fig. 9, the preferfed embodimeﬁt of a MRAM
array 300 of the present invention is illustrated. The
illustrated MRAM 300 comprises a 2 x 2 array of sub-arrays Al
304, A2 306, A3 308, and A4 310. In practice, very large arrays
of sub-arrays may be constructed. Each sub-array cdmprises a
plurality of MTJ cells having a common conductive layer, a
plurality of diodes boupled to each MTJ cell, and fifst and
second switches. In the exemplary array_300, each sub-array Al
304 comprises three MTJ cells, such as Rl 312, R2 316, and R3
320. Diodes, such as D1 314, D2 318, and D3 322, are coupled to
the each of the MTJ cells R1-R3. Two switches, such as SWl 324
and SW2 325, are included and preferably comprise MOS
transistors. The first switch SW1 324 is coupled between the

program line PL1 378 and a first end of the conductive layer.
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transistors. The first switch SWM 324 is coupl ed between the programline
Pbl 378 and a first end of the conductive |ayer. 21 The second switch SW
325 is coupl ed between the ground G 386 and a second end of the conductive
| ayer. Each of the switches SW 324 and SW2 325 are coupled to, and
controlled by, comon word lines W.1.374. Wrd lines W.1 374 and W.2 376
are commonly coupled to sub-arrays across the MRAM array 300. For exanple,

sub-arrays Al 304 and 06 ar.e cou to the me word,| W.1 374.
e U REY Sdoro e LR aRrs g e S0UBLS T TP AR (1 Fgs. 10
and 11 are shown wt e bit line diod i nent It shoul d
be und@?StHFIRG: P egg e £rod u&ﬁﬁvﬁef%%l P ggL‘é ‘?})t%éees t he bi ;J

line MOS transistors of the second enbodi nt cel.l shgmm in Figs. 6b-6c¢C
and peffbrif ﬁndsﬁwa 35 1 i P LRET EPr i rfiﬁmr&lé.& 10, SYMEMRAM ar ray
300 is again | lustrated, In this case,_the I tiagns.for ro ramm ng
cells ¥ g‘é %WLASB% e‘&%’ﬁ’plleme@ew‘lRiF"%lafcf 3t7(l%eﬁreF‘F? he states

of cells R2 316 and R3 320 are flrst read out tq preserve these states.
The nefRERL e toeSHPRGTFRYHRTTATedBel B! Boray 1%t FRFeB*#PEg. 11. The

word |ine W1 374 for the sub-array A 304 is asserted to thereby turn ON
SWi t cheeb®giraysg And04ypnd A2 306 are coupled to the same woxd line

WLl 374. Note that the above-described array and the arrays
illustrated in Figs. 10 and 11 are shown with thé bit line diode
embodiment of Fig. 6a. It should be understood that these arrays
can be easily configured to use the bit line MOS tranéistors of
fhe second embodiment dell shown in Figs. 6b-6c and perform in

similar fashion.

Referring now to Fig. 10, the MRAM array 300 is again
illustrated. In this case, the conditions for programming cells
are shownf As an exampie, cell R1 312 is written. First, the
states of cells RZ 316 and R3 320 are first read out to preserve
‘these states. The method of reading is described below and
illustrated in Fig. 11. The word line WL1l 374 for the sub-array
Al 304 is asserted to thereby turn ON switches SWl 324 and SW2
325. The assist current Iassistr is thereby conducted through the
common conductive layer and thereby generates the assist field
Herprs in the MTJ cells R1 312, R2 316, and R3 320. Programming

current Ipgw is conducted through each of the bit lines Bl 380,
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325. The assist current 'ASSIST is thereby conducted through the comon
conductive |l ayer and thereby generates the assist field HFIELD in the MIJ
cells RL 312, R2 316, and R3 320. Progranm ng current 1QGmis conducted

t hrough each of the bit lines Bl 380, 22 B2 382, and B3 384 overlying the
MIJ cells R 312, R2 316, and R3 320. 1QGvior cell R1 312 is applied in
the required direction while IpGnis also applied to R2 316 and R3 320

"W th " I | PGM

_ g\émntera Bﬁang g3 %?%ICQJ :X?% forateac hﬁ£ pe%gmnggo% rear;1 Irection of

th h f, MT'J I R2 316,

ang %&%W%& eﬁ{rge laé{gdgc%%r?%eé%ﬁyrleec |161ﬁ%§t? %ﬁﬁj%ee*bﬁe%%%a? only the
|1 th | ect.ed b- 304 . ' t.

co1 5 VA B0 MR i 9 LR TR

magnet < field HDAT e the di. st ur banc stat es t caused
becaus ?hemﬁ"“BSE ﬁﬁf‘?@s glrﬁﬁ?tlpg ﬁ%]ﬁe%n;llp'f”e?elt% ates ; Re prior art

br ogr s hg e Bhen “""” § R AT ACR W S e %%%PFP PRt err i ng
o sttt%qnwegaftg@f e RS e R 10 | B oy e
316 InSEgP %% éEO 15 'oriented based on the direction of Hpam. Note

that only the cells in the selected sub-array Al 304 receive the

programming current., Cells in 308 also receive the programming

current and, consequently, the magnetic fiéld Hpara - Hdwever, the

disturbance of states is not caused because the programming

current Ipsy is much ;maller than in the prior art (Fig. 3}. Note

also that the presence of the diodes D1-D12 prevents the

programming current Ipew from conducting through the MTJ cells.

Reférring now to ¥Fig. 11, the MRAM array 300 is again
illustrated. In this case, the conditioﬁs for reading a cell are
shown. For example, to read MTJ cell R2 316 in sub-array Al 304,
the word line WL1 374 to that sub-array is asgerted to turn ON
the second switch SW2. A reading current, Igenp, 15 then coupled
onto Ehe bit line B2 382 fér cell R2 316: Tgeap 15 canducted
through the diode D2 318, the free layer, the dielectric layer,
and the pinned layer of the R2 316, and the common conductive

layer to the ground line G 386. The voltage on the bit line B2
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the word line W.1 374 to that sub-array is asserted to turn ON the second
switch SW. A reading current, IREAD, is then coupled onto the bit line B2
382 for cell R2 316. | is conducted through the diode D2 318, the free

| ayer, the dielectric |ayer, and the pinned |ayer of the R2 316, and the
common conductive layer to the ground line G 386. The voltage on the bit
line B2 23 382 is then neasured to determ ne the state of the MIJ cell R2

316. Referring again to Fig. a nethod for _form a i Sp4l so
achi ev§&§ ﬂ'ﬁegli"@?ﬁ‘bec?s&%ﬁﬁr gge‘gé ViR %g’eas%?%? acll;%l %%&T%&%%I ﬁig RO R12
each C%E%rising a free layer and a pinned |layer separated by a dielectric
| ayer. plurality of.first swtches SW, SWB, SWs, and SW, each
conpri-sing a MOS transistor having gate; drain, and source termnals, is
formed. A plurality of second switches SW2, SW, SW5s, and SW8, each

nd .source

comprisi 19 BulS LA ARla! o By g, Seken ot A Reklo s, 1o
ver i3 SchPLBE S pREhi g St NS R YS! SR agaeloEt vRlY
S dsiSs BY A B Rk TR R, % 1108, BRA' ST RSO Ve faver

separated by a dielectric layer. A plurality of. first switches

SWl1l, SW3, SW5, and SW7, each comprising a MOS transistor having

gate, draiﬁ, aﬁd source terminals, is formed. A plurality of

second switches SW2, SW4, SW6, and SW8, each comprisihg a MOS

transistor having gate, drain, and source terminals, is formed.

'A plurality of diodes D1-D12 is formed. A patterned conductive

layer 375 is formed. The patterned conductive layer 375

selectiyely couples each of the first switches between a first

end of the common conductive layer and a programming line. The

patterned conductive layer 375 selectively couples each of the

second switches between a second end of the common conductive

layer and a ground line. The patterned conductive layer 375

selectively couples each of the diodes D1-D12 between a bit line

B1-B6 and the free layer of a MTJ cell R1-R12.

The advantages of the present invention may now be

summarized. Bn effective and very manufacturable magnetic R&M
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second swi tches between a second end of the common conductive |ayer and a
ground line.. The patterned conductive |ayer 375 selectively couples each
of the diodes D -D12 between a bit line BI-B6 and the free |ayer of a MIJ
cell R1-R12. The advantages of the present invention may now be summari zed.
An effective and very manufacturable magnetic RAM 24 integrated circuit
device is provided. A nagnetic RAM device conprising a magnetic-tunnel

e o (ML (e oo d oy Saieed o ThG, manclibu B iy iy rompti ¢ o

pIuraIT? _ _ by "a“conmon” conducti've |ayer, a

D R e 8) PR g BB PO BORATS Tou aa i ha

o wr 1Tt REES Folll o TROTIIE RARPLLEY|° J1o gl avY deh T EAdd o form a

embodi FOHLEY CRECKBVE! v (R aRE HRThDEE o Toie Br BUBREL1 U@k f on

i | o Tir¥neents BHORSE AT pare: CAPATT§° SHOet Rna - BLE ABER W

referencd.ddy Lg-REpl el o8 SROYLTRAL S 8115 nave 1ow
programming current. Efficient magnetic RAM array devices are
achieved. Unique methods to write and to read a magnetic RAM
cell are provided. A method to form a magnetic RAM array device
is'provided. ‘

As shown in the preferred embodiments, the novel devices

and method of the present invention provides an effective and

manufacturable alternative to the prior art.

While the invention has been particularly shown and
described with reference to the preferred embodiments thereof,
it will be understood by those skilled in the art that variocus
changes in form and detalls may be made without departing from

the spirit and scope of the invention.
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it wll be understood by those skilled in the art that various changes in
formand details nay be made wi thout departing from the spirit.and scope
of the invention. 25 CLAIMS 1. A magnetic RAM cel|l device conprising: a
plurality MIJ cells each conprising a free layer and a pinned |ayer
Separated by a dielectric layer; a common conductive |ayer coupling
together all a@f.23Msai d pinned |ayers of said MIJ cells wherein a first end

of said co condu tigﬁala r i,s.switchahl.y .coypled to a programi ng
line and whér ei H%gggg%% end%g% S8R ormun " conduct i ve | ayer is

swi tchably coupled tq _a.gro g; d a pluralj 'gﬂgﬁaqg Lei grgach séid
diode is 10 cod%ﬁgduﬁgf%geﬁ? ng ssﬁ%ﬁ? ﬁﬁﬁb%éf?%gg% one o? a plurality
of bit lines. 2 Igﬁ_d%yi%e accgg%iqgat%.ghak L1 Wherein said MIJ cells
conprise a CoB TFUUA e SPRIEF A Herft SHEJRSTIC e ~l ayer, a tunnel
dielectric layer, a ferromagnetic pinned 5 |ayer ti-ferramagnetic
: 18" 68 .

| ayer, and a bot?o?ﬁ%ﬁd&@?g'rlcﬁ‘éﬁ/gffa‘.yei G?Hgiéggl E‘gg%@c}‘oﬂr& g to O aim?2
Wherelqssalgaggnggghed layers of said MTJ cells wherein a first end of

said common conductive layer is switchably coupled to &

programming line and wherein a second end of said common

conductive layer is switchably coupled to a ground; and

- a plurality of diodes wherein each said diode is

10 coupled between one of said MTJ cells and one of a

plurality of bit lines.

2. The device according to Claim 1 wherein said MTJ cells
comprise a top conductive layer, a ferromagnetic free
layer, a tunnel dielectric layer, a ferromagnetic pinned

5 layer, an anti-ferromagnetic layer, and a bottom conductor

_ layer.

3. The device according to Claim 2 wherein said common
conductive layer comprisés said ferromagnetic pinned layer,
said anti-ferromagnetic layer, and said bottom conductor

layer.
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conductive |l ayer conprises said ferromagnetic pinned | ayer, said
anti-ferromagnetic |ayer, and said bottom conductor |ayer. 26 4. The
device according to Claim1 wherein the easy axis of said free layer is
transverse to the longitudinal direction of said MIJ cells. 5. The device
according to Claim1l wherein said switchable couplings conprise MOS
transistors bi pol ar transistors, mcro-nechanical swtches, or thermal

swi t ches. dRvice 9888&?1;{5&2'% cgaﬂlern[ Laherel @héaégsgléms o €

coupl ed to sal fre 'ayers o MIJ ¢ 7. The device according to
Claim1 whe e ncti S o0l N-p-n
trans|stors££gf égggge§%?%%} W%ébgoe%]gﬁ%%léﬁﬂ%&?&%ﬁggaﬁgﬁiﬁéﬁﬁg >
conpri se Shottky: Se195 The device according to Gaim1l wherein said

_ di odes conprise tranS|stors 10. The device according to Caim1l
wherein said magnetic RAMcell device is witten by a nethod conprising:.
coupling said first end of said cognmon conductive |ayer to said

progrann1ngsl|fg% device according to Claim 1 wherein said switchable

cduplings comprise MOS transistors, bipolar transistors,

micro-mechanical switches, or thermal switches.

6. The device according to Claim 1 wherein said diodes are

coupled to said free layers of said MTJ cells.

7. The device according to Claim 1 wherein said diodes are

p-n junctions, p-n-p transistors, or n-p-n transistors.

8. The device according to Claim 1 wherein said diodes

comprise Shottky dicdes.

9. The device according to Claim 1 wherein said diodes

comprise MOS transistors.

10. The device according to Claim 1 wherein saild magnetic
RAM cell device is written by a method comprising:

coupling said first end of said common conductive
layer to said programming line;
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27 5 coupling said second end of said commopn conductive |ayer to said
ground; coupling a progranmm ng current through said first swtch, said
comon conductive layer, and said second switch to generate a first
magnetic field; and 10 coupling a bit line current through said bit |ine of
a selected said MIJ cell to generate a second nmagnetic field and to
thereby programsaid free |ayer. 11. The device according to Caiml

wherei g sai d magaepitng RAMT @ldcodavite o6 d#iall doymannmebhaactcionpr i si ng:
coupling said second end of said common conductive layer to said ground; 5
coupling a rfa4i Bg eHideffoiri;ough said bit line, said free layer, said

pinned | ayer, and said common conductive |ayer of a selected MIJ cell; and
measuring vol t ageupliisgi 4 fridgdanpengf cesishisalipeteth shid eetdt 12. The
device according to Caim11l wherein nore.than one said MIJ cell is read

si mul t aneous} yt-chl 3 safd "BGRRIH GoRaMceelt Deyéee HRARLILEI Bgcond?8
switch to generate a first magnetic field; and
10 - coupling a bit line current through said bit line of a
selected said MTJ ¢ell to generate a second magnétic field

and to thereby program said free layer.

11. The device according to Claim 1 wherein said magnetic
RAM cell device.is read by a method comprising:

'coﬁpling said second end of said common conductive
layer to saild éround;

5 coupling a reading current through said bit line, said .
free layef, said pinned layer, and said common conductive
layer of a selected MTJ cell; and

measuring voltage of said bit line of said selected

‘ MTJ cell.

12. The device according to Claim 11 wherein more than one

zaid MTJ cell is read simultaneously.

13. A magnetic RAM cell device comprising:
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a plurality MIJ cells each conprising a free |ayer and a pinned |ayer
separated by a dielectric |ayer; a common conductive |ayer coupling
together all of 5 said pinned |ayers of said MIJ cells wherein a first end
of said commpn conductive layer is swtchably coupled to a progranmm ng
line and wherein a second end of said common conductive layer is
switchably coupled to a ground; and a plurality of MOS transistors wherein

each said MOB 10 _tr ' i p helwreRiage i1 Jagel I s and
one of a pIura?i?%u%£f'ﬁﬁgﬁF%§§$9%4%£T e devigé gcﬁgﬁﬁﬁﬁg@ggchain113

wherein said MIJ cells _c rj a tds i
free |ayeﬁ;p&npﬁﬁ h?y%ﬁ #%E%fai%d Ll 0p sondugtisvwe 1 hayer, a ferromagnetic

ne e ric layer, a ferronmagnetic pinned |ayer, an

anti-ferronmagnetic |ayer, a 0 conguGt ra111%f The device
according to ClﬁiﬁPTﬂg%WEﬁﬁgﬁ%tgggd&% %%Dn con ug??32g¥§;§f'ggnprises sai d

conducsor . TybPLRoe1 Be, R e L R e R s whera nthe
easy, axi s soa]:ids%iogrmggegoﬁcﬁygixies 1%5(@95Y§r§0?14&1atbt1‘§' Egﬂﬁié&'cﬁdq@
programming line and wherein a second end of said common
conductive layer is switchably coupled to a ground; and
a plurality of MOS transistors wherein each said MOS

10 transistor is coupled between one of said MIJ cells and one

of a plurality of bit lines.

14. The device according to Claim 13 wherein said MTJ cells
comprise a top conductive layer, a ferromagnetic free
1ayér, a Funnel dielectric layer, a ferromagnetic pinned
layer, an_anti—ferromagnetic layer, and a bottom conductor

5 layer.

15. The device according to Claim 14 wherein said common
conductive layerscomprises said ferromagnetic pinned layer,
said anti-ferromagnetic layer, -and said bottom conductor

layer.
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direction of said MIJ cells. 17. The device according to C aim 13 wherein
said switchabl e couplings conprise MOS transistors, bipolar transistors,

m cro- mechani cal switches, or thermal switches. 18. The device according to
Claim 13 wherein said MOS transistors are coupled to said free | ayers of
said MIJ cells. 19. The device according to Caim 13 wherein said magnetic
RAM cel | device is witten by a nmethod conprising: coupling said first end
of sai d commonTrheoddutte weccdrajay to Shaidn praoghamringthe negsyb.acdepl i ng sai d
second end of said commobn conductive |layer to said ground; coupling a
progr amm n@icyaientrédr baglr Sal drhhssérsswid dhe danditodimnl conducti ve

| ayer, and said second switch to generate a first nagnetic field; and 10
coupl i ng a diideckiibe efirseid M eeghssaid bit |line of a selected said MIJ
cell to generate a second magnetic field 30 and to thereby progran1sa|d
free layer wherein said M3S transistor i's turned ON.

17. The device according to Claim 13 wherein said
switchable couplings comprise MOS transistors, bipolar
transistors, micro-mechanical switches, or thermal

~

switches.

18. The device according to Claim 13 wherein said MOS
transistors are coupled to said free layers of said MTJ

cells.

19. The device according to Claim 13 wherein said magnetic
RAM cell device is written by a method comprising:
coupling said first end of said common, conductive
layer to said programming line;
5 coupling said second end of said common conductive
layer to said ground;
coupling a programming current through said first
switch, said common conductive layer, and said second
switch to generate a first magnetic field; and
10 coupling a bit line current through said bit line of a

N

selected said MTJ cell to generate a second magnetic field
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20. The device according to Claim13 wherein said magnetic RAM cell device
is read by a nethod conprising: coupling said second end of said conmon
conductive |layer to said ground; 5 coupling a reading current through said
bit line, said free layer, said pinned | ayer, and said comon conductive

| ayer of a selected MIJ cell wherein said MOS transistor is turned O\, and
measuring voltage of said bit line of said selected 10 MIJ cell. 21. The

devi ce accondi B8 tRefii®y PrAyreheceid fdse ldyer ehersin dsaME) MO8l | is read
si mul taneously 22. A magnetic RAM array device conprising: a plurality of

progranningﬁah@ggtog.i&gﬁ@ﬂﬂ@@ﬂﬁﬂ ground lines; a plurality of bit |ines;
5 aplurality of word lines; and a plurality of magnetic RAM sub-arrays
each conprising: 31 a plurality MIJ cells each conprising a free |ayer and
a pinned | ayer separated by a dielectric

20. The device according to Claim 13 wherein said magnetic

RAM cell device is read by a method comprising:

coupling said second end of said common conductive
layer to said ground;
5 coupling a reading current through said bit line, said

free layer, said pinned layer, and said common conductive

layer of a selected MTJ cell wherein said MOS transistor is

turned ON; and

‘measuring voltage of said bit line of said selected

10 MTJ cell.

21. The device according to Claim 20 wherein more than one

said MTJ cell is read simultaneously.-

22. A magnetic RABM array deviéé comprising:
a plurality of programming lines;
a pluraiity of ground lines;
a plurality of bit lines;
5 a plurality of word lines; and
a plurality of magnetic RAM sub-arrays each
comprising:

31



10 layer; a comon conductive |ayer coupling together all of said pinned
| ayers of said MIJ cells; a first swtch coupled between a first end of
said common conductor |ayer and one of said 15 programming |lines; a second
swi tch coupl ed between a second end of 20 said common conductive | ayer and
one of said ground |ines wherein said first and second swi tches are
controlled by one of said word lines; and a plurality of diodes wherein
each said diode is soppked st weancebes cdacaicbmpfistelyl s Brwk one of said
bit lines. 23. The device according to Caim22 wherein said MIJ cells
conprise a top capducihdes lmiyeied adalerr osmoretdd byr aediébyetria tunnel
dielectric layer, a ferromagnetic pinned |ayer, an anti-ferronmagnetic
| ayer,1@nd a botlkgaxrgonductor 5 |ayer. 24. The device according to Caim
23 wherein said conmon 32 conductive |ayer conprises said ferromagnetic
pi nned | ayer, a common conductive layer coupling together all

of said pinned layers of said MTJ cells;

a first switch coupled between a first end of
said common conductor layer and one of said
15 progrémming lines;
a second switch coupled between a second end of

said common conductive layer and one of said ground

lines wherein said first and second switches are

controlled by one of said word lines; and

20 a plurality of diodes wherein each said diode is g

coupled between one of said MTJ cells and one of said

bit lines.

23. The device according to Claim 22 wherein said MfJ cells
comprise a top conductive layer, a ferromaénetic free
layer, a tunnel dielectric layer, a ferromagnetic pinned
layer, an anti-ferromagnetic layer, and a bottom conductor

5 layer.

24. The device according to Claim 23 wherein said common
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said anti-ferromagnetic |ayer, and said bottom conductor |ayer. 25. The
devi ce according to Caim22 wherein the easy axis of said free layer is
transverse to the longitudinal direction of said MIJ cells. 26. The device
according to Caim 22 wherein said diodes are coupled to said free

| ayers-of said MIJ cells. 27.. The device according to C aim22 wherein
said diodes are p-n junctions, p-n-p transistors, n-p-n transistors,

Shot tky di de8,cPfvdMBydd %Iaﬁlipﬂgéé sa?ﬁi HhGondEul e, AR I 'i‘QyéP G ai m 22
wherein said nagnetic "RAM ce array device Is"witten by a net

conpri si N9 3gSeh ] Nk 1SAUnfh hREd ! mfePf ﬁds%h%t 59t S d:o%%c%ﬁ:ay tO turn
ON said first and second sw tches of said selected 5 sub-array and to

t her eby coqg#g rsaid first end of said common conductive layer to said
progranming Fine and to thereby couple sai d second end of said conmon
conductive |ayer to said ground; coupling a progranm ng current through
said first 33 10 switch, said comon conductive |ayer, and said second

switch of saj drfgl g6l etk SHAMEAY Lo ANAREDY GRBRLAL SR easy axis

0f said free layer is transverse to the longitudinal

direction of said MTJ cells.

26. The device according to Claim 22 wherein said diodes

are coupled to said free layers of said MTJ cells.

27. The device according to Claim 22 wherein said diodes
are p-n junctions, p-n-p transistors, n-p-n transistors,

Shottky diocdes, or MOS_transigtors.

28. The device according to Cléim 22 wherein said magnefiq
RAM cell array device is wfitten by a method comprising:
-asserting said word line of a selected said sub-array

to turn ON said first and second switches of said selected

5 sub~array and to thereby couple said first end of said
common conductive léyer to said programming line and to
‘thereby couple said second end of said common conductive
layer to said ground;

coupling a programming current through said first

33



first magnetic field in said selected sub-array; and coupling a bit line
current through said bit line of a selected said MIJ cell of said selected
sub-array to 15 thereby generate a second magnetic field and to thereby
programsaid free | ayer of said selected MIJ cell. 29. The device accordi ng
to Caim22 wherein said magnetic RAMcell array device is read by a

nmet hod conprising: asserting said word |line of a selected said sub-array

to turmoON saitdnsesand éauua&h gtk fvael 8640 S8R EAYe2o@fd O thereby
coupl e said second end of said common conductive [ayer to said ground;

coupling a #@adnngrcysi @MeldHiOR BabdrBl ted iiR QbyBgenglct & MIJ cell of
said selected sub-array, said free |ayer, said- plnneg | ayer, and said

CondUCtIVe;i@%ﬁfman@tléQﬁ§9£§gEﬁgayﬁJngéétédléﬁ% §r§%#ec£§ sub-array; and
measuring voltage of said bit line of said selecte J ce 30. The

devi ce accordi ngolig1 Chgl A Whekein - fohe {ﬁﬁﬂh %alaabg N%g %”%ﬂ gin said
sel ected sub-array is read sinmultaneously. 34 formng a
magneti c Fygﬂﬂé@tgdaééﬁ& MTJ cell of said selected sub—array to

15 thereby generate a second magnetic field and to thereby

program said free layer of said selected MTJ cell.

29. The device according to Claim‘22 wherein said magnetic
RAM cell array device is read by a method comprising:
asserting said word line of a selected said sub-array
to turn ON said second switch of said selected sub-array
5 and to thereby couple said second end of said common.
conductive layer-to said ground;
coupling a reading current through said bit lihe of a
selected MTJ cell of said selected sub-array, said free
layer, said pinned layer, and said conductive layér of a
10 selected MTJ céll in said selected sub-array; and

measuring voltage of said bit line of said selected

MTJ cell.

30. The device according to Claim 29 wherein more than one
said MTJ cell tin said selected sub-array is read
simultaneously.
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conprising: formng an plurality of MIJ cells each conprising a free |ayer
and a pinned | ayer separated by a dielectric 5 |ayer wherein said MIJ cells
are formed in a plurality of sub-arrays and wherein a common conducti ve

| ayer couples together all of said pinned |ayers of said MIJ cells in

each said sub-array; formng a plurality of first switches each coupled to
10 said comon conductive | ayer of one of said sub-arrays; formng a
plurality of second switches each coupled to said comon conductive |ayer
of one of said sub-arrays; formng a plurality of di odes wherein. each

sai d di ode 3is gg#?%%gdbg%M@ﬁgmL%a%R%?%%gﬁﬁédR&qqxa%]5§ra 2. The net hod

according to d ai wher el n'sai conprise a top conductive
| ayer, a fe&g etj.c free layer, a tunnel dielectric layer, a
ferromagnetic %lnne " layer, an anti-ferromagnetic |ayer, and a bottom

conductor 5 'ay:?c{rm?i%g IReprRbbod acconding.t s%é‘éhmc%ﬁlp%‘é&%&”asai d common
a

35 conductive | ayer-caonprisSes sard ferromagneti c pi nne yer; “said

antl-ferronggggtié§éra%%5,aaBQn§g% é?éﬁ‘%%%%%ggggtég a dielectric

5 layer wherein said MTJ'cells are formed in a plurality of
sub—arrays and wherein a common conductive layer couples
together all of said pinned layers of said MTJ cells in
each said sub-array:;

forming a plurality of first switches each éoupled to
10 said common conductive layér of one of said sub-arrays;
forming a plurality of second switches each coupled to
said common conductive layer of one of said sub-arrays:
forming a plurality of diodes wherein each said diode

is coupled between to one of said MTJ cells.

Sé. The method according to Claim 31 wherein said MTJ cells
comprise a top conductive layer, a ferfomagnetic free
layer, a tunnel dielectric layer, a ferromagnetic pinned
layer, an anti-ferromagnetic layer, and a bottom conductor

5 layer.

33. The method according to Claim 32 wherein said common
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| ayer 1 34. The nethod according to Claim31 wherein the easy axis of said
free layer is transverse to the longitudinal direction of said MIJ cells.

t 35. The nmethod according to Claim31 wherein said first and second
switches are MOS transi stors, bipolar transistors, mcro-nmnmechanical
switches, or thermal swi tches. 36. The nethod according to Cl aim 31 wherein
said diodes are coupled to said free |ayers of said MIJ cells. 37. The

met hod accorgifgtli9e ARy %@4}% %lsns§§adféjéﬁﬁ%%ne%&%£iﬁhéd'rl@y&05 p-n-p

transi stors, n-p-n transisto hott ky di odes transi stors. 36
sald anti-ferromagnetic layer, and said bottom conductor

layer.

34, The method according to Claim 31 wherein the easy axis
of said free layer is transverse to the longitudinal
direction of said MTJ cells.

t
35. The method according to Claim 31 wherein said first and
second switches are MOS transistors,-bipplar transistors,

micro-mechanical switches, or thermal switches.

36. The method according to Claim 31 wherein said diodes

are coupled to said free layers of said MTJ cells.
37. The method according to Claim 31 wherein said diodes

( are p-n junctions, p-n-p transistors, n-p—n transistors,

Shottky diodes, or MOS transistors.

36



