-02-155 | MPROVED MAGNETI C RAM AND ARRAY ARCHI TECTURE USI NG A TWO
%RlﬁgFé$CR, ONE MIJ CELL BACKGROUND OF THE I NVENTION (1) Field of the
I nvention The invention relates to a magnetic RAM device and, nore _
particularly, to a magnetic RAM device based on a magnetic tunnel junction
cell. (2) Description of the Prior Ar{ Magnetic nmenmory devices, based on
magnetrssid-o2nisel junction (MrJ) cells, are an inportant new type of nenory

t echnol o r orned on _an integrated circuit to
provi de ggn vg? |I| yﬁﬁﬁ%ghﬁg%égﬁggpgﬂ% EdRGy USTRG A T80 write
cycles, and imunity to radiation. These advantages make magnetic RAM a
technol ogy with great prontS@NSEeF@RriONE A6W &L g. 1, nodels of magnetic
tunnel junction cells 10 and 30 are illustrated. A nagnetlc t unnel
junction cell 10 and 30 conprises a pinned |ayer 14, a free layer 18,
and.a dielectric layer 22. Typically, the free layer 18 and the pinned 2
TSMC-02- 155 | ayer 14 compcks®oi®Dr oFagHEt INvARtesKal s that can be

(1) Field of the Invention

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 memory devices, based on magnetic tunnel junction
" (MTJ) cells, are an important new 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 radiatioﬁ. These advantages make

magnetic RAM a technology with great promise.

Referring now to Fig. 1, models of magnetic tunnel junction
cells 10 and 30 are illustrated. A magnetic tunnel junction cell
10 and 30 comprises a pinned layer 14, a free layer 18, and a

dielectric layer 22. Typically, the free layer 18 and the pinned



magnetically oriented. The free layer 18 is configured such that the
magneti c orientation can be changed, or rotated, by exposure to an
external magnetic field. The pinned |ayer 14 is configured such that the
magnetic orientation is fixed and will not respond to a typical nagnetic
field. The dielectric |ayer 22 typicaply conprises a relatively thin oxide
| ayer Tesipablies of el ectrically isolating the free layer 18 fromthe pinned

| [ I ' h h
Cet Fed 2 bino TRG o hrBrariafeeRy G dee SRR U S B hyer 22 1

el ectron tunne g at 9 ayer 22 may be

calle n | ayer. | n.the fifpst J cell 10, the_pinned | ayer 14 and

t he f&?gngﬁé§§?1¥s 5?8“#88nef?%a#¥?eo FETE etf i 1P s T g i 5RSE In the
secong MIJ cell .30, the pinned |ayer 14 and the free |ayer 18 are
magnetPEalPYnGELEnPEYCRRAE RN sGRR o reeangrd, 9T (Rt &yt eeposuval ue

| cONSTANT 32 is forced through each cell 10 and 30, it is found that the
first teePR eBtesnaigeaynetic| fighd. tTeen pheneaddoner del 1iB3QondlibagedV2. | n
general, the resistance of an opposite- oriented MIJ cell 10 is greater

than skehr ebast aheemagnat sanerientetied MIroald 34 RBinansd egispodat a (10
and "1') can be stored in a MIJ cell and retrieved based on the cell

ori entat koBypandlr Rsghtt 08 £esist anpg. LUt ricsilr%?ert %Ly?)ﬁ%g_'ltg%tca does
not require a storage energy source, the ce I's non-vol atrfFe. -02-155
comprises a relatively thin oxide layer capable of electrically
isolating the free layer 18 from the pinned layer 14 at low
potentials and capable of conducting current through electron

tunneling at higher potentials. The dielectric layer 22 wmay be

called a tunnel layer.

In the first MTJ cell 10, the pinned layer 14 and the free
layer 18 are magnetically oriented in opposite directions. In the
second MTJ cell 30, the pinned layer 14 and the free layer 18 are

- magnetically oriented in the same direction. If the same current
value Iconstayr 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 V,. In general, the resistance of an opposite-
oriented MTJ cell 10 is greater than the resistance of a same-
oriented MTJ cell 30. Binary logic data ('0’ and ‘1’) can be
stored in a MTJ cell and retrieved based on the cell orientation
and resulting resistance. Further, since the stored data does not

require a storage energy source, the cell is non-volatile.



3 Referring nowto Fig. 2, the programschene 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 aglarge gap 58 exitsts. To programthe
cel |, Tsit-048sconducts a witing current |VWRITE to generate magnetic field
HDATA 52. The direction of HDATA 52 depends on the direction of IWRITE In
addition, an assist current |1ASSI ST is conducted by the BL 40. |ASSIST
gener at es g gagnetlc field HASSI ST 56 that is orthogonal to the

| ongi t udi nafFt&XFs8f "PHeteef 19102 THae HASyM sEehises Pf @ inor e, HDATA
52 field in_switching the magnetic orientation of the free |ayer 18 but
will N3V Fréddram @ﬁel%éwtmm@utm:ewlmmmm fiselel egeneircatldg by t he
programline 48. Therefore, the <cell 10 at the intersection of an active
progr @eupiled 48 anhlanllnetKBB)b4® bvael ¢ng stHY qaFedMRGrerTh@r epare two
significant problens with this design. First, the magnetic coupling

bet wepmopiramPLiA8 apd) the sehs 1Qdés Rl Mﬁﬁtdéﬁﬁl 9
Therefore, a large witing current |WRI TE nust be useéﬂF%Qgéngggtga

ol oot romorat onttrartY ot P oHle S e 2B e TR I St g of
the Rﬁ&kggkgllguch that a large gap 58 exitsts. To program the cell,
PL 48 conducts a writing current Twrire tOo generate magnetic field
Hpara 52. The direction of Hpara 52 depends on the direction of
Iyrrre. In addition, an assist current Iassist is conducted by the BL
40. IassisT generates a magnetic field Hpssist 56 that is brthogonal
to the longitudinal axis of the cell 10. The Hassist 56 field
assists the Hpara 52 field in switching the magnetic orientation
of the free layer 18 but will not program the cell without the
Hpara 52 field generated 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
Lwrrre must be used to generated adequate field strength. This
large wr;ting current can approach the electromigration limit of

the conductor and prevents downward scaling of the RAM cell 10.



4 TSMC-02- 155 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 is
illustrated. A 2x2 array of cells is shown. Each cell conprises a MIJ cell
and a transistor as shown by RO 66 angl MO 64, R 70 and ML 68, R2 74 and M2
72, Rysif.@ngs MB 76. Each transistor is coupled to a word line signal W
82 or §M:+Jnc§6'tAe cel | 'Z)s witten b¥ asserting the word line of that cell,
forcing - ATeadiHG Sarr Ot TPRYoQGHSENBOBT Pl PREeSf Cehbe €22t a%md t hen
measuring the voltage gon that bit line. For exanple, to read the state of
MTJ ceﬁ’ﬂ’qﬁf%cﬁo fRENGAE IFiifd dAnIenerstadsbyt et active pXyMm 68ineThe free
layer of Ri_70 is thereby coupled to ground 80 through ML 68. Next, the
readi ff ARG drtt ildneob@ed on bit |ine Bn+l 94. Since only reading
transistor ML 68 is turned O\, the reading current flows through the Rl
cell 70 to ground 80. The voltage of Bn+i is then neasured to determ ne
the state (10 or "1') of the cell R 70. Each cell has one reading

'ErLansi stor RefEiefieOnew tBI ®ikyPg, ofp gi& It wrgrli:%%c@d led "1TIR .
e cells are witten using the nethod descri above a Illustrated in
Fig. 3.s Rafeltiageagainn o9 gkgay3o§nge£?é géag%gﬁh. Each cell
comprises a MTJ cell and a transistor as shown by RO 66 and MO 64,
R1 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 through 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
ON M1 68. The free layer of R1 70 is thereby coupled to ground 80
through M1 68. Next, the reading current is forced on bit line
Bn+l 94. Since only reading transistor M1 68 is turned ON, the
reading current flows through the R1 cell 70 to ground 80. The
voltage of Bn+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 éalled ‘1TIR' .

The cells are written using the method described above and
illustrated in Fig. 2. Referring again to Fig. 3 and for example,

the MTJ cell R2 74 is written by forcing the writing current



the MIJ cell R2 74 is witten by forcing the witing current 5 TSMC 02- 155
t hrough the programm ng |line PLn+l 86 and the assist current though the bit
i ne Bn90. PLn+1l 86 and Bn 90 intersect at cell R2 74 such that R2 is
programed. However, note that PLn+l 98 also runs under the non-selected
cell R3 78. Therefore, cell R3 is "half-selected." The magnetic field

~gener gepd-BysfLN+1 98 can disturb, or flip, the state of R3 78. In

addi tit%r},o %%Eal SQ cougl es.to tge non- sel egt ed cell, RO 66. The assi st
field created ~ by PBRISG RART Al PG r BrEhL &6 a7 FRE BB SETHRNE el f - sel ect "
di stur %ncgg %l%n cause |oss of data or change of switching thresholds.

Ref er MY 9ol o Pitgline Bns@BonBLlpti o6 arbd NRAM Grintersgahiatectedde 100 i s
illustrated. This array 100 uses two transistors for each MIJ cell and is
cal | e®2a 7ATERCEr thpt R8 iEnproveamhed prBgvaverd nghafd i tian@Lnthes

programm ng current runs through the MIJ cell directly through the pinned
| ayer adsot huosglndarcohdunbhveel ayesd| eginagedzd 0 the-didned daayers By
running the programmng current in the MIJ instead of in an adjacent

condudisorhatllfe seagretic” COHE! higné 81 & "PLOVE é&l?% 8ty .0 Ar QGr aam ng

current can be reduced to ab_ou?griw t he Ievcei? 0 t‘%e jell n|+IH1 %%t r%a ed in

Fig. 4isReh®’rbRIra98l Neh ElSce 4B 75, 1n addition, Bn 90 also
couples 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 art MRAM array
architecture 100 is illustrated. This array 100 uses two
transistors for each MTJ cell and is called a 2TiR 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, the 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
programming current path is changed such that the longitudinal
axis of the cell is orthogonal to the writing current path. In

this way, the cells can be programmed solely by the magnetic



programmi 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 6 TSMC-02-155 field generated by the
programming current wthout an assist field. For exanple, the program cell
R 108, word line W is asserted to gurn ON transistors M3 109 and M4 110.
Next, 1@McMzisé ng current is passed through cell Rl 108 either from P2 134
to P2 ?jTSdor from P2 1%?1&t0 P2 134. The witing current will generated a
|

nagnetfli(]:e SAFFEES Xt HhRePFPIEAMEBE FHTFENE 081th Nt 2R tRgSisere are no

hal f-sel ected cells since the programmng current only flows through the
sel ect %éell. Each MRAM cell in this array 100 requires two transistors,
two progranming lines, a bit line, and a word line. Wile this MRAM
architecture is a significant inprovenent over the previous art shown in
Figs. 1-3, the addition of a transistor to each cell is a significant

di sadvant ager lexatipde, sheacerbgihmt £aDsi 810168 MUsdr&al {¥e a1 aroe
programm ng current, the transistors nmust be relatively large. In fact,

the Waidden@dd @BSicakar SNOEEHRY i BPSLsOf13t REoC Sey&Lal prior art
i nventi orﬁsﬂrel ate to magnetic lRAM dgvfﬁces.6 %é.ﬁégfleont %%8 46 Bi to

Naj i Eﬁﬂ&ﬂ%@'%%x%%ﬁ@iEgcbggge&OEh%ough cell R1 108 either from P2 134

to P2’ 138 or from P2’ 138 to P2 134. The writing current 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
significant improvement over the previous 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
programming current, the transistors must be relatively large. In

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

Several prior art invent;ons relate to magnetic RAM devices.
U.S. Patent 6,418,046 Bl to Naji teaches an architecture for a
MRAM. The MRAM cell is programmed by flowing currents through
metal bit lines and digit lines intersecting at the magnetic
tunnel junction (MTJ) device. U.S. Patent 6,335,890 Bl to Reohr

et al discloses a MRAM architecture where write lines are



MRAM The MRAM cell is programred by flowi ng currents through netal bit
lines and digit lines intersecting at the magnetic tunnel junction (MIJ)
device. U S. Patent 6,335,890 Bl to Reohr et al discloses a MRAM
architecture where wite lines are 7 TSMC-02-155 segnented to reduce cell
interference during programmng. U . S.7 Patent 6,331,943 Bl to Naji et al
descrithpg-0a.1MRAM architecture. U S. Patent 6,304,477 Bl to Naji teaches a
NMRAM j ntent - .addressabl.e_capability. SUMVARY OF THE | NVENTI ON A
pri ncih'%\aq"{%%lgj%glcttoo efiﬁgengzznf'nF% REFBRS T QUF PP rRVGHEHH "% & i ve and
very ganuf act urabl e magneti c RAMintegrated circuit device. A further

obj ec Hhé gzt PhvERt Namli attal plessuibes arddidd iardRiMedbviree
conprising a magnetic-tunnel junction (MIJ) device. A yet further object
of th&¥-prefefentnéerOiod77sBlotpriej leteanyaeta MIRM et sy comdngi-ng a
wite transistor, a read transistor, and one MIJ cell. A yet further

obj ectadgireskebpeesapbbinyenti on is to provide a magnetic RAMcell with
reduced cell size. 8

SUMMARY OF THE INVENTION

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

device.

A further object of the present invention is to provide a

magnetic RAM device comprising a magnetic-tunnel junction (MTJ)

device.

A yet further object of the present invention is to provide
magnetic RAM cells comprising a write transistor, a read

transistor, and one MTJ cell.

A yet further object of the present invention is to provide

a magnetic RAM cell with reduced cell size.



-02-155 A yet further object of the present invention is to provide
-In-ggl\g/r[]:e?i c RAM cel>ll s wth | ow plrogramri ng current. A yet further object of
the present invention is to provide efficient nagnetic RAM array devices.
Anot her further object of the present invention is to provide unique f
nmethods to wite and to read a nmagnetgc RAM cel |. Another further object o
t he pressenb-issivention to provide a nethod to forma nmagnetic RAM array

i ce. j . .objects of this.invention, a magnetic RAM
gg;/: CgeviI (r:]é@i%)(sé%;c i e?lé%d. %%Sﬂtggge\‘??cgﬁSo%F%BE, 1RYPRELon Mrgto gaqvide

i i ielectric
conpri_si afr | ayer and a_pinned | ayer separated by a die _
I a;rgr .n%/é}%é:al& \ﬁe)rl@ﬁ iwét@oaEWeBrBEF@E@hnﬂh@lﬂf%@i- | ayer and a reading

i iting switch is coupled between a first end of the pinned |ayer
!alngeé ;‘A\i \rNglt wrigti ng line. A sgcond end of the pinned |ayer is coupled to a
second witing line. Also in accordance with the objects of this invention,
a magneti & RAM durgpedevbgectsoichhevpdesdhe devése: QMY I8 DrodidesSt, a
plurality of first witing lines, a plurality of reading i nes,2 i.55
pl ur aleiftfyi cdenseeantenict RAY hiPg§, dgavpbesal ity of word 9 TSMC-02-
lines, and a plurality of magnetic RAM cells. Each magneti c RAM

Another further object of the present invention is to

provide unique methods to write and to read a magnetic RAM cell.

Another further object of the present invention to provide a

method to form a magnetic RAM array device.

In accordance with the .objects of this invention, a magnetic
RAM cell device is achieved. The device comprises, first, a MTJ
cell comprising a free layer and a pinned layer separated by a
dielectric layer. A reading switch is coupled between the free
layer and a reading line. A writing switch is coupled between a
first end of the pinned layer and a first writing line. A second

end of the pinned layer is coupled to a second writing line.

Also in accordance with the objects of this invention, a
magnetic RAM array device is achieved. The device comprises,
first, a plurality of first writing lines, a plurality of reading

lines, a plurality of second writing lines, a plurality of word



cell conmprises a MIJ cell conprising a free layer and a pinned |ayer
separated by a dielectric layer. Areading switch is coupled between the
free layer and one of the reading lines. A witing switch is coupled
between a first end of the pinned |layer and one of the first witing
lines. The reading and witing swtches are coupled to one of the word

| i nes.tdm@Eec@nd end of the pinned |ayer is coupled to one of the second
Writin:girll%:é;\esai Cf\lso inag';i ordgnce with the objects of this invention, a
magnetT ¢ MG & RdRadd iYs Cdc Mesrsd 1cTRAMISeL &6 - cofpehsmagmet it AN ity of
r eadi ng%i nes, a plurali td)t/ of witing lines, a plurality of reading word
l i nes, Jp|‘iﬂ“éﬂ’filtﬁ‘y%‘Sofa WHI% iGed wesoipriisiag, aafitee phyeal ahg afpimoneti ¢ RAM
cells. Each nmagnetic RAM cell conprises a MIJ cell conprising a free | ayer
and a JA¥fiededanpdeds dparatide lertaidi dbgetr.i CAl ayedind seadémgiswitch is
coupl ed between the free | ayer and one of the reading lines. The reading

swi { cheguploahireahicath Bheomeee! 16t adl BAeWBEd:heNEgadfng 14450 W tch i's
coupl ed between a first end of the pinned | ayer and one %f t he readi ng

I'i nes.wdiei i Idw i@ s Wid i (o) d_by. e e.Wmitin rd |ines.
A seco“;ld enﬂgr of lt he pi ng%éﬂpliae?e?%E%_legoap%éggtgpegée&gf t}tl%epwl%f _}Teﬁes.
10 TSMad%nkodr AR0 £i:206211H3RG8 1¥hED  t REOBLEG! $5 Ol nd NS ¢ flvention, 2

switches are coupled to one of the word lines. A second end of

the pinned layer is coupled to one of the second writing lines.

Also in accordance with the objects of this invention, a
magnetic RAM array device is achieved. The device comprises a
plurality of reading lines, a plurality of writing lines, a
plurality of reading word lines, a plurality of writing word
lines, and a plurality of magnetic RAM cells. Each magnetic RAM
cell comprises a MTJ cell comprising a free layer and a pinned
layer separated by a dielectric layer. A reading switch is
coupled between the free layer and one of the reading lines. The
reading switch is controlled by one of the reading word lines. A
writing switch is coupled between a first end of the pinned layer
and one of the reading lines. The writing switch is controlled by
one of the writing word lines. A second end of the pinned layer

is coupled to one of the writing lines.



met hod of formng a nmagnetic RAMcell array is achieved. The nethod
conprises providing a plurality of MIJ cells each conprising a free |ayer
and a pinned | ayer separated by a dielectric layer. A plurality of reading
swi tches each conprising a MOS transi stor having gate, drain, and source
termnals is forned. A plurality of y¢griting switches each conprising a MOS
t ransifgi@rooiayi ng gate, drain, and source termnals is formed. A patterned
conductive l.a er is for atterned conductive |ayer selectively
coupl es ea@& f HhE°FR4, ggﬁﬁesWPF htBBuPE28CED Obnehdt IMEeMAPoeld free
Iayers patterned conductive layer selectively couples one of the
witi iy {OUPEBY BomagdPRESE RBMdcellomrray iheadWikwsl. Tienned

| ayers. Also in accordance with the objects of this invention, a nagnetic
RAM amedpodegospriisesachirevéedinghe deuiakicpnpf iges ééll&tﬁéﬂhty of bit
lines, a plurality of reading lines, a plurality of word lines, and a

pIurabdmprablmggaefreeRAHyeelbﬁd gaﬁhnn@agn§§é§ é%ﬁéféﬂéa(ﬁymgises a MrJ
cell conprising a free layer and a plnned ayer separated by a dielectric

| ayer ditheckree 1hgxer hSpeauph e t8f0 LA iddihs
switch is coupled§betmeeﬁ a f|rs¥ g % plnﬁﬁgk?afgﬁléﬁ§@r339¥ﬁ bi t

o e T s 1.7 S e
formed. A plurality of writing switches each comprising a MOS
transistor having gate, drain, and source terminals is formed. A
patterned conductive layer is formed. The patterned conductive
layer selectively couples each of the reading switch sources to
one of the MTJ cell free layers. The patterned conductive layer

selectively couples one of the writing switch sources to a first

end of one of the MTJ cell pinned layers.

Also in accordance with the objects of this invention, a
magnetic RAM array device is achieved. The device comprises a
.plurality of bit lines, a plurality of reading lines, a plurality
of word lines, and a plurality of magnetic RAM cells. Each
magnetic RAM cell comprises a MTJ cell comprising a free layer
and a pinned layer separated by a dielectric layer. The free
layer is coupled to one of the reading lines. A first switch is
coupled between a first end of the pinned leyer and a first bit
line of the bit lines. A second switch is coupled between a

second end of the pinned layer and a second bit line of the bit



TSMC- 02- 155 Ilines. The first switch and the second switch are controlled
by one of the word lines. Adjacent magnetic RAMcells in a row share a
common bit line of the bit lines. The adjacent nagnetic RAM cells in a row
do not share a common word |ine of the word |ines. BRI EF DESCRI PTI ON OF THE
DRAW NGS I n the acconpanying drawi ngg{formng a material part of this
descrimpmMon,iss here is shown: Fig. 1 illustrates reading a nagnetic tunnel

juncti vi-ge. £.Eig. 2.illustrates witing a, nagnetic tunnel junction
devi cel%‘%f{g.ﬁ% ifllgﬁgt PELES aaﬁﬁAk/}e“ar PEGOBR PHECOR| Fe afentaglg.eds by

il ustratezfrr%n [ %rgvgd MRAM array of the prior art. Fig. 5 illustrates a
prefer Enti&§ Were AngSmadHRFENtt UAGBET L GnRAN ore Hbyi e ofravhehpresent
invention. Fig. 6 illustrates a first preferred enbodi nrent of a MRAM array

of thé prEseR bifvéaneorf TBMCLOR- 158242 Fhe. adjaddmustmades i s@oond
preferred enbodi nent of a MRAM array of the present invention. Fig. 8

i | | ustaedtles ia thirod goehetr sHaegbaded®nbén Ofioad MRAM as# ayhOfyde 1nresent
i nvention. DESCRI PTION OF THE PREFERRED EMBODI MENTS

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this

description, there is shown:

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. 5 illustrates a preferred embodiment of a magnetic

tunnel junction device of the present invention.

Fig. 6 illustrates a first preferred embodiment of a MRAM

array of the present invention.



The preferred enbodi nents of the present invention disclose nmagnetic RAM
devi ces. Methods of form ng, programm ng, and readi ng nagneti c RAM devi ces
are disclosed. It should be clear to those experienced in the art that the
present invention can be applied and extended w thout deviating fromthe
scope of the present invention. Refgering nowto Fig. 5 a preferred
enmbodirgRiatorqs the present invention is illustrated. Several inportant
features of the present invention are shown and di scussed bel ow. A MIJ
cell 150 is illustrated. The MIJ cell 150 conprises a pinned | ayer 154

and a free_| ayer 160 separated by a dielectric |layer 158. The pinned |ayer
154 and fré&éd-ayeiliBatpreeerabsgcendppieterfed ronmmyhetdnt: et er Mahs t hat
can be magnetized. The dielectric 13 TSMC-02-155 |ayer 158 preferably
conpr fg&aYapfokhdepragent inveddiohon, the dielectric |ayer 158 is nmade
relatively thin so that it will conduct current by tunneling when a
sufficiently large voltage is applied across the dielectric layer 158. In
addition, the MrJ cell 150 nay conprise an anti- ferromagnetic |ayer 168.

The ant i -ferigorragmﬂhgtkab!@é_&%iﬁ%;‘%?@feflo?é‘é%nﬁo%gi @Sﬂg{f & Lgntation

of the pinned |ayer 154. A first uctor Tayer tal, may

be adg§§a§ookh€hgi898gent invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention disclose
magnetic RAM 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. 5, a preferred embodiment of the
present invention is illustrated. Several important features of
the present invention are shown and discussed below. A MTJ cell
150 is illustrated. The MTJ cell 150 comprises a pinned layer 154
and a free layer 160 separated by a dielectric layer 158. The
pinned layer 154 and free layer 160 preferably comprise

ferromagnetic materials that can be magnetized. The dielectric



side of the cell 150. The first conductor |ayer 164 reduces the resistance

of the pinned side of the cell, especially for programmng. It is
understood that current flow can occur in any of the layers on the pinned
side of the cell. Therefore, the conbined pinned | ayer 154,

anti-ferromagnetic |ayer 168, and fiqgst conductor layer 164 are referred
to si gRlr.03§s4 he pinned layer 154 in the renmai nder of the description. A
secong congg tor Ia¥e£ 170 na¥,be added to the free side of the cell to
reduce®RéE re8i BrEIFEGPLUYr FREPFLEEP n3n 2369, L3NRY entn fadstitdam, sheur in
either_the free |ayer 160 or the second conductor |ayer 170. These two

| ayer §1&l&csrip| yaveretpBdisomadet helat beelnyehin reo tthetr drmmiwiddr of the
description. Referring nowto Fig. 6, a first preferred enbodi nent of a
MRAM &pigjic20ountenhebpr teenelingenhénna i suf f1aisdntetyed.arbie w@ltayeld s
TSMC- 02- 155 200 uses a uni que MRAM cell 290 as shown. The MRAM cel |l 290
conpr bped iadMEdroek| tRO2dceNREL 51801 &y egl, | ayer, a free layer, with a
dielectric layer therebetween. A reading switch MA 291 is coupl ed between
the free layer of the MIJ cell and a reading line RL 296. Awiting switch
MB 293 is coupled between a first end of to the pinned |layer of the MIJ

So1 and M BosaELIoRY LhBMHRIeePPTs 50 MEay S P Gl 10 St ohes W
ferromagnetic layer 168. The anti-ferromagnetic layer 168 is used
to fix the magnetic orientation of the pinned layer 154. A first
conductor layer 164, such as a metal, may be added to the pinned
side of the cell 150. The first conductor layer 164 reduces the
resistance of the pinned side of the cell, especially for
programming. It is understood that current flow can occuf in any
of the layers on the pinned side of the cell. Therefore, the
combined pinned layer 154, anti-ferromagnetic layer 168, and
first conductor layer 164 are referred to simply as the pinned
layer 154 in the remainder of the description. A second
conductor layer 170 ﬁay 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 layer
170. These two layers are simply referred to as the free layer in

the remainder of the description.

Referring now to Fig. 6, a first preferred embodiment of a

MRAM array 200 of the present invention is illustrated. The array



controlled wth a common word |ine signal W. 298. The second end of the
pinned layer is coupled to a second witing line WR2 295. The array 200
conprises first, a plurality of first and second witing lines Bl-B4, a
plurality of reading lines B1'-B4', a plurality of word lines W-W and
W' -WB", and a plurality of magnetiggRAM cells RO-R11. This cel

arr anggRny, \8as several unique features. The MRAM cell is a 2T1R cell
However, only one of the transistors carries a large programming current.
The o?rg@r “lsf‘%/fnﬁ IOGAUGNMRANFRLés 29 hasr shaviveTlye SARAN ¢elldiZRP current .
For exanple, to read cell R2 216, the word line W is asserted to turn ON
the r &R sesiat MFIVEe21429A romgicngingr aepinnsdtheyecoupl Brbd hraguegh the
reading line B3', the reading switch M 214, the free layer, dielectric
Iayerwiﬂhﬂqﬁdﬁa&éctayer1aye82t2é6ebaﬂdeéﬂtQAthéaéfﬁéﬁﬁhiﬂwﬁtMKEbdﬂ'M% B3
279. In addition, since the asserting of the word ine W also turns ON

t he Wddupl@:ds Welte oMb + 238 fréepﬁ-éﬂ/egf of h@héq\d'}_ﬁl\%ﬁéﬁéaan&reela%fo}% %grr%epgt

may al so be coupl ed through the mxlglngfsmntc g o e e
ol LR, bioe B 834 nB0LSKAMPL, 2bBe; ST LESE 204, second wridino
and B4 could be groun: e%wﬁglﬁg t A ré%d??%p%ﬁ$r TFW?%nd% & fgifzgnine
i i ' ' u t hen be neasure 0]
reade% E%%epﬁnnedT gye¥og%aggeOMT§3ceff and first writing line WR1
t he state of
297. The reading and writing switches MA 291 and MB 293 are
controlled with a common word line signal WL 298. The second end
of the pinned layer is coupled to a second writing line WR2 295.
The array 200 comprises first, a plurality of first and second
writing lines B1-B4, a plurality of reading lines B1’-B4’, a

plurality of word lines W1-W3 and W1'-W3’, and a plurality of

magnetic RAM cells RO-R11.

This cell arrangement has several unique features. The MRAM
cell is a 2T1R cell. Howe#er, only one of the transistors carries
a large programming current. The other transistor only carries
the relatively small reading current. For example, to read cell
R2 216, the word line W1 is asserted to turn ON the reading
switch M4 214. A reading current is then coupled through the
reading line B3’, the reading switch M4 214, the free layer,
dielectric layer, and pinned layer of R2 216, and into the second
writing line B3 279. In addition, since the asserting of the word

line W1 also turns ON the writing switch M5 218, a part of the



Il R2. Alternatively, B3 could be grounded while the reading current is
;Splied to B4 and B3.yCeII R2 may be witten by asserting WL 274 to turn ON
the witing switch Mo 218. A witing current is then coupled through the
first witing line B4, the witing switch Mb 218, the pinned |ayer of R,
and the second witing line B3 279. Tle direction of the witing current,
whet h Sl\/fd(ﬁnﬂs irst witing line B4 to second witing line B3 or from
seconglfvvrl',ti'ng line B3 to first witing |line B4, determ.nes th‘e direction
of t héF SIS IUrTente et PdROpPEgEarmiddonhoough tlet | wiRC 1i1Qn| switthih WS t i ng
transistor Mo 218 carries a large current. Therefore, the reading
t ransiitfrand inte che férstderveingsimhe. B4 Th8Ss. rBSHl égarthpll @, rateh snal | er
MRAM cel | using this design. Note also that the architecture uses two word

| i nes, EMlstanidfifectar weaehngOWiAksCab| and Thi Scbf1 #e6aUsRolif £ Gl Shar e
witing lines. For exanple, cell Rl shares witing [ine B3 wth ce R2

and  shas esalliny Barkene B2 whhpicd! £oRQheA§e$§£§§iuﬂne the figst 16

TSMC- 02- 155 preferred enbodi nent requires on wWwriting Ines for an
quired for N colums. At

arra i l,u 1 4N ding lines arge r

t he Zgrée}%ﬁg%,ﬂt %g’ arg:(}ﬁllf1 e(%{1 %rgeb?e%?’r'ége‘gl\ﬁ%‘gﬁt?ﬁﬁjfge fidre M5 ©f Because
i iti i i mentary wor i nes

of th%mﬁﬁaQZQQAﬁleghg%&g 155”8?* ggg?dlbe grognded while the reading

current is applied to B4 and B3.

Cell R2 may be written by asserting W1 274 to turn ON the
writing switch M5 218. A writing current is then coupled through
the first writing line B4, the writing switch M5 218, the pinned
layer of R2, and the second writing line B3 279. The direction
of the writing current, whether from first writing line B4 to
second writing line B3 or from second writing line B3 to first
writing line B4, determines the direction of the magnetic

orientation programmed onto the cell R2.

Only the writing transistor M5 218 carries a large current.
Therefore, the reading transistor M4 214 cén be made very small.
This results in a much smaller MRAM cell using this design. Note
also that the architecture uses two word lines, W1 and W1’ for
each row of cells. This is because the cells share writing lines.
For example, cell Rl shares writing line B3 with cell R2 and

shares writing line B2 with cell RO. As a result, the first



W and W' are used to insure that no cells are half-selected as occurred
in the prior art. The first preferred enmbodinent architecture provides a
MRAM device with a smaller cell structure due to a reduced transistor

size. Preferably, the reading and witing switches conprise MOS
transistors. Mre preferably, the swi4tgches conprise either NMOS or PMOS
transh% WSFeferring now to Fig. 7, a second preferred enbodi ment of the
present Inventjon is illustrated. The MRAM cel | 350 again conprises a 2TI1R
st r uctRASE SRRk RO ety gegagaest kalyeddilngriswingchimis 36dr aad dtheny
witing switch MB 358 are coupled together to the first witing line Wl
364. Nearvid N, calhveurseadi npashiingcl ink 37é¢ ireqa@pedokbedy byoButieadixg wor d
line RAL 360 while the witing switch MB 358 is controlled by the witing

word lthee ddile t33@, lthd hecseeend upkehanigdeanbadi,geat 11408 P&ﬁrﬂ?'ﬁw&e"
R2 314 is read by asserting W2 330 to turn ON the reading swtch 316.

L7 TSMEQRb e Al itleiet ks nbhenaLar cedobit guah. N 346, and Jp 314

and into the second witing |Iine é voltage 0

nmeasurged t.erjne t el.l stat || R2.314 is witten by asserting
e AR ST T Bl B R ML D0

occurred in the prior art.

The first preferred embodiment architecture provides a MRAM
device with a smaller cell structure due to a reduced transistor
size. Preferably, the reading and writing switches comprise MOS

transistors. More preferably, the switches comprise either NMOS

or PMOS transistors.

Referring now to Fig. 7, a second preferred embodiment of
the present invention is illustrated. The MRAM cell 350 again
comprises a 2T1R structure. However, in this case, the reading
switch MA 354 and the writing switch MB 358 are coupled together
to the first writing line WR1 364. Meanwhile, the reading switch
MA 354 is controlled by a reading word line RWL 360 while the

writing switch MB 358 is controlled by the writing word line WWL

336.

In the second preferred embodiment, for example, cell R2 314

is read by asserting W2 330 to turn ON the reading switch M4 316.



current is then forced through the first and second witing lines BlI' and
Bl and the pinned layer of R2 314 to wite the cell. Note that only the
witing transistor needs to be large. The reading transistor can be small
to save space. This arrangenent requires 2Mword lines for Mrows and 2N
witing lines for N colums. Referring nowto Fig. 8, a third enbodi ment of
the pregenb.isd nvention is illustrated. This enbodinent is also a 2T1R
structure. In this case, both transistors for each cell are used to carry
t he 'FﬁﬁglgﬁrFéﬁF?nFoﬁseﬁﬁﬁﬁlE?r?%dpﬁhﬁﬁwﬂthﬂl3$ﬁ.anﬂLR2 ¢ wodd |ine
W' is asserted to turn ON switches M2 and M3. A witing current is then
coupl é@tohtdgegherpadf Wrstingdlireoht 33 i tTing vohesgBD M6 ‘and BRhe#68 and
through the cell R1 410 to programthe cell. To read the cell Rl 410, the

word Ieasunedi so dgabrmansethedcédl tataron ¢del fRT si1ands SRGQRE St ches M
and MB. A reading current is then forced through the free layer and the

pi Nnedskayeingowneasyr eutheokt 8he- wi{ic 1Ak Ss £ ap tg. ?Pkﬂi%fiﬁbhe
switches M2 408 and M3 412 carry witing current. ereforeé, thrs

arran does 8 -02-.155_. cell_area b educi.ng transistor
area.g%g?%gf,Qghfgggr?g%ggéeggg%ﬁégu%%% %+ﬁ§§eijéfsﬁﬁgééiﬁﬁﬁﬁﬁpglh&P?ﬁg hal f
Lt i iti ines an readin ines are
of th%lm”%hangllgﬂgstheQQEXnghm{é§éPQD Iﬁ& 314 to write the cell. Note
requi red ror an
that only the writing transistor needs to be large. The reading

transistor can be small to save space. This arrangement requires

2M word lines for M rows and 2N writing lines for N columns.

Referring now to Fig. 8, a third embodiment of the present
invention is illustrated. This embodiment is also a 2T1R
structure. In this case, both transistors for each cell are used
to carry the writing current. For example, to program cell R1 410,
the word line W1’ is asserted to turn ON switches M2 and M3. A
writing current is then éoupled through the first and second
writing lines B2 464 and B3 468 and through the cell R1 410 to
program the cell. To read the cell R1 410, the word line Wl is
again asserted to turn on the first and second switches M2 and M3.

A reading current is then forced through the free layer and the

pinned layer to measure the state.

In this arrangement, both of the switches M2 408 and M3 412

carry writing current. Therefore, this arrangement does not save



array N colums wide. 2Mword lines are required for an array M rows deep.
Referring again to Fig. 7, a nmethod for formng an MRAMis al so achi eved.
The nethod conprises providing a plurality of MIJ cells ROR3 each
conprising a free |layer and a pinned | ayer separated by a dielectric layer.
A plurality of reading switches MO 42, M4, and M5 each conprising a MOS
transipgfelo,having gate, drain, and source termnals is formed. A plurality
of witing switches M, M3, M, and M7 each conprising a MXS transistor
havin&eégt@Feér YnTedHE BouFERNEEFFPRaR R s Rarhrm. thisnarwemedmensnduct i ve
| ayer 375 is forned. The patterned conductive |ayer 375 selectlyely

coupl &sdeger &het haypuhdanga sy t ehisiuatisy thelheof dfhd heriMihgcelinekr ee

| ayers. The patterned conductive |ayer 375 selectively couples one of the

S writi Pglywit sirisongcesnes andiNstea®@nsy of igae Hfe thepMibLadr Rihnned
| ayers. The advantages of the present invention may now be sunmarized. An

ef f ectirvayandcyelinBBRUAACt 214 AbbEd MBYNSS | £ FAM i L&IrALed Cinquit ydevi ce
is providga. A magneti c RAM devi ce conpr|5|ngcglnagpetlc-tunnegbjunct!on
(MIJ) rdeui ggels achieved. 19 TSMC-02-155 The magnetic RAM cel I's conprise a
wite transistor, a read transistor, and one MIJ cell. The magneti c RAM

cell has a

Referring again to Fig. 7, a method for forming an MRAM is
also achieved. The method comprises providing a plurality of MTJ
cells RO-R3 each comprising a free layer and a pinned layer
separated by a dielectric layer. A plurality of reading switches
MO, M2, M4, and M6 each comprising a MOS transistor having gate,
drain, and source terminals is formed. A plurality of writing
switches M1, M3, M5, and M7 each comprising a MOS transistor
having gate, drain, and source terminals is formed. A patterned
conductive layer 375 is formed. The patterned conductive layer
375 selectively couples each of the reading switch sources to one
of the MTJ cell free layers. The patterned conductive layer 375
selectively couples one of the writing switch sources to a first

end of one of the MIJ cell pinned layers.

The advantages of the present invention may now be
summarized. An effective and very manufacturable magnetic RAM
integrated circuit device is provided. A magnetic RAM device

comprising a magnetic-tunnel junction (MTJ) device is achieved.



reduced cell size. The magnetic RAM cells have | ow programm ng current.
Efficient magnetic RAM array devices are achieved. Unique nethods to wite
and to read a nagnetic RAMcell are provided. A nethod to forma magnetic
RAM array device is provided. As shown in the preferred enbodi nents, the
novel devices and nethod of the pr eﬂgnt i nvention provides an effective
and %Rdtg IL) rable alternative to t prior art. Wiile the invention has
been particCultarly shown and described with reference to the preferred
enbodi htRanedisoRAM celilis| comprisdenswodtebyrahssstskj |4 eckdd the art

that various changes in formand details may be made w t hout departing

from tenssigitoirt, amd scepeTaf cehe .i nvast nagneT SVRAR- 4551 Wiad 4 s cl ai nmed
is: 20 1. A magnetic RAM cell device conprising: a MIJ cell conprising a

free hayhoshdel lisnned havehaghpatakall Byl 8s0hel el bl Gt dfinmihd eading

swi tch coupled between said free'layer and a 5 reading an witing
swi t chauRied segtiween a Lt s endapf nsald inned layer and a. first
Witing 11ne wWherein & Sg@%ﬁ% é%dﬂAﬂ a%ray dgv1ces arg 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 various

changes in form and details may be made without departing from

the spirit and scope of the invention.



of said pinned |layer is coupled to a second witing line. 2. The device
according to Claiml1l wherein said pinned | ayer conprises a ferromagnetic
| ayer, an anti-ferronmagnetic |ayer, and a conductor |ayer. 3. The device
according to Caim1l wherein said reading and witing swtches each
conpAPME-RMS t ransi stors having drain, source, and gate termnals. 4. The
devi ce according to Caim3 wherein said MOS transi stors conprise PMOS or
NMOS. 5. Thea@ieMiscelagaendiiag to Claim 3 wherein said reading switch drain
is coupled to said reading |line, wherein said reading switch source is
coupled to said free layer, wherein said witing swtch source is coupl ed
to said 21 1FSMC-EgHS5L c SR nereld] | dgrerge whmmeiisigegd witing switch drain
is coupled to said first witing line, and wherein said readi ng and

witing switch gatves aealceowmpedstogeth€irecblaybe davi aepaaseadingeto G aim
3 wherein said reading switch drain is coupled to said reading |1 ne,

wher ei n saiglpah@2dan®,SW Ri1seerse hayeeupl ed to said free layer, wherein
said witing switch dfrain is coupled t0 said first 5 witing line, wherein

said witing S“%F%%a%g%gp%ﬁf%c%p%gh%Qed between said free layer and a

5 reading line; and
a writing switch coupled between a first end of said
pinned layer and a first writing line wherein a second end

of said pinned layer is coupled to a second writing line.

2. The device according to Claim 1 wherein said pinned layer

comprises a ferromagnetic layer, an anti-ferromagnetic layer,

and a conductor layer.

3. The device according to Claim 1 wherein said reading and
writing switches each comprise MOS transistors having drain,

source, and gate terminals.

4. The device according to Claim 3 wherein said MOS

transistors comprise PMOS or NMOS.

5. The device according to Claim 3 wherein said reading
switch drain is coupled to said reading line, wherein said
reading switch source is coupled to said free layer, wherein

said writing switch source is coupled to said




to said pinned layer, wherein said reading switch gate is coupled to a
reading word line, and wherein said witing swtch gate is coupled to a
witing word line. 7. The device according to Gaim1 wherein said reading
line and said first witing line conprise a single line. 8 The device
according to aim1l wherein said magpetic RAM cell device is witten by a
nmet hoq._.c rising: turning ON said witing switch; and coupling a witing
curre&?k@wﬁ gh said witing 5 switch, said first witing line, said second
witifkg |i Répnedndayard phanedn| ayed voigenersweteh ndgnet iics fdoefpdetdo
programsaid free layer. 22 TSMC-02-155 9. The device according to Claim1l
wherei n saitd sagdefiesBAMricehy Uenéfeans wieagelly i@t QGRS NY:
turning ON said reading switch; coupling a reading current through said

readi ng | i neitSngakeitendhadeshteheossi daft&Seti@yer . and said pinned
| ayer; gand rréasﬁ?i nglvol tggeeof sai %Olflga%? ng _?ne. ~10. A magnetic RAM array
device conprising: a plurality of first witing |ines;

6. The device according to Claim 3 wherein said reading
switch drain is coupled to said reading line, wherein said
reading switch source is coupled'to said free layer, wherein
said writing switch drain is coupled to said first

5 writing line, wherein said writing switch source is coupled
to said pinned layer, wherein said reading switch gate is
coupled to a reading word line, and wherein said writing

switch gate is coupled to a writing word line.

7. The device according to Claim 1 wherein said reading line

and said first writing line comprise a single line.

8. The device according to Claim 1 wherein said magnetic RAM
cell device is written by a method comprising:
turning ON said writing switch; and
coupling a writing current through said writing
5 switch, said first writing line, said second writing line,

~and said pinned layer to generate a magnetic field to

program said free layer.



a plurality of second witing lines; a plurality of reading lines; 5 a
plurality of word lines; and a plurality of magnetic RAM cells wherein each
said magnetic RAM cell conprises: a MIJ cell conprising a free layer and a
pi nned |ayer separated by a dielectric layer; 10 a reading switch coupl ed
between said free | ayer and one of ?§<j reading lines; and a witing
smﬁthﬁﬁgﬂglgg between a first end o said pinned | ayer and one of said
first fFAY |ines wherein said reading and witing switches are coupl ed
23  TSMC- 02--15% 1 tisomeairdiaigl tword dimds wardeineseaid aagreohd rmd of
said pinned |ayer is coupled to one of said second witing |ines. 11. The
devi ce acceedilngetdacel asmré8dwber &i Re8HpaCEhpSHE Thg magnetic RAM cells in a
row share a common bit line of said bit lines and wherein said adjacent

magneti ¢ RAM cekhgnliAgaon’ awid0rBlia§aLgifcigommon word |ine of said word
l'ines. 12.The device according to Carm 10 wherein said pinned [ayer
conprises a ferEBGB@@ﬁ&'Q Eéxaﬁngaguggéﬁﬁféﬁ%&ﬁgﬁ”ﬁ%i& reading line,

5 said reading switch, said free layer, and said pinned layer;

and

measuring voltage of said reading line.

10. A magnetic RAM array device comprising:
a plurality of first writing lines;
a plurality of second writing lines;
a plurality of reading lines;
5 a plurality of word lines; and
a plurality of magnetic RAM cells wherein each said
maghetic RAM cell comprises:
a MTJ cell comprising a free layer and a pinned
layer separated by a dielectric layer;
10 a reading switch coupled between said free layer
and one of said reading lines; and
a writing switch coupled between a first end of
said pinned layer and one of said first writing lines

wherein said reading and writing switches are coupled



| ayer, and a conductor |ayer. 13. The device according to Caim 10 wherein
said reading and witing switches each conprise MOS transistors having
drain, source, and gate termnals. 14. The device according to Caim13
wherein said MOS transi stors conprise NMOS or PMOS. 15. The devi ce
according to Claim 10 wherein one of gpid nmagnetic RAMcells in said array
devi cegshvegMisiten by a net hod conprising: asserting said word line of a
sel ecty sai d netic %4 -02-155 5 RAMcell to thereby turn ON said
Writing switch SEEd OLelFa HOFFQgF.éP?E R eeereinmm serpid mpdh ofriting
current through said witing switch, said first witing |line, said second
witing line, af@is annnﬁidnaéérelfayér cofipdaidtsedret @l smpghetdanAM cel | to
10 generate a magnetic field to programsaid free | ayer of said selected
magneti ¢ RAM 1@&rithegdévines.according to C aim 10 wherein one of said
magnetic RAMcells in said array device is read by a nethod conprising:
asserting said word line of a selected said nmagnetic

11. The device according to Claim 10 wherein adjacent said
magnetic RAM cells in a row share a common bit line of said
bit lines and wherein said adjacent magnetic RAM cells in a

row do not share a common word line of said word lines.

12.The device according to Claim 10 wherein said pinned

layer comprises a ferromagnetic layer, an anti-ferromagnetic

layer, and a conductor layer.

13.The device according to Claim 10 wherein said reading
and writing switches each comprise MOS transistors having

drain, source, and gate terminals.

14. The device according to Claim 13 wherein said MOS

transistors comprise NMOS or PMOS.

15. The device according to Claim 10 wherein one of said
magnetic RAM cells in said array device is written by a

method comprising:

asserting said word line of a selected said magnetic



5 RAMcell to thereby turn ON said reading switch of said selected
magnetic RAM cel I ; coupling a reading current through said reading line,
said reading switch, said free |ayer, and said pinned | ayer of said
sel ected magnetic RAM cel | ; and 10 neasuring voltage of said reading line
of said selected magnetic RAMcell. Jy7. A magnetic RAM array device _
conprighRg,.1s8 Plurality of reading lines; a plurality of witing lines; a
plurality of reading word lines; 25 TSMC-02-155 5 a plurality of witing
word 13 nes;Rf%dreélp%er &herebyt thagneli ea RAWEEE {8g wher e¢ln @fctnishi d
magnetic RAM cel | conprises: a MIJ cell conprising a free layer and a
pi nned | ayEslesdgsh avegdelby caR@Meketlpi gndlayer; 10 a reading sw tch coupl ed
between said free layer and one of said reading Iines wherein said reading
switch is contraougdiby saitietagotusabstr eadbighWoALd IiNeSig Al W i ting
switch coupl ed between a first end of

said first writing line, said second writing line, and said

pinned layer of said selected magnetic RAM cell to

10 generate a magnetic field to program said free layer of said

selected magnetic RAM.

16. The device according to Claim 10 wherein one of said
magnetic RAM cells in said array device is read by a method
comprising:

aéserting said word line of a selected said magnetic

5 RAM cell to thereby turn ON said reading switch of said

selected magnetic RAM cell;

coupling a reading current through said reading line,
said reading switch, said free layer, and said pinned layer
of said selected magnetic RAM cell; and

10 measuring voltage of said reading line of said selected

magnetic RAM cell.

17. A magnetic RAM array device comprising:
a plurality of reading lines;
a plurality of writing lines;

a plurality of reading word lines;



15 said pinned |ayer and one of said reading lines, wherein said witing
switch is controlled by one of said witing word |ines and wherein a
second end of said pinned layer is coupled to one of said witing Iines.
18. The device according to Caim17 wherein said pinned |ayer conprises a
ferromagnetic |layer, an anti-ferromaggetic layer, and a conductor |ayer.
19. Thewdevl £ accor ding to Caim1l7 erein said reading and witing

swi tches ‘each’ conprise MOS transistors having drain, source, and gate
ternimals. 26 T3veipzaitsy 96 wrhbingvvesdatteedi mpdo C ai m 19 wher ei n
said MOS transistors conprise NMOS or PMOS. 21. The device according to
Claim 17 wherei A pheralityi df magnetic RAW cells iwies@ind exdiaysadevi ce is
witten by a method conprising: asserting said witing word line of a

sel ect ed saagnstimgRRMi ceRAMc6@plitesthereby turn ON said witing switch of
sai d sel ected magnetic RAM cell; and coupling a witing current through

said writing switch a aebdodiil b8lpklBEngSa! £rE€MUNG, Ao Pl d P NNEd
ayer.
’ layer éeparated by a dielectric layer;
10 a reading switch coupled between said free layer
and one of said reading lines wherein said reading
switch is controlled by said one of said reading word
lines; and
a writing switch coupled between a first end of
15 said pinned layer and one of said reading lines,
wherein said writing switch is controlled by one of

said writing word lines and wherein a second end of

said pinned layer is coupled to one of said writing

lines.

18. The device according to Claim 17 wherein said pinned
layer comprises a ferromagnetic layer, an anti-ferromagnetic

layer, and a conductor layer.

19. The device according to Claim 17 wherein said reading
and writing switches each comprise MOS transistors having

drain, source, and gate terminals.



of said selected magnetic RAMcell to generate 10 a magnetic field to
program sai d free layer of said selected nagnetic RAM 22. The device
according to Caim17 wherein one of said magnetic RAMcells in said array
device is read by a method conprising: asserting said word line of a

sel ected said magnetic 5 RAM cell tod hereby turn ON said reading switch
of saHgM: Hg ted magnetic RAM cel | ; "Coupling a reading current through
sai d reéadi ng fine, said witing line, said reading switch, said free

| ayer, and 2%ai d15i Af¥d craperostling dos6latnetd melgeeeic RoM o0@d ;
TSMC-02-155 10 and 27 neasuring voltage of said reading Iine of said

sel ect ed nmégrerictRAN celbri2sd. NMOsebhodMOS. forming a magnetic RAM cel |
array conprising: providing an plurality of MIJ cells each conprising a
free layer and a pinned | ayer separated by a dielectric 5 layer; formng a
plurality of reading swtches each conprising

21. The device according to Claim 17 wherein one of said
magnetic RAM cells in said array device is written by a
method comprising:

aSserting said writing word line of a selected said

5 mégnetic RAM cell to thereby turn ON said writing switch of

said selected magnetic RAM cell; and

coupling a writing current through said writing switch,
said writing line, said reading line, and said pinned layer
of said selected magnetic RAM cell to generate

10 a magnetic field to program said free layer of said selected

magnetic RAM.

22. The device accofding to Claim 17 wherein one of said
magnetic RAM cells in said array device is read by a method
comprising:

asserting said word line of a selected said magnetic

5 RAM cell to thereby turn ON said reading switch of said

selected magnetic RAM cell;

coupling a reading current through said reading line,
said writing line, said reading switch, said free layer, and

said pinned layer of said selected magnetic RAM cell;



an MOS transistor having gate, drain, and source termnals; formng a
plurality of witing swtches each 10 conprising an MOS transi stor having
gate, drain, and source termnals; and form ng a patterned conductive

| ayer wherein said patterned conductive |ayer selectively couples each of
sai d reading switch sources to one g{ said MIJ cell free layers 15 and
wher eif ﬁatterned conductive | ayer selectively couples one of said
WWItIn smntc sources to a first end of one of said MIJ cell pinned
Iayer§: 24 3%he net hod according to Caim 23 wherein said pinned |ayer
conprises a ferromagnetic |layer, an anti-ferromagnetic |ayer, and a
conduct or | ayer MEREMEi02- ¥65tage26f FhadnmethdathacTondi 6f ¢ O ailac4dd
wherein said MOS transi stors conprise NMOS or PMOS. 26. The net hod
accordi ng trecdeziim RAMf getther conprising formng a plurality of reading
lines, witing lines, and word |ines wherein each said reading sw tch
drain is coupled to one of said reading |ines, wherein each said 5 reading
switch source is coupled to one of said MIJ cell free layers, wherein each

said witing swal G ROHr 68 kgrming a magnetic RAM cell array
‘comprising:
providing an plurality of MTJ cells each comprising a
free layer and a pinned layer separated by a dielectric
5 layer;
forming a plurality of reading switches each comprising
an MOS transistor having gate, drain, and source terminals;
forming a plurality of writing switches each
10 comprising an MOS transistor having gate, drain, and source
terminals; and
forming a patterned conductive layer wherein said
patterned conductive layer selectively couples each of said
reading switch sources to one>of said MTJ cell free layers
15 and wherein said patterned conductive layer selectively

couples one of said writing switch sources to a first end of

one of said MTJ cell pinned layers.

24. The method according to Claim 23 wherein said pinned
layer comprises a ferromagnetic layer, an anti-ferromagnetic

layer, and a conductor layer.



coupled to one of said MIJ pinned |ayers, wherein each said witing swtch
drain is coupled to one of said witing lines, and wherein said reading
and writing switches that 10 are coupled to a single said MIJ cell have
gates co-coupled to one of said word lines. 27. The nethod according to
G aim23 further conprising formngagplurality of reading Iines, witing
l'ines,pgfRafdi;9g word lines, and witing word |Iines wherein each said
reading switch drain is coupled to one of said reading 5 lines, wherein
each said reading switch source is coupled to one of said MIJ cell free

| ayers, wherein each said witing switch source is coupled to one of said
MTJ pi nned 4%ay &g, meghpeVacoprdssy hhefbhimead hwisareli mrsdidigiani t ch drain
is coupled to one of said witing lines, wherein said reading swtches 10
have gat es tewmslietiors opnepet sseaiMoseadi pgogord |ines, and wherein said
witing switches have gates coupled to one of said witing word lines. 10
28. A magnetic RAM array device conprising: a plurality of bit lines; a
plurality.of reading |lines;

26. The method according to Claim 23 further comprising
forming a plurality of reading lines, writing lines, and
word lines wherein each said reading switch drain is coupled
to one of said reading lines, wherein each said

5 reading switch source is coupled to one of said MTJ cell
free layers, wherein each said writing switch source is
coupled to one of said MTJ pinned layers, wherein each said
writing switch drain is coupled to one of said writing lines,
and wherein said reading and writing switches that

10 are coupled to a single said MTJ cell have gates co-coupled

to one of said word lines.

27. The method according to Claim 23 further comprising
forming a plurality of reading lines, writing lines, reading
word lines, and writing word lines wherein each said reading
switch drain is coupled to one of said reading

5 lines, wherein each said reading switch source is coupled to
one of said MTJ cell free layers, wherein each said writing

switch source is coupled to one of said MTJ pinned layers,



a plurality of word lines; and a plurality of magnetic RAM cells wherein
each said nmagnetic RAM cell conprises: a MIJ cell conprising a free |ayer
and a pinned |ayer separated by a dielectric |layer wherein said free

| ayer is coupled to one of said reading lines; a first switch coupled
between a first end of said pinned lgyer and a first bit line of said bit
Iines,TSg%(bzaISSsecond swi tch coupl ed between a second end of said pinned

| ayer an secqnd bit line of said bit 15 lines, wherein said first switch
and sai d sSEGTEIWEPEH Sai6 WBAELBE! gdibghofeabt baieburkatl [imesie wher ei n
adj acent said magnetic RAMcells in a row share a 30 TSMC-02-155 comon

bit |ine offadsh #rBitinpi Aésesandhebeiri sasdi deadiiqcemitamgneti c RAM cel | s
in arowdo not share 20 a commpn word line of said word |lines. 29. The

devi cé OaccdrediengatesCraupla8 wbesgenosasdi @i Aeedlind ays¥Fd COMYd SeH@
ferromagnetic |ayer, an anti-ferromagnetic |ayer, and a conduct or | ayer.
30. The dewhegecagCerdungrieikhakit £8nhdbesLin §§Eégf65&§led to one of

said writing word lines.

28. A magnetic RAM array device comprising:
a plurality of bit lines;
a plurality of reading lines;
a plurality of word lines; and

5 a plurality of magnetic RAM cells wherein each said

magnetic RAM cell comprises:

a MTJ cell comprising a free layer and a pinned
layer separated by a dielectric layer wherein said free
layer is coupled to one of said reading lines;

10 a first switch coupled between a first end of said
pinned layer and a first bit line of said bit lines;
and

a second switch coupled between a second end of
said pinned layer and a second bit line of said bit

15 lines, wherein said first switch and said second switch
are controlled by one of said word lines, wherein

adjacent said magnetic RAM cells in a row share a



and second switches each conprise MOS transistors having drain, source,
and gate termnals. 31. The device according to Caim 28 wherein
alternating said MIJ cells in said row share a same word |ine of said
word lines. 32. The device according to Cl aim28 wherein one of said
magnetic RAMcells in said array devi3(be is witten by a nmethod conpri sing:
asser tisp@ $akd witing word line of a'selected said 5 magnetic RAMcell to
thereby turn ON said first _and second swi tches of said selected nmagnetic
RAM cel | ; and 3FO™PSRCPas- 155ecelipbpihg hitw 1ineg, camd evhetdimughidsai d first
bit line, said second bit line, said first and second switches, and said
pi nned | ayer of asdiadess| megudtiagRali ceRAM trel & tow 1db genersis-<a magneti c
field to programsaid free |ayer of said selected magnetic RAM 33. The

devi c&0accor di ng tom@bai 028 Meeebh 88edofordepngtic RAM cells in said
array device is read by a nethod conprising: asserting said word line of a
sel ected said magnetic 5 RAMcell to thereby turn ON said first and second

swi t ches
29. The device according to Claim 28 wherein said pinned

layer comprises a ferromagnetic layer, an anti-ferromagnetic

layer, and a conductor layer.

30. The device according to Claim 28 wherein said first
and second switches each comprise MOS transistors having

drain, source, and gate terminals.

31. The device according to Claim 28 wherein alternating

said MTJ cells in said row share a same word line of said

word lines.

32. The device according to Claim 28 wherein one of said
‘magnetic RAM cells in said array device is written by a
method comprising:
asserting said writing word line of a selected said
5 magnetic RAM cell to thereby turn ON said first and second

switches of said selected magnetic RAM cell; and



of said selected magnetic RAMcel|l; coupling a reading current through said
reading line, said first and second switches, said first and second bit
lines, said free layer, and said pinned | ayer of said 10 sel ected nagnetic

RAM cel | ; and neasuring voltage of said reading |ine of said selected
magneti c RAM cel | . 31
TSMC-02-155

coupling a writing current through said first bit line,
said second bit line, said first and second switches, and
said pinned layer of said selected magnetic RAM cell to
10 generate a magnetic field to program said free layer of said

selected magnetic RAM.

33. The device according to Claim 28 wherein one of
magnetic RAM cells in said array device is read by a method
éomprising:
asserting said word line of a selected said magnetic
5 RAM cell to thereby turn ON said first and second switches
of said selected magnetic RAM cell;
coupling a reading current through said reading line,
said first and second switches, said first and second bit
lines, said free layer, and said pinned layer of said
10 selected magnetic RAM cell; and
measuring voltage of said reading line of said selected

magnetic RAM cell.



