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| NVENTI ON 1. Field of the Invention . The pr@'sent
invention relates to the field of data storage. More particularly, the '
present invention relates to a physical configuration of a magnetic tunnel
junction (MIJ) device nenory cell. 2. Description of the
Rel.ated Art U.S. Patent Np. 5,640,343 to Gallagher et al.

di scl oses two configurations of a magnetic tunnel junction (MIJ) device
menory cell. The first configuration, shown in Figures 1B and 1C of U. S.
Pat ent No. 5, 640, 343, represents

MAGNETIC RANDOM ACCESS MEMORY (MRAM) ARRAY WITH
MAGNETIC TUNNEL JUNCTION (MTJ) CELLS AND REMOTE DIODES

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to the field of data storage. More
particularly, the present invention relates to a physical configuration of a magnetic

tunnel junction (MTJ) device memory cell.

2. -Desc';ription of the Related Art

U.S. Patent No. 5,640,343 to Gallagher et al. discloses two
configurations of a magnetic tunnel junction (MTJ) device memory cell. The first
configuration, shown in Figures 1B and 1C of U.S. Patent No. 5,640,343., represents
an ideal cross point array structure that uses a thin film diode. 'The second
configuration, shown in Figures 10A-10C, includes a buried row line that uses a
single crystal silicon diode, but requires an additional global row line to be formed on
top of the memory. cell. o o

The quality of thin film diodes limits the first configuration to low
sense currents and, consequently, a slower operational performance. The second

configuration has a large spacing between the global row line and the magnetic
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an ideal cross point 'array structure that uses a thin filmdi ode. The
second configuration, shown in Figures 10A-10C,. includes a buried row |line
that uses a single crystal silicon diode, but requires an additional
global rowline to be forned on top of the nenory cell. The
quality of thin filmdiodes Iimts the first configuration to |ow sense
currents and, consequently, a slower operational performance. The second
configuration has a | arge spaci ng betwezn the global row line and the
magneti c el enent that requires a larger current through
the row |l ine when witing the cell than that through the row line of the
first configuration. Additionally, the safety margin associated with the
second configuration for avoiding witing of an adjacent cell is snall
and, with variability in materials, the second configuration has
i nsuf ficient . ..
: element that requires a larger current through the row line when writing the cell than

that through the row line of the first configuration. Additionally, the safety margin

associated with the second conﬁguréﬁon for avoiding writing of an-adjacent cell is

small and, with variability in materials, the second configuration has insufficient

margin for operating cells one at a time in a large dense array. The first

configuration similarly has a large spacing between the MTJ device and the row line,

caused by the intervening diode, which reduces the write margin.

Consequently, what is needed is an MTJ memory cell configuration that
has an improved write margin-and a lower write current over conventional MTJ

memory cell configurations, while also providing a smaller cell size.

SUMMARY OF THE INVENTION
The present invention provides an MTJ memory cell configuration

having an improved write margin and a lowér write current over convenﬁ;nal MI1T

_ memory cell configuration. Additionally, the present invention provides an MTJ
memory cell configuration that provides a smaller memory cell size. Additionally,
the present invention provides a memory cell having a higher performance. The
advantages of the present invention are provided by a nonvolatile memory cell that
includes a substrate, a diode, a first conductive line, a magnetic tunnel junction
device, a by-pass conductor and a second conductive line. The diode is formed in the _

substrate, and includes an n-type region and a p-type region. The first conductive



rargin for operating cells one at atine in a |large dense array. The first
configuration simlarly has a | arge spaci ng between the MIJ device and the
row | ine, caused by the intervening diode, which reduces the wite nargin.
Consequently, what is needed is an MIJ nenory cell configuration that has
an inproved wite margin and a |ower wite current over conventional MIJ
menory cell configurations, while also providing a snmaller cell size.
SUMVARY OF THE | NVENI ON 3The present invention provides an
MIJ menory cell configuration having an inproved wite margin and a | ower
wite current over conventional MIJ nenory cell configuration.
Additionally, the present invention provides an MIJ nenory cel
configuration that provides a smaller nenory cell size. Additionally, the
present invention provides a nenory cell having a higher performance. The
advant ages of the present -invention are provided by a nonvolatil e nenory
cel | that lineris fomesl an thebsubstrate and islieledtrically tonnected do A pitype regien ofthe
magneti c tunnel junction device, a by-pass conductor and a second

conduct i veiibde)€Thd fagaeSel turingl funetiditldévicé fxcformedon tied first zonductivedhes an

n-1ype region and a p-type region. The first conductive
and the by-pass conductor electrically connects the p-type region of the diode to the
magnetic tunnel junction device. Preferably, the by-pass conductor is connected to
the p-type region of the diode below the first conductive line, and can be formed
using a -lithographic technique or a sidewall deposition technique. The second
conductive line is formed on and is electrically connected to the magnetic tunnel
junction device. The nonvolatile memory cell can also include a region. of polysilicon
gate material that is formed on the diode below the first conductive line.

In a second embodiment, the by-pass conductor is connected to a
control eléctrode of a transistor. In a third embodiment, the by-pass conductor is
connected to a-transistor having a control electrode that is attached to a row (word)
line. In a fourth embodiment, the by-pass conductor is connected to a transistor
lmmgmmmdwmmkmathMﬂmawmmmm “

BRIEF DESCRIPTION OF THE DRAWING

The present invention is illustrated by way of example and is not
limited by the accompanying figures in which like reference numerals indicate similar
elements and in which:

Figure 1 depicts a cross point array having a plurality of magnetic

tunnel junction memory cells;



FH ne i,s fornmed on the substrate and is electrically connected to the n-type
region of the diode. The magnetic tunnel junction device is forned on the
first conductive line,, and the by-pass conductor electrically connects the
p-type region of the diode to the magnetic tunnel junction device.
Preferably, the by-pass conductor is connected to the p-type region of the
di ode below the first conductive line, and can be forned wusing a

| it hographi c technique or a sidewall demosition technique. The second
conductive line is formed on and is electrically connected to the magnetic

tunnel junction device. The nonvolatile nmenory cell can also include a
region of polysilicon gate material that is forned on the di ode bel ow t he
first conductive line. In a second enbodi ment, the by-pass

conductor is connected to a control electrode of a transistor. In athird
enbodi nent, the by-pass conductor is conpnected to a transistor having a
control el ectrode thakFiguee 28tsHeWe@ aressestinn Qff8¢ rprtice} grgangement phap MIJ
enbodi ment, the by-pass conductor is connected to a trasistor having a
control el eellrasderdidgto the preseat inventian a5 iewed thiroughna column line;

; Figure 2B shows a cross section of the vertical arrangement of an MTJ
cell according to the present invention as viewed through a row line;

Figure 3 shows a plan view of an MTJ cell according to the present
invention;

Figure 4 shows a plan view of a first preferred conﬁguraﬁdr.t of an
MTJ memory cell according to the present invention;

Figure 5 shows a cross section of the first preferred configuration of an
MTYJ cell according to the present invention as viewed through a row line;

Figure 6 shows a perspective view of a second preferred configuration
of an MTYJ cell according to the present inveation; .

Figure 7 shows a cross section of an MTJ cell-illustrating a by-pass

. axmedkxlﬁmm@dbyaskhmmﬂdqxﬁﬁonkwhdqmz "

Figures 8A and 8B respectively show schematic block diagrams of an
array of MTJ cells each having a transistor as an isolation device according to the
present invention;

Figures 9A and 9B respectively show different plan views of an MTJ
cell having a transistor connected to the MJT cell and to a control line according to

the present invention;



BRI EF ;DESCRI PTI ON OF THE DRAW NG ' .The present invention is
illustrated by way of exanple and is not |imted by the acconpanying
figures in which like reference nunerals indicate simlar elenments and in
whi ch: . Figure 1 depicts a cross .point array having a
plurality of magnetic tunnel junction nenory cells;

4 ' Figure 2A shows a cross section of the vertical
arrangenent of an MIJ cell according t8& the preseéent invention as viewed

t hrough a columm 1|i ne; Fi gure 2B shows a cross section of
the vertical arrangenment of an MIJ <cell according to the present invention
as viewed through a row line; Figure 3 shows a plan view of
an MrJ cell according to the present '

Figures 10A and 10B respectively show a partial sectional view through
a sense line of the MTJ cells of Figures 9A and 9B; |

Figure 11 shows a schematic block diagram of an embodiment of the
present invention having a by-pass cbnductor that is connected. to ground;

Figure 12 shows a plan view of the MTJ cell shown in Figure 11; and

Figure 13 shows a partial sectional view diagram through a word line
of the MTJ cell shown in Figure 11; and -

Figure 14 is a schematic block diagram of an MTJ cell connected to an
amplifier that generates an output directly from the resistance value of the MTJ of the

cell according to the present invention.

DETAILED DESCRIPTION

The liresent invention provides a non-volatile MTJ MRAM _memofy
cell haw'/ing a physical arrangement of the cell elements on the substrate tha;t areina

_ different order than the order of electrical connection through the cell. Additionally,

the MTJ memory cell of the present invention has a close spacing of the row line and
the bit line connected to the MTJ-memory-cell:~The present invention provides low
parasitic conductor resistance in series with the sense path. The present invention
also provides a good quality single crystal silicon diode that has low resistanice. In a
second embodiment, the present invention provides a good quality sense conductor

transistor that has low resistance. Further, the MTJ cell of the present invention



Isnvent.i on; Figure 4 shows a plan view of a first preferred -
configuration of an MIJ nenory cell according to the present invention;
Figure 5 shows a cross section of the first preferred configuration of an
MIJ cell according to the present invention as viewed through a row line;
Figure 6 shows a perspective view of a second preferred configuration of

an MIJ cell according t.o the present invention; - Figure 7
shows a cross section of an MIJ cell ié] ust rati ng a by-pass connection
formed by a sidewall deposition technique; Fi gures 8A and 8B

respectively show schematic block diagrans of an array of MIJ cells each
having a transistor as an isolation device according to the present

i nventi on; Figures 9A and 9B respectively show different
pl an views of an MIJ cell having a transistor connected to the MIT cel

and 10 2 CoRtidRs 1owa wits Qurrents that allow Tndiiciy attays 1o BE sealed to smaller
dimensions accordingly without being limited by IR drops or electromigration. The
MT]J cells of the present invention can be sensed in 20 nanoseconds due to the sense
i path being through a single MTJ, the loQ resistance of the diode or transistor and low
parasitic resistance.

Figure 1 depicts a cross point array 10 having a plurality of magnetic
tunnel junction (MTJ) memory cells 11. Cross point array 10 includes a ﬁiurality of
row lines 12 (also referred to as word lines) and a plurality of column lines 13 (also
referred to as sense lines) that are perpendicular and pass over row lines 12. An MTJ
inemory cell 11 is located at an intersection region of a row line 12 and a column line
13. Meinory cell 11 con;ists of an MTJ and an isolation device, such as a diode or a
transisfor, connected in series between a row line 12 and a column line 13. U.S.
Patent No. 5,640,343 to Gallagher et al. and application Serial No. 08/982,995 to
Gallagher et al., filed December 2, 1997, both disclose suitable MTJ devices for MTJ

_ memory cells 11, and are both incorporated by'reference herein. |
| Figure 2A shows a cross section of the vertical arrangement of a MTJ
cell 20 according to the present invention as-viewed through-a column line. Figure
2B shows a cross section of the vertical arrangement of MTJ cell 20 as viewed
through a row line. Figure 3 shows a plan view of MTJ cell 20 according to the

present invention.



Figures 10A and 10B respectively show a partial sectional view through a
sense line of the MIJ cells of Figures 9A and 9B; Figure 11
shows a schenatic bl ock di agram of an enbodi ment of the present invention
havi ng a by-pass conductor that is connected to ground;

Figure 12 shows a plan view of the MIJ cell shown in Figure 11; and

Figure 13 shows a partial sectional view diagramthrough a word |line of
the MIJ cell shown in Figure 11; and 7 - Figure 14 is a :
schematic bl ock diagram of an MIJ cell connected to an anplifier that
generates an output directly fromthe resistance.value of the MIJ of the
cell according to the present invention. DETAI LED DESCRI PTI ON )

The present invention provides a non-volatile MIJ MRAM nenory cel |l having
a physical arrangenent of the cell elenments on the substrate that are in a

different order than_the orde ric connection through the cell.
Additionally, the MREIGTE é%ﬂr?'séﬁ & g@eé'é‘-’nl’ X%WB&C‘H%(&%

spaC| ng of the .row line and
on a substrate 21 from bottom to top is first a diode 22, next a first conductor 23

(row line) that is used to write cell 20, then a lower electrode contact metal layer 24
of the MTJ, the MTJ magnetic lﬁyers 25, a top electrode éontact metal layer 26 ot; the =
MT]J, and lastly a second conductor (column line) 27 that is also used to write cell 20.
Diode 22 includes an n*-type region 22a and a p* -type region 22b. |
n*-type region 22a is formed by an ijon implantation process resulting in a. j.unction
depth of about 0.4 um deep, and extends under a p*-type region 22b. p*-type region
22b is formed by a shallow ion implantatioh process resulting in a junction depth of
about 0.1 um. No salicide is allowed to form on top of n“'—type reglon 22a or p*-
type region 22b, as is often formed on submicron CMOS VLSI, because diode 22
would be shorted. An insulator 21a is formed in substrate 21 in a well-known
manner for defining a boundary for diode 22. -
n*-type region 222 is connected to row line conductor 23 through a
_-conductof 28, such as a metal contact, formed through an insulation layer (not shown)
between n*-type region 22a and row line conductor 23. A by-pass conductor 29
connects lower electrode contact metal layer 24 to p*-type region 22b. By-pass’
conductor 29 is formed by a via through a thin insulator (not shown) between diode

22 and a small amount of metal material formed on the same level as row line

conductor 23, and a via between the small amount of. metal material formed on the



the bi.it line connected to the MIJ nmenory-cell. The present invention
‘provides |ow parasitic conductor resistance in series wth . the sense path.
The present invention also provides a good quality single crystal silicon
di ode that has |ow resistance. In a second enbodi nent, the present '

i nvention provides a good quality sense conductor transistor that has | ow
resi stance. Further, the MIJ cell of the present invention

6 provi des lower write currents that allow nmenory arrays to be scal ed
to smaller dinmensions accordingly without being limted by IR drops or

el ectrom gration. The MIJ cells of the present invention can be sensed in
20 nanoseconds due to the sense path being through a single MIJ, the | ow
resi stance of the diode or transistor and |ow parasitic resistance.
Figure 1 depicts a cross point array 10 having a plurality of magnetic
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contact to p+ difﬁlsion region 22b is filled with contact metal.

The order of electrical connectiqn of the elements forming MTJ cell 20
is different than the physical order.that the elements are formed on substrate 21. The
order of electrical connection starts with row line conductor 23 connected to n*-type
region 22a of diode 22. p*-type region 22b of diode 22 is connected to lower
electrode 24, which in turn is connected to MTJ 25. MTJ 25 is connecte({ to column
line conductor 27. The “out-of-order" electrical connection sequence (in comparison
to the physical conﬁguratioﬁ) provides MTJ cell 20 with a lower write current in the
row line. Additionally, a larger difference in the magnetic fields is produced by the
write current at a selected MTJ cell in an array of cells with respect to an adjacent
MTY cell. This difference produces a large write margin so that a single cell in an
array can be written. The physical conﬁguration.provid&s an isolation device of a
diode .f-ormed in the silicon substrate that is of high quality and low resxstance The
high quality and low resistance allow low total resistance in the MTJ cell and,
therefore, high performance that would otherwise be limited by a time constant equal
to the resistance in the sense path and capacitance on-the-column-sense line. -

Figure 4 shows a plan view of a first preferred configuration of an
MTJ memory cell 40 according to the present invention. MTT cell 40 includes a
region of polysilicon gate material 41, as is commonly available in CMOS VLSI, that

defines the edge of p*-type region 22b from n*-type region 22a. The configuration



rowlines 12 (also referred to as word lines) and a plurality of colum
lines 13 (also referred to as sense lines) that are perpendi cul ar and pass
over row lines 12. An MIJ nenory cell 11 is located at an intersection
region of arowline 12 and a colum line 13. Menory cell 11 consists of
an MIJ and an isolation device, such as a diode or a transistor, connected
in series between a row line 12 and a colum line 13. U S. Patent No.
5,640,343 to Gall agher et al. and appligation Serial No. 08/982,995 to
Gal | agher et al., filed Decenber 2, 1997, both disclose suitable MIJ
devices for MIJ nenory cells 11, and are both incorporated by reference
her ei n. Fi gure 2A shows a cross section of the vertical
arrangenent of a MIJ cell 20 according to the present invention as viewed
through a colum line. Figure 2B shows a cross section of the vertical
arrangenment of MIJ cell 20 as viewed through a rowline. Figure 3 shows a

pl an vi ewo§rcelid dlaws pormat sdlickde formatiom éo be useseon thensmsfacev nf n*-type

! region 22a and p*-type region 22b because no salicide is formed under the polysilicon
gate and, consequently, diode 22 is not shorted. The polysilicon gate region 41 is
preferably connected to a ground potential for controlling the electric field at the edge
of p*-type region 22b. The use of salicide on the surface of the n*-type region and
p*-type region further feducés series resistance of the diode and leads to even higher
performance sensing. .

Figure 5 shows a cross section of the first preferred configuration of

MTYJ cell 40 as viewed through a row line. p*-type region 22b preferably has a peak
dopant concentration of about 1 x 10* dopant atoms per cm®, while n*-type region
22a preferably has a peak dopant concentration of 1-4 x 10" dopant atoms per cm®.
In a preferred embodiment, n*-type region 22a is about 0.4 um thick and p*-type
region is about 0.1 um tlﬁck. Row line conductor 23 is about 0.4 um thick. A thin
insulator (not shown) between row line conductor and the lower electrode ;:Onductor

N layer 24 is about 0.2 pum thick. Column line conductor 27 is about 0.4 um thick. An
MTJ memory cell, fabricated using CMOS technology, is about 4 times feature size
by about 5 times feature size, and is a small fraction-of a conventional -Static Random
Access Memory (SRAM) cell fabricated using the same ground rules (~25 1.

Figure 6 shows a perspective view of a second preferred configuration

of an MTJ cell 60 according to the present invention that provides an even more

compact cell layout than the first preferred configuration shown in Figures 4 and 5.



Referring to Figures 2A, 2B and 3, the physical arrangenent of cell 20 on
a substrate 21 frombottomto top is first a diode 22, next a first
conductor 23 (row line) that i's used to wite cell 20, then a | ower

el ectrode contact netal |ayer 24 of the MIJ, the MIJ magnetic |ayers 25, a
top el ectrode contact netal |ayer 26 of the MIJ, and lastly a second
conductor (colum line). 27 that is also used to wite cell 20.

Di ode 22 includes an n[err]-type region4g2a and a p[err]-type region 22b.
nferr]-type region 22a is formed by an ion i npl antati on process resulting
in a junction depth of about 0.4 [err]m deep, and extends under a
p[err]-type region 22b. p[err]-type region 22b is fornmed by a shallow ion
i npl antation process resulting in a junction depth of about 0.1 [err]m No
salicide is allowed to formon top of n[err]-type region 22a or p[err]-
type region 22b, as is often forned on subm cron CMOS VLS|, because diode
22 woul d M salb60eidcludes 2 byepass opnducter 29 hayingenifirsk pottion 29, @ secondy a
wel | - known manner for defining a boundary for diode 22.

nferr]-typorticyRo anda thirdgwrtier 8¢l Secondvportiore22:nizcdincéxira el 6f megh a
conductor 28, such as a netal contact, formed through an insulation |ayer

(not  showRyisn gtor fio&t&fbéxowwmab&mu%azmumdﬂcaﬁ é‘eqi\gq?tygs s23. A

by- pass condu connects | ower el ectrode contact ne 24 to
Phi n 1 ns canifeton s S8R5 ae e 2A%arn T o5k b BB bet bfovher a1
material fh%%”tﬁﬂs (s)anwrtlgh Spa%g rreP(I)rg\ég I29gtsc>f rbc))'\-li/)alssl conductor 29 effectively extends under
| row line conductor 23. The connection between row line conductor 23 and n*-type
region 22a of diode 22 can be shared by adjacent MTJ cells to further save -space. In
Figure 6, only a portion of conductor 28 is shown.
By-pass connection 29 from the lower electrode of MTJ to the extra
layer of metal 29a can be formed in various ways and of various materials. Since
only the current reqmred to read the cell passw through the by-pass.connection 29 (on
‘the order of microamps), a polysilicon material, thin metal layers, or a metallic
silicon alloys, such as TiSi can be used. By-pass connection 29 can be formed by
indepexident shapes using well-known lithographic techniques. “

_ By-pass connection 29 can also be formed using a well-known sidewall
deposition technique, such as shown in Figure 7. The row line conductor 23 is
formed from a metal that is compatible-with temperatures used- when-depositing
silicon, such as tungsten. The tungsten row line is covered on its top and sides by an
insulator 71. A thin conductor material 29d is formed on the top and at least one side

of insulator 71 for connecting from extra level of metal 29b to MTJ layer 25, which

is located on top of thin conductor material 29d. Preferably, thin conducting material



conduct or 23, and a via between the small amount of netal material forned

on the - sane level as row |line conductor 23 and | ower
el ectrode contact netal |layer 24. A contact to p+ diffusion region 22b is
filled with contact netal. " The order of electrical

connection of the elements formng MIJ cel] 20 is different than the

physi cal order that the-elenents are forned on substrate 21. The order of .

el ectrical connection starts with row |line conductor 23 connected to

nferr]-type region 22a of diode 22. p[err]-type region 22b of diode 22 is

connected to |ower electrode 24, which in turn is connected to MIJ 25. MIJ

25 is connected to colum |ine conductor 27. The "out-of-order" electrical

connection sequence (in conparison to the physical configuration) provides

MIJ cell. 20 with a lower wite current in the rowline. Additionally, a

| ar ger di f,L8r; > neg e L : ' rent
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at a sele cel respect {0 an adj acent

layers that forms a reliable conductor on the side of an insulating coating. Thin
conductor material 29d is removed, using a well-known photo-lithographic process,
between the areas in the MTJ cell where the connection to the extra metal layer 29b is
not required.

Figure 8A shows a schematic block diagram of an embodiment of the
present invention having an NMOS transistor 52 connected in series with ﬂ-le MTJ to
form a memory cell 50. A word line 12 is selected by bringing the voltage on the
word line to be near ground. Figure 8B shows a schematic block diagram of a
preferred embodiment of the present invention having an NMOS transistor 62
connected in series with the MTJ. A control electrode 61 of NMOS transistor 62 is
connected to a- word line 12 that is selected by bringing the voltage on the word line
to be more positive than the voltage on unselected word lines. The capacitance on a
sense line 13 is lower for Figure 8B than for a sense line in Figure 8A be;:ause only
the drain of transistor 62 is connected to the MTJ, thus contributing to the capacitance
of the sense line. Additionally, thé polarity of the voltage of the sense ﬁne with
respect to the word ﬁne can be reversed-by changing. NMOS -transistor.52 to be a
PMOS transistor.

Figures 9A and 9B respectively show different plan views of an MTJ
cell 50 and 60 formed in a substrate 100 and each having a transistor connected to the

MIT cell and to a control line according to the present invention. Figures 10A and



MIJ cell. This difference produces a.large wite margin so that '‘a single
cell in an array can be witten. The physical configuration provides an
i sol ation device of a diode formed in the silicon substrate that is of
high quality and | ow resistance. The high quality and | ow resistance allow -
low total resistance in the MIJ cell a_nd1 t herefore, high performance that
woul d otherwise be limited by a tinme cons%ant equal _ to the resistance in

t he sense path and capacitance on- the-columm sense line.

Figure 4 shows a plan view of a first preferred configuration of an MIJ
menory cell 40 according to the present invention. MIJ cell 40 includes a
region of polysilicon gate material 41, as is commonly available in CMOS
VLSI, that defines the edge of p[err]-type region 22b fromn[err]-type
regi on 22a. The configuration

9 of cell 40 allows normal salicide formation to be used on the
surf aces of0Bnhfespedtivelypshow a partial sectional view through a sense line of the MTJ cells

of Figures 9A and 9B. Figures 9A and 10A show a polysilicon gate conductor 51
connected to an MTJ 25 by an additional portion of by-pass conductor 29 at
polysilicon contact region 29d. The polysilicon gate conductor is the control terminal
of an NMOS transistor, such as NMOS transistor 62 shown in Figure 8B. The
NMOS transistor consists of an MOS device active region 52 having an n*-type drain
52a co'nnected to by-pass conductor 29 at diffusion contact region 29a, a c'h-annel
region 52b, and a source region 52¢ connected to a word line 23 by an n*-type
contact region 28. Contact region 28 can be shared_with an adjacent cell.

Figures 9B and 10B show a polysilicon gate 61 connected to word line
23 by polysilicon contact conductor 68, the gate 61 is the control electrode of
transistor 62, with drain region 62c connected to the word line by an n*-type contact
region 28 and source region 62a that is connected to a by-pass conductor 29.

Figure 11 shows a schematic block diagram of an embodimuent of the

_ present invention having a by-pass conductor that is connected to ground. In Figure

11, arrays of MTJ cells 70 are formed from cell columns that share a sense line 13,
and rows 15 that share a word line-and a transistor-control line. -Selection devices 75
connected to sense lines 13 control the connection of one or more cells 70 to one or
more sensing circuits (not shown), respectively.

Writing all of the embodiments of the present invention can be

accomplished by passing currents through the sense line and word line that generate



r-egion 22a and p[err]-type region 22b because no salicide is forned under
the polysilicon gate and, consequently, diode 22 is not shorted. The
polysilicon gate region 41 is preferably connected to a ground potenti al
for controlling the electric field at the edge of p[err]-type region 22b.
The use of salicide on the surface of thhg n[err]-type region and
plerr]-type region further reduces series resistance of the diode and | eads
to even higher performmance sensing. Figure 5 shows a cross
section of the first preferred configuration of MIJ cell 40 as vi ewed
through a row line. p[err]-type region 22b preferably has a peak dopant
concentration of about 1 x 10[err] dopant atons per cnferr], while
nferr]-type region 22a preferably has a peak dopant concentration of 1-4 Xx

10[err] dopant atons per cnferr]. In a preferred enmbodiment, n[err]-type
region 22a is about errlmthick and p&?rr] tyg{e reg s, about 0.1
[err]mthmé&ﬂemcﬁﬁldsﬂ@té &R&?ﬂlﬂf@@ei@ n gegior et te ¢ hi n

i nsul ator (not shown) between row |ine conductor and the | ower el ectrode
conduct orintdrseetion 2dgios. aftisiis Mot dasily Acnoniplisked iBthe embodimentofdeigurer 127 i s
about 0.4 [err]mthick. An MIJ nenory cell, fabricated using CMOS

t echnol 0Gyher el fintd 15 € B8lUIEEICHIAL Offaill BNEQsinsiStors Fe the edyISE tipk Ze,

and is a small fraction of a conventional -Static Random Access Menory
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an MIJ cell 60 accordl ng to.the res |nven on fhat provi even
nor e corrpact cell ngwﬂwqe @”\‘E"&Wl lls{SS’ﬁ own in
.Figures 4 and 5.

i reduces time constants for the sense line, and increases signal because the resistance

of the MI‘J being sensed is larger in comparison to the transistor resistance'.- The
resistance of NMOS transistor 72 in cell 70 can be smaller than the isolation devices
of the other embodiments of the present invention because the voltage on the control
line can be as high as the supply voltage for the memory array and is not restricted by'
any connection to the sense path in the cell. The resistance of NMOS transistor 72
can be substantially less than 1 kOhm and allows memory cell 70 to be sensed in less
than 20 nanoseconds. The state of the MTJ device in a cell is sensed by comparing
its resistance to the resistance of a reference resistor that is known to have "a‘value
_that'is between the highest and lowest values of resistances for the MTJ device in the
cell. The reference resistor is preferably an MTJ device having a parallel
-magneﬁmﬁon direction and slightly-smaller-area than-the-cell MTJ.
Figure 14 is a schematic block diagram of an MTJ cell 70 connected to
an amplifier 80. Two matched current sources 81 are respectively connected to cell
70 and to a circuit having a selection device 75, a reference resistor 76 and an NMOS

transistor 77. Amplifier 80 produces a high or low voltage output directly from the



10 . MIJ cell 60 includes a by-pass conductor 29 having a first portion
29a, a second portion 29b and a third portion 29c. Second portion 29a is
an extra level .of nmetal wring that is |ocated below row | i ne conductor 23
is used for connecting by-pass conductor 28 to p[err]-type region 22b,
which in turn, can be partially below the row Iine thus saving space.
Portion 29b of by-pass conductor 29 effed#ively extends under row line
conductor 23. The connection between row |line conductor 23 and n[err]-type
region 22a of diode 22 can be shared by adjacent MIJ cells to further save
space. In Figure 6, only a portion of conductor 28 is shown.

By- pass connection 29 fromthe |lower electrode of MIJ to the extra |ayer
of netal 29a can be forned in various ways and of various nmaterials. Since
only the current required to read the cell passes through the by-pass

O o eyl yalyorthd BPhe s P ATREN, o RR'2 Slord SRt Bhsadd™ "
due to low resistance in the MTJ cell. Conventional magnetoresistive memories have
a much longer sensing time than that of the present invention because direct sensing
- was not poésible. Previously, tw;) step sensing was necessary, which included

modifying the magnetization direction in the cell magnetic layers and referencing the
amplifier to earlier values of resistance in the cell magnetoresistive element. |

Figure 12 shows a plan view of MTJ cell 70 shown in.Figui'e. 11.
Figure 13 shows a partial sectic-mal view through a word line of the MTJ cell of
Figure 11. Word 1in§ 23 passes through cell 70 under the MTJ device, but is not
electronically connected to the sense path through cell 70. The connection to
electrical ground can be shared by four cells in the same area. The control line of the
transistor 72 is a polysilicon line passing through the cell generally perpendicular to
the sense line.. Drain region 72a is connected to by-pass conductor 29 and source
region 72¢ is connected to electrical ground at 73. The gate region of u'at;sistor_72 is

_ shown at 72b.

While the present invention has been described in connection with the

illustrated embodiments, it will be appreciated and understood that modifications may

be made without departing from the true spirit and scope of the invention.



silicon aIons such as Ti Si can be used By- pass connection.29 can be
formed by independent shapes using well-known |ithographic techniques.
By-pass connection 29 can also be formed using a well-known sidewal |

deposi tion techni que, such as shown in Figure 7. The row |ine conductor 23
is formed froma nmetal that is conpatibjge-with tenperatures used-when
depositing silicon, such as tungsten. The tungsten row line is covered on
its top and sides by an insulator 71. A thin conduct or—saterial—29¢—+s—
formed on the top and at | east one side of insulator 71 for connectln

fromextra |l evel of netal 29b to MIJ | ayer 25, which
thin conductor material 29d. Preferably, thin conducti ng
29d is made fromtitanium titaniumnitride, titaniumsil

simlar netallic Iayers that forns a reliable conductor on the SI de o
I nsul ati na coatin Thin conductor material 29d is renpved, using a

wel | - kno ogr aphi ¢ process,
What is claimed is:
1. A nonvolatile memory cell, comprising:
i a substrate;

a diode formed in the substrate, the diode including an n-type region
and a p-type region;

a first conductive line formed on the substrate and electricaﬂ;'
connected to the n-type region of the diode;

_ a magnetic tunnel junction device formed on the first conductive line;

a by-pass conductor electrically connecting the p—type.. region of the
"diode to the magnetic tu_nnel junction device; and

a second conductive line formed on and being electrically connected to

the magnetic tunnel junction device.

2. The nonvolatile memory cell according to claim 1, further comprising a -
region of polysilicon gate material formed on the diode below the first conductive

line.

3. The nonvolatile memory cell according to claim 1, wherein the by-pass
conductor is connected to the p-type region of the diode below the first conductive
. line. -
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bet ween the areas in the MIJ cell where the connection to the extra netal

| ayer 29b is° not required. Fi gur'e 8A shows a schematic
bl ock di agram of an enbodi ment of the present invention having an NMOS
transi stor 52 connected in series with the MIJ to forma nenmory—eett—50. A

word line 12 is selected by bringing theteoltage on the word line to be
near ground. Figure 8B shows a schematic bl ock dlagranroﬁhgsmﬁnhéBﬁm

enbodi ment of the present invention having an NMOS tran5|s ‘Yed
in series with the MIJ. A control electrode 61 of NMOS tra

connected to a word line 12 that is selected by bringing t age on the
word line to be nore positive than the voltage on unselected word |ines.
The capacitance on a sense line 13 is |lower for Figure 8B than for a sense
line in Figure 8A because onIy the drain of transistor 62 is connected to

the MIJ, thus contrifutin anc o eneI.i .
Addi tional Iy, t L}ﬁ “Pa t":fyea %1“}% i Bﬁebﬁ?@ﬁ%ct
t.o the word |ine can be reversed by changi ng NMOS- tranS|stor 52 to be a
PMVOS t r ansdosduetor is formed using a lithogmphicstedmigiied 9B r especti vel y show
di-fferent plan views of an MIJ <cell 50 and 60 forned in a substrate 100
and each having a transistor connected to the MT cell and to a control
| ine according to the present invention. Figures 10A and

i 5. The nonvolatile memory cell according to calling 1, wherein the by-

pass conductor is formed using a sidewall deposition technique.

6. The nonvolatile memory cell according to claim 1, wherein the

nonvolatile memory cell is about 1.6 xm by about 1.92 ym in size.

7. A nonvolatile memory cell array, comprising:
a substrate;
a plurality of first conductive lines;
a plurality of second conductive lines overlapping the first conductive
lines at a plurality of intersection regions; and “
a plurality of nonvolatile memory cells, a nonvolatile memory cell
being formed at an intersection region, each nonvolatile memory cell including,
a diode formed in the substrate, the diode.including an n-type
region and a p-type region;
a first conductive line of the plurality of first conductive lines,
the first conductive line being formed on the substrate and electrically connected to

the n-type region of the diode;
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2 - . 10B respectively show a partial sectional .view through a sense
line of the MIJ cells of Figures 9A and 9B. Figures 9A and 10A show a
~polysilicon gate conductor 51 connected to an MIJ 25 by an additional
portion of by-pass conductor 29 at pol ysilicon contact region 29d. The
pol ysilicon gate conductor is the contraf term nal of an NMOS

transi stor, such as NMOS transi stor 62 shown in Figure SBlsSIéwHasBe

transi stor consists of: an MOS device active region 52 hav ype
drain 52a connected to by-pass conductor 29 at diffu3|

29a, a channel regi on 52b, and a source region 52c con r
line 23 by an n[err]-type contact region 28. Contact reglon 28 can be
shared with an adjacent cell. Figures 9B and 10B show a
pol ysilicon gate 61 connected to word |ine 23 by polysilicon contact
conductor 68, the gate 61 is the control electrode of transi stor 62,
with drain region 62c connhwmgsetic tinneldungsion deviee fogmedh on[the first sqnductive: act
regi on 28 and source region 62a that is connected to a by-pass conduct or
29. line; :

a by-pass conductor electrically connecting the p-type fegion of
the diode to the magnetic tunnel junction device; and

a second conductive line of the plurality of second conductive
lines beiné formed on and being electrically connected- to the magnetic tunnel junction

device.

8. The nonvolatile memory cell array according to claim 7, wherein the
nonvolatile memory cell includes a region of polysiiicoh gate material formed on the

diode below the first congiuctive line.

9. The nonvolatile memory cell array according to claim 7, wherein the
by—pass; conductor is connected to the p-type region of the diode below the first

_ conductive line.

10.  The nonvolatile memory cell array according to-claim 7, wherein the

by-pass conductor is formed using a lithographic technique.

11.  The nonvolatile memory cell array according to calling 7, wherein the

by-pass conductor is formed using a sidewall deposition technique.
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-Figure 11 shows a schenmatic bl ock diagram of an enbodi nent of the present
i nvention having a by-pass conductor that is connected to ground. In Figure
11, arrays of .MIJ cells 70 are formed fromcell colums that share a sense
line 13, “and rows 15 that share a word |ine and a transister—conttror—
line. Selection devices 75 connected to sense lines 13 control the

connection of one or nore cells 70 to o& or nor e sefbis e 130 ¢
shown), respectively. . Witing all of the u f
t he present invention can be acconpl i shed by passing c h

the sense line and word line that generate

13 magnetic fields that add together at the intersection region to
wite a cell at the intersection region. This is nost easily acconplished
in the enbodi ment of Figure 11  when the control lines 15 can be used to

turn off all ths tragsl3h0bRld mRSnPbdP¥mdP alddBling to claim 7, wherein the

nonvolatile memory cell is about 1.6 um by about 1.92 pm in size.

—_—

Ty g

THIS SHEET HAS BEEN
REPLACED




R drops.in a sense line 13 does not-cause current to flow through any
cells 70. - Cell 70 is also preferred because the | ow

resi stance in transistor 72 reduces time .constants for the sense |ine,
and increases signal because the resistance of the MIJ being sensed is
|-arger in conparison to the transistor resistance. The —resistanceof—NMSS
transistor 72 in cell 70 can be snaller t'®an the isol ati . Vi ces of the
ot her enbodi ments of the present invention because the ng $ht Has B eplaced
control line can be as high as the supply voltage for t1 MI

and is not restricted by any connection to the sense pat

The resistance of NMOS transistor 72 can be substantially less than 1
kChm and all ows nmenory cell 70 to be sensed in |ess t han 20 nanoseconds.
The state of i e MIJ deyice in a cell is sensed by conparing its

resistance toi3-heArNV megpory cells edBPR & esi stor that is known to have
a value that is between the highest and | owest val ues of resistances for

the MIJ device inasubstragesl | . The reference resistor is preferably an MrJ
devi ce having a parallel nmagnetization direction and slightly snaller area
t han-the cel | MIJan isolation device formed ki ¢hersabdtdate,sthe isotitiomdeévdcebinehidingg agr am
of an MIJ cell 70 connected to an anplifier 80. Two matched current

SourCesat%asé‘é%@x%%ﬁﬁfﬁﬂ@ﬁé?gﬂg%gfoﬁqn&& &f)strate: 70 and to a circuit having

a-—se! ection device 75, a r resistor 76 and an NMOS transi stor 77.
Amplifier 80 prodyees Gadhdivefind AYUEchARE sikaMy direct!y from the

a magnetic tunnel junction device formed over the first conductive line;
a by-pass conductor electrically connecting the first region of the
isolation device to the magnetic tunnel junction device; and

a second conductive line formed on and being electrically connected to

the magnetic tunnel junction device.

14. The nonvdlatile memory cell according to claim 13, wherein the isolation
device is a diode, and wherein the second region is electrically connected to the first

conductive line.

15.  The nonvolatile memory cell according to claim 14, wherein the first o

region is a p-type region and the second region is an n-type region.

16.  The nonvolatile memory cell according to claim 14, wherein the first

region is an n-type region and the second region is a p-type region.
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14 resi stance val ue of the MIJ device in the cell, and has a short
sensing tine constant due to low resistance in the MIJ cell. Conventional
magnet oresi stive nmenories have a much |onger sensing time than that of the
present invention because direct sensing was not possibte—Previously, two
step sensing was necessary, which'included nodifying theTrlrla n%t tin%placed

z
direction in the cell magnetic |ayers and®¥eferencing the T _
earlier values of resistance in the cell nmagnetoresistive e lﬁm‘mm\
Figure 12 shows a plan view of MIJ cell 70 shown in Figure
shows a partial sectional view through a word line of the MIJ cell of
Figure 11. Wrd line 23 passes through cell 70 under the MIJ device, but is
not electronically connected to the sense path through cell 70. The
connection to_ electrical ground can be shared by._fqur .cells in the same
%"B?#y@i"l'té‘

area. The cohf+ ol Themenyelatileamempgicslkacsprdmme fac TSR EEA s si ng
through the cell generally perpendicular to the sense line. Drain region
72a i s regiomeof polysiticty gatessaterialdformed o Shedigde belove ther Bt conduztive kine.
connected to electrical ground at 73. The gate region of transistor 72 is
18.  The nonvolatile memory cell according to claim 14, wherein the by-pass
conductor is connected fo the first region of the diode below the first conductive line.

19. The nonvolatile memory cell according to claim 14, wherein the by-pass

conductor is formed using a lithographic technique.

20. The nonvolatile memory cell according to claim 14, wherein the by-pass

conductor is formed using a sidewall deposition technique.

21.  The nonvolatile memory cell according to claim 14, wherein the
nonvolatile memory.oell is about 1.6 um or less by about 1.92 um or less in size.

22.  The nonvolatile memory cell according to claim 13, wherein the isolation
device is an metal-oxide semiconductor transistor, the first region is a drain region, the
second region is a source region that is electrically connected to the first conductive
line, and the metal-oxide semiconductor transistor includes a gate region that is electri-

cally connected to the by-pass conductor.

-
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shown at 72b. - Wile the present invention has been described

in connection with the illustrated enbodinents, it will be appreciated, and
understood that nodifications may be nade without deWm the true
spirit and scope of the invention. - —

- 15 - \hat is claimed is: 1. A nonyol atile nmenoryThiesee pPHR' |, Si NY:

a substrate; an isolation device?tormed in the's i laced
i.sol ation device including at |least a first region and aTE ﬂ in

t he substrate; a first conductive |ine formed on X

a magnetic tunnel junction device forned over the first conductive |ine;

a by-pass conductor electrically connecting the first region of the

i sol ation device to the nagnetic tunnel junction device; and a
second conductive |ine formed on and being electrically connected to the
magneti.c tunnéd- j uABE MGAVelatileqaemory cell acpprdingotpeJrim iLBewherain yhecisplation
according to claim1l, wherein the isolation device is a diode, and wherein
t he secalevicedgiannmetal-ekidetsemiaindyctop transister] thofitsheedion $¢ a condeatgion, | i ne.

3. The nonvol atile nmenory cell according to claim2, wherein the first -

region ithe@edbnd! BN BW @RIPRFIONMaBRIREEHY @indcdtedd el TREcHRHAT, 4-
The nonvol atile nmenory cell according to claim2, wherein the first region

IS an n-; regi . regi.on i -t | an., .5. The
nenvol at'i e\é%ﬁggﬁ%ﬁ’%&%}%ﬁ%ﬁ 5%9%@%r£cl®l§ta1%a?§éﬁ%¢ i%sl“tr% a region
of polysilicon gate material .formed an ﬁ,he di ode bel ow the first conductive
l'i ne. 6_e1ectnce§ eCOBIG é?itﬁeeﬁﬁ%r?ﬂil&cé‘@? MEccording to claim2, wherein the
by- pass conductor is connected to the first region of the di ode bel ow the
first conductive 1ine.

24.  The nonvolatile memory cell according to claim 13, wherein the isolation
device is a metal-oxide semiconductor. transistor, the first region is a drain region and
the second region is a source region that is electrically connected to a ground potential,

the metal-oxide semiconductor transistor further including a gate region that is electri-

cally connected to a control line.

25.  The nonvolatile memory cell according to claim ;’24, further comprising:
a reference resistor corresponding to the nonvolatile memory E:;all; and
an amplifier having a first input and a second input, the first input being
electﬁcally connected to the second conductive line, the second input being electrically
connected to the reference resistor, the amplifier outputting a signal related to a sensed

resistance of the magnetic tunnel junction device with respect to a sensed resistance of

the reference resistor.

_—
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7. . The nonvol atile nmenory cell according to clai m 2, wherein the

by- pass canductor is formed using a |ithographic technique. 8. The _
nonvol atile menory cell according to claim2, wherein the by-pass-conductor
is formed using a sidewall deposition technique. 9. The—nonvolatite

menory cell according to claim2, wherein the nonvol atil . [ %el |_is
about. 1.6 [err]mor |less by about 1.92 [82r]mor less in Sfias cen Replaced
nonvol.atil e menory cell according to claim1, wherein the “ IJH M”ﬁ ce
is a netal -oxi de sem conductor transistor, the first regio

region, the second region is a source region that is electrically connected
to the first conductive line, and the netal - oxide sem conductor transistor
includes a gate region that is electrically connected to the by-pass
conduct or . . L -16-  11.

The nonvol at i 1%5- mendrmpnvalatilemeaoay gefl agay| WMASINgaher ei n t he i sol ation
device is a netal -oxi de sem conductor ‘transistor, the first regionis a
source region, the ssubstrdte;egion is a drain region that is electrically
connected to the first conductive, line, and the nmetal - oxide sem conductor

transi stor includes phadit9 dfefselorddiative Bne8! echr firsPédndue@RNARé BeingO t he
first conductive line. 12: The nonvol atile nmenory cell accordihg to -

claim1l, j ' ation device is a netal -oxi de sem conduct or

t Fansi stgwgﬁlﬁ%@fﬂsr&gégf on is a drain region and the second region is a
source region that is,electrically caonnected to tound potentjal, the
met al - oxi de seni corfPRERHY ¢ r?%/‘fﬂn%f‘fﬂvleﬂlé’res Pﬁﬁr&?&f%&ﬁ t eoncugit¥s t hat -
is electrjically conpected to a control |ine. 13. The nonvol atile nmenory
cel | accdings Ay Phirelity off inferseation egiorsmpdi si ng: a reference
Tesistor corresponding to the nonvolatile nenory cell; and ~an
anplifier having a 4 plusality gfutonsoldtiie memorydcellspalhontdigtilé imerhortyngellt bdifg g
el ectrically connected to the second conductive line, the second input

bei ng el gsimdca Mirﬁ&@é&&h%{;fdﬂ, e ﬁ&%@faﬁ%eﬁ@@é@%@fﬁc}]&gﬁ%a”p' I1ier

outputting a signal related To a sensed resistan gnetic tunnel
junction device with respe . r.esi st of .t he ference
resistor. 14. A nonvo a’%ﬁ%ﬁgﬂgﬁiﬁg?@%ﬁd 1 rtﬁ%gj?’%ﬁ'ﬂtﬁp }}?es’isﬂ Hon device

including a first region and a second region in the substrate;

a magnetic tunnel junction device formed over the first conductive
line;

a by-pass conductor electrically connecting the first region of the
isolation device to the magnetic tunnel junction device; and B

- a second conductive line of the plurality of second conductive

lines being formed on and being électrically connected to the magnetic tunnel junction

device.

27.  The nonvolatile memory cell array according to claim 26, wherein the
isolation device is a diode, and the second region is electrically connected to a first

conductive line of the plurality of first conductive lines.
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a substrate; a plurality of first conductive lines, each first

conductive line being formed on the substrate; ' -a plurality of
second conductive lines overlapping the first conductive |ine

plurality of intersection regions; and a pl ity of nonvolg&hle
menory cells, a nonvolatile nmenory cell heing forned atn@ﬁm&ﬂﬂsﬁ@ '

regi on, ‘each nonvol atile menory cell i ndudi ng, ﬁ“ﬂ
isolation device formed in the substrate, the isolation f\“\\\ g
magneti c

a first region and a second region in the substrate;

tunnel junction device fornmed over the first conductive line; a
by- pass conductor electrically connecting the first region of the isolation
device to the nagnetic tunnel junction device; and a second

conduetive line of the plurality of second conductive_ |ines being fornmed on
and bei ng el 88+ ri dheInpnyelatilecmemonpcalharrashagrerding toiglaém 37, vehareia thevi ce.
-17- 15. The nonvol atile nenory cell array according to claim 14,

wher ei nfitsheegionlinaipotype aegior and tlee sticonkk regioist dnen-$ypeoregionegi on i s
electrically connected to a first conductive line of the plurality of first
conductive lines. 16. The nonvol atile nmenory cell array according to
claim15, wherein the first region is a p-type region and the second regi on

craim 15, " wn@bo n Raohypieie BEnBR Y Sy SefRIRE to Rl 2y lecBBiRE 0 1

region i_s a p-type region.  18. The npnvolatile nmenory cell array
accor di fgt 194"&?%‘1‘ GEeHenR And He SSEPRALTESIN 18 ARBRETEEIAM. | ncl udes a

regi on of polysilicon gate material formed on the diode below the first
conductive line. 19. The nonvol atile menory cell array according to
cl ai m 15, wherein the by-pass conductor is connected to the first +egion of

the di ode beBow t Mhefriohsblatientlembiyeell arfgy actdrding td blim AW odleirtihehsenor y
cell array according to claim15, wherein the by-pass conductor is forned

Usi ng aphd P ot j . . lo: 4. array
ST 19 PnbiolE ARbhéry! GRNRLINE 2 Rrion of PSSR Bid dErARkd 66 the

diode below the first conductive line.

31.  The nonvolatile memory cell array according to claim 27, wherein the
by-pass conductor is connected to the first region of the diode below the first conduc-

tive line,

32.  The nonvolatile memory cell array according to claim 27, wherein the

by-pass conductor is formed using a lithographic technique.

33.  The nonvolatile memory cell array according to calling 27, wherein the

by-pass conductor is formed using a sidewall deposition technique.
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conductor is fornmed using: a sidewal | deposition technique. 22. The
nonvol atile menmory cell array according to cl-aim 15, wherein the '

nonvol atile nmenory cell is about 1.6 pmor |ess by about W

| ess in size. 23. The nonvol atile nmenmory cell array according to claim
14, wherein the isolation device is a nefal-oxide seni condutt eecttHanBeah REfhlceq
the first region is a drain region, the %% cond region is a

that is electrically connected to a first conductive line o [

of first conductive lines, and the netal-oxide senm conductor transis

includes a gate region that is electrically connected to the by-pass
conductor. 24. The nonvol atile nenory cell array according to claim 14,
wherein the isolation device is a netal - oxi de sem conduct or transistor t he
first region_ s a,source ion, the second re on that
is electricalfy ccﬂ}‘r’e‘&‘trﬁ@ & memqry ce ﬁ&ﬁ&%éﬁ%@‘"ﬁﬂﬂﬁw ﬁr B t]et y of
first conductive |ines, and the netal-oxide sem conductor tranS|stor

i ncl ude®onvajatile memponcalhistaboyt & 6nmy ordlgss By abavhd f2eam: oF lesein iz
conductive line. 25. The nonvol atile nmenory cell array according to
claim 14, wherein the isolation device is a netal - oxi de sem conduct or
transistor, the first regionis a drain region and the second region is a

source regi onst halTHeSn@iveLitld fitimoty el geécaram 18P Gk REelRthe t he
nmet al - oxi de sem conductor transi stor furt inc ud| ng a gate region that

is el ectﬁ??)ac&l l&'eyﬁc%nﬁ%trggtg{- fﬁe%g %Jo?thuét{)tln&ansmtor, the first r%m{l is a drain

- 18 - onvo array’acco 0 clarm 25,

further risin a reference resi stor corres o the
nonvol atr?gl m@ﬁt?Pg"'\f'eTelgm“aﬁcP source regiofthat s gc“é‘g gﬁrsq nput and

a second input, the first input being electri calé@a/ connect ed to the-second
conduct icorductive linetaf the phiralityrofifirsbeondyctveskines; aed e metkesidecsemicanve

reference resistor, the anplifier outputting a signal related to a sensed

resi st aﬂaetooftrahkietomgnleddsca gateregion it tis electeiealiyceontietiedtosheby-gass a sensed
resi stance of the reference resistor.

conductor.

36.  The nonvolatile memory cell array according to claim 26, wherein the
isolation device is an metal-oxide semiconductor transistor, the first region is a source
region, the second region is a drain region that is electrically connected to a first
conductive line of the plurality of first conductive lines, and the metal-oxide semicon-
ductor transistor includes a gate region that is electrically connected to the first

conductive line. Coo

37.  The nonvolatile memory cell array according to claim 26, wherein the
isolation device is a metal-oxide semiconductor transistor, the first region is a drain

region and the second region is a source region that is electrically connected to a
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ground potential, the metal-oxide semiconductor transistor .further including a gate

region that is electrically connected to a control line.

- 38.  The nonvolatile memory cell array according to claim 37, further
comprising:
a reference resistor corresponding to the nonvolatile memory cell; and
an amplifier having a first input and a second input, the first input b;ing
electrically connected to the second conductive line, the second input being electrically
connected to the reference resistor, the amplifier outputting a signal related to a sensed

resistance of the magnetic tunnel junction device with respect to a sensed resistance of

the reference resistor.—
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