DESCRI PTI ON

Title of Invention
MAGNETORESI STANCE EFFECT ELEMENT

Technical Field
[ 0001]

The present invention relates to a magnetoresistance
effect elenent, particularly a magnetoresistance effect
el ement which is suitable for a perpendicular TMR el enment
used in a MRAM

Background Art
[ 0002]

A magnetoresi stance effect elenent is an elenent
which changes its electric resistance when an externa
magnetic field is applied to it. A well-known one of the
magnet or esi stance effect elenments is a TMR (Tunnel Magneto
Resi stance) elenent (also referred to as a "MIJ (Magnetic
Tunnel Junction) elenment"”) configured to store information

and detect magnetism using a TMR effect. Recent years,
there has been an increasing expectation that the MIJ
elenment will be used for a MRAM (Magnetoresistive Random
Access Menory) and the I|ike.

[ 0003]

Non Patent Docunment 1 discloses a perpendicular
magneti zation MIJ el enment. The perpendi cul ar nmagneti zation
MIJ elenment includes a structure in which a free |ayer
(magneti zation free layer), a tunnel barrier layer and a
reference |ayer (magnetization fixed |ayer) are stacked one
on another. The direction in which to nagnetize the free
| ayer and the reference layer is parallel to the direction
in which to stack the free |layer and the reference | ayer.

[ 0004]

An increase in an MR ratio (magnetoresistance ratio)

Is inmportant for the purpose of enhancing characteristics



of the MRAM device using the TMR el enent. A layered
structure including CoFeB/ MgO' CoFeB which is described in
Patent Docunent 1 is known for its high MR ratio greater
t han 100%

[ 0005]

Fig. 10 shows an exanple of an MIJ elenent using a
techni que described in Non Patent Docunent 1. The MIJ
el enent 1000 shown in Fig. 10 is a perpendicular
magneti zation MIJ elenent (p-MIJ elenent) with a bottom pin
structure. The MIJ elenent 1000 has a bottom el ectrode
1002, and a Ta | ayer (seed layer) 1003 on a substrate 1001.
On top of the Ta layer 1003, the MIJ elenent 1000 has a
Co/ Pt |am nate 1004, a Co layer 1005, a Ru layer 1006, a Co
| ayer 1007, a Pt layer 1008, a Co/Pt |am nate 1009 and a Ta
| ayer (spacer |ayer) 1010. Furthernore, on top of the Ta
| ayer 1010, the MIJ el enent 1000 has a CoFeB | ayer 1011 as
a reference layer, a MO layer (barrier layer) 1012, a
CoFeB | ayer 1013 as a free layer (nagnetization free |ayer),
a capping layer 1014, and a top electrode 1015. The Co/ Pt
| am nate 1004 of the MIJ elenent 1000 is a lamnate
obtai ned by alternately stacking Co |ayers and Pt |ayers in
a predeterm ned nunber of repeats (N tines). In addition,
the lamnate 1009 of the MIJ elenent 1000 is a l|am nate
obtai ned by alternately stacking Co |ayers and Pt |ayers in
a predeterm ned nunber of repeats (Mtines).

[ 0006]

Fig. 11 shows an exanple of a perpendicul ar
magneti zation MIJ el enment (p-MIJ el enent) using a technique
descri bed in Patent Docunent 1. The MIJ el enent 2000 shown
in Fig. 11 has a lamnate 2005 including Co |ayers and N
| ayers instead of the Co/Pt |amnate 1004 of the MIJ
el enment 1000. Furthernmore, the MIJ elenment 2000 has a N
| ayer 2009 instead of the Pt layer 1008, and a |amnate
2010 including Co layers and N |ayers instead of the Co/Pt
| am nat e 10009.
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Summary of | nvention
[ 0009]

In the case of the TMR elenent described in Non
Pat ent Docunment 1 and shown in Fig. 10, nmuch Pt and Pd
included in the elenent are etched in an etching process
after a film formation process, and the etched byproducts
are redeposited on the wall surfaces of the elenent. This
may cause a decrease in a danmping constant of the el enment
circuit, and |l ower the yield.

[0010]

On the other hand, the MIJ elenent 2000 of Patent
Docunent 1 includes neither Pt nor Pd, and thus is unlikely
to have a decrease in the yield, unlike the MIJ el enent
1000. However, during an annealing process, N is diffused
into the Co layers across the Ru interface, which may in
turn decrease the exchange coupling magnetic field of the
MIJ el enent 2000.

[0011]

The present invention has been made for the purpose
of solving the foregoing problens. An object of the
present invention is to provide a magnetoresistance effect
el enent having a higher MR ratio and a stronger exchange
coupl ing magnetic field.



[0012]

A magnetoresi stance effect elenment according to the
present invention includes: a barrier layer; a reference
| ayer fornmed on one surface of the barrier layer; a free
| ayer forned on another surface of the barrier |ayer; and a
pi nned | ayer placed on an opposite side of the reference
| ayer from the barrier layer, in which the pinned |ayer
includes Pt, Co, Ru, Co, and Pt layers stacked in this
order, and a layer including N .

[ 0013]

According to the magnetoresistance effect elenent of
the present invention, it 1is possible to achieve a
magnet or esi stance effect element having a higher MR ratio
and a stronger exchange coupling magnetic field. In
addition, because the yield in a later-stage process is
good, and the anmount of the Pt usage is snmall, the materi al
cost can be reduced. Mor eover, according to the
magnet or esi stance effect elenent of the present invention,
a magnetoresistance effect elenent less likely to cause

magneti zation reversal of a magnetization fixed |ayer can
be achieved by formng a pinned |ayer having a stronger
exchange coupling magnetic field.

Brief Description of Draw ngs
[ 0014]

Fig. 1 is a schematic diagram showi ng a configuration
of a MIJ elenent of a first enbodinent of the present
I nventi on.

Fig. 2 is a schematic structure diagram of a
substrate processing systemfor performng a filmformation
process for the MIJ elenment of the first enbodi nent of the
present invention.

Fig. 3 is a flow chart showing a mnmethod of
manuf acturing the MIJ el enent shown in Fig. 1.

Fig. 4 is a diagram showng a MR ratio of the MIJ
el enent shown in Fig. 1.



Fig. A is a schematic diagram showi ng a structure of
a perpendi cul ar nagnetization film for a perpendicul ar MIJ
el ement used in a magneti sm neasurenent.

Fig. 5B is a schematic diagram showi ng a structure of
a perpendi cul ar nmagnetization film for a perpendicul ar MIJ
el ement used in the nmagneti sm neasurenent.

Fig. 6 shows a result of measuring the nagnetism of
the MIJ el enents.

Fig. 7 shows a result of neasuring the nagnetism of
the MIJ el enents.

Fig. 8 is a schematic diagram showi ng a configuration
of a MIJ elenent of a second enbodinent of the present
i nventi on.

Fig. 9 is a flow chart showing a mnmethod of
manuf acturing the MIJ el enent shown in Fig. 8.

Fi g. 10 is a schematic diagram showing a
configuration of a conventional MIJ el enent.
Fi g. 11 i's a schematic diagram showing a

configuration of a conventional MIJ el enent.

Description of Enbodi nents
[ 0015]

Referring to the draw ngs, descriptions wll be
hereinafter provided for enbodinments of the present
I nvention. The present invention, however, is not limted
to the enbodi nents. It should be noted that: conponents
having the same function will be denoted by the sane
reference nuneral s throughout the draw ngs expl ai ned bel ow,
and duplicated explanati ons may be onitted.

[ 0016]
(First Enbodi nment)

Fig. 1 is a schematic diagram showi ng a configuration
of an exenplary MIJ (Magnetic  Tunnel Juncti on: a
magnet or esi stance effect elenment) elenent 4000 on which a
filmformation nethod of the enbodinent is perforned. The
MIJ elenment is used, for exanple, for a MRAM (Magnetic



Random Access Menory), a magnetic sensor, and the I|ike.
[0017]

The MIJ el enent 4000 is a perpendi cul ar magneti zati on
MIJ element (p-MIJ elenment) with a bottom pin structure.
The MIJ el enent 4000 has a bottom el ectrode 4002, and a Ta
| ayer (seed |layer) 4003 on a substrate 4001. On top of the
Ta | ayer 4003, the MIJ el enent 4000 has a Ni Cr (seed |ayer)
4004, a Co/N | am nate 4005, a Co/ Pt |ayer 4006, a Co | ayer
4007, a Ru layer 4008, a Co |ayer 4009, a Pt |layer 4010, a
Co/Ni lam nate 4011, and a Ta |ayer (spacer |ayer) 4012
Furthernore, on top of the Ta |ayer 4012, the MIJ el enent
4000 has a CoFeB |layer 4013 as a reference layer, a MO
| ayer 4014 as a barrier |layer, a CoFeB | ayer 4015 as a free
| ayer (magnetization free |layer), a capping |ayer 4016, and
a top electrode 4017. The Co/N |anm nate 4005 of the MIJ
el ement 4000 is a |l am nate obtai ned by alternately stacking
Co layers and N layers in a predeterm ned nunber of
repeats (N tinmes). In addition, the Co/N |amnate 4011 is
a lamnate obtained by alternately stacking Co |ayers and
Ni |ayers in a predeterm ned nunber of repeats (Mtines).
[0018]

The CoFeB | ayer 4013 is fornmed on one surface of the
MyO | ayer 4014, and the CoFeB layer 4015 is formed on the
other surface of the MO | ayer 4014. In this respect, a
| ayered structure including the Co/N | am nate 4005 through
the Co/Ni lam nate 4011 is called a pinned |ayer with a SAF
structure (hereinafter referred to as a pinned layer). The
pinned layer is an antiferromagnetic layer, and is placed
on an opposite side of the CoFeB |ayer 4013 from the MO
| ayer 4014. To put it in detail, the pinned layer is
pl aced on an opposite side of the CoFeB |ayer 4013 from a
side on which the barrier layer 4014 is placed, and is
pl aced bel ow the CoFeB | ayer 4013. The pinned | ayer has an
exchange coupling magnetic field which is large enough to
suppress magneti zation reversal of the reference |ayer.
[0019]



The pinned layer of the MIJ elenment 4000 has the
| ayered structure in which a three-layered structure
portion fornmed of the Co | ayer 4007, the Ru | ayer 4008 and
the Co layer 4009 is interposed between a PT |ayer of the
Co/ Pt layer 4006 and the Pt |ayer 4010. In other words,
the pinned |ayer has the layered structure in which the
| ayers are stacked in a Pt (4006)/Co (4007)/Ru (4008)/Co
(4009)/Pt (4010) order. Since the Pt |ayers (4006, 4010)
are respectively placed on the outer sides of the Co | ayers
(4007, 4009) on the two ends of the Ru layer 4008, it is
possible to prevent N from being diffused into the Co
| ayers (4007, 4009) during an annealing process, and
thereby to inhibit a decrease in the exchange coupling
magnetic field. The Pt layers which sandwi ch the Co | ayers
(4007, 4009) sandwiching the Ru layer 4008 are called
di ffusion preventing |ayers. It should be noted that N
whose diffusion is prevented by the diffusion preventing
layers is Ni included in the Co/N |am nates 4005, 4011.
To put it nore specifically, the pinned |ayer of the MIJ
el ement 4000 has the |ayered structure in which the |ayers
are stacked in a N /Co/Pt (4006)/Co (4007)/Ru (4008)/Co
(4009)/ Pt (4010)/Co/ N order.

[ 0020]

It should be noted that the configuration of the MIJ
el ement 4000 is not limted to the one shown here. The
effect of the present invention can be obtained from any
configuration in which the SAF structure is interposed
between the Pt layers from above and below, as long as the
configuration is obtained by nmaking an arbitrary
nodi fication to the one described above by doing things
such as increasing or decreasing the nunber of |ayers,
changi ng the constituent naterials of the respective |ayers,
and reversing the order of stacking the layers wthin a
scope of not obstructing the function of the perpendicul ar
magneti zation el enent. For exanple, the N C |layer (seed
| ayer) 4004 mnmay be replaced wth another [|ayer not



i ncluding N .
[ 0021]

Fig. 2 is a schematic structure diagram of a
substrate processing system 1l configured to performa film
formati on process for the MIJ el enent 4000. The substrate
processing system 1 is a cluster-type vacuum processing
system and includes nultiple substrate processi ng chanbers
2, a |load-1ock chanber 4, a substrate cooling apparatus 100
and a tenperature raising apparatus 200. The nmultiple
substrate processing chanbers 2 may be the ones configured
to perform the sane process on a substrate S, or the ones
configured to perform different processes on the substrate
S.

[ 0022]

The multiple substrate processing chanbers 2, the
| oad-1 ock chanber 4, the substrate cooling apparatus 100
and the tenperature raising apparatus 200 are connected
together via a transport chanber 3. Each of the connecting
portions is provided wth an openable and closable gate
val ve. The transport <chanber 3 is provided with a
transport robot 7. The transport robot 7 transports the
substrate S anong the substrate processing chanbers 2, the
| oad-1 ock chanber 4, the substrate cooling apparatus 100
and the tenperature raising apparatus 200 in a
predeterm ned order. An outside of the |oad-1ock chanber 4
is provided with an autol oader 5 configured to supply the
Substrate S.

[ 0023]

Fig. 3 is a flow chart showing a nmethod of
manuf acturing the perpendicular magnetization MIJ el enent
4000 of the enbodinent. Here, the filmformation nethod of
the enbodinent will be described using the cluster-type
substrate processing system 1 illustrated in Fig. 2.
Incidentally, the film formation nmethod of the enbodi nent
may be perfornmed using an inline substrate processing
system



[ 0024]

To begin with, the substrate S is transported into
the | oad-1ock chanber 4 of the substrate processing system
1 (step 101). Subsequently, the substrate S is noved to a
predeterm ned one of the substrate processing chanbers 2,
where a lower-layer filmformation step is perforned on the
substrate S (step S102). In the lower-layer filmfornmation
step, inpurities and the like adhered on a surface of the
substrate are renoved by etching, and thereafter, the
bottom el ectrode 4002, and the Ta |ayer (seed |ayer) 4003
and the NiCr (seed layer) 4004 are forned on the substrate
in this order
[ 0025]

After that, the substrate S is noved to another
predeterm ned one of the substrate processing chanbers 2,
where: a first step is performed on the substrate S to form
the Co/Ni lamnate 4005 (a perpendicular mnagnetization
| ayer 1) (step S103); next, a second step is perforned
thereon to formthe Co/Pt |ayer 4006 (step S104); then, a
third step is perfornmed thereon to form the Co |ayer 4007
(step $S105); subsequently, a fourth step is perforned
thereon to formthe Ru |ayer 4008 (step S106); thereafter
a fifth step is performed thereon to formthe Co | ayer 4009
(step S107); afterward, a sixth step is perforned thereon
to form the Pt layer 4010 (step $S108); after that, a
seventh step is performed thereon to form the Co/N
| am nate 4011 (step S109).

[ 0026]

Thereafter, the substrate S is sequentially noved to
predeterm ned ones of the substrate processing chanbers 2,
where an upper-layer film formation step is perforned
thereon to sequentially form the Ta |ayer 4012 and the
upper layers (step S110). In the upper-layer film
formation step, the MO layer 4014 is forned by radio-
frequency (RF) sputtering using a MJO target. As another
nmet hod, sputtering using a My target may be used to perform
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an oxidation treatnent on a My layer fornmed on the CoFeB
| ayer 4013 as the free layer. The film formation step and
the oxidation treatnent may be perforned in the sane
substrate processing chanber 2, or in the respective
di fferent substrate processing chanbers 2.

[ 0027]

It should be noted that: two or nore |ayers of the
multiple layers to be forned in the film formati on process
(steps S102 to S110) may be forned in the sanme substrate
processi ng chanber 2; otherwise, all the layers may be
formed in the different substrate processing chanbers 2.
The layers to be fornmed in the film formation process
(steps S102 to S110) of the enbodinment are forned by
sputtering. Alternatively, the |layers may be fornmed by an
arbitrary different nethod.

[ 0028]

Finally, the substrate S is noved to a transport
position (substrate transport position) inside the | oad-
| ock chanber 4 (step S112). After that, the substrate S is
sent to a process downstream of the substrate processing
system 1, where an annealing step (step S113) is perforned
on the substrate S using an apparatus different from the
substrate processing system 1. In the annealing step, an
annealing process is performed to crystallize the CoFeB
| ayers (4013, 4015) in an anorphous state, and to obtain
desi rabl e magnetic properties. Incidentally, the annealing
step (step S113) may be perforned inside the substrate
processing system 1 by changing the chanber configuration
of the substrate processing system 1.

[ 0029]

Fig. 4 is a diagram showing a relationship between
the MR ratio and an RA (sheet resistivity) of each of MIJ
el ements 2000, 3000 manufactured using the film formation
method of the enbodinent. The RA and MR ratio were
measured for each of the MIJ elenents manufactured using
the film formation nethod of the enbodinent and the MIJ



11

el ements manufactured using a conventional film fornmation
met hod. The conventional film formation nethod and the
film formation nmethod of the enbodinent are the ones
perfornmed according to the flow chart shown in Fig. 3.

[ 0030]

The horizontal axis in Fig. 4 represents the RA
(Q-unf), while the vertical axis in Fig. 4 represents the
MR ratio (9. A lower RA and a higher MR ratio nean that
el ement characteristics of an MIJ elenment are better. In
Fig. 4, white circles (o) represent a result of measurenent
of the MIJ elenment 1000 having an MIJ elenent structure
shown in Fig. 10, and manufactured using the conventiona
film formation method. A black triangle (A) represents a
result of neasurenment of the MIJ elenent having an MIJ
el ement structure shown in Fig. 11, and manufactured using
the conventional film formation nethod. A bl ack dianond
(®) represents a result of measurenent of the MIJ el enent
4000 manufactured using the film formation nethod of the
enbodi nent .

[ 0031]

FromFig. 4, it is learned that al nost equal MR ratio
was obtained from the film formation wusing the film
formati on net hod of the enbodi nent regardl ess of whether or
not the diffusion preventing |ayers are included in the MIJ
el ement .

[ 0032]

Figs. 5A and 5B show exanples of perpendicular
magneti zati on films 5000, 6000 for per pendi cul ar
magneti zation MIJ elenents to be used for a measurenent
with a VSM (Vibrating Sanple WMgnetoneter) (hereinafter
referred to as "neasurenent MIJ el enments 5000, 6000"). As
shown in Fig. 5A the neasurenent MIJ elenent 5000 is the
one obtained by: renoving a Ta | ayer (spacer layer) 2011, a
CoFeB | ayer 2012 as a reference |layer, a MgO | ayer (barrier
| ayer) 2013, a CoFeB layer 2014 as a free |ayer
(rmagneti zation free layer), a capping layer 2015, and an
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upper el ectrode 2016 fromthe MIT el enent 2000 shown in Fig.
11; formng a Ru layer (capping layer) 5011 on a Co/N
| am nate 5010 (a perpendicul ar magnetization |layer 2); and
subsequently per form ng a heat t reat nent t her eon.
Incidentally, a structure made from a | ower el ectrode 5002
to the Co/N lamnate 5010 in the neasurenent MIJ el enent
5000 is identical to a structure mde from a |ower
el ectrode 2002 to the Co/N lamnate 2010 in the MIJ
el ement 2000.

[ 0033]

As shown in Fig. 5B, the perpendicul ar nmagnetization
MIJ elenment 6000 corresponds to the MIJ elenent of the
enbodi nent, and is the one obtained by: renoving the Ta
| ayer (spacer layer) 4012, the CoFeB |ayer 4013 as the
reference |ayer, the MO layer (barrier |ayer) 4014, the
CoFeB layer 4015 as the free layer (nagnetization free
| ayer), the capping |ayer 4016, and the upper electrode
4017 from the MIJ el enent 4000 shown in Fig. 1; formng a
Ru | ayer (capping layer) 6012 on the Co/N |am nate 4011
(the perpendicul ar nagneti zation |layer 2); and subsequently
performng a heat treatnent thereon. Incidentally, a
structure made from a |lower electrode 6002 to the Co/N
|am nate 6011 in the neasurenent MIJ elenent 6000 is
identical to a structure made fromthe | ower el ectrode 4002
to the Co/N |amnate 4011 in the MIJ el enent 4000.

[ 0034]

Fig. 6 shows a result of neasuring perpendicular
magnetization curves (MH loops) of the respective
nmeasurenent MIJ el enents 5000, 6000. The VSM is used to
neasure the perpendicular nagnetization curves. The
horizontal axis represents the intensity of a magnetic
field applied to each MIJ elenment, while the vertical axis
represents magnetization of each layer in each MIJ el enent.
[ 0035]

In Fig. 6, a dashed line represents the result of
nmeasuring the neasurenent MIJ el enent 5000 which does not
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include the Pt layers as the diffusion preventing |ayers,
while a solid line represents the result of neasuring the
measurenent MIJ el enent 6000 which includes the Pt |ayers
as the diffusion preventing |ayers. Both MIJ elenents
whose neasurenent results are shown here are manufactured
according to the flow chart in Fig. 3. As shown in Fig. 6,
a | arger exchange coupling nagnetic field (Hex) is obtained
from the result of neasuring the neasurenent MIJ el enent
6000 (represented by the solid line) than from the result
of neasuring the neasurenment MIJ el enent 5000 (represented
by the dashed line).

[ 0036]

Fig. 7 is a diagram show ng rel ati onshi ps between the
exchange coupling magnetic field (Hex) and the nunber of
Co/Ni repeats in the measurenent MIJ el enents 5000, 6000.
For each of the perpendicular MIJ el ement structures 5000,
6000, the exchange <coupling magnetic field (Hex) 1is
calculated fromthe results of the measurement with the VSM
by changing the nunmber of Co/N repeats, as well as by
i ncluding and excluding the diffusion preventing |ayers.
The horizontal axis in Fig. 7 represents the nunber of
Co/ N repeats, while the vertical axis in Fig. 7 represents
the exchange coupling magnetic field (Hex). The exchange
coupling magnetic field (Hex) is larger in the neasurenent
MIJ el ement 6000 including the diffusion preventing |ayers
than in the neasurenent MIJ elenent 5000 including no
di ffusion preventing |layers in any nunber of Co/N repeats.
[ 0037]

The magnet or esi st ance ef f ect el enent of t he
enbodi nrent has a high MR ratio equal to that of the
conventional magnetoresistance effect element and a | arger
exchange coupling nmagnetic field. As a result, the
magnet oresi stance effect elenment of the enbodinent s
capable of preventing the occurrence of uni nt ended
magneti zation reversal of the magnetization fixed | ayer due
to an external magnetic field. |In addition, the anount of



14

Pt used in the magnetoresi stance effect elenent thereof is
less than the anobunt of Pt wused in the conventional
magnet or esi stance effect elenent shown in Fig. 10. Thi s
inhibits a decrease in a danping constant of the elenent
circuit after the |ater-stage process, and thus increases
the yield. Furthernore, since the anmount of Pt used in the
magnet or esi stance effect element thereof is less than the
amount of Pt used in the conventional nmagnetoresistance
effect elenment shown in Fig. 10, material costs can be

reduced. Mor eover , according to the nmet hod of
manuf acturing the perpendicular magnetization MIJ el enent
of t he pr esent I nventi on, t he above-descri bed

magnet or esi stance effect el ement can be manuf actured.
[ 0038]
(Second Enbodi nent)

Al t hough the MIJ el enent 4000 of the first enbodi nment
has the structure (bottom pin structure) which has the
reference |ayer 4013 under the tunnel barrier |ayer 4014,
the present invention is also applicable to a structure
(top pin structure) which has a reference [ayer on a tunnel
barrier |ayer. Fig. 8 shows a MIJ elenent 9000 as an
exanpl e of perpendicular magnetization MIJ el enent (p-MIJ
el enent) with the top pin structure.

[ 0039]

The MIJ el enent 9000 in Fig. 8 has a bottom el ectrode
9002, a Ta layer (seed |ayer) 9003, a CoFeB |l ayer 9004 as a
free layer (magnetization free layer), a MgO |l ayer (barrier
| ayer) 9005, a CoFeB | ayer 9006 as a reference layer, a Ta
| ayer (spacer layer) 9007, a N Cr (seed layer) 9008, a
Co/N lamnate 9009, a Co/Pt |ayer 9010, a Co |ayer 9011, a
Ru |ayer 9012, a Co |ayer 9013, a Pt l|layer 9014, a Co/N
| am nate 9015, a capping layer 9016, and a top electrode
9017 which are stacked on a substrate 9001 in this order
The Co/Ni laminate 9009 is a Ilamnate obtained by
alternately stacking Co layers and N layers in a
predeterm ned nunber of repeats (M tines). In addition,
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the Co/ N lamnate 9015 is a lamnate obtained by

alternately stacking Co layers and N layers in a
predet erm ned nunber of repeats (N tines).
[ 0040]

A |l ayered structure including the Co/Ni |am nate 9009
through the Co/N lamnate 9015 is called a pinned |ayer
with a SAF structure (hereinafter referred to as a "pinned
| ayer"). The pinned layer is an antiferromagnetic |ayer
and is placed on an opposite side of the CoFeB | ayer 9006
fromthe MgO layer 9005. To put it in detail, the pinned
| ayer is placed on an opposite side of the CoFeB | ayer 9006
froma side on which the barrier layer 9005 is placed, and
is placed above the CoFeB | ayer 9006. The Pt layers (9010,
9014) are respectively placed on the outer sides of the Co
| ayers (9011, 9013) between which the Ru layer 9012 is
i nt er posed. This placenment brings about an effect of:
preventing Ni frombeing diffused into the Co |ayers (9011
9013) interfacing Ru; and thereby inhibiting a decrease in
t he exchange coupling magnetic field. The Pt |layers which
sandwich the Co layers (9011, 9013) sandwiching the Ru

| ayer 9012 are called diffusion preventing |ayers. It
should be noted that the configuration of the MIJ el enent
9000 is not limted to the one shown here. The effect of
the present i nvention can be obtained from any

configuration in which the SAF structure is interposed
between the Pt layers from above and below, as long as the
configuration is obtained by nmking an arbitrary
nodi fication to the one described above by doing things
such as increasing or decreasing the nunber of |ayers,
changi ng the constituent materials of the respective |ayers,
and reversing the order of stacking the layers within a
scope of not obstructing the function of the perpendicul ar
magneti zation el enent.
[ 0041]

Fig. 9 is a flow chart showing a nethod of
manuf acturing the MIJ el enent 9000 of the enbodinent. In
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this respect, descriptions will be provided for a film
formati on nethod of the enbodi nent using the cluster-type
substrate processing system 1 illustrated in Fig. 2.

Incidentally, the film formation nmethod of the enbodi nent
may be performed using an inline substrate processing
system
[ 0042]

To begin with, the substrate S is transported into
the | oad-1ock chanber 4 of the substrate processing system
1 (step 201). Subsequently, a lower-layer film formation
step is performed on the substrate S to sequentially form
| ayers, all to be placed under the Co/N |am nate 9009, on
the substrate S (step S202). In the lower-layer film
formation step, inpurities and the like clinging to the
surfaces of the substrate are renoved by etching, and
thereafter, the bottom electrode 9002, and the Ta |ayer
(seed layer) 9003, the CoFeB |ayer (free |ayer) 9004, the
MO | ayer (barrier l|ayer) 9005, the CoFeB |ayer (reference
| ayer) 9006, the Ta |ayer (spacer |ayer) 9007 and the N Cr
(seed | ayer) 9008 are forned on the substrate in this order.
In the Iower-layer filmformation step, the MgO | ayer 9005
is formed by radio-frequency (RF) sputtering using a MO
target. As another nmethod, sputtering using a M target
may be used to perform an oxidation treatnment on a My | ayer
formed on the CoFeB | ayer 9004 as the free | ayer.

[ 0043]

After that, a first step is performed on the
substrate S to form the Co/N lam nate 9009 (a
per pendi cul ar magneti zation layer 1) (step S203). Next, a
second step is performed thereon to form the Co/Pt |ayer
9010 (step S204). Then, a third step is perfornmed thereon
to form the Co layer 9011 (step S205). Subsequently, a
fourth step is perfornmed thereon to formthe Ru |ayer 9012
(step S206). Thereafter, a fifth step is performed thereon
to formthe Co |ayer 9013 (step S207). Afterward, a sixth
step is perforned thereon to formthe Pt l|layer 9014 (step
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S208). After that, a seventh step is perforned thereon to
formthe Co/N |am nate 9015 (step S209). Thereafter, the
substrate S is sequentially noved to predeterm ned ones of
the substrate processing chanbers 2, where an upper-|ayer
film formation step (step S210) is perforned thereon to
sequentially form the upper layers to be placed on the
Co/Ni |l am nate 9015. In the wupper-layer film formation
step (step S210), the capping layer 9016 and the upper
el ectrode 9017 are forned.

[ 0044]

It should be noted that: two or nore |ayers of the
multiple layers to be fornmed in the film formati on process
(steps S202 to S210) may be forned in the sane substrate
processi ng chanber 2; otherwise, all the layers may be
formed in the different substrate processing chanbers 2.
The layers to be forned in the film formation process
(steps S202 to S210) of the enbodinent are fornmed by
sputtering. Alternatively, the |layers may be formed by an
arbitrary different nethod.

[ 0045]

Finally, the substrate S is noved to the transport
position (substrate transport position) inside the | oad-
| ock chanber 4 (step S212). After that, the substrate Sis
sent to a process downstream of the substrate processing
system 1, where an annealing step (step S213) is perfornmed
on the substrate S using an apparatus different from the

substrate processing system 1. In the annealing step, an
annealing process is performed to crystalize the CoFeB
| ayers (9004, 9006) in an anorphous state. Incidentally,

the annealing step (step S213) may be perforned inside the
substrate processing system 1 by changing the chanber
configuration of the substrate processing system 1.
[ 0046]

The principle of the MIJ elenment 9000 with the top
pin structure of the second enbodi ment is the principle of
the MIJ elenent wth the top pin structure of the first
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enbodi nent . For this reason, the RA (sheet resistivity)
and the MR ratio are not affected by whether or not the
di ffusion preventing layers are included in the MIJ el enent.
[0047]

Li ke the foregoing MIJ el enent 4000, the MIJ el enent
9000 of the enbodinment has a high RM ratio and a |arge
exchange coupling magnetic field. Thus, the MIJ el enent
9000 is capable of preventing the occurrence of unintended
magneti zation reversal of the reference |layer due to an

external magnetic field. In addition, the good yield in
the later-stage process and the small anmount of the Pt
usage enable reduction in the material cost. Mor eover,

according to the nmethod of manufacturing the perpendicul ar
magneti zation MIJ elenent of the present invention, the
above-descri bed magnetoresistance effect elenment can be
manuf act ur ed.
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CLAI M5

[Caim1l]

A magnet oresi stance effect el enent conprising:

a barrier |ayer;

a reference layer formed on one surface of the
barrier |ayer;

a free layer formed on another surface of the barrier
| ayer; and

a pinned layer fornmed on an opposite side of the
reference layer fromthe barrier |ayer, wherein

the pinned layer includes Pt, Co, Ru, Co, and Pt
| ayers stacked in this order, and a | ayer including N.

[Caim?2]

The magnetoresi stance effect elenent according to
claim 1, wherein the pinned layer includes a structure
obt ai ned by stacking Ni, Co, Pt, Co, Ru, Co, Pt, Co, and N
| ayers in this order.



