DESCRIPTION

Title of Invention: METHOD FOR MANUFACTURING MAGNET IC TUNNEL

JUNCTION ELEMENT, AND INDUCTIVELY COUPLED PLASMA PROCESSING

APPARATUS

Technical Field
[0001]

The present invention relates to a plasma treatmen

apparatus, and particularly to a processing damage restraint
method for a perpendicular magnetization MRAM
(Magnetoresistive Random Access Memory).

Background Art

[0002]

ThereisahighneedforaSTT-MRAM(SpinTransfer Torque
Magnetic-resistive Random Access Memory) which caus es a
magnetictunneljunction(MTJ)elementtofunction asastorage
element, as a nonvolatile memory from the viewpoint of an
operatingspeed, arewritingtolerance,andhighin tegration.
Along with refinement, for the purpose of securing thermal
stability and reducing a rewriting electrical curre ntvalue,

a material of the MTJ element is shifted to a perpe ndicular
magnetization film having perpendicular magnetic an isotropy
from anin-plane magnetization film having in-plane magnetic
anisotropy. For example, as a perpendicular magnet ization



filmfortheMTJelement,CoFeBwhichusesinterfac
anisotropybetweenMgOandCoFeBisatextbookexam
(NPL 1).

[0003]

Alongwith achange ofthe material ofthe MTJ ele
a processing method of the STT-MRAM is necessarily
As a magnetic film processing method for the STT-MR
reactiveionetching(RIE)processingmethodwhich
(PTL 1) or alcohol (PTL 2) is proposed.
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[0006]
Adamage duetothe RIE processing is manifestedi
perpendicular magnetization film which uses the int
magnetic anisotropy between an oxidation film and a
substance. As an example thereof, a schematic diag
magneticpropertiesoftheMTJelementafterelemen
byusingCO/NH sisillustrated. Fig.1Aisadiagramrelating
to an in-plane magnetization film, and Fig. 1B is a
relating to a perpendicular magnetization film, and
and1Billustrate (1) magneticpropertiesofasoli
magnetic properties of a magnetization film obtaine
performing CO/NH 3 processing with respect to the solid film.
Ahorizontalaxisindicatesamagnitudeofanexter
field H ourwhich is applied to the film, and a vertical axis
indicatesamagnitude of magnetization M ofthe mag
film. As illustrated in Fig. 1A, noticeable degrad
themagneticpropertiesdoesnotoccurinacaseof
magnetization film. Even in any case of (1) the so
and(2)afterthe processing,ifthemagnitude oft
magnetic field H
an orientation of in-plane magnetization in a magne
film10lisswitchedinaccordancewiththeorienta
externalmagneticfieldH

inFig.1B,inacaseoftheperpendicularmagnetiz

themagneticanisotropyinamagnetizationfilm102

nthe
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to the in-plane magnetic anisotropy from the perpen dicular
magneticanisotropy,andtheorientationofthemag netization
of the magnetization film 102 is gently switched, i n the

magnetization film obtained by performing the CO/NH

processing.

[0007]

NPL 2 describes aninfluence of hydrogen (H 2)plasmaon
magneticpropertiesinamultilayerfilmofMgOand CoFeB,and
degradation of a perpendicular magnetization MTJ pr operties
element by etching which uses CO/NH 3 IS estimated that the
influence mainly due to the hydrogen plasma is larg e.
Therefore,inthepresentinvention,thereisprovi dedamethod
for manufacturing a magnetic tunnel junction elemen t which
prevents properties degradation due to hydrogenion s,andto
which RIE processing that is capable of securing an etching

shape is applied.

Solution to Problem

[0008]

According to an aspect of the present invention, t here
is provided a method for manufacturing a magnetic t unnel
junctionelementincludinggeneratingamultilayer filmwhich
has a magneticfilmincluding at least one of Co, N i,and Fe,
and an oxidation film including at least one of Mg, Zn, and
Al, of which athickness ofthe magneticfilmis 2 nmorless,

and of which the magnetic film and the oxidation fi Imhave an



interface in a film surface direction, forming a ma sk layer
that is patterned on the multilayer film, and perfo rming
etching with respectto the multilayer film onwhic hthe mask
layer is formed, by using a mixed gas of a hydrogen gas and
a nitrogen gas as a reaction gas, in which a flow r atioofa
flow rate of the hydrogen gas to a flow rate of the mixed gas
is 50% or less.

[0009]

Otherproblemsandnewcharacteristicswillbecle arfrom
the description of the present specification, and t he
accompanying drawings.

Advantageous Effects of Invention

[0010]

In a manufacturing process of the magnetic tunnel
junction element, itis possible to achieve both re ducing of
the damage due to the RIE and securing of the etchi ng shape.
Brief Description of Drawings

[0011]

[Fig. 1A] Fig. 1Aisadiagramfordescribingac hange
of magnetic properties by CO/NH 3 processing in an in-plane
magnetization film.

[Fig. 1B] Fig. 1Bisadiagramfordescribingac hange
ofmagneticpropertiesby CO/NH sprocessinginaperpendicular
magnetization film.

[Fig.2] Fig.2isadiagramillustratingperpend icular



magnetic anisotropy energy of CoFeB before and afte
plasma irradiation.
[Fig. 3A] Fig. 3A is a diagram illustrating a
layer-stacked film that is used for measuring magne
properties of a CoFeB perpendicular magnetization f
[Fig.3B] Fig.3Bisadiagramillustratingthem
propertiesoftheCoFeBperpendicularmagnetization
is irradiated with hydrogen/nitrogen mixed plasma.
[Fig. 4] Fig. 4 is a diagram illustrating depende
onahydrogenflowratio ofperpendicularmagnetic
energy of the CoFeB perpendicular magnetization fil
[Fig.5] Fig.5isadiagramillustratingthedep
onthehydrogenflowratioofaTamaskselectivity
perpendicular magnetization film.
[Fig.6] Fig.6isanoutlinediagramofaplasma
processing apparatus.
[Fig. 7] Fig. 7 isadiagram for describing a gas
ratio adjustment sequence of hydrogen/nitrogen.
[Fig.8] Fig.8isabird’s-eyeviewoflbitof
Description of Embodiments
[0012]
In order to prevent an influence of hydrogen plasm
etching with amixed gas of nitrogen and hydrogeni
with respect to a perpendicular magnetization film.
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H2,and anitrogen flow rate isreferredto as N2, ahydrogen
flowratioissettobeH2/(H2 +N2) <50%. Hereinafter,details
thereof will be described.

[0013]

Fig. 2 illustrates results of dependency on a film
thickness of perpendicular magnetic anisotropy ener gy of a
COFeB perpendicular magnetization film before and a fter
irradiation with the hydrogen plasma. As afilmth icknesst
ofamagneticlayerbecomeslarge,the perpendicula rmagnetic
anisotropy energy of the CoFeB perpendicular magnet ization
film becomes small, and does not function as a perp endicular
magnetization film. The thickness of a magnetic fi Im
indicating properties as a perpendicular magnetizat ion film

is2nmorless,althoughthethicknessdependson
andacombinationofthemagneticfilmandabarrie

MgO). In general, perpendicular magnetization anis

eachmaterial
rlayer(here,

otropy

energy K ¢ of a magnetic substance is expressed by (Math. 1)

which uses saturation magnetization M s, and an effective

anisotropic magnetic field MoHk.

[0014]

1 My 1 Mg 1 M2
Kege = = =2 oty = === H,— M.} =—===2
eff 2 1o Hoflk 2 1o (HO [ s) 2 1o

[0015]

2
+ Ky 4 —ine_IMsT  Kine

tcoFeB 2 g tcorem (I\/lath_ 1)

Here, K i represents the perpendicular magnetic

anisotropy energy at a CoFeB/MgO interface (interfa

ce), K

b



represents the perpendicular magnetic anisotropy en ergyofa
bulk of CoFeB, H s represents a saturation magnetic field, and

Ho represents magnetic permeability in vacuum. Since the
perpendicularmagneticanisotropyenergyK pofthebulkofCoFeB

Is substantially 0, K eff 1S @approximately proportional to an

inverse number of a film thickness t coreB (NPL 1).

[0016]

By(Math.1),itispossibletoestimatetheinter facial
perpendicularmagneticanisotropyenergyK int attheCoFeB/MgO
interface, andresultantly, inacase ofbeing not irradiated
with the hydrogen plasma, K it =1.0(mJd/m ), butinacase of

beingirradiatedwiththehydrogenplasma, K int

This means that the perpendicular magnetic anisotro
CoFeB/MgOinterfaceisreducedduetotheirradiati
hydrogen plasma. As a mechanism thereof, itis ass
hydrogen ions reach the interface between MgO and C
thereby, MgO deteriorates, a hybridized orbital of
is modulated, and as a result, the perpendicular ma
anisotropy is lowered. Since the hydrogen plasmal
magneticanisotropyattheCoFeB/MgOinterfaceint
there is a need to reduce the hydrogen plasma.

[0017]

Fig. 3Billustrates amagnetization measurementre
ofthe CoFeB perpendicular magnetizationfilmina

alayer-stackedfilmillustratedinFig.3Aisirra
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plasma obtained by mixing hydrogen and nitrogen. T
layer-stacked film which is used in the measurement
structure in which a Ta layer 302, a CoFeB layer 30
layer304,andaTalayerare stackedinsequenceo
substrate301. Afilmthicknessofthe CoFeBlayer
nm, the film thickness of the MgO layer 304 is 2 nm
film thicknesses of the Ta layers 302 and 305 are 5
measurement is performed by three kinds of flow rat
the flow ratios are respectively, (1) hydrogen flow
50% (hydrogen 100 sccm, nitrogen 100sccm), (2) hyd
ratio of 75% (hydrogen 150 sccm, nitrogen 50 sccm),
hydrogenflowratioof100%(hydrogen200sccm,nit
Measurementconditionsotherthantheflowratioar
Inthemagnetizationmeasurement,themeasurementi
by (a) applying an external magnetic field H
perpendicular direction with respect to a film surf
direction, and (b) applying the external magnetic f
into a horizontal direction with respect to the fil
direction.

[0018]

InFig. 3B, (1a),(2a),and (3a) illustrate there
in a case where the external magnetic field is appl
the perpendicular direction with respect to the fil
direction at each flow ratio, and (1b), (2b), and (

illustrate the results in a case where the external

he
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3, aMgO
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field is applied into the horizontal direction with
to the film surface direction at each flow ratio.
wherethehydrogenflowratiois50%,the magnetiza
perpendicular direction, coercive force is to be Hc
(1a),andmagnetic propertiesishardly changedin
with a case of no plasma irradiation. On the contr
casewherethehydrogenflowratiois100%,thecoe
of CoFeBistobeHc
isreduceduptoapproximatelyahalfthereof. Par
in a case where the hydrogen flow ratio is 75%, deg
of the perpendicular magnetic anisotropy is mostno
the coercive force thereof is 0, and an easy axis d
ofthe magnetizationischangedtoanin-planedire
the perpendicular direction (2a, 2b).

[0019]

Inordertocheckupthedependencyonthehydroge
ratioofthe perpendicularmagneticanisotropyind
dependency on the hydrogen flow ratio of the perpen
magneticanisotropyenergyofCoFeBiscalculated.
thereofisillustratedinFig.4. Thelayer-stacke
iIsusedinatest,andthe measurementconditionsa
as those described in Fig. 3. From the present res
case where the hydrogen flow ratio is 50% or less,
perpendicular magnetic anisotropy energy (whichis

byablackcircle)isgraduallyreducedalongwith

respect
Inacase
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of the hydrogen flow ratio, but on the contrary, th
perpendicular magnetic anisotropy energy is sharply

in a region in which the hydrogen flow ratio is 60%

and 75% or less. In a case where the hydrogen flow

75% or more, the perpendicular magnetic anisotropy
increased again, and in a case of the plasma irradi
hydrogenalone,theenergybecomesapproximatelya

in comparison with an initial state. In other word

found out that the etching with a hydrogen content

reduced
or more
ratio is
energyis
ation of
halfthereof
S, itis

which is

closetoaNH scompositionmostdegradesthemagneticproperties

of the perpendicular magnetization.

[0020]

Fig.4illustratesaradical hydrogendensity (whi
indicated by a square) at each measured hydrogen fl
From this, the dependency on the hydrogen flow rati
perpendicular magnetic anisotropy energy is read by
related to an amount of the hydrogen ions or the ra
hydrogen in the mixed gas plasma. If the dependenc
hydrogenflowratiooftheradicalhydrogendensity
the result that the radical hydrogen density is hig
obtained at a point of the flow ratio of 75% which
to the NH 3 composition.

[0021]

Qualitatively, itis understood as follows. First

acasewherethehydrogenflowratioislow,since

chis
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,in
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ionsorspeciesofradicalsaresmall,theinfluenc
ontheperpendicularmagnetizationissmall. Onth
ifthehydrogenflowratioisinacertainregion,
ofhydrogeninthemixedgasplasmaispromoted,an
anabsoluteamountofthehydrogenionsandtherad
isincreased. Inthepresenttest,sincepresence
isindispensableinordertopromotethedivergence
andtheamountofnitrogenisrelativelyreducedin
the hydrogen flow ratio is excessively large, for e
under a condition that the hydrogen flow ratio is 1
influence of hydrogen on the perpendicular magnetiz
notsolarge. Asaresult,itisconcludedthatth
oftheperpendicularmagnetizationismostdegraded
ofthe hydrogen flowratio of 75%, andthereisan
the hydrogen flow ratio smallinorderto secureth
properties.

[0022]

Ontheotherhand,inetchingprocessingofthema
filmunderthemixedgasbyusinghydrogenandnitr
isaproblemthatamaskselectivityinthe etching
due to the reduction of the hydrogen flow ratio. F
illustrates the dependency on the hydrogen flow rat
mask selectivity in a case where the CoFeB perpendi
magnetization film is processed by using plasma obt

mixing hydrogen and nitrogen. Tais used as a mask
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adivergence
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mask selectivity is defined as an etching rate of C
etching rate of Ta. In a case where the hydrogen f
is small, the selectivity is gradually increased al
the increase of the hydrogen flow ratio, and it is

to obtain a maximum mask selectivity at a point of
theflowratioisfurtherincreased,theetchingra

Is excessively reduced, and itis not possible to e
inacaseofhydrogenofl00%. Fromthisresult,i

to say that the hydrogen flow ratio in the vicinity

the most suitable value in order to process an MTJ
from the viewpoint of the mask selectivity.

[0023]

If the findings are integrated, in a case where Co
oftheperpendicularmagnetizationisconsideredas
whichistobeetched,itisfoundoutthattherei
relationship between making of a low damage and sec
an etching shape, in the etching of which the hydro
ratio is in the vicinity of 75%. On the other hand

region in which the hydrogen flow ratio is 50% or |

dependency on the hydrogen flow ratio of the magnet

properties and the mask selectivity, along with the
properties and the mask selectivity, are small. Th
intheregioninwhichthe hydrogenflowratiois5

it is possible to achieve both making of the low da

securing of the etching shape. Accordingly,asap
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low ratio
ong with
possible
75%. If
teof CoFeB
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methodoftheMTJelementinaperpendicularmagnet izationMRAM,
proposed is a processing method in which the mixed gas of
hydrogen and nitrogen is used, and the hydrogen flo w ratio

thereof is 50% or less.

[0024]

Itisusefultoadd athirdgasinadditiontothe mixed
gas of hydrogen and nitrogen. In a case where CO i sused as
athird additional gas, incomparison withacasew hereCOis
notadded,resultantly,thecoerciveforceisincre asedas60%.
Asaresult,itisassumedthatthereisan effect ofreducing
the hydrogen ions or the radical hydrogen which is included
inanetchinggas,byscavengingduetooxygenint headditional
gas. Onthe otherhand, the mask selectivityisin creasedas
approximately 20%, by adding CO. Thereby, the furt her low
damageprocessing,andtheimprovementofthemask selectivity
are expected, due to the addition of CO. Asagas having the

same effect, CO  , or a gas including O is considered. It is

possible to use a gas which is diluted with a rare gas as a
third additional gas. Forexample,inacasewhere the mixed
gasofhydrogenandnitrogenisdilutedwithHe, it ispossible

to prevent the influence of the hydrogen plasma whi ch is
includedintheetchinggas. Inthiscase,themas kselectivity
isslightlyloweredifHeisadded,butalowering ratethereof

is less than 10%, and there is substantially no dif ference

regardingtheshapeaftertheetching. Thereby,in theetching
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that usesthe mixed gas of hydrogen and nitrogenin
hydrogenflowratiois50%orless,itispossible
further low damage, by adding the third gas. Itis
to use Ne, Ar, Kr, Xe, or the like, in addition to

[0025]

Fig.6illustratesanoutlinediagramofaplasma
apparatus that performs the processing of the perpe
magnetization film by using the gas. The present a
includesanantenna6forplasmageneration,anda
frequency power source 1andafirstradiofrequenc
device 2 for applying a radio frequency voltage the
Hydrogenisintroducedinto areactor 10througha
pathll,andnitrogenisintroducedintothereacto
a second flow path 12, and a radio frequency altern
electromagnetic field which is generated in the ant
acted on the mixed gas of hydrogen and nitrogen whi
introduced, thereby, plasma 13 which is inductively
fromreactantparticlesisgenerated. Theapparatu
a substrate voltage generator 4 and a second radio
matchingdevice3forcausingtheprocessingwitht
plasmal3tobeperformed. Theapparatusincludes
determination device 5 that is capable of monitorin
fluctuation of plasma which is generated at the tim
processing asubstrate 9,and has amechanismthat

a signal which is obtained from the end point deter

whichthe
tomakethe
possible

He.

etching
ndicular
pparatus
firstradio
y matching
reto.
firstflow
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device 5 to a first mass flow controller 7 and a se cond mass
flowcontroller8. Thefirstmassflowcontroller 7iscapable

of adjusting the flow rate of hydrogen, and the sec ond mass
flow controller 8 is capable of adjusting the flow rate of
nitrogen, in accordance with the signal of the end point

determination device 5.
[0026]

Meanwhile, the MTJ element is configured by the

layer-stacked film at a level of several atomic lay ers, and
ideally,theMTJelementoughttobeetchedbyusin gareactive
gas corresponding to each configuration film. Howe ver,ina
case where the reactive gases which are different f rom each
other are used in general, there is a need to cut a plasma
electric discharge for the etching every time, and there is
aconcernthattreatmenttimeofawaferisgreatly elongated.
On the contrary, in the plasma etching which uses t he mixed
gas of hydrogen and nitrogen, evenifthe hydrogen flowratio
ischanged, thereis substantially noinfluence on theplasma
electric discharge. Therefore, it is possible to s elect a
desired hydrogen flow ratio while maintaining the p lasma

electric discharge.

[0027]
WithreferencetoFig.7,aflowrateadjustments equence
of hydrogen and nitrogen in a case where the MTJ el ementis

etchedwillbedescribed. Fig.8illustratesabir d’s-eyeview
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oflbitoftheMTJelementintheMRAM. Aselecti ontransistor
801 is formed in a silicon substrate 800, and an MT Jelement
804 isformedbetweenadrainelectrode802andab itline803
oftheselectiontransistor801. TheMTJelement8 O4includes
alayer-stacked film structure in which an MgO barr ier layer
isinterposed between magnetic layers (CoFeB layers ). Since
the magnetic layer is the perpendicular magnetizati on film,
the thickness of the magnetic layer is 2 nm or less . One of
the magnetic layers is a reference layer (fixed lay er), and
the other is a recording layer. A relationship bet ween a
magnetization direction of the recording layer and a

magnetization direction of the reference layer is

parallel/anti-parallel,thereby,itispossibleto recordthe
signal of 1/0. Inthe manufacturing forthe MTJ el ement804,
after a multilayer film of a magnetic film (CoFeB | ayer)-an
oxidation film (MgO layer)-a magnetic film (CoFeB | ayer) is
generated, for example, a Ta cap layer is accumulat ed. The
Tafilmis patterned by photoresist, thereby, amas klayeris
formed. An etching treatment described hereinafter IS
performed by using the patterned Ta film as a mask layer.

[0028]

Inthepresentsequence,intheplasmaetchingapp aratus
describedin Fig. 6, in a case where the MgO barrie rlayeron
whichCoFeBislayer-stackedisdetectedbyusingt heendpoint

determination device 5, the hydrogen flow rate isd ropped to
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reduce the hydrogen flow ratio. By such a sequence
possibletoperformthe etchingwithagasratioin
selective properties are obtained without limiting
hydrogen flow rate in the CoFeB layer which is stac
the MgO batrrier layer. Along with the detection of
barrierlayer,thehydrogenflowrateislimitedin
ofthelayerwhichisbelowthe CoFeB-MgOinterface
itis possible to reduce ahydrogen damage thatis
theMgObarrierlayerwhichisakeytothepropert
of the MTJ element.
[0029]
Here,theprocessingtreatmentsequenceofthevar
hydrogen flow ratio corresponding to the simplest M
multilayer film configuration is introduced, but th
needto changethe hydrogenflowratioinaccordanc
configurationoftheMTJmultilayerfilm,anditis
to the sequence which is introduced this time.
[0030]
Hereupon, the invention which is made by the prese
inventorsisspecificallydescribedbasedonembodi
the presentinventionis not limited to the embodim
can be variously modified in a scope without depart
thegistthereof. Forexample,the magneticfilmc
the perpendicular magnetization film is not limited

CoFeB film, and may be any magnetic film so long as
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magnetic film including at least one of Co, Ni, and
the barrier layer is not limited to the MgO film, a
anyoxidationfilmsolongasbeinganoxidationfi
at least one of Mg, Zn, and Al.
Example 1
[0031]
Hereinafter, the measurement of the dependency on

hydrogen flow ratio of the perpendicular magnetic a

energy of the CoFeB perpendicular magnetization fil

illustrated in Fig. 4 will be described. A multila
forthemagnetizationmeasurementisamultilayerf

by stacking Ta (5 nm)/CoFeB (1.2 nm)/MgO (2 nm)/Ta
sequence on a Si substrate (see Fig. 3A). As a met
forming the multilayer film, all films were manufac
RFmagnetronsputtering. Aftertheformingofthe
film,amagneticfieldapplyingheattreatmentwas

at 300 °Cinvacuum. The applied magnetic fiel[dwas 0.6 T
the film surface direction, and the heat treatment
lhour. Thereafter,aplasmairradiationtestwas

with respect to the multilayer film, by using the |
(inductivelyCoupledPlasma)etchingapparatusrepr
Fig.6. Theusedgasesareahydrogengasandani
andthe hydrogen flowratio is adjusted by adjustin

rate of each gas. Inthe present example, the hydr

ratio was changed in a scope of 0% to 100%, and a t

Fe, and
nd may be

Imincluding

the

nisotropy
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ilmobtained
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rate of hydrogen and nitrogen was fixed to 200 sccm
irradiationconditionswhichareusedintheplasma

the conditions that source power is 1000 W, bias po

W, and Ta on an outermost surface of the multilayer

not etched are adopted. As a reference sample,am

film which was not irradiated with plasma was prepa
standard sample. For the magnetization measurement
multilayer films, VSM (Vibrating Sample Magnetomete
vibration sample type magnetometer) was used. Rega
sample of which the hydrogen flow ratio of the plas
irradiationwas50%orless, the clearperpendicula

anisotropy was observed asrepresentedin Fig. 3B,

contrary, regarding asample of whichthe hydrogen
was75%,magnetizationreversalintheperpendicula
wasnotobserved. Furthermore,regardingthe sampl

the hydrogen flow ratio was 75%, since the magnetiz
reversalinthein-planedirectionwasobtained,it

that an easy axis of the magnetization was changed
in-plane direction. In a case where the hydrogen f

was further increased, resultantly, the easy axis d

of the magnetization was returned to the perpendicu
direction again, but a magnitude of the coercive fo

reduced up to approximately a half magnitude thereo

comparisonwith a sample of which the hydrogen flow

50%. Regardingeachsample,inacasewherethepe

. As
irradiation,
wer is 50
filmis
ultilayer
red as a
of the
r:

rding a

ma

rmagnetic
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magneticanisotropyenergywasestimated,itwasfo undoutthat
the value thereof was the smallestatthe hydrogen flowratio
of 75%, asillustratedinFig.4. Fromthis,itbe comesclear
thatitispossibletoreducethedegradationofth einterfacial
perpendicular magnetic anisotropy of CoFeB, inthe regionin

which the hydrogen flow ratio is 50% or less.

[0032]

Moreover,asanexampleoftheadditionalgas,the effect
inacasewhereCOwasusedwasverified. Inthep resentexample,
two kinds of a case where the mixed gas was not inc luded
(hydrogen: 100 sccm, nitrogen: 100 sccm) and a case wherethe
mixed gaswasincluded (hydrogen: 50 sccm, nitrogen :50sccm,
CO: 50 sccm) were prepared, and the CoFeB perpendic ular
magnetization film of which the film thickness was 1.2nmwas

irradiated with the mixed gas plasma thereof. The

configuration of the multilayer film, and the irrad iation
conditionswereasdescribedabove,andthemagneti cproperties
were evaluated by using the VSM. In a case where C O was not
added, the coercive force was 0.5 (mT), but on the contrary,
inacasewhere COwasadded, thecoerciveforcewa sincreased
uptoapproximately0.8(mT). Fromthis,itbecome sclearthat
the furtherlowdamage processingis possible by th e addition

of the third additional gas.
Reference Signs List

[0033]
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1: FIRST RADIO FREQUENCY POWER SOURCE

2: FIRST RADIO FREQUENCY MATCHING DEVICE

3: SECOND RADIO FREQUENCY MATCHING DEVICE
4: SUBSTRATE VOLTAGE GENERATOR

5: END POINT DETERMINATION DEVICE

6: ANTENNA FOR ICP GENERATION

7: FIRST MASS FLOW CONTROLLER

8: SECOND MASS FLOW CONTROLLER

9: SUBSTRATE

10: REACTOR
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CLAIMS

[Claim 1]
A method for manufacturing a magnetic tunnel junct
element, comprising:
formingamultilayerfilmwhichhasafirstmagnet
includingatleastoneofCo, Ni,andFe,andanox
includingatleastone ofMg, Zn, and Al, ofwhich
of the first magnetic film is 2 nm or less, and of
first magnetic film and the oxidation film have an
in a film surface direction;
formingamasklayerthatispatternedonthemult
film; and
performing etching with respect to the multilayer
on which the mask layer is formed, by using a mixed
hydrogen gas and a nitrogen gas as a reaction gas,
wherein aflow ratio of a flow rate of the hydroge

to a flow rate of the mixed gas is 50% or less.

[Claim 2]
Themethodformanufacturingamagnetictunneljun
element according to Claim 1,
wherein the first magnetic film is formed in an up
layer than the oxidation film,

the first magnetic film is etched, by setting a ra
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icfilm

idationfilm

athickness

which the

interface

ilayer

film

gasofa
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ction

per
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of the flow rate of the hydrogen gas to the flow ra te of the
mixed gas to be a first flow ratio,

the oxidation filmis etched, by settingaratioo fthe
flow rate of the hydrogen gas to the flow rate of t he mixed
gas to be a second flow ratio, and

thesecondflowratiois50% orless, andthefirs tflow
ratio is a flow ratio of which a mask selectivity i s higher

than the second flow ratio.

[Claim 3]
Themethodformanufacturingamagnetictunneljun ction

element according to Claim 2,

wherein the multilayer film includes a second magn etic
film that is formed in a lower layer of the oxidati on film,
and

the second magnetic film is etched, in accordance with

the second flow ratio.

[Claim 4]

Themethodformanufacturingamagnetictunneljun ction
element according to Claim 1,

wherein etching is performed with respect to the
multilayer film on which the mask layer is formed, by adding
an additional gas to the mixed gas as a reaction ga s, and

araregasincluding atleastone ofHe, Ne, Ar,K r,and
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Xe, or agasincluding at least one of CO, CO

as the additional gas.

[Claim 5]
Themethodformanufacturingamagnetictunneljun

element according to any one of Claims 1 to 4,
whereinthefirstmagneticfilmisaCoFeBfilm,a

oxidation film is a MgO film.

[Claim 6]
Themethodformanufacturingamagnetictunneljun
element according to any one of Claims 1 to 4,

wherein the mask layer is a Ta film.

[Claim 7]
Aninductivelycoupledplasmaprocessingapparatus
iscapableofetchingasubstratewhereamultilaye
has a magneticfilmincluding at least one of Co, N
and an oxidation film including at least one of Mg,
Al, of which athickness ofthe magneticfilmis 2
and of which the magnetic film and the oxidation fi
interfaceinafilmsurfacedirectionisformed,th
comprising:
an antenna;

a reactor;

»,and Oisused

ction

ndthe

ction

that
rfilmwhich
i,and Fe,
Zn, and
nmorless,
Im have an

eapparatus
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a first flow path through which a hydrogen gas is

introduced into the reactor;

a second flow path through which a nitrogen gas is

introduced into the reactor;

a substrate voltage generator for processing the

substrate with plasma that is generated by causing
frequency alternating electromagnetic field which
generatedinthe antennatoactonamixed gasoft
gas which is introduced from the first flow path an
nitrogen gas which is introduced from the second fl
in the reactor,

an end point determination device that is capable
monitoringafluctuationofplasmatobegenerated
of processing the substrate with the plasma;

a first mass flow controller that controls a flow
of the hydrogen gas based on a signal from the end
determination device; and

asecond massflow controllerthatcontrols aflow
of the nitrogen gas based on a signal from the end
determination device,

wherein a ratio of a flow rate of the hydrogen gas
aflowrate ofthe mixed gasis changedtoasecond
from afirstflow ratio, based on a signal from the

determinationdevice,andthesecondflowratiois

a radio

he hydrogen
d the

ow path,

of

atthetime

rate

point

rate

point

to
flowratio
end point

50%orless.
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[Claim 8]
The inductively coupled plasma processing apparatu
according to Claim 7,
wherein the magnetic film is formed in an upper la
than the oxidation film, and
theendpointdeterminationdevicegeneratesthes
whenetching ofthe magneticfilm proceeds, and the

film is detected.

[Claim 9]

The inductively coupled plasma processing apparatu
according to Claim 7,

wherein the first flow ratio is a flow ratio of wh

a mask selectivity is higher than the second flow r

yer

ignal

oxidation

ich

atio.



