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BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
s to a magnetoresi stance effect filmfor reading the
magnetic field intensity of a magnetic yecording nediumor the like as a
particular, to a magnetoresistance effect filmwhich is

ng a small magnetic field change as a greater el ectrical
resi stance changBAGNEJOBES | HANCE (AFRET F LMl AN SAGKHE EORRE HPIANGE efiFsiCance
usi ng such a magnetoresi stance effect film DESCRI PTI ON
t here has been the devel opnent for
ensitivity of magnetic sensors and increasing the density
following this, nagnetoresistance effect type

(hereinafter referred to as MR sensors) and

f or med
%\e F% a gﬁan%fﬁées Istance

effect film for reading the magnetic field intensity of a
magnetic recording medium or the like as a signal and. in
particular, to a magnetoresistance effect film which is
capable of reading a small magnetic fieid change as a
greater electrical resistance change signal, and further
relates to a magnetoresistance effect type head using such
a magnetoresistance effect film.

DESCRIPTION OF THE PRIOR ART

Recently, there has been the development for
increasing the sensitivity of magnetic sensors and
increasing the density in magnetic recording and, following
this, magnetoresistance effect type magnetic sensois
(hereinafter referred to as MR sensors) and magnetoresistance
effect type magnetic heads (hereinafter referred to as MR
heads) using magnetoresistance change have been actively
developed. Both MR sensors and MR heads are designed to
read out external magnetic field signals on the basis of
the variation in resistance of a reading sensor portion
formed of magnetic material. The MR sensors have an

advantage that a high sensitivity can be obtained and the

The 'pr es€ljt

“been actively devel oped.
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2 MR heads have an advantage that a high output can be obtained upon
readi ng out signals magnetically recorded in high density because the
reproduced out put does not depend on the relative speed of the sensors or
heads to the recording nedium 2 However, conventional MR sensors
which are forned of magnetic materials such as Ni[err]oFe[err]O
(Permalloy), NiCo or the like have a small resistance change ratio A RR

which is about MR tipe 96 ataverreinmady aanggé hiisa t hese gmtogitipalts c havige
insufficient sensitivity as the reading MR head materials for ultrahigh

density recordi ng @fintdupRhdedadihgSeMeEbna ISBRRIntF 88 Birkso RRY Ryuare
I nches) or nore. Attention has been recently paid to artificia

| atti ces having it: L u j e i il fa i a
t hi ckness of an’g@@n?%ﬁ%ﬁ n% %¥E8r gﬁbgégkmgégio ngﬁﬁ%ssbggkeé%ﬂgecause
their behavior is djfferent,. fromthat suc

] o% bul k netal . ghe of h
artificial |atti¥stN% "edatddfetPeetud i 1heF &S Arnd6RAY f8r Hofragneti c
metal thin filns and non-nagnetic netal thin filnms alternately deposited
on a substrate. 196PEdipgdPesiUPagnetic multilayered filns of an
iron-chromumtype, a cobalt-copper type and the |ike have been known.
However, these artifi cHeweveat cooeent hegnefl semuolrsithagerasd fdrmed ohr e not
comercially applicable as they are because the external magnetic field at
whi ch a magnetic materials such as NigoFe,o (Permalloy), NiCo or

the like have a small resistance change ratio AR/R which

is about 1 to 3% at maximum, and thus these materials have

insufficient sensitivity as the reading MR head materials

for ultrahigh density recording of the order of several

GBPSI (Giga Bits Per Square Inches) or more

Attention has been recently paid to artificial

fattices having the structure in which thin films of metal

having a thickness of an atomic diameter order are

periodically stacked, because their behavior is different

from that of bulk metal. One of such artificial lattices is

a magnetic multilayered film having ferromagnetic metal

thin films and non-magnetic metal thin films alternately

deposited on a2 substrate. Heretofore, magnetic multilayered

films of an iron-chromium type, a cobalt-copper type and

the like have been known. However, these artificial lattice

magnetic multilayered films are not commercially applicable

as they are because the external magnetic field at which a

maximum resistance change occurs (operating magnetic field

intensity), is as high as several tens of kilo-oersted.



maxi mum r esi st ance change occurs (operating magnetic field intensity), is
as high as several tens of kil o-oersted.

3 Under these circunstances, a new structure which is called a
spin val ve has been proposed. In this st¥ucture, two Ni Fe |layers are
formed via a non-magnetic netal |ayer, and an FeMwh | ayer is further
formed so as to be adjacent to one of the Ni Fe |ayers. In this

case, since the FeMWh | a&yieratidsehei MuFetdreper a neadjtacehdret ki@t osare
directly exchange-coupled to each other, the direction of the magnetic
spin of this N Fealleyer spén fviatee hias bben rangesed. deveial st ensture, severa
hundreds Ce in nagnetic field intensity. On the other hand, the direction

of the magnetic sporNitle thHerethey bkt ha¥es nonsmidgrRely nehangeahle by an
external magnetic field. As a result, there can be achieved a

magnet or esi st ancgngNanggyn 11a}d O My G Qp%rﬁlﬁ%isgéagftozbé anig/gérﬂ oSmall

magnetic field range which corresponds to ee Of Ccoerciv force of

the N Fe | ayer. the spin valve, by realizing a difference in
rel ative angl es 8?e§%iﬂ§ %QFMEBSF§MO magnetic | ayers, the |arge MR change

which differs fromthe conventional anisotropy nmagnetoresistance (AVR)
effect is acconplished.'n §s“ﬁ§-ﬁ%&??i@ﬂf%#”p%ﬁﬁfﬁﬁdoﬁwt%@enﬁaﬁétic | ayer

spin due to the direct exchange coupling force between one of the
adjacent thereto are directly exchange-coupled to each

other, the direction of the magnetic spin of this NiFe
fayer is fixed in the range of several tens to several
hundreds Oe in magnetic field intensity. On the other hand,
the direction of the magnetic spin of the other NiFe layer
is freeiy changeable by an external magnetic field. As a
result, there can be achieved a magnetoresistance change
ratio (MR change ratio) of 2 to 5% in a small magnetic
field range which corresponds to the degree of coercive
force of the NiFe layer

In the spin valve, by realizing a difference in
relative angles of spins between two magnetic layers, the
large MR change which differs from the conventional
anisotropy magnetoresistance (AMR) effect is accomp!ished
This is realized by pinning of the magnetic layer spin due
to the direct exchange coupling force between one of the
magnetic layers and the antiferromagnetic layer. This
exchange coupling can be said to be the substance of the
spin valve.

However. for putting the spin valve to practical use.



magnetic | ayers and the antiferromagnetic |ayer. This exchange coupling

can be said to be the substance of the spin valve. However, for
putting the spin valve to practical use,

4 there are various problens as desari bed herei nbel ow. The strength
of the exchange coupling pinning the magnetic | ayer is represented by a

magni tude of a unidirectional anisotropy nagnetic field Hua which shifts.

On the other handhe ge t@ePes Altowsep Adh 1WAk Cos Iddac it FoeldoB rd imbeedw.t Thige a
bl ocki ng tenperature Th which represents a thernmal stability. The

general Iy used FgMpchg¥ie'st angd @R@ﬁén%ea%tobb‘?'fﬁ&r@igﬁ‘%%actIlwé‘Yn?Jg"heIﬁ%e the

follow ng problens wwth respect to the exchange coupling: 1) The

bl ocki t t Th. i.s | is, 1n.the f. 5 170
Pty e o ns ebmmal SHE LY, RRL Ot by BinddhiiPBe (R Bra IR R ekl er at ur e
Tb is low so that an . exce

| ent, .t hin f'In1m@%ch can, full chi eye an

expected pi nni nﬁné??ter@tpycgﬁg'??c}t'cbt'%it?{ HHpewnich S‘ﬁl”ct(s’Z) (%i gb%rosti 6h of the
bl ocki ng tenperatures Tb occurs. Specifically, because of a thin film the
filmsurface of hehe FeNBTPajRTUTes adompbdediugf | yalasdud scpgbtdl bgrains, and
the individual crystal grains have their own blocking tenperatures Tb. I|f
all the crystal btacksnbavempheasame Thl ebkchgrepnpeeatsre Thermelprobl em
is raised. However, actually, some crystal grains have | ower bl ocking

stability. The generally used FeMn lavers and other

antiferromagnetic layers have the following problems with

respect to the exchange coupling:

(1) The blocking temperature Tb is low, that is, in the

range from 150 to 170 °C. As compared with the state of the

bulk, the blocking temperature Tb is low so that an

excellent thin film which can fully achieve an expected

pinning effect can not be obtained.

(2) Dispersion of the blocking temperatures Tb occurs.

Specifically, because of a thin film the film surface of

the FeMn layer is composed of various crystal grains, and

the individual crystal grains have their own blocking

temperatures Tb. If all the crystal grains have the same

blocking temperature Tb, no problem is raised. However

actually, some crystal grains have lower blocking

temperatures Tb, while some crystal grains have higher

blocking temperatures Tb. As a result, it is possible that

there exist those grains with small exchange coupling which

causes reversal of the spin in the ferromagnetic layer at

80 to 120 °C representing an operating temperature range



tenperatures Th, while some crystal grains have higher bl ocking
tenperatures Th. As a result, it is possible that there exist those grains
with small exchange coupling which causes reversal of the spin in the
ferromagnetic layer at 80 to 120 [err] G representing an operating

t enperature range 5 on application (due
to existence of crystal grains having |ower blocking tenperatures Th).
Then, the spin dperexnldnat g t(Hee pionneds femceorhgiesie! [gpens mwy ibe i ncl i ned
as a whole so that the output voltage is |lowered. Thus, it is desired

t hat a hi gh-qual ilbwe @bt béleirrrgomammetatar ¢ hiTh)f i Therbe theragpiindddradiepei n as
many crystal grains as possible have the sane high bl ocking tenperature

Tb. _Thergtofige pitned P&Ir CRPE19F 4 PHRAFEBE | MYEIHe0Rs O provide
a high-quality antiferromagnetic thin film (antiferronmagnetic |ayer) which

|5 excellent i n 405aTRl (Bl NL] bao I 66 LEGIM Qe B4 Q1T FOD. OF e,

sufficiently high in blo tenperature sha n bl ockin
hav g & maanet | GCTURe: Eep el O FHTUTORY 16" EXBBFoR: TN hermtE o
stability, high in nmagnetic field sensitivity and large in MR change
ratio. As a techhiQUéCdsyhgnedn as dnaweCpretidn9rai my st PeRS b (faparese Fir st
(unexam ned) Patent Publication No. 8-63715 di scloses that the oxygen
concentration of thenearmhighebtasiaomdenmerb tyrer Th.s
Therefore, it is an object of the present invention
to provide a high-quality antiferromagnetic thin film
(antiferromagnetic layer) which is excellent in thermal
stability, free from deterioration of Hua, sufficiently
high in blocking temperature and small in blocking
temperature dispersion degree, and a magnetoresistance
effect type head having a magnetic multilayered film which
is excellent in thermal stability. high in magnetic field
sensitivity and large in MR change ratio. As a technique
similar to the present invention, Japanese First
(unexamined) Patent Publication No. §-63715 discloses that
the oxygen concentration of the antiferromagnetic layer is
set to be no more than 10 atomic% and it may be seen from
a graph of an embodiment that the oxygen concentration of
about 6 atomick% is shown. However, the operation and effect
of the present invention are not realized in such a high
oxygen concentration range. Accordingly, the present

tnvention is distinguishable over the technique of Japanese

First Patent Publication No. 8-63715. Particularly,



set to be no nore than 10 atomc% and it nmay be seen from a graph of an
enbodi nent that the oxygen concentration of about 6 atomc%is shown.
However, the operation and effect of the present invention are not
realized in such a high oxygen concentreation range. Accordingly, the
present invention is distinguishable over the technique of Japanese First
Pat ent Publication No. 8-63715. Particularly,

6 Japanese Firdepdaasent iPablRatanitoPulNoi.ca8-i6870% deddri bedesctrhbesHua i s
extrenely reduced due to oxidation of the antiferromagnetic |ayer. The
present inventiophas thaseids @xtrehel§ingdiuegs dbat tonpurddties of the ppm or
ppb | evel induce a mcroscopic structural change and a change in crystal

property of the E@Wﬁ%wr&ﬂﬂw@@Y§l% bentihang tehei dvaReidért 118Sba¥y bhe ppm or
ppb I evel and not the at% 1 evel. Further, the technique of Japanese First

Pavent Publ 1 cati o MonoFBOTAR 1853 1068 ohell Soh %l BBy SRRy Valgkee 111 m  and

thus differs from the basi ¢ Structure of t esent 1 nvention.
SUMVARY OF THE | NVENTI ON . For solving the foregoi ng probl ens,
2ccording to one® BEHESEOBIC (He UsHHERRERIERETG A CTAEPE 1T CG5Y8UF ed a spin
val ve type magnetoresi stance effect filmconprising a magnetic.
nul tilayered fil®Piargctudifnghe lesat.nagActays ateat ion dpethe dmperitopdgneti c
| ayer fornmed on one surface of the

on the ppm or ppb level and not the at¥% level. Further. the

technique of Japanese First Patent Publication No. 8-63715
does not relate to the spin valve film, and thus differs

from the basic structure of the present invention

SUMMARY OF THE INVENTION

For solving the foregoing problems, according to one
aspect of the present invention, there is provided a spin
valve type magnetoresistance effect film comprising a
magnetic multilayered film including a non-magnetic metal
fayer, a ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of the non-magnetic metal layer, and an
antiferromagnetic layer which is formed on a surface of the
ferromagnetic layer remote from a surface thereof abutting
the non-magnetic metal layer so as to pin a direction of
magnetization of the ferromagnetic layer, wherein the
antiferromagnetic layer contains oxygen as impurities and a
concentration of oxygen contained in the antiferromagnetic

layer is set to 1 to 2, 000 atomic ppm.



non- magnetic netal |ayer, a soft magnetic |ayer forned on the other
surface of the non-magnetic netal |[ayer, and an antiferromagnetic |ayer
which is formed on a surface of the ferromagnetic |ayer renote froma
surface thereof abutting the non-magnetic netal |ayer so as to pin a
direction of magnetization of the ferromagnetic |ayer, wherein the
antiferromagnetic |ayer contains oxygen as inpurities and a concentration
of oxygen contained in @%@réﬁwif%ﬁﬁ@&ﬁgﬁémﬁétOWaV€rDH§eBéUHV@W10mo 2,000
atom c ppm 7 According to
anot her aspect ofthere iprigsededi asem ivehye typhergndtsrewiovardedefdespi n val ve
t ype nmagnet oresi stance effect filmconprising a magnetic nmultil ayered
filmincluding afilnosonmgeehd & mayadt iayen t i PayeedorhOnahicCud ayers f or med
on one surface of the non-nagnetic netal |ayer, a soft magnetic | ayer
formed on the ot hgh-malredse ftal NBayeNOR- FAGRREL S (TR @éyéfraW%Fm?@%q an

antiferromagnetic |ayer which is forned on a surface of the terronmagnetic
| ayer renote fr ceqgt e - i t on- net.i et a

| ayer so as to pFﬁ@LQH??éE?iQE gféﬁﬁg%§f$é%éfg%"oan Dﬁ %erﬁoﬁgéﬂetic

| ayer, wherein the anti.ferronmagnetic | ayer contains o en as inmpurities
and a concentrat '8N ' © éfﬁ&énq&&ﬂ%ﬂrﬂﬂjf et%Eh%ht??é?ggﬁaageﬂ%é | ayer is
set to 1 to 2,000 atom ¢ ppm and wherein the soft nagnetic |ayer
cont ai ns oxygen B8NTTAMNEI! § e t@hd | &y Ton@BAt #atdrdn fof ranaggenic leostrai ned in

the soft magnetic layer is set to 1 to 800
which is formed on a surface of the ferromagnetic layer

remote from a surface thereof abutting the non-magnetic
metal layer so as to pin a direction of magnetization of
the ferromagnetic layer, wherein the antiferromagnetic
layer contains oxygen as impurities and a concentration of
oxygen contained in the antiferromagnetic layer is set to |
to 2,000 atomic ppm, and wherein the soft magnetic layer
contains oxygen as impurities and a concentration of oxygen
contained in the soft magnetic layer is set to 1 to 800
atomic ppm.

According to another aspect of the present invention,
there is provided a magnetoresistance effect type head
comprising a magnetoresistance effect film, conductive
films and electrode portions., wherein the conductive films
are conductively connected to the magnetoresistance effect
film through the electrode portions., and the
magnetoresistance effect film is a spin valve type
magnetoresistance effect film which comprises a magnetic

multilayered fiim including a non-magnetic metal layer. a



atom c ppm Accordi ng to anot her aspect of the present invention
there is provided a nagnetoresi stance effect type head conprising a
magnet or esi stance effect film conductive filns and el ectrode portions,
wherein the conductive filnms are conduc§ively connected to the
magnet or esi stance effect filmthrough the el ectrode portions, and the
magnet oresi stance effect filmis a spin valve type magnetoresistance

ef fect film whichHecamprd gest ac mhgpetri ¢ormdd idrayafeds i Fatenelfudineg a
non- magneti c netal |ayer, a 8

ferromagnetic | angh-f&yneRdc ok 1@ne | 844 f agesOft WhEne t iROMa PBINSL hed MRt 2l
| ayer, a soft magnetic |ayer fornmed on the other surface of the

non- magnetic net efhel @'Mﬁarr’ sBPEh RN o ¢ tin[aﬁfrﬁag;rﬁnggpgtrﬂe(iall aygle Wi ch i formed

on a surface of the erromagnetic layer r te from a Surface ther eof
. ) : . ¢
abutting t he nagn g&gnetlc met ection o

megnet i zation of °th épm%ﬁﬁéﬂ%ﬁkégFé@éFsoﬁﬁzotOé?é?ﬁgﬁﬂéh"m of "the .
o oxygen cont ai AEH TROTRY arert erEBARGONCE SUr &4 ther &k 2bat Lindo. 2, 000
atom c ppm Accordi ng to anot her aspect of the present invention
there is provi dedihe nmagmegoe i siednatel afefrest asypge heack dioaptisi nd a
magnet or esi stance effect film conductive filns and el ectrode portions,
wherein the conduggnetd zkit v of the ferromagnetic layer. and wherein the

antiferromagnetic layer contains oxygen as impurities and a

concentration of oxygen contained in the antiferromagnetic

layer is set to 1 to 2, 000 atomic ppm

According to another aspect of the present invention,

there is provided a magnetoresistance effect type head

comprising a magnetoresistance effect film, conductive

films and electrode portions, wherein the conductive films

are conductively connected to the magnetoresistance effect

film through the electrode portions, and the

magnetoresistance effect film is a spin valve type

magnetoresistance effect film which comprises a magnetic

multilayered film including a non-magnetic metal layer, a

ferromagnetic layer formed on one surface of the

non-magnetic metal layer, a soft magnetic iayer formed on

the other surface of the non-magnetic metal layer, and an

antiferromagnetic layer which is formed on a surface of the

ferromagnetic layer remote from a surface thereof abutting

the non-magnetic metal fayer so as to pin a direction of

magnetization of the ferromagnetic layer, wherein the



are conductively connected to the nagnetoresistance effect filmthrough
the el ectrode portions, and the magnetoresistance effect filmis a spin
val ve type nmmgnetoresistance effect filmwhich conprises a magnetic
multilayered filmincluding a non-magnet¢c netal |ayer, a ferromagnetic

| ayer fornmed on one surface of the non-magnetic netal |ayer, a soft
magnetic |layer formed on the other surface of the non-magnetic netal

| ayer, and an araritfiéeromagneticc | dyry econthaii oh dxygéorasedmmn iaisumhdce of the
ferromagnetic | ayer renote froma surface thereof abutting the

non- magneti ¢ net alonlcayerationast oy@im canth imeat i Prthef antagRessgabt R of the
ferromagnetic | ayer, wherein the 9

anti ferromagneti cdydyers gent@ NSt PYYYRN a@ém!dﬂrBHn?ﬁ,' tdraswid ia thec%g'mctent ration
of oxygen contained in the antiferromagnetic ayer 1s set to 1 to 2,000
atom c m and Wﬂﬁj jn: th ft et | er. cont ai ns. oxygen as
i npuri t?gs and a crgénﬂ;'e%]tlfa t|Oronco&ft%?%y%gé’nxq/égﬁgaﬁsne'd"plunr tHe s J'r?agneti C

| ayer is set to 1 tao 800 ?tonig ggnl , It.naﬁ be eranged_that t he
anti ferromagnet i CONSYEFT2F [ Pdr PEVRE L GO a1 Npdalh Tife S9dIteBE &R Ficom

car bon, sul fur nd chlorine as inpurities, and the total concentration of
the inpurities inéV&di'fgedt 19 datt SVha@tome B9Mcarbon. sulfur and chlorine
is set to 1 to 1,000 atom c ppm It may be arranged that the

antiferromagnetic |ayer!t maytlieemr caongedi tisa tatthé esndti f onemsghecice tayfarom

carbon, sul fur
further contains at least one selected from carbon. sulfur
and chlorine as impurities, and the total concentration of
the impurities including at least the one of carbon. sulfur
and chlorine is set to 1 to 1,000 atomic ppm

It may be arranged that the antiferromagnetic layer

further contains at least one selected from carbon, sulfur
and chlorine as impurities, and the total concentration of
the impurities including at least the one of carbon. sulfur
and chlorine is set to 1 to 1,000 atomic ppm, and that the
soft magnetic layer further contains at least one selected
from caibon, sulfur and chiorine as impurities. and the
total concentration of the impurities including at least

the one of carbon, sulfur and chlorine contained in the

soit magnetic layer is set to 1 to 500 atomic ppm.

BRIEF DESCRIPTION OF THE DRAWINGS

1

Fig. 1 is a sectional view showing a magnetoresistance
effect film according to the present invention:

Fig. 2 is a schematic diagram showing a



and chlorine as inpurities, and the total concentration of the inpurities
including at | east the one of carbon. sulfur and chlorine is set to 1 to
1,000 atomic ppm and that the soft nmagnetic |ayer further contains at

| east one selected fromcarbon, sulfuri1and chlorine as inpurities, and the
total concentration of the inpurities including at |east the one of

carbon, sulfur and chlorine contained in the soft magnetic layer is set to
1 to 500 atonic ppgnetoresistance effect BRIIRF MRAESCRIIRTION a0kt MudEu PRAW NGS

Fig. 1 is a sectional view showi ng a nagnetoresi stance effect film

according to the ppmegedticl AYENtIia®Bied film, fd'_rI pr?aﬂnSn@ SLReERL{ Gndi agram

showi ng a magnet or esi st ance effect
film particularlgy, ¢ stdsdrt Unferffion: @ rragnetl c multilayered film for
expl ai ni ng an operation of the present invention; Flg 3is a

schemati c d|agran1shomnpg*a%q§gye£h EL?<ﬂﬁ%%ﬁ[%ngw anmg 'Zﬁ|5m Lors N

expl ai ni ng an operation pres
graph showi ng influ ntration of oxygen contained in an

enc ft conc
antiferromagneti &Y' V%fﬁFPég VEi BT pdA! R HY é?cW&H@é'@BUﬁﬂﬂH@ ener gy
J; Fig. 5is a graph show ng bl ocking tenperature dispersion
degrees; Presegt @VERLigNgr aph showi ng a bl ocki ng t enperature

Fig. 4 is a graph showing influence of the
concentration of oxygen contained in an antiferromagnetic
layer as impurities, upon the exchange coupling energy J:

Fig. b is a graph showing blocking temperature
dispersion degrees;

Fig. 6 is a graph showing a blocking temperature
distribution curve;

Fig. 7 is a graph showing influence of the
concentrations of carbon and sulfur contained in an
antiferromagnetic layer as impurities, upon the exchange
coupling energy J;

Fig. 8 is a graph showing influence of the
concentration of chlorine contained in an antiferromagnetic
layer as impurities, upon the exchange coupling energy J:

Fig. 9 is a graph showing influence of the ultimate
pressure in a vacuum film forming apparatus, upon the
exchange coupling energy J;

Fig. 10 is a schematic perspective view showing an
example of a magnetoresistance effect type head according

to the present invention;:



di stribution curve; Fig. 7 is a graph showi ng influence of the
concentrations of carbon and sulfur contained in an antiferronmagnetic

| ayer as inmpurities, upon the exchange coupling energy J; Fig. 8
is a graph showi ng influence of the conpgentration of chlorine contained in
an antiferromagnetic layer as inpurities, upon the exchange coupling

energy J; Fig. 9 is a graph showing influence of the ultimte
pressure in a vacuum fifli® f & mihg appemaitiespe UgRes tt he Viggtic By dupl i ng
energy J; Fig. 10 is a schematic perspective view show ng an
exanpl e of a magnét be esdGicancecef drectt atepbeheaeh coagdengred s tadneepr esent
i nventi on; Fig. 11 is a schematic perspective view

showi ng a prefeffed dcotmentd enestraide petniean @ ragheiatesssiance  ef f ect
filmand el ectrode portions of a magnetoresistance effect type head

according to theepfeesefipel ¥48MdcBRding to the prEidht ddehBiod partially omtted
sectional view showi ng an exanple, wherein a magnetoresistance effect

film (magnetic nultilzayer f.i.l ing.to t resent invention is
applied to a yoke-type Fﬁ/é hggd;' ' B o8P E? bgo"a’gtiersheasr%ﬁg[r'tolnﬁlll y'Sffitted

i i ew how ng an ex I wherei n a magnet or esi st ance effect film
sectional vie ghocgvmggan exampalrtraP sl’lerem a magnetoresistance effect fn?m

(magnetic multilayered film) according to the present
invention is applied to a yoke-type MR head;

Fig. 13 is a partially omitted sectional view
showing an example, wherein a magnetoresistance effect film
(magnetic multilayered fiim) according to the present
invention is applied to a flux guide type MR head: and

Fig. 14 is a diagram showing an M-H loop according

to the present invention

DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, the concrete structures of the present
invention wiil be described in detail. Throughout the
specification, ppm and ppb. which are the units
representing the concentration, represent atomic ppm and
atomic ppb.

Fig. 1 is a sectional view showing a magnetoresistance
effect film 3 according to a preferred embodiment of the
present invention. The magnetoresistance effect film 3 has
a magnetic multilayered film 1 as a spin valve film showing

a giant magnetoresistance effect.



(magnetic nmultilayered film according to the present invention is applied
to a flux guide type MR head; and Fig. 14 is a diagram show ng an
M H | oop according to the present invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Herzi nbel ow, the concrete structures
of the present nvention mﬁll be described in detail. Throughout the
specification, ppm and whi.ch are the units Epresentlpq t.he
concentration, represen Séb@ﬁié”ﬁbﬁ]dndte Be¥it ke ppbtilavered filg, 1is a
sect i onal V|eM/shomnng a magnet or esi st ance effect film3 according to a
preferred enbodi et ®f | enénatper bosht § hueatlon. vite hmexmer of @§Pseance
effect film3 has a magnetic nultilayered film1l as a spin valve film
showi ng a gi ant nomgmetoe es¢ Stedrade lefec80. a ferromagnetic layks d4liown in
Fig. 1, the magnetic nultilayered film1 has a |am nate body structure

whi ch conprises dorféoRe@netiEfdxet @ thayedn-algre tfi eriie@rgnsieir c3g,. ayer 40
formed on one surface of the non-magnetic netal |layer 30. a soft nagnetic

ayer 20 formed QBN ReRel SYeLARe @hntd%n RAE-JRANCLL GBS dhaver 30,

and an antlferronagnetl ayer 50" Whi ¢h |s for on a surface of the
ferromagnetic | aye

non- magnetic net ﬁPnI%%F ﬁa Iaégi’%r B r faﬁu&i?%rgrﬁﬁggﬁee[ al%/uetrtl ng the
h0 which is formed on a surface of the ferromagnetic layer
40 remote from the other surface thereof abutting the
non-magnetic metal layer 30 so as to pin the direction of
magnetization of the ferromagnetic layer 40

As shown in Fig. 1, the laminate body is normally
formed on a substrate 5, and they are laminated from the
side of the substrate 5 via a ground layer 7 in the order
of the soft magnetic layer 20, the non-magnetic metal layer
30. the ferromagnetic layer 40 and the antiferromagnetic
layer 50. As shown in the drawing, a protective layer 80
is formed on the antiferromagnetic layer b0 for preventing
oxidation.

In the magnetic multilayered film 1 (spin valve film)
according to this embodiment, it is required that the soft
magnetic laver 20 and the ferromagnetic layer 40 which are
adjacently formed at both sides of the non-magnetic metal
layer 30 have substantially different magnetization
directions from each other in accordance with a signal
magnetic field applied from the external. The reason is as

follows: In the principle of the present invention, when



magneti zation of the ferromagnetic |ayer 40.
the lam nate body is normally
| am nated fromthe

order of the soft magnetic |ayer 20. the non-magnetic netal |ayer

ferromagnetic | ayer 40 and the antiferromagnetic
drawi ng, a protective |ayer 80

for preventing

(spin valve film according to this enbodinent, it is required that the

soft nmagnetic

adj acently forned at both sides of the non-magnetic metal (
substanti al | y di frfereagneagneteitaat | oper r ectd qoselir oe edehwobhesrd n

As shown in Fig. 1,
formed on a substrate 5, and they are
side of the substrate 5 via a ground layer 7 in the

30.

o¥1edBePRf ization dirgatiphe Hfaghetsod tntagnelt ayeraedr 20 m 1

| a3rat the aewdr antagne i ¢ oergmed 0 cwH iayer r 40f avriechv & ethe

accordance with a signal nagnetic field applied fromthe external.

reason i s as

13 the magneti zation directions of the soft nagnetic

cond

| ayer 30 have

The

foldeam@iteldNft b &IdMGtRLE, OF of fiEc PIFS &Nk ck PYROLA QN Jvhen
I ayer 20 and the

ctl on

t he

| ayer 50. As shown in the
is formed on the antiferromagnetic |ayer 50

ferromagnetic | aygy fV%dwh%qhS%E?t%giﬁgddggat5h§bin Oé{ﬂ@ﬁﬁ%&éé@ ﬁ%%ﬁl | ayer

30 interposed therebetween are
el ectrons have a
resi stance. In thi

to each ot her

ted from eac
avior, of, scatteri

due to spins .to increase its

'mngggﬁ?‘m%bﬁh{%éaﬁ%gﬁgg?z‘?iWﬂ”ﬁﬂfﬁﬁﬂPBd%”ecéﬁﬁwopposite

the maxi numresistance is obtained. That is, in this
i nvention, when &'§i §RAPS!te to each other, the maximum resistance is

obtained. That is, in this invention, when a signal
magnetic field from the external is positive (in an upward
direction with respect to a recording surface 93 of a
recording medium 90 (represented by reference numeral 92))
as shown in Fig. 2, there occur mutually opposite
components in the magnetization directions of the
neighboring magnetic layers so that the resistance is
increased.

Here, the relationship among the external signal
magnetic field from the magnetic recording medium, the
magnetization directions of the soft magnetic layer 20 and
the ferromagnetic layer 40 and ihe variation of electrical
resistance in the (spin valve) magnetic multilayered film
used in the magnetoresistance effect film of the present
invention will be described

Now, in order to facilitate the understanding of the
present invention, the simplest magnetic multilayered film
in which the pair of soft magnetic layer 20 and

ferromagnetic layer 40 exist via the non-magnetic metal



magnetic field fromthe external is positive (in an upward direction with
respect to a recording surface 93 of a recordi ng medium 90 (represented
by reference nuneral 92)) as shown in Fig. 2, there occur nutually
opposite conponents in the magnetizatiign directions of the nei ghbori ng
magnetic |layers so that the resistance is i ncreased. Here, the
rel ati onship annqg t he external signal_. magnetic field fromthe nmagnetic
recording medi um' @M daditetshoat dr‘i‘ diiectli drid lofoet W ssdfid edagridty ¢ | ayer
20 and the ferromagnetic |ayer 40 and the variation of electrical

resi stance in theefepinge vial V@) Pagnetic nultilayered film used in the
magnet oresi stance effect filmof the present invention will be descri bed.
Now, in order to facilidAatehdde underst dhditig afadnes i zartésento fi mhent i on,
the sinplest magnetic nultilayered film in which the pair of soft nagnetic
llayer 20 and ferfeormgaatt i llayer 440 £xiipted/iia 4 RiowhRirdmaoneti én net al

14 | ayer 30 as shown in Fig. 1 will be described with reference to Fig.
2. As Sh%@”suﬂf Q- 0% é%% r@%@Q%ﬁhéahbgquﬂbeh? metﬁ Hog@gnetlc
| ayer 40 is pinned in a omnmar irection the strface of

Li?or$hggsg$?'unhg¥c? gg&h dt?P &Hﬂ?%%&%?%gcga%g%eﬁquﬂ)Ef%ﬂenc%fquneral
magnetic layer 20 is formed via the non-magnetic metal
layer 30 so that the magnetization direction thereof is
varied in accordance with the signal magnetic field from
the external (see reference numeral 21). At this time, the
relative angle between the magnetization directions of the
soft magnetic layer 20 and the ferromagnetic layer 40 is
greatly varied in accordance with the direction of the
signal magnetic field from the magnetic recording medium
90. As a result, the scattering degree of the conduction
electrons flowing in the magnetic layers is varied. and
thus the electrical resistance is greatly varied.

Accordingly, a large MR (Magneto-Resistance) effect,

which essentially differs in mechanism from the

anisotropic magnetoresistance effect of Permalloy, can be

cbtained. This is particularly called a GMR
(Giant-Magneto-Resistance) effect

The magnetization directions of the soft magnetic

layer 20, the ferromagnetic layer 40 and the

antiferromagnetic layer 50 exhibiting a pinning effect are

varied relative to the external magnetic field. The



magnetic |layer 20 is formed via the non-nmagnetic netal | ayer 30 so that
the magneti zation direction thereof is varied in accordance with the
signal magnetic field from the external (see reference nuneral 21). At
this tinme, the rel ati ve angl e betweenitshe nagneti zation directions of the
soft magnetic |ayer 20 and the ferromagnetic |ayer 40 is greatly varied
in accordance with the direction of the signal nmagnetic field fromthe
magneti ¢ recordi nGTheHiUNPT Y magned izatian diterd iseditthereal igeghew of the
conducti on el ectrons flowing in the nagnetic |ayers is varied, and t hus
the el ectrical reégi§tanck inscgresstpopdeard edth the magnétiamtdiongtyrvea | ar ge
MR (Magnet o- Resi st ance) effect, whi ch essentially differs in nmechanism
fromthe  ani sotandpike ritlyret o¢.esinstanscecaakf egt| ahePeigmd1iowt i &anbe

obt ai ned. This is particularly called a GWR

(G ant - Magnet o- Rqa@stgnmﬂagﬁg{ﬁccn.ayer 40 is Theedmangt i zald ‘%]ri‘rﬂé{i%%ti ons of
the soft magnetic I|ayer 20, the ferronmagnetic |ayer 40 and the

B her Lomagnet! & tha Shonfh A GRLLE DRorf AT DS &Y §81 1RECredYdiRY o LT Ve
o r espondence weh EhE THEL 1250 SHGORISIT Sha IREMVEFVE A this |
case, all the nagnetization of  the ferromagnetic layer 40 is fixed in a
minus direction Si@PdH! dagaghivarid edPr ectmionsw the megpetizatdor hef rtéeor di ng

soft magnetic layer 20 is in the minus direction. Now, it

is assumed that the coercive force of each of the soft

magnetic layer 20 and the ferromagnetic layer 40 is

approximate to zero in order to simplify the description

in an area (I) where the signal magnetic field H < 0. the

magnetization of both the soft magnetic layer 20 and the

ferromagnetic layer 40 is oriented in one direction.

¥hen the external magnetic field is intensified and

H exceeds the coercive force of the soft magnetic layer 20

the magnetization direction of the soft magnetic layer is

rotated in the direction of the signal magnetic field, so

that the magnetization and the electrical resistance are

increased as the magnetization directions of the soft

magnetic layer 20 and the ferromagnetic layer 40 become

antiparallel to each other. Finally, these values are fixed

(state of an area (il1)). At this time, a pinning magnetic

field Hua is applied by the antiferromagnetic layer 50. |f

the signal magnetic field exceeds Hua, the magnetization of

the ferromagnetic layer 40 is also rotated in the direction



surface of the recording nedium 90). Wen the external si gnal magnetic
field is mnus, the nagnetization of the soft magnetic layer 20 is in the
m nus direction. Now, it is assuned that the coercive force of each of

t he soft magnetic | ayer 20 and the fedibomagnetic layer 40 is

approximate to zero in order to sinplify the description. In an area (1)
wher e the signal qag etic f%eld H<Q, ’he nagnehization_of.both the soft
magnetic |ayer 20 'an@€tHEN?! faorehtgidei @ 18y Ehaudne Magpe EiRaddon rPfone
direction. Wien the external magnetic field is intensified and H
exceeds the coer a8 Pbrithe 6pft HEaoset i c nbayest 2@ and/éhe2terromagnetic

magneti zation direction of the soft nagnetic layer is rotated in the
direction of the lsygraldOmagnet ientfedelid, tbe sématd itree tragnet | #atdrera and t he
el ectrical resistance are increased as the magnetization directions of the

soft nmagnetic | ayei) 20 tansh s hemd erhonmgnet izatliayars 46 hecomens editi paral | el
to each other. Finally, these values are fixed (state of an area (11)). At

this time, a pinniaNge MaaNehs YR &drGkdiHbqudIStapRIA ed by the
antiferromagnetic layer 50. If the signal magnetic field exceeds Hua, the

magneti zati on of the f@%ﬁﬂﬂ%%@??‘&h&?%ﬁk éqghélqh%%eQﬁéa ?%H%F{Lhe

direction t ﬁﬁgnetic

field, so that the nagpetjzation of . each of th oft magnetic¢c |ayer 20
and t he ferromagrf@fji‘%‘gl Ith9é939E6tf%aUPPehi e%‘ainﬁeghéogaﬁtéﬁ d’i'?écﬁi 'dﬁ in an

area through the area (l1) to the area (l) by inversion of the
magnetization of the soft magnetic layer 20 and the
ferromagnetic layer 40 in the same manner as described
above. At an initial portion of the area (li). conduction
electrons have a behavior of scattering dependent on spins,
and the resistance is increased. In the area (l1), the
ferromagnetic layer 40 has little magnetization inversion
because it is pinned, while the magnetization of the soft
magnetic layer 20 increases linearly, so that the rate of
spin-dependent scattered conduction electrons is gradually
increased in accordance with the magnetization change of
the soft magnetic layer 20. That is, if Ni. sFe. , whose Hc
is low is selected for the soft magnetic layer 20 and a
suitable unidirectional anisotropic magnetic field Hk is
applied, a formed magnetic multilayered film has a
linearly-varying resistance and a large magnetoresistance
ratio in a small external magnetic field of several Qe to
several tens Oe below Hk

Hereinbelow, each constitution of the foregoing



(111). At this tinme, the magnetization is set to a constant val ue, and
the MR curve is equal to zero. Conversely, when the signa
magnetic field His reduced, the magnetization is changed fromthe area
(111) through the area (11) to the area (1) by inversion of the

magneti zati on of the soft nmagnetic |ayer 20 and the ferromagnetic | ayer
40 in the sanme manner as descri bed above. At an initial portion of the
area (11), condudtdcmetorglsesttrons hbhbec  belwm\d ari |of bscatser i ed dependent
on spins, and the resistance is increased. In the area (11), the
ferromagnetic | ayertad0 Has fiddtl éeamgredt ztdtik omgneveresii@fancdbegsse it is
pi nned, while the nmagnetization of the soft magnetic | ayer 20 increases

linearly, so thatfitiherégit®Rsoin reglil At ARPSRABN oR¢edd QbR FARAYEH AN
el ectrons is gradually i ncreased in accordance with the nmagneti zation

change of the s@ft| mBINELLES 4 §M%GH§%§@%Q%L§g§r§OF Ni[err] 8Fe[err] 2

whose Hc is lowis selected tor t netitc | ayer 20 ard a
suitabl e unidirectional ,anjsotropi c nmagnetjc field HKk is applied, a
formed magnetic nultiIab%rLQFquﬁﬁeﬁés'gve”%Vﬁbaﬁmf-98?9?%br?€§?bﬁgnce and a
| ar ge magnet or esi st ance ratio in a small external magnetic field of
several Oe to s&EV¥PEN EemE2 (e hdllowhpkant i ferromagaesi abkt ey, Hhdts

constitution of the foregoing 17

magnet or esi st ancegeefifaiead ol mt® &i 000 beodes @pimbenrdferably 1 to 1,000
atomic ppm, and more preferably 1 to 600 atomic ppm. |If
this value exceeds 2,000 atomic ppm, there occurs a
disadvantage that a large value of the exchange coupling
energy J between the antiferromagnetic layer 50 and the
ferromagnetic layer 40 can not be obtained. Further,
dispersion of the blocking temperatures Tb is increased so
that a thin film excellent in pinning effect can not be
obtained. Fig. 4 is a graph showing examined influence of
the concentration of oxygen contained in the
antiferromagnetic layer 50 as impurities. upon the exchange
coupling energy J. This graph has been obtained through
experiments by the present inventors. As seen fromthe
graph, for achieving the exchange coupling energy J equal
to or greater than 0.1 erg/cm?, it is necessary that the
oxygen concentration of the antiferromagnetic layer 50 be
no more than 2,000 atomic ppm. It is preferable that the
lower limit of the oxygen concentration approximates to
zero as mush as possible, but it practically almost

impossible to realize the zero oxygen concentration



detail. The first feature of this nmagnetoresistance effect filmresides in
regul ation of the oxygen concentration or the like in the
antiferromagnetic | ayer 50. In the present invention, the
concentration of oxygen contained in theg antiferromagnetic |ayer 50 is
regulated to 1 to 2,000 atom c ppm preferably 1 to 1,000 atom c ppm and
nore preferably 1 to 600 atomc ppm If this value exceeds 2.000 atomc
ppm there occur faordigg@dvant ageont ifatrpa liar geowhd ird ¢fs héeakeharge
coupling energy J between the antiferromagnetic |ayer 50 and the
ferromagneti c | aysenddrdcah thet!ibét.obt ai ned. Further, dispersion of the

bl ocking tenperatures Tb is increased so that a thin filmexcellent in

pi nning effect can not bBer t@btaitnRdrofighet i4 1862 B apbeShOMIAY igxani ned
i nfluence of the concentration of oxygen contained in the

antiferronmagneti Gycaygeno0nagiddiPygrbiiRs, 'iJPOi% %Q@e@s)%_‘ma'ﬂ&each‘?‘é’? 14 ng

energy J. This graph has been obtai ned throug experinments b e present

y
inventors. As se fr ra for,_achi evi ng .t exehan oupl i ng
energy J equal ?Cg]aorra%gere}gtsetrgct Eg%toé 1hagirglvéinliugr ty{]'ta‘?ptoi%;sa ngﬁ%@%' Y that

t he oxygen concentration of.thg}antiferron%gnﬁtic | ayer 50 be no, nore
than 2,000 at oni ¢ eBPRT AU ej i sty i abI VRAT the MAgeGEC Mihit'agerathe oxygen
concentration approximates to zero as nush as possible, but it practically
al nost i npossi bifd Iflo ipedpine & Hearedb Exygad aombesdtimat itemperature

18
dispersion degree of the magnetic multilayered film at

120 °C is no more than 0.10. Such a characteristic can be
obtained only when the oxygen concentration of the
antiferromagnetic layer 50 is regulated to | to 2,000
atomic ppm as described above
The blocking temperature dispersion degrees represent

a dispersion curve showing what rates of crystal grains
forming the antiferromagnetic layer 50 are subjected to
reversal of magnetization at respective given temperatures
before reaching the blocking temperature Tb. Fig. 5 is a
graph showing an example of the blocking temperature
dispersion degrees. In Fig. 5. the axis of abscissa
represents the temperature, while the axis of ordinate
represents the biocking temperature dispersion degree. In
the magnetoresistance effect film of the present invention,
it is necessary to have a characteristic that a blocking
temperature dispersion degree at 120°C is no more than
0.10. preferably no more than 0.08. How to derive a graph

showing blocking temperature dispersion degrees is



Accordingly, 1 atomc ppmis regulated as a tentative standard of the
limt. For the antiferromagnetic |layer 50 to be a thin film
excellent in pinning effect, it is necessary to achieve a characteristic
that a half-value width of a blocking tgnperature distribution curve of
the magnetic nultilayered filmis no nore than 80 [err]C, and a bl ocking
tenperature dispersion degree of the nmagnetic nultilayered filmat 120
[err]C is no noredessanb@d 10. dSwdh, af cchexamptier i ist itbe dane beeturebifai’ngel onl y
when the oxygen concentration of the antiferromagnetic Ilayer 50 is

regul ated to 1 toJ2,Re@6arat and Deppmm@endesedii. begs apogss. 1990". andhe
bl ocki ng tenperature di spersion degrees represent a dispersion curve

showi ng what rat esorfifre@ YifdaBlir B RiIMBShod UM PO I8 igatdfiehEQimangtis | ayer
50 are subjected to reversal of nmagnetization at respective giVven

tenperatures befgrg neaching,t [ rature Th. Fig, 5is a
graph show ng an exanpl e of tﬁénﬁpghgﬁggqgeﬁggritu?ggeéﬁ@%&?sggﬁnd%grees.
In Fig. 5, the axiﬁ)gf aQscissg represents the tenp rfture, while the axis
of ordinate reprdSERY tREPHIRGULS FYSPEIan He9r &€ dissPet Gloh BEGIEE In  the
magnet oresi stance effect filmof the present invention, it is necessary to
have a charact eri S8MRE 4 ca btoBkemy thahpdikatodr éhai spes 52 brg keigree at
120[err]Cis no nore than 0.10, preferably no nore than 0.08. How to
derive a graph stowing theoakiidgrtemgeeataurleyei Sferst omsdédjrcdest i s

exchange coupling relative to the ferromagnetic layer at

the specific temperature so that the ferromagnetic layer is

subjected to reversal of magnetization. On the other hand

when a blocking temperature dispersion degree is 1.0, it

means that 100% of the crystal grains forming the

antiferromagnetic layer 50 are insufficient in exchange

coupling relative to the ferromagnetic layer at the

specific temperature so that the ferromagnetic layer is

subjected to reversal of magnetization. If a dispersion

degree exceeds 0.1 at 120 °C., a pinning direction gradually

deviates from a proper direction at a normal temperature in

a hard disk so that an output is deteriorated

By differentiating the blocking temperature

dispersion degree graph shown in Fig. 5 and plotting

differentiated values (axis of ordinate) relative to

temperatures (axis of abscissa), a blocking temperature

distribution curve is obtained. Fig. 6 is a graph showing

an example of the blocking temperature distribution curve

In the magnetoresistance effect film of the present



19 described in detail, for exanple, in the literature of "IBM J.
Research and Devel opnent, vol. 34, pp 884. 1990". and a concrete
nmeasuri ng method can be carried out according to such literature or
others. In Fig. 5, for exanple, when a jqgbl ocki ng tenperature di spersion
degree is 0.1 at a specific tenperature, it means that 10% of the crystal
grains formng the antiferromagnetic |layer 50 are insufficient in
exchange couplingnvehttdnveitoist hecdssarpnegheté a kchyeactat istitchehspeci fic
tenperature so that the ferromagnetic layer is subj ected to reversal of

magnet i zati on. Ohatlievotewibendf thovidackik) aekbat tuesPErAtrubet dinsper si on
degree is 1.0, it nmeans that 100% of the crystal grains formng the

antiferromagneti Gurayer 1o ae hnsfder@tBPE 4 iNtBXRNANIGe oFIMRIdNG rel ative
to the ferromagnetic |ayer at the specific tenperature So that the

ferromagnetic | aygr 4 I ; \V.ars of tjhzagion, 1If a
dispers?on deg?%éggﬁéggigggsﬁhg@ ﬁ§o5ﬁgﬁﬁ] % %ff?ﬁgﬁﬁﬁﬂﬁiEECiﬁéw

gradual | y deviates froma. .proper direction at a nornml.te rature in a
hard disk so t haf"’&f 65%&?” Cc BEELF 2t g more than @Qﬁf? dft'€at i ng t he

bl ocki ng tenperature dispersion degree graph shown in Fig. 5 and plotting
differentiated varabarabdxine serordandled  rAs dbe viemperatusepeidib uf @ (axi s of
abscissa), a blocking tenperature distribution curve is obtained. Fig. 6
is a graph show rie aremxarpbreofsitaiéebl ockimegnt enipetr ather gr alirsd rairlbut i on
curve. In the magnetoresistance effect filmof the present
more uniform in characteristic. If a value of the
half-value width exceeds 80 °C. the pinning direction
gradually deviates from the proper direction at the normal
temperature in the hard disk so that the output is
deteriorated
The exchange coupling energy J between the
antiferromagnetic layer and the ferromagnetic layer. being
oneg of characteristic evaluation items in the present
invention. is defined by J=Ms+Hua+d. wherein Ms represents
a saturation magnetization of the ferromagnetic layer, Hua
represents a shift magnetic field due to exchange coupling.
and d represents a thickness of the ferromagnetic layer.
Assuming that ferromagnetic layers to be pinned are made of
the same material and have the same thickness, the shift
magnetic fieid Hua increases as a value of J increases so
that an operation of the MR head becomes stable. For using
as an MR head for recording density exceeding 10

Gbit/inch?, a value of J needs to be no less than 0.1

erg/cm?, preferably no fess than 0.2 erg/cm?, and more



20 invention, it is necessary to have a characteristic that a

hal f -val ue wi dth of the bl ocking tenperature distribution curve, that is,
a tenperature width Wof the graph at a hei ght corresponding to a half of
a peak height H is no nore than 80[ern] C, preferably no nore than
60[err]C. and nore preferably no nore than 50[err]C. As the tenperature
w dth W of the graph becones smaller, it neans that the grains are nor e
uniform in charavederaliycno lessatheal GeSokrafamé. |hahis wallue beicands exceeds
80 [err]C, the pinning direction gradual |y deviates fromthe proper
direction at the lreasnttan 0t ergygratur ehé shti he nanet idi $ke b i haddutb® out put
i's det eri or at ed. The exchange coupling energy J between the

anti ferromagneti cTHiayer t and pbbeit & RABRONRL inGnh AYETef fBEL NG t HOBaIfe
characteristic evaluation itens in the present invention, is deflned by

J=Ms Hua d, whereij) b & eprigsenbSthé f%ayeﬁﬁamcmavsﬁ'goatlgogoet

ferronagnetlc | ayer, Hua represents a magnetic fiel ue to exchange
coupling. and d r t g kness gf the ferromagnetic |ayer.
Assuni ng t hat ferrgpt%ﬁégaﬁ ?é@ Vﬁ'?%aﬁe | S YavE th8FdFve1W sane
mat eri al and have the s?ne t hi ckness, the shlft . magnetic field Hua
increases as a val ue of | WRCREESERE i9yent Pk ah BbBF%F?SH'%ﬂh?ﬁe“WR head
becones stable. For using as an MR head for recording density exceeding 10
Ghit/inch[err], anafeerdfasnehedayeo e fnothessincHades. at leag! carfeerr],
preferably no less than 0.2 erg/cnierr], and nore

selected from carbon, sulfur and chlorine as impurities and

that the total concentration of the impurities including at

least one selected from carbon, sulfur and chlorine

contained in the ferromagnetic layer 50 is set to | to

1,000 atomic ppm, preferably 1 to 900 atomic ppm. and more

preferably 1 to 800 atomic ppm. [f the foregoing total

concentration exceeds 1,000 atomic ppm, there occurs a

disadvantage that a large value of the exchange coupling

energy J between the antiferromagnetic layer and the

ferromagnetic layer can not be obtained. Further, the

dispersion of the blocking temperatures Tb is iincreased so

that the thin film excellent in pinning effect can not be

obtained. Fig. 7 is a graph showing examined influence of

the concentrations of carbon and sulfur contained in the

antiferromagnetic layer 50 as impurities, upon the exchange

coupling energy J. Fig. 8§ is a graph showing examined

influence of the concentration of chlorine contained in the

antiferromagnetic layer 50 as impurities, upon the exchange

coupling energy J.



21 preferably no less than 0.25 erg/cnferr]. If this value becones |ess
than 0.1 erg/cnferr], the shift nagnetic field is reduced. Thus, it is
possi ble that the pinning effect with stable spins relative to the
ferromagnetic layer 40 is lost so that2the stable operation as the spin
val ve is not reveal ed. In the present invention, it is preferable
that the antiferromagnetic |ayer 50 further includes at |east one

sel ected from carbon, sbt figreigherabhe oitighethas! awepulrimit @ Hiedforelatngt he tota
concentration of the inpurities including at |east one selected from
carbon, sul fur andmphk oty monceont ai ired appr ¢ hiendiesr ooreget ae haglerasb0 i s set
to 1 to 1,000 atomc ppm preferably 1 to 900 atom c ppm and nore
preferably 1 to $0Q@sabsm duppm plract it Iflor £gRishgidpisalib | €ancessd rigtki on
exceeds 1,000 atomic ppm there occurs a disadvantage that a | arge val ue

of the exchange QQHpiéﬂﬂim&HQWQYC&KQﬁ§M§ﬁ%nFnﬁxﬁmﬂi&ﬁWfﬁﬂgﬁ%gﬁé%m%ayer and

the ferromagnetic |ayer can not be obtained. Further, i spersion of

the bl ocking te r 1 Th. i.s, ] ease the.thin filmexcellent
in pinning effegﬁgcgetr?ﬁrll%%dbée)s aoBAtng%{n'ev _s%néé_)r%ﬁ?g%g Qrﬁét’jh show ng exam ned
i nfluence of the conceptrations of carbon and sulfur contained in the
antiferromagnetic IayerP%dsagr?ﬁ%ﬁ$ﬂ?iQ§¥ GRBrAHE eEXUIRBIEE 1 C cRAYSIMi ng
energy J. Fig. 8 is a graph showi ng exam ned influence of the
concentration of 3hP8pi nd' cortei-keEPPRER hecomposition represented by

M.Mn.s- . with manganese (Mn) as an essential element or 2
a three-component composition represented by M' . M?.Mn.
with manganese (Mn) as an essential element. In the
two-component composition of M,Mn.co.., M represents one
selected from Ru, Rh, Re. Pt. Pd, Au, Ag, Fe. Ni and Cr
among which Ru, Rh, Re, Pt, Pd, Ni and Cr are particularly
preferable. It is preferable that the range of x (unit:
atomick%) is 15=x =58, preferably 16 =x <55, and more
preferably 18 =x =53. Ii the range of x becomes iess than
15 atomic¥% the exchange coupling becomes extremely small.
As a result, there occurs a disadvantage that the
sufficient pinning effect for the ferromagnetic layer can
not be achieved so that the operation as the spin valve is
not accomplished. Further, if the range of x exceeds 58
atomic%, there occurs a disadvantage similar to the case of
less than 15 atomick%. In the three-component composition of
M'oM?.Mn., each of M' and M’ represents one selected from
Ru, Bh, Re. Pt, Pd, Au, Ag, Fe, Ni and Cr, among which Ru,

Rh. Re, Pt, Pd. Ni and Cr are particularly preferable. It



antiferromagnetic layer 50 as inpurities, upon the exchange coupling
energy J. 22 It is preferable
that the lower limt of the foregoing i mpurity concentration
approximates to zero as nush as possibbe, but it practically al nost
inpossible to realize the zero inpurity concentration. Accordingly, 1
atomc ppm is regulated as a tentative standard of the limt. I t
is preferabl e thats whefanebfer tomagiet iranoeyef p50unat: d{wrird%)a is

t wo- conponent conposition represented by M M . wth nanganese (h) as an
essential el enentl cfp £54a drhr eerec empbareti ycbngosit45on thepriesendm@ by
Merr]Merr] M. wth manganese (M) as an essential elenent. In the

t wo- conponent compogi thon: akolhf ery I, <M reps espatrdrengefsadtg¢t ed<from Ru,
Rh, Re, Pt, Pd, Au, Ag, Fe, N and Cr, anong which Ru, Rh, Re, Pt, Pd, N

and O are parti (aulgat(g YthePtr %gr,@%g Ofltl’ (S iR e;ggmqué\e ,tshgg Lthe r8e5nge of x

(unit: atomc% [err] [err] 558 preferab y 16 [err] x [err] 55,
d re ref er range of X ones | ess than
ig a{n(;m c%p t he%g!)j()cﬁ gf:e:)r]ﬁEIJ % £ﬂ) %/ "ahgd P! C+ﬂs'sa result,

forromagneti c. | S'yiﬁdva”t o be atew“ﬁe@mrg EET LR R L
valve is not acconplished. Further, if the range of x exceeds 58 atom c%
there occurs a di $&evaheabe egomy arangest hidiecasehasige tewrs inbamecBeat omi c%
In the three-conponent conposition of
extremely small. As a result, there occurs a disadvantage
that the sufficient pinning effect for the ferromagnetic
layer can not be achieved so that the operation as the spin
valve is not accomplished
The blocking temperature Tb of the foregoing
antiferromagnetic layer 50 is 200 °C or higher,
particularly 200°C to 400 °C, so that the antiferromagnetic
layer 50 reveals the very high thermal stability
In this embodiment, the exchange coupling energy Jk
between the antiferromagnetic layer 50 and the
ferromagnetic layer 40 reveals a veiy high value of no less
than 0. 10 erg/cm?, particularly 0.10 to 0.40 erg/cm?. The
exchange coupling energy Jk represents a strength of fixing
(pinning) magnetization of the ferromagnetic layer 40 and
is derived by (ferromagnetic layer saturation
magnetization) X (Hua) X (thickness) as described before.
The thickness of the antiferromagnetic layer 50 is

set to b to 100nm, preferably 5 to 80nm, more preferably 5

to b0nm, still more preferably 5 to 30nm. If the thickness



M[err]M[err]M1., each of M and Merr] represents one selected from Ru.
Rh, Re, Pt, Pd, Au, Ag, Fe, NI and Cr, anong which Ru, Rh, Re, Pt, Pd, N
and Cr are particularly preferable. It

23 is preferable that the range of p ganit: atomc¥% is 1 [err] p[err]
54. and nore preferably 1 [err] p [err] 45, that the range of g (unit:
atomc% is 1 [err]q [err]54. and npore preferably 1 [err] (q%ew]45 t hat
the range of r (®hitt'e artofecogmagaeus [aven plksceies smal lid thet &hPr ef er abl y
48[err]r [err]83, and that the range of p+q is 15 [errlp+q [err]55, and
more preferably UT§ exchprap [covp] B maghetdevi ae led Hua farsmtbeeb foskégei ng

ranges, the exchange coupling becones extrenely small. As a result, there
occurs a di sadvantragpgatutddid the rspfiflicireduced ndhnghefoteet Had, t he
ferromagnetic | ayer can not be achieved so that the operation as the spin

valve is not acces bshedng thicker. iThes Pbocdd BEr tRRPENAEEE TB of the
foregoing antiferronmagnetic |ayer 50 is 200 [err] C or higher,

part i cul ar |y 200(rich 2,409 445 111s0, LIAL 14146 3041 ageamgnepdc 1 aver

50 reveal s the very high ther st abi _ hi's "enbodi ment ,
the Torrommgnet b Toyer Sa8Y besrsed 0y "hi Bn rdr ok BIoRo PEst™ than 0. 10
ener gy Sk Tepreseht 62a ol r GRGEH (1 TEEREAGE (FIRMINGS nHEL 258 oh of The-
ferromagnetic layer 40 and is derived by (ferromagnetic |ayer saturation
preferably less than 100nm
The ferromagnetic layer 40 is formed of a metal
element such as Fe, Ni, Co, Mn, Cr, Dy, Er, Nd, Tb, Tm. Ce
Gd, alloy or compound containing the above metal element.
Particularly, it is preferably formed of a composition
expressed by (Co,Ni._,).Fe .. (0.4<z =1.0. 0.5<w =<1.0 by
weight). Out of the composition range as described above
no large electrical resistance change can be obtained
The thickness of the ferromagnetic fayer 40 as
described above is set to 1.6 to 10nm, and more preferably
2 to 6nm. |f this value is smaller than 1.6nm, it loses the
characteristic as the ferromagnetic layer. On the other
hand, if the value exceeds 10nm, the pinning force of the
antiferromagnetic layer 50 is reduced. and thus the
sufficient pinning effect of the spin of the ferromagnetic
layer can not be obtained
As described above, since the ferromagnetic layer 40

is in direct abutment with the antiferromagnetic layer 50

a direct interlayer interaction acts on each other, and the



magneti zation) x (Hua) x (thickness) as described before. The

t hi ckness of the antiferronagnetic layer 50 is set to 5 to 100nm
preferably 5 to 80nm nore preferably 5 to 50nm still nore preferably 5
to 30nm I|f the thickness 25 24 of the
antiferromagnetic | ayer 50 becones smaller than 5nm the exchange coupling
magnetic field Hua and the blocking tenperature Tbh are rapidly reduced.

On the ot her hanthtatiipn afagbke afaghei irgtidn okethe iferianagoet iso ! geari d0is.
However, if it 1is too thick, a gap length (a shield-shield |ength) of the
MR head i s so incsgazedntédat Onht thes onbér undabk et oespdret tul thielBoglh density
magnetic recording. Thus, it is preferably Iess than | OCOnm The

ferromagnetic |ary§3§né9|¢5lépém¥b ofs algRirdlbe ell@Rnt isueltas | Feitdi, Co,
vn, Cr, Dy, Er, Nd, Ce, d, aIon or conpound cont ai ni ng the above

T ST @f?é*%‘qﬁmﬁ{ 5281 9 ryefr %df i oo i’s‘v@["ﬁ%ﬁ@i"%t by

i ght) . f q
ol corrl cal 1o st HED PRANGH GAAeba boral hill -+ & VEiRe ARBLERESS of the

ferromagnetic IdXer 40 as described ahove is set t 1 6 to 10nn1 and nore
preferably 2 tol@vcedsin ARgNLIZad 9% FPiert ehéﬁ MaSREtI¢ '2¥8Es t he
characteristic as the ferronmagnetic |ayer. On the other hand, if the val ue
exceeds 10nm th#) pinthithg ffercemagnetie layer 40. so that a large MR
effect due to the difference between the magnetization
directions can be obtained
In the present invention, the concentration of oxygen
contained in the soft magnetic layer 20 as impurities is
regulated to 1 to 800 atomic ppm, preferably 1 to 500
atomic ppm, and more preferably 1 to 300 atomic ppm. If
this value exceeds 800 atomic ppm, a high-level film
excellent in response relative to the external magnetic
field, which is considered to be ideal, can not be
obtained. As described, by regulating the oxygen
concentration of the soft magnetic layer 20, the soft
magnetic layer 20 can be obtained which has the physical
properties that a structure factor S is no more than
3010 ° erg/cm?, particularly in the range from 1x 10 °
to 20 X10°° erg/cm? and that the absolute value of skew
angle dispersion is no more than 2 deg, particulariy in the
range from 0.1 to 1.0 deg. This improves the output level.

The structure factor S of the soft magnetic layer 20 is a

parameter indicative of microscopic homogeneity of the soft



antiferromagnetic layer 50 is reduced, and thus the sufficient pinning
effect of the spin of the ferromagnetic |ayer can not be obtai ned.

As descri bed above, since the ferromagnetic layer 40 is in direct abutnent
with the antiferronmagnetic |layer 50, az2direct interlayer interaction acts
on each other, and the 25 rotation of

t he nagnetlzatlon of the ferrqmagnetic Ia er 40 is prevented, On the other
hand, with resped@9pdt ‘tonea‘éfbff;% n%ft?&ét piga |'5\er6 Ipg aPrasents Bebielidrer in
detall its nagnetlzatlon can be freely rotated by a signal nmagnetic

field from outsi ddaths &heeskiew  ang keelditsingd sAngl &€ ¥ea | Hribiducesd o ¢

magneti zation between the soft magnetic |layer 20 and the ferronmagnetic

| ayer 40, so thatmagntarzpg iMR f bfcfteet i due ft dhe heo fdi Méererice | bee weddn t he
magneti zation directions can be obtained. In the present

invention, the cemeent rsatallar rofy adx¥ger p re@rthaisnedbied tehe ssafi. magreti c
| ayer 20 as inpurities is regulated to 1 to 800 atom c ppm preferably 1

to 500 atonic p@mru@ﬁlqrngcpaaefserm ht 6Red0% nGF O G ohf 5 ,khi s val ue
exceeds 800 atomic ppm a high-level film excellent In response relative

L2 5 S Tl B A R RURR sl e

be obtained. As descri |ng e oxygen

soft nmagnetic |ayer 20, 8 soft magnejic |ayer. 20 can B% obta ned whi ch
has the physi cal easurlng evice. The “soft mag Btic layer urt

includes at least one selected from carbon, sulfur and
chiorine as impurities, and the total concentration of the
impurities including at least one selected from carbon,
sulfur and chlorine contained in the soft magnetic layer 20
is set to 1 to 500 atomic ppm, preferably 1 to 400 atomic
ppm, and more preferably 1 to 300 atomic ppm. [f the
foregoing total concentration exceeds 500 atomic ppm, a
film excellent in response to the external magnetic field
can not be obtained, thereby not contributing to
improvement in output fevel.
It is preferable that the lower limit of the foregoing
impurity concentration approximates to zero as mush as
possible, but it practically almost impossible to realize
the zero impurity concentration. Accordingly, 1 atomic ppm
is regulated as a tentative standard of the limit.
The soft magnetic layer 20 is formed of Fe, Ni, Co
or the like revealing soft magnetic characteristics, or
alloy or compound containing these elements. The MR curve

rises up more sharply by using the magnetic layer having a



properties that a structure factor Sis no nore than 30X1 [err]
erg/cnferr], particularly in the range from1 x 10 [err] to 20 X10-[err]
erg/cnferr] and that the absolute val ue of skew angle dispersion is no
nore than 2 deg, particularly in the ramge fromO0.1 to 1.0 deg. This

i nproves the output level. The structure factor S of the soft magnetic

| ayer 20 is a paraneter indicative of m croscopi c honogeneity of the soft
26 magnetic | ayenal0.c@nd iaeshalterdo/alane pepaeseat!s afbett eran deate. The
skew angl e di spersion reveals mcroscopic nmagnetization fluctuation of the
soft magnetic | aygta?Rled. and & samktlien| yal ue nedprabént shat betd e fgt ate. The
structure factor S and the skew angl e dispersion are nmeasured using a

dynam c differenfi NghLLzatg AsT Bl foTeasiHd Ndodey e sThec anfet magnetic
| ayer 20 further ?ﬁ%?qgespat (Lasf one gelecté% f?on1%arbon suFfur and

chlorine as inpugitie e total centr, rities
i ncl uding at Ieaé?e%hé”gh éCt QFfrg§1mg @%%ﬂzlgg ? and ]%ﬁﬁﬁ% cont ai ned
in the soft magnetic, | ayer i 1.to 50Q atopmc m ferably 1
to 400 atomc ppHY~ %?d'c?rml)?fé”t?rté’f EPg I%merfﬁ’%ogé%n{pb 83@1 ‘?f“ﬁe y
foregoing total concentration exceeds 500 atom c a f|In1exceIIent in
response to the eseekase tiaghatarc3fi & d i reanseidt mB@”%b'tcdl REE dUereby not
contributing to inprovement in output |evel.

second soft magnetic layer. The first soft magnetic iayer

is made of a simple substance of Co (cobalt) or an alloy
containing Co no less than 80 weight%. The second soft
magnetic layer has a composition expressed by
(Ni,Fe. ,),Co.., (0.7 =x 0.9, 0.5y =0.8 by weight’.
With this arrangement, the first soft magnetic layer with
Co being rich works as a diffusion blocking layer so as to
prevent diffusion of Ni from the side of the second soft
magnetic layer toward the non-magnetic metal layer 30

Further, since the first soft magnetic layer with Co being
rich enhances the scattering of electrons, the MR change
ratio is improved. The second soft magnetic layer is formed
within the foregoing composition range for maintaining the
soft magnetic characteristic.

The thickness of the soft magnetic layer 20 as
described above is set to 2 to 15nm, preferably 3 to 15nm,
and more preferably 5 to 15nm. |f this value is smaller
than 2nm. no excellent characteristic as the soft magnetic
layer can be obtained. On the other hand, if the value

exceeds 15nm, the total thickness of the multilayered film



It is preferable that the lower Iimt of the foregoing inmpurity
concentration approximates to zero as nush as possi ble, but it
practically al nost inpossible to realize the zero inpurity concentration.
Accordingly, 1 atomic ppm is regulated8as a tentative standard of the
limt. The soft magnetic layer 20 is forned of Fe, NN, Co or the
| i ke revealing soft nmagnetic characteristics, or alloy or conpound
contai ni ng t hese | &l dfd®tes.2Mhe VR '@ Vit 3G & et uph oot O §haF peyeby cusi ng t he
magnetic |ayer having a 27 smal
coercive force Hoyultnkhygredvbrlablie eidreesedarshaéhabbtiz NBdef facti gs
particularly preferable that the soft magnetic |ayer 20 has the foll ow ng
t wo- | ayer struct ueducedSpWicarf ithaldoft hdynesoft!ayagnl iie Iaywee 26ni fformed as
a two-layer |lamnate body conprising, fromthe side of the non-magnetic

|l ayer 30, a fir 5tth§°ﬂ‘oﬁe§@9ﬂﬁ&h§—|a|y§l/erarrﬁﬂgt@ bodgcond  §of s fmaonat ke | ayer.
The first soft magnetic iayer is nmade of a sinple substance of Co (cobalt)

or an alloy Cong@;]nehragrﬁ&kraess AA5$hd han 80, wei gt &ftTJz’%n%g?m%éngt (0. 7

magneti c | ayer osition expressed

[err]x [err]O. l@%z %%Pﬂ"%c%“bby weight). Wth this arrangenent, the

first soft nagne eing rich works as a diffusion bl ocking

| ayer so as to prevent diffusion of NN fromthe side of the second soft
in order to conduct electrons efficiently, a metal

having conductivity is preferably used for the non-magnetic
metal layer which is interposed between the soft magnetic
layer 20 and the ferromagnetic layer 40. More specifically,
it may be formed of at least one selected from Au, Ag and
Cu, alloy containing 60 weight% or more of at least one of
these elements, or the like

The thickness of the non-magnetic metal fayer 30 is
preferably set to 1.5 to 4nm. If this value is smaller than
1. 5nm, the soft magnetic layer 20 and the ferromagnetic
layer 40 which are disposed through the non-magnetic metai
layer are exchange-coupled to each other, so that the spins
of the soft magnetic layer 20 and the ferromagnetic layer
40 do not function independently of each other. If this
value exceeds 4nm, the rate of the electrons which are
scattered at the interface between the soft magnetic layer
20 and the ferromagnetic layer 40 disposed at the upper and
lower sides respectively are reduced, so that the MR change
ratio is reduced

The protection layer 80 is provided to prevent



magnetic | ayer toward the non-magnetic nmetal |layer 30. Further, since the
first soft nagnetic layer with Co being rich enhances the scattering of

el ectrons, the MR change ratio is inproved. The second soft magnetic |ayer
is formed wthin the foregoing conposibgon range for maintaining the soft
magneti c characteristic. The thickness of the soft nagnetic |ayer
20 as described above is set to 2 to 15nm preferably 3 to 15nm and nore
preferably 5 to dbitatibh dfhitbe valrdece o fsirht Inegne t lramuPninhayaeedXdenl ent
characteristic as the soft magnetic |ayer can be obtained. On the other

hand, if the val ue aekiceedsrabngnptdteskohall tapekBesst 4b t e ymylith! ayer ed
film 28 is large and the resistance of

the whol e magnet g cect idbt hd A%G0¢d1dindd ithel 1 %ﬁaeéidhe%qvt{ahéireﬁq ¢nMR effect
IS reduced. Wen the soft magnetic layer 20 is in the formo t he

foregoing two- | ayiey g%mgﬁ S99 8] T o AUBTICTPNULL Oy Getyyf h L hi ckness

of the Co-rich first be no °t eSs t han '0 4nm

In order to condyct el ct i.en , nmet.al. havi ng conductivity is
preferably used £brOF tﬁE na@ﬁ%ﬂ%éCkW¥%hFﬁ?ﬁﬁgr'§WﬁQH?r?leﬁFér ®sed

bet ween the soft ma netlc | ayer 20 and the ferronmagnetic | ayer 40 Mor e
specifically, i@boyhyd Be 3omned of at |east one selected from Au, Ag and

Cu. alloy containing 60 weight% or nore of at |east one of these el enents,
or the |like. The substrate 5 is formed of glass, silicon, MgO0,

GaAs. ferrite, AITiC, CaTiO; or the like, and the thickness
thereof is generally set to about 0.5 to 10mm.

The material of each layer and the thickness thereof
are specified as described above, and an external magnetic
field is applied in a direction within the film surface as
described later at the film formation time of at least the
soft magnetic layer 20 to apply anisotropic magnetic field
Hk of 2 to 200e, preferably 2 to 160e, and more preferably
2 to 100e.

If the anisotropic magnetic field Hk of the soft
magnetic layer is lower than 20e. it is equal to the same
degree of the coercive force, and no linear MR change curve
can be substantially obtained in the vicinity of zero
magnetic field, so that the characteristic as the MR
element is deteriorated. On the other hand, if it is higher
than 200e, when this fiim is applied to the MR head or the
like, the output is liable to be reduced and the resolution
is reduced. The value Hk as described above can be obtained

by applying the external magnetic field of 10 to 3000e at



The thickness of the non-magnetic netal layer 30 is preferably set to 1.5
to 4nm If this value is snaller than 1.5nm the soft magnetic |ayer 20
and the ferromagnetic |ayer 40 which are di sposed through the non-nagnetic
metal |ayer are exchange-coupled to eadh other, so that the spins of the
soft magnetic |ayer 20 and the ferromagnetic |ayer 40 do not function

| ndependent |y of +g@Ch (G 8 mad forl N P +1eAYFo AHACRITANT (1 Dy Al ROl the

el ectrons which are scattered at the Interface ween the soft rmagnetic
| ayer 20 and th ro he layer 40 di sposed at .the and | ower
si des respective§§£§$g ?@%ﬂﬁ@gg §§ {hat®% ASWR' ¢ HiHg&° Vﬁﬁggqﬁk BBduced.
The protection |ayer 80 i rovided to preve ,

29  oxidation ofTXFh‘éﬁé‘i{r?’éBQ- ofPt'h’fe er’fﬁﬁﬁgﬁigéoﬂﬂtitl“éy‘*eﬁaﬁftfi'lsnﬂ‘”i n a
filmformng process and inprove wettability wwth electrode materi al
fornmed thereon antbpiEyResd Maogghy enepH. musiTihe @esdgeed iionlémpeesiBOdus for med
of Ti, Ta, W C. H, Zr, Zn or the like. The thickness thereof is

general |y set toto @boutudenoe Ifnmagnetic fieldThEherebstd attbeScdss fior med of
glass, silicon, MgO (GaAs, ferrite, AITIC, CaTi3 or the |like, and the

thi ckness thereofcriegsqten®d ahly isets (g fabouht0.5 to 10mm The
mat eri al of each |ayer and the thickness thereof are specified as

descri bed above, and amngxi.grial fRANElEFed i Bl § A5 BPRLHE (\fbig di rection

within the filmsurface

laminated to form a magnetoresistance effect film. In this
case, the repetitive lamination frequency n of the magnetic
multilayered film is not limited to a specific value, and
it may be suitably selected in accordance with a desired
magnetoresistance ratio, etc. In order to satisfy the
present requirement for ultrahigh densification of the
magnetic recording, the smaller total film thickness of the
magnetic multilayered film is better. However., if the film
is thinner, the MR effect is usually reduced. The magnetic
multilayered film of this invention can be used in practice
to a sufficient level, even when the repetitive lamination
frequency n is 1. Furthermore, as the lamination frequency
is increased, the magnetoresistance ratio increases while
productivity is lowered. If n is excessively large, the
resistance of the whole element is excessively low, and it
is practically inconvenient. Therefore, usually, n is
preferably set to 10 or less. The preferable range of n is
i to 5.

The film formation of each layer of the foregoing



described later at the filmformation tinme of at |east the soft magnetic

| ayer 20 to apply anisotropic nagnetic field Hk of 2 to 200e, preferably 2
to 160e, and nore preferably 2 to | OCe. I f the anisotropic
magnetic field Hk of the soft magnetic3liayer is |lower than 20e. it is
equal to the sane degree of the coercive force, and no linear MR change
curve can be substantlallgFobtaln he VICt ity Ef zero. magnetic

field, so that tPa9THAICalYEF'@YELe ﬂﬂe M P& ENEIEE PYL doPElTrE8ed. On

t he other hand, if it her than 200e, when this filmis applled to
the MR head or tfA&th $1k§poq areajiigntofi $he imagnet komubt irl@neikasd fakd Tt he
resolution is reduced. The value Hk as descri bed above can be obtained by
appl yi ng t he ext @pnkicudaghet ot ifermptapn 10f ttbe 3000&e omagnetic layer

30 the filmformation. If the external magnetic field is no greater
than | OCe, it isbfomd nbefddfci eagnettocigeee2(k anQnitimbbe poebeiréhand, if it

exceeds 3000e, the effect is not i nproved al though a coil nust be
designed in large sdciemdBEim fbenidy BSCaREHCR Qb+t MRUNENi (@ f“lf%rdr ofherefore,
the cost is increased and thus it is inefficient he magnetic

mul til ayered fllnbgFFa$rQe€LeﬂeF tqﬁe1y lrlegyha%edlt {orga@

nagnetoresistance effect film case, the repe itive T@hfnation

speci 1 c val ue, Sra TP nad, bE¥ Ui UBHT VS dr b du® RPoweP direavip h o

desired .
is defined as a pressure in the film forming apparatus
before the start of film formation, and differs from a
pressure upon film formation

[f a value of the ultimate pressure exceeds 2 x 10 °
Torr, the antiferromagnetic layer 50 or the soft magnetic
layer 20 having the characteristic of the present invention
can not be formed. Fig. 9 is a graph showing examined
influence of the ultimate pressure in the vacuum film
forming apparatus, upon the exchange coupling energy J.
This graph has been obtained through experiments. As seen
from Fig. 9, it is necessary that the ultimate pressure in
the vacuum film forming apparatus be set to 2 X10°® Torr
or less for achieving the exchange coupling energy of no
less than 0.1 erg/cm?
The range of the ultimate pressure of no more than

2 X10°° Torr is a range which has not been proposed in
view of improving the film quality. For accomplishing the
condition of the ultimate pressure of no more than 2x 10 °

Torr, what is not carried out in general is required with



magnet or esi stance ratio, etc. In order to satisfy the present requirenent
for ultrahigh densification of the magnetic recording, the smaller total
filmthickness of the magnetic nultilayered filmis better. However, if
the film is thinner, the MR effect is3agsually reduced. The nagnetic
multilayered filmof this invention can be used in practice to a
sufficient |evel, even W@en t he {e etitive Ianingtion frequencY nis 1.

b S

Furthernore, as {R&°F&hiWafi SRV YEdIEnaPParatus noPaastcalife 1t

magnet or esi stance rati o increases while productivity is lowered. If nis
excessively |argBeceyf@ry thadi ¥peiftesed | ties tipns deep bhdift al soaskedssi vel y

|l ow, and it i's Practically i nconveni ent. Therefore, usually, nis
preferably set t&hdb Ure laggsratiire ber ef ér dbimed arfgetainiess steet 006.

The filmformation of each |ayer of the foregoing

31 magnetic nubtiniayer atiaf idegndsing perdaor el oby & &pgh ttempdrgtur et hod.
Upon formation of the magnetic nmultilayered film1, particul arly, upon

formation of theysddd haELGTRGBRT 4LsdiBY $hg 10 aBPsl 4R, SOR4 L MaaRety c | ayer
20, an ultimate pressure in a vacuum frimform ng apparatus is set to 2

X10 Torr or legég%?frﬁ.erﬂRJW¢$ﬁ% 10 cuul®Vess@l bECSSkeqaPg HPLE

preferably 2 X10 - or | ess. e ul'tinmate pregsure IS deflﬁ%d as a
Pormati on, and TR FFbm® 25pfbodlievapoh 114 or6r et idacharse.
residual gas and H.0, and that an exhaust pump operable
under 2 X10°° Torr or less be used.

For forming the antiferromagnetic layer 50, the
concentration of oxygen contained in a target used in the
sputtering method is set to 1 to 600 ppm, preferably | to
500 ppm, and more preferably 1 to 300 ppm. On the other
hand, for forming the soft magnetic layer 20, the oxygen
concentration of a target is set to 1 to 100 ppm. and
preferably 1 to 80 ppm. if the oxygen concentrations of the
targets exceed the forgoing ranges, respectively, it is
difficult to form the antiferromagnetic layer 50 and the
soft magnetic layer 20 having the characteristics of the
present invention, respectively. The oxygen concentration
of the target is derived through analysis using the amount
of CO, gas produced by burning a portion of the target.
Further, the total concentration of impurities (for
exampie, H.0, CO, and He) in the sputtering gas introduced
upon sputtering is set to 0.1 to 100 ppb, preferably 0.1 to

50 ppb. more preferably 0.1 to 10 ppb. and still more



If a value of the ultimte pressure exceeds 2 X10[err] Torr, the
antiferromagnetic |ayer 50 or the soft magnetic |ayer 20 having the
characteristic of the present invention can not be fornmed. Fig. 9 is a
graph showi ng exam ned influence of thé&3ultinmate pressure in the vacuum
film form ng apparatus, upon the exchange coupling energy J. This graph

has been obtai ned through peripents. ,As seen fromFig. 9, it is
necessary that tHRE® q?%ﬁﬁt@“p&ngﬁﬁg'ihf'vﬁé'W%HUJﬁ1??q Nt 62 Mg 'Bppar at us
be set to 2 x 10- Torr or less for achieving the exchange coupling energy
of no |ess than!0e SRGEEH%ORF. exceeds 100TRBD dfigeanti fieeonaaneiat e
pressure of no nore than 2 X 10-9 Torr is a range which has not been
proposed in vieWwaweri iPreavdngheheofitl mequatitylaFer 2@coapliinghihg the
condition of the ultimate pressure of no nore than 2x 109 Torr, what is
not carried out Clmargeneratics afede medsamtt hnvention can not be formed.

32 respect to a sputtering apparatus. Specifically. it is necessary

that vacuum seal ppptié@nsr be alfle MRI@! | ngRSKEYS conckRat at hgnappaspg us be all
formed of stainless steel or al um num that degassing be carried out at

degassi ng.  the wil oy ety e e f PPRERBRF R bEE oo ne T
Lhorough Y and TALgoly l SEIG9fs nd 8B no3e, Pea B0 B0 o0

than 10 ppb. and more preferably no more than 5 ppb

An operating pressure in the vacuum film forming
apparatus during actual film formation is normally set to
1 X10 “ to 1 x10°% Torr.

It is preferable that the film formation of the
respective layers of the magnetic multilayered film | in
the present invention is carried out according to the
foregoing film forming conditions for further improving the
characteristic of the magnetoresistance effect film

As the substrate 5, glass, silicon, Mg0, GaAs,
ferrite, AITiC, CaTiO; or the like may be used. For the
film formation, it is preferable that an external magnetic
field of 10 to 3000e is appiied in one direction within the
film plane at the film formation of the soft magnetic layer
20. With this operation, the anisotropic magnetic field Hk
can be provided to the soft magnetic layer 20. The
application of the externa! magnetic field may be performed
at only the film formation time of the soft magnetic field,

for example, using a device which is equipped with an



For formng the antiferromagnetic |ayer 50, the concentration of oxygen
contained in a target used in the sputtering nethod is set to 1 to 600
ppm preferably 1 to 500 ppm and nore preferably 1 to 300 ppm On the
other hand, for form ng the soft nagneBiéc | ayer 20, the oxygen
concentration of a target is set to 1 to 100 ppm and preferably 1 to 80
ppm If the oxygen concentrations, of the targets exceed the forgoing
ranges, respectivelGiramagnet gi¢ fhgul ke &W'%‘Fhéaaﬁg;??e??oﬁ%'n'e&i c |layer
50 and the soft magnetic |layer 20 having the characteristics of the
present inventi dibntrespert iafepR ! TR i o yigdari ngont efer Biegmat icoff iehbd target is
derived through analysis using the amount of CJerr] gas produced by
burni ng a porti cndfnot keteangbtmagnBdrichér ¢ d hies tantrdli edoatehbe atilon of
inmpurities (for exanple, Herr]0, CJerr] and He) in the sputtering gas
introduced uponfepudtesnngins setthe OnliferiONapple,t ipr dfagreablfy).0.1 to 50

ppb, nore preferably 0.1 to 10 ppb, and still nore . .
33 preferably 0.1krhat PydRD- al he {HRI LAPHEEP fWi (GORCEHHS AntORabMet i L he
sputtering gas exceeds 100 ppb, the antiferronmagnetic | ayer 50 and the

soft magnetic | 0;:havjng - racteristi f. t resent
i nvention can ngﬁgﬁiaﬁovﬁ%g!m‘f%@?f“@ufgglgfaﬁhéﬁhgﬁﬁF %ﬁpgvpconcentration

in the sputtering gas is liable,tq inflyence the filmquality and needs
to be set to no nore tﬁ%ngﬁ Cbgﬁ?dp"’&b f-all % aRP o trpt%aerftfd”ﬁgb. and
p

nore preferably no nore than 5 . _ o _
P ylnagnetlc field in one direction within the film plane at

least upon film formation of the soft magnetic layer 20 to
induce the anisotropic magnetic field Hk, the high
frequency characteristic can be further improved

Furthermore, when forming the pinning player 50,
the magnetic field is preferably applied in a direction
perpendicular to the direction of the magnetic field
applied at the film formation time of the soft magnetic
film 20. Specifically, it is applied within the film plane
of the magnetic multilayered film and in a direction
orthogonal to the mcasurement current. The magnitude of the
applied magnetic field is preferably set in the range of 10
to 3000e. ¥With this operation, the magnetization direction
of the ferromagnetic layer 40 is surely fixed in the
applied magnetic field direction (direction perpendicular
to the measurement current) by the antiferromagnetic layer
50. whereby the magnetization of the ferromagnetic layer
can be most reasonably set to be antiparalle! to the

magnetization of the soft magnetic layer 20 whose direction



An operating pressure in the vacuumfilmform ng apparatus during actual

filmformation is normally set to 1 X10 to 1 x10-2 Torr. It is

preferable that the filmformation of the respective |layers of the

magnetic multilayered film1 in the préSent invention is carried out

according to the foregoing filmformng conditions for further inproving

the characteristic 8% he nagnetore i,stance effe t film . As the
i

substrate 5, gl a&8n E8RTY MR NEERLY ?rﬁ%QQa AMPREe tESTI EBIBr the 1 ke
may be used. For the f|In1fornat|on it is preferable that an external
magnetic field §PWe¥efo 80DOBe! § S"@bp iRAF 4TS e CANdddt PBn @ehiRethe film
plane at the filmformation of the soft nagnetic |layer 20. Wth this
operation, the adisettiopi ef ndgneadre tficef e Ik to den abe! wdovit ddee tfolmhe soft
magnetic | ayer 20. The application of the external magnetic field may be
performed at onlkgrimbeidnl| mrfeorafattihenahitimée of ohdenestafct |amgnemne béel d, for
exanpl e, using a device which is equi pped with an

34 eIectronagnegogmnkﬁﬁtleg WﬁéQﬂrbétRﬁP%@|ﬂuP%a§ﬁ§hk¥tl&9QﬁrQhé'ng an
application tinmng of the magnetic field. and no external magnetic field

5, 3PpLied at theaLidi [QIERIL 90 LAIR oA of Re2E i SORAIGRCLYG bRYSr 20,

Al ternatively, ylng &ondtant ma the film

formation tine at, all t'nes ed,
the soft magnetlc Qayer At this time, it is preferable

that the temperature is decreased while applying the
magnetic field in a strip short-side direction (direction
perpendicular to the direction of the applied magnetic
field when the soft magnetic layer 20 is formed), when the
heat treatment at about 200 °C is carried out in the
process after the magnetic multilayered film is formed

The magnetoresistance effect film 3 having the
magnetic multilayered film 1 as described in the foregoing
embodiment is applied to a magnetoresistance effect type
head (MR head), an MR sensor, a ferromagnetic memory
element, an angle sensor or the like

Hereinbelow, explanation will be given to an example
where the magnetoresistance effect film 3 is applied to the
magnetoresistance effect type head. As the
magnetoresistance effect type head in the present
invention, a spin valve head having a magnetic multilayered
film revealing the giant magnetoresistance effect (GMR) may
be cited as a preferred example

Hereinbelow, the spin valve head will be picked up



As descri bed above, by applying the external magnetic field in one
direction within the filmplane at |east upon filmformation of the soft
magnetic |ayer 20 to induce the anisotropic magnetic field Hk, the high
frequency characteristic can be further 3enproved. Furt her nore, when
formng the pinning player 50, the magnetic field is preferably applied in

a direction perpendicular to the directipon of the nma ic field 6 applied
at the fi|mforngfig*het"iar%e%f”?%'e“é&% o ifépefh‘ﬁ%ﬂgggh R fandal Iy, it
is applied within the filmplane of the magnetic nultilayered filmand in
a direction ortHoYon&IP!EB2tIRE neasurenent current. The nagnitude of the
applied magnetic field is preferably set in the range of 10 to 3000e. Wth
this operation, the madisesharat irohigi dBcta vaoneddreshetanee redfregtnéyiec | ayer 40
is surely fixed in the applied magnetic field direction (direction

per pendi cul ar t beddheMReasd) efiENnt ncluwdeend mabye tdres adtant ergfdgagniatimc | ayer
50, whereby the nmagnetization of the ferromagnetic |ayer can be nost

reasonably set toppesaptipgrad | £lnddhd e a Monetiszatiiven ek 1tigg $gtt
magnetic | ayer 20 whose direction 35 can

e ey chanasybind iy L BRSSO Shg EILABGOL A
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200a. 200a of the magnetoresistance effect film 200.
Preferably, the whole both end portions 200a, 200z of the
magnetoresistance effect film 200 serving as the
magnetically-sensitive portion are connected to the
electrode portions 100, 100. Conductive films 120, 120 are
electrically conducted to the magnetoresistance effect film
200 through the electrode portions 100, 100. In this
invention, the conductive film 120 and the electrode
portion 100 are individually shown to simplify the
description which will be made later, while in most cases
the conductive film 120 and the electrode portion 100 are
formed integral with each other by a thin film forming
method. Accordingly, these elements may be considered as
being formed of one member.

The magnetoresistance effect film 200 serving as
the magnetically-sensitive portion of the MR head has
substantially the same laminate structure as the
magnetoresistance effect film 3 having the magnetic

multilayered film 1 shown in Fig. 1. That is. the



magnetic field to be applied at the filmformation tinme of the soft
magnetic layer. At this tinme, it is preferable that the tenperature is
decreased while applying the magnetic field in a strip short-side
direction (direction perpendicular to 8he direction of the appl ied
magnetic field when the soft magnetic layer 20 is fornmed), when the heat
treatment at about 200 [err]Cis carried out in the process after the
magnetic nultil af@peeteiemstncer sddect film 20the sragmdeordshbut tihee ef f ect
film3 having the magnetic nultilayered film1 as described in the

f oregoi ng enbodinaent toseappt dece taf fzatadrdmoBebiastiagcehef hegtet ype head
(MR head), an MR sensor, a ferromagnetic nenory elenent, an angle sensor
or the like. mu | t iHeryed nbel oW, mexqH @@t i anFwig.| be gbven atto @e exanpl e
where the magnetoresi stance effect film3 is applied to the

magnet or esi st anCRagnebl 86fstah¥ P8 1 f8RTF i Im AB0 TRGUIABINRLALEIhEE ANCE

effect type hea in the present invention, a spin valve head having a

magnetic nul til fil eveal | i a gnetor esi st ance effect
(GWR) may be c?%ggfgga ®or ?ef?g rgggéuﬁggc Toy 8P be@ﬂﬁﬁﬁe?%mfn%he spin
val ve head wi || s the

_ be pi cked B , _ 36 a

magnet or esi st anci- 'eFF Bt ttﬁgé‘oﬂe%@nfw meda) 'aKer 30gi 3 e T EXTAIRALLS on.

As shown in Fig. 10, a _nmagnetoresistance effect type _
layer 20 formed on the other surface of the non-magnetic
metal layer 30. and an antiferromagnetic layer 50 formed on
the ferromagnetic layer 40 (on a surface opposite to a
surface abutting the non-magnetic metal layer 30) to pin
the magnetization direction of the ferromagnetic layer 40

The important point is that the thus formed

magnetoresistance effect film 200 exhibits the so-called
spin-valve type magnetoresistance change. The spin-valve
type magnetoresistance change represents that, in the
magnetic multiltayered film having the non-magnetic metal
layer 30, the ferromagnetic layer 40 formed on one surface
of the non-magnetic metal layer 30, the soft magnetic layer
20 formed on the other surface of the non-magnetic metal
layer 30 and the antiferromagnetic layer 50 formed on the
ferromagnetic layer for pinning the magnetization direction
of the ferromagnetic layer 40, an angle formed between the
spin of the soft magnetic layer 20 and the spin of the
pinned ferromagnetic layer 40 is set to approximately 90

degrees in an acute angle when the external signal magnetic

field is zero. In practice, the angle may be 45 to 90



head (MR head) 150 includes a nmagnetoresi stance effect film 200 serving
as a magnetically-sensitive portion for magnetical ly sensing a signal
magnetic field, and el ectrode portions 100, 100 which are fornmed at both
end portions 200a, 200a of the magnetgsesi stance effect film 200.
Preferably, the whole both end portions 200a, 200a of the

magnet or esi st ancg ef f ect filnqgoo ﬁeréin s, the nagpeticgllﬁ1sensitive
portion are conn&t &85t #PhIest Bratse8ds Wolephiks {8btNoA80a ' 'EaRiRt i ve
films 120. 120 arF electric IIX conducte%@to t he nagnetoresi?tance ef f ect
film 200 throudh™@AREHIZ8LI PYAEOpArAUsoRS theom29ns6Or $5 sitAnee effatenti on,

t he conductive film 120 and the el ectrode portion 100 are individually
shown to sinplifsuntvige (MR qagwed pta ¢ apyere idiice | bee vddee| ta ¢he nhis e in nost
cases the conductive film 120 and the el ectrode portion 100 are f ormed
integral with ezl other ebyerasl magnéilanflierds mgth reepémd.to Adwordingl vy,
these el enents may be consi dered as bei ng formed of one nenber.

The magnet or esi sgxapeflefidgnetid ¥ldnd200 serving as the
magnetical l y-sensitive portion of the MR head has substantially the same
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subjected to a vacuum heat treatment at no less than the
blocking temperature Tb of the antiferromagnetic layer 50
in the magnetic field. This treatment is called an
orthogonalization heat treatment, and a temperature during
the treatment is called an orthogonalization temperature.
It is also possible to provide the orthogonalization of
magnetization in advance by applying the magnetic field
during the film formation. However, in this case, the
orthogonalization state may be disturbed by the unavoidable
heat applied during the subsequent head fabricating
process. Thus, it is preferable to carry out the
orthogonalization heat treatment at the final stage of the
head fabricating process. In the orthogonalization heat
treatment, it is preferable to change only the
magnetization direction of the antiferromagnetic layer 50.
Preferably, the orthogonalization temperature is higher
than the blocking temperature Tb and fower than a
temperature at which the induced magnetic anisotropy of the

soft magnetic layer 20 is lost. If the orthogonalization



multilayered filmshown in Fig. 1. so that the magnet or esi st ance effect
film200 includes a non-nmagnetic netal |ayer 30, a ferromagnetic |ayer 40
formed on one surface of the non-magnetic netal |ayer 30. a soft magnetic
| ayer 20 formed on the other surface of 3he non-nagnetic metal |ayer 30.
and an antiferromagnetic |ayer 50 fornmed on the ferromagnetic |ayer 40
(on a surface op?osite to a surface abutting the non-nagnetic netal

layer 30) to pin"3t He SAHEfNEt | 2 44T bIFUPHbCteBnthsr biafd ineriearatmietrec | ayer
40. The inportant point is that the thus fornmed magnetoresistance
effect film 200 &Rhi biligheie thancHid e@mpepphuralate vhyple Hegnedocedi st ance
change. The spin-valve type nagnetoresi stance change represents that, in
the nmagnetic nuhbgheyier adisoitropyhadi tig tshét magneagnetier Mt ad | dsayer 30,
the ferromagnetic |ayer 40 forned on one surface of the non-nagnetic netal

| ayer 30, the sothemagnetiLatliapedired@iborgredhonsdthensimen CSFHyfefi‘C?O of the
non-magnetic netal layer 30 and the antiferromagnetic |ayer 50 tornmed on

the ferronmagneti [Walal tizatj: irectiqn, of the
ferromagnetic Ia§§fhié6{%£qgﬁgﬂga?%g%%gﬁﬁg?aggﬁxfﬁéhqg%fﬁmofé%ﬁévgoft
magnetic | ayer 2

to approxinaterQQSWQHég%éi é?ﬁ%ghtEgdygégﬁgfe¥ﬁ%gﬁr?ggeéyfﬁkﬁéﬁ{gﬁgngf set

magnetic field rinasgnzeetroor'esli Qtapnrc%Cteif(f:eeét tchuer v%n% lea tniE\% tt)g t4hSe te(?(tg(r)nal
magnetic field is subjected to hysteresis to cause a
problem in linearity. Simultaneously, the output is
lowered. On the other hand, when the blocking temperature
Tb is too lower than the temperature at which the induced
magnetic anisotropy of the soft magnetic layer 20 is lost,
the exchange coupling magnetic field Hua is deteriorated
due to heat applied during operation of an MR sensor in the
magnetic recording system and during the spin valve head
fabricating process so that the magnetic multilayered film
can not work as a spin valve film. That is, it is
preferable to form the antiferromagnetic iayer 50 having
the blocking temperature Tb which is a little lower than
the temperature at which the induced magnetic anisotropy of
the soft magnetic layer 20 is lost, and carry out the
orthogonalization heat treatment. In the present invention,
by setting a composition of the antiferromagnetic layer 5{
within the foregoing range, the blocking temperature Tb is

selectable in the range of 160 to 400 °C. The

orthogonalization heat treatment is performed in the range



38 degrees, and nost preferably 90 degrees (orthogonalization of

magneti zation) for causing the magnetoresistance effect curve (MR curve)
to be asymetrical relative to the plus and mnus external magnetic fields
wWith respect to the zero external nagndiic field. For achi evi ng

t he orthogonalization of magnetization. it is necessary that the nagnetic
mul til ayered filngl S 5@Qje teg.to a vacuum heat treatnent at no | ess

t han t he bIocki%gaP@Hbé t8r10T ‘of the antiferronmagnetic layer 50 in the
magnetic field. This treatnent is called an orthogonalization heat
treatment, and a tenpef&t §P8%Aur Nnlg! 9t hed t rightthenimaggedareeds hance
orthogonal i zation tenperature. |t is also possible to provide the

ort hogonal i zat i otif fefct hengnbeed dfifomeddd Aolambee by lappt 37380, tHE sagneti c
field during the filmformation. However, in this case, the

ort hogonal i zat i ofpraiedt €0 Ry tbesathdstalr hed nimgne her asnavanadablf éecthéatm appl i ed
during the subsequent head fabricating process. Thus, it is preferable to

carry out the ofgiheaanshd zakkcorodieabriiaa Me0t BI0 thethé N@pest @ of the
head fabricating process. In the orthogonalization heat treatnent, it is

preferable to chaige nkye! Mg TaneliARklon disastion ahydnego s

antiferromagnetic |ayer ef erab e orthogonal 1 zati on tenperature
i's higher than fthre | ocki ng tterrlpg)r (%uvure t}fg andne! ower i%{gan a %erT{/)eratur_e
at which the i ndcd@§%ndlet™ L AN S8t FBRY PRENC LSS I Rbe PETESVer 20 is
lost. If the orftif?ggz%rdaéA %twé C%pield layers 300, 300.
The same materials and thicknesses as described in
the foregoing embodiment of the magnetic multilayered film
are preferably used for the ferromagnetic layer 40, the
non-magnetic metal layer 30, the soft magnetic tayer 20 and
the antiferromagnetic layer 50 used in the
magnetoresistance effect film 200 as the
magnetical ly-sensitive portion
As shown in Fig. 10, the current-flowing electrode
portions 100 are arranged so that both end portions 200a,
200a of the magnetoresistance effect film 200 are wholly
contacted with the electrode portions 100 in the laminate
direction of the magnetoresistance effect film 200. Then.
the electrons intensively flow through the portion
sandwiched between the soft magnetic layer 20 and the
ferromagnetic layer 40. At this time, the electrons are
magnetically scattered in accordance with the spin
directions of the soft magnetic layer 20 and the

ferromagnetic fayer 40, so that the resistance is greatly



39 heat treatnment is carried out when the blocking tenperature Tb is
hi gher than the tenperature at which the induced magneti ¢ ani sotropy of

the soft magnetic layer 20 is |ost. t he magneti zation direction of the
soft nmagnetic |ayer 20 is oriented inga nmagneti zation easy axis direction
relative to the external nmagnetic field so that the

magnet oresi stance effect curve relative to the external magnetic field is

subj ected to hystadredi docardiagse @ fing chpess ioh theneaksy! ™§9RAL taneousl y,
the output is | ownered. On the other hand, when the bl ocking tenperature
Tb is too |ower tiald tcae benpertedt tacke ast awhache tdlarigedwded |l ec hagreelt i ¢

ani sotropy of the soft nmagnetic |ayer 20 is | ost, t he exchange coupling
magnetic field Huissandet eri orated due to heat applied during operation
of an MR sensor in the magneti c recordi ng system and during the spin

val ve head  fabricating i@r%&yf&n%@%} hetfdrBe| dTREAEkhE MALKdal! IyeRgd film
can not work as a spin valve film That is, it is preferable to formthe
t

anti ferromagnet | g,J Qyep 591AYi 00 o LA BOCKING L ERPESAbULe, Th ghi ch s a

little | ower than nperature at e i nduced magnetic

ani sotropy of the soft nmagpetic layer 20 i.s lost, .and carry oyt the
orthogonalizati&ﬁrﬁézPr?r%%gH%Wffnlﬁy?hé%préggﬁP'FﬁJZﬁti fegnbﬁ“%etting a
conposition of the antiferromagnetic layer 50 within the foregoing range,
the bl ocking terfpa8Reledepy sanceepddeanl ef 11f 20e wadhpeo 8 2160 to

400 [err]C The orthogonalization heat treatnment is perforned in the
range magnetically-sensitive portion and the electrode portions

100 for conducting the measurement current, linking soft
magnetic layers 520 and antiferromagnetic layers 800 (or
hard magnetic layer 800) are interposed in order from the
side of the magnetoresistance effect film 200 as shown in
the drawing. Further, the linking soft magnetic layer 520
and the antiferromagnetic layer 800 (or hard magnetic layer
800) are formed such that their one end side covers a
portion of an upper side 200a (near the soft magnetic
layer) of the magnetoresistance effect film 200 and their
other end side gets under a lower surface 101 of the
electrode portion 100 as shown in the drawing. Further, an
end portion 102, located at the head center side, of the
electrode portion 100 is formed so as to cover a portion of
the upper side 200a (near the soft magnetic layer) of the
magnetoresistance effect film 200 and also cover upper end
portions 520a, 800a of the linking soft magnetic layer 520
and the antiferromagnetic layer 800, respectively. The

linking soft magnetic layer 520 is about 10nm in thickness



40 of about 150 to 410 [err]C. As shown in Fig. 10. in the

magnet oresi stance effect type head (MR head) 150. shield |ayers 300, 300
are forned so as to sandw ch the nagnetoresistance effect film 200 and
the el ectrode portions 100, 100 at the uvpper and |ower sides, and a

non- magnetic insulation layer 400 is formed at a portion between the
magnet oresi stance effect film 200 and the shield | ayers 300, 300.

The same materi @™ gadet i ckvesgsanmle. dédEpi pbideln. N HeRhor gbehiy

enbodi nent of the magnetic nulti layered fi Im are preferably used for the
ferromagnetic | &edrNg0, Fari€i arohFréghetTihe amtidlerteneaned0c ltaver sBfd nagnetic

| ayer 20 and the ant i fer romagnet i ¢ | ayer 50 wused i n the m
agnetores i stanice aboeftf 80tm fini thek@0Ds aras matdeho®, for example,
magneti cal | y-sensitive portion. As shown in Fig. 10, the

current-flowi ng ml gutrafe Wi a0 @ie Ad agged 30 .t e botdy end
portions 200a, 200a of the nmagnetoresistance effect film 200 are wholly

tacted with t t ' in: ; ' ' ti f
Che. magnet or oot SEaRee o PEET 9PB 14 3850 ok 4 FRLck@BeTAE natle EEC el

flow through the ortio sandwi ched between the soft magnetic |ayer 20
and t he ferronn‘gjﬁe?’{%&‘pfeayg(fpﬁﬁ?éj%&tt%ﬁi s time, the electrons are

magnetically scattered in accordance with the spin directions of the soft
magnetic layer 20 and Yhi such an arrangement, through effects of both

the linking soft magnetic layers 520 and the
antiferromagnetic layers 800 formed at the
magnetoresistance effect film 200, the longitudinal bias
can be given quite efficiently so that the MR head which
can suppress the Barkhausen noises can be achieved
Further, since the end portions 102 of the electrode
portions 100 are formed so as to cover the
magnetoresistance effect film 200, the MR head can be
provided wherein the signal magnetic field is not lowered
at the end portions of the element, and further, the
formation of narrow track width, such as no greater than
I um, is easy.

¥hen these MR heads are manufactured, heat treatments
such as baking, annealing, resist curing, etc. are
indispensable for a patterning process, a flattening
process, etc. in the manufacturing process

In generail, a probliem of heat-resistance frequently
occurs in the magnetoresistance effect film having the

foregoing magnetic multitayered film due to the thickness



ferromagnetic | ayer 40, so that the resistance is greatly

41 wvaried. Accordingly, a fine change of the external magnetic field can
be detected as a | arge change of electrical resistance. It is
particularly preferable that the MR head3having the spin valve filmof the
present invention has a head structure as shown in Fig. 11. Specifically,
bet ween the nagnetoresistance effect film 200 working as a

magnet i cal | y- sensift ¢aeh gever orfcanddtihe tel dloe mageeporad isisncd 6O feot
conducting the neasurenent current, |linking soft nmagnetic |ayers 520 and
antiferromagneti ¢ilmyergnd300 rfort i | mardd mbigmetafc thaymres800)inaeret iiont er posed
in order fromthe side of the nagnetoresistance effect film 200 as shown

in the draw ng. therhhefiet tdef ild nkiingaspl | edapohaii oy idyean i%3@ropng t he
antiferromagnetic | ayer 800 (or hard magnetic |ayer 800) are forned such

that their one elﬂggﬁétqgf @f{?%?d Sinathé)QﬁatginB@i@fla‘?@rUpP@rth?!’tdea £QQa(pear the

soft magnetic |ayer) e magnet oresi stance effect film 200 and their

ot her end side gets _u .l ower, surface, 101 of the, electrode, portion 100
25 shown i n e i 30 REFRELie Rert 37 380 67 b 103, BEELP LA A E he hea

center side, of the electr ortign 100 is faqrne 0 as, toQ.cover a

portion of the UPPRET&LUdE gg@aq%( r?éaﬁefsﬁe %"(ﬁetra(r?rééngggctq 2%9&9 $rthe

magnet or esi stance effect film 200 and al so cover upper end
about one hour. The heat treatment is generally performed
under vacuum, inert gas atmosphere, or atmospheric air.
Particularly, if the heat treatment is conductied under a
vacuum (pressure-reduced) state at 10 ~ Torr or less, a
magnetoresistance effect film (magnetic multilayered film)
whose characteristic is extremely less deteriorated can be
obtained. Furthermore, the MR characteristic is little
deteriorated even by lapping or polishing in the processing
step.

The invention of the foregoing magnetoresistance
effect film and the invention of the magnetoresistance
effect type head using such a magnetoresistance effect film
will be explained in further detail based on the following
concrete examples:

(Example 1)

First, experiments were carried out for examining
influence of the concentration of oxygen contained in the
antiferromagnetic layer as impurities, upon the exchange
coupling energy J (erg/cm?) between the antiferromagnetic

layer and the ferromagnetic layer and upon the blocking



portions 520a, 800a of the |linking soft magnetic |ayer 520 and the
antiferromagnetic |ayer 800, respectively. The 1linking soft magnetic |ayer
520 is about 1O0nmin thickness 42 and
made of, for exanple. NiFe, N FeCr. N FaRh, N FeRu, CoZrNb, FeAl Si and
FeZrN. The antiferromagnetic |ayer 800 is about 50nmin thickness and made
of, for exanple, Ru,Rh My, N M, FeWh, PtWh and a -Fe(Jerr]. The hard
magnetic |ayer 806MP&ai¥Euib-50nmin thickness and made of, for exanple,
CoPt and CoPt Cr. Wth such an arrangenent, through effects of both
the linking soft maghapiles wergepsep&2al. abpecitfieal bint ieatkroforthgnet i c

| ayers 800 fornmed at the nagnetoresistance effect film 200, the

| ongi tudi nal bi asamgbas lves gineparediittye seb ¢k icigendh ya goat hatubkheatd? head whi ch
can suppress the Barkhausen noi ses can be achieved. Further, since the end

portions 102 of Gheul agyéodea; MMt ih oS ckAd), ageferfrBni®Et 602y (O
cover the magnetoresistance effect film 200, the MR head can be provided

wherein the siangh (REBCtigAn’ 1Pl dhedSs |ANEEElter AR &N, PQT BhoNS Of

the el ement, and further, the fornmation of narrow tr ch as no
oreater nan L kbl Topk % PR lessd g TP ABEIE TR BSeur g,
ete. are Indispensanl g Linesd Ra' i Orde? Ramegcs®: @ flattening

The samples were prepared by changing materials and
composition ratios of the antiferromagnetic layers 50 as
shown in Table 1. In Table 1. material elements
corresponding to Ru. M, Mn,, are given by (ml, m2. m3). and
composition ratios thereof are given by (x1, y1, z1}

With respect to samples Nos. 1-1 to 1-11 of the
present invention shown in Table 1, the ultimate pressure
in the vacuum film forming apparatus was set to 8§ X 10 '°
Torr, the oxygen concentrations of the targets were set to
200 to 500 ppm, and the impurity concentration in the
sputtering gas was set to 30 ppb where the H.O
concentration was set to 8 ppb. On the other hand, with
respect to comparative samples Nos. 1-12 to 1-17 shown in
Table 1, the ultimate pressure in the vacuum film forming
apparatus was set to 3X 107 Torr, the oxygen
concentrations of the targets were set to 5, 800 ppm, and
the impurity concentration in the sputtering gas was set

to 300 ppb where the H.0 concentration was set to 140 ppb

The impurity concentrations (oxygen concentration.



process, etc. in the manufacturing process. In general a probl em of
heat -resi stance frequently occurs in the nagnetoresistance effect film
having the foregoing nagnetic nultilayered filmdue to the thickness

43 of each layer. According to the nagsetoresistance effect film
(magnetic nmultilayered film of the present invention. the magnetic field
is applied to provide anisotropic magnetic field in the magnetic |ayer,
so that after thearben | RIAMeAIRN i SUCAHT RN I aldQ t CBAPAERE at a
tenperature 300 [err]C or less, generally 100 to 300[err]C for about one
hour. The heat teeateehtat sogenet addoh pertfidere@magnader Vaveom theert gas
at nosphere, or atnospheric air. Particularly, if the heat treatnent is
conduct ed under axchaapuuwnuppriegsenergyedudedy/snat earad th@ bidokingr |ess, a
magnet or esi stance effect film (magnetic nultilayered film whose
characteristic iseysrfBley Thess redeheidaedt 64 €A BMenne rabidisbedbed
Furthernore, the MR characteristic is little deteriorated even by | apping
or polishing in r i ng S G i i O e

f or egoi ng nagnet%?ggﬁs?gﬁgéhneﬁpécéﬁﬁvPﬁ?%ﬁwetﬁlnﬁﬁggﬁ??g%ﬂ§ﬁqgh%h
magnet or esi stance__effect type hea ing such _a_magnet oresj st ef f ect
film wll be exﬁ?%?ﬁ@ﬂpﬁﬁ %Epfﬁgiﬂdgﬁgi?bﬁggggraH”?ﬁggfgfI%Vﬂzgﬁ?concrete
exanpl es: and the Tb dispersion degree half-value width ( C) were

measured in the manners described below

Measuring Method of Concentration of Impurity contained in

Antiferromagnetic Layer

Evaluation should be carried out relative to an
antiferromagnetic layer having a thickness used in an
actual head, which, however, exceeds the limit of analysis.
Accordingly, an antiferromagnetic layer having a thickness
of about 1 to 3 um is formed under the same film forming
condition and using the same film forming apparatus as
those for forming an actual magnetoresistance effect film
in this case, foi preventing influence from a side of the
substrate, a proper buffer layer of metal is provided and
for preventing oxidation, a protective layer of other meal
is provided as a top layer. Thereafter, quantitative
analysis is carried out using a secondary ion mass
spectroscopy (SIMS).

Measuring Method of Exchange Coupling Energy J (erg/cm?)

Magnetization curves are described in a magnetic

field of 1K0e using a vibration sample type magnetometer



(Exampl e 1) First, experinents were carried out for exam ning

i nfl uence of the concentration of oxygen contained in the
antiferromagnetic layer as inpurities, upon the exchange coupling energy
J (erg/cnferr]) between the antiferromagretic |ayer and the ferromagnetic
| ayer and upon the blocking 44
tenperature Th. | es mere prepared. Specificall g, each of the
sanpl es was prepéNéM)bymsiééﬁrﬁéc Hiea cgUAd g umaanedti6, fheld dihsund | ayer
(Ta: 5nnmin thickness), a ferromagnetic |ayer 40 (NiFe: 100nmin

t hi ckness), an dﬁfﬂf%ﬁrﬁjﬂmgﬂ@Qh(ﬂamayérZ&Kron croved TSgm ih thvivskaess),

and a protective |ayer 80 (Ta: 5nmin thickness) in the order naned.

The sanpl es wer e tpp eq@dr exbripye adfanbe nggnat iemnit abs candes meaporzidt hyprtheat i os of
the antiferromagnetic layers 50 as shown in Table 1. In Table 1,

mat erial el ement §ibearibeSPARGE NGt OndgHe t MeYBE eCush) . are t8é Vcﬁ@w hyg (g, ne,
nB8), and conposition ratios thereof are given by (xlI, yl,

Wih respect 10 Ragt e Mo chrietR dndvls Of naBific Pt EPEIN e!a% e'a&' gn_shown

in Table 1, the u mat e pressure in the vacu mn apparatus was

t to 8 X 10- T th £t t t ot
200 10 500 ppm ARGEPRET ns ey | EBnaBnEPAET of's HAIRE | p i BaFs RESgas was

set to 30 ppb where the H[err]O concentration was set to 8 ppb. On the
other hand with arplied upon film formation), and a magnetization curve B

shows a magnetization hard axis direction. As shown in Fig
14. the magnetization curve in the direction of the
magnetization easy axis shifts from the origin F due to the
exchange coupling magnetic field Hua. A magnetic field at
point E (middle point between point C and point D) shifting
from the origin F is defined as Hua. A value of the
exchange coupling magnetic field Hua is converted into a
value of the exchange coupling energy J using the following
equation (1):

J=Ms + Hua - d (1

wherein Ms represents a saturation magnetization of
the ferromagnetic layer, and d represents a thickness of
the ferromagnetic layer

Measuring Method of Blocking Temperature Tb

¥hile increasing the temperature, a temperature at
which Hua indicative of a strength of the exchange coup!ling
is fost is a blocking temperature Tb.

Tb Dispersion Degree at 120 °C

The temperature is increased to a value higher than



respect to conparative sanples Nos. 1-12 to 1-17 shown in Table 1, the
ultimate pressure in the vacuumfilmform ng apparatus was set to 3X

10 Torr, the oxygen concentrations of the targets were set to 5, 800
ppm and the inpurity concentration in4tthe sputtering gas was set to 300
ppb where the H20 concentration was set to 140 ppb. The inmpurity
concentrations (oxygen concentration. 4

5 carbon concen®? a@ 1RAf teslyubfl aek ot cleattnedteitone Ehl oth ile apeheéngrati on) in
each antiferromagnetic |ayer, the exchange coupling energy J (erg/cnjerr])
and the bl ocki ngnagreaiper dtield b alret edsupel Kde tihe ammnnensfdeseri bed

bel ow. Further, for examning the filmcharacteristic of each sanple in

detail, the Th dispensoon ithegt@meattd2d[ier gl&duaand tdwerdb € spessh on degree
hal f-value width ( [err]C were neasured in the manners descri bed bel ow.

Measuring Met hodté?lfpe%'ﬂg%‘tif@taibgﬂt0[ 1JRYrE VY EPNURI Befed Mt Hua s .
Antiferromagnetic Layer Eval uation should be carried out relative

(512 SoLL et TBIELAS Lo (Y AP TR g o it hee

antiferromagnetic | ayer havinq.a hi cknes f aboutcﬁ ho 3 [errlmis
formed under theRPANETY id RR9YHT r‘rfntj'e'éjoh’aitt €of! Hifd ' B3 Hg Mtfe FeaREIS i | m

form ng apparatus as those for form ng an actual magnetoresistance effect
film In this cdéségafroarptiedeit iimgreard tbhciempe rivace siodbigfert hlean

the blocking temperature Tb. Subsequently, while continuing
to apply the magnetic field in the same direction, cooling
is applied. In a moment when a sample is cooled down to a
temperature T (every 10 to 30 °C from room temperature to
300 °C) at which Tb dispersion is measured, the direction
of the magnetic field is reversed by 180 degrees. This
reverses the magnetization of the grains havin g local Tb
below the set temperature so that a value of Hua is reduced
from tHua every time the set temperature is increased, so
as to reach -Hua. Assuming that a measured value of Hua at
the set temperature is Hua(T), a reversal ratio R is
defined by R(T)=1.0 - (Hua - Hua(T))/2Hua. A further
detailed measuring method is described in the literature
"IBM J. Research and Development, vol. 34, pp 884, 1990"
and "J. Appl. Phys., vo!. 76. pp 5, 356. 1994".

120 °C is used as a criterion because an actual
head operation is carried out at 100 to 120 °C and the
ratio of Tb dispersion should be low at this temperature

region (120 °C). It can be said to be better as this value



substrate, a proper buffer |ayer of netal is provided and, for preventing
oxidation, a protective layer of other meal is provided as a top |ayer.
Thereafter, quantitative analysis is carried out using a secondary ion
mass spectroscopy (SIMS). Measuring Mashod of Exchange Coupling EnegyJ
(erg/cnferr]) Magneti zati on curves are described in a magnetic

field of 1KOe using a.vibration sanple type nagnetoneter .

46  (VSM, and ?W%OéwgﬁﬁﬁéQ Z0pl i ng magnetic fielﬁ Hua if ?eered from
such magnetization curves. Fig. 14 shows a typical exanple of the
nagnetigation curves né@sﬂﬁe@ﬁwyfﬁﬁé-aSvWHHQ@idﬁa%HWﬁB@eiW¥b0hﬁ§netpneter
(VSM. In the drawi ng, a magnetization curve A shows a magnetization easy
axis  directiond{sieretan degiae. witiidl afrd yragreemagndtiiel Hieddsin aappd i ed upon
filmformation), and a magnetization curve B shows a magnetization hard
axis direction. dsredtdwn bh Figmpleldend het imagnet| zeéa OmMCUEVEgs Mt he
direction of the magneti zation easy axis shifts fromthe origin F due to

the exchange caypliigdd TRERAELIE af inséneinH%erAt'%_gP@M&raftiuf?'edﬁ@tthe point E
(m ddl e point between point C and point D) shifting fromthe origin Fis

defined as Hua. éAém\ba}le“?s Oi‘:)nfctrt@ﬁsed %cgap%ecr%qﬁygn]g %grgg tfjfu*fg: ﬁg%t Ega IS

converted into a val ue e exchange coupli hg e
i ' : J = a. d (1
fol I ow ng equaggéH1r %% temperature tongoqp. in order Trgm)a lower

temperature) at which the Tb dispersion degree is measured,
the direction of magnetization is reversed by 180 degrees.
Thereafter, cooling is immediately started. After the
temperature of the sample is cooled to the room
temperature, Hua is measured. Upon the next measurement, a
magnetic field is again applied in the initial Hua
direction and, at the next measuring temperature T higher
than the prior measuring temperature, magnetization
reversal and cooling are carried out. A subsequent analysis

is the same as the foregoing

Tb Dispersion Degree Half-Value Width ( °C)

By plotting values obtained by differentiating the
reversal ratios at the foregoing Tb dispersion degrees with
temperature, that is, values of dR(T)/dT, relative to
temperatures, a distribution curve having a given peak is
obtained and a half-value width of this peak is derived
The distribution curve shows how is the ratio of the grains
having certain Tb. Thus, as the distribution curve becomes

narrower, it can be said that an ideal thin film is formed.



wherein Ms represents a saturation nmagnetization of the ferromagnetic

| ayer, and d represents a thickness of the ferromagnetic |ayer. Measuring
Met hod of Bl ocki ng Tenperature Th Wil e increasing the tenperature,
a tenperature at which Hua indicative af9 a strength of the exchange
coupling is |ost is a bl ocking tenperature Th. Tb Di spersion Degree at
120 [err]C tenperature is in¢greased to a val ue higher than

47  an expect ed 1Bl 60 He et 8hpBreRaUSE OTh ! S VAR &Sappdithg ha!fntedwstic fiel d
of about 0.2 to 5 KOe in a given fixed direction, the tenperature is
gradual |y | ower ed i8éhaof odm bt @ripdrabut eomycuatyeusolas ot A0 rtihe. TbAs a
result, Hua is generated in the applied nagnetic field. Thereafter, while
appl yi ng a magnetdispefrs edndha if-véleiedi rdtbt i on of Hua, heating is again
applied to increase the tenperature to higher than t he bl ocki ng
tenperature Tbh. Subsequently, while continuing to apply the magnetic
field in the sanme direction, cooling is applied. In a nonent when a
sanple is cooled down to a tenperature T (every 10 to 30 [err]C fromroom
tenperature to 300 [err]C) at which Th dispersion is neasured the
direction of the magnetic field is reversed by 180 degrees. This

reverses the nmagneti zation of the grains havin g |ocal Tb bel ow t he set
tenperature so that a value of Hua is reduced



from +Hua every tinme the set tenperature is increased, so as to reach
-Hua. Assumi ng that a neasured val ue of Hua at the set tenperature is
Hua(T), a reversal ratio Ris defined by R(T)=1.0 - (Hua -
Hua(T))/2Hua. A further detail ed measgping nethod is described in the
literature "IBM J. Research and Devel opnent, vol. 34, pp 884, 1990" and
"J. Appl. Phys., vol. 76. pp 5. 356, 1994". 120 [err]Cis used as a
criterion because an @qctual head operation is carried out af 100 to 120
[err]C and the ratfi @ &OTh di spersion should be |ow at this|tenperature
region (120 [err] O} wt;can be said to be better as this val pe
48 approxi mates tiozergl | 33 X 2 Ox 8he Jthes hand sa anpt her nmeasuring
nmet hod of Tb di spe IF—?| tlegree, while applying a nagnetic field in a Hua
direction of a sanple generating Hua, heating is again applied. Then, in
a nmonent when the tlergperatire of the sanple is increased tp a tenperature
T (every 10 to 30[grC , fromroomtenperature to 300[err]Q in order
froma | owner tenpergat LT e) dte which the Jdhodispes sd ongdegrep is nmeasured,
. . [ =] OO OO o O OO (e
the direction of ndgge®| aliQ: IS T &varsed By @@eg,rgeg Ther eaf t er,
coolingisimrediatel'gg% ted. After the tenperature of |the sanple
is cooled to the| room |tenperature, Hua is neasured. Upon the next
measurenent, a mggnet i< field is again applied in the initjal Hua
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direction and, at the next neasuring tenperature T higher than the prior
measuri ng tenperature, nmagnetization reversal and cooling are carried
out. A subsequent anal ysis is the sane as the foregoing. Th Di spersion
Degree Hal f-Value Wdth ( [err]C 51 By plotting val ues obtained by
differentiating the reversal ratios at the foregoing Tb di spersion degrees
wth tenperature, that 1is, values of dR(T)/dT, relative to

o dﬂ“ %véh?wﬁe g

tenperatures, a distriBbaPY o ecGFRE WEDE nEESY ' § Hk T@8'e ght 4hfRd and a
hal f-value width of this peak is derived. The distribution curve shows how
is the ratio of th8 grdl &N tHad hgncertt aP WY BIE.N TheB ! ad & the i @i Sttt ¢ but i on
curve beconmes narrower, it can be said that an ideal thin filmis forned.
49 This degree @ftidesperghonci sayeapresiemuedt tedse i halof maural diban & 88 of t he
Th distribution curve so as to be the Th dispersion half-val ue w dth.
50 atomic ppm. the highly excellent exchange coupling energy J
(for example. no less than 0.1 erg/cm?) and the highly
excellent blocking temperature Tb (for example, no less
than 200°C) can be obtained. it is seen that such an
excellent characteristic can not be obtained no more than
100, 000 ppm conventionally proposed. particularly around
60. 000 ppm (Japanese First Patent Publication No. 8-63715
corresponding to the prior art; sample No. 1-14).
Further, when the concentration of oxygen contained in
the antiferromagnetic layer as impurities is no more than
2,000 atomic ppm, the Tb dispersion degree at 120 °C is
small to provide an excellent film wherein the partial
magnetization reversal in the antiferromagnetic layer is
guite small around this temperature. It is seen that the Tb
dispersion degree half—val&e width is also small and the
antiferromagnetic layer is formed of the grains having the
highly uniform characteristics. Further, it was confirmed
that. as a condition required for accomplishing the oxygen
concentration of the antiferromagnetic laver of no more
than 2, 000 atomic ppm, the setting of the ultimate pressure
in the vacuum film forming apparatus to be no more than

2 xX10°° Torr was an important factor. Incidentally, it was

confirmed that, if the ultimate pressure in the vacuum film



[err]
[err]

[err]

[err] [err]

52

forming apparatus was changed to 1 X 10" Torr, the oxygen
concentration of the antiferromagnetic layer was rapidly
increased to exceed 2, 000 atomic ppm

Further, in preparation of the sample No. 1-1 of the
present invention shown in Table 1, it was confirmed that
when a target with the oxygen concentration exceeding 600
ppm was used, or the total concentration of impurities in
the sputtering gas introduced during film formation exceeds
100 ppb. the oxygen concentration of the antiferromagnetic
layer was rapidly increased to exceed 2, 000 atomic ppm. It
was also confirmed that, when the H.0 concentration in the
sputtering gas exceeds 40 ppb, the oxygen concentration of
the antiferromagnetic layer was rapidly increased to exceed
2,000 atomic ppm.

(Example 2)

Experiments were carried out for examining influence
of the concentrations of carbon, sulfur and chlorine
contained in the antiferromagnetic layer as impurities.
upon the exchange coupling energy J (erg/cm?) between the
antiferromagnetic layer and the ferromagnetic layer and
upon the biocking temperature Tb

Various samples (samples Nos. 2-1 to 2-7) were
prepared as shown in Table 2 by changing the carbon
concentration, the sulfur concentration and the chlorine
concentration in the antiferromagnetic layer in the sample

No. 1-1 of Example 1.

[err]



51 From the experinment results shown in Table 1, when the

concent rat ion of oxygen contained in the antiferromagnetic |ayer
as inpurities is no nore than 2.000 atomc ppm the highly excel |ent
exchange coupling energy J (for exanpleszno less than 0.1 erg/cnferr]) and
the highly excellent blocking tenperature Th (for exanple, no less than
200[err]C) can be obtained. It is seen that such an excellent
characteristic can not Wdhotssasaieto ibesosemtiiean evad@td@0 spprhacaevent i onal |y
proposed, particularly around 60, 000 ppm (Japanese First Patent Publ icat
ion No. 8-63715 Egampriesipenslicagrited dure e egsudts ;arsahphe iNoTable 14) .

Further, when the concentration of oxygen contained in t he
antiferromagnetic layer as inpurities is no nore than 2.000 atom c ppm
the Tb di spersion degree at 120 [err]C is smal|l to provide an excell ent
fi I mwherein the partial magneti zation reversal in the
antiferromagnetic |ayer is quite small around this tenperature. It is
seen that the Tb di spersion degree half-value wwdth is also small and
the antiferromagnetic layer is forned of the grains having the hi ghly
uni form characteristics. Further, it was confirned that, as a condition
requi red for acconplishing the oxygen concentration of the
antiferromagnetic | ayer of no nore than 2,000 atomi c ppm the setting of
the ultinmate pressure in the vacuum filmform ng apparatus to be no nore
than 2 X10-9 Torr was an inportant factor. Incidentally, it was



confirmed that, if the ultinmate pressure in the vacuum film

52 form ng apparatus was changed to 1x 10 Torr the oxygen concentration
of the antiferronmagnetic |ayer was rapidly i ncreased to exceed 2,000
atom c ppm Further, in prepar &4 on of the sanple No. 1-1 of the
present invention shown in Table 1, it was confirned that, when a target
with the oxygen concentration exceeding 600 ppmwas used, or the total
concentration of inpurities in the sputtering gas introduced during film

formation exceeds 100 pgpl, the bxygen concentration of the
antiferromagnetic |ayer gfraoldly i ncreased tp exceed 2.000 atom c ppm
It was al so confirned th —!Mh=n the Herr]O copcentration in the
sputtering gas exceeds 40 [ he oxygen ¢oacgniration of the
antiferronmagnetic |ayer |w& p d? ¥ i*nCr ®ased ¥o| exceed 2,000 atomi c ppm
(Exanpl e 2) Experk were carried out|for exam ning influence
of the concentrations of rbon, sul fur and chlorine contained in the
antiferromagnetic | ayer i rities, upon the| exchange coupling energy J
(erg/cnferr]) between tH iferromagnetic | ayer s&and the ferromagnetic
| ayer and upon the bl og et EhELEe"TE. 2 2 @ Various sanpl es
(sanples Nos. 2-1 to 2-] |t €par ed<as Ihewn |rg1hble 2 by changi ng
the carbon concentrati g sul fur concentratjon &nd the chlorine
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concentration in the antiferromagnetic layer in the sanple No. 1-1 of

Exanpl e 1. 53 Wth respect
to these sanples, evaluation simlar to Exanple 1 was carried out. The
results are shown in Table 2. 55 54 [err] [err]

55 From the experinment results shown in Table 2, when the total

concentration of carbo 3 sul fur anq.ch!orén ¢ c n%aineq.bn Bpev )
antiferromagnetic |ayer '88 thep§FPe| @entsr ﬁdﬁ@ Phih P00 at'BRi c ppm
the highly excell ent .
the total concentration of carbon, sulfur and chlorine
contained in the antiferromagnetic layer as impurities is
no more than 1,000 atomic ppm., the highly excellent
exchange coupling energy J (for example, no less than 0.1
erg/cm’) and the highly excellient blocking temperature Tb
(for example, no less than 200°C) can be obtained.

Further, when the total concentration of carbon
sulfur and chlorine contained in the antiferromagnetic
layer as impurities is no more than 1,000 atomic ppm (No.
1-1 and Nos. 2-1 to 2-3), the Tb dispersion degree at 120 °C

is small to provide an excellent film wherein the partial
magnetization reversal in the antiferromagnetic layer is
quite small around this temperature. It is seen that the Tb
dispersion degree half-value width is also small and the
antiferromagnetic layer is formed of the grains having the
highly uniform characteristics
(Example 3)

Experiments were carried out for examining influence
of oxygen contained in the soft magnetic layer, being a
free layer, as impurities.

Samples as shown in Table 3 were prepared.
Specifically, each of the samples was prepared by forming
and stacking, on a silicon substrate, a ground layer of Ta
(10nm in thickness), a Permalloy soft magnetic layer (NiFe;

10nm in thickness), and an oxidation preventing layer of Ta



exchange coupling energy J (for exanple, no less than 0.1
the highly excellent blocking tenperature Tb (for exanple,

erg/cnerr]) and
no | ess than

200[ err] C) can be obt ai ned. Further, when the total concentration
of carbon, sulfur and chlorine containekb in the antiferronmagnetic |ayer
as inpurities is no nore than 1, 000 atonic ppn1(hb 1-1 and Nos. 2-1to

2-3), the Tb dis sion degree at 12 r is small to provide an
excel lent film Wﬁg{n&" h ¢ S’| Paln t é{e ZAMednus ' 8g et sPy ht & hiag
antiferromagnetic |layer is qui te smal I around this tenperature. It is
that the Tb di SHEref-on degree hal f-value width is also small and the

antiferromagnetic layer is formed of the grains having the

characteristics. (ExahplRrepring the samppes.i rbatspuike eingacondid ions for
exam ning influence of oxygen contained in the soft nmagnetic |ayer, b
a free layer, aspdmpiarintiings.the Permal Sayrpd st amgslkaws il Bydabl @ g were
prepared. Specifically, each of the sanples was prepared by forning

stacking, on a siHdngeB. sWbgt rrdkBecd & QuRdIbaug)s 08-
t hi ckness), a Pernmall oy soft magnetic |ayer (N Fe;

an oxi dation pr%}%@%hpgnh%ﬁ?Ym9fhgﬂﬁan1 able 3 e u't'P?é?ﬂﬂasS“H%thod

u3|ng t e Spu

(1 Onmin thickness

f

a0 (4-9npy

Onmin thlckness)

I'n preparing the S?ma)lvacuum ?1 SnPL#E)trn?lrr%gn%pggrna us was set to 8§ X 10

Torr, the oxygen concentrations of the targets were set to

50 atomic ppm, and the impurity concentration in the

sputtering gas was set to 20 ppb where the H.,0

concentration was set to 8 ppb. On the other hand, with

respect to comparative samples Nos. 3-7 to 3-10 shown in

Table 3. the ultimate pressure in the vacuum film forming

apparatus was set to 3X 10" Torr,

the oxygen

concentrations of the targets were set to 5.800 ppm. and

the impurity concentration in the sputtering gas was set

to 300 ppb where the H,0 concentration was set to 170 ppb

With respect to each of the samples

the concentration

of impurities contained in the soft magnetic layer, the

coercive force Hc, the unidirectional anisotropic magnetic

field Hk, the skew angle dispersion S... of the soft

magnetic layer and the structure factor S of the soft

magnetic layer were examined

impurity Concentration in Soft Magnetic Layer

Experiments were carried out according to a method

similar to that of the impurity concentration of the

seen

hi ghly uni form

ei ng
and

and
56



upon formng the Permall oy soft magnetic |ayers were changed. Wth
respect to sanples Nos. 3-1 to 3-6 of the present invention shown in
Table 3, the ultinmate pressure in the vacuumfilmform ng apparatus was
set to 8 X 10 Torr, the oxygen concenbi7ati ons of the targets were set to
50 atom c ppm and the inpurity concentration in the Sputtering gas was
set to 20 ppb where the ? concentration was set to 8 ppb. On
the other hand, At “OT%QEEHi @@rconparatlve sanpl es Nos. 3-7 to 3-10
shown in Table 3, the ultimate pressure in the vacuumfilmform ng
apparatus was Heeend ik  3x 10 Torr, the oxygen concentrations of the
targets were set to 5.800 ppm and the inmpurity concentration in the
sputtering gas was set The mgagosmppb walsecar tilkd ¢tes] 'y dbaceht etitdnon was set
to 170 ppb. Wth respect to each of the sanples, the concentration
of inpurities coamaileedype thignsoht tergOeSHYT. |yer rekhbect coafci we force
Hc, the unidirectional anisotropic nagnetic field Hk, the skew angle

di sper si on Skewsgh| [dievanid is BRIBE! ih ltﬁey%rthenqqame StEdCype, factor S of
t he soft magnetic | ayer were exam ned I mpurity Concentration in Soft

Magnetic Layer ¢ ipe sE¥Qeﬁéf§pt§IW@ﬁﬁ %ﬁrﬁa?qﬁ y tﬁccqu'r% ol @2 Method

simlar to that of the uri concentration o

certain values.

Skew Angle Dispersion_S... and Structure Factor S of Soft

Magnetic Layer

Evaluation was carried out using the dynamic
differential magnetization rate measuring device. This
device applies the laser beam to the sample and, based on
its Kerr rotation angle change, anaiyzes the microscopic
magnetization fluctuation. The skew angle represents the
microscopic magnetization fluctuation and can be said to be
better as it is smaller, representing more uniform
characteristics. The structure factor S is a parameter
indicative of microscopic homogeneity, and is better as it
is smaller.

The results are shown in Table 3.



57 antiferromagnetic layer. Hc and Hk The measur enment was
carried out using the vibration sanple type magnetoneter (VSM. Wth
respect to Hc a snmaller value is better. On the other hand, it is a
feature of the soft material that Hk fsdls within a range of certain

val ues. Skew Angl e Di spersion Skew and Structure Factor S of Soft
Magneti c Layer Eval uation was carried out using the dynam c
differential magnetization rate neasuring device. This device applies the
| aser beamto the sanple and, based on its Kerr rotation angle change,

anal yzes the microscopic| magfetization fluctuation.|The skew angl e
represents the mcroscopic nggnetization fluctuatiopn and can be said to be
better as it is smaller,| representing nore uniform c¢haracteristics. The
structure factor Sis a par&ﬁ%ter“’”Hﬂﬁﬁdﬁ“ﬁé’ﬁToﬁPC‘oscopic honogenei ty,
and is better as it is snallgf = = TResr &8s ®s| are shown in Table 3.
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From thes experiment results shown in Table 3, it is
seen that, when the concentration of oxygen contained in
the soft magnetic layer as impurities is no more than 800
atomic ppm, the highly excelient Hc and Hk can be obtained

Further. when the oxygen concentration of the soft

magnetic layer is no more than 800 atomic ppm, it is seen



[err] [err] From the experinment results shown in Table
3, it is seen that, when the concentration of oxygen contained in the
soft magnetic layer as inpurities is no nore than 800 atomc ppm the

hi ghly excellent Hc and Hk can be obt ai aed. Further, when the oxygen
concentration of the soft nagnetic layer is no nore than 800 atom c ppm

It 1s seen that the values of the skew angie dispersion S,.. and the

structure factor S of the soft magnetic layer are both very
small so that the highiy excellent soft film having the
uniform characteristic and the homogeneity is formed

(Example 4)

Experiments were carried out for examining influence
of the concentrations of carbon, sulfur and chlorine
contained in the soft magnetic layer as impurities, upon
the film quality.

Various samples (samples Nos. 4-1 to 4-5) were
prepared as shown in Table 4 by changing the carbon
concentration, the sulfur concentration and the chlorine
concentration in the soft magnetic layer in the sample No.
3-1 of Example 3.

With respect to these samples, evaluation similar to

Example 3 was carried out. The results are shown in Table 4



59 that the values of the skew angle dispersion Serr], and the structure
factor S of the soft magnetic |layer are both very small so that the highly
excel l ent soft filmhaving the wuniformcharacteristic and the honbgeneity

is formed. (Exanple 4) Experiggnts were carried out for exam ning
i nfluence of the concentrations of carbon, sulfur and chlorine contained

in the soft magnetic layer as inpurities, upon the filmquality.

Various sanples (sanples Nos. 4-1 to 4-5) were prepared as shown in Table

4 by changi ng the carbon ?oncquration, the su] fur concentration and the
chlorine concentration in{the sofft nmagnetic |layer in the sanple No. 3-1
. Q) . ..
of Exanpl e 3. Wth|respegt| to these sanples, evaluation simlar to
Exanple 3 was carried out. |The rggults are shown in Table 4. 60
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From the experiment results shown in Table 4. it is
seen that, when the tota! concentration of carbon, sulfur
and chlorine contained in the soft magnetic layer as
impurities is no more than 500 atomic ppm (samples Nos. 4-1
to 4-3), the highly excellent Hc and Hk can be obtained

Further, when the total concentration of carbon,



61 sulfur and chlorine contained in the soft magnetic layer as inpurities
is no nore than 500 atom ¢ ppm (sanples Nos. 4-1 to 4-3), it is seen that
t he val ues of the skew angle dispersion S[err] and the structure factor S
of the soft magnetic layer are both vegy small so that the highly
excellent soft filmhaving the uniformcharacteristic and the honobgeneity
is formed. (Exanple 5) A spin valve (SV) type magnetoresi stance
ef fect type hedd s pfegdosdnasoshomiedi i fhg. soft, magnetic lagefsas a spin
val ve type magnet oresi stance effect filmwas prepared. Specifically, the
filmsanpl e was imprepeedi hyostaekithng) 560 atogibgtpmal gan® | ¢AINDSC it h
Al[err]O[err]), a ground layer 7 (Ta; 5nmin thickness), a soft nmagnetic

| ayer 20 (N Fe; tend-i3n. t hi ckesss)n, thanomnkhengniktdc ofettae skayesn@ e ( Cu;
2.5nmin thickness). a ferromagnetic layer 40 (Co; 3nmin thickness), an

antiferromagnet i shayeiom®, (Rahar th & eiclibeer 1A ar 5] berkhe ddmmin
t hi ckness) and a protective layer 80 (Ta: 5nmin thickness) in the order

named, so as ton%r%%?ﬁg.I£ﬁ§r@BQP%%Q%G§%§§aQﬁ9IeEBEQEastﬁehgggIY

. . 1
The inmpurity concentrations of the antiferromagnetic |ayer 50 were such
t hat the oxygen con arbon concentration: 210 ppm

t he sul fur coné%ﬁffﬁgﬁggg%gg*dﬁﬁﬁ%ﬁﬁglﬁ%égﬁﬂﬁ?ﬁhé*@éﬁ&@ﬂ?é&f?dﬁF‘390 ppm
On the other haqﬂéI&HggégPyJ”gyﬂﬁggfentrations of the
(Example 5)

A spin valve (SY) type magnetoresistance effect type
head was prepared as shown in Fig. 11.

First, a spin valve type magnetoresistance effect
film was prepared. Specifically, the film sample was
prepared by stacking, on a substrate 5 (AITIiC with Al.0:).
a ground layer T (Ta; b5nm in thickness), a soft magnetic
layer 20 (NiFe: Tnm in thickness), a non-magnetic metal
layer 30 (Cu; 2.5nm in thickness). a ferromagnetic layer 40
(Co; 3nm in thickness), an antiferromagnetic layer 50
(RuzRh,sMnz,; 10nm in thickness) and a2 protective layer 80
(Ta: bnm in thickness) in the order named, so as to prepare
the magnetoresistance effect type head

The impurity concentrations of the antiferromagnetic
layer 50 were such that the oxygen concentration: 280 ppm,
the carbon concentration: 210 ppm, the sulfur
concentration: 78 ppm and the chlorine concentration: 390

ppm. On the other hand, the impurity concentrations of the

soft magnetic layer 20 were such that the oxygen



soft magnetic | ayer 20 were such that the oxygen

62 concentration: 120 ppm the carbon concentration: 35 ppm t he

sul fur concentration: 20 ppm and the chlorine concentration: 150 ppm

In this nmagnetoresi stance effect type hgad, an upper shield |ayer and a

| ower shield |ayer were forned via an Alerr] gap film In this
magnet or esi stance effect type head, an i nductive head portion as shown in
Fig. 11 was fornmedcentr@geonfiiddl byn, NhEecavdonf oormedtt ot ivave3R domi, ckness of
10nm as linking soft magnetic |layers 520, and then Ru[err]Rh[err]MJerr]

was forned on thee isiking sofricemonetien! ay@rspm@20ntothavehl o ihli ckness of
10nm as antiferromagnetic | ayers 800. Thereafter, electrode portions 100

made of Ta were  fyudnRestionf on the antiferromagnetic |ayers 800 so
that the spin Cvi’lkfve S'\O/S’ Séggq)#agnet oresi stance effect type head was

prepared as shown in F g., 11 _Subsequently, ..n vacuum o 10 Torr, the
head was cool ed from 2{58“[1 ey F'T%’e&ﬂﬁ %és%ﬁﬁ%{ﬁfrf@ma%ypengaanet L UPPEI d of 2000e

in an in-plane djrection er pendi cul ar. measur enent current
direction, so a§'“ﬂ"oFé 'iaﬁfﬁﬂc%“{ We'BT”i"lrnis%deﬁegf @adterf B & anérF’% r'dfadheti c

|l ayer. A track width of the magnetoresistance effect type head was set
to 2[err] m whitl@-a%#eifght of the MR el ement was set to 1 [err] mand a

sense current was set to 4mA
In this magnetoresistance effect type head, an

inductive head portion as shown in Fig. 11 was formed
Specifically, NiFe was formed to have a thickness of {0nm
as linking soft magnetic layers 520, and then. Ru:Rh.:Mn:.
was formed on the linking soft magnetic layers 520 to have
a thickness of 10nm as antiferromagnetic layers 800.
Thereafter, electrode portions 100 made of Ta were further
formed on the antiferromagnetic layers 800 so that the spin
valve (SV) type magnetoresistance effect type head was
prepared as shown in Fig. 11. Subsequently, in vacuum of
1077 Torr, the head was cooled from 200 °C while applying a
magnetic field of 2000e in an in-plane direction
perpendicular to a measurement current direction, so as to
induce the pinning effect for the ferromagnetic layer. A
track width of the magnetoresistance effect type head was
set to 2um, while a height of the MR element was set to
1 um and a sense current was set to 4mA

A relationship between the applied magnetic field
and the output voltage was examined using the

magnetoresistance effect type head, and the output voltage



A rel ationship between the applied magnetic field and the output voltage
was exam ned using the nagnetoresistance effect type head, and the output

vol t age 63 of 3.6mV was confirnmed. This is
a very large value which is about tw gg the normal spin valve head.
(Exanpl e 6) Fig. 12 shows an exanple in whi ¢ h the

magnet oresi stance effect filmof the present invention is applied to a
yoke-type MR heaé.3.l6mVtddss cexianped, Thicutsoatveriys | dmpeneal wt whigbonsi on of
yokes 600, 600. and a magnetoresistance effect film 200 is forned

t her ebet ween Vvhlgoa thiice tHeshdraki apifhiviatvet®@ad The magnet or esi st ance effect
film200 is provided with electrodes (not shown) for feeding a current in

a direction par@ghﬁgggg)or perpendi cular to a magnetic path forned by the
yokes 600. 600. (Exanple 7) Fig. 13 shows an exanple in

which the magnetores isé anqezlvsg hgg\,& f% hmeo;aﬁ]gq eor?egfaqgw | ppention is

applied to a flux guide type n this exanp magnet or esi st ance

effect film200 is netically coupled t | ux gqui de .l ayers 700 and 710
of high resi stiq}?qfiﬁqgﬁas'%aaﬁep%r ﬁégbﬁﬂi”‘t 9? gll}?epfga‘?@"gdf‘& "'elf® 700 and
710 indirectly conduct a signal magnetic field to the magnetoresistance
effect film 2008PHHuEdnE? ,a vrkeatyP§ols Migghet |t thisus¥aATPIR. | &yeitoudo. a fl ux

back gui de | ayer
is formed at a portion of yokes 600, 600, and a

magnetoresistance effect film 200 is formed therebetween
via a thin insulation film 400. The magnetoresistance
effect film 200 is provided with electrodes (not shown) for
feeding a current in a direction parallel to or
perpendicular to a magnetic path formed by the yokes 600
600.

(Example T)

Fig. 13 shows an example in which the
magnetoresistance effect film of the present invention is
applied to a flux guide type MR head. In this example, a
magnetoresistanve effect film 200 is magnetically coupled
to flux guide layers 700 and 710 of high resistivity and
high permeability. The flux guide layers 700 and 710
indirectly conduct a signal magnetic field to the
magnetoresistance effect film 200. Further, via a
non-magnetic insulation layer 400. a flux back guide layer
600 (escape path for magnetic flux passing the
magnetoresistance effect film 200) is formed. Flux back

guide layers 600 may be provided at both sides the



600 (escape path for magnetic flux passing the nmagnetoresistance effect
film200) is formed. Flux back guide |layers 600 nay be provided at both

si des the 64 magnet or esi stance effect film
200 via the non-magnetic insulation | gyer 400. A feature of this head
resides in that a magnetic field detecting portion thereof can

approximate a recording nediumin a nearly abutting fashion so that the

hi gh out put canmbgnebdediedance effectAF idppReCiAtedhkr aomthwyfearegoi ng
results, according to the preferred enbodi nents of the present invention,

since the inpuriihkgsa CUH abped 400. 1 Refe AN dd @FF PHRINMRLUC 6 QYRS gpe _
regul ated, there can be provided the nmagnetoresistance effect film having

t he high-quali nt.i netlcyl i |,S excell i t her nmal
stability, oot f foene] Tﬂgﬁf‘gﬂ??n?ﬁ 5%@‘%5&?@"%3’95&'?@ gﬁg(?%}ogjhpya/nexcel | ent
in pinning effect Fur ca

. her, there .be .pr vide? t.he n % resi stance
eftoct  type hedtPUH LRI ¢ Bl End ePRL HE el oL D u s TR R e
magnetic field sensitiéity_ nd large in N& change ratio. Mboreover, since
the inpurities EBNERTNEY Might pEPEbIEN BeagRERINRd [ayer are regul ated, there
can be provided the magnetoresistance effect film as well as the
magnet or esi st ance ef f et anmpee heate dhif ¢lamartd eexfceld&ntng nr e sof t smagneti c
property and high in magnetic field sensitivity.
according to the preferred embodiments of the present
invention, since the impurities contained in the
antiferromagnetic layer are regulated, there can be
provided the magnetoresistance effect film having the
high-quality antiferromagnetic layer which is excellent in
thermal stability, sufficiently high in blocking
temperature and highly excellent in pinning effect.
Further, there can be provided the magnetoresistance effect
type head which is excellent in thermal stability, high in
magnetic field sensitivity and large in MR change ratio
Moreover, since the impurities contained in the soft
magnetic lavyer are regulated, there can be provided the
magnetoresistance effect film as well as the
magnetoresistance effect type head which are excellent in

soft magnetic property and high in magnetic field

sensitivity.



65 VWHAT IS CLAI MED | S: 1.
magnet oresi stance effect film conprising a nmagneti

A spin v

C til
including a non-magnetic netal |ayer, a ferromagnetngm

surface of the non-magnetic netal |ayergs a soft
the other surface of said non-nmagnetic netal |ayer,

and an

al ve type
ayered film

WG oo

antiferromagnetic layer which is fornmed on a surface of said ferromagnetic
| ayer renote froma surface th#tsgolS gbMMEDNp:sai d non-magnetic netal

| ayer so as to pin a direction of magnetization of

said fe

rromagnetic

| ayer, wherein said antiferromagnetic |ayer contains oxygen as inpurities
and a concentration of oxygen contained in said antiferronagnetic |ayer is

set to 1to 2 POO at sams iRPMEIve t9pe ma%mowgngwﬁéle&t@e@efemect fillm
ic layer further

according to aim 1, ereln sai d antiterromagnet

contains at |ea ne. se ected fr.o r u d. e,as
inpurities, andéém% tot'? cgﬁg%ﬁ?ﬂg;ﬁﬁéqg?agﬁpgg i ﬁﬁl ngugLé udlng at

| east said one of carbon, sulfur Q orine i g d1 000 atom c
ppm 3. bmﬁa@%tcowsg?'st'aﬁe@ & T8EEOMINAT He ee/afn ff“a ¥ aim 1.

wherein said antiferromagnetic |ayer further
one surface of the non-magnetic metal

fayer,

a soft

magnetic layer formed on the other surface of said
non-magnetic metal layer, and an antiferromagnetic layer
which is formed on a surface of said ferromagnetic layer
remote from a surface thereof abutting said non-magnetic
metal layer so as to pin a direction of magnetization of
said ferromagnetic layer. wherein said antiferromagnetic

layer contains oxygen as impurities and a concentration of

oxygen contained in said antiferromagnetic layer is set to

I to 2.000 atomic ppm

2. The magnetoresistance effect film according to

claim 1, wherein said antiferromagnetic layer f

contains at {east one selected from carbon, sulf

urther

ur and

chlorine as impurities, and the total concentration of the

impurities including at feast said one of carbon

and chlorine is set to 1 to 1,000 atomic ppm.

sul fur

3 The magnetoresistance effect film according to

claim 1. wherein said antiferromagnetic layer f

contains carbon, sulfur and chlorine as impurities,

urther

and the



contains carbon, sulfur and chlorine as inpurities, and the

66 total concentration of carbon, sulfur and chlorine
antiferromagnetic layer is set to 1 to 1,000 atom' C ppnﬂ“"ﬂmﬁlgllrlﬂﬂmglf
magnet or esi st ance effect f|In1accord|ng6%o claim1l1. wherelre sal
antiferromagnetic layer is nade of M M mhere M represents one
selected fromRu, Rh. Re, Pt. Pd, Au, Ag, Fe, Ni and Cr. 15 [err]x

[err] 58, and thetamdt oénaentsantomabbocarb&. sul flihe amgneh or egi &t ance
effect filmaccording to claiml, wherein said antiferromagnetic |ayer is

made of M M errddvhainber e each aft iVeramthdeqrit] | ayapr ésesds toné sel ect ed
fromRu, Rh, Re, Pt, Pd, Au, Ag, Fe, N and Cr, 1 [err]p [err]54, 1 [err]q
[err] 54. 45[errﬂ000hﬁ6hh:%§n 15[err]p+q [err] 55, and the unit of p, q

and r is atom c% he magnet oresi stance effect filmaccording to
claim1l1, wherein a half value wi dth of a blocking tenperature distribution
curve of said magnetic multilayered filmis set to no nore than 80 [err]C.
and a bl ocking enperggure di sper si.o |d ma netlc

. ( Qde%re of s@l g FuhSg to
multilayered fil'mat 120FePRIT TS &5de 'BCRo® hbEFE! thal ¢erg 9!

claim 1, wherein said antiferromagnetic layer is made of
M.Mn---.. where M represents one selected from Ru, Rh. Re
Pt. Pd, Au, Ag, Fe, Ni and Cr. 15 <x =58, and the unit of x

is atomic%

5. The magnetoresistance effect film according to
claim 1, wherein said antiferromagnetic layer is made of
M -M?.Mn, where each of M' and M’ represents one selected
from Ru, Rh, Re, Pt, Pd., Au, Ag, Fe, Ni and Cr, 1 £p =54,
1 <q =54, 45=<r <8h, 15=ptg =55 and the unit of p. q

and r is atomick.

6. The magnetoresistance effect film according to
claim 1, wherein a half-value width of a blocking
temperature distribution curve of said magnetic
multilayered film is set to no more than 80 °C., and a
biocking temperature dispersion degree of said magnetic

multilayered film at 120°C is set to no more than (.10

1. The magnetoresistance effect film according to

claim 1, wherein a blocking temperature of said magnetic



7. . The magnet oresi stance effect filmaccording to claim1, wherein a
bl ocki ng tenperature of said magnetic | ayered fil
less than 200[err]C The magnet or esi st ance eff mrl " ﬁ'"slwmlmmg

to 1. wherein an exchange coupli ngsenergy between said
ferromagnetic | ayer and said ferromagnetic |ayer is set [err] Iess
than 0. 10 erg/cnferr]. The negnet oresi stance effect film

according to mﬂeﬂﬂ?vﬁpﬁ]ﬁim wheetite saildsarthan 00&agnetic | ayer is forned
by scuttering nethod in a vacuumfilmform ng apparatus [err] to an

ultimte pressure of no nore than 2x 10-9 and under an at nosphere of
sputtering gas introduced [err] filmformation, wusing a target of an
oxygen ceptrati dmeomanBedFf €sihoan&H%k Plyot fand woebebdmghe, total

concentration of inpurities in the sputtering gas is [err] to no nore
than 100 ppb and, @, qonﬂeéuer.ﬁtsa@rmfhah'ag dcﬂ,lpl .Bsrér]e@p%éﬁmeﬁg gpg I's set to

no nore than 40 ppb A spin val ve type nmagneforesi stance effect

film ' comprisj gf@rp&%ﬁﬁ%lc Tyl 1 AMeLerh Rl FadaBgb Ul 9y ol SEp] magnetic

netal |ayer, errona er fTornme Je’sur
non- magneti c netal e nagnetlc Iayer formed on the other
surface of said 'esz {Han Osl% erg/cm

¢ The magnetoresistance effect film according to
olair 1, wherein said antiferromagnetic layer is formed by
A sputtering method in a vacuum film forming apparatus
cegassed to an ultimate pressure of no more than 2x1(0-°
‘2:r and under an atmosphere of sputtering gas introduced
upen film formation, using a target of an oxygen
cuecentration of no more than 600 ppm, and wherein the
ti+al concentration of impurities in the sputtering gas is
s¢7 to no more than 100 ppb and a concentration of H,0 in

b2 sputtering gas is set to no more than 40 ppb.

10. A spin valve type magnetoresistance effect film

<

cemnrising a magnetic multilayered film including a
ror-ragnetic metal layer, a ferromagnetic layer formed on
vrre surface of the non-magnetic metal layer, a soft
ragnetic layer formed on the other surface of said
ncr-magnetic metal layer, and an antiferromagnetic layer
which is formed on a surface of said ferromagnetic layer

rercte from a surface thereof abutting said non-magnetic



[err]-magnetic netal |ayer, and an antiferronmagnetic |ayer which is formed
on a surface of said ferromagnetic |layer renote froma ﬂurface t her eof

abutting said non-magnetic nmetal |ayer so as to gj‘mm Mi of
I

magneti zation of said ferromagnetic |aggr, wherein said
| ayer contains oxygen as inpurities and a concentration of oxyge
contained in said antiferromagnetic layer is set to 1 to 2,000 atom c ppm
and wherei n sai diesaft!ayegneti as [t@yein aahitrat hsoroxygeagres iizapusn tdfes and a
concentration of oxygen contained in said soft magnetic layer is set to 1
to 800 atonic ppmd ferrbhagnet ikhe apagnatheresh s¢aarcen ef feacbmbgheni@ccor di ng
to claim 10, wherein said antiferromagnetic |ayer further contains at

| east one sel ectiggle f r@mt & AHPORygelllak Urmpandt i &hlapl i e ofsed AW L igS, and the
total concentration of the inpurities including at |east said one of

car bon, sul fUr _oapgeeBAE Ral oo S840t ahel 119:choBD: A 9T AT, ANd wher ein

said soft magnetic |ayer further contains at ast one’ selec from

carbon, sulfur an ine as inmpurities, . and the total congcentration of
the impurities ?ng? %.b% agtom'? ERLy A WNE6dN 019 18ap Blon ML Gr "8IS chi or i ne
contained in said soft magneti ¢ layer is set to 1 to 500 atom c ppm

12. The magn&PBIHESsOYIER &F fBRY iftji pinREchr@nAg '@t ton of oxygen

contained in said soft magnetic layer is set to ] to 800

atomic ppm.

1. The magnetoresistance effect film according to
claim 10, wherein said antiferromagnetic layer further
contains at least one selected from carbon, sulfur and
chlorine as impurities, and the total concentration of the
impurities including at least said one of carbon, sulfur
and chlorine is set to 1 to 1,000 atomic ppm. and wherein
said soft magnetic layer further contains at least one
selected from carbon, sulfur and chlorine as impurities,
and the total concentration of the impurities including at
feast said one of carbon, sulfur and chlorine contained in

said soft magnetic layer is set to 1 to 500 atomic ppm.

12. The magnetoresistance effect film according to
claim 10, wherein said antiferromagnetic layer further
contains carbon, sulfur and chlorine as impurities, and the
total concentration of carbon, sulfur and chiorine

contained in said antiferromagnetic layer is set to | to



claim 10, wherein said antiferromagnetic |ayer further contains carbon,

sul fur and chlorine as inpurities, and the total concentrati n,
sul fur and chlorine contained in said antiferromgneti ﬂl“ﬂ ﬁ@ggj ﬁf&ﬁﬁ 1
to 1,000 atomi c ppm and whereign said soft nmg st her
contains carbon, sulfur and chlorine as inpurities, and the total
concentration of carbon, sulfur and chlorine contained in said soft
magnetic |ayer ib & atomict ppBO@NdatbATe i ppyaid sofg magneths layer
magnet or esi stance effect filmaccording to claim 10, wherein said
antiferronagnetiﬁuﬁayermﬂSanadeadkm.N&M[hmr@mMMBt@rWMre$Hasenh3esne
selected fromRu, Rh, Re. Pt, Pd, Au, Ag, Fe, NI and Cr. 15 [err]x

[err] 58, and theanthitheofota! tenc@honatd%n of chdbon, sliheumagdedioieshsét ance
effect filmaccording to claim10, wherein said antiferronmagnetic |ayer is

made of M M ergdnt¥ineWhel &agack, f m%n@m %x?ér].sr%la&eﬁ@mt%oO?@ sel ect ed
fromRu, Rh, Re, Pt, Pd, Au, Ag, Fe, N , [err] ?err]q

[err] 54, 45[err] fomk &bk 85, 15[err] p+q [err] 55, and the unit of p, ¢
and r is atom c% 5 The magnet oresi stance effect filmaccording to

claim 10. wherein a half-value width of a bl ocking

13. The magnetoresistance effect film according to
claim 10, wherein said antiferromagnetic layer is made of
M.Mn... . where M represents one selected from Ru, Rh, Re.
Pt, Pd, Au, Ag, Fe, Ni and Cr. 15 <x <58, and the unit of x

is atomick.

14. The magnetoresistance effect film according to
claim 10, wherein said antiferromagnetic layer is made of
M .M .Mn. where each of M' and M? represents one selected
from Ru, Rh, Re, Pt, Pd, Au, Ag, Fe, Ni and Cr,1=p =54,
1 =g =54, 45=<r <85, 15=<ptq =55, and the unit of p, g

and r is atomicyk

15. The magnetoresistance effect film according to
claim 10, wherein a half-value width of a blocking
temperature distribution curve of said magnetic
multilayered film is set to no more than 80 °C. and a
blocking temperature dispersion degree of said magnetic

multilayered film at 120°C is set to no more than 0. 10



tenperature distribution curve of said magnetic nultilayered filmis set

to no nore than 80 [err]C, and a bl ocking tenperature (i r of
said magnetic nultilayered filmat 120[err]Cis set to ﬂiﬂ@ﬁagi f@ﬁgo.
16. The magnet oresi stance effect filngaccording to I , N oa

bl ocki ng tenperature of said magnetic nultilayered filmis set to no |less
than 200[err] C. 17. The magnetoresi stance effect filmaccording to
claim 10, wherei han eXbfaRganebants i a85&r §Y T Bet vkl Sgicgrding to
antiferromagnetic |ayer and said ferromagnetic |layer is set to no |ess
than 0.10 erg/cnfktim 10. whegein a PHeckinghdespersityr antle sef € gtagntitien
according to claim10. wherein a structure factor of the soft magnetic

| ayer of said nagwet iayemed tfiilmyiered fo lnm iesssetant200f® nore than 30 x 10 -
erg/cm, and a skew angl e dispersion of said soft nmagnetic layer is set to
no nore than 2 deg. 19. The magnet oresi stance effect film according
to claim 10, wherein said soft nagnetic layer is forned by a sputtering

method in a vacupm fil mhbopahngt ARRAIAGHS ¢ @ﬁgééﬁeﬂnmpa%eovpﬁ£aﬂ%@ pressure
of no nore than 2X 10 [err| ~“Torr and under an atnosphere of sputtering gas

i ntroduced upon, IfaJ llmrq é.oerE‘Fé Rmn’anuﬁc@ugnge tc%'{JgﬂngOfengpgyoﬁxgneenen said

antiferromagnetic layer and said ferromagnetic layer is set

to no less than (0. 10 erg/cm’.

18. The magnetoresistance effect film according to
claim 10. wherein a structure factor of the soft magnetic
fayer of said magnetic multilayered film is set to no more
than 30 X 10°° erg/cm’, and a skew angle dispersion of

said soft magnetic layer is set to no more than 2 deg.

19. The magnetoresistance effect film according to
claim 10, wherein said soft magnetic layer is formed by a
sputtering method in a vacuum film fcrming apparatus
degassed to an ultimate pressure of no more than 2x 10 °©
Torr and under an atmosphere of sputtering gas introduced
upon film formation, using a target of an oxygen
concentration of no more than 100 ppm. and wherein the
total concentration of impurities in the sputtering gas is
set to no more than 100 ppb and a concentration of H.0 in

the sputtering gas is set to no more than 40 ppb



concentration of no nore than 100 ppm and wherein the total concentration
of inpurities in the sputtering gas is set to no nore than 100 ppb and a

copcentretion gf Kol et 20 20 e AP

magnet or esi stance effect film conductive filns and el ectrdde‘poftions,
wherein said conductive filns are conductively connected to said

magnet or esi st anc@0.ef f edt matint mtelsri stignces @if de et aopeobieadportb bisingand sai d
magnet or esi stance effect filmis a spin valve type magnetoresistance
effect filmwhichagaspot&eess aamagnetieact nul itn,| ayerded tfiiviemfiinakudhdg a
non-magnetic netal layer, a ferromagnetic |ayer fornmed on one surface of

the non-nagnetig|getaddd ayaioAsSOohke rRONaidi@ kaveltct ordred @8 atBe ot her
surface of said non-magnetic nmetal |layer, and an antiferromagnetic |ayer

which is formed 92 &Hrvfegg:?tg‘tneﬁ%iddtgesre{icbnﬁggrz% dsFUREnEEMMLRhrom &

surface thereof Bu ting non- magnetic nme ayer so as to pin a

di rection of nagneﬁizg%ion of said fe rona%%etic J? er anqujmheﬁ in said
antiferromagneti &' '8y cCvheRi A€ idkyigehc AL ° GEmAit it 885and™E cohédntration
of oxygen contained in said antiferronaggeﬁic.la er is set to,1 to 2.000
atonmi c ppm onagnetepgshabAREBr 85 86 Ande Br f8cP PPPR hBAYCal¥BPding to

claim 20. wherein said antiferromagnetic |ayer further _
magnetoresistance effect film which comprises a magnetic

multitayered film including a non-magnetic metal layer, a
ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of said non-magnetic metal layer, and an
antiferromagnetic layer which is formed on a surface of
said ferromagnetic layer remote from a surface thereof
abutting said non-magnetic metal layer so as to pin a
direction of magnetization of said ferromagnetic layer., and
wherein said antiferromagnetic layer contains oxygen as
impurities and a concentration of oxygen contained in said

antiferromagnetic layer is set to | to 2.000 atomic ppm.

21. The magnetoresistance effect type head according to

claim 20, wherein said antiferromagnetic layer further
contains at least one selected from carbon, sulfur and
chlorine as impurities, and the total concentration of the
impurities including at least said one of carbon, sulfur

and chlorine is set to 1 to 1,000 atomic ppm.



contains at |east one selected fromcarbon, sulfur and chlorine as
inpurities, and the total concentration of the inpurities i

| east said one of carbon, sulfur and chlorine is set to 1",mhm1mﬁagmm
ppm 72, 22. The magnet oresics "
effect type head according to claim20, wherein said antiferromagnetic

| ayer further contains carbon, sulfur and chlorine as inpyrities, and the
total concentratidn of Td“érfb%ﬂﬁ‘,et%r@Ff%Fra”%(?ff:?ﬂtoﬂﬂﬁehe%oﬁ‘icé’lrab@ t%h said
antiferromagnetic layer is set to 1 to 1,000 atom c ppm 23. The
magnet or esi st ance leffie2l. twyes choasha bt covtdif agremagnatdicml 2ve r vheridied a

hal f -value wdth of a blocking tenperature distribution curve of said
magnetic multil ayeradsf ¢dmiohs seafut andochmiomrénd raanigr[iéred. Candridiea

bl ocki ng tenperature dispersion degree of said magnetic mnultilayered film

at 120[err]Cis sek4ti0:RAcHRRE athaR 811@arbon24sul fuFhenaagneboriesi st ance
ef fect type head according to claim20, wherein a bl ocking tenperature of

said magnetic milfilayered gébgéh%iﬁ ro%@gﬁ@th?35y5h@F 2Q0[ es rl Go 25.

The magnet or esi stance effect t head according to claim20, wherein an
exchange COUD"”?,&ﬂFgﬂ%ngﬁnge” sai d
23 The magnetoresistance effect type head according to

claim 20, wherein a half-value width of a blocking
temperature distribution curve of said magnetic
multilayered film is set to no more than 80 C. and a
blocking temperature dispersion degree of said magnetic

multilayered film at 120°C is set to no more than 0. 10

24. The magnetoresistance effect type head according to
claim 20, wherein a blocking temperature of said magnetic

multilayered film is set to no less than 200°C.

25. The magnetoresistance effect type head according to
claim 20, wherein an exchange coupling energy between said
antiferromagnetic layer and said ferromagnetic layer is set

to no less than 0.10 erg/cm?

26. A magnetoresistance effect type head comprising a
magnetoresistance effect film, conductive films and

electrode portions, wherein said conductive films are



anti ferromagnetic |layer and said ferromagnetic |layer is set to no |ess
than 0.10 erg/cnferr]. 26. A magnet or esi st ance e ﬁuuﬂﬂﬂ“
conprising a nagnetoresistance effect film conducti mem‘mm

el ectrode portions, wherein said conductihve filnms are * ¢ ' &onductively
connected to said magnetoresi stance effect filmthrough said el ectrode
portions, and said magnetoresistance effect filmis a spin valve type
magnet or esi st anceoabfiectvdliyl opming ctiedc oopsa sk snagnebgnetiisd anpeil ¢ fiflesytered film
i ncluding a non-nmagnetic netal layer, a ferromagnetic |ayer formed on one

surface of the nmon-magRebughMtald| ayeet ra &ofpormagoetsi.c dayesafidr med on
the other surface of said non-magnetic netal |ayer, and an

antiferronagneti%ab%%qkrwghgha%%efgqqggtonqusu@f%c%pqm vaaivg frepeomagnetic
| ayer renmote froma surface thereof abutting said non-nagnetic netal |ayer

ersinoshi o MaBRE IO 1afMR0RFELEEtE AR, Oh i P cOnh PTIATBIREI ik o

wherein said antiféerromagneti ayer contains oxygen as inpurities and a
concentration of o n contained in said antiferromagnetic_|ayer is set
to 1 to 2,000 atgHﬁiggﬁ fedaﬁdmmhgﬂéﬂﬁﬂga?d"@oW?WH§dﬁeﬁ %ﬂlgﬁéﬁncgntains
oxygen as inpurities and a concentration of oxygen con}ained in said soft
magnetic |ayer idedetonagre t ot by &af ofPEMggmon one surface of the

non-magnetic metal layer, a soft magnetic layer formed on
the other surface of said non-magnetic metal layer, and an
antiferromagnetic layer which is formed on a surface of
said ferromagnetic layer remote from a surface thereof
abutting said non-magnetic metal layer so as to pin a
direction of magnetization of said ferromagnetic layer

wherein said antiferromagnetic layer contains oxygen as
impurities and a concentration of oxygen contained in said
antiferromagnetic layer is set to 1 to 2,000 atomic ppm,
and wherein said soft magnetic layer contains oxygen as
impurities and a concentration of oxygen contained in said

soft magnetic layer is set to 1 to 800 atomic ppm

27. The magnetoresistance effect type head according to

claim 26, wherein said antiferromagnetic layer further
contains at least one selected from carbon, sulfur and
chlorine as impurities, and the total concentration of the
impurities including at least said one of carbon, sulfur
and chlorine is set to 1 to 1,000 atomic ppm, and wherein

said soft magnetic layer further contains at least one



27. The magnet oresi stance effect type head according to claim 26,
wherein said antiferromagnetic |ayer further contains at u“a

sel ected fromcarbon, sulfur and chlorine as inpuri t u‘g@mﬂ § I
concentration of the inpurities includypg at |east s car bon,
sulfur and chlorine is set to 1 to 1.000 atom c ppm and wherein said
soft magnetic |ayer further contains at |east one sel ected from
carbon, sul fur asd!ehiast ifmemazaribopursulifes, andrmd lohéne dsalimeohcld§sr at i on of
t he inpurltles including at |east said one of carbon, sulfur and chlorine
contained in saiaddsodfet ioBgnebheentageion ofste timpdr ittcbesoi(mcaud)nig: appm

28. The magnet oresi stance effect type head according to claim26.

wherein said antijbgsy aamngngtel 6f | @ebnf Witihgr andogh @irnse cant@medsuhf ur and
chlorine as inpurities, and the total concentration of carbon, sulfur and

chl orine _contai aggh s SgheheAN ibed QURGACH q LS80 sy Repprd.0 1 t0 1,000

atom c ppm and erein sal sof magnetic | ayer urther contains carbon
sul fur and chlorine as inpurities, and the total concentration of carbon,
sul fur and chl ori ne contained in said soft magnetic layer is set to 1 to
500 atom c ppm The nagnetore5| t ance effﬁct t pe hqﬁd accordi ng

to claim 26, Wn@gel n Thﬁd?ﬁ“g”?r%ﬂrﬁ ISieRts ebfecd birschge gaCCO 8o

claim 26. wherein said antiferromagnetic layer further
contains carbon, sulfur and chlorine as impurities, and the
total concentration of carbon, sulfur and chlorine
contained in said antiferromagnetic !'ayer is set to 1 to
1,000 atomic ppm, and wherein said soft magnetic layer
further contains carbon. sulfur and chlorine as impurities,
and the total concentration of carbon, sulfur and chlorine
contained in said soft magnetic layer is set to 1 to 500

atomic ppm.

29. The magnetoresistance effect type head according to

claim 26, wherein a half-value width of a blocking
temperature distribution curve of said magnetic
multilayered film is set to no more than 80 °C. and a
blocking temperature dispersion degree of said magnetic

multilayered film at 120°C is set to no more than (.10

30. The magnetoresistance effect type head according to
claim 26, wherein a blocking temperature of said magnetic

multilayered film is set to no less than 200°C.



tenperature distribution curve of said nmagnetic nultilayered filmis set
to no nore than 80 [err]C. and a bl ocking tenperature dispersion éﬁﬂ%ﬁﬁbOf
8 *

said magnetic nmultilayered filmat 120[err]Cis set to nm“tm tm
30. The magnet oresi stance effect typgchead accordi ng i RYE

wherein a bl ocking tenperature of said magnetic nultilayéreﬁ filmis set
to no less than 200[err]C 31. The magnet or esi st ance effect
type head according to claim26. wherein an exchange coupling energy
between said antiferromagnetic |ayer and said ferromagnetic |ayer is set

to no less than Bil10 er gherb@idtbresistae effedheypmdieet aicesidihgnoe ef f ect
type head according to claim26. wherein a structure factor of the soft

magnetic layer of 5@l g MREBRLiCaUlichbAYETRUp T idgnehsr§ebetRediOsARd € than
30 X 10-[err] erg/cnferr], and a skew angl e di spersion of said soft

magnetic layer is, 3. [0Q.00.400€ RN 2 dG8d ferromagnetic layer is set

to no less than 0. 10 erg/cm?

32. The magnetoresistance effect type head according to

claim 26, wherein a structure factor of the soft magnetic
layer of said magnetic multilayered film is set to no more
than 30 X 10°* erg/cm?, and a skew angle dispersion of

said soft magnetic layer is set to no more than 2 deg
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ABSTRACT

MAGNETORESISTANCE EFFECT FILM AND MAGNETORESISTANCE
EFFECT TYPE HEAD

A spin valve type magnetoresistance effect film
comprises a magnetic multilayered film including a
non-magnetic metal layer, a ferromagnetic layer formed on
one surface of the non-magnetic metal layer, a soft
magnetic layer formed on the other surface of the
non-magnetic metal layer, and an antiferromagnetic layer
which is formed on a surface of the ferromagnetic layer
remote from a surface thereof abutting the non-magnetic
metal layer so as to pin a direction of magnetization of
the ferromagnetic layer. The antiferromagnetic layer
contains oxygen as impurities and a concentration of oxygen
contained in the antiferromagnetic tayer is set to 1 to
2.000 atomic ppm. With this arrangement, there can be
provided a magnetoresistance effect fiim having a
high-quality antiferromagnetic layer which is excellent in
thermal stability, sufficientiy high in blocking
temperature and highly excellent in pinning effect.
Further. there can be provided a magnhetoresistance effect
type head which is excellent in thermal stability, high in

magnetic field sensitivity and large in MR change ratio

Figure : None



