;e3e(l k(ffg<i.jixj6kTlknu> _ -1_ DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND
NAGNETIC STORAGE APPARATUS 5 TECHNI CAL FI ELD The present invention
generally relates to magnetic recordi ng nedia and magneti c storage
Apparatuses, and nore particularly to a mgpgnetic 10 recordi ng nmedi um havi ng
a seed layer and an underlayer which is nmade of a binary alloy, and 'to a
magneti c storage apparatus which uses such a nagnetic recordi ng nmedium 15
BACKGROUND ART A typi cal Iongltudlrm5E§@g@§§ ¢ ecording medi um incl udes a
substrate, a seed layer, a & or O alloy unéerlayer a Co-Cr alloy -
internediate |l ayer, a Co alloy nmagnetic |ayer where the 20 information is

witten, a C overdagRETI@NKRETORDYRGI SEDMhN camd WhLRR&E $EGRKEE in this
order. Substrates that are presently u€§g§|nclude N Ppl ated Al-My all oy

substrates and gl ass substrates. The AdlSstrate is nore popul ar due to
its 25 resbPstance to shock) snoothness, hardness) |ight weight, and mi ni num

flutter especially %?ﬂﬁﬂ?iihégﬁgﬁlﬁg the case of a magnetic disk. Al

substrates with el ectropla ] s been widely used for nany years for

magnetic 30 recording pulfesdscespeh §rovam tdtomi ganeespdénaturlestds 201S0C,

G all oy under:ﬁ@q@éﬁlf:orrr@c%zdfﬁﬂ.@aﬂa!aal(aO%)d Qﬁé é@ﬁ.l:o'%tc%{%é ered Ni P on
rono

glass or Al substratthas proven to be as ef ve in I ng the proper

cryst al | ogr apHtRP df fEREESi 0 %?IQSP&ﬁﬁﬁq%ﬁéﬁéyaEOdPs&Qﬁ&ﬁF+ﬁ a United
St ates Patént Ncobr866g2riadileredoteg w tdeddel sage aeed drayer, existing

AL medi a techngl 99y Gaa Deuinad 10T nbliR of 2.5 PHBREAURNL ) AVeLg: FI €S 1

t hrough 3 shom/exanE ayer stru ure e conventioha nagnetlc
recordi ng nedi®PIPACFFGSEOFagR odBRA3a tifoseh okt UseRi Gy ea the sane are

desi gnat ed by didgnsaie %o@fed£NgemBUIRLAl S.

15 BACKGROUND ART
A typical longitudinal magnetic recording

medium includes a substrate, a seed layer, a Cr or
Cr alloy underlayer, a Co-Cr alloy intermediate
layer, a Co alloy magnetic layer where the

20 information is written, a C overlaver, and an
organic lubricant which are stacked in this order.
Substrates that are presently used include NiP-
plated Al-Mg alloy substrates and glass substrates.
The glass substrate is more popular due to its

25 resistance to shock, smoothness, hardness, light
weight, and minimum flutter especially at a disk
edge in the case of a magnetic disk.

Al substrates with electroplated NiP has

been widely used for many years for magnetic

30 recording purposes. When grown at high temperatures
Ts > 150°C, Cr alloy underlayers form a desirable
(002) orientation. Sputtered NiP on glass or Al
substrate has proven to be as effective in promoting
the proper crystallographic orientation of Cr

35 underlayers as disclosed in a United States Patent
NO.5,866,227. Therefore, with the same seed layer,
existing Al media technology can be used for the




In a first exanple shown in FIG 1, on a glass substrate 1 is forned an
anor phous | ayer 3 made of NiP. The NNP layer 3 is preferably oxidized. On
the NiP layer 3 is grown an underl ayer nade up of 10 two essentially Cr
underl ayers 4 and 5 with a (002) texture on which a nagnetic layer 7 is
dep05| ted. The second Cr underl ayer 5 usTuarl y has a larger lattice
paraneter than the first Cr underlayer 4. The nmagnetic |ayer 7 has a (1120)
crystal |l ographic_15 orientation, and_may he made up of a single |layer or
mul tiple Iayersscl??l‘aguﬁpg Yfit®et RoRtact! dMtFPeBaAve FRGTEtI*MMPYEEs one
magnetic | ayerofAnhianﬂ.alyleayesrtxﬁmr'adEeobfa t@t)ﬁc@hb@ﬁt&&hah.e n@h@@@ggg

bet ween t he I yer nd {he underl.ayers 4 nd To enhance
t he adhesi on # ﬁglﬁaféag éasdslaael e%ean% fc‘jiL %9 Qﬁeﬂaﬁf-?h Ni P
or a separ at e WiheBi asel &yer SQamderesslerstugaidwe@fb@r tmy segnenpl oyed.
However fog neg@fé{:gnégb%turnpetle@lgl ke Al, it |s not required to enploy this

adhesi ve layer 2. 25 On the nmagnetic Iayer 7, a protective |ayer 8 nade of
C, and an organl c lubri cér’i‘t q dybFsH gkéMpdosihednt on §I6 with @nnagnetic
t ransducer suojﬂ.assas&blsrt\taalﬂ/@ head. fb&m%cﬁ%r@”&n@f ABLg st 'ﬁ‘ FIG 2,

t he 30 structt}iq % Iar t@r t FI G But |n FIG th gnetlc
layer 7 is replaced®hy & pl uratty* f é()?errs3 7S %ﬁﬁf?rﬁbtlti’ato’é¥%lze

anti f err omagne?® cahey NdBuplaadk ¢ h olighga ospacer thxagterlaQerradﬁd)é Rpl. 0§0 as
to form aigo- C@Léegs&éﬂtt*l%tllcyf@frbHBQQ?Lt' LB U s (%F%a fof}hft

| ayer 7-a functl ons as a stabilizing and t secon
functions as a-TaFREReldr d‘it"rﬂgcr! a‘?e‘?‘agﬂettmor d]-@&%lﬁp?elé‘;h@\ﬁrpqw@?@ 3

utilizes a releaetaéyolﬂfelt dr seedetayeerd3sa d@\ﬂa@lpfr KasMa whergaM i s either

ni trogen or oxy ass substr at S for med eed | ayer
3-a either by I’%gg%l vepar etr?%g%\naflh%k% wﬂfelr\i {3 Chrug qgaé%elbn whi ch an
under | ayer 4 |s de 03|ted The crystall ographic orientation of (002) is
mentioned in a Whi PRENSTAes ¥t En NG S5%6853,1868, cpYie teAd OB ahpPsi ti on of
t he under#gyer is limted to or O alloy, and no nention is nade of
under | ayerd medet BF Chet-@fi-al L URAY a8epPadds R uP BdamEded e sLayeF e%anpl e.
The magnetic |lmmyktiplies lfagrewes oimatherientier |dyeéct ebntthetinded! ayer 5 with

a (1120) 15 pr@éﬁgggdmg negglaéépf%a?al ente\kll\ﬁngil{ghexgngl e described above.

The m crostructure neti Ich rnclu graln Size, grain
size distri butJr%ﬁeer*é’ﬁér rﬁedm%ﬁ“iE e‘hfaﬁl ERCand G ogenrEgRE oH. sReoRdl y 20

af f ect recordlkm@tﬁhéha(tll-l%r il d oSt OF l@%e@gﬁeéﬂ@ EREOEWH Qﬁmd@ﬂlé‘% {he
mcrostru%ure o;_ hg etlcl,éla er #‘ % Jécontrolled t he use of
one or nofe seed*Tdydrs and THEDTSnd $i5Rref Bdfalig, gjf\ﬁ‘?ﬁrs used
as the seed | sgkementdssacduidaable sapstbreatalslaped of. til akisP osr ah umi num
Various seed |aygkrAREehLIA]Ss SHON 89 ego?(r) C,H_{,\Il ?A%sé‘ﬂql &r@y be 1H§§d to

obtain in-pl ag? magneti zation requite ngltu recordin The
Al Ru seed | aye?® h3EPheySHe Mfee8Orpbpyl A il 1@ PubsitAAtRehckion &

strong textureigrbut hoaf rtdp stbsequentnpurdertiayer sdane ivagneiy&xrgcordi ng
| ayers. ot e ound to reduce grain Siges f the
Ab% (ﬂ? &gu %%%%t{aé/ fa‘@% f?(5 I%aferrOte%gl R&aiys a2 $

subsequent underl ayers netl S dYFuctured
material in cdhpoSitr8E radhg:ersg@mlso%xmlmdﬂsolwm 9Traomgmmosa.ted

for use with a magnetic transducer such as a spin-
valve head.
In a second example shown in FIG. 2, the
30 Structure is similar to that of FIG. 1. But in FIG.
2, the magnetic layer 7 is replaced by a plurality
of layers 7-a and 7-b that are antiferromagnetically
coupled through a spacer layer 10 made of Ru, so as
to form a so-called synthetic ferrimagnetic medium
35 (SFM) . The first layer 7-a functions as a
stabilizing layer, and the second layer 7-b



-4 structured AlRu is useful, it is increasingly demanding to search for
Ot her conposition ranges of AIRu One way to approach the problemis to
sputter deposit fromtwo different targets respectively 5 purely nade of Al
and Ru in the same chanber, that is, to epgploy a multicathode system By
varying the power ratios betmeen the t wo §argets it is easy to study |arge
conposi tion ranges which are otherw se qU|te expensi ve using various single

all oy targets 10 (_r:’rg e of _AlRu alloys, Suc %I cat hode system offers new
ways to search 10F “t3Rpodct o3 BhgbE CRARH I GitAYEhe B2 structure of Al Ru.
However) there can be suBsttimiticl edahpérestesvbet neenGt. hg fudnn}lngi@yvt Bs 15

wh de f I h F
cr e LTSt gt iadselaand g QUL 58 el Syatem, For

exanpl e, when Al used as a Sing al'lo
form under ndf nef %pﬁbﬁér|1'Jﬁg‘3rp%9t¥%11ﬁre©érQxyazE(rO01)01t1eXhar@l@mst op of which

grows O (802)sawmslc £R+al hoy L0 sagpgt Le 7l a)l(,pr &h 0) te However ,
when filns arebde osited wwth Al and Ru 35| ng lé%’%lgcét ho elu%lﬁ%fem

practical l'y it2¥ sTSRFFLUFT SRRt F bR Bolhth g‘dbd’“(@)i)zf)rlhrpifaﬁe gaft gne of
Al Ruso 25 Accoridiolyl yn thelesr larpe flenands depa£atéde althernate structures

whi ch can be e (001 xture of . A si,ng the mul ti cat hode
system In ad Ff' {Ql?%g@atpl}l er‘( ar’s s}'eagatt FEE +F e%&lﬂg e L ¢ e
mul ti cat hode s%t%nUﬂ@tQﬁhért%ZesaoPstﬁu@t Needs N8 Br PaBs whitthtmmy be used

to obtainiphe bt ed60QW t (N i on I qug]pe o
recordi ng rredl rﬁllC)DI S%_§)SURE dé:@érHEﬁlale\el%ql\r#&e 52 %(i:{r:tg?' Ia161*:1 ch Cr

general object?® °¥ he?BPedéht®shyenti &8 95 oQ/f d‘é“geﬁé\?éﬂe%d“%@%f a|f -5
magneti ¢ recormik tgr redsusantd amgB2t B¢ ratcanaged appaeatul,s i nEovi ch the

demands descrlgggmﬁpgve e %égé{__g noet ey andgong%edspem%%c obj ect of

the 5 present inve tlon |s to ovI netlc recordi ng hedi Um
conprising a substrf ; gnetic recordl ng | ayer nade of a Co alloy or a
CoCr alloy; a Se&dT QV&’: Gloseue be PG aWfF stb¥iFht @ dAd2dhe magnet i c
recordi ng, Layer an under| ayer nmade qf inary alloy material

havi ng a 5 stQ{J%?ﬁFﬁeQné’r&%rb%%gﬂoﬁeta\ﬁ/eéﬁl t*ﬁé géﬁslta?é‘ra t he magnetic

recordi ng | ayetesehébedt kdserd | ayer is made of a materi al conpri sing

essentially of one of el Wtrﬁ s & P60 g tehe i har vy al [,ng%nrgq:t %ey of the

under | ayer. 15 Accordi n% to the nmagnetic recordi ng nmedium of pr esent
i nvention, it YR1pBsirmledes r%ﬂ%é% §i&ien §Irzfé15“o$lf=ﬁedt}r$cfe’ﬂl%i§r’é¥°and t he
magneti c recorghtagekagear b dneh P4 000he ad@sigred & - eghatiicon BirdkgLymgnetic

recordingzbayeéfféétar@%%ﬂ&in&tcﬁgracteristics of the magnetic
recording medium. The microstructure of the
magnetic layer 1s usually controlled by the use of
one or more seed layers and one or more underlayers.
Usually, NiP is used as the seed layer on
23 a suitable substrates made of glass or aluminum.
Various seed layer materials such as CoCrZr, NiAl
and RuAl may be used to obtain in-plane
magnetization required for the longitudinal
recording. The AlRu seed layer has become more
30 popular due to its influence on the strong texture
growth of the subseQuent underlayers and magnetic
recording layers. Also the AlRu seed layer was
found to reduce grain sizes of the subsequent
underlayers and the magnetic layers,
35 AlRu is a B2 structured material in
composition ranges of 50% Ru and 50 % Al. Though B2



20 possible to realize a magnetic recording nmedi um having an i nproved
performance. Still another object of the present invention is to provide a
magneti c storage apparatus conprising at | east one magnetic recording
tedi um 25 conprising a substrate, a magnetjc recording |ayer made of a Co
alloy or a CoCr alloy, a seed |ayer dispostd between the substrate and the
magneti c recording |ayer, and an underl ayer nmade of a binary alloy materi al
having a B2 st I i sposed 30 between the .seed | ayer and the

nmagnet i c recoré?%&%é%égg g%gﬂsggdﬁﬁﬁé§ be?ﬁglﬁa&§9ﬁe%ﬁiﬁgéYim
conpri si ng ess@rmaaldingftoneesfcdl dimentsthernicogptioye thiowar yaakay ot eri al
of the underla y an i I Lpf.o i,on on_apd/ or reproduces
35 infornationx$$gﬁytﬁgﬁ%2gﬁgt?@ %g§%$ﬁ%§€ E@%ié%%5&5¥%rﬁ7ngot8pyﬁ er
magneti c st or af&PaFHdr at 1M o wPhe ififaean ti heoaeiton, redpést pesdivbl e to

realize a 5 'puGemggneidé sStonageraPpal atNsthavisighAnu IREo¥ed vy
per f or mance, begausﬁe of the reduced grain sizes of the underlayer “and the
magnetic recor drng 1CayeiP and BhBUdr o BiC ABsFYEF o8t et YORYSRG [Fdie

magnetic 5 recprdieng dayiess obethe emagited | two eeardietd Medi Uy BaRET QPj ects
and further fe e invention wll, he apparent fromthe
fol | owi ng desc??%??gggﬁﬂ%% ?géggsgkﬁéﬂ}u%%?§8ﬁ Wilﬁgiﬁgggc%g aivhisifg

drawi ngs. 10 BRPEESDESERTTLVR OF iTE BRAVP NESsENGlel dlslaycrasgesact i ona
view showlng ampakt of L kirstiexanpl e of a conventional magnetic recording
medium 15 FIG 2 is a crgss~secti nal view showing a part of a second
exanpl e of the conventi onafCHagn8HiE LAt g SHSdarmC HIers3npy #a¢%ss
sectional viewtshewiamria Part cofupastihi ran exanpke ofhildte gonEeRhieond
magnet i ¢ 20 1 egRrdichd, AL BTALELG 4id e fo £1 08538510 0l vi ew showl ng an
important part of a first_enbodinent of a magneti c recording nedi um
accordi ng to tfAEPSTEsEnt2 1 ndéAtrsenTs Metvweens thecioskn seeewsnal vi ew

showi ng arLi npehkeantmaubs t £ pbmassaeard £nbedi arRLeef dhe PRgReLhe recording
nediunlaccordiRglkqééeagﬁgsgnttjnvenpgon; FIG 6 is.a croii sectional view
showi ng 30 an i HPOrtant Ppart-of & thi rid enbbalrRefr S 8he® MBYretit
recording nedi ugedcésr i ngitglehe ldresemirgaventiiton;s Ri€ay 7ehsyatdi agr am
showi ng XRD speelreMriie Al IRY r2@MPIs§5 ©0s SPHE! Baednfdam &1 andoly targets

35 for different AlRu thicknesses;
texture on top of which grows Cr(002) and Co alloy

20 magnetic layer with (llﬂﬂ texture. However, when

films are deposited with Al and Ru using the
multicathode system, practically it is very
difficult te form a good (002) in-plane texture of
AlRug,.

25 Accordingly, there are demands to realize
alternate structures which can be used to form the
(001} texture of AlRu using the multicathode system.
In addition, there are also demands to extend the
usa of the multicathode system to other B2

30 structured materials which may be used to obtain the
preferred (00l) texture for the longitudinal

magnetic recording medium.

DISCLOSURE OF THE INVENTION
35 Accordingly, it is a general object of the

present invention to provide a novel and useful




FIG 8 is a diagramshow ng XRD spectruns of Al Ru sanples co-sputtered from
Al and Ru targets 7 _for different substrate tenperatures; FIG 9 is a

di agram showi ng XRD spectruns of Al Ru sanples co-sputtered from Al and Ru
targets for different sputtering Ar pressures; 5 FIG 10 is a diagram

showi ng an XRD spectrum of Al Ru sanples co-sputtered from Al and Ru targets
by applying a substrate bias of -150V; FIG 11 is a diagram show ng a

perpendi cul ar Kegh-kqop Qhtalned f&%dQ&H)é%@h&%%ﬁg%g%?{gﬁ%%%éucture; FIG

12 is a diagram Showi ng a schemafic representat at e bi asing
ef fect and Al RRPPAFELAIS fiimn YroGhhthe demands dedicaghemd fapoegpkaieni ng
the 15 substragetbs@siecrg effect and the AIRu initial filmgromh; FIG 14
is a diagram showing a (Q01), texture of Al Ru, where only one type of

element is present in thésahRepl 3R ™ 1925518 Qhdiagf o»f shbB&i ng XRD
spectruns 6f (passkAl/ AlrRuE O Moh Ca€r RioB/p sd+ Uek UB e fia gty 6 ar §F 8d@NInRANt

(001) texture | SIS, . 6.1s a diagram_showi.ng XRD spectruns of
d ass/ Ru/ Al Ru/‘%%ﬁ/@"gg&%ﬁ%lss }rfé(%urj's‘e’lg,sscv%aé?%’ 28 APRT a prefdom#ant
(001) texture;l&yer radss &f di agramidisaniony de€pemdiadulcar; coeseidi ty val ues
of Al(or Ru)/Al RyLEr Ma/sefd &% Bbe%b"e}é:%t RS, ngﬁgtr]d%ei cl9ss sectional

0

vi ew show ng 30_an inportant part o his e di ment of the nmagnetic

storage appar aF99°2& ¢ FRECEGINY d4¥ISHY AR 3RoWRAG iy s rpBrEane fpart of
t he enbodilfentaobinbeyrednety cmaterdgd appadagus. 535 BESIENMPE OFJdCARRYI NG

QUT THE | NVEW&I?S\&JEE@d bdwBef 288 $2YUd Of]£y|'6¥i S\Avdsb:%vg rhgagnetié
recording layer, where the seed layer is made of a
material comprising essentially of one of elements
forming the binary alloy material of the underlayer.

15 According to the magnetic recording medium of the
present invention, it is possible to reduce grain
sizes of the underlayer and the magnetic recording
layer, and promote desired orientation of the
magnetic recording layer. As a result, it is

20 possible to realize a magnetic recording medium
having an improved performance.

Still another object of the present
invention is to provide a magnetic storage apparatus
comprising at least one magnetic recording medium

25 comprising a substrate, a magnetic recording laver
made of a Co alloy or a CoCr alloy, a seed layer
disposed between the substrate and the magnetic
recording layer, and an underlayer made of a binary
alloy material having a B2 structure and disposed

30 between the seed layer and the magnetic recording
layer, the seed layer being made of a material
comprising essentially of one of elements forming
the binary alloy material of the underlayer; and a
head which writes information on and/or reproduces

35 information from the magnetic recording medium.
According to the magnetic storage apparatus of the

present invention, it is possible to realize a




L,8_an inportant part of a first enbodiment of a magnetic recordi ng nmedi um
according to the present invention. In FIG 4, on a glass or Al substrate
11 is deposited a seed layer 13 and an underlayer 14 5 nmade of an
internmetallic binary alloy. The seed layer 13 is nade essentially of one of
the el enments of binary alloy underlayer 14. The seed |ayer 13 may be
reactively sputtered with N2 or Oz partial pressures, for exanple. On the

dpder | ver 14l £eposLish R JBAIeLLE ) XG0 B RIFglfutp ol oy or
orientation, @%ffrynbeceadbanzfe a0 8i hhke dearedrgnalini pliedsayefs that
are in direct {gQntacdeAnd Rehavgy &‘égﬂllelt)é_@?eggfrﬁgggﬁgla&ejr‘s dayer. On

e
the magnetic layer 17, a protective |ay 8 ma n organic
| ubri cant | ay&riel P ERBO §ePosiasSddr $Hro H3BNERIH o magnehecmegassduter such as

a spin-val ye heathrdhegghageroo Alrseibshbhake ikl F@yobe128 weehapically
textured. The underlayero%4 IS q%ge of a giggéﬁ:allo such as Al Ru,
preferably B2 structured®“Tf& BTS2 B B onbERTHEES &F retehi ng
and crystal | ogragEu ct oL negenatiicon wil subsequerdmayef som2bhkeor exanpl e,

RuAl, CoTi or i a ful. for ai_ni g |atti.c fchi ng

W th'the (002) Growt hgr bs g sibSetant oo PRS0 LEES S gl

| ayers. The urfdet | 3§ePRafHa G2 82 -structured materials such as RuAl
Ni Al, CoAlp FeAl, 30 FeTi, CoHf, CozZr, N Ti, CuBe, Cu2n, Al M, Al Re, AgMj,
MRh, IrAl and GCsA Lch _hav L oxi pat el 0% % conposi ti.on ranges
of one of the ele . ) t he conposition range
where the B2 structure f&ldatiloniocaucsofer sdwet Bonabove ewersthiconauy banary
all oys. BUt iS008, £85€¢:rsd e ddkS1¥ALE @ mcgrhv@§£§gﬂra§g%a(gn 3cOf the
order of approximately 75 % for exanple, is needed to obtalimn the structure
sinmlar to B2 A$UERbuP€. ™Pe Whder | ayer material forming B2 5 structure may
be dleposiled by sputteri m‘g_@‘._rcﬁniy\oaseﬁa@atgm?dm?ar g&?&f &'hdW Digy sgpar a]Ee
metal targets e_conpQsi tions re nt orne r,om one type o
material of the ?n%fyaagﬁﬁvF“ﬂﬁ%g%ﬁ8§F|gﬁghﬂﬁﬁ ?énﬁgﬁgéﬁFgﬂ‘to a thickness
of 10 approxi Mea®t§tscnmece BOL ran meédi uaxanpl e

FIG. 3 is a cross sectional view showing a

part of a third example of the conventional magnetic

20 recording medium;

FIG. 4 is a cross sectional view showing
an important part of a first embodiment of a
magnetic recording medium according to the present
invention; .

25 FIG. 5 is a cross sectional view showing
an important part of a second embodiment of the
magnetic recording medium according to the present
invention;

FIG. 6 is a cross sectional view showing

30 an important part of a third embodiment of the
magnetic recording medium according toc the present
invention;

FIG. 7 is a diagram showing XRD spectrums
of ALRu samples co-sputtered from Al and Ru targets

35 for different AlRu thicknesses;

FIG. 8 is a diagram showing XRD spectrums
of AlRu samples co-sputtered from Al and Ru targets



The seed layer 13, which functions as"a buffer |ayer, is deposited prior to
f he under |l ayer 14, and is nade of one of the elenents which makes the
binary alloy form ng the underlayer- 14. For 15 exanple, an Al or Ru seed
layer 13 is used for an Al Ru underlayer, .and a Fe or Ti seed layer 13 is
used for a FeTi underlayer 14. In addition) the seed |ayer 13 nay '
essentially be made of a netal nitride or oxide of one of the el enents

whi ch makes 2@ see?faygnelllg?l#g;tq{aﬂggt%mﬁe%gqeqﬁa er I n ot her words,

an Al-N or Al- er 1y be Uséd Tor an underl ayer 14, and a
Ti-Oor Ti-N seed | ayer HBGray He¢ wsedliégraa EdhiwvingletRAyepet4rufie net al

nitride or oxiyde z5egd ggﬂﬁq_e@ cg%%?gegggg%éﬁ?[ I eem? %Ogjglr&%g{ﬁphi c

orientation fqr the underlayer 14 and p h for
Cr based subsé&&erﬁlﬁ%?/’é‘?@taﬁ@%%FJg‘b%dA(:le@)sStlefﬁ-%re for the magnetic

| ayer 17. Fhe seed | ayerri@3. |sodemsat@9algeaax 30 duhi eknggsx@b approxi mately
0.5 nmto 50 nm for exa t hi ness of the seed

e %\E “ﬁ % a total
|l ayer 13 and th d‘lerl%gp ﬂl iSEMRTT Dx FRat 8 W $fin £ 5PB0AAma h| Ry
desired range t@ff@tdtes tloy ak ppRiydkess &whslneadtepaﬂjatsedo'fn pastr;two chanbers

and 35 reduces the drop f@ggl aﬁs bgtég%grtaem%be Fut during deposition of

subsequent |ayers. The see eSsed under a
sui tabl e tenpé’r%ﬁﬂ?rréj%‘%%béroﬁeéﬁprlcﬁ@?m?élt?lI‘@G’C for 280C Wi th a pressure of
appr oxi mat @l y A3 radlax M OC SOrmke rsﬁML'ﬁ&lt@EeWthOUt the substrate bias. The

substrate 5 bias may be b t.0. a alllcs strate_made of a materi al
such as Al, however, a p?gesegg Ia‘cye‘?‘ adref! zfl{}%"f]e‘??a? §G§‘ﬁ"¥f§“§ is

desired for bm@sqrmgwmeentmsﬂngafa gyl msss subser dtiss g pEokedt iaval | ayer 18

is made of C 13 mMavidg: 8at hisgkRessr Sfe@pproximately 1 nmto 5 nm for
exanple. In addition, the_qgrganic lubricant |ayer 19 has_a thickness of

approxi mately 1 nmto 3 hff-THe G Hrotéepvén aERe"r 2P hAYNBETIEPESi t ed by

CVWD is hatll, awbproiectsibBdmponetéectr aadr dig ABREedhumiaQt iy from
at nospheri c dgﬁp Afgtion but also from physical contacts with the head. The
| ubricant |ay 19" reduces stiction between the head and the magnetic
recording medium FIG SFL&.ald dss sedipomam \bhaw showend020.)an i nport ant

part of a secm@np@dwemaef tuheefr@gae@ycornecoafb@gomduumeectcolréﬂ ng to
t he present invention. se parts which are the sanme as those

cor r espondi ng Paris" T’n"?ﬁl éﬁe4 Sa%‘%e ](s)?ﬁﬁat ed by the sane reference
nuner al s)2@nd a 25 descr Fpti.on % hey eaf divkblraloe somiiegl. XRD Elp@ctSrurasseed

layer 13 reactds/e&]yaém&%q%uw%\'/ﬁsc?p't%/efgryb Qyed, . Ibi s geed | ayer 13

i nproves the 1 PO significantl odi ment “descri above.
30 FIG 6 is @GTYELRaRE dr%’ll)vﬁe%"é%éw RE A Bhpr#i@Re ipart of a third

enbodi nent of the magnet FCGr.eq® di 10a n@dhqmaaccm{&kmgtmbh%p&rﬁﬁms
parcs. inFlG O sy’ BeLRanavar by CHeTEEal e et e Rane A and A
descripti®h tRdrfabfhak| & Dee@mn’zltre@lntl HWOPLG t®xwmupdurality of magnetic
| ayers FIG. 17 is a diagram showing perpendicular
coercivity values of Al (or Ru)/AlRu/CrMo/CoCrPtB/
structures;
FIG. 18 is a cross sectional view showing
30 an important part of this embodiment of the magnetic
storage apparatus,; and
FIG. 19 is a plan view snowing the
important part of the embodiment of the magnetic

storage apparatus.
35

BEST MODE OF CARRYING OUT THE INVENTION

FIG. 4 is a cross sectional view showing



11 17-a and 17-b that are antiferromagnetically coupled through a Ru
spacer layer 20 to formthe so-called synthetic ferrimgnetic nmedi um (SFM
structure. Furthernore, a lattice matching |ayer 15 nay be 5 di sposed

bet ween the magnetic |ayer structure (17- g 17-b) and the underlayer 14 for
| attice matching with the nmagnetic |ayer structure (17-a, 17-b) and
prevention of diffusion fromthe underlayer 14 into the magnetic |ayer
structure (17 17-b hc 0 _inter y be inserted between the
magnetic |ayer stl;ﬂlgo)tfrtearﬁ??g t 195py aéfd‘}/?ﬁeeﬂﬁ lllf“%ﬂetr ?4.2The hep
interlayer 16 lahgceste.rwesemrdlbqfh@rd:bﬂﬁv@e@okhenb;cﬁzwﬂﬂ%|§)¢@l’se1:t4: and the
hcp magnetic | t.rycture. ( A7- 15.The lLattice hin yer 15
may be made of il}c{)rgéﬁ}l%lgqgr aﬁ gepom te(fbr% 2 29t APk REs S IofS ‘%‘BEB?F

nmto 10 nm whéréemolsslfaﬁfﬂra%eﬁﬁaﬂ deélvern el3 f pomh angnouje chage st |1mg of I\/b)

Ti, V, andsw wnhAea At £n P& ORAGLE r t e 20 10%
Al ternativel y) thg I tt| ce IFmtc hi ng lqgcgrﬁfﬁggg Q{l”io deq]gg%e%% Fal | y of Ru

having a t hi ckhB¥&Tofl gt JR3 At EF?EP%]thSOﬁnPnHoW@veﬁhe sthemeniis
lattice paramebér biofadshea Rio{atibhdee lstehi ng . | ayere e ad erd@egen at han

t hose of the I 5 all for magnetic | ayers 17-a
and 17-b, thecgugl g'([%%ll ceacCQ]f cﬁgﬁg slpé\%ytrerl c¥hhbt gl%)eof"ogztli"ii"‘EEla"l}-he hcp
interlayer 16 Piepadaesf, aferi ghtimplragnedn ctbe nodeadrestec hépistruct ured

CoCr al | oy owhi gBpbs 14eRPS4 t t |aq_lgaxes o] r.OX4 1 to 5
nm The hcp structurled Coécrrr%ai?ll;lg§alcngl udes %%C{nl%ta% %%géoﬁém%tggstl ot

CoCr Pt Ta, CoCr the | when hc net Cr all are gr own
directly on bc‘(g:>t é%§al %y 3 1 mslfge &gﬂ%%{)%ﬁgﬁgr 4% "Ila%féoh ain

contact with 3 yer .14 is_adversely aff cted uetol ttice
ni smat ch and/ orérg Eg'l%o %ﬁ“? (r%e:rjft]esn FohT Beed Fafdy BHASi HP tt?fg case,
the magnetic @- izngﬁt%okacmy Br fid tieyhret I eyEayelthit @is ieddéedcds wel |

as the total nagrehiczatd N Wénkbe mﬁﬁgtpct@y?r a8t W YWEghkddia, 17-b).
The use of the hcg no rE%ﬁ e)ﬁlc inter Il&y vents such undeS| rable 5
effects from otd8rfin the RagRé&s e]a@/ rsf‘ ucPuPF QAT BRI VETIBYSIAS a
result, the negﬁetmacleamﬁo@romzdaact tdtegmeccitubtr;icafntt hiea yagneti e deayer
structure is I&EF%%S_%d |f'of‘d9's.[e' At H E%EE %@a%@ﬁél(gp ol e

magnetic | ayer struycture 1s 10 1. nprove elnterla er functions to
gradual |y matcf fREMA&iv¢e Pardnmeters, and the full nmgnetization of the
magnetic layer structure Tise obtaeeedar tAmat s i5 s t RGeS Q- Icad gdpedead | ayer”

i's mnimzgd. [ rrratlon of smaller 15 grains at the interface
of the nag%etlllg{gfggl%\éﬁ' satlgit 8 r's glso m nimzed. The SFM structure may be

made up of at |east two a?tltﬁifendewée@ryanCMIyscmagbe@fC@Obaﬂlhuy magneti c

| ayers, wher ei eltog«xe%&t é@eAﬂRgnepr:%f?&éeﬁﬁrﬁza figant 'rﬁcega/fa'c' el

to the filmplane_ther at aratio <- ere
h
He 1 denotes p@ﬂ‘ 8nd @51%%68?8. PFP;‘?‘Otaendl%t&léﬁof“ééTéb’é?’%l%‘tiy al ong the
film pl ane. Thersﬁrtzlatlasamphjwomedenhﬂtrmdm st @abkhblseuidnt egaiee s25
excel | ent 7isn- pFgpe Qrientat i Qg%g/n lﬁ oy Ot\éfngegﬂ%% tf‘E}L %Eoge deseri bed

conbi nati on of fhe see ayer e underl ayer ereforé. "t he
embodi nent s de%FPBé‘d—%oi/eg‘@Pﬁvﬂ-éétd-C‘sﬁzH@@Cheﬂgnﬂmtﬁg theg 0029 20 ext ur e
froma 30 B2 structured alloy or a binary alloy. In order to obtain the
(001) texture fromta 8% SIruzhdr edoswicpramt ) ( eentiealtluyrd hef fir st
deposited seed layer 13 on the substrate 11 needs to be nade of one of
el enent s form AgIberdsy ldyoysof The wrdtstbyeerldmay be made of B2

structured materials such as RuAl, NiAl, CoAl, FeAl,
30 FeTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe, AgMg,
ManRh, IrAl and OsAl which have approximately 40% to
60% composition ranges of one of the elements.
Usually, approximately 50% is the composition range
where the B2 structure formation occurs for the
33 above mentioned binary alloys. But in some cases



35 This fact is made use to define a very thin and preferably a nonol ayer
nmetal filmas the seed | ayer 13. -13 The deposition condition for the
under| ayer material such as AlIRu is crucial for devel oping the desired
texture, especially when deposited using the nulticathode system where pure
S nmetallic targets are co-sputtered with different power ratios to obtain
the desired texture. Mst inportant deposition conditions which describe

SputLer g presaare o Lo e L o A e PF R gi ven
of the Al Ru gr BRPH Brdhrer 81 ¥s /Por diFH e eampdeposist ireredsput bepbrig)in

condi tions. FlEGBe &ddustighe 9sshaw 2R Spest 5urg 6f; A Ru/ G M/ CoCr Pt B
structures deposited at 'fferggt é;s sputtering conditions for the Al Ru
under | ayer 14. Each Al Ru/ CrWbFEEE PR St ridtaredils ffedeing BE the Al Ru
under | ayer 914, sthacCuv@ Imayi be detpehi ged ayer st tand dder Cor RLB
interlayer 16. I r is . formed by co-sputtering fromtwo
20 different pagg%nﬁé{a rttdé’:latggiét gg%ﬁek% a%a gﬁ?mAﬁeﬁl% d*Ebfposi ti on can
be easily obtatAEFShF CHEMYE N§OMPE SHdWern $ ad Fes papplainech et e et otre d wo
targets. In Fl &om? dr¥ othghe 90 £t B+ PAt g1 Eﬂlec%t:l.%%tt?ge?jdﬂ]&)?nSI 1;T)ﬁe:::’le‘ 7
e

arbitrary uni tsn&lé. ;E‘%Y 25 gnd tﬂg absci ssa i ndi cates eg es).

is a di agram show g 343 spectPuffEPSS Hied 5anpl &b icknsistefed from AL and
Ru target 4% or agpfrberiem t Al RuSt hinckresiEsnm| nfotthexawmyds, FIG 7 shows the
XRD spectrum of the Al Ru 'ﬁﬁgp%%?&‘gslta%% g%ff‘eﬂhgré&koglur%%%g%%Vtélg;-.caknesses

ranging from3 nmto 100 nm ( 2 an
correspond to BPRE SFayetY ¢hi ckfesees ot 8d npE i2@nmoarkh el 00ndex Lhyeirs cl ear

fromthe XRD spect cues idahadepb@mornts PeakeaBRRALS HEM N 2Z5h0hakes

approxi mately 43.. Thi s k carresponds, to Al Ru(110) which IS not a
desired texturgﬁFo?)ltnhaer%u%ggaﬁe%Prﬁl%dt%gHﬁfiieE&taéfcecﬁ dthg | EP&r 17. The

texture wch psampli4 an Al or Ru seed layer 13 is used for an

ALRu underlayer, and a Fe or Ti seed layer 13 is
used for a FeTi underlayer 14. In addition, the
seed layer 13 may essentially be made of a metal
nitride or oxide of one of the elements which makes

20 the binary alloy forming the underlayer 14. 1In
other words, an Al-N or Al-0 seed layer 13 may be
used for an AlRu underlayer 14, and a Ti-0 or Ti-N
seed layer 13 may be used for a FeTi underlayer 14.
The metal nitride or oxide seed layer 13 promotes an

25 excellent crystallographic orientation for the
underlayer 14 and provides excellent (002) growth

for Cr based subsequent layers and very good (llﬁh

texture for the magnetic layer 17.
The seed layer 13 is deposited to a
30 thickness of approximately 0.5 nm to 50 nm, for
example. Desirably, a total thickness of the seed
layer 13 and the underlayer 14 is approximately 30
am to 60 nm. This desired range of the total
thickness can be deposited in just two chambers and
35 reduces the drop in glass substrate temperature
during deposition of subsequent layers. The seed




of interest is the Al Ru(002) which has the XRD peak around 2e of

approxi mately 30 which will give C(002) and Co(1120) textures. In this
case, for all the thickness ranges Al Ru(110) texture is domnant. 5.1n this
case, the substrate tenperature was kept _ t0_15OC and 5 mlorr Ar pressure
was used for the sputtering. FIG 8 is a diragram show ng XRD spectruns of
Al Ru sanples co-sputtered fromAl and Ru targets 10.for different substrate
t enper at ures. her. F 8 sho t he _effect of the substrate

t enper at ur e onigﬁeE fio3m¢ g%% hgolcgsesre ARYRE 203015621903 and 204
respectively cbﬁmegp@rtdlrt&) sabger atfe atp&:rqm:atmt%yoﬂOZBO@ t200G@p°¢50C and
0C. 15.1n thisycageg %rreqﬁf§§r8fu%§g>gcﬁ{nw§ef utter rlggz\(/)@%mgﬁzpt g%trrS

mlorr and the Al Ru Ia er t ness con tan
substrate terrp?éi»*éflupé VHS RahgeB ef ﬁ@rhsat,rqbe 280es .|t The c3wastfaam t he

FIG 8 agaisn thﬁhsAkthy( lﬂé))a}_ﬁﬁﬁléﬁeﬂos @%@@@Piléngu%%w‘ﬁlﬂ%oﬂg%let ggture is

clearly absent. gt her ! orltlant Sputtering paraneter e Ar pressure
used for the spuff&fitdgt THISRvasi &dirott the BoPFESHFHRA nbRY8%ture
growth is shownafp BIEGa MateBial istich diagranishawsig R @b. spastihygns of

Al Ru sanpl es cghgguhtsg_gl%d %B@ é %8% I%Lk‘;@é gets for different sputtering

Ar pressures. Curves respectively correspond to Ar
pressures of 5 nforr) 20 ?ﬂ%rﬁaraﬁéc?&@‘l?ﬁrdﬁyernlﬁhﬂ-g owste abEoC t he

Lequ! red ALORUEQQQXB‘@E& Lmejb@snggscloqaralp@il@,sgﬂgte >r<]t3_) gﬁn d@?‘cgl Rki on WF: lGS
e given of t substrat.e bia t to gro Y Le erring to

10 and 11. FI G? T0°FE™P F agr Afh &R tri‘gorhn %@ QpdaF M P A RRP Sanpl es
co-sputtered ftrapeAl 135 el Ruthacgemﬁd)yoﬁp@pyrnglmammrhtﬁmbtas 30f

150V I FIC k0. whe o Anateckndeoalered eyl LGN oddlo1 548, B0 LrATY

units (A U ), and the abscissa I ndicat
di agr am showi ngVq pér perfdi cupaf REPt9don ’étb‘t-‘amﬁmieﬁérc aFW%¢€F1WD’ CoCr Pt B

structure lSV\hennedtLheL AchRu amTer f5ohﬁ)é&fm&$pﬂ1§ri@od@@raﬁ'@tgﬁ/bbh%t tice
mat ching |ayer 1 m@{l% (t:h CoCrPtB?lntegéaﬁL 6 'cﬁ m In FIG
11, the ordi na?e |n |ca AL &r PP ot gs)l“eaa d t absm ssa
i ndi cates the apbriea it claly ¢k0&P. reQlu&es tshmsubsnr @taa:vmm| ng;e e aids

necessary {0 dgResiched it b BYCE ol zqzmpmggzeae an AlRu layer. In this
case, the growh properties arg sl ight different for the two |ayers, but
u

it gives the clue as to wWhaf-c %ésatﬁe"%%eﬁ%‘étéPn@rlo\Mllﬁ"bfsEBWAPRu(002)
The subst 28t e aenpepatint=anwasatb0Cfand s stbst eabediimas t0fo £ 18RV was
applied. In thj - a observed, al ong
W o el i vargERide B O Se ATt Y RO SR L e S B e Y
sputtering condlVEaisoronl yIltlhEIQO subsirese baasedwsaimdl escei thel ow

sputtering poweamgi elsd ﬁﬂ&&&f@@%boﬁi@rﬁ; whiheksekatipvel y dagger RuAl
under | ayer t hi 8kness t.er rﬁUbSt rate bias wi th higher

a
sputteri n% pomersé'fgn?s skﬂy%gﬁAls(af‘fO)rep EA et PHmteﬁé"]C%sea%‘fi 8t her 25
deposi ti o#condesranp.tifire poeskblfe widdhare scmmLStjedst opposite to that of

any bcc materials Ilke CripWhege @ (gogeéyriggg qureagégivé%{t he surface
er

of the substrate 11. In the case of ayer 14, a 10) surface
predoni nant |y §PBREeEGDaraiTel P8 Ohd SIATRERYBH - thé'%%ﬁos%?%‘%‘elﬂeénd
hence formati oh3ofimphicsrdaAda10pophkasm i Bi €asy lyBatronhedhd heibksasing field

is applied, Kki Qi‘ﬁfabﬁlﬂﬁe‘?{@yd%cw %I’q_ll E%)arti cles (Ar + ions) are also

i ncreased.. Hence om nant form 35 one type of elenent, in
this case3%ither Al or FLIGThe $6aft é’rIiC?fgs p? eBEBPRRALY Yiehi gherifgr Al

than Ru. Sinceahh&mgioariant aghus off RU 4ifi SdebhBhdimanhd Bt thel6
magnetic recording medium according to the present
invention. In FIG. &, those parts which are the
same as those corresponding parts in FIG. 4 are
353 designated by the same reference numerals, and a
description thereof will be omitted.

In FIG. 6, a plurality of magnetic lavers



of Al, with biasing, it is possible that nostly Ru is adhered to the
substrate 11 initially. This is schematically represented in FIGS. 12 and
13. FIG 12 is a diagram showi ng a scherrati c 5 representation of a
substrate biasing effect and AlRu initial .filmgrowh. In FIG 12,
reference nunerals 501 and 502 respecti vell} denote an Ru target and an Al
target. In addition, FIG 13 is a diagramfor explaining the substrate

bi asi ng effect Oa t |t|aI fil rowh. In | eft
part indicates’ ?*86’1;1%61/;%%% Foﬁnhtsln% fﬂ@agﬁﬁm%elkiﬁ °4R E’tihe
right part i ndtleaoeght lae BAL sppric ®a splytarerieh om fhemsubst rsad-ecdllait h
substrate bias |t t(a&q:i f gi ven

her et of ore tha%lpﬂth%gllc f(;grar%/raﬁﬁa HQ‘E(@ |¢1£Fgégﬁ)o%%q4@#&%§eed | ayer
13) prior to d%‘bB*éh?Fﬁ‘@r&rl a?yetaérleﬁewmtrretrynarlayeq:urlcternraasyetpe14) Thi s

enabl es the gr@wBoekd( Q:Qelt)wé@%tﬁhé m%tsluctfﬁgﬁeks s%(%daﬂl?r@r edeninantly
of one type of])el ggents a fromgF 14, FIG di agr am
t

showi ng a (001 gre Jf eN%de B E L rﬂ%/ %?1% t?ﬁé’-é‘le é‘!aeih%th%ngs present
in the sane plabeh Etheotfrynewids)akk®@ st 25tshewslthe textse 8hdAl Ru
cell structur |d hat ,-in t the (P11 ext ure,
one surface co téaffﬁgtag":d)vvag)st (ﬁg%ggﬁé‘%ﬁ efrrlle§n Pﬁ%rreﬁ%erlg\’uayo rAQ éﬁ%‘ﬁ grow h
can be |rrparte’ﬁhﬁymﬁlg@@éﬁdsﬂﬁhgrasﬁmueﬂmr%r(er seed’/’l-é:y)er 18nphEpr to 30

the AlRu underiayerl1iderThis £e |er3.n%w&§@bk5@t¢v@e%n)ﬁl‘@ el n@EL@y
preferably B2 Jztructur ed aones ?h ed | a er consists. o hi n
e pu

predom nant |y tBREAI FiTFg Onts Bf | er2nt, Thei ('J‘rnd(%rlt?r%eﬁe Gsition
of the binary BheolcpThinstamel aperi 4 63% lixa edearseanaexar‘rp:heffetrt he fornmation
of AlRu | ayer. 54 a p ry
& s ALl Al Rl B EER R a%géugﬁgggé@%p REL ?g‘t‘e om 3EREL601)
texture of Al Rhaéﬂirstss'-rul%t‘bt'%er‘l\xmads 17F‘11G 15 shows the XRD pattern taken
from G asa/5A1/ Al Ru/ Cr Mo/ Qo PI.BtEE.E:'éCtrdHtQﬂ'I:iIQ@ vaykeus o ht nBéSﬁéd@f Al.
Each d ass/Al/?thl/ /CoCrr ngds struct ur gﬁ gﬁn gl ass
substrate 11 AT edd Fayabd13® tr?é't/ﬁ ?mﬁe ay eflls ?Fne Cr Mo

| atti ce matchidgprrayémaitzlunt bthe tCQPtB | nteekaydr ik6.a GuavesidaQl, 402

and 4D3 respecgéyet:xeeorﬁeapogd teue %Sf?sf@@tﬁ tta% b Seﬁij lqyeLnSy s 3
10 nm and the Al under | ﬂ case wher € the” Al"seed | ayer

nm
13 is 1 nm and"th8 AFRF ?IB{j@POfA:H%‘- %r%teanérhanca%ré ffeRé fRe Al
seed | ayer2013 18%3 nm}.a:mt}crtehmﬁéﬂay urnder | oyetidd mathlnum Léveks1el ear

020 NSO B R LA L
i ntroduci ng a YEPYORAINR Eeednma%@r H R oHOtIeV@e-,srﬁﬂtrtteﬁr’-r nheof AI Ru as

may be seen frpm:Ell@e Hardthére18 bF aiH %ﬁamela@wengdmﬁagcrtay@& 2.0 of
A ass/ Ru/ Al Ru/ Ce Mo/ Pt B/ s &uct %r es re Al Ru iﬁ' a predgom_nant (001)
R paPt &

texture. In ot \fﬁr S5 Y%akeh ¥P6Mm
G- ass/ Ru/ RISRu/@-Nb/YC@@reRt BEstr trb%nesﬁajnwalapamt Ai7cleness@ésldfFbRu. Each

A ass/ Ru/ Al RU/ decu f I rate
11, the Ru seeg:ﬁlyglﬁg?qla?%%g EEU&% er]TaS{/gP ¥ Baﬂnot@lf\’%él t::léél gggﬁgctchl ng

|ayer 15) and the CoOPté["?‘?rt]éFPaﬂré‘rtefé-aﬁﬁveg ’eelma@@z @hd2 603
~respectively cebighpdnd daogme taseowheyonnidgn&Ruisetdp ayerudBuksdlcd@xnm and

the Al Ru undergg ﬁralﬁu'csh 3£)Sn%pgsg_acseed vr@cerg ItHe %tless ed %ayer 13 is 3 nm

and the A_Ru un caseé seed | ayer 13
is 3 nmand thepAFRerlmcre#lrayér nm4t|0s 510an T@enrbem n?dilbéﬁhut-”ﬁé £86&s

shown in FIGS. albo35 ianflddesi Loty die, seancbhat cbhe il seedrbayar, 13 gives
a better AlRU(OBL LG4 RSN h0ed MEFagHL L AY Lol BUL T
alloys are grown directly on bece Cr alloy films, a
portion of the magnetic layer 17-a in contact with
35 the bce underlayer 14 is adversely affected due to
lattice mismatch and/or diffusion of elements from

seed layer 13, and in this case, the magnetic




-18 expected, a strong Al Ru(001) texture appears for the Al Ru underlayer 14
deposited on top thereof. FIG 17 is a diagram show ng perpendi cul ar
coercivity values of Al (or Ru)/Al Ru/CrMd/ CoCrPtB 5 structures. |In other
words, FIG 17 shows the perpendicul ar cogrm vity values of Al (or

Ru)/ Al Ru/ Cr Mo/ CoCr Pt B structure neasured & ng Kerr measurenents. In FIG
17, the ordinate indicates the perpendicul ar coerC| vity (Ce), and the

absci ssa 10 |nd|cat%s t he thickness seed | ayer 13.

e A .
Further) a synbol 2 FR&Ye S ttﬁ?\eméggredrr'l)l\ﬂ tJ5F¥%F iﬁeaAHSAIrF&P%%%@ Bayer and
under | ayer combéhht Bentlmdcmtasynﬂnalgnleuruhmmzesﬁheh@oa’(a.‘gﬂ/éttnycfOr t he
Ru/ RUAl seed | ra Q_q?I[ y 1 cql atio Smal | thi sses of the
seed | ayer 13 Ifa% gqu ve i Bergpen:?j 1:{}I ar @BErEF\?t e}g CRhich are
useful . Nor rrallllvnmaggﬁlttl&bllem's%béayatre lt@rmee*a@mte sange mfd@q)prmmeratel y

100C to 23@C giFesc9e0¢ (Jry St @k 0L aARNIGG t 0 adhesi on of
the | ayers. Hovveve? for di ffeLrlent %I r?ary u%§ gegﬁ'gng'dazﬁ%for di fferent

texture requi rehBRES U Cehel bt r af &P t)errpe“*sat%uréeﬁﬁ the Epreprnatéefry

adj usted to obsaisothepsarmef tket sceyi@ty, ol Whde d€fd NYagas
pressure range 25 mlorr mrLor r y sed w or W hout t he
substrate bi asSQIfHesgraer e hléﬁ‘ggggﬁegput tlgl:fl ngi:gﬁaflt' d:h'éee‘rﬁT%gﬁaeto
produce the maghéehsatdeay i HgthednegneSubstIayerbsasuecamte applied to a
metallic substi@bsorade Af HeOlntBeiliyehs DEVENRL.ioRd ddEALhLE,pLe seed

| ayer nmade of a maherl al such as Cr is’'essentia biasing” 1t usin he
gl ass substratB2t¢RobdiF thiet phrei BAFAMSfiowt h dBdcitBed Bbve is appli ed to
the magnetic reegndicigateidining £ 3bheheragyrortei ot heyear easydtwppl Leat i ons

P orbhpaduater ded Ces 2Rl AR JPHLES it B (DL gr owt h

froma binary a ‘desiTed. For °f texture is
very much usedmi-ﬂltnhéeﬂ' eséﬁ@rﬁgyemr éﬁ\%lfqmabbpal wingmpaktecul ar

orientatiqmg (Otﬁrr&@i%uraf%) ik seAteerdee Qff deyd cRagnlierimallyyea single
crystal substra pref erre such cases. However, %h sputtering,

such a texture® é‘fé?-aﬁ?r yag?BV\ﬂ‘lW 1t| ng Ga first and then
depositing the GaAs t ogether SBMmakeuldmi{Hdid vt Bxt nmele Aparéffaamthis

speci fi c (001),growt Q’woloaﬁgffgrgaﬂla%eﬂ:tl@él%ypgogkﬁ.teed(tdg@r\é\%ifgxcan be

inparted using the present invention antly
single atom c SPERRES Srid¥e¥d . dUpsSitimg 22 B¢ hapy élhleoy“aeﬁ‘n%tt%-@rtl ary

al l oy conai si bgypredeBdadidyiFveanras) §sar SOIBLO0R &mé&i%tpngﬁe\/\hl ch
can be |rrparte

mat eri al s. gpﬁéé&%&ﬁ‘ﬁéh %%g%te)f%%;?% Ig: *ﬁ% g :':eAi‘Ft (r)nrllg(r: o all oy

magnetic | ayer /figr, Hppli daicored cparpenpémdileud aroerghetity ,reoat dag. 1n
this case, a 20c£8¢Ad0%odLxlyl 8y0b 1Ly MAGICEL ¢l BYSind S 'f’ﬂi’é‘r%?ﬂ from the

conbination of _a thin s e atonic species | ayer an bi nary (or
tertiary) allo§2fafdr i “l%’%‘é‘()%‘ér):harf“ﬁduggnt?k%l é*ﬁrﬁo&’i‘*‘ﬁerﬂ%q%é%rl bed above
use a rigi2d gl essedllestr atre;plAre orientation which is provided by

the above described combination of the seed layer 13
and the underlayer 14,
Therefore, the embodiments described above
provide a scheme for making a (001) texture from a
30 B2 structured alloy or a binary alloy. In order to
obtain the (001) texture from a B2 structured
material, essentially the first deposited seed layer
13 on the substrate 11 needs to be made of one of
elements forming binary alloy of the underlayer 14.
35 This fact is made use to define a very thin and
preferably a monolayer metal film as the seed layer
13.



25 present invention may simlarly be applied to other kinds of substrates,
such as netal, polyner, plastic and ceram c substrates which nay be
flexible or rigid, and still not depart fromthe spirit of the present
invention. 30 In the case of a magnetic di mechani cal circunferenti al
texturing (texturing parallel to tracks) éﬁployed on top of Ni P coated
substrates are found to have nuch superlor performance than that w thout

such texturing) in terms . of the si to 35 nojse (S/IN) ratio and in terns
of thermal decay. Also) g%r?ce Ef%%sggéﬁlns PO 0 %Oéoté‘real ns with (1120)
texture are ortineqheeliayast Inya*mlo'n@lthech as 20 Rurcentenentdlalfglt rection in

t he case of tt’@ @gggg dé%i? &e{teg( g ;f%%ggggﬁﬁg agtitkg e for "the

magnetic recordin e t he flel t he
circunferenti éieﬁi@?é‘é?idohlsig-l"cmrmg opditddadmode smsteounhdme tiher past

that, nmechgni gt extur kg appd i @geoeot-@%d\!ﬂ:ef@@tﬁgtfﬁu%tfrfas{) ginparts
ayer

crystallographlcally all%nnent not only the nmagnetic ut also on the
O al oy under?AYeFsEeGider 145 ePRtals Ghawedss tredobextrda-ext¥a®tboth with
and mnthoutlnﬁmpmrtahttﬁﬁpﬂsrmlohDWBW@Ltﬁdﬂst@ﬁlﬁﬁr@%@dﬁﬁﬁh the O <110>

direction is efer i nd wards the circunferential direction
in the case of §§%8%at%é({%%cryedl sﬁg $ BP&rSrE THEPRA] ﬁéltrl ® recording 15

medi um of the Wé@bh?sﬁmﬁemﬁ ofmllz\malfdsasmgd:esrrmg ppeéelsatbrlee amtler | ayer and

magneti c hayers@hkephati @wwe tR gbkhen g dreghani aal, tRxtging 9fF the
substrate or d e tg}%he nmechani cal circunferential texturing of the seed

| ayer such as HhE8 & O PR &I 185 nﬁlFSEFﬁé‘tprdﬁé?ﬁl'Fh?Entl on.
Next, a descri psponterlingle gpwentdbnan enbodi nent of a magnetic storage

apparatus according to the qu es?%:nrE E:B\G?ﬁt |90nsh§% {{ﬁ}‘)errl n omsFIO . 18 and

19. FIG 18 is a cross section Vi ew an i mpor an part of this
enbodi nent of AhBufhgheriCe StRERgS tapsRaess, d%@l@ls Fred BT idiBiprantvi ew

showi n? t he lmﬁutaaha%r tcdz{dibiéngmf@(il r{&f& @iR%hﬁngi%&rlfaty@r siprage t
appar at us. own netic stora ar at us
general |y incl u%%g ﬁim&%ﬂ}&g gﬁé fff)ruca ‘b’?‘ﬁr afi P9 Yh ta}gg

recordi ng nedi&alBRieundepilaed st {4 of thec@:d‘[mglaﬂth.cepnmd:@ngg heagsr117, a
plurality of sy§peaﬁa0%e13& @pehu%ﬁlt'etrﬁaqfeg g 118).c200 @p actuator unit

120 which are provid |n a housin he magnetic recording
nmedia 116 are %‘aﬁféal’@ﬁ tlffe mbfﬂseﬂhubdh Q%‘$B‘95F661W tHeeMot®? 114. The
recordi ng2and depredeaitngeadnetal targets of Al and Ru. An

Al Ru;, composition can be easily obtained by

changing the power ratios applied between the two

targets. In FIGS. 7 through 9, the ordinate

indicates the intensity in arbitrary units (A.U.},
25 and the abscissa indicates 28 (degrees).

FIG. 7 is a diagram showing XRD spectrums
of AlRu samples co-sputtered from Al and Ru targets
for different AlRu thicknesses. In other words, FIG.
7 shows the XRD spectrum of the ALRu samples with

30 different AlRu layer thicknesses ranging from 3 nm
to 100 nm. Curves 101, 102 and 103 respectively
correspaond to ALRu layer thicknesses o0f 3 nm, 20am
and 100 nm. It is clear from the XRD spectrums that
a prominent peak appears near 2¢& of approximately

35 43°. This peak corresponds to AlRu{(l110) which is
not a desired texture for the subseguent Cr and

magnetic recording layer 17. The texture which 1is



-21 117 is made up of a reproducing head such as a MR or GWR head, and a
recordi ng head such as an inductive head. Each recordi ng and reproduci ng
head 117 is nounted on the tip end of a corresponding arm 119 5 via the
suspension 118. The arns 119 are noved by the actuator unit 120. The basic
construction of this magnetic storage appéf%tus is known, and a detailed
description thereof will be omtted in this speC|f|cat|on 10 ThIS

enbodi nent of e Qnet Lor a S racterized by t
magnet i ¢ recoré?ngl@e% gfl g § A%Qﬁg) rggél’:gﬁ %W%n%‘%%pﬁéé‘ t he
structure of aAyoshd e embodppent}&rrdae:saﬂry bga° aﬂoyehdamm kedrd n
conjunction with FIGS. 4 through 15 17. The number of magnetic recording

media 116 is not (biom)t echd ocbhi £®))and QM Yed WO OF £QU U, J0T ep {3’?99&‘“ ¢

recordi ng nedia 116 may be prOV|ded The basi c constructlon of e magnetic

st orage appar atHs whﬂﬁﬁné$§128ﬁdé%tﬂFﬁu?fP@P h@x%%ﬁa(¥% d8n2ndpts. In

addi tion, the oegn tic record Hg %tum used I n the present Invention is
not |im teo5 tol8 MldretitS ot skN®arsd W%@nEFF‘EeF&Y&Qﬁ e frelif D Ady t ake
the formof a ﬂrﬁ@ﬁ@tandt dpe)Ter meynepice seartk afa$ heskiikeo 2 nkher ef or e,
according to tlgg g |nvention it is possible to reduce grain sizes of
t he under| ayer the netic recordlng | ayer, and pronote desired
orientation of the magnet EGrebordi ig d!aa,@lrambyhph*enm KAZi speotruhe seed

| ayer. 30 As aofeaqlatu éémp§e90&%'—@|p5aﬂt§éf@@l E%emaAria%[‘rF&'&ufEQQEgQ't g
nedlun1ha%kpg an ﬁp&§¥ gerfo mance, even when the underl ayer 1's forned
usi ng t he mul t F 24t fiddd ST bnt V8P “FGUrSs e SRR EHE SSingl B2 ¢ hBHe systemis
used to form tHerdsderflEyer§ shewgr aihe 35t b aesodf thlee qusleetayer and the
magnetic recorgégggﬁgggrgagnskggl@@&qg@ 5?dHE§ﬂ t%§g§ﬂnnghgggsdgﬁlred

orientation of the magneti ¢ record t he™provision ‘of
the seed | ayer 29Bur M )a%%ezBﬁe§@ﬁ@qQﬁkﬁﬁlhncp§rmﬂPQHdnt@d to these

enbodi ment's, betb¥arais vembathenseand Moghficat  oosc mysbhe: nagde whE hout
depart|m31§0ﬂk§ E%ﬁ (§§EOfAEh%ﬂg§§¥¥g ﬁgggn%B%nthe sghtterlng
was kept at 5 mTorr and the AlRu layer thickness was
kept constant at 20 nm. The substrate temperature
was changed from 0°C to 230°C. It is clear from the
FIG. 8 again that AlRu(110) texture is dominant and
20 AlRu{002) texture is clearly absent.

Another important sputtering parameter is
the Ar pressure used for the sputtering. This
variation and the corresponding texture growth is
shown in FIG. 9. FIG. 9 is a diagram showing XRD

25 spectrums of AlRu samples co-sputtered from Al and
Ru targets for different sputtering Ar pressures.
Curves 301, 302 and 303 respectively correspond to
Ar pressures of S mTorr, 20 mTorr and 50 mTorr. In
this case also, the required AlRu(002) texture is

30 clearly absent.

Next, a description will be given of the
substrate bias effect to AlRu growth, by referring
to FIGS. 10 and 11. FIG. 10 is a diagram showing an
XRD spectrum of AlRu samples co-sputtered from Al

35 and Ru targets by applying a substrate bias of -150V.
In FIG. 10, the ordinate indicates the intensity in



25 30 35 -23 CLAIMS 1. A magnetic recording nediumconprising: 5 a
substrate; a magnetic recording |layer nade of a Co alloy or a CoCr alloy; a
seed | ayer di sposed between the substrate and the nmagnetic recording |ayer;
and 10 an underl ayer nmade of a binary allﬁé material having a B2 structure
and di sposed between the seed | ayer and thé magnetic recording | ayer, said
seed |l ayer is nmade of a naterial conprising essentially of one of elenents
formng 15 the_bipary allo of the der| ayer. 2., The magnetic
recordi ng medi ThY g %F ﬁﬁﬁ' g#aﬁnﬁl,awﬁkf€$% gREcizsa ﬁﬁU%kE?EgFegording
| ayer is made ﬂp(ﬁegmeeagle FghetlT 26 baydagaram siyowbagi @ ferrimagnetic

structure, sahg o5 thggdigéwﬁ+gggg§é? sﬁgégﬁg&e ?glgg made up of at | east

two antiferro g tical cou magnetic | ayers) wherein
c-axes of CoCrABRE6G Mﬁﬁ&ﬁq% F%y§¢§uémyﬁﬁgﬁwmecanthy parfal lwden a film

25 pl ane ttserepiy@ycmt hay 130@a1t1ﬂn0 Ehé G, LyBeE e mat'éf}ﬁ/dé'? t% .
al ong e film

denot es perpenﬂgcular coerC|% and He denotes_coercivity
pl ane. 3. The hAgh8t Pc Feddtdi b en@ﬂFEﬁQﬁ;%ﬁﬁ%FhPM@& iL® i k8 108F 2)
wher ei n said uDdeFanenlusﬁﬁ@eooﬁlaaﬁésﬂﬂdméyted bh@amkﬁ¥|ﬁWtﬂﬁiahlm

oz, niTi USRI AR Bl e ok s A PR AP i B b8 have
appr oxi mat el y QSGMG@N$éW60@6conpOS|t|on ranges of one of the el ements
form ng the binary a||OYFB¥eEh@|substrate biasing, it is necessary
to deposit a thln layer of Cr/NlP before an ALRU
layer. 1In this case, the growth properties are
slightly different for the two layers, but it gives
the clue as to what causes the absence of growth of
15 AlRu(002). The substrate temperature was 150°C and
a substrate bias of -150 V was applied. In this
case, a predominant ALRu(00l) growth was observed,
along with a relatively much lower AlRu{ll1Q) texture.
Thus, out of all the sputtering conditions, only the
20 substrate biased samples with low sputtering power
yield the RuAl (001l) phase with relatively larger
- RuAl underlayer thickness greater than 50 nm.
Substrate bias with higher sputtering power gives
mostly RuAl (110) phase as in the case of other
25 deposition conditions. The possible mechanism is
just opposite to that of any bcc materials like Cr,
where a {002} surface is parallel to the surface of
the substrate 11. In the case of the RuAl
underlayer 14, a (110) surface predominantly grows
30 parallel to the surface of the substrate 11 and
hence formation of this RuAl(110) phase is easy.
But when the biasing field is applied, kinetic
energy of bombarding particles (Ar + ions) are also
increased. Hence, it helps to predominantly form
35 one type of element, in this case, either Al or Ru.
The scattering probability is higher for Al than Ru.
Since the atomic radius of Ru is smaller than that




-24 4. The magnetic recording nediumas clainmed in any of clains 1 to 3,
wherein said seed | ayer is nade essentially of AL or Ru if said underl ayer
is made of AlRu, and said seed |layer is 5 nade essentially of Fe or Ti if
said underlayer is made of FeTi. 5. The nggnetic recording nedi um as
claimed in any of clains 1 to 3, wherein said seed 10 | ayer is made
essentially of a netal nitride or oxide of one of the el enents which nmakes

the binary al | gy mrmwrl&rs%gaymerl s Gpo@@blfﬂggt&%t IC M&@Ig Rg medium

as 15 clained in a cl ai s 5, whereln sa er ayer has a-

t hi ckness of abﬁré?%ﬁﬂ%ﬂyﬁ% Eﬁ?téuééﬁﬁﬁt@ lyhéniidrdtlivc r eEdE8i A§ medi um

as 20 cl ai ned Sdﬂhémﬁtqfcaﬁ.]ay nﬁeéré@e@téwemlméél d1§e%ﬂ1d aygr has a
t hi ckness of apprOX|nate Vg ltho 50, nm 8. TE netic recording
nmedi um as 25 clainmed in of L&l &Fn@ PP EAN\ABPEILRY & GtSFeFAFERNess of

sai d seed anereandsamuhtm@wrbﬁyar&ubsur&téahQESthammﬂn@tmmﬁhy 30 nmto
60 nm 9. The et.i r [ as [ of clains lto
RRNCLIG Jioe0 Ewahg‘s%wtqq £Q Er8l Mg d rhRE

8, wherein said substrate Ts text ured tic
recor di ng nedlﬁﬁmaéééﬁmiﬁﬂt®nél50@5t?ﬁRﬁ@&lVathéﬁmﬂﬁqnaxl&g 35 a Or-M

lattice matchi pgrhayerathavinoaa tRirgletess of 2RRLXLMRL ¢l 6 1 Dﬁn £9 10 nm
for med dlreCtlglggr%%(¥&gdg££ lnlﬁgjéLgpggggt?g%ge%anLng effect

10 and the AlRu initial film growth. 1In FIG. 13, the
left part indicates the (001l) and (110) growths 'on
the substrate 11, and the right part indicates the
Al and Ru sputtered on the substrate 11 with
substrate biasing.

15 It may be understood from the description
given heretofore that it is important te add a thin
layer of metal (seed layer 13) prior to depositing a
layer of the binary alloy {underlayer 14). This

_ enables the growth of (001) texture whose surface is

20 made predominantly of one type of elements as is

. clear from FIG. 1l4.

FIG. 14 is a diagram showing a (001)
texture of AlRu, where only one type of element is
present in the same plane. In cther words, FIG. 14

25 shows the texture of AIRu cell structure. It should
be noted that, in the case of the (001) texture, one
surface contains always the same element, namely, Ru
or Al. Such growth can be imparted by pre-
depositing a pure Al or Ru seed laver 13 prior to

30 the AlRu underlayer 14. This could be applicable to
any binary alloy preferably B2 structured ones where
the seed layer consists of a thin predominantly
containing one of the pure element, prior to the
deposition of the binary alloy. This method is

35 tried as an example in the formation of AlLRu layer.

FIG. 15 is a diagram showing XRD spectrums
of Glass/Al/ALRu/CrMo/CoCrPtB structures, where a




sai d underl ayer and said magnetic recording |ayer, where Mis a materi al
sel ected froma group consisting of Mb, Ti, V, and Wof atom c proportion
greater than or equal to I Qg. 5 11. The nagnetic recordi ng nmedi um as
clainmed in claim?210, further conpri sing: %n, interlayer nade of a slightly

magneti c or nonmagnetic hcp structured CoCr alloy having a 10 thickness of
approximately 1 nmto 5 nm and di sposed between said Cr-M Il attice matching

| ayer and said . C ing .l r, 12 magneti c recordi medi um
as 15 cl ai ned nggﬁﬁl&%r{cfa?érﬁs]w ttggté,% eur?%egrf&frrﬁ%ilse‘itﬁ‘gﬁ an?i ﬂtL'Bglrayer
made of a sligHeFgsmadildl i cl br shonsadret iXRhcpasteuat wedderCofxoml | oy havi ng
a thickness Ofeﬁa.@g?@lfﬁlféwér%‘/g%&ﬁ‘%a aé‘grgh%%%%d Astveen. sakd - -
under | ayer and said nagnetic _recording 20 |ayer. . The ‘magnheti ¢ recording
nmedi um as. cl aFFe&%e R8s of £ chai- ms ERGlo @lasar AREALBoniSTiNG NgoCaPlct ti ce

mat ching | @ayer sgade tegsent s ahbde0lipRY 23 H@vindsad LhikEiess: 0{1, the
approxi matel y }’1: nmtao nmin gi reg‘t caontact with said _magnetic recording
layer and di sposed®h FSatd ubdér | WRde SRy ekadifet i €he e€5HEI ng

| ayer. 30 14. Panudeet imastiviagelagear dtls £ndpehei g cattd east one

magneti c recordj J npr LSl a st e netic recording
| ayer nade of gh?‘:%rg%ldgoéfnog@a. Cg%lgqglsl oﬁllba égéda §yg?’%3§%?%%8§é896é’t ween
the substrate SRATER@GFEhnE?i @ Fa&6r #itvitr ¢ aylee, Adndeadl ezt ayer isade of a

bihnary gl :lony rramegin@lh d1ayi AgrRa Bad%trrldlagkélf lel@nﬂsdiB%ng%ﬁ,d 2 ?asQGWE'éFr\éeen g
the seed | ayer _an e _magnetic recording |layer, [ eed | ayer bei ng made
of a material Egﬁpﬁhsisnege sgﬁﬁ??:al?[l y *of r‘Bt)n"émo‘anl Zﬁ'@nt@pﬂbr% §ELRE S nary
al.l oy material 18f ishéunder | ageér @ aad ea vweade whheh Adr istesssd | Dd peratizon on
and/ or reproduggs 3i RfOrimE i PR RO hq,l:((jga]'g ' cqrdi ium. . 15.. The
magneti c storage apparatus ase_zlo cl aiurr_e |g§%%gi Irinqlﬁ_',S v%q%'% g?[ﬂ'tggt Is
under | ayer of SaF@tnddifet iRy r dBEFRNG 4t AnY #EYmadid NofAla B2edt Lareur ed

binary al ligy naBeritale selegtedlfr @@xa YrOUPs COASIEIEI b ifedUAl, N A, CoAl,
FeAl, FeTi, CoHf, CoZr, Nifly; UBG QN o Mot Ree ML MR, 04
formed by introducing a very thin Ru seed layer 13
prior to co-sputtering of AlRu, as may be seen from
FIG. 1l6. FIG. 16 is a diagram showing XRD spectrums
20 of Glass/Ru/AlRu/CrMo/CoCrPtB/ structures, where
AlRu has a predominant (001l) texture. In other
words, FIG. 16 shows the XRD pattern taken from
Glass/Ru/AlRu/CrMo/CoCrPtB structures for various
thicknesses of Ru. Each Glass/Ru/AlRu/CrMo/CoCrPtB
25 structure is made up of the glass substrate 11, the
Ru seed layer 13, the ALRu underlayer 14, the CrMo
lattice matching layer 15, and the CoCrPtB
interlayer 16. Curves 601, 602 and 603 respectively
correspond to a case where the Ru seed layer 13 is 1
30 nm and the AlRu underlayer 14 is 30 nm, a case where
the Ru seed layer 13 is 3 nm and the AlLRu underlayer
14 is 30 nm, and a case where the Ru seed laver 13
is 3 nm and the AlLRu underlayer 14 is 100 nm.
Comparing both the cases shown in FIGS. 15
35 and 16, it may be seen that the Al seed layer 13
gives a better AlRu(00l) texture in comparison to
the Ru seed layer 13. But in both cases, as



15 and GsAl which have approximately 40%tc 60% conposition ranges of one

of the el enents forni ng the binary alloy material. 16. The magnetic storage

apparatus as 20 claimed in claim14 or 15, wherein the seed | ayer of said
pagnetic recording nmediumis made essenti IIy of A1 or Ruif said

under |l ayer is made of Al Ru, and said seed ayer is made essentially of Fe

or Ti if said underlayer is made of FeTi, 25 17. The magnetic storage

apparatus as c 4 any f cl ai 1 1 erein the seed Ia er of

sai d magnetic rgé cqf g nedt ﬁloflg @é@ght%?‘%r&r PR APEr i€ or

oxi de of one ohlB0 theletbapatsléhidelpawkesdtbe hopamheatd®y. form ng said

under |l ayer. 18. The rragneILt@ st erage 5 a@lzg%g %Ilz%ll med in a E cl ai ns
I Penrant et

14 to 17, wherein said 35 netic recor |um| k.
I NN NN N RlPRI#&/lM:BjV&NyY P RIE N@GENANG] | Dt I\Ru) /AlRu/CrMo/CoCrPtB
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Normally, a wide sputtering gas pressure range of 5
25 mTorr to 50 mTorr may be used with or without the
substrate bias. These are the usual sputtering
conditions employed to produce the magnetic
recording medium. Substrate bias can be applied to
a metallic substrate made of Al or the like, however,
-30 a metallic pre-seed layer made of a material such as
Cr is essential for biasing if using the glass
substrate.
Though the particular growth described
above is applied to the magnetic recording medium,
33 there are other areas of applications such as to
semiconductor devices and laser devices, where a
(001l) growth from a binary alloy ia desired. For
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10 there can be other type of texture which can be

imparted usmng the present invention, that is, to
employ a predominantly single atomic species prior
to depositing a binary alloy or a tertiary alloy
comprising predominantly two species. Some of the

15  textures which can be imparted may be a (112)
texture of NiAl or FeAl or similar materials. A
perpendicular anisctropy can also be imparted for a
Co alloy magnetic layer for application to a
perpendicular magnetic recording. In this case, a

20 Co(0002) texture of the magnetic layer is imparted
from the combination of a thin single atomic species
layer and a binary (or tertiary) alloy layer.

Moreover, although the embodiments
described above use a rigid glass substrate, the

25 present invention may similarly be applied to other
kinds of substrates, such as metal, polymer, plastic
and ceramic substrates which may be flexible or
rigid, and still not depart from the spirit of the
present invention.

30 In the case of a magnetic disk, mechanical
circumferential texturing (texturing parallel to
tracks) employed on top of NiP coated substrates are
found to have much superior performance than that
without such texturing, in terms of the signal-to-

35 noise (S/N) ratio and in terms of thermal decay.
Also, since the c-axis (<0001>) of Co grains with

(llﬁﬂ texture are oriented mostly along the
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also applied along the circumferential direction
5 during operation. It was found in the past that,
mechanical texturing applied on the NiP coated
substrates, imparts crystallographically alignment
not only the magnetic layer, but also on the Cr
alldy underlayers. Underlayers are grown with (002)
10 texture both with and without mechanical texturing.
However, for Ehe former case, the Cr<110> dirécﬁion
is also preferably aligned towards the
Circumferential direction in the case of the
magnetic disk. Therefore, the magnetic recording
15 medium of the present invention would also show
preferable underlayer and magnetic layer orientation
due to either the mechanical texturing of the
substrate or due to the mechanical circumferential
texturing of the seed layer such as NiP or the seed
20 layer according to the present invention.
Next, a description will be given of an
embodiment of a magnetic storage apparatus according
to the present invention, by referring to FIGS. 18
and 18. FIG. 18 is a cross sectional view showing
253 an important part of this embodiment of the magnetic
storage apparatus, and FIG. 19 is a plan view
showing the important part of this embodiment of the
magnetic storage apparatus.
As shown in FIGS. 18 and 19, the magnetic
30 storage apparatus generally includes a motor 114, a
hub 116, a plurality of magnetic recording media 116,
a plurality of recording and reproducing heads 117,
a plurality of suspensions 118, a plurality of arms
119, and an actuator unit 120 which are provided
35 within a housing 113. The magnetic recording media
116 are mounted on the hub 115 which is rotated by
the motor 114. The recording and reproducing head
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this magnetic storage apparatus is known, and a
detailed description thereof will be omitted in this
specification. '

10 This embodiment of the magnetic storage
apparatus is characterized by the magnetic recording
media 11l6. Each magnetic recording medium 116 has
the structure of any of the embodiments described
above described in conjunction with FIGS. 4 through

15 17. The number of magnetic recording media 116 is
not limited to three and only two or four or more
magnetic recording media 116 may be provided.

The basic construction of the magnetic
storage apparatus is not limited to that shown in

20 FIGS. 18 and 19. 1In addition, the magnetic
recording medium used in the present invention is
not limited to a magnetic disk, and the magnetic
recording medium may take the form of a magnetic
tape, a magnetic card or the like.

25 - Therefore, according to the present
invention, it is possible to reduce grain sizes of
the underlayer and the magnetic recording layer, and
promote desired orientation of the magnetic
recording layer, by the provision of the seed layer.

30 As a result, it is possible to realize a magnetic
recording medium having an improved performance,
even when the underlayer is formed using the multi-
cathocde system. Of course, when the single-cathode
system is used to form the underlayer, the grain

33 sizes of the underlayer and the'magnetic recording
layer can similarly be reduced to promote the

desired orientation of the magnetic recording layer
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Further, the present invention is not
limited to these embodiments, but various variations
and modifications may be made without departing from

S the scope of the present invention.
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comprising:
5 a substrate;
a magnetic recording layer made of a Co alloy
or a ColCr alloy;
a seed layer disposed between the substrate and
the magnetic recording layer; and
190 an underlayer made of a binary alloy material
having a B2 structure and disposed between the seed
layer and the magnetic recording layer,
sald seed layer is made of a material
comprising essentially of one of elements forming
15 the binary alloy material of the underlayer.

2. The magnetic recording medium as
claimed in claim 1, wherein the said magnetic
recording layer is made up of a single magnetic

20 layer or a synthetic ferrimagnetic structure, said
synthetic ferrimagnetic structure being made up of
at least two antiferromagnetically coupled CoCr
alloy magnetic layers, wherein c-axes of CoCr alloy
magnetic layers are significantly parallel to a film

25 plane thereof such that a ratio h < 0.15, where h =
Hel/Hc, Hcl denotes perpendicular coercivity, and
Hc denotes coercivity along the film plane.

3. The magnetic recording medium as

30 claimed in claim 1 or 2, wherein said underlayer is
made of a B2 structured binary alloy material
selected from a group consisting of RuAl, NiAl, CoAl,
FeAl, FeTi, CoHf, CoZr, NiTi, CuBe, CuZn, AlMn, AlRe,
AgMg, MnRh, IrAl and OsAl which have approximately

35 40% to 60% composition ranges of one of the elements
forming the binary alloy material.
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made of FeTi.

3. The magnetic recording medium as
claimed in any of claims 1 to 3, wherein said seed
10 layer is made essentially of a metal nitride or
oxide of one of the elements which makes the binary
alloy forming said underlayer.

6. The magnetic recording medium as
13 <claimed in any of claims 1 to S, wherein said
underlayer has a thickness of approximately 5 nm to
60 nm.

7. The magnetic recording medium as
20 claimed in any of claims 1 to 6, wherein said seed
layer has a thickness of approximately 0.5 nm to 50
nm. ' '

8. The magnetic recording medium as
25 claimed in any of claims 1 to 7, wherein a total
thickness of said seed layer and éaid underlayer 1is
in a range of approximately 30 nm to 60 nm.

9. The magnetic recording medium as
30 claimed in any of claims 1 to 8, wherein said
substrate i1s mechanically textured.

10. The magnetic recording medium
according to claims 1 to 9, further comprising:
35 @ Cr-M lattice matching layer having a
thickness of approximately 1 nm to 10 nm formed
directly on sald underlayer and disposed between
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11. The magnetic recording medium as
claimed in claim 10, further comprising:
an interlayer made of a slightly magnetic or
nonmagnetic hcp structured CoCr alloy having a
10 thickness of approximately 1 nm to 5 nm and disposed
between said Cr-M lattice matching layer and said
magnetic recording laver.

12. The magnetic recording medium as
15 claimed in any of claims 1 to 9, further comprising:
an interlayer made of a slightly magnetic or
nonmagnetic hcp structured CoCr ailoy having a
thickness of approximately 1 nm to 5 nm and disposed
between said underlayer and said magnetic recording
20 layer.

13. The magnetic recording medium as
claimed in any of claims 1 to 9, further comprising:
a lattice matching layer made essentially of Ru
25 having a thickness of approximately 1 nm to 3 nm in
direct contact with said magnetic recording laver
and disposed between said underlayer and said
magnetic recording layer.

30 l4. A magnetic storage apparatus
comprising:
at least one magnetic recording medium
comprising a substrate, a magnetic recording layer
made of a Co alloy or a CoCr alloy, a seed layer
35 disposed between the substrate and the magnetic
recording layer, and an underlayer made of a binary

alloy material having a B2 structure and disposed
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reproduces information from the magnetic recording
medium.

15. The magnetic storage apparatus as

10 claimed in claim 14, wherein the underlayer of said
magnetic recofdinq medium is made of a B2 structured
binary alloy material selected from a group
consisting of RuAl, NiAl, CoAl, FeAl, FeTi, CoHf,
CoZr, WiTi, CuBe, CuZn, AlMn, AlRe, AgMg, MnRh, Iral

15 and 0sAl which have approximately 40% to 60%
composition ranges of one of the elements forming
the binary alloy material.

16. The magnetic storage apparatus as
20 claimed in claim 14 or 15, wherein the seed layer of
said magnetic recording medium is made essentially
of Al or Ru if said underlayer is made of AlRu, and
said seed layer is made essentially of Fe or Ti if
said underlayer is made of FeTi.
25 ‘

17. The magnetic storage apparatus as
claimed in any of claims 14 to 16, wherein the seed
layer of said magnetic recording medium is made
essentially of a metal nitride or oxide of one of

30 the elements which makes the binary alloy forming
said underlayer.

18. The magnetic storage apparatus as
claimed in any of claims 14 to 17, wherein said
35 magnetic recording medium is a magnetic disk.




