;e3e{'vvwLy. zyj {6{ T{bi R~ ~r Magnetic Recordi ng Medi um Techni cal field of
the invention The present invention relates in general to a magnet i c
recording 5 mediumand in particular to a high perfornanc

reliable magneti¢ recording mediumthat exhibits |ow nois %H’WM w”’ﬁment |y
hi gh coercive force and is nmounted on a variety of magnetl Vi ces
such as an external storage device of a conputer. 10 Backgrourndiegs the
i nvention A Qgﬂ one of information recordi ng devices
t hat support n%qg Yo n?(;ér' mat | g%vMsoc ety in recent years. Wth increase of
I nformation to vast anmounts, magnetic recording nedia used in magnetic
storage devices are forced towards higher recording 15 density and | ower
noi ses. Achi evi ng _hj gh recording density needs minimzation of a unit size
of inversikechnl eld pdttheninvention n” turn requires mnute magnetic grain
size. Lowering of noises needs reduction of fluctuation of magnetization
due to magnet ithé pesartt mvdrtiotere latesnin Fene@almbwmagnbelmmmMgai n
size. 20 A magnetic |ayer using a CoCrPt alloy in a conventional medium
contai Bs an@dfain AMdh PAriRuIS: $6'd higRopEARIrnEPRUUNA HigHly Peliable
magnetic recording medium that exhibits low noise and sufficiently
high coercive force and is mounted on a variety of magnetic storage

devices such as an external storage device of a computer.

10 Background of the invention
A magnetic storage device is one of information recording devices
that support highly informational society in recent years. With
increase of information to vast amounts, magnetic recording media
used in magnetic storage devices are forced towards higher recording
15 density and lower noises. Achieving high recording density needs
minimization of a unit size of inversion of magnetization, which in
turn requires minute magnetic grain size. Lowering of noises needs
reduction of fluctuation of magnetization due to magnetic interaction
between grains in addition to the minute grain size.
20
A magnetic layer using a CoCrPt alloy in a conventional medium
contains a great amount of chromium to segregate enough chromium
towards the grain boundary region for achieving noise reduction. As

a result, the magnetic anisotropy constant Ku of the magnetic grains

A
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towar'ds the grain boundary region for achieving noise reduction. As a
result, the nagnetic anisotropy constant Ku of the nagnetic grains a i
is lowered, and the thernmal stability of the nmediumdeteriorates. On the
ot her hand, ,if platinumcontent is increased aimng at enhancenent of this
Ku val ue, the chrom um segregation to the grain boundary region is

hi ndered, resulting in increase of nedia noise. 5 Thus, there exists a

trade-of f | b I kel ‘ | t To
addross. + B ERL RRECEHe sherb AL FRab AL 0F et AR dRlohafatE O

iti . . ic, L 1 jals f
nonnagnet | BiAUBET AR DK BERHT Rl b GCipard ATIYBEE BF medi um has
been proposeg havi ng g %gﬁgélled ghzgqégr magnetic | ayer cgnsi;&kﬂg of |
magnet i c cenbaacegnanny SnKhlrfﬁg i therehrombam gegregation Cr FXRLN
surroundi ng the crystal grains. In a nedium having a granular structure,

the rragnetbmiaﬂamfyafegio;i ¢s hdaderedsresalting holiacedaseofanieddh noisepom each
other by virtue of the interveni ng nonmagneti c substance. Since the m ni num

magnet iz at Ty gl &Hex%aéki%%sta{‘%réaéeo frelatiof] BetivetiftRe thu1GHal %gébiﬁglo
nm high recording density I's possible to at least thi's precise di nenston.
Besi des, ex@aqr}ﬂeg | Nt er ac iq_’n between the grains is 20 expected to be

suppressedal nr%ﬁ?hf& G%O%%at ri x surroundi ng each grain. The granul ar

magnetic | ayer inherently allows avoiding addition of quantities of

chrom um because the grain boundary segregation is 2 principally
perfornmed by silicon oxide contrary to a conventional CoCrPt nmagnetic

| ayer. Since tThe addresmthesdeprablemnnenvariety mfsproposals havethean ai n
boundary in the granular nmagnetic |ayer, the grain boundary segregation is

ﬂ; g gt gg wmm@ﬁnbhu@iﬂ%@o&ﬁpoéimﬁeem& struevtires i nagnetidlayde, dind
npatibility wt
10 materials for a nonmagnetic underlayer and a seed layer. Among
them, a type of medium has been proposed having a so-called
granular magnetic layer consisting of magnetic crystal grains and
nonmagnetic matrix of an oxide or a nitride surrounding the crystal
grains. In a medium having a granular structure, the magnetic
15 grains are nearly perfectly isolated magnetically from each other by
virtue of the intervening nonmagnetic substance. Since the minimum
magnetization unit can be the size of individual grain, which is 4 to
10 nm, high recording density is possible to at least this precise
dimension. Besides, exchange interaction between the grains is

20 expected to be suppressed by the nonmagnetic matrix surrounding

each grain.

The granular magnetic layer inherently allows avoiding addition

of quantities of chromium because the grain boundary segregation is



noi seé reduction. For higher recording density in the future, it is

ikndi spensabl e to make the magnetic |ayer thinner. The thinner magnetic

| ayer has | ower magnetic ani sotropy energy KuV, where Ku: magnetic

ani sotropy constant and V: activation volume. To 1o prevent |owering of the
magneti c ani sotropy energy, the magnetic ani sotropy constant Ku nust be

i ncreased, which requires addition of nore anmount of platinumto the

ot num disipaRyrBEE oMY eiliCoblOkRlb BORLFARY o o (BRI ITGHAL ©

cooneti ¢ 1GoCTPT magnetiaday e Saher themlaamorade sy carspellbl td! o "t he'

grain boundary region even if_ plenty_of platinumis added, the %ranul ar
n

nmagneti ¢ | pyegipitate at thevgraiyboundarnindhegramular magnetienlayarpthe
contai ned while maintaining isolation of magnetic grains. 20 United States

Pat ent No. gfai‘il?Boﬂl?ﬁiaxf)f) Beﬁr@g‘ﬁtﬂ)n i provaeted MeitHowt hovering thehi eved by
m

a granul ar recording fi aving a structure in which each nmagnetic crystal

grain igs s : i i [ nul ar
recor di5ng %ﬁéﬁetﬁlsg)wgﬁg@%%ggﬁ cgtﬁl’;gmgy@gﬁé gé‘&é“%iéﬂbélr}{gsr"p%@. ng
RF sputtering usi t ar get  pf Ni Pt whth an addit.ivg of. an_oxide such as
S 021 n sufiberedafion Hor BigleFirere e Heriby in Paf futled Hoftmt al 1 1<
phase physjcally separates each_nmagnetic grain, gnetic interaction 5

bet ween t Hdl saﬁ)algrta makesha Begnetie ][aai@lf H¥ReBn r@ﬂe i&@@@@rn&gneti c
domain wal |l is suppressed that arises at_a transition region of a recording
bit, |eadi magmeticHagernhasdewer seaghatincanisairopy énpagysi&udhewdereed
Patent Application Publication Nos. H1110 213371 and 2000- 123445 di scl ose
deposi ti ngKaj Mﬁ@iiétﬁ(t@inwotbo?g%ﬁ@&trﬁfQﬁdCVb'a‘étN:iMGhUVGhWiﬂeQrT*oO

depositing the magnetic |ayer at has a hexagonal cl osest packed

S”UCtgg@zi oplél‘?gc E?@v&é‘i’fﬁg%f“ e?ﬁh‘?‘(ﬁe&fftﬁé&d&gg% %%fééﬂtﬂvﬁﬁ{\%gnetm

2000- 0ses a gnetic re rovi
nonmagnetic_internediate | a 15 wi.t;h body centergqd eubic struchyre
bet viean ¢ HanisRTEPYCCoasta Rk K i SRatedSely Bitich Feduldsfddifion of.
invention In order to acconpl.ish a diumw th excel | ent el ectronagnetic 20
conver si onMOEe amennsiplafingm ter thecampagitéenco é@@magn@t& a¥eBuch
as Si 2 and the cobalt alloy that are contained in the target need to be
wel | separ Althought #addiidpmsof tarrgeamounttidfipldtinienairdubitpdheagraino nake
the size of the magnetic grain honbgeneous to reduce noises. 4
boundary segregation of chromium in a conventional CoCrPt
15 magnetic layer and increases noises, in a granular magnetic layer, in
contrast, since silicon oxide easily segregate to the grain boundary
region even if plenty of platinum is added, the granular magnetic
layer has the advantage that larger amount of platinum can be
contained while maintaining isolation of magnetic grains.
20
United States Patent No. 5,679,473, for example, discloses that
low noise is achieved by a granular recording film having a structure

in which each magnetic crystal grain is separated by nonmagnetic

oxide surrounding the grain. The granular recording film in the



When 't he platinumcontent in the granular magnetic layer is increased to
cope with further high density recording in the future, degradation of

| attice matching is anticipated due to increase of an anount of msfit
bet ween a cqnventional CoCr alloy internediate 5 | ayer and the magnetic

| ayer because the lattice constants of the CoCrPt alloy of the nmagnetic

| ayer increase in proportion only to the platinumcontent. |ndeed | ow noi se
may be achj t i i che i . .
nonmet al | HORFEneY celif bR foiahiditey UBLatidd Bt BIAPHHE K SrfudBfing using
Neverthelesg, if. a n eti.c. inter iate.l ayer.ihs deposit uskng a
o v tarees S AR il AR BE s Bxidd i An QL Bk
that has a spacing of lattice_plane s different fromthat of the_ crystal
grains i n aigrangiea magnetic film, sinraeia nenmagnaide vingh nerunetallye phase
grain size of the magnetic grains in the magnetic |ayer cannot be

cont r ol | edphwbically deplaratesyedgh dnpgsietiograie, M?netﬁ: irberactiosuch a
nonmagneti c 1 nternmedi ate | ayer because of inferior [attice nmatching between

t he cryst ' ' ' j nd : ' he
magnet e | 25 oy CeRte et TR ThS i R o SO RS I Aerae o
recordi ng L - 1§ 1S .regui i 3 1 i.far
arai n si ciorepEhic doirE WAL 37 S yRieRet ok aThieR AR S Mo el
present invgntion has heen.made in view of, thjs problea$ 5 ,and .an obj ect
of the invehairaeording Hitoleading mcvm&lmai%l% ARAGHAMSHEW noi se
and hi gh coercive force. By controlling the structure and the grain size
di stribution of a nonmagnetic internediate |ayer, the structure and the
grain size of the crystal 5 grain in a magnetic |ayer deposited on the
intermedi ate |Jypanase Uaxaiindd Patenbik?plﬂca\tdmiBabliBatﬁQnNm.lHrlq-t he
o}

structure and the grain size distribution the internediate | ayer, the

distange boipse Ahd 2009" 20344% Afsdifst MeBBRLL af WilliddaGRRTOIN BOAIN]

the interaction between the nagnetic cryst grains Is

magnet i ¢ crourared Pl SEREEHNEhyifr O ERERe P P bEARRLE B b ot

i nvention have studied i etail the poise reductjon by ns of grain size
control of ﬂﬁﬁea Z}%ﬂgwaﬂsfq\%e@a&wﬁﬁrugﬁamouiﬁp@nese neXaTgIRed: |
When a magnetic layer is deposited on a _crystalline nonmagnetic ]

i nt er nedi aPateagApplicatien ddublicatian éNo. é@ﬂ(bBZQt]JOJdlSﬂleSeﬂ/ra oragnetice
sanme as that of the ferronmagnetic crystal grains in the nagnetic |ayer

each cobal re@srdihg médrunpprevided avith arnvant@snesioitieiantdidtelayer
crystalline grainin 2o the internmediate layer, and the oxide in the
magnet £ | @ieh body centered cubic structure between the magnetic layer and

the underlayer.

Problem to be solved by the invention
In order to accomplish a medium with excellent electromagnetic
20 conversion characteristic using a granular magnetic layer, the oxide
such as SiO2 and the cobalt alloy that are contained in the target
need to be well separated in the deposited magnetic film. It is also
important to make the size of the magnetic grain homogeneous to

reduce noises.



segreégates and grows corresponding to the anmorphous region or a porous
kegi on around the grain boundary of the crystal grain in the internediate

| ayer. The grain size of the crystal grains in the magnetic |ayer has been
denonstrated possible to be controlled by 6 controlling the grain size of
the crystal grains of the internediate | ayer on which the magnetic | ayer
grows. Thus, excellent nmagnetic perfornmances can be achieved. In other

wor ds, magneti I i i i r i in
he nonmmgnet 1V 3E RN RARIEI HEY SRBTIACIERHRA R LaVELES
result, the crystal, alignnent, af f.he non netic interpedi ate,l ayer is
fol l'owed PERESRAGEEPBo aih Tt BerdiBh dRBsis tecotdine mahe Bt
magnetic | ayer and, at the sane tipme, to forman aporphous grain boundary
regi on ar clggradationyof dattjeaimatchingdsmntisipatedghie tainereasgnfant o
structure of the magnetic |ayer having granular structure can be

cont r ol | edamdaemt of anisfliv betivean abéenvéhtionsk CoGat alloyt hetahmediatg ect, a
magneti ¢ recordi ng medi um according to the present invention conprises a

nonmagnet i g yHidghdapieé m?g;!/%%@léfef Berausk thelsetickedrinemtseofitBe

| ubricant f1I'l msequentia I'am nat e n a substrate. The magnetic | ayer

has a grangl i.Sil far. t:L C I [ hih 20
nexagonal Pzt Al At ER R e Ty B RERERE AP EPHSE bRl BadHsh o
mai nl y oxi de .i.ntervening between the ferronmagnetic crystal grains. The
under | ayerPIHdNFIBCHMOM: ed cubic structure. Advantageously, a magnetic
recordi ng nmediumof the invention 7 further conprises a nonnagnetic
internedi ate | ayer with hexagonal closest packed structure di sposed between
the magnetic |ayer and the underlayer. The internediate |ayer is conposed
of a nonmagnetindeed dowrrioiby maypbe erthibvedeby thowstrettarmnin sehash ehef rom

a group 5 consisting of Ru, Gs, and Re, wherein a degree of m smatching 0=

o una s opihakhctic AR néifer AN pravh ity R SoPuEafedthe, [ O
ol uded | asBfG AR, NeReRPREIRE aF  fohifigghotie nflriblotfihte 1458k
is deposited using a material with hexagonal closest packed or body
centered cubic structure that has a spacing of lattice planes different
from that of the crystal grains in the magnetic layer by a relative
15 proportion over 15 %, the grain size of the magnetic grains in the
magnetic layer cannot be controlled without difficulty by depositing
the magnetic layer on such a nonmagnetic intermediate layer because
of inferior lattice matching between the crystal grains in the
intermediate layer and the crystal grains in the magnetic layer. That
20 is, to accomplish further low noise in a magnetic recording medium, it

is required to precisely control minute and uniform grain size of the

magnetic crystal grains in the intermediate layer.

The present invention has been made in view of this problem,



Advarit ageously, a proportion of crystal grains with grain size of not
smaller than 8 nmis at nost 10 % of crystal grains included in the

i ntermedi ate | ayer and a standard deviation of the grain size is at nopst
1.4 nm Here,, every "standard deviation" in the present 15 application
docunent is the square root of the unbiased variance. Advantageously, the
substrate is not subjected to intentional heating prior to steps of

deposi ti nga Ly YSESE of ShENERURRLIALE 1b DrRAANE & RhYeRet o i ate.

Brief descriptio drawi'ngs Figure I'S*a scC coCcross-sectioral view
of an exampl e.of s . .embodi nent of, a. neti ¢ recordi medi,um accqrdi ng to
Lhe  pr eserfiedilion Wil lewgnpise,and highivercivs force. Ty Sontrgliligthe, /o,
of the magnetic 5 recqrding nedi um?{i 1I:Ex]_j‘i}krirlple 4. Figure 3 is .a graph

UK

showi ng t ETgckIreaARd thesgrabusiae taonmipadiormagretsdi ate | ayer
and a magnetic |ayer of the magnetic recordi ng nedium of Exanple 4. 10

Fi gure 4 imterenediatechiyenaheEbtuctoe ahd bhe mraiagsizei of the erystaht e
| ayer and a magnetic |ayer of the magnetic recording
5 grain in a magnetic layer deposited on the intermediate layer are
controlled, to achieve low noise. By controlling the structure and the
grain size distribution of the intermediate layer, the distance between
the crystal grains in the magnetic film is controlled and the
interaction between the magnetic crystal grains is diminished, which

10 leads to high coercive force even in the case of minute grain size of

the magnetic crystal grains in the magnetic layer.

The inventors of the present invention have studied in detail the

noise reduction by means of grain size control of the granular

15 magnetic layer and found the following fact. When a magnetic layer
is deposited on a crystalline nonmagnetic intermediate layer with
hexagonal closest packed structure, which is the same as that of the
ferromagnetic crystal grains in the magnetic layer, each cobalt grain
in the magnetic layer grows corresponding to the crystalline grain in

20 the intermediate layer, and the oxide in the magnetic layer
segregates and grows corresponding to the amorphous region or a
porous region around the grain boundary of the crystal grain in the
intermediate layer. The grain size of the crystal grains in the

magnetic layer has been demonstrated possible to be controlled by



medi um of Exanple 4. 15 Figure 5 is a graph showi ng the grain size

di stribution of the nonmagnetic internediate | ayer and a magnetic | ayer of
t he magnetic recordi ng nedi um of Exanple 5. Aspects of enbodi nents of the
i nvention 2Q Aspects of enbodi nents of the present invention will be
described with reference to the acconpanying drawi ngs. Exanple 1 Figure 1
Is adrawng illustrating an exanpl e of construction of a 9 magneti c

recordi ng | : [ nat ed
on o suba T aTURRCPRE iibbizROPURS Ry skt BRAIAS of HHY M‘“«“ﬁ%@%‘l 3
rragneticl er 4, a,pr ctive | aye and a | ubricant f|

Substr at e 12%ar oy EhicE, eem%glaeﬁwslayr%g&myﬁetﬁum Secsllehf Rensic esi n
with a snooth surface. After cleaning, _.the substrate was |ntroduced into a
sput t er i ngrerfgamanceacambeachiavad: In other seonds; anagnetie esystal r uct ure
was deposited by neans of a DC 10 sputtering nmethod. A nonmagnetic

i nt er medi agmﬂrm/egm’mha\lly\gmheohhnl@é( eeystal gPAimsnnehd nomragndthe
under| ayer 2 by the DC sputtering nethod at the deposition rate of 2.3

nni sec 5“”05‘?{tetrh‘i‘e&i:§lﬁah 4%&%&8 r}?a%hééuﬁf@ﬁ ﬁléﬁhcﬁp Qiré) QS gRgently,

a granul ar magnetic kness 10 nm was orrre by means

of 805 un Mﬂﬁﬁgﬁ@i@ﬁ@gﬁb&g@gﬁaﬁgg@ i SPEASLAREL R 98054 ggnowegm %

depositin arbon protective |ayer Vi ng I ckness nm
P gby (fxe magrrietlc ayer to contrgl the crystafatlfgnment OP the magnetlc

layer and, at the same time, to form an amorphous grain boundary
region around the crystal grains in the magnetic layer. Thus, crystal
10 structure of the magnetic layer having granular structure can be

controlled.

Means to solve the problem

15 To accomplish the above object, a magnetic recording medium
according to the present invention comprises a nonmagnetic
underlayer, a magnetic layer, a protective layer, and a lubricant film
sequentially laminated on a substrate. The magnetic layer has a
granular structure consisting of ferromagnetic crystal grains with

20 hexagonal closest packed structure and nonmagnetic grain boundary
region of mainly oxide intervening between the ferromagnetic crystal

grains. The underlayer has body centered cubic structure.

Advantageously, a magnetic recording medium of the invention



20 | am nated substrate was taken out fromthe vacuum chanber of the
sputtering apparatus. Then, a liquid lubricant was applied to forma

| ubricant film#6 having thickness of 1.5 nm The conpositions of the
nonmagnetic internmediate layer 3 were Ti-30 at% Cr, Co-35 at% C, Gs, Re,
and Ru. Heating of the substrate 1 before depositing the 10 I nternmedi ate
| ayer 3 was not executed. The thus produced magnetic recordi ng nedia were

bi ect ed ' : . . ; . : :
ol o 5 ASEES BTG, BoHTh APREeR! ShiuHiRLe TabPL Meich Koot
T e B ML EobESh S TR SaSRaR hE hBYh
in Table 1. Table 1 10 _internedi ate magnetic | ayer graingrain degree,

of | ayer corppderlayensithe intermrediate dayegnist comzosed af Aonoueyagnptic) (dB) (
% ) RuCo7sCr 12Pt 12- 3 50060. 219. 04. 8| Oat %5i 02' Resane as

above3, 600h@tal an8tn B coatpdesdvf ;e dronrteBfltimentiselétted EooaCasgravip as
above3, 30090. 314. 12. 8RuCo~zCrl 2Pt 1 s' 3 g5060. 221. 23. 9] Oat %5i 02' Resane as

aboves Sss0a0arp e F AT QR ATRE GG ledo P tidndteRiE =1
aboves, so010bl Ahsisat shps I AR Aea BB A G HAY frdho MR RE 0N e
value of tvg e%'rea. 1n is iazgpacing of lattice planes of crystal grains included in the

magnetic layer and d2 is a spacing of lattice planes of crystal grains

included in the nonmagnetic intermediate layer.

10
Advantageously, a proportion of crystal grains with grain size of
not smaller than 8 nm is at most 10 % of crystal grains included in
the intermediate layer and a standard deviation of the grain size is at

most 1.4 nm. Here, every “standard deviation” in the present

15 application document is the square root of the unbiased variance.

Advantageously, the substrate is not subjected to intentional

heating prior to steps of depositing the layers.
20 The substrate is preferably a resin substrate.
Brief description of drawings

Figure 1 is a schematic cross-sectional view of an example of



11 'In the case of the internmediate |layer material of TiCr alloy, the
degree of msmatching is larger than 12 % Consequently, epitaxial growh
of the magnetic layer fromthe internediate |layer is inhibited, and the
grain size and its deviation in the nagnetic |ayer are large. 5 As a
result, the performances He and SNR are inferior to the case of the
internedi ate | ayer of rutheniumand the internediate |ayer of rhenium As

for the c : ' j : 0 ' [ he
magnet o G LRgibSent B BRLRLEic Rirding RiedRUi ool ¥r 8 BhE figtint
materi al acconpanies difficulty in to generating fine grains, although the
degree of]ﬁvgﬁﬁ?eﬂrng is smaller than the case of the internedi ate | ayer of
rutheniumor rhenium As a result, the SNRis inferior nmuch than the cases
of the rutheniuminternediate |ayer and the rheniuminternediate |ayer. It
has been denonstrated that the He and the SNR are significantly inproved 15
with a norifipumes 2cis atplareat M ayergerafia niagaeticslayer 6fithehaagnetic
degree of msmatching O=1 dl - d2 1 ~di is at nost 10 % preferably in the

range fgr O%%&d%gﬁ??éﬂ‘f@} %E‘S{%lﬁplé g.a spacing of lattice planes of

crystal grains in e maghetic layer 4 and d2 is a spacing of
| attice planes of crystal grains included in the 20 nonmagnetic
internediate |ayer 3. Exanple 2 In this exanple, an underlayer was

deposi ted a sputtering hod. for,controlling the .grain si of the

crystal gr giér(?%kshé &@Pﬂemmttih@ gmmmﬁlﬁtm iOQrﬂiﬁlq n Figure
1. A nonmagnetic interpedi ate | ayer was decESatSi ted on the underl|ayer. The
mat eri al fmnm@gnﬁtmnﬁﬁmeduaé@lay\as andriat pagoetict lagierwof the thagnetic

exanpl e. Lami nation of the internediate |ayer was executed at the two 5

deposi ti onrgotredinglimlediuraesf Bxhm@ple i sec. The other conditions are the
sane as those described in Exanple 1. Rutheniumwas used for the materi al

of theg nternmediate layer. The internmediate |ayer 20 nmthick was deposited
by neans of a DC 1o sputtering nethod at the deposition rate of 2.3 nm sec

cross sectfIROEF PHTY Al BF M jfiads dTHd noStBRRIRNE 01 ot o
col umar CRETIRGUIERS TREPT AL BASRE GeLOIAT GhHDF TRAETCHC ToCording

medium of Example 4.

15 Figure 5 is a graph showing the grain size distribution of the
nonmagnetic intermediate layer and a magnetic layer of the magnetic

recording medium of Example 5.

Aspects of embodiments of the invention
20 Aspects of embodiments of the present invention will be

described with reference to the accompanying drawings.

Example 1

Figure 1 is a drawing illustrating an example of construction of a



15 growth in which the crystal grains expand in the course of the growh,
for exanple. So-called "initial growh |ayer" was not observed around the
interface between the underlayer and the internediate layer. Gain size was
determ ned hy planar observation by the TEM The mean grain size was about
6 nm The distribution of the grain sizes 20 was a normal distribution, and
the standard deviation was 1.8 nm For the purpose of making the grain size

in an int b s : . i r; i I : KoK was
formd at TRENEAE LRI AT Siug hodtr BT At Re ikort IBAME, 723
pressure 13 {0ymkor r. . servatiom of the,cross section of the thus
bt ot ned [ eaRpoaly BapinaEST ol ardthShrardil o Ap,Shderlarer 2 nci udi ng
columar crystals perpendi cul ar_ to.the substrate surface. These col umar
crystal s vePBmagnetiintgrnediatebayensh @ mangpetia layer 4, anproteatave
crystal grains expand in the course of the growmh. An initial growth |ayer
was not oblpgrerel, ansliad ulhdcantdilmo® bet ween the underlayer and the
internediate layer. Gain size was determ ned by planar observation by the:

TEMtogive a grain size of about 5 nm The distribution of the grain sizes
was a normal to distribution, and the standard deviation was 1.4 nm

Dependence of S Polg) t 081 LI j

i n-plane X-r ayTh?éfél?%%ﬁ%dot% gﬁa E/}gfléségggﬁﬁt f#’eac:?g’s{rﬁﬁﬁglﬁﬁigag% t%%e

i nternedi at e, | rs that e deposiied fjixing e 15 conditjons other than
t he " depos POBPIEEAE TERRL T AGHROQL B S UHERs LUK TR R, FHDOD b
around 28= 18 , weak peaks of ruthenium (100) and ruthenium (101) at around
28 = 17 anwazsintrogucestpate avepyttewing apparasus andlaniunderlayere3 with
together with the above-descri bed TEM observation, it was indicated that
the 20 rutbedywerteredscubic stederurantdy delpogited by memes ofta S been

conf'~ rned that the control of the grain size and its distribution is
possi bjee vhhlietd¥ipgehidtibd. he crystal alignment by controlling the
1

deposition rate. Exanpl e 3
A nonmagnetic intermediate layer 3 having the thickness of 20

nm was formed on the underlayer 2 by the DC sputtering method at
the deposition rate of 2.3 nm/sec under the discharge argon gas

15 pressure of 30 mTorr. Subsequently, a granular magnetic layer 4
having thickness of 10 nm was formed by means of an RF sputtering
method using a target of Co76CrizPt12 added by 10 mol % of SiO2
under the discharge argon gas pressure of 15 mTorr. After depositing
a carbon protective layer 5 having the thickness of 8 nm, the

20 laminated substrate was taken out from the vacuum chamber of the
sputtering apparatus. Then, a liquid lubricant was applied to form a
lubricant film 6 having thickness of 1.5 nm. The compositions of the
nonmagnetic intermediate layer 3 were Ti-30 at% Cr, Co-35 at% Cr,

Os, Re, and Ru. Heating of the substrate 1 before depositing the

10



In this exanple, an underlayer was deposited by a sputtering nethod for
controlling the grain size of the crystal grains in the nonmagnetic
internedi ate | ayer shown in Figure 1. A nonmagnetic 5 internedi ate | ayer
was deposited on,the underlayer. The other conditions are the sanme as those
described in Exanple 1. Rutheniumwas used for the material of the
nonnmagnetic internedi ate |layer. Internediate | ayers having vari ous

t hi ckness i sputtering nethod at the
depositioﬁi%g?%ﬁ%ﬁ%@egaﬁﬁgggéNggqﬁ%ﬁggeﬁﬁgggischarging argon gas pressure
of 70 mTorr. The other conditions are the sanme as those described in
Exanpl e 1. Planar TEM observati ons were made on a relatively thin
internediate | ayer 10 nmthick and a relativel.y thick internediate éS | ayer
50 nm thi ck. Thde dhaimpgoduseds magnetis Teqording meadipayere sidblechetdion ned
by i mage anal ysis based on the TEM observation, to give the nean grain
sizes of Gnemsamements inetpdtng \coleycivihfortiesHd msingra vibrating samplezes
was a normal distribution, and the values of the standard devi ation were

1.4 nmgandpd.ohdtdmeesPISM alnd raggﬁtageaﬁatm%rafinggﬁeﬁbmaﬁeétdsﬁﬂgoﬁ

each of these internediate |ayers e TEM reveal columar structure in

¢ P AT AR B . B S 00 SN
ko R S RO B P AT, A e

internedi ate | ayer shown in Figure 1. A nonmagnetic internedi ate | ayer was
deposi ted rasulte amd%homan "Bakle Heni um was used for the material of the
internediate |ayer. Internediate |ayers having the fixed thickness of 20 nm
wer e deposTabte iy nmeans of the DC sputtering nethod at the deposition rate
of 2.3 nnisec under the discharging argon gas pressure of 49 mlorr, which
is 0.7Agtinmes above-nentioned 70 nforr and 84 niforr, 1o which is 1.2 tines
the 70 mlarr._ The other conditions were the sanme as those described in

Exanpl e 1.|ifteameedi obserﬁati on ywas madg on.the graus deposited
i nternmedi 4te lNayars. CHAESL bs wer e | &P hi netbeby |i SNR 15 fla?r%?%lgfs
based on tlheyHeMigpsdr vERRBASIIOR gl ve the |nB¥R Opaimtmindes of BIHIMAHIBE
nm respedtively. The distributionjof,the |graipn|siz was of mal
di stributijon, and theg val ues of the¢ épéﬂdar{i“’élj;/i at(tggn We,r(aBg. 4 nn{ghd 1.9
nm respedtively. Qbsler@afCepPef,-t he cross sectjon of each of fhese
i ntermedi qte | rs Htfedd 2evea|3é‘7t9)020 cBl umar0-3t r uycti®@ | n t hd8ooth
films. Anpmniti wir ta e 1 erS gt 'bblﬁed ar u"t'nel' t:lfdbgg
bet ween t e—us same d5,above L 2000 o Vover Ufucela 188 LonenP -9
t hese i nt dr mddio&ires | aly samegssaborg vz P09y 1611 04 16.2 14.4
Coes5Crss same as above | 3,300 9 0.3 14.1 2.8
Co72Cr12Pt16-
Ru 10at%SiOs 3,850 6 0.2 21.2 3.9
Re same as above | 3,910 7 0.2 20.7 6.0
Ti7Crso same as above | 3,050 12 0.4 16.8 13.3
Coe5Crss same as above | 3,650 9 0.3 14.7 3.7
CoesgCri2Pt2o-
Ru 10at%SiOs 4,210 6 0.2 23.4 2.7
Re same as above | 4,350 7 0.2 23.1 4.8
Ti70Cr30 same as above | 3,340 11 0.4 17.3 12.1
Cos5Crss same as above | 3,820 10 0.3 15.5 48

(*) standard deviation of grain size divided by mean value of the grain size
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means of an in-plane X-ray diffraction nethod and TEM observation, and the
predom nant in-plane alignnment of the rutheniumc-axis was certified.

Al t hough significant difference was not observed in the crystal alignment
bet ween the .different deposition conditions, a thick 5 internedi ate |ayer
caused |l arger scatter in the crystal grain size due to lattice defects and
crystal growth. It was confirned that when the argon gas pressure was | ow,
the grain bou pr=To 1o i . n a t he
arai b o e vaaT o Rt FRb IR R G St o AT D T CRANET 6,
been denongtrat ed.t hat theygrai.nsize of the £pystal grain and structuye of
the nonmadledie PhIairatehRng o daveer tharl & My (Gansgdurotly Sitasial,s
the internediate | ayer and the argon gas pressure dur.ing the depositi.on
process ofgavEth of, the magnstie fw fromchhe ABteRmadiads lagyerris 1nhibited,
intermediate layer is thinner than 5 nm stable deposition is difficult
because ofanddheogsainsizemmd itddeveativirt intheppraghetic Myer abé taeget han
100 nm the manufacturing process is inposed by a restriction of

requi r gnenAsfepregultothelprefdimahddsHe 2AdESNR! fretinforibt SotiBASe of

magnetic recording medi umwas produced by depositing a magnetic |ayer of a

conai 1 o<t ERGHAGATRRE Ther AT ALORERALS, aBE R TRRBLA R AT Ty hcot

nonmagneti g i nternmedi ate er 20 t hi ck was,deposited t he osi,tion
ot oS Ehamiting et thY Gaseoablhe Tnteureint: buar of HoCs Al thar
this internediated | ayer, a granular nmagnetic |l ayer 10 nmthick was 5
deposi t ed gralealze of the magneticanysiahgrasas isilagge becajase she
Co7sCr12Pt 12 contai ning 10 nol % of Si 02 under a di scharge argon gas
pressure odepdsition rpro¥essrforathe ahaterial ciedompamiesdiffieuleyén 8 nm
thick, the | am nated substrate was taken out fromthe vacuum chanber. Then,

liquidgl u éﬁ@fﬁtiﬁﬁqgggsmé,oamﬁ)d ; %Héeﬂég_ﬁ?ée bfmisniitdHinkCigsmaller

| ubricant Tilm T ghet’ic recordi ng nedi um having the structure as

shown in Fgg%léfthjeoﬁﬁ‘g? @ggéﬁéc BiteriiBAIAR TaPER iR B 6P HHLHiBM PTAS"

to these d

a result, the SNR is inferior much than the cases of the ruthenium
intermediate layer and the rhenium intermediate layer. It has been
demonstrated that the Hec and the SNR are significantly improved

15 with a nonmagnetic intermediate layer made of Re, Os, or Ru,
wherein a degree of mismatching A=|d; - d2|/d: is at most 10 %,
preferably in the range from 2.5 % to 7.0 %, where d; is a spacing of
lattice planes of crystal grains included in the magnetic layer 4 and dz
is a spacing of lattice planes of crystal grains included in the

20 nonmagnetic intermediate layer 3.

Example 2
In this example, an underlayer was deposited by a sputtering

method for controlling the grain size of the crystal grains in the

12



Figure 2 is a picture of the structure of the magnetic |ayer of the 15 thus
obt ai ned magnetic recordi ng nedi umtaken by planar TEM The magnetic |ayer
has been certified having a granul ar structure consisting of the magnetic
crystal grains and the region of nonmagnetic phase surrounding the grains.
The observation of a lattice inage of the grain boundary region under a
hi gh resol ution 20 condition has reveal ed that the cobalt alloy grain was
crystalli Gy j : . Kh I nce
%ﬁﬁﬁ@ﬂgﬁgfg@@gﬁgp@e{ la{rfn@% ggo.%aﬁ iAPighpey., A ﬁoﬁ'i‘ﬁﬁ%g'gﬂz@ 0

bet ween the crys its standard deviation

nm Gain.sj Syr t su } n I I,Z f 4

Fgure 3 (e TpRERRteTE tr AR 0bBRetthd PR RE Mgl @RRT T e mateRiAl o
rut heni um int erredi at.e | ayer and the magnetic layer in, the magneti

recor di ng TR&I rdnednagei%ﬁﬁwsastﬂh@l&eamMh%nbm indhis axample. in the
magnetic | ayer showed two peaks at_around the grain sizes of 4 5 nmand 8
nm |ts dduamimationfofrtdie hntermediatddayedewiast éxecuted dedthy twiee mean
grain size was 0.4. Figure 4 is a picture of the cross section of the

magnet isc fdépdoivich tedeBy 1t Danrh?db bRl 228 imf/sé@nT'iv'ather @nditfors vybal

| attice to was observed between the internedi ate | ayer and the nagnetic

| ayer, an i I i.¢. hayer was shown epitaxially
gr owi ng f&gin‘%?ﬁgﬁ?n%t%}?g%%dv%?hm%@qpﬁgrg‘%&f%tlé | ayer. The crystalline
phase of the cobalt alloy and the anorphous phase of the grain boundary
region were different in the growmh nechanismof the 15 magnetic film and
had the different_ respective netal |l ographic structure., An in-p|ane X-ray
ditfraction sHOHEheRAUMMEASAL lﬁoré%i)@dmt{ere@bg the inteunedmte layer.
Considering the result of X-ray diffraction by a 0-2A nethod together wth
the resul tThe interntdd stzelarper @0, nm ¢tock was ddpasitedtbpimeans! of 4100)
was known. 20 Magnetic properties of this nmagnetic |ayer were neasured by a

vi brationg sipteriARARRHER 8t théHbpoSiIbal witd 6f 23 With/ged uffder the

i ndi ces of ‘'squareness of an MH hysteresis |oop: the squareness ratio S and
t he coerciyj I raf d * fb?@ Te , : | C
performancetgiss‘t(%]z?\s/t?1 gggﬂfééﬁtﬁés% &zg? 88%@3)ch gﬂg‘roe €ssS 0 r’%’%é;l%gg)t?&rﬂeég?@?ﬁtéoop
has been resul.ted fr,om.reductipn.in the dn tions ,bet ween magnet i
crystal grseeHon Pt the ingremeditte daverdy ShM irsyeale saat s srHItaTene
growt h mechani sm of the .

including columnar crystals perpendicular to the substrate surface.

The columnar crystals were confirmed grown without abnormal

15 growth in which the crystal grains expand in the course of the growth,
for example. So-called “initial growth layer” was not observed around
the interface between the underlayer and the intermediate layer.
Grain size was determined by planar observation by the TEM. The
mean grain size was about 6 nm. The distribution of the grain sizes

20 was a normal distribution, and the standard deviation was 1.8 nm.

For the purpose of making the grain size in an intermediate layer
smaller, an intermediate layer 20 nm thick was formed at the

depositing rate of 1.1 nm/sec under discharging argon gas pressure of

13



5 magnetic layer is different fromthe previous one due to the formation of
t he nonmagneti c grain boundary region. Exanple 5 In this exanple, an

under| ayer was deposited by a sputtering 1o nethod for controlling the
grain size of the crystal grains in the nonmagnetic internediate |ayer
shown in Figure 1. An internedi ate | ayer was deposited on the underl ayer.
Rut heni um was used for a material of the nonmagnetic internediate | ayer

I nt er medi S i i i i ans of a
0C 15 eput [ GG TEe ABKeRPatRin B THE bR BaFToHT L tHERMUS BBt RingE TS

di schar ge .ar,gon pressure of, 7 re. Magnetic recqordi ng nedi um,were

b oduced driermeTatioan by e THENE hiostert i BrgotgatrustEreHacliAiTEs

t hose described for the Exanple 1. Substrate heating prior, to the

deposi t i orcqltgnvazerysials perpentlicudar tecthe substzate sarfagendbhese c | ayer
was observed by the planar TEM A granular structure of the magnetic |ayer
was confi rcaddimnastéistaly svete goafitmedr grown withedt mbroreaisgrmitle in
phase region. The observation of a lattice inmage under a high resolution

condi t i50”n@%&ﬁl&%&?’@@ﬂe%%%%aekbﬁr@li’ﬁ't%@ééﬁi‘s& of R gﬁb@itﬁ. WA

crystalli aln ry-regi on was anor phous. e nean di stance
bet ween t . S ins was 1.5 ng i dard. @l 1.4
o or i n DnsiateRuwPhlaler Bas ndy HhsRRked AndoBREAS 1K Bicecbat Boeh,
Figure 5 i a graph illustrating the grain size digtri{bution of the

r ut heni um %h’dy&ﬁqﬁyeﬁ'rﬁ@d@m m@nmy@ga‘aﬁ aygE. rafAtRiSdZe AP in the
magnetic recording medi umof this exanple. The distribution of 1o the grain

si ze in thdetenmined byypdansirokservatian by theoTHiM be givei a griadn size®fnm

and its deviation defined by the standard deviation divided by the mean
grain si zeahoat® AmTHEherdstrinstioonef thergieiin sizefs wiassafndrmeads observed

by the 15 TEM Continuation of the lattice was observed between the

|t er gl ad Rtk YR G AT HPIATh 1A iV iatiofl WhS PUVAREL grains in the

magneti c | ayer was own epltaxially growng fromthe interface with the
internedi ate | ayer. The crystalline phase and the grain boundary phase in
the magnetic | ayer were different in the growh 20 nmechani sm and had the
different respgctive, netal | ,ographjc, structure. i.n-plane X-ra

hDaxe bak

An y
diffraction s ndenee of srysbak alignment onddyy dgposionirate was.
Considering the result of X-ray diffraction by a 0 - 20 nethod toget her
with the resediedbytire plaieoRseay aliffract o dord lysis allduthbleeatcrystabbal t
(100) was known. 21

structure of the intermediate layers that were deposited fixing the

15 conditions other than the deposition rate. In addition to an intense
peak of ruthenium (002) at around 20= 18° , weak peaks of
ruthenium (100) and ruthenium (101) at around 20 = 17° and 26 = 19°,
respectively, were observed. Analyzing this result together with the
above-described TEM observation, it was indicated that the

20 ruthenium c-axis was predominantly aligned in-plane. It has been
confirmed that the control of the grain size and its distribution is

possible while preserving the crystal alignment by controlling the

deposition rate.

14



Magnetic properties of this magnetic | ayer were neasured by the VSM The
coercive force was 3.5 kCe, and the indices of squareness of the MH
hysteresis | oop: the squareness ratio S and the coercivity squareness ratio
S* were 0.9 .and 0.8, respectively. Thus, excellent 5 nmagnetic performances
wer e denonstrated. Such squareness of the hysteresis | oop has been
resulted, on the one hand, fromthe normal distribution of the grain size,
and on thengalﬁ(ff){ nd, fromreduction of the interactions between magnetic
crystal grains, { reducti on being produced because the growth mechani sm

of the magneti er 1o is different,fromthe ,previous,one due to.the

oxi stence of - thibUBISPxaZRBRIY TRGREIAVET WA ARPORHE bca Bt ey o o
Table 2 summarizes the evaluation results for the recording 15 perfornances
of the magmethodifexcontrelling theggeain size of thei crystad gnagnstincthe
characteristics showmn in Exanple 4 and Exanple 5. The recording

per f or mancgsnweagneersititedmedaatplayershoivendn Bigare dquifp peth aigneti VR
head, and the reproduced output of an isolated read back pul se was

o1 TG 8 X . B it 2

446. 40. 9884 PaftiCRE UM £ha b 88 Vho8ddsdribell’ A EAARLIE 2Tt heRfum
was used for the material of the nonmagnetic intermediate layer.
Intermediate layers having various thicknesses were deposited by
means of a DC sputtering method at the deposition rate of 2.3 nm/sec

10 under the discharging argon gas pressure of 70 mTorr. The other

conditions are the same as those described in Example 1.

Planar TEM observations were made on a relatively thin

intermediate layer 10 nm thick and a relatively thick intermediate

15 layer 50 nm thick. The grain sizes of the two intermediate layers
were determined by image analysis based on the TEM observation, to
give the mean grain sizes of 6 nm and 8 nm, respectively. The
distribution of the grain sizes was a normal distribution, and the
values of the standard deviation were 1.4 nm and 2.2 nm, respectively.

20 Observation of the cross section of each of these intermediate layers
by the TEM revealed columnar structure in the both films. An initial
growth layer was not observed around the interface between the

underlayer and the intermediate layer.

15



5 The magnetic recordi ng nedi um of Exanple 5 exhibited reduction in noises
by 35 % and i nprovenent in SNR by 16 % as conpared with the nmagnetic
recordi ng medi um of Exanple 4. As shown in the results of the grain size
anal ysis of the nmagnetic |ayer, the proportion of the crystal grains in the
nonmagnetic intermediate lo |ayer having the grain size exceeding 8 nmwas
controlled from40 % which is the data of Exanple 4 shown in Fig. 3, to 10

% which is tfﬁuﬂeglgﬂhﬁﬁarwﬁn@ahwu GHiflyolwAl (?goﬁg g Lhe

proportion of crys grains’in ma ne in size
bel ow 4 nm was, reduced % nd the deV| a ch is.the 15
ot andar d ARREaIREGRRthod T eonbiaiding ngga%mﬁae? B o t@ﬁ] adipe
0.2. Through these effects, the remar kabl e reduction of _ noises

i npr ovenent bhe pumagnetisinienmedinterlayemghown inafigurs 1Ex Ie 5 was

lami nated on the internediate |ayer having the standard deviation of the
grai n si zenohniagnetic ifitermedidtes ldpen was dopositediord thbaindbelayandar d

deviation of grain sizes of an internediate |layer is preferably 1.4 nm or

smal | e 2Ruthenium was used for the material of the intermediate layer.
Intermediate layers having the fixed thickness of 20 nm were
deposited by means of the DC sputtering method at the deposition
rate of 2.3 nm/sec under the discharging argon gas pressure of 49
mTorr, which is 0.7 times above-mentioned 70 mTorr and 84 mTorr,

10 which is 1.2 times the 70 mTorr. The other conditions were the same

as those described in Example 1.

Planar TEM observation was made on the thus deposited

intermediate layers. The grain sizes were determined by image

15 analysis based on the TEM observation, to give the mean grain sizes
of 8 nm and 5 nm, respectively. The distribution of the grain sizes
was a normal distribution, and the values of the standard deviation
were 2.4 nm and 1.9 nm, respectively. Observation of the cross
section of each of these intermediate layers by the TEM revealed

20 columnar structure in the both films. An initial growth layer was not
observed around the interface between the underlayer and the

intermediate layer.
Crystal alignment of these intermediate layers was analyzed by
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A crystal grain in the nonmagnetic internediate | ayer having a grain size
of larger than 8 nmacts to separate the magnetic grain growi ng on the
crystal grain, and hinders control of the grain size and its deviation of
the crystal ,grains in the magnetic |ayer, and prevents 5 control of the
grai n boundary segregation of the netal elenent in the nmagnetic | ayer.
Accordi ngly, when the proportion of the crystal grains in the internedi ate

Accor di the | : s i
pr opor ?Z@%ﬁﬁ%@féﬁyﬁééﬂa&%@ﬁ rﬂlf%é‘%n%%ﬁe BEnbE AhA TEM b ety o, o1
That 1o acpdaecare ol mE v ments ahianmalof PReimithafih ¢A%iSWas

t t R Such t | wt h t latti
mat chi g KeTkHieducAltiough Signiticagtalitlers hen BrassetshseBied b thegnet i o

| ayer and the internmediate |ayer, and al so pronotes the segregation

struct ur e drystal alegminb of bebweesl theatifferentsdepositionecondithens, a thick
internedi ate | ayer. Hence, excellent el ectronmagnetic conversion

char acker ijpftbe diatec] Ay 8x8dedARd &'3&9&%%1' Bhf €gd c?ifst:ﬂeﬁrﬂi&? Rize ﬂu’é’ An

magﬂetl c recording nedi dm accordi ng o the present invention is provided
ot ructur o WErRtitE éﬁ%%%@@féﬁ%%ﬁ%ﬂew%”@ﬁ%ﬁf%& Rl fen ghe
Re betvveenama netic Ia er and,an der| aye grelnadegwee of

ni st ohi PSRN B3R Pregsure was 1owa the,grata Houndsry Fegiandptvean the

range fron12 5 @6to 7.0 % where d| is a spacing of lattice planes_of
crystal grenys$al Brainsiagseanarrowykecanse ct%a grain pite waslarge and theanes
of crystal grains in the internediate layer. By virtue of this featured
struct ur e, fibmmagiedenseecor di ng 5 nedi um exhi biting reduced noi ses and
excel l ent magnetic performance and el ectromagneti ¢ conversi on

charagfigeri stics can be provided. In addition, by controlling the distance
between the crystal to grains in the magnetic layer, the interaction

case of mn n”?%iiégéfcg‘ih¥§t%°\9%aitﬂﬁa§35%%? ASREEBR o tPER (T Py ite

coercive fo e is h at the m t eratyre, stable ensi t
Coeor bl vy ShiBe crybtah st rindndtRuCEuEs oTdHC RO AgnatiE Nt R diatee. 15
20 25

layer can be controlled by the thickness of the intermediate layer and
the argon gas pressure during the deposition process of the

15 intermediate layer. When the thickness of the intermediate layer is
thinner than 5 nm, stable deposition is difficult because of the
construction of the deposition apparatus. When thicker than 100 nm,
the manufacturing process is imposed by a restriction of requirement
for a long deposition time.

20
Example 4

In this example, a magnetic recording medium was produced by

depositing a magnetic layer of a cobalt alloy on a nonmagnetic

intermediate layer deposited under the conditions described for the
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Clainms 1. A magnetic recordi ng nmedium conprising a substrate and | ayers
sequentially lam nated on said substrate said |ayers including a 5
nonmagneti ¢ underl ayer, a nmagnetic |ayer, a protective |ayer, and a

| ubricant film wherein said magnetic |ayer has a granul ar structure
consisting of ferromagnetic crystal grains w th hexagonal closest packed
structure and nonnmagnetic grain boundary region of mainly oxide intervening
bet ween sgi I ' ' rl r ~Gent d cubic
Cattco cakafiye 2, Nethlly, PREhSALGNIRE S RRmAR0aTfe AR aBRIAE
wherein sgid f omagnet hc crystal grajn ontiain from 12 at%tg 20 at % of
bl at i num 1ages 2O TRCHEIGK was Sefosiiail at s depanfigh Fatd of @3 oy ees
conprising a_nonpagnetic intermediate |ayer with hexagonal closest packed
struct ur e Wndpvdde discharge argomegasmressarer obdd wakermntn thyer, said
nonmagnetic intermedi ate | ayer being a 20 nonmagnetic nmetal mainly conposed

of one or imeeneédirteld keyers! 2gramubar gramnetiensiysid 1O roh fhickOwasnd Re,

wherein a degree of msmatching O=1 dl - da |l ~dlI is at nost 10 % where
dl i j tni ] ' i ; i i
mgnet P [gRritell be behe bPARRT sBithbAnd i tHod URIMEA tebebtidt

I ncl uded iR _sg | | ¥er .o d:nA tig: recqrdin di. um
accor di ng (?87@]2]12%?@2 céﬂkggﬁrﬁ{jé ilbgn@d? of %“O?ﬁ@ﬁg‘?ﬁﬁi (il&cglairg%l "ﬁ%’g g4hge
from2.5 %to 7.0 % 12}5. A magh ti(‘1 recordi ng medi.um accordi.ng to claim2,
wher ei n a PRRRFSI Bh 18 MITQLY oA ke laanipating aicAzhoR DEOLRGEverkaved St han
8 nmis at nost 10 % of crystal grains included in said internediate |ayer
and a st arapr thick, the dJammatedisybstrate »eas sakemout ftom the vacuum

chamber. Then, liquid lubricant was applied to the thickness of 1.5
10 nm to form a lubricant film. Thus, a magnetic recording medium
having the structure as shown in Figure 1 was produced. Substrate

heating was not conducted prior to these deposition steps.

Figure 2 is a picture of the structure of the magnetic layer of the
15 thus obtained magnetic recording medium taken by planar TEM.
The magnetic layer has been certified having a granular structure
consisting of the magnetic crystal grains and the region of
nonmagnetic phase surrounding the grains. The observation of a
lattice image of the grain boundary region under a high resolution
20 condition has revealed that the cobalt alloy grain was crystalline and
the grain boundary region was amorphous. The mean distance
between the crystal grains was 1.1 nm and its standard deviation was
2.0 nm. Grain size measurement resulted in the mean grain size of

4.9 nm.

18



10 6. A magnetic recording nmedi um according to any one of clainms 1 through
3, wherein said substrate is not subjected to intentional heating prior to
steps of depositing said |ayers. 15 7. A magnetic recordi ng nmedi um
according to any .one of clainms 1 through 4, wherein said substrate is a
resin substrate. 20 27

. Af . AS. AY. AY. AY. AF. AF. AF. AY. AF. AY. AY. AF. Al . Al . Al . AF. Al . AY. Aal . AY. AF. AY. AY. A

LY. AF. AHY A o . ] b

o) o] cacal ca CEuT o) A CUTLA CrcareihcBRCARETeiA AfvboRiomef b

SToe( ) ) + TEheniwD intermediate laver and themagrsticdayes %T}&%]IBQE;E’%‘?&%} c
! /

7! G¥000b0 derzpeametean of hiheuambisn] e alistibaltion jthe ghpbalsied ca

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! 7780888; 8;[;

a; <R?@A" ABDERE magnetic layer showed two peaks at around the grain sizes of 4
H@ HI&L, L6MNz QQQR&TWV| wr | gb] X] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

gg g]_ calgral AaYsRl Sphedl 06 dEviakich Rifiéd By theadtza dat d detiatiet Bividdd 2

>f :Af aJ cal ca]ca]ca]calcalca]calcalcalcalc
:]O(za] gg]l\lg;/?g%}tﬂ @?f?%f?fg% f%f]cg c}a] c}a] c}a] c}a] c}a] c}a] CLI r]CBt ovuv} vvwHww
XOXKXX#YI zrzzz
&K| wr n%cx)\%] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caj ca] calc %ca] ca] ca] ca] ca! KNOW__' 9?S! c&K| wr mhc”YU] ca] ca] ca] ca] ¢

a] ca] cal] ca] cal‘tgfireldkis aspieiree) elathaecraps schionof dheamagnaticdila) cau) ca
J]caljcaljcalJca AiK- L "10%

obtained by the TEM observation. Continuation of the crystal lattice

10 was observed between the intermediate layer and the magnetic layer,
and the crystal grains in the magnetic layer was shown epitaxially
growing from the interface with the intermediate layer. The
crystalline phase of the cobalt alloy and the amorphous phase of the
grain boundary region were different in the growth mechanism of the

15 magnetic film and had the different respective metallographic
structure. An in-plane X-ray diffraction showed an intense peak of
cobalt (002) at around 20 = 19°. Considering the result of X-ray
diffraction by a 0-20 method together with the result of the TEM
observation, predominant alignment of cobalt (100) was known.

20

Magnetic properties of this magnetic layer were measured by a

vibrating sample magnetometer (VSM). Coercive force was 2.9 kOe,
and indices of squareness of an M-H hysteresis loop: the squareness

ratio S and the coercivity squareness ratio S* were both 0.8. Thus,
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good magnetic performances have been demonstrated. Such
squareness of the hysteresis loop has been resulted from reduction in
the interactions between magnetic crystal grains in the magnetic
layer; the reduction is produced because the growth mechanism of the
magnetic layer is different from the previous one due to the formation

of the nonmagnetic grain boundary region.

Example 5

In this example, an underlayer was deposited by a sputtering
method for controlling the grain size of the crystal grains in the
nonmagnetic intermediate layer shown in Figure 1. An intermediate
layer was deposited on the underlayer. Ruthenium was used for a
material of the nonmagnetic intermediate layer. Intermediate layers
having various thicknesses were deposited by means of a DC
sputtering method at the deposition rate of 1.1 nm/sec under the
discharge argon gas pressure of 70 mTorr. Magnetic recording
medium were produced under the deposition and other conditions
that were the same as those described for the Example 1. Substrate

heating prior to the deposition processes was not conducted.

The thus obtained magnetic layer was observed by the planar
TEM. A granular structure of the magnetic layer was confirmed in
which crystal grains were surrounded by a nonmagnetic phase region.

The observation of a lattice image under a high resolution condition
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10B103: <=>Ra¥K@ealed that the cobalt alloy crystal grain was crystalline and
the grain boundary region was amorphous. The mean distance
between the crystal grains was 1.5 nm and its standard deviation was
1.4 nm. Grain size measurement resulted in the mean grain size of

5 4.0 nm.

Figure 5 is a graph illustrating the grain size distribution of the
ruthenium nonmagnetic intermediate layer and the magnetic layer in
the magnetic recording medium of this example. The distribution of

10 the grain size in the magnetic layer showed a peak at around the
grain size of 6 nm, and its deviation defined by the standard

deviation divided by the mean grain size was 0.2.

The cross sectional structure of this film was observed by the

15 TEM. Continuation of the lattice was observed between the
intermediate layer and the magnetic layer, and the crystal grains in
the magnetic layer was shown epitaxially growing from the interface
with the intermediate layer. The crystalline phase and the grain
boundary phase in the magnetic layer were different in the growth

20 mechanism and had the different respective metallographic structure.
An in-plane X-ray diffraction showed an intense peak of cobalt (002)
at around 20 = 19°. Considering the result of X-ray diffraction by a
0 - 20 method together with the result of the TEM observation,

predominant alignment of cobalt (100) was known.
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VSM. The coercive force was 3.5 kOe, and the indices of squareness
of the M-H hysteresis loop: the squareness ratio S and the coercivity
squareness ratio S* were 0.9 and 0.8, respectively. Thus, excellent

5 magnetic performances were demonstrated. Such squareness of the
hysteresis loop has been resulted, on the one hand, from the normal
distribution of the grain size, and on the other hand, from reduction
of the interactions between magnetic crystal grains, the reduction
being produced because the growth mechanism of the magnetic layer

10 1is different from the previous one due to the existence of the grain

boundary region of the intermediate layer.

Example 6
Table 2 summarizes the evaluation results for the recording
15 performances of the magnetic disk using the magnetic film having the
magnetic characteristics shown in Example 4 and Example 5. The
recording performances were measured by a spinning stand tester
equipped with a GMR head, and the reproduced output of an isolated

read back pulse was evaluated at the linear recording density of 160

20 kFCI.
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sample overwrite TAA (*) noise SNR
(dB) (mV) (LV) (dB)
Example 4 46.4 0.98 81.8 15.6
Example 5 43.7 0.94 53.0 19.0

(*) track average amplitude

The magnetic recording medium of Example 5 exhibited
reduction in noises by 35 % and improvement in SNR by 16 % as
compared with the magnetic recording medium of Example 4. As
shown in the results of the grain size analysis of the magnetic layer,
the proportion of the crystal grains in the nonmagnetic intermediate
layer having the grain size exceeding 8 nm was controlled from 40 %,
which is the data of Example 4 shown in Fig. 3, to 10 %, which is the
data of Example 5 shown in Fig. 5, and as a result, the proportion of
crystal grains in the magnetic layer having the grain size below 4 nm
was reduced from 15 % to 5 %, and the deviation, which is the
standard deviation divided by the mean grain size, was controlled to
be 0.2. Through these effects, the remarkable reduction of noises and
improvement of SNR have been achieved. The magnetic layer of
Example 5 was laminated on the intermediate layer having the
standard deviation of the grain size of 1.4 nm. Thus, it has been
demonstrated that the standard deviation of grain sizes of an

intermediate layer is preferably 1.4 nm or smaller.
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grain size of larger than 8 nm acts to separate the magnetic grain
growing on the crystal grain, and hinders control of the grain size and
its deviation of the crystal grains in the magnetic layer, and prevents
control of the grain boundary segregation of the metal element in the
magnetic layer. Accordingly, when the proportion of the crystal
grains in the intermediate layer having a grain size over 8 nm is
decreased to within 10 %, the proportion of the crystal grains in the
magnetic layer that have one to one correspondence to a crystal grain
in the intermediate layer increases. That is attributed to the above-
mentioned reduction in noises and improvement in the SNR. Such
crystal growth promotes precise lattice matching to improve lattice
matching at the interface between the magnetic layer and the
intermediate layer, and also promotes the segregation structure by
the aid of the columnar porous structure in the intermediate layer.
Hence, excellent electromagnetic conversion characteristics can be

achieved.

Advantageous Effect of the invention

An magnetic recording medium according to the present
invention is provided with a nonmagnetic intermediate layer with
hexagonal closest packed structure mainly composed of at least one
element selected from Ru, Os, and Re between a magnetic layer and

an underlayer, wherein a degree of mismatching A=|di - d2|/d: is at
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5 medium exhibiting reduced noises and excellent magnetic
performance and electromagnetic conversion characteristics can be

provided.

In addition, by controlling the distance between the crystal
10 grains in the magnetic layer, the interaction between the magnetic
crystal grains can be decreased. Since even in the case of minimized
grain size in the magnetic layer, sufficiently high coercive force is
held at the room temperature, stable high density recording can be
accomplished with little effect of thermal disturbance.
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lattice planes of crystal grains included in said magnetic layer and da

1s a spacing of lattice planes of crystal grains included in said
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6. A magnetic recording medium according to any one of claims 1
through 3, wherein said substrate is not subjected to intentional

heating prior to steps of depositing said layers.

15 7. A magnetic recording medium according to any one of claims 1

through 4, wherein said substrate is a resin substrate.

20

27



