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;.e3ewrt 223444| 666T7/MJUDI w Per pendi cul ar Magneti ¢ Recordi ng Medi um and
Nhnufacturlng methad therefor Field of the Invention The present invention
relates to a perpendlcular magneti ¢ recordi ng nmedi um nounted m vari ous
magneti c recordi ng apparatuses and a nmanufacturing nethod therefor Prior
Art As a technology for increasing the density of nmagnetic recording,
per pendi cul ar magnetic recording nedia has attracted attentjon as a
pot ent i al dtef@rlﬁatltat/éﬂatgaeteqn%eceﬁtg%wetl@ﬁ*aandt Maygifagiarinamethod hereRy net hod. A
per pendi cul ar magnetic recording mediumis conposed nmainly of a nagnetic
recording layer of a hard magnetic material, an underlayer that directs the
magneti c r agd df thg Thaywelonm t he desired direction) protective |ayer that
protects the surface of the magnetic recording layer, and lining |ayer of a
soft magnetic material that causes the concentration of magnetic flux
gener ated by net d for recor etlc recordlng
layer. In recg‘ SﬁPélmﬁgg?h %Ed?atﬁﬁ“ﬁeﬁgﬂ %ﬁbﬁ% e BeGR R ng
medi a basednmtetiha LNk t gkaal rtamﬁ@lapgarmttmnmsntan@faaaﬁﬁg,metdtta | oss of
recorded data associated with thermal instability (i.e., therm
fl uct uati onsdretias i ncreased. Conversely, it has been assumed that the
thermal stability problemis | ess pronounced with perpendi cul ar recording
nmedia than with the |ongitudinal recording nethod, since the stability of
bits (recorgleddata) increases linearly with denS|ty However, it is
expect ed that the filmthickness of a magnetic recording Iayer w il be
further reduced, rendering the current |evel of achieved thermal stability
insufficient. There have al so been demands for increasing the stability of
| ow density réee€dt eﬁcwlqg@rfms étcvempatﬂtee#%nbpf yameltlarreapctws c@ttp@ﬁ@cular

Thus, even for per di cu recq |npr her ab|I|ty
Tean PrportEarRgiarang Hedh i P AR TS p1 FPG AT s

recordi ng rgeglieHiRddad @ﬁ@ﬂgﬁﬁdlombr(ﬁr@ nt,Jmodunl aX| aI ani sotropy const ant
(hereinafter referred to as "Ku"), Ku can be increased to inprove thernma
stability. Specific exanples of recent approaches to increasing Ku include

a Co/ Pt nultllayer S ked film Pd Itilayer stacked film Copt
ordered al | oy, P&¥RED ‘f"’g"ér’é‘ag%?lt‘fldﬁcor P M8 ot® Se&nﬂ?’ﬁﬂ' Pfjs r%ﬁgéftl“‘al as

TbFeCo. Howeyeling TBAHUERL LI AR RLOGRISES Jnoanamtifér tA¥Chireatahk Gohehld s are

not suitable for mass production, the ordered oy require an annealing
process t o redsdifiglagarhebd daidédiragion girotetthe 1QeF F16S ipBditedtetie SuEAG ! Oie
anor phous material nust be inproved. Accordingly, all of these proposed
met hods poseAggeighreatdng Haver maddimes [ersel|awd Bpgngtic PtsiahErat careen s

Pr obl ens t%oﬁ%nt%&tllo\{teoq cﬂleﬂd{éé Q}ate(a x?slﬁgéﬁﬁg :hgﬁj s%& ??4' r‘é’é@&}{ Pt and

Co/Pd multilayer stacke pt a | oy an S|ntlar

mat eri al s, madetdreboréinplagous materials as TbFeCo, all of which have a high
Ku, are disadvantageous for mass-producing recording nedia. If recording
nmedia are to be mass-produced, conventional CoCr-based magnetic recording
mat eri al should be used to i ncrease Ku t hereb roving,.t herma

Srabi |ty HoVByEFnt TRE b LiedREENTE Sl ehPagiste BPRE BTt RS o diposi ti on
of the mat qstg@dudtnm | eBBriiBl melid has RASIE theQbRQE rdch@Bd GRENGIRG L RELh

conposi tion have been sought. Means of Solving the Probl ens
thermal instability (1.e., thermal fluctuations) has increased. Conversely, 1t has been

assumed that the thermal stability problem 1s less pronounced with perpendicular
recording media than with the longitudinal recording method, since the stability of
bits (recorded data) increases linearly with density. However, 1t 1s expected that the film
thickness of a magnetic recording layer will be further reduced, rendering the current
level of achieved thermal stability insufficient. There have also been demands for

increasing the stability of low-density recording for servo patterns or similar applications.
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The foll ow ng nmethods are proposed as neans of solving the above probl ens:
(1) An underl ayer is.conposed of nmetal or an all oy having a hexagonal

cl osest-packing (hereafter referred to as "hcp") type of crystal structure
such as Ru, Ti, 2 TiCr, Re, CoCr, CuZn, IrM, Ir2W MPt, or MRha, which
has a |larger a-axis lattice constant than the material used for a magnetic
recording |layer. The resulting nmagnetic recording |layer has an_i ncreased
a-axis |attiCescGHEY Bt prErerdicylar arqerdingemediti BHTPIR dhesmak plabilfy 1S ae
constant, th J easi ng magnetostriction and Ku. However, if the

| attice cons?ﬁapﬁﬁxﬁdl%a%rs excessively, the crystal structure (lattice
constant) of the nmagnetic recording |ayer does not follow the underl ayer.
The ceiling for this difference is about 20% (2) An underlayer is conposed
of metal or an Sinteothe ibarimal stabifiticef-ac arsrrangdigulay biecorfimgtrhqsléunt prepropdrtieral

referred to as . "fec”") type of crystal ,strucfure.su as Pd, Au, . lIr, Pt,
Ry g, N e, e Seabed SRGaTen TSR RN e e Bonbiand kel -2
l'arger than [ hRa&daakl fmprddd EEmGOBShAR. Secitib@xiRIIBS I8 lredaCAphQhchel80
magneti c recording |layer. Thus, the magnetic recording | ayer has an

i ncreased a- axifegsih@itiisdudon Contmflolye stalked Hilne CofiRbUaiuitdayer Btackeel ilmaxi s

| attice constant, ther eb?/ i ncr easi ng mag)net ostriction and Ku. As in (2),
the upper |ifPkt ordarefe dfioys Befncadepest vidlon b useatitsueh amomboshmatinad e

magneti c recayding I u - ax| att | t f €y
inder| ayery SEICHS HoBURL, At BGehe Blotier 2rby BGIAONE Aeinthdory o,
used and quenghiel formeds Freluned tthé obddeed OAIBRL ir@hirefard BEndaRENEhioGesk @G0T di NQ

| ayer to distort the filmto cause magnetostriction, thereby increasing Ku
and coer ci veersgrecesridet orflangTaad (thel earragiparresiptarice) of ymogphous enateriad mayst] beui ckl y

heat ed i mmedj at el fte he formation of .th netic,.recording,l ayer and
before quencHITIG R ASPUMRRE At PPt DPRAFh meLisat ABECPEHe T phatgr b be
Description giveih&oNodhdgs 5t 9- 1 is a schematic sectional view of a

per pendi cul ar two-|ayer medi um according to the present invention, where 1
is the nonmagnetic substrate> 2 is the soft nmagnetic lining layer, 3 is the
underl ayer, 4 is the magnetic recording 3 |l ayer 5 is the protective |ayer
and 6 is thePravtfmsdo Bspted Ry thelpgentgry. 2 is a graph showi ng the

rel ati onship between the c-axis lattice constant and coercive force He of a
magneti c recording | ayer according to Exanple 3. Enbodi nent of the

| nvention The fatbhashbhg weaeisth€s/Pa apd €bd medtRpdratadkentilngf CoPreardr BPent
invention. Fig. 1 is a schematic sectional nmew of a perpendi cul ar nagnetic

recordi ng neetdered (ialley,  andesimidardnatemals. andryuchedrecroiasdimatsriadnas BafieRg adffofa
nmagnet | C. J ecg)vg'lgzh q%vél_aayﬁlrhalpud ase?fdtl gwla'agpaetceéu% tlorl' rrlllag rlo%l c?rI; re%cﬁpnr dr!nn(ga.tlfll t he
present inveltion. The Beérperdf SUfar ghet e PETOradi iy fedt uth '€ % ohposed

of underlay edcordingBGE hieCto e GRdstH i udedY @hvéhtioRd) (Collk BhRE tohabBe tiAYEIrdiRg
sequentially fornmed on nonmagnetic substrate 1, with liquid |ubricant |ayer

6 formed on teret shoubiskee g do fcre8ef Kunthgpreby imeprpying thyrihalyssabilityi Hoygvewi ded
bet ween nonmagnetic supstrate nd under| ayer 3 prevent the ead of
magnet ¢ 11 UBRJBHERS FLRY B ok B GG AT P BRT D e B S e et ¢
fields in thg.yekld e thld &GhdA the O6E oA BV beSPidugignetic lining |ayer 2
woul d ideally be present, but recording can be achieved w thout this |ayer.

Means of Solving the Problems
The following methods are proposed as means of solving the above problems:

(1) An underlayer is composed of metal or an alloy having a hexagonal

closest-packing (hereafter referred to as “hep”) type of erystal structure such as Ru, Th,



Nonmagnetic substrate 1 is conposed of an Al alloy plated with N P)
reinforced glass, or,crystallized glass, which is used for normal magnetic
recordi ng medi a. The surface of nonnmagnetic substrate 1 may be treated as
required to attain the desired roughness or shape. Next, soft nagnetic
lining layer 2 may be provided on the surface of non-magnetic substance 1.
As descri bed %reV|oust soft magnetic |Iﬂ|§8ﬁ|§ er 2 is effective m

r
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concentratin
fields, but gy Mei8d bl hne 8OfborARG ISk CrHei Bl ulithd Y&yl MY
|nclude a cryst%? ggka %ﬁ?, §endhst 8%g8|e(m %%, ofrannrélodgkl

all oy. The aredrphelsefChanhh @ytrdaead zb&xtﬁd)asz‘dbcoﬁsftaﬁ for mirklativareddectioalin thhe
optimum val ue of the filmthickness of soft na%netic Iinzn% | ayer 2
vari es depenti®nylashcet ¢pastant ttbtre%"tsreaeneﬁ%?@tlee getiensangk Kup Eoprgghett |tbe head
used in r ec%gtce sgng%'ﬁcrtsg\éﬁtssyve S detfﬁtg fn'e alét?cetcgr%t n(tiﬁoeflthe 18}3%;1%}'@1 val ue

f rom about I'ni ng 2 can
be formed usjcR@dag iy abes rttsetfcmad&ht mqa@reseo%awdng eehmeldqwf@ﬁe id Aupdi ng
vapor deposition, sputtering, electron beam vapor deposition, or CVD. A
sputtering p*deess is preferred, and a DC nmagnetron sputtering process is
reconmmended. Soft magnetic lining |ayer 2 may be forned while heating the
substrate or applying bias voltage to the substrate. The tenperature at

whi ch the substGakf (ndedlfR} & AGREANST Rl Head8H rl@ﬂu{gh@%@%&&é@& @i 1N
general, the preferred tenperature is between 15 C. Next, an
underlayer Buneﬁwmdédraﬁnwdsuaéake)amenbnwagn@mmMHQMmhasHdehﬂAeHr§Bft

t I I 2. A dj to th t i t , der | 3
2 bsed o oRbikE Nk oy et Bl pRLeE (v ﬁitﬁééﬁeﬁrﬁf 2 k‘%ﬁmér”r%éﬁyer

formed on UI’IQQXIL ?%{gge c%nstgnt do@%f;ee ﬁ%?erlgphs%élf(%e ?maigét{c %% G{‘P\ﬁg (\th e

force He of magnetic recor ayer ‘has 'a Tilm
t hi ckness behwagrte ﬁec&ﬂlrignﬁlyeigﬁaeﬂéﬂ inkfRadel @-dR1sQ512104 cdnElt‘éQmol @rﬂelatﬁj\ie&'@,&lfchb@n is
applied so that the hcp structure of the magnetic recordi ng | ayer expands
al ong the a-wmthe catipihieppyta®, thayebl énceesine seegnespstuetionard Kretais (2rthal | oys

havi ng an hcp or,. fcc ructure of th riate . a-axis |atti onst ant .
Ry whi oh atPrahlg e e bttt i AE RORER TS DheP asie tsporing TR o
lattice consifithe QfaxtRGARE bonslBEAtHE DSHeHAWS x A /RASaRduPERE hcp structure
for underlayer 3. Qther materials having good hcp structures for underlayer
3 include netals or alloys haV|ng a axis lattice constants greater than
100% and | ess tgan or equal to é % the a-axis lattice const nt of the
material for th r?é‘@n‘é’tdie’daxeéc‘ér (?a?’et‘seétﬂfﬂ guenghed mregdiatgly afigpdhe cuor
Cuzn, 1r Mo, r rial
haV|ng t he h%%§¥¥¥ﬁ%$%?g@%@g@?ﬁ@%ﬁg&?&ﬁtéﬁ%?%%%%gﬂgﬁgnt %5#%%§£?ﬁkﬁ5105@6
and | ess t hathesdby afeabing Hubin@%eddive fiee Heaxi s | atti ce constant of the
magneti c recording |layer material. An maxis lattice constant falling within
the previously described range alloms the crystal 5 structure of magnetic

recordi ng | ayer 0 om1t ct ure ,of nder r
enabl es the effﬁgFént %%L ?%%hlon o?“ﬁ?% ?ﬂ%ﬁﬁwﬂh?gg ials &ﬁlﬁgxéﬁefc

structure i deghafidfof Hﬁdﬂg'n@ﬁi@fecogdxhgTdyb'xdeﬁtdl%‘éiforeqfhemﬁhhg thprodte etfdkts sdGlar Ni aAl
and CosTi. All these materials have an (a-axis lattice constant) x 1/ .~ 2
greater thantoltbee maf® | ess than or equal to 120% of the a-axis lattice
constant of the nmagnetic recording |layer. More Ideally, the underlayer
material having the fcc structure has an a-axis lattice constant x 1/ ,r2
l'arger than BPePhandydi&sSs thhdhawheequal to 110% of the a-axis lattice
constant of the magnetic recording |layer material. An a-axis lattice
constant falling within the previously described range allows the crystal
structure of the magnetic recording layer to follow the crystal structure
of the underl ay8i§; 1 EricPchemalicaectiond Véefvwféu PRTPEAB IR @ﬁ’rﬁ‘led’df"s&tcﬁﬂ’thinén
Under | ayer 3ch%£‘ {%g&?&m{!on‘%%gx% 31”1 Lhar %o%%%h%%sib aSSPCLaE

t echnol ogi es, ne I ng vapor ep05| ion, sputtering, ectron eantvapor
deposi tion, Nagx@t’t@-hnTxkE,EIa@&UttBriisngtﬁar Q@@&Sayes r eterﬂed, ngfetich@cdding
magnet r on sputtering process is recommended. Underl|ayer 3 may be forned
whil e heating the substrate or applying bias voltage to the substrate. The
tenperature at which the substrate is heated depends on the desired
characteristics. In general, the ideal tenperature is between 150 C and
350C. The a-axis lattice constant herein is neasured in a bulk (w thout
distortion) state unless otherw se specified. The a-axis lattice constant
is described in various docunents. For notably conplicated alloys, this
constant can be determ ned by separately formng a filmof the target all oy
on a glass substrate then analy2|ng the fllntforned by X—ray d|ffract|on

—— r 1 o " oy a " T T T o M



al l oys nmust be oriented perpendicular to the | ayer surface . Mgnetic
recording layer 4 can be formed using arbitrary nmethods from associ at ed

t echnol ogi es, including vapor deposition, sputtering, electron beam vapor
deposition, or CVD. The sputtering process is preferred) and the DC
magnetron sputtering process is recomended. Magnetic recording | ayer 4 may
be formed W nl e heating the substrate or, appl yin ias, volta to the
substrate. Tkllagef’emg)lesr at?therepé%stecgﬂ?{: % haéldsugst%éatt}ge ibléq I(ie%ltglélﬁfnggaﬁ%rnds on the
desired characteristics. In general, the ideal tenperature is between 150C
and 350C. In the present invention, nmagnetic recording |ayer 4 can be

di storted to infiedseaigraphnegnaitbe aglatywsnp phytveen ticoers edtideqronsanttrad

guenched i mredi ater% gfft r formatigng. 'Il'he terrél"qu nchilng" as used herein
means that t K& EEIPER &F G 2MBF HAGHRTINE "PEC BTN P &Y¥PP' A% s reduced by 100
Cto 300C at a rate of 10 Cto 30C Imn. ldeally) the quenching operation
reduces the tenperature of the nagnetic recording |layer by 150 C to 200C at
a rate of 20 En®otlmedbal niha.Inventiobuch quenchi ng operati on can be perfornmed
by introduci ng such coolant as an inert gas into the filmformation
chanber, or by using coolant to cool a hol der hol di ng magnetic recording
medi um on whi chqf | r | . el ) i

recordi ng medi U%B%horﬁgm%?léﬁe%?lk%% %r?%gggfﬁg&#%%gthe f; gﬁ’elg lﬁg?/@g{l%&al 2dol | ng
chamber | ocats@@maaxt seorfahené | B fa0peRleh@bulshanti@ktic Waek@nk hRedbav e c.,
operation may be perforned. Ideally, the quenching operation is performed m
t he cool i ng ehwatdeularAl tworlaeer i pehym dopsiiting ¢rae seareticrxeeqrtling rlayemespd edoftc
recordi ng |ayer 4. b i ckly heated i nmedi atel y..after formtion and

bef ore quencRTAFBUCTRIES [RETRAE- TG L, PF CTTAPT S PR eTTARE PR B Y M Sitnet | ¢
recordi ng | aygd rdhm@ineiRinflil WohYosk®We 1 GRIPRLAL W 6RaAELNEER AP My P ELAL Ur e
and 250C). The term "qui ck heating" as used herein neans that the

t enper at ur e okotenage biyercs, s@mentgiliydorray en ndnmagneticsubsisae 1byitd GQuid Gikroat00C at
arate of 10, Ctao 35C/ mn. |deally, the quick heating operation increases
the t enper at 4#%6" 8forPKa opdemeh theserlatest Grfigrasasiur iniys lpger Tl yovdwicdetrecs rat e
of 10 Cto 2 b | Gk, heat i per.at i C s . i,ng
arbitrary ne?hg{éﬁg&fe ?cg%]g%é%(‘t)gc?a%@dg%deegﬁ%egl %gt? ge?/g?tnc u%?%agegtf P‘gg%glﬁle}fﬁ!&txer,
sheat h heat ergendised bf a AeddieRinngBeboriing 0 paade hid@etiohd®y inAnd cirtigh] thetibRgnet i C
recordi ng mediumon which filns are being formed, or inductive heating.
Af t er magnet iAscordsely dickgnagagier hapng tayerhd enuld udaaih bel prssergulwt kpsprdiemtaade t hen
guenched, prot ectivehl Sr 5 is fornmed on the surface of magnetic recording
layer 4. Prot@8yedes 3‘% sd3%¢ky be formed of material conventionally used
for protective |layers, such as material conposed mainly of carbon. The film
t hi ckness and other conditions for protective |layer 5 may be the sane as

t hose used for MNenmaknetmgnatbsirateet o diomyoseddefaan PhloaBat i whatéday eviths NoBin be
formed using arbitrary nmethods from assqci ated technol ogi es, including
vapor deposy PR Bl B g e e Or o AP TP B Py e BIRE The
Sputtering PrigeesIade o Rl LhiRdnand. § By BCIBINGL LARI-SPH 1186 BY RLAGESS IS
reconmended. Protective layer 5 may be forned while heating the substrate
or applying 8oughbesasr stapt.age to the substrate. The tenperature at which the
substrate is heated depends on the desired characteristics. In general) the
i deal tenperature is between 250 C and 300C. Finally, liquid lubricant
layer 6 is for m?\%x?@ol% rr}lea rsll{{cfhar‘lcl:ne l?lferpZ 1(131t egé | %@idL(?Xt?%heSs'ur}éiceq(l)’ijn%n-lnyabgét?cant

| ayer 6 is conposed o SHCH “conventi onal® material as a s

per fl uoropol wabdigice bRSE dedtbbéd dRdvioudiRe séft | Maght £ KRG Slagdtd 2 Ok hefecta@n@i t i ONns

for liquid lubricant layer 6 nay be the sanme as those used for normal
magnet i ¢ reccoeeiengatmegiagnetic flux from the head to provide vertical magnetic fields, but may be

omitted. Material for soft magnetic lining layer 2 may include a crystal NiFe alloy,
Sendust (FeSiAl) alloy, or amorphous Co alloy. The amorphous Co alloy may be CoZrNb

or a symilar material. The optimum value of the film thickness of soft magnetic lining



Liquid lubricant layer 6 can be forned using arbitrary nethods from

associ ated technol ogi es), including a dip coat process, spin coat process)
or roll coating process. The dip coat process is preferred. Further, in the
present invention) any stacked |ayers starting with underlayer 3 or soft
magnetic lining layer 2, if any) and ending with protective |layer 5 can be
formed within the sane apparatus. In particular, if a reduced pressure
condi ti on ilgyendedriesieperdmaercthe stipetpre or gearpesemiics efthp moersyss h‘r@f) preefier abl y

executed so _as,to .avoi eviation fromthis, condition,wiihin,t same

appar at us. ERRHE RS- PaFREr R o D8k s iRl P bR St 030 i on
Exampl e 1 A,ResRBe0sHhIFlesdibstrate was conposed of a chemcally reinforced

gl ass substrate with a snmooth surface (e.g., N-10 gl ass substrate

manuf act ured by HOYA CORPORATI ON). The substrate was washed, then
introduced into a sputtering apparatus, where an Ru target was used to form

rer g
an Ru under | ay®ft %%gnstlﬁwlpﬁ%e/?ﬁ ranedormsgyewg deiirpyy, methpds frphessedatedias used
to heat th r at Fit ur a me red 300C
A Co20Cr 10Ie:\>ttealt%glr% %%% \%acgua%gjen \Ba?ggl t{i)é’:b%3 %P?ng’atsltclgt(ejr%ﬁg' %%%ﬁte)éi%e%?n ecg? ioﬁg | ayer
of 20 nm i Ndebbrtgdanes SVDThapuftéiengSptb&bd BtReforrediing i DC Integn¥vedrespeierigg f or med
was introduced into the cooling chanber, where it was quenched so that its
t enper at ur ePrersey e axcenmepdat 3BT pEnetisHrng havsey arpy bedungd whith Beadingdhe at e, on
whi ch fil mss [ el%?iangl anI‘ 1 sd’vol\fva% t%gt iensu gtaaregfﬁer Fecrin tezoattrbae tf vlviuién ftﬁg mat i on
chanber . Fi AT 8 RRPBEn o gte W s PG B T f Ornt R PSFS el V<R ity
conposed ofgarNens apdedaVicnds an tthd kMR Th@facttlsttd) IrARthetd1ethe Uhsikirad € was
renoved fromthe vacuum apparatus. Qther than heating by the heater and
quenchi ng, teheseture lsrhefvrenadl ¢randt3éHE. were carri ed out under Ar gas
pressure of 5 mlorr (0.67 Pa) using a DC magnetron sputtering process.
Subsequently, a liquid lubricant |ayer conposed of perfl uoropolyether and
having a thi ckiggsSaPfinderAPRrESriRdTBG HShitthe Bt AbRin£HRhe BLRGSESS1 LP o M a
si ngl e-1 ayer perpendi cul ar magnetic recordi ng nmedium For the conpleted
per pendi cul msgnegc dhihigngydreali Aendrdmgabd chy presaitdevdrgionyamderajen 3t ecuseditng a VSM
(vibrating sanmpl e magnetoneter), Ku was eval uated using a torgue
nmagnet onet etstortrile cryatag sExsture oft prepetic ssedingt lapr 4 ﬁ@n?ﬁggﬁépﬂ%law@c% i ng
| ayer was eval uated_usin n Xray.diffractio paratus. Fur r) ,.the
structure viBeBoRiotd RS RITER s 8 b e YRGS ek L L OF (e
medi um of tikSlyexaddafedy haOBPEM hekkaeds A3RvesR S Bntdha NGRS IAWRI pregncOMpoOsed
of Ni 15Fe25Cr, an alloy having an (a-axis

invention, distortion is apphied so that the hep structure of the magnetic recording layer
expands along the a-axis. Underlayer 3 may be composed of various metals or alloys

having an hep or fce structure of the appropriate a-axis lattice constant.

Ru, which has an a-axis lattice constant amounting to 110% of the a-axis lattice
constant of magnetic recording layer 4, has a good hcp structure for underlayer 3. Other
materials having good hcp structures for underlayer 3 include metals or alloys having
a-axis lattice constants greater than 100% and less than or equal to 120% of the a-axis
lattice constant of the material for the magnetic recording layer such as Ti, TiCr, Re,
CoCr, CuCr, CuZn, IrMo, Ir2W, MoPt, and MoRh2. More Ideally, the underlayer material
having the hep structure has an a-axis lattice constant larger than 105% and less than or
equal to 110% of the a-axis lattice constant of the magnetic recording layer material. An

a-axis lattice constant falling within the previously described range allows the crystal



| attice constant) x 1/ ,/- 2 substantially equal to the a-axis lattice
.constant of the rmagnetic recording |ayer, and having an fcc type of crystal
structure (Conparative Exanple 1), when Ru is used as the underl ayer and no
guenching operation is performed (Conparative Exanple 2). Table 2 Exanple
1Conpar ati ve Exarrpl e 1Corrpar ative Exanple 2Under| ayer Ru Quenchi ngNi

15Fe25Cr No enc h|n r

ChA o] 516, SR taS R R ook e 3 5 T B oRGRE sifinrecst vedntvan
[1~] 4. 122414 4n:h30 tﬂ@effmlérmp{alﬁlah&l sfckiksabes that both He and Ku are
increased) and the c-axis lattice constant of the magnetic recording |ayer

reduced by changing the N 15Fe25Cr underl ayer, the crystal lattice of which
substantlally tches that f t he magn c recordjing layer, to the Ru
under | ayer @"aé%h%l“%&?rs °f AR ! &ﬁ’ﬁo['a‘ﬁf*er&yera% SHIERER: Pt OF Tehe N
15Fe25Cr Ur}ﬂﬁ\'gabéi%l aE&'@EJ‘t“r‘rAn Qx‘é@enmﬂ{eh'alst}ﬁ@e §@@a@la‘t‘€‘c@%$s@é’xﬁh 1’39"2h He and
Ku are increased by 10% or nore and the c-axis lattice constant of the
magnet i ¢ r geakdithgh 1@petnd Rdutrd dbyqaalenckomer thha-damgneaidc codseanlofiirg | ayer
after formation. Since no nor mal X-ray diffraction appar atuses can

measur e t henagrefid rseordig jager donsidamtly. dfe urkerlayaymeterel h@@tﬁrtchieﬁrgstragxere

stacked m t he n?a¥l rlaté:%erch[?snarglxqg J@gfqer hanq%%‘ﬂ a(iess &%Q{np{]quXI toqld%/szumad to

be el ongat eé ve e contrac Such a rate that

the vol ume tn@aram@aa&le@a&@&m of tREhERK L REHRAS mgerniagﬂaﬁhp%tnra -Gk PaceSi NCE
TEM observations indicate that there is no nmajor differences between the

m crostructcurrse@tcﬁdlhmmesbmsthenpﬂeesusly ﬂeselabvdbenlsaéluwedﬂetcmmltstrectgmqﬁgeas in He
and Ku are caused (%/ ﬂ%vet osf @l ction rﬁsul ti ng tortl g@ f the
crystal | at48RE T HEE Tigh& oo et it Alg  Tusher © RiPYahd"Fe "ot d be
increased hy. ghangi.pgdns, smdestayer w thout changi ng the conposition of
the magnetic recording layer and quenching the magnetic recording |ayer

i medi ately after formation. Since the thermal stability of nagnetic
recording nmedia with magnetic recording | ayers having equival ent
m crostructur éé‘dPéla}tSF 858r Pp (fﬁ‘ié‘led f1ging pEnramethods froay asrpiated tackhnodostes i npr ove

the ther mal d’i n%valﬁ) §)031r| on (f?}nlﬁcetl%:?ron ealmngvarr%rcI | &40 031533(1]5281]6D2The

perpendlcular rodﬁ odrnent 1

except thatspattdithet Peateds msprus@@h,asnd ht%eUDd,'errAa@M&Eorﬂ Reh@athgOhrdbst @& form a
Pd filmof 5 nmin thickness, and that a Col7Cr17Pt target was used to form
a CoCr Pt nugivemiendedetodetiaygr 3 apebe (rmaDwhnin haatinh irekmbssite Tadppbu thasst s t he

Hc, Ku, and axis lattice onstants obtain erf nchi ng
operation aﬁ a%ﬁﬁgﬁh%ﬂ‘%’ Sthtp- lﬁrﬁf“ﬁﬁ’a&ﬁﬁﬁﬁﬁ}‘ﬁg ]6ep%‘§7é'tr s ia"edq?‘“@gﬁ% tati ve
Exanpl e 3) thakk&red dmXAMehonRCoNealeadll MR XA NehBeratifd GhbaNe. s langRer ci ve
force He [ kA/m 388. 3324. 8Ku [ 10 ~MJI nB] 3. 22. 7c-axis lattice constant

(A] 4. 1204. 1382CThe above descri bed characteristics were neasured using a
VSM torque nmagnetoneter, and X-ray diffraction apparatus, as in Exanple 1.
The table indicates that the c-axis lattice constant of the magnetic

recording | ayelrheqeaﬁ(lisel@&?cg cmltﬁln% hlé?eir@ﬁdmeasured in a bulk (without distortion) state

unless otherwise specified. The a-axis lattice constant 1s described 1n various documents.
For notably complicated alloys, this constant can be determined by separately forming a
film of the target alloy on a glass substrate, then analyzing the film formed by X-ray
diffraction. The following shows the a-axis lattice constants of typical materials that can
be used as the magnetic recording layer and underlayer according to the present
invention. (N115Fe25Cr indicates an alloy composed of 15 atom% of Fe, 25 atom% of Cr,

and the remaining amount of N1 on the basis of the number of all atoms.)



Ku increase, as mExanple 1. These results indicate that this exanple al so
inproves the thermal stability of the medium Exanples 3 and 4 A
nonmagneti ¢ substrate was conposed of a chemically reinforced gl ass
substrate with a snmooth surface (e.g., N-10 gl ass substrate nanufactured by
HOYA CORPORATI ON). The substrate was washed, then introduced into a
sputtering ap aratus) where a Co5Zr8Nb target was used to forma CoZrhTb
soft nagnef e DIL(’L | ayer—o QQDJUI‘\L fJ’\{J\I(ngch Then an Ru-target was
used to fofman Ru unGéWSFaéye* a@ﬁlséatﬁﬁﬁ Hﬂﬁ’i‘%kness Reginsd eepbdpiticy, all anp
heater was| used to hedlfudye Lapstanhte Jngbticet he sufopsiert GCoLHE substrat e
measured 220C. A Co20Cr| OPt ]get was %2&@% d |t BB EoCr Pt fragnet i ¢
bU nt |

recordi ng | ayer of 20 nm mthi ckness. ) y[,%]t he | anp heatef was
used to hejat_the subistrate uhtil the s ce of the substrate neasiired
320C. Then| _t®r&rBubsit r ahe on| whi é83fil ns were beijng f or méd0was i nt foduced
into the cppoli Rg chanbehep where Bi7iwas jguenehed) |reduci ngorits tenpérature
from 320C to 15QC i n| seyen secondgg Thg sulysisr at € on whi glyefi | N8 were bei ng
formed was trangierried 1o The TibmsTornation IZ | chamber;;pnce agai n.
Finally, a gﬁ%@ggérar get W use({ho al g Jrotective rworg COMpO d of

car bon and-Favthg—a |rr\ﬂ<rrca of —to-—nm—and—the—substrate—was—ther' r enoved
from the vaguupRaimtids: fol R@S@dhlkWibetd@hian StepD) Rt her than heating by
the heater and quenching were carried out under an Ar gas pressure of 5
mlrorr CO, 67 Pa) using the DC magnetron sputtering process. Subsequently, a
liquid lubricant |ayer conposed of perfl uoropolyether and having a

t hi ckness of N¥nWEEsefoiemIgngdavag? throudss ‘E‘oaa%“rfS‘F‘b%fég’ée’tl%’eférW%lem

per pendi cul ar rdin vario medi a
wer e produc ‘ed U ?paélgli‘ﬁls S%Ctgbly He Os%doéég%rrrl Cbrgigg £11lexcg [loforg’l lggheat| ng
t enper at ur eatu@a@dcmfdomxeTh&prefeefearranb)olﬂcleaestdaer, MROAR j)rCCd'(ﬁ'C@Fxﬂluﬁ'thhb ayer,
execution or omi ssion of quick heating after filmformation, and execution
or omi ssi omstoftugudhelaprryic rRordinhiager hirgrved fo arreceandiclgr medieiic reetied ve
force He was as red usj ng,the Kerr effect . €. uring the rotation
angl e of thB*PraAne°sf**po ‘: L&r At AH RSO ?l’r}fl@fl%féz%bor}g'o&ﬁlfe 6\12? iRt ﬁ}ﬁaﬁeousl y
appl yi ng ex;lgpmhstrm@gn&{tb&pa‘rbsld%)ar tAhd 1dyBesieraBXi s lattice constant of the
magneti c recording | ayer was neasured using an X ray diffraction apparatus.
Fig. 2 shows the relationship between the c-axis lattice

Magnetic recording layer 4 can be formed using arbitrary methods from associated
technologies, including vapor deposition, sputtering, electron beam vapor deposition,
or CVD. The sputtering process 1s preferred, and the DC magnetron sputtering process 1s
recommended. Magnetic recording layer 4 may be formed while heating the substrate or
applying bias voltage to the substrate. The temperature at which the substrate 1s heated
depends on the desired characteristics. In general, the ideal temperature is between

150°C and 350°C.

In the present invention, magnetic recording layer 4 can be distorted to increase its
magnetic anisotropy and coercive force when quenched immediately after formation. The
term “quenching” as used herein means that the temperature of magnetic recording
layer 4 1s reduced by 100°C to 300°C at a rate of 10°C to 30°C/min. Ideally, the
quenching operation reduces the temperature of the magnetic recording layer by 150°C

to 200°C at a rate of 20°C to 25°C/min.



constant and coercive force He of the magnetic recording |ayer. The points
shown by the arrowin Fi.g. 2 indicate the characteristics of the magnetic
recordi ng medi um of Exanple 3, produced in the above descri bed manner.
Table 4 lists the characteristics of a typical magnetic recordi ng nmedi um
Tabl e 4 Exanpl e 3Exarrp| e 4Conpar at i ve Exarrpl e 4Q,Ii ck

heat i ng320COm é\gg t edQuenchi ngl5 d? lant

[ KA/ nj 318. 62617 E258°HCEAPEPaR 117 P@ ré‘Ee ‘th? Uripg puchoqlaplas pRanett  shown
in Fig 2, gpeied vk HiRE 6% akHen teRdBert Br bPQIERS@oMhE o dakrLa888 hélahpe
c-axis Iatt| ce constant of the magnetic recording |ayer. The nagnetic
recor di ng medgnenr edcorlidrg mddxamph ehigh fitias @re beiax fosmbdtMtevaticdnshambgretic4. 123
[A] and He of 318.6 [kA/r’ri (4004[ Ce]). Further, it has been deterni ned that
the ragnet i ECPERERAAHT AR ARIfhIbRS Exedinmedommediesy Remeed 40 gaPtee ﬁ'@ameﬁg

oper ati on ice
const ant t hace BB ARG i At Rber, B e R Bl i 2 ph ke C,

qui ckl y heatdeallyatheefuehdhingadpb@bion EQerfofiidan Welcboliag sBdfibergneti ¢ | i ni ng

| ayer, the Ku cannot be neasured using a torque nmeter. Thus, there is no
other option but to rely on qualitative determ nati on Neverthel ess) it has
been confi ”mdAftemanve%o%bﬁan e oce ynrretqml n th(g1 r}l, fructures of }Qe medi a
shown in the figure nseq enw1 VERE™ REFEAEEPH rﬁeaﬁ mn’éBTﬁuc

corres pondshéaQedaﬁldlé’&%’t&'}%@cei rw@el@xml be@ddb §REHRIPY. my%%oaxs particularly
magnetostriction as in Exanple 1. In other words, it is assuned that in
Exanpl e 3, Kitechrcindaseds aggnatic Ex@rjihelager Tterktivele lowt te@pqmtmks ﬁ:emeleng step

por pend cul SPBEGH I AT Na B CHUBEEELRE! R G e FRAGY A8 i
Example 3. GXGERkwERmanetld DXdaub 106! ¢ WPHHICH 195100 RS WIRGRE LAY Ghiel ST €ad

of Ruto forma TiCr fi nmin thickness. "Table 3 lists the Hc
c-axi s | attiece€ eassyant Me@ﬂy,tthequlck heating operation increases the temperature of the

magnetic recording layer by 100°C to 200°C at a rate of 10°C to 20°C/min.

Such quick heating operation can be performed using arbitrary methods from
associated technologies, including a lamp heater, sheath heater, use of a heat medium to
heat the holder holding the magnetic recording medium on which films are being formed,

or inductive heating.

After magnetic recording layer 4 has been quenched or quickly heated, then
quenched, protective layer 5 1s formed on the surface of magnetic recording layer 4.
Protective layer 5 may be formed of material conventionally used for protective layers,
such as matenal composed mainly of carbon. The film thickness and other conditions for

protective layer 5 may be the same as those used for normal magnetic recording media.

Protective layer 5 can be formed using arbitrary methods from associated
technologies, including vapor deposition, sputtering, electron beam vapor deposition,
or CVD. The sputtering process 1s preferred, and the DC magnetron sputtering process 1s

recommended. Protective layer 5 may be formed while heating the substrate or applying



magnetic recording layer, and D 50 obtained with a sanple in which the
magnetic recording.layet, which was not quickly heated or quenched

i medi ately after formation (Conparative Exanple 5), and with a sanple of
this exanple. D50 represents the frequency (unit: inches per change in flux
(FCl)) with which output fromthe nmedium has a value equal to half the

ronsur od ot HTH QORTRENE o o rar et 0 F G e S A °

recordi ng. ohahl @esrelXRAMREENNREONMARALrhY eheEY MR REMECHK AgALH R0 ANghd

guenchi ng execut edNei t her qui ck heating nor quenchi ng execut edCoercive
force [ kA rf0802. 2270. 5¢c-axis lattice constant [~.]4.1344.151L D50

[ KFCI]216197 14 As in Exanple 3, quick heating and quenchi ng operations

i nproved He while reducing the c-axis lattice constant. Since the medi um of

this exanpl e was,gl 1§d§11&)fu9y1i:ﬂ)@gayw § i i@ bh (HBIDGL & %Jté&lwlabi?r%’&hqui& s Ku

coul d not be neasured using a torque nmagnetoneter. wever, I's assuned
that this axatghe ilager oved 4 heotpaedral of Stsaubh | | doyveationdle mew@tiblm a6 md arly to
Exanple 3. Further, Table 3 indicates that the heating and quenching

oper at i ons Herftrorrsizethesinrsed, lubmetnt. Thedilm tlopkessy ahpibpheprditons dersaid

recor di ng. lTprgz;ngorg,Gr}lhibs ¢ xsarxm_l %tgoanui rron\éemglecaordti n co?@%r ac eristics as
wel | as thefnal stabilTry,. AdvVantageous ef fect 8% of 5 Re" THVERE M6 As

descri bed above) according to the present invention, the thermal stability
of the magnetic recording layer is inproved to nake the nedi um nore
reliable. Furtlhenrd lttheapr Byent cimbeddrmeh vear dokertrgse dethioth fromnasesrtdtehal

CoCr - based Rleti cr ((:iordi(p material to formfilm uii nag conventjg(l)nal

appar at uses " TREFET Ji°e'“ e ‘gf%aéeﬁf"c?sﬂ\féﬁ‘t‘i%wri’?“sﬂ‘i PasPE eI s s
production.g;dQat plbddd M rekerry, MEt hod of manufacturing perpendi cul ar magnetic
recordi ng nedia characterized by the steps of: form ng an underl ayer on a
nonmagneti ¢ substrate form ng a magnetic recording |ayer on the underl ayer~

Further, in the present invention, any stacked layers starting with underlayer 3 or
soft magnetic liming layer 2, if any, and ending with protective layer 5 can be formed
within the same apparatus. In particular, 1if a reduced pressure condition 1s used to form
each layer, the formation process is preferably executed so as to avoid deviation from this

condition within the same apparatus.
Examples

The following gives examples of the present invention.
Example 1

A nonmagnetic substrate was composed of a chemically reinforced glass substrate
with a smooth surface (e.g., N-10 glass substrate manufactured by HOYA
CORPORATION). The substrate was washed, then introduced into a sputtering

apparatus, where an Ru target was used to form an Ru underlayer of 5 nm in thickness.

Subsequently, a lamp heater was used to heat the substrate until the surface of the



guenching the nmagnetic recording |layer formng a protective |ayer on the
_magnetic recordihg |ayer and formng a liquid lubricant |ayer on the
protective |ayer the steps being carried out in this order to inprove

uni axi al ani sotropy Ku and coercive force He of the magnetic recording

| ayer. 2. A nethod of manufacturing perpendi cul ar magnetic recordi ng nedia

charact or i 2o b WIR.SLERRE! A LBOGIRNURLGLL UL L0 B RONTRERBIC

substrate formn nmagneti c recording |la un yer ~ qui ckly

heati ng th%agﬁam%doedlﬁgragvmf@g nhBMEh kS MhEH BG dub&rdtRen @hics fil:ge Redi Ng
|l ayer formng a protective layer on the magnetic recording |layer and 16

form ng a begefambdived oadudedyrde therrodling chargtes cthievert [way @venchrl sstthzq:tstsbel ng
carried ou

der .t : i.axi al _ani sot K
o e e o perekttiote LRI TS 100 3 Gen FUROS TR Yt B SAEHC L V€
recordi ng ped Hépe%aﬂ% a8l %@qggx téah&emwtﬂgm gnhxn&mamumgﬁyrl ng

nmet hod according to aiml 2, and in that the underlayer is fornmed of
metal or akmmmxmatﬁrwaiuhﬁvmn@nazhﬁmagﬁﬂaﬁmchmsmsmipﬁ&kmgls&fhehuga havi ng
an a-axis lattice constant greater than 100% and | ess than or equal to 120%
of the a- aﬂngkqea%qfi18@%@ﬁ§tt§wubé*fratterf@sm@we#éllomf@r&vacwgwraéu% 2)(9B?rd| ng

| ayer he endi net | lamaccardin 0,.d aim 3,
char act or | 700 T RE B L e TRA NGRS B0 TR AR AR S L e e O Ol

consi sti ng u@flerRu, gaIipres_Ili,lr@'of 5%qum7, PMHIg al Dmaghét@dﬁl spN&B_tmg aivebsMDRha. 5.
A perpendi cul ar magnetic recordi ng medi um characterized by its manufacture
by the man$hbsetieanitliga riamivo thbaicardrldyenromposetl sof rpenflugropplyetherdand having a

thickness of 2 nm was formed using a dip coat process to form a single-layer

perpendicular magnetic recording medium.

For the completed perpendicular recording medium, coercive force Hc was
evaluated using a VSM (vibrating sample magnetometer), Ku was evaluated using a
torque magnetometer, and the c-axis lattice constant of the magnetic recording layer
was evaluated using an X-ray diffraction apparatus. Further, the structure was observed
using TEM. Table 2 lists the characteristics of the medium of this example by comparing
a case where the underlayer 1s composed of Nil5Fe25Cr, an alloy having an (a-axis
lattice constant) x 1/ v~ 2 substantially equal to the a-axis lattice constant of the
magnetic recording layer, and having an fcc type of crystal structure (Comparative
Example 1), when Ru is used as the underlayer and no quenching operation is performed

(Comparative Example 2).

Table 2
Example 1 Comparative Comparative
Example 1 Example 2
Underlayer Ru Ni15Fe25Cr Ru
Quenching No quenching No quenching
Coercive force He [kA/m] 316.7 202.0 288.3
Ku (10 'MJ/m8] 2.2 1.7 1.9
c-axis lattice constant [A] 4.122 4,143 4.130
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in that the underlayer is forned of netal or alloy material having a
face-centered cubic lattice structure having an (a-axis lattice constant) x
1/ ,/-2 greater than 100% and | ess than or equal to 120% of the a-axis

| attice constant of the material for a nmagnetic recording layer. 6. The

per pendi cul ar magnetic recordi ng medi um according to Caim3, characterized

p Chst o TohEl S AL TLELR, oSSk e Bl RER SRS 0
. A9. AL A% A% Ly fnd d?‘a%%A%-aéﬁeQmAre%ﬁ%% AltlyeAbbe RNdLd '%yN!eha!% Ohe* Ni15Pe25Cr

/ nx} | wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c<a]ca]ca]ca]c
a] ca] ca] ca] cahdralega] ¢k capeb]aatc alUbah Ghbitbiaiadly matches that of the magnetic
C'$ ' (s+l - 00#0$0&0§}xsni d™Y] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca}l calcalc
a] ca] ca] ca] cajceErEaTEes] e &y By eelayeei?&lafea]a@éfﬁai}l&ea@ﬂ%m greater than that

111>111<222 : 74971 :

7770kt 2\ W Rel L eaaa A s, even auih sho some Ry underlayer pot B and 1 oo ¢
a] ca] ca] ca] c&ucakciateadet B @} o ah&a] Gdath’ hd@xBEDREHRINEMN] b (KeCa{dtdd' | ol | |
0JJJS5KKKILLLLQW xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] caqcelé}r@dyb@a}@af@dp’@af@é]r@é}“t@]iw}le@]C@é.IQWWREMfMWVMSﬁLWUUUq\AN

WAAKXy YZ' 1\\ f a\
Foa)calca capbapid Sk kol SR A aclinhraleoh LAl pabeg e oo o2
"¢ " ahaaaaabhsSaeIdAedeRek! {ihagl xSk thaghalalrabe AbhahakGahaahs ahigal cal ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca! g gghah
hi Mii ] ] ] ] ] ] ] ]bf kebrBadmnmelongated relative to the contraction of the c-axis (at such a rate that

L | gb : :
oLo)cooprene b eshenlcrlsal cnlesloalenl sl sabemiaabsesleshe b ool e

6u_uu; observations indicate that there 1s no major differences hetween the microstructures of
vvvwww x{ val gbj cal ca] ca] caf ca] caﬂnca ca czﬁ cal ca] cal ca] ca]calca]ca]ca]c

a] ca] ca] ca] cajss@]sambies] € adaé aleC adsamb & ahoaipatiadiz2 10 %1 &nf ) Ku a8l @%asb&'bfy) - 3
10% h& () -10% h& ()-f @0% h& ()-10% h& ()-m *dE sL10% h& ()-10% h& ()-110%
h& () - L10% hee(stossntonr bl tine-faespigryon-of therpnetad datiee of thepagnetigragord®ehy 9

10% h& () -+ Jraoy%’ t}%lusg )K-usalﬁ’:il\a'coc%lg%le Qc-réasél' %crl]lg*xg(i)xg- the u?lderlayer without changing
the composition of the magnetic recording layer and quenching the magnetic recording
layer immediately after formation. Since the thermal stability of magnetic recording
media with magnetic recording layers having equivalent microstructures 1s proportional
to their Ku, this example serves to improve the thermal stability of the magnetic

recording medium.
Example 2

A perpendicular medium was produced in the same manner as in Embodiment 1
except that a Pd target was used as the underlayer instead of Ru to form a Pd film of
5 nm in thickness, and that a Col7Cr17Pt target was used to form a CoCrPt magnetic
recording layer of 20 nm 1n thickness. Table 3 lists the He, Ku, and c-axis lattice
constants obtained when performing quenching operation and when not performing

quenching operation

11
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Table 3
Example 2 Comparative Example 3
Quenching No quenching

Coercive force He [kA/m] 388.3 324.8

Ku {10 'MJ/m?] 3.2 2.7

c-axis lattice constant [A] 4.120 4.162

The above described characteristics were measured using a VSM, torque
magnetometer, and X-ray diffraction apparatus, as in Example 1. The table indicates
that the craxis lattice constant of the magnetic recording layer decreases while He and
Ku increase, as in Example 1. These results indicate that this example also improves the

thermal stability of the medium.

Examples 3 and 4

A nonmagnetic substrate was composed of a chemically reinforced glass substrate
with a smooth surface (e.g, N-10 glass substrate manufactured by HOYA
CORPORATION). The substrate was washed, then introduced into a sputtering
apparatus, where a Co5Zr8Nb target was used to form a CoZrNb soft magnetic lining
layer of 200 nm in thickness. Then, an Ru target was used to form an Ru underlayer of 5
nm 1n thickness. Subsequently, a lamp heater was used to heat the substrate until the
surface of the substrate measured 220°C. A Co20Cr10Pt target was then used to form a
CoCrPt magnetic recording layer of 20 nm 1n thickness. Subsequently, the lamp heater
was used to heat the substrate until the surface of the substrate measured 320°C. Then,
the substrate on which films were being formed was introduced into the cooling chamber,
where 1t was quenched, reducing tts temperature from 320°C to 150°C in seven seconds.

The substrate on which films were being formed was transferred to the film formation

12
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of carbon and having a thickness of 10 nm, and the substrate was then removed from the
vacuum apparatus. These film formation steps other than heating by the heater and
quenching were carried out under an Ar gas pressure of 5 mTorr (0.67 Pa) using the DC
magnetron sputtering process. Subsequently, a liquid lubricant layer composed of

perfluoropolyether and having a thickness of 2 nm was formed using the dip coat

process to form a perpendicular magnetic recording medium.

Various magnetic recording media were produced using the same method described
above, except for the heating temperature used before the formation of the magnetic
recording layer, execution or omission of quick heating after film formation, and
execution or omission of quenching. For these magnetic recording media, coercive force
Hc was measured using the Kerr effect (1.e., measuring the rotation angle of the plane of
polarization of incident light while simultaneously applying external magnetic fields),
and the c-axis lattice constant of the magnetic recording layer was measured using an X-
ray diffraction apparatus. Fig. 2 shows the relationship between the c-axis lattice
constant and coercive force Hec of the magnetic recording layer. The points shown by the
arrow 1n Fig. 2 indicate the characteristics of the magnetic recording medium of Example
3, produced in the above described manner. Table 4 lists the characteristics of a typical

magnetic recording medium.

Table 4
Example 3 Example 4 | Comparative Example 4
Quick heating 320°C Omitted Omitted
Quenching 150°C 150°C Omitted
He [kA/m] 318.6 261.8 256.5
c-axis lattice constant [A) 4.123 4.126 4.127

As shown 1n Fig. 2, coercive force He tends to increase with decreases in the c-axis

lattice constant of the magnetic recording layer. The magnetic recording medium of
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Example 3 had a c-axis lattice constant of 4.123 [A] and Hc of 318.6 [kA/m] (4004[Oe])).
Further, it has been determined that the magnetic recording medium of Example 3, for
which a quick heating operation was performed, had a larger Hc and a smaller c-axis
lattice constant than Example 4, in which the magnetic recording layer was not quickly
heated after formation. For media with a soft magnetic lining layer, the Ku cannot be
measured using a torque meter. Thus, there is no other option but to rely on qualitative
determination, Nevertheless, it has been confirmed that no change occurred in the
microstructures of the media shown in the figure. Consequently, the increase in He
presumably corresponds to an increase in uniaxial anisotropy caused by
magnetostriction as in Example 1. In other words, 1t is assumed that in Example 3, Ku
increased as in Example 1. Therefore, the quick heating step in Example 3 improved

thermal stability of the media.
Example 5

A perpendicular recording medium was produced i1n the same manner as mn
Example 3, except that a T110Cr target was used as the underlayer instead of Ru to form
a TiCr film of 10 nm in thickness. Table 3 lists the He, c-axis lattice constants of the
magnetic recording layer, and D 50 obtamed with a sample 1n which the magnetic
recording layer, which was not quickly heated or quenched immediately after formation
(Comparative Example 5), and with a sample of this example. D50 represents the
frequency (unit: inches per change in flux (FCI)) with which output from the medium has
a value equal to half the maximum value when the dependency of output on recording

frequency 1s measured on a spin stand tester. A larger D50 value enables denser

recording.

Table 5
Example 5 Comparative Example 5
Quick heating and Neither quick heating nor
quenching executed quenching executed

Coercive force [kA/m] 302.2 270.5

c-axis lattice constant [A] 4.134 4.151

D50 [kFCI] 216 197
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109%&' ()- )?< (0000000€; *)?2< ()?< (109%& ()- 109%& ()- 109%& ()- 109%& ()-
<109%&' ()- 0000000i?*)?< ())?< (109%&' ()- 109%&' ()- 109%&' ()- 109%&' ()- 109%&' ()-
0000001i ?*)?< ())?< (109 ()- 109& ()- 10%& ()- 109%&k ()- 109%&' () -
11111211 ?*)?< ())?< (109%& ()- 109%&' () -
As in Example 3, quick heating and quenching operations improved Hc while
reducing the c-axis lattice constant. Since the medium of this example was also provided
with a soft magnetic lining layer, its Ku could not be measured using a torque
magnetometer. However, 1t is assumed that this example improved the thermal stability
of the medium similarly to Example 3. Further, Table 3 indicates that the heating and
quenching operations increased D50 by about 10%, thereby enabling much denser

recording. Therefore, this example can improve recording characteristics as well as

thermal stability.
Advantageous Effects of the Invention

As described above, according to the present invention, the thermal stability of the
magnetic recording layer 1s improved to make the medium more reliable. Further, the
present invention can be used with conventional CoCr-based magnetic recording
material to form film using conventional apparatuses. Therefore, the present invention 1s

suitable for mass production.
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& ()-1LLLLLLLaAwodfs of bidk8ger 8h b nomhigntGO4ub&rdty- c/ H 10% & ()- - 10%

& ()- +10% & ()- )10% & ()-LLLLLLL{ ?vU4? c/H 10% & ()-c/H 10%

& ()-'#3 &G c/H 10% & ()-c/H 10% & ()-c/H 10% & ()-LLMWM M M ; vU4? #3

&G ¢/ H 10% &, | 10%, & 110% & ()-c/H 10%
& ()-"M mmmﬁ%ﬂﬁ%’ﬁ“% .1@%}9‘@?&) _n%ﬂa%g o/ H 10% & ()-cf Hl 10%
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c9s' 109%&’ ()-1010UWU "V(VhL, 8 10%&' ()- 10 /& ()- 10%&' ()- 109& ()- 109%&' (
) "1 (V. VIV>VBVFVGVcVeGH+8 10%& ()-'1 109 () - 10%&' ()- 109 ()-'1 10%& ()-cV
[ VOVquVW:V‘éD+8 109& (2 L10% & () - LlO%

& ()-"109%& () - 'fprmingogligyd lupgegnt laver GRRRYYALYe lager1006 * - 10% & ()- L *10%
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& ()-1\\\0]]]"]|the btdds beird Q¥EFRE okt (1) th1d @%deR!te-&nmfrbve Emiaxial amsotropy Ku and

coercive force He of the magnetic recording layer.

2. A method of manufacturing perpendicular magnetic recording media characterized

by the steps of:
forming an underlayer on a nonmagnetic substrate;
forming a magnetic recording layer on the underlayer;
quickly heating the magnetic recording layer;
quenching the magnetic recording layer;
forming a protective layer on the magnetic recording layer; and
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in that the underlayer is formed of metal or alloy material having a face-centered
cubic lattice structure having an (a-axis lattice constant) x 1/ ¥ 2 greater than 100% and
less than or equal to 120% of the a-axis lattice constant of the mater:ial for a magnetic

recording layer.
6. The perpendicular magnetic recording medium according to Claim 3, characterized

in that said metal or alloy material is selected from a group consisting of Pd, Cu, Au, Ir,

Pt, Rh, Ag, NisAl, and CosTi.
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