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I NVE ' of the Invention s The present invention relates to
perpgwmmumu “mlmuﬁetic recordi ng media, and nore particularly, to a

per pendi c%[)d&%erragnet ic recording nmediumw th an increased recording

density. scription of the Related Art 1o Perpendi cul ar nmagnetic

recordi ng nedi a geiRERPENDIEULAR WAGNETICIRECORBING MERIA onpared to

| ongi t udi nal nagnetic recordi ng mechanism Hence, recent hard disk drives
(HDDs) use perpendicul ar magnetic recording nmedia to obtain a high

recording density. Perpelg;h(@m@p(omgr@plmg:mqmﬂ@wedl a have a

magneti zation that is perpendrcular € nain plane of the nedia. The
recor di hg 15Figdchef the lavestiom per pendi cuI ar magnetic recording media is

Pager nd by ! O raei RIS 1 herbaRElsREMHy b e, FESRThG fnddFoa of

a magneinote peﬂwudhrlw td ayserpendiCulat neymstic tréeordaiemesiumd @lithr n icréased
conventi onal perpen i cular magnetic recordi ng medi um having a single

magnet i ©©OCEIIBY depslts, 2 and 3 show the later 20 s convent i onal
per pendi cul ar magnetic recordi ng nmedi a havi ng twcm,mmmmmmm”m&yers
Referring to FIG 1, a perpendicul ar magnetic recordi ng re

i nf or mai on DescmﬂmrhfdhelRelatemhAd over the upper sur A

11, Aperpenlcula rlentat on underlayer 12 f orienting
L1 2 mmoneb piRArdiniTa MaaBeliS Fecdiina mada dsgeeh e SR ragortnd . “15°T s
pl aced gef %stc'&%ﬁdiééttéi’é lt%ln%ﬂ‘%éd?ﬁétl@?é@&@lméhﬂe%haﬁﬁﬁf‘etHénéeecor di ng
| ayer 13. A grot ection 14 is formed on the perpendi cul ar magnetic

r ecor di ragenapard diskdsives &%@&s )use pesperdiculen magnetigmecordingeredifl tog | ayer

by aoi oI M meRYEhadaely RORSsAnBOBbRE R Bifee d a4 Qe o
col I'i si mragastizstiordihagisoperpeadieuliras the mdimpiineldf thednédia. mapeatcordiefd.
Referring to FIG 2, a perpendi cular magnetic recordin )é@ﬁ)éer 23, where

i APor madlenRsity; of %cﬂ%@@ndmglaﬁlmt'@\f@mﬁdﬁ@ isela isarep eted BYhet r at e
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per pendl cul ar nmagn I genera magnetic
head of pemperDiBularly priertsa megmeﬁzatibhénamwnemera:brmng |layesr. per pendl cuI ar
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23. recording medium having a single magnetic layer. FIGS. 2 and 3 show the later

e of a substrate

20 structures of conventional perpendicular magnetic recording media having two
magnetic layers.
Referring to FIG. 1, a perpendicular magnetic recording layer 13, where
information is recorded, is placed over the upper surface of a substrate 11. A
perpendicular orientation underlayer 12 for perpendicularly orienting the
25 magnetization of the perpendicular magnetic recording layer 13 is placed between
the substrate 11 and the perpendicular magnetic recording layer 13. A protection
layer 14 is formed on the perpendicular magnetic recording layer 13 to protect the
perpendicular magnetic recording layer 13. A lubricating layer 15 is formed on the
protection layer 14 to reduce abrasion of a magnetic head of an HDD and the
30 protection layer 14 due to collision and sliding of the protective layer 14 and the
magnetic head.
Referring to FIG. 2, a perpendicular magnetic recording layer 23, where
information is recorded, is placed over the upper surface of a substrate 21. A soft
material layer 22, which forms a magnetic path of a perpendicular magnetic field



s Referring to FIG 3, a perpendicular magnetic recording Iayere 224,"\%ere
Jinfotmation is recorded, is placed over the upper surface of a substrate
221. A perpendicul ar orientation underlayer 223 and a soft material |ayer
222 are placed between the substrate 221 and the perpendi cul ar magnetic
recording |layer 224. A protection layer 225 and a lubricating | ayer 226 are
sequent generatacbbyradnagneticshead ptap cislpacearhelicen thesubstrate Raped 224,

per pondl BurapefihEr gt tacha FiPEeTs” AR BB IR A0 5 et cne

types andrishting layee 25eire isequentidlgsiorndd oo therjeepehdioliar nedgresticabeonding
underl ayers_12 and 223 and the soft magnetic |ayer 22. An existing

per pendi@¥8l 8- ori entation underlayer 15 fornmed of Ti or Pt is greatly

; ted b . ol _ y ' . .
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perpendi cul ar orientation underlayer formed of "Pt has an excell ent
per pendpraiéctiorclayer 225 andenlubricatingayangao iare saquentiaiiyiforraed oartbace in t he

| at.tice nstant_ fromithe [ | cul magneti c recording | ayer. However,
tﬁé exceé’ﬁ’&i‘ff%‘i?fdﬁﬁa?%‘tﬁ #%5<$’|§§?§fe‘?ﬁ4em ation shown in sone perpendicul ar
magneti c recThdityiied aydesmpghion ratiy of alergédts ihat foreeavnl gfitged and 2s
exchanged coupling to be increased, thereby de%rading a signal -to-noi se
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I ch has an 1 nCreased recordirng density by 1 nproving perpendi cular

oL i ent aahom@_soib?lag'rteiic |dperd2 21: n@‘nb&isﬁn? @ep;mndim.gat blE'aerptg_tieﬁml_l'nd'e\t;l\zjmr:1 i on,

there i rovi er pendi ¢ r netjc recording nmediumin ich a
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mul 1 - | Ainetlc PECHay %gé@r IP&ipREHdidaPorientdfieh UnBkAayeSs RSl oP e ween

0
the substrate and t r pendi ar magnetic recording Tayer and having
first tartbigylinitial grawtimten isfosmeddativerndiee perpandiguiat magpetio ayer anddhe

29 or e PSPl e lo ina itibed Pk 400 Rifdrkitte BN Vot BB £2 T o
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magneti c recording medium_ a soft magnetic |layer is placed between the
pg%pendn@gngpc(gequﬁtr& layear ||s;ga§¢rlcgm§pcghe°\ perpendicular orientation underlayer

formed of Pt has an excellent perpendicular crystal orientation because it has a small
difference in the lattice constant from the perpendicular magnetic recording layer.
However, the excellent perpendicular crystal orientation shown in some
perpendicular magnetic recording layers causes crystal grains to be enlarged and

25 exchanged coupling to be increased, thereby degrading a signal-to-noise ratio (SNR)
upon information recording/writing.

SUMMARY OF THE INVENTION
The present invention provides a perpendicular magnetic recording medium

30 which has an increased recording density by improving perpendicular orientation
properties.
According to an aspect of the present invention, there is provided a
perpendicular magnetic recording medium in which a perpendicular magnetic
recording layer is placed on a substrate and a multi-layered perpendicular orientation
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substrate. 1o BRI EF DESCRI PTION OF THE DRAW NGS The above and of et -5
.features and advantages of the present invention will becone nore apparent
by describing in detail exenplary enbodi nents thereof with reference to the
attached drawings in which: FIG 1 shows the |ayer structure of a
conventional perpendicul ar magnetic 15 recording nediumw th a single
magnet i éndenayer iFpiaced behwesn thesubstrate andibe pespendieulas magmetional

per pendi cul ar magneti c recot.di medi, um wi th,two magpetic | rs; FIG 3
o s rordlhe FAE AR ffst RrolTE B Obienaits BRER shade oS °hagnet i <
recordi ng ey e prbBndivlaimeERidtie reayrlitg méridth Cat [8as loResoftthe firstysid

structure of a '%gr pendi cul ar nmagnetic recordi ng nedi um according to a first
embodi nihind widerleyers isfermed of any icb Pt apd@ Prakmbwedithe segpad uadetlayerris of a

pegpend%o(': e?i.rofr?rﬁ/ﬁt'fi_car{gf%% gi@ﬁorredi um according to a second enbodi nent of

the present i nvertion; ws magnetic hysteresis | oops of a

per pendi cul aAlspagnan ieentisdiment ofiihegperpendicukar aweighetip recotdirg prezkiemi a

i nvention, and FI 7 .is a graph show ng the. size of grains and

per pendPelMAGNSicAyelis SlrcehalWesn tae PErRANAICYIar oreniRtioh laveragrdne c
recordi %?) hum according to the present invention. 30 DETAILED

DESCRI P THE | NVENTI ON A per pendi cul ar magnetic recordi ng nedi um
according to a first enbodi nent of the present invention shown in FIG 4
h a single magnetic Laye A pendi 2 agnet;| ecordi ng nmedi um
a?gordi ng to a second BREBHHE 2ItNe) PRAVY N on shown in FIG 5

has two magnghéabo¥eing otherfestuasieadvatdadges 6f the presént intentigraid, and
third underlayers 301, 302, and 303 are sequentially forned on the upper

sur f acebegoredneis appasesbby daseriting itdeliqll exemplaryvierabedimants thereal with3o4,
wher e iFHfBFe{ﬁ% itBQh%%tt%ﬁQ&ﬁgﬂvin@ iﬁ Wh%d on the third underlayer 303. As in
magnetic recordin

convent i ona g¥nmedia, a protection layer s 305 and a
| ubri cating FHyet sROwsdhe |dyer strdciune bhea qoawvpetichal weapemdigular magnetior di ng

15 recording medium with a single magnetic layer;

- 2

FIG. 2 shows the layer structure of a conventional perpendicular magnetic
recording medium with two magnetic layers;
FIG. 3 shows the layer structure of another conventional perpendicular
magnetic recording medium with two magnetic layers;
20 FIG. 4 shows the layer structure of a perpendicular magnetic recording
medium according to a first embodiment of the present invention;
FIG. 5 shows the layer structure of a perpendicular magnetic recording
medium according to a second embodiment of the present invention;
FIG. 6 shows magnetic hysteresis loops of a perpendicular magnetic
25 recording medium according to the present invention; and
FIG. 7 is a graph showing the size of grains and a perpendicular orientation
characteristic of a perpendicular magnetic recording medium according to the
present invention.

30 DETAILED DESCRIPTION OF THE INVENTION
A perpendicular magnetic recording medium according to a first embodiment

of the present invention shown in FIG. 4 has a single magnetic layer. A
perpendicular magnetic recording medium according to a second embodiment of the
present invention shown in FIG. 5 has two magnetic layers.
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| ayer 304. Referring to FIG 5, in contrast with the first enbog)i mént of

.. FIG"4, a soft magnetic layer 401 is first fornmed on the upper surface of a

substrate 400. Next, first, second, and third underlayers 402, 403, and 404
are sequentially forned on the ~o soft magnetic | ayer 401. A perpendicul ar
magnetic recording Ia£er 405, where information is recorded, is fornmed on

t he third unBeférepeito k@, 4 rst,isecondcand thied undgriayers 30écivdiang A, a

per poncbedhefefi rbtagOf e LHBH Siigrbol SXGbs e AL A bRRfr b o et

recor di paghett fectramigdaiér 3, iserarigemation % rewa@éd Q8 fornied bAteS third
under | ayers 301, 302, and 303 (or 402, 403, and 404) are used to forma

per penduederiayes308nt As Iarmwaem>raa@lénagnﬁtncrfﬁp@wg me%rq)@mﬁ@tmrhhayer

t f Th
i por unoBnd BB RRE), 306 2e TRNE] b i PR Fagrede Frtorda) . T
]ETB.I nlé fa]iqegﬁdt_trof :D]E and tlhe |S:$C0nd underl ayers 302 and 403 arg ma: nly
orned of 20 1f . a_single un er. i.s as.a ndi c ar
orientation BRE%F'PS)’%F% 8n'|5‘ ﬁ%\t'@éﬁ tb&ﬁe&ﬂr u%‘?(?m%%?gépg "1‘39
i ncreas ﬁagﬁféhé“r&%rqw R it féftfed Bh%hg%p‘ﬁbv%ﬁbc@bﬁé %%bsﬁbtéﬁomo' ﬁéxtu pon

I nf ormat | recor di ng/ ertlng I's 1 ncreased el ectrical characterlstlcs
such asfirsh sagondi aed ﬂlmrctunderlayesreéaad4a3|,a@ndaﬁ®4 25 kogquentiallyformoeg on the
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gr ai ns pifornietidit |suéd@rrd|edy%rfoﬁh@d9dﬁ thedhild uﬁaeﬂay!errm« Adfh esmaintibngr ai ns

of the perpendi cul ar magnetic recording |ayer are enl arged, and exchange
coupl i ngradnetie seearding media, A Pratrationdgyar ik-ard 3ddbrigring lagerAO L AlRst al

grains fxcg %ﬁgﬁ%é&%e nﬁ%u‘?é?%!a{;ﬁ'&lcorfecbﬂﬁnﬁ?CUQ@'SC“I ar magnetic recording

| ayer an s an exceflent perpe |'ar orientation. However, if
the Pt under lmther pemehdmutdmmagnettlmnomng memaaacoammg to theymresentr uct ur e,

el e St B S o S
per pendt&f&rﬁf a dlé‘f‘or‘;@?ﬁ@ﬁéﬁlﬁﬁﬂe%&é} t%%ﬂ?d%e%é??éﬁélb@ a

first Pt th|n er ayer | eposited to obtain stabil avery
t hin seonanltamd@frtiae/perpwdwcbmsmagdeusreogrmngdayerrﬁémi Goutéoﬁd} pr event cr yst al

erayer ™ PEhBRrS UiRlpl ! Ana0R AP RIAR eBR e At bt 3bere

excel | efaifipdomhed of Paraml #iel sddopd UrledageRe30and dQBaire mginit foemedadr di ng
llayer and reduce the size of crystal grains and an exchange coupling

efect . Tfherefore, a thermal | y st abl e perpendi cul ar nmagnetic recording

medi um wi th g1, Qﬁ‘n@@ PEGAd u?é‘d QQraZx%éT}ggndl'éh@r oﬁgﬁf@@rd@rﬁﬁ%et e

hysteresis | oop OF a perpen ar magn recordin
three-| agmeqnbrpendmultrm@gretm:rreeotcmg layemnlmréafspeexcam\gecbawlmg anbde present

I nvention and t magneti ¢ hysteresis I, o pnven
per pendPRATSE CB@S@I&fgl@Sr eg-S‘Pé RYSHPOR 'ﬂé\/mﬁ' Oelf%‘Pr@'ﬂ%‘yB %'%@P%&ch ar
ori ent aghanlebtHesl harage B, Sliciasad¢odicive force or a second-quadrant
25 hysteresis loop inclination, are deteriorated. These problems are mainly due to the
thickness of the Pt underlayer. If the Pt underlayer is thick, the crystal grains of the
Pt underlayer are enlarged. Accordingly, the crystal grains of the perpendicular
magnetic recording layer are enlarged, and exchange coupling increases.
A thin Pt underlayer decreases the size of crystal grains and an exchange
30 coupling of the perpendicular magnetic recording layer and also provides an
excellent perpendicular orientation. However, if the Pt underlayer is too thin, it
cannot form a complete layer structure, and accordingly it is difficult to be used.
In the present invention, in order to overcome the defects of the single Pt
underlayer and form a perpendicular orientation underlayer with excellent properties,



As shown in FIG 6, the perpendicul ar magnetic recording |ayer ﬁgvfﬁgﬁév
,three-l ayered perpendi cular orientation underlayer according to the present
i nvention 15 has a hi gher coercive force value (Hc), a higher nucleation
field value (Hn), and a higher squareness value (SQ than those of the two
conventional perpendi cul ar magnetic recordi ng nedi a. Consequently, the

per pendadinstrt thimgurd értayee iodepositeddpabtainatalylity. t INexd-a wgryrtbih $eanendi cul ar
orientation, underl.ayer.. accardir o the present inventi.on.can, provide an
excel | oHASAMERTT ABYGHIAR dghd Tass bk IrSebENGal oyl AR gOREPBIGY Shone
the si zgnRfged H6d 3 have s propertideofthestira Pptﬁh@éﬁé}‘ér.onFPfall?,eé gerpPeul ar
magneti c recording nmedia having a three-|ayered perpendicular orientation

under | ayaderayesigifaposited ieeprpridogcellenteanapaetic charagteristics¢éea from FIG 7
that th | : ks ' ' ' t
8 PGPSR e AL o0 AR SER Ul e g1

i nvent i ave sl ar-si ze conventi onal
per pendexchargencauping effeet.or Theveforeda dhenmaalyrstablegbdrpehdicalap emalgreaticar

orientation., As a ,result, the per i cul ar netic recording nedia
SCcor d HPAINGRBSHHER U B Deas i SNE Catt e BB . donor Ty T acordi ng wi th
a high SNR ! It | ki wn and
Genebon i [TEL6 shé Sﬁﬁﬁiﬁ“f‘@l‘??}ﬁfg?‘? 'éef%gﬁigﬁ?eeﬁ‘?%"‘%'ﬁ%‘?‘ﬁﬁ*f"?@ﬁ‘ CW1 T be
under st drdipgtiaysrdavinga dirregrlayeted perpandiculagorientadionindesiayethanges i n
formand details y._be made therein wthout.d rting, fromthe spirit and
sd8pe. ofotaEng BARPrERUTRYeMR L ine fodohstc RSteteailaoRs tdPre. 5 1
Pl a0f ~5converfippal pep@naitisr magreticdrdcbrditg enddia hal/gesinglaviayeed

per pendi cul ar _orientation underlayer, an excellent perpendicul ar
ori ent aPERengirvlar erigniationHpdergyaramads of Reard Th Pt under! ayer can be

bt ai ned. Al 3 ol A RERILEY L BoeALI I AR EOR BRI AN TafhatiiRL 4 CTYStal

grai ns. Thus, the perpendicula rien ayer¥s ving “excel | ent
per pendthreédayered garpendioulandrisntakibn angetlalergsacoonding ialthe presemte imentionul ar

magneti ¢ recardi ng | ayer. to have oaod thermal stapility, i gh recordin
Taanet | Rab GGhe cherale fotse Vahis oeE ulans: asatiarctieifyale (Hgh BRAEd: cul o
magnet i g;j | | K Prafa | h8i ordi ng
ey pighRESHdRMEhCTS Yali® (ROPhaR!Rese Bf Y fRTCOMMMonERSABonBicRf

or i ent amagnetindecording media e Consequiently Hbhepespendicalae maghetineependprgndi cul ar
magnet i recordi ng,l aver and having first t.hr h,third under. ayer,s each
e ot faeF gl ins i Sy A0 pReriferiht St dligh BidbMhish AROETnG S e T

wher ei nppdsdnt ffvePlien @antprevitersit exllehtihefmanst@bllidy 8nd al lawf exoiaeigef any of
Pt and a Pt_alloy, and 1o the second underlayer is fornmed of any of Ti and

a 20 al POYP!ING. The perpendicul ar magnetic recordi ng medi um of claim i,

wherein a so ' ] LGUl ar
orientation Fg?lg?ggﬁ%? n%%?%ﬁ%@éﬁﬁ%@%&ﬁ iﬁe %@?%elﬁﬁléﬁﬁ%%b%gnet iC
r ecor di pgrpesdiicularomaghaticresordihgmediadhavirig a tegedayeredayerpendicplarced
bet ween t.he Exerpendi cul ar _orient attliworp])rés% rin and the substrate.

CACA [ . RAERE! lgg_ug_dgﬁfgg@%qiﬂrqmg to the vention. "It can be seen frZ)m FIG.

7 that the perpendicular magnetic recording media according to the present invention
25 have similar-sized crystal gains to those of two conventional perpendicular magnetic
recording media and an excellent perpendicular orientation. As a result, the
perpendicular magnetic recording media according to the present invention can
achieve high-density recording with a high SNR.
While the present invention has been particularly shown and described with
30 reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the
following claims.
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4, The perpendicular magnetic recording medium of claim 2, wherein a
soft magnetic layer is placed between the perpendicular orientation layer and the
substrate.



