;e3eYY\ 62Tfi TITLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C RECORDI NG
VMEDI UM METHOD FOR MANUFACTURI NG THE SAME, AND MAGNETI C _
RECORDI NG REPRODUCI NG APPARATUS 5 BACKGROUND OF THE | NVENTI nt
invention relates to a magnetic recordi ng nedi um for useirfﬁwwﬁ@mm%mﬁ@"
drive using the magnetic recording technique, a nethod of ma

magneti c recordi ng nmedium and a 10 nagneti c-recordi ng/ reproduci Hgpiso
apparatus. A magnetic storage device (HDD) nmainly used in conputers to
record and reproduce information is recently gradually extending its
applications because of its |argerGaRaeidpn 1NREXPENSY veness, high data 15
access speed, data holding reliability, and the |Ii1ke. The HDD is now used

in various fielpghResmwo s Arouseied v irkdRORIgeHES M M) Mol uses, and car

navi gati on systens. As the range of use of the HDD w dens, demands for

i ncreasi ng t he MINUFAQTURIPEL ITHE GAME) s IMAGNHTIhe HDD are al so
increasing. In recent years, high-density HDDs are being nore and nore
ext ensi vel y deREICOREINGVIRE HRODFIGING dedPARRJNEL i ¢ recordi ng systemis used
in magnetic recording/reproduci ng apparatuses 25 presently put on the

mar ket. Bn a magnetic recor dPAGKGRPENDUOE] THRagNFENE I§Nai ns for recording

information have an easy axis of magnetization parallel to the - 2
The present invention relates to a magnetic

he

recording medium for use in a hard disk drive using

the magnetic recording technique, a method of

manufacturing the magnetic recording medium, and a
10 magnetic recording/reproducing apparatus.

A magnetic storage device (HDD) mainly used in
computers to record and reproduce information is
recently gradually extending its applications because
of its large capacity, inexpensiveness, high data

15 access speed, data holding reliability, and the like.
The HDD is now used in various fields such as
" household video decks, audio apparatuses, and car
navigation systems. As the range of use of the HDD
widens, demands for increasing the storage capacity or
20 density of the HDD are also increasing. In recent
years, high-density HDDs are being more and more
extensively developed.

The longitudinal magnetic recording system is
used in magnetic recording/reproducing apparatuses

25 presently put on the market. In a magnetic recording
layer used, magnetic grains for recording information

have an easy axis of maghetization parallel to the

IR
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substrate. The easy axis of magnetization is an axis in the direction of
whi ch* magneti zation easily points. In the case of a Co-based alloy, the c
axis of the hcp structure of Co is the easy axis of magnetization. In 5 a

| ongi tudi nal nmagnetic recording medium recording bits of a magnetic
recording |layer may become too small as the recording density increases. If
this is the case, a so-called thermal decay effect by which information in
these recording bits is thernmally 10 erased may worsen the

recordi ng/ reproduction characteristics. Additionally, as the recording
density increasedstieitese Jamey aled fam e mRAHdtnAandh tig idicrease due to
the influence of an antimgnetic field generated in the boundary between 15
the recordi ng kit $hel Riceaitiast of Whi SO neRjread Aaripendiaillar peigrad. c
recording systemin which the easy axis of magnetization in the nagnetic
recordi ng | ayerin sher icarsteed £s b Stoaitasad yaldenperndiecw axdis taf tiiee 20cp
substrate, the influence of an antinmagnetic field between recording bits is
smal | even whers e tasordl 1 dendihtey dasyr easies o fanth e igedriaani on s
magnet ostatical ly stable even at high density. Therefore, this_

per pendi éul ar rPagfErdiduddadrld iMRgnEs 15y stegnn sl e i iy y fSCatiatl as a
techni que which replaces the | ongitudinal recording system The

per pendi cul ar fddifetdc & FEEIEHE REAURINY genstay becqme &0t orned by a
substrate, an orientatiqn control, underlayer for orientin netic

ecor di ng | ayer el Imdshdti s TR G et THASE Frar  hrelghet | £
material, and rotective J]ayer,fo rotecti t.he surf of .t he
magneti c recor&l’ﬁeg ﬁtaé“:;yeér 2 Igno a%oli]tei%nt&lear%ao t&e(n%aa e‘?j?fcecf%ck%fﬁ“éh %lliler for
concentrating K{Tﬁg&g& | 5 @f'&ee{ ; [ QE‘?%] ring
recording is fglrrre _eﬂtl\C/\?erIenﬂ%(he su ?y%%&%%ul%ﬁéay%. %5_en in the
per pendijqul ar rAONALd God e GRIXH &0 ﬂ’fﬁfj'fg&oﬁ&iﬂcj‘ﬁffﬁé@dﬁ@@iéﬁcpr ding density,

it is necessary to reduce noise while the thermal” stability is maintained.

Vari ous met hodscreathdigetised d, dedEastoidlEl B} z8s ofhdegaedt&iggyst al grains
for 15 recording information, in order to increase the recording density.
General |y, a nmeidnxltof deressisg ridisssigenafatednetone iy shadlignai ns in
the recording layer is used. In the case of a CoCr-based nmagnetic | ayer
present |y extersndg [Caisiothredre gted ntsitdee ofnPDuememerf cagrains i s
decreased by adding Ta or B to the layer or heating the layer at an
appropri ate terffdriqtagnetigefiapld s‘é@?@‘g@‘t?%glrhomgb@ﬂm‘éav batveengrain
boundary. However, downsizing of magnetic grains by C segregation has its
limts. X so, tHeJRFIEHI g@-‘%’ni s O segregation in the perpendicul ar

magnetic recordi ng di um{és sgal | er _than tP?t in the | onﬂ' t udi nal nmagnetic
recordi ng medi um The? efQPEEAST, 10 2 337¢aL 18 BEFRERAIEH&2hagnetic grai ns

is insuffici entmaén?#fg W%%rgg L%%F%%jfﬁg‘fgﬁﬂ\egﬂ?tggsgg%% E)?mai ns

relatively |arge. i'S” poses ransSiTi on € between

g 09, o b SRES LIS 4 CEUMRSh e B et GdcLen

oriented substantially perpendicularly to the

20 substrate, the influence of an antimagnetic field
between recording bits is small even when the
recording density increases, and the operation is
magnetostatically stable even at high density.
Therefore, this perpendicular magnetic recording

25 system is recently very noted as a technique which

replaces the longitudinal recording system. The

perpendicular magnetic recording medium is generally



No. 2001-76329 discloses a nethod of adding an oxide or nitride such as
Si02,:Z2r02, or TiNto a recording 10 | ayer, thereby form ng a nmagnetic
recordi ng |layer having a granular structure in which magnetic crystal
grains are surrounded by this additive. Unfortunately, the diffusion rate
of an oxide or nitride is generally low, so precipitation to the 15
magnetic crystal grain boundary is insuffBcient. Accordingly, a portion of
the oxide or nitride which has not conpletely precipitated forns a
supersaturated solid solution with the magnetic crystal grains, thereby

di sturbing the sgryalialhi Bl kyiband 0d, erhatrarn2Q tabnt RenFagnetic crystal
grains. Consequently, the signal-to-noise ratio (SNR) of the recording/
reproducti on ( RBh\dkerdhgieactfenr iriies diemerss maBleth cSWWaRY g THEeHVENTI ON
The present invention has been made in 25 consideration of the above

si tuation, andahasga®tiics refgoecting lpver dade [ pehdircu imagnredget | ¢
recording mediumin which the grain size of magnetic crystal - 5 grains
i s decreased wmahieuti adi,s rmdbiangprdie driyzst dldvier ifior @t tedtdmaattiben of t he
magnetic crystal grains, and which has good 5NR characteristics and can
per f orm Bi gh- dengifiacer edortdiengagmed itco garaendiarda learet | d15 adsddrigilng
apparatus using this perpendi cul ar magnetic recording nedium First, the
present i nvent ifoQFrrowiadere td G &asdrdi% didare e tG @ e dadiimy fedi um

conprising a substra}clt,e, n underl ayer. formed on the ,substrat and 10 a
per pendi cul ar MRGRATE et ASEH s Fosfthd TP SUiad AP Bhavi ng an

easy axis of magnetizatijan ient ndi,cul arl y .t trgn ubstrate, and
havi ng magnet i cr%ccroyrs A glrsa%:losrmaerﬁ%aencﬁyaetoer%} 3& hseu rsﬁl(?u%dﬁa%ge t %eds magneti c
crystal grains jJrthe matrix contains 15 at |east one el ement

’ 1 . S
sel ected from the group consisting of Zn, Cd, Al, Ga, and In, and at | east

one el eqgnt sel ect edyfdPMr Nen IO SANSESIA PInAindt i ASreRPrdihg Se, and Te.
Second, the present invention provides a nmethod 20 of manufacturing a

per pendi cul ar mRGein,C e caldhdikdrBdidiMBe SR Fidehirgparing £ substrate
havi ng an under| ayer forned thereon, and depositing, on the underlayer, a
magneti c cryst alegsdr yrede rtedudn hal smtwh XL aveites | @le ot adtrdbigl ity | east
one el ement 25 selected fromthe group consisting of Zn, Cd, Al, G, and

I n, and at | easits orelrdiaimed. sélacients fmerhdde cprodpe aosesd stta ng of P, As,
Sh, S, Se, and Te, thereby - 6 formng a perpendicul ar nmagnetic

recordi ng | ayerdamgafe fdyheatize @f agnefrig reretihla Fea¥isx 5f roundi ng t he
magnetic crystal grains. Third, the present inventjon provides a magnetic 5
recor di Ag r epr FRAIFY 2D P ER TR ethor i 57 RF I TRrANGIF IR arPPragnet i ¢

recording nEdIL¥2é§¥§{A§E§Lnsity. Generally, a method of decreasing

the size of magnetic crystal grains in the recording
layer is used. 1In the case of a CoCr-based magnetic
layer presently extensively used, the grain size of
20 magnetic grains is decreased by adding Ta or B to the
layer or heating the layer at an appropriate tempera-
ture, thereby segregating nonmagnetic Cr in the grain
boundary. However, downsizing of magnetic grains by
Cr segregation has its limits. Also, the degree of
25 this Cr segregation in the perpendicular magnetic
fecording medium is smaller than that in the

longitudinal magnetic recording medium. Therefore,



above, and a recordi ng/reproduci ng head. Additional objects and advant ages
of the invention will be set forth in the description which 10 follows, and
in part will be obvious fromthe description, or may be |earned by practice
of the invention. The objects and advantages of the invention may be

reali zed and obtained by neans of the instrunmentalities and conbi nati ons
particularly 15 pointed out hereinafter. BRI EF DESCRI PTI ON OF THE SEVERAL
VI EWs OF THE DRAW NG The acconpanyi ng drawi ngs, which are incorporated in
and constitute a part of the specification, illustrate presently

enbodi ments of Jg RV itwadh 3 hRasidiarc Wididde genenadsdescription
gi ven above and the detailed description of the enbodi nents given bel ow,

serve to expl aigiddts RIJ RGP Ryt fdhe et ioh ddtwedn ithe qedigpective
vi ew showi ng an exanple 25 of a nmagnetic recording/reproduci ng appar at us of
the present inuentdions dd1@tiXdly deaept.t orMdliyvipwehoengrdielem that
arrangenent of the first exanple of a perpendi cul ar magnetic recordi ng

medi um of the preseittiiary emtiisen bfiv@er tecardfirapbistoviannetde edatd onshi p
bet ween the I nP addition amount and the SNRmvalue in 5 Enbodinent 1; FIG
4 is a séctionadleddaad.showi ng the arrange nent of the second exanple of the
per pendi cul ar magnetic recording nmedi um of the present |nvention; FIG 5 is

a graph showi ng t he 3%l atNOHRIR PLOr HREGHERH FhbS I hPIRREEi on anount and the

SNRm val ue in , , ,
interaction, Jpn. Pat. Appln. KOKAI Publication

No. 2001-76329 discloses a method of adding an oxide
or nitride such as SiOy, Zr0Os, or TiN to a recording
10 layer, thereby forming a magnetic recording layer
having a granular structure in which magnetic crystal
grains are surrounded by this additive.
Unfortunately, the diffusion rate of an oxide or
nitride is generally low, so precipitation to the
15 magnetic crystal grain boundary is insufficient.
Accordingly, a portion of the oxide or nitride which
has not completely precipitated forms a supersaturated
solid solution with the magnetic crystal grains,
thereby disturbing the crystallinity and orientation
20 of the magnetic crystal grains. Consequently, the
signal-to-noise ratio (SNR) of the recording/
reproduction (R/W) characteristics lowers.
BRIEF SUMMARY OF THE INVENTION
The present invention has been made in
25 consideration of the above situation, and has as 1its
object to provide a perpendicular magnetic recording

medium in which the grain size of magnetic crystal



Enbodi ment 2; FIG 6 is a sectional view showi ng the arrange nment of the
third-exanpl e of the perpendi cul ar nagnetic recordi ng nmedium of the present
invention; 15 FIG 7 is a sectional view showi ng the arrange nment of the
fourth exanple of the perpendi cul ar magnetic recordi ng nmedi um of the
present invention; FIG 8 is a graph showing the rel ationship between the

| NP additi on anount and the SNRm val ue~i n220~Enbodiment 3; FIG 9 is a
graph showi ng the relationship between the InP addition amount and t he SNRm
value in Enbodinent 4; FIG 10 is a graph showing the relationship 25

between the Gajs addi tis0peaR4aL20d thide SHRPRI1e 4 RhETRedismRNt 19~ FI G
11 is a graph show ng the rel ationship g _ between the Ga addi tion

amount and t he ;$NRamalbYa ent aETRedioTe ith b malgnGt 112 dryy st agr @t isow ng t he
rel ati onship between the GaAs addition anbunt and the SNRmvalue in 5

Enbodi ment 7; BinG wh3 dhs hasgigail SNRWiohe rate: Jrdlsatiicensitidp daet wearfdrre GaAs
addi tion anmount and the SNRm value in Enbodinent 8, FIG 14 is a graph
showi ng t he r elndigheriemsd t10 deetoreEmd, hearich$e gddivtiiden sam@agnetdrnd t he SNRm
val ue in Enbodinent 9; FIG 15 is a graph showing the relationship between
t he ZnSe 5addi t irercaroogt appch natesSNRiNG |t § Pemsad irardarigagnetic

recording medium.

First, the present invention provides a
perpendicular magnetic recording medium comprising a
substrate, an underlayer formed on the substrate, and

10 a perpendicular magnetic recording layer formed on the
underlayer, having an easy axis of magnetization
oriented perpendicularly to the substrate, and having
magnetic crystal grains and a matrix surrounding the
magnetic crystal grains, wherein the matrix contains

15 at least one element selected from the group
consisting of Zn, Cd, Al, Ga, and In, and at least one
element selected from the group consisting of P, As,
Sb, S, Se, and Te.

Second, the present invention provides a method

20 of manufacturing a perpendicular magnetic recording
medium, comprising preparing a substrate having an
underlayer formed thereon, and depositing, on the
underlayer, a magnetic crystal grain material and a
matrix material containing at least one element

25 selected from the group consisting of Zn, Cd, Al, Ga,
and In, and at least one element selected from the

group consisting of P, As, Sb, S, Se, and Te, thereby



15 FIG 16 is a graph show ng the relationship between the ZnSe addition
anount and the SNRm val ue in Enbodinent 11; and FIG 17 is a graph show ng
the rel ationship between the ZnSe addition amount and the SNRm val ue in 20
Enbodi ment 12. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A per pendi cul ar
magneti c recordi ng nedium of the present invention has a nultilayered
structure in which an underl ayer and a pe? pendi cul ar magnetic 25 recording
| ayer having an easy axis of magnetization oriented perpendicularly to a
substrate are stacked in this order on the substrate. The perpendi cul ar

- 9 magnetic gsgﬂ&ﬂgns beygenaorhidbpsmABgRetL kC rebyshahggnaiRs, and a
nmatri X surroun 1 ng t he nagnet|c crystal gral ns. This matri x contains at

| east one firsha69ABORERKheEk BMBRY sEaNegt-adnkr amdt Remgteyp consisting 5 of
Zn, Cd, Al, Ga, and In, "and at | east one second conponent el enent selected

fromthe groupscemrsiupting @hePmadnetdl, cBysSel amdifie. A magnetic
recordi ng/ reproduci ng apparatus of the present invention conprises the

per pendi cul ar magnetTihd rH) rtéeopdiasgntedinvanddsor idred iadssy e maahetfic
recordi ng/ reproducing head. A perpendicular magnetic recordi ng nmedi um
manuf act &ri ng mechodiok/reprodusding irpereitolr COMPriisdaddédésiting a
magnetic crystal grain material and a 15 matrix material containing at

| east one firspecoepdicilag apsnetda aaced Fnshmerd Uy S§sEdRsiSting of zn,
Cd, Al, G, and_ In, and at | east gne second caonponent. el ement selected from
the group consP®OVsy @dpa A&CosRling/repTroMFiPY NeR&-eby forming a 20

per pendi cul ar magnetj c recordi ng | ayer hayin netic crystal grains and a
matri x surroundi ng JTF&@W@%I c,&bjr tt%larﬁeﬁ%sanrg%‘gaess@oét Xe on which an
under | ayer is f.orned.. Depasi.tion j i d 4 1ﬂ§ ] 5 25
vapor depositi d‘_ VStch s wylchlUt?r% es\r%%?rogt%gn%{a%%préyersﬁ%c% vfg{c:smdlg%losi tion
such as ;gput t erdfig.,the afr{cT St 3d-S6EANd KOMRAARNEs el used in - 10

the present inventionare |ow ting elenents. However, a conpound
contai ni ng thesg ddigtingd spcond, wpnge elpaitscthiase a fretid ng poi nt
hi gher than those of the individual elenents.

invention. The objects and advantages of the

invention may be realized and obtained by means of the

instrumentalities and combinations particularly

15 pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently embodiments of the invention and,
20 | together with the general description given above and
the detailed description of the embodiments given
below, serve to explain the principles of the
invention.
FIG. 1 is a perspective view showing an example
25 of a magnetic recording/reproducing apparatus of the
present invention;

FIG. 2 is a sectional view showing the



5 In the present invention, as an additive for separating and downsi zi ng
ragnetic crystal grains, a matrix material made of |ownelting el enents and
having a nelting point as a conmpound hi gher than those of the individual

| ow-nel ting el ements. When 10 deposition is performed by using this matrix
mat eri al, conpound nol ecul es which have flied and condensed on a substrate
and deposited grains which fly subsequentTy to the conpound nol ecul es
col | ide agai nst each other. The inpact of this collision causes a
phenonenon in 15 which the previously condensed conpound nol ecul es

di ssoci ate intgra.ngeRAnentrekaBeRt ratoBkanptiat 8f Al paepeni cullias

di ssociation fromthe conpound state to the atomc state, the inter-atom
bondi ng ener gynhghetotnmrBgotrAengompaung o$ tokeasedeht liocahityoneat each 20
di ssociated elenment to a high tenperature. Since each el enent has a | ow

mel ting point, the diIff.usi ds malgeaph @hogiimal IHhehirgtlatimreddidi on to that,
the thernmal energy is given to each el enent as described above.
Consequent |y, bedéseeal ¢imenfiaPdatifisdoat azmousrty amidghes StiReedatlatesddn reach
a stable location, and reconbine into the conpound state. Accordingly, when
this mat bi x maE@bogdliiment 12 11 deposited simultaneously with the nmagnetic
crystal grain material, the matrix material, diffuses at a high speed to

wel | p{ eci pi t?fte i nSFtIﬁs]' dr;ahsn ab(ﬁﬂﬁdr%?f_ 150 Vr?é’dhl egth?”é’r%/t Sthe " ];_ I'n Ejhg

present invention, refore, a fine gra r structuye can be fornmed by

using a combi n&EAdn Odf tg“reec?«?f:é’lnr‘ﬁ ﬁé‘@“k?&%p&&g eelp&@ﬁnglé? addi tive for

separating and_downsi.zi ng magnhetic cr.ystal. grains, wth farm ng any

super sat ur at ed "&&A4S lé:oll%tqo W% B gmhé’gngctqec sceerﬁ%R’egn%Jionr{;’. On the

ot her hand, when a enti.Q ' - ' rosa nitride i s used,
WAl e SHERAS daladdhinid

one el ement changes in b_gas ol % oom tenperature, so this el ement
evapor at@s agaigiiided tHS I Addti A AN ahd el BMUE v Phanoena as

hi gh- speed di ffusion and reconbi nati on appear. Exanpl es of conmpounds usabl e
as the matri x nhtydialerss @ ;Al As, ALP, Al Sb, A12S3, A12Se3, Al2Te3, CdS,
CdSe, CdTe, GaAs, GaP, Ga2S3, InP, 1n2S3, ZnS, 20 ZnTe, and ZnSe. Since any
of these conpounds hesca éiigh aredddintpopol ntiebl dhdDy orthenaeranhde- conpound
has hi gh bondi ng energy and rel eases high energy when it dissociates. This
can nmeke the dirfdnisian thet ecthimpherxanlreovierthe mawpembiotiibent , conpounds
can be 25 selected fromInP, GaAs, ZnSe, ZnS, and ZnTe. These conpounds
have t he advantmagneatist newordimmtiehiwt afarigee LreFerpErRIeRT BRI | m

formation is relativelg _ ' ,
15 FIG. 7 is a sectional view showing the arrange-

ment of the fourth example of the perpendicular
magnetic recording medium of the present invention;

FIG. 8 is a graph showing the relationship
between the InP addition amount and the SNRm value in

20 Embodiment 3;

FIG. 9 is a graph showing the relationship
between the InP addition amount and the SNRm value in
Embodiment 4;

FIG. 10 is a graph showing the relationship

25 between the GaAs addition amount and the SNRm value in
Embodiment 5;

FIG. 11 is a graph showing the relationship



- 12 easy. In one enbodi nent he addition anount in the perpendicul ar
ragneti c recordi ng nmedium can be a total of 20 nol % or |ess, and noreover
in some enbodinent, 5 it can be 0.1 to 20 nmol% |I|f this addition anmount is
|l ess than 0.1 nol % no renarkable effect of increasing the value of SNR of
the RRWcharacteristics tends to be appears. If the addition anount exceeds
20 nol % the reproduction output of the FF WTharacteristics 10 tends to

| ower. As the magnetic crystal grain naterial, in one enbodinment, it is
possible to use, e.g., a Co-Pt-based, Fe-Pt-based, or Fe-Pd-based all oy.

Any of these ahLeysehashbi ghasr yatiakisagasbuatanhdothepsNRASvehaegyn An
additive elenment such as C or Cu can be added, if necessary, to these

al | oy systens, EinBodiflentt @;i nprove the magnetic characteristics. Mreover
in one enbodi ment, exanples are CoCrPt, FePtCu, FeCoPd, Feed, FeCoPt,
FePdCu, FePtPd, CoCrRGB, 120 i€o@r Bréph GhOwRnNd thandeCaliPnEhipExanpl es of
the underl ayer of the perpendi cul ar magnetic recording |ayer are Ru, Pt

Pd, Cr, N A, bgbweEh tBeCGaAbr addgtiand aReunthendngbel 8B ¥aauseid two or
nore stacked | ayer 25 where necessary. Exanples of the stacked |ayers are
Ta/ Ru, T&/ Ti/ REmbRidAmeRt, 7% Al /Cr/Pt, Ta/Ti/CoCr, NiTa/Ru, N Ta/Ti/Ru,

Ni Ta/ Ti / CoCr, N Nb/Ru, - 13 N No/Ti/Ru, NiNo/Ti/CqCr,. Ni Al./Pd, NNA/Ir,
Ni Al /Ag, NiAl/Cr/PdFIG-AYCYS 2 9GaRY GHOAGRNTRS EEPEIRSRYFre/ Pd,

Ni Al /Fel/lr, Ni Al/FelAg, MQ/Pt, Q/ Pd, 0/ Ag, Ol Lr, [ P,

MyO/ Cr / Pd,  MgOPELHES™T %%6’//6*65/ |a1'\é,%lﬁdﬁfﬁh§‘@/%\9tu,ngﬁ\/ﬁglﬁéﬁ’ﬁd ,S%%g‘b/(‘?ﬁéﬂ r and
MyO/ Fe/ Ag, eacggg}%ﬁkedg %,the order naned fromthe substrate. A soft
magnetic | ayer ¥ DESFor méd bet ween the under| ayer and substrate. 10 \Wen

a soft magnetic |ay aviNg i ]_rgla&p | Sy iRES rBabiddtat ich diprgred, a
so-cal | ed doubl e-1 a%Iré;'dvlpgng%nagi%cu ar egr?e%lﬁ havi ng a pler pendi cul ar

magnet i G of ecor Qg dAY &P hddd SRl JRAURIIR |AXEtHS sikdivifte i this
doubl e-l'ayered perpendi cul ar 15 nedium the soft nagnetic |ayer perforns
part of the  Embodiment 9;
FIG. 15 is a graph showing the relationship
between the ZnSe addition amount and the SNRm value in
Embodiment 10;
15 FIG. 16 is a graph showing the relationship
between the ZnSe addition amount and the SNRm value in
Embodiment 11; and
FIG. 17 is a graph showing the relationship
between the ZnSe addition amount and the SNRm value in
20 Embodiment 12.
DETAILED DESCRIPTION OF THE INVENTION
A perpendicular magnetic recording medium of the
present invention has a multilayered structure in
which an underlayer and a perpendicular magnetic
25 recording layer having an easy axis of magnetization
oriented perpendicularly to a substrate are stacked in

this order on the substrate. The perpendicular



function of a magnetic head, e.g., a single pole head, for magnetizing the
per pendi cul ar magnetic recording |ayer; the soft nagnetic | ayer

hori zontal |l y passes the recording magnetic field froma magnetic head and
20 returns the recording magnetic field to the nagnetic head. That is, the
soft magnetic field can apply a steep sufficient perpendicular magnetic
field to the magnetic recording | ayer,-théreby increasing the
recordi ng/ reproduction efficiency. 25 Exanpl es of the soft nagnetic |ayer
are CoZrNb, FeSi Al, FeTaC, CoTaC, Ni Fe, Fe, FeCoB, FeCoN, and FeTaN. - 14
I n addition, aghigs@arPliealiand akelerSUTh@s iy hdtudi nadyhaid magneti c
filmor antiferromagnetic film can be forned between the soft nmagnetic

| ayer and substyratiers, Theids @f maradnetdur danrlideatid Wndardm a & yagaiet i ¢
domain, and this magneti c domai n generates spi ke noise. The generation of a
magnetic wal | eamibss .pr avent ech i ap@ntiaihs amdreddtc drielfidgt one
direction of the radial direction of the bias application |ayer, thereby
appl yi ng a bi asamgnetritc fliepdechtt e lee el sfdm negegiang ayaers frimegl on t he
bi as application layer. It is also possible to give the bias application

| ayer a $tackedfstdructdee Alo fGanelandliBperaw tdte ladsotapyserrhdmke a

| arge magnetic domain difficult to form Exanples of the bias 15

appl i cation | aymaaResy 81lepentcaglmctahdmm, the FrUR, COT P Ad, CoSm
Copt, CoPtO, CoPtCrO_ Copt-Si 02, CoCrPci-Si 02, and CoCrPtO-Si 02. As the
nonnmagneti ¢ sulsst rfat €54 5815 S0 bI1FY o' Sise, e.g., a glass substrate, an

Al- based alloy 20 supstrate,., an 5i sin I?-cr s%al.substrate havi pg, an
oxi di zed surface, c dﬁ?%%?t%ﬁuf?ﬁgéﬁ+éh Ef%¥? POLRY eRPRALZRUH 0 nggted
wh th f f ft t] ' d wth
2 N P Al oy o At e A Rn, SRR TR TS bGPl e L8 Adafepled v
ti j : I o b ' I . di d
e caron (Lgeo Y M o ot R Fnd T PR aLA AT

possi bl e to use-&hgheel gfedagputtering using a conposite target, or
nmuf ti-el enment sinultaneous sputtering using targets of individual

materials. 5 FIG 1 Asperpafidiahlyrexphndedcpeespeainygengdtumshaniing an
exanpl e of the magnetic recordi ng/ reproduci ng apparatus of the present

i nvention. A rifpdtusgnetnetithdkol2tihé opreeent dingennion nadmpniaesordi ng to
the present invention is 10 fitted on a spindle 122 and rotated at a
predet er mi ned rdeposbnbhy spasaghyt bc sprysit el nprain (nateshabndndAasl i der 123
mounting a single pole recording head for accessing the magnetic disk 121
to recorkpP i nf ormaETbh Bakeaha MCoRE1IRbRIr2br b8aet ngRenfoFfhtion is
attached 15 to the end gortion of a susgension 124 which is a,thin |eaf

spring. The suspPoRRPLANY2AL¢RERbARLESHSEoIBAB ERE 8FCUR SPRF1351R4vi ng,
e.g., a bobbin i ch hgl.ds driving,coil (nqt_shown A Voi il notor
12% as a kind of ag?fnggf %g’n%?braﬁg ?ta%ﬁgdaﬁog?ﬁ%to?ﬁgrSéﬁaggT the arm
125. The voice ' r Lpc e | Vi ' wound
ar ound th; Lobb?ﬁh%?ﬂgﬁg %%%ﬁiﬁg,ggggéggﬁaggé?ygﬂgi?gBPP(Egéfggggﬂ ern;nent
magnetic and coyptgr ngesgppﬁ§i§g egqh ethepngpebberbwpighdgs of 25 the

driving coil. The afm 125 is held by ball bearings” (not shown) formed in
two, uppgs and HeWBEnROELLARSmAgnatitXedcording layer having magnetic
crystal grains and a matrix surrounding the magnetic
crystal grains on a substrate on which an underlayer
is formed.
Deposition herein mentioned includes chemical
25 vapor deposition such as vacuum evaporation and

physical vapor deposition such as sputtering.

The first and second component elements used in



- 16 shaft 127, and pivoted by the voice coil notor 126. That is, the
position of the slider 123 on the nagnetic disk 121 is controlled by the
voi ce coil motor 126. Reference nuneral 128 in FIG 1 denotes a 5 |id.
Enbodi nents The present invention will be described in nore detail bel ow by
way of its enbodi nents. Enbodinment 1 10 A 2.5-inch, hard-disk-1ike
nonnmagneti c gl ass substrate was prepared.l1@fter a vacuum chanber of a
sputtering apparatus was evacuated to 2 X 10-5 Pa or less, a 200-nmthick
Cog4Zr 6Nb10 soft magnetic |layer and 8-nmthick Ta 15 | ayer were forned as a

soft magnetic layen @b fd rstvdiiden awes 1 dwespeactinelalendhtss 0. 67-Pa Ar
anbi ent by using a Cog4Zr6Nbl0 target and Ta target, respectively. After

that, a 15-nm tHyweed, |ayeinpendtanked ring Seeond inderdray esedand 3- Pa
Ar anbient. 20 Subsequently, a 20-nmthick nagnetic recording |ayer was
formed by usi nganmamosideeratrigethabtaimskt byg guidimy 10l ghe30chart % of | nP
as a matrix material to Co-1QCat% r-|4at~Pt as a magnetic crystal grain
material . A 7-nrhdde ckf Ghayerdimasdudere teeket- as a 25 protective layer in
a 0.67-Pa Ar anbient. After the filmformation, the surface of the
protecti\ie | ayer waslzobhedeyesent inventherk perdpudidpelyether - 17

(PFPE) lubricating agent by dipping, thereby obtainin magneti c recordi ng
medi um The el e3¢R3%3 HHRErARH AP + HLRAPAIRE Gt 9\’/5%59 ;JOO%?%n?h Addi ti on,

various magnetic recording pedia 5 were obtained fol]ow ng the.sanme
procedures as éb%%”é)&ﬁ%’bgr}%ﬂtmﬁg%?%ﬂw Wngn‘?ﬁ\l ne ‘%sae%‘? A12Te3,

CdS, CdSe, CdT GAs, &P, &@A2S3,..1n2S3, 7 Te, d
matrix rr:teri al$2VIRG &2l hhdd Lf%%%jn?o g’c'—il)rr{;)%}1 éénrrllg rig&g?‘énéga%@g&gogée 2
s e e S Vs f . > .
Fecording medi 2 Ah g PR g B B DR D e ot 6 ng

medi um hags an ay£589eeE8hL 1B ¥biebrRe80by ABOASttRibaNLErid nhteslal,

under | ayer 13, second 15 underlayer 14, perpendi cul ar magnetic recording
|l ayer 15, and prehgsthdembayenldé RhechtAgkedrinefihasdocdntensed snbatrate

11. The R/'Wcharacteristics of each perpendicul ar

substrate and deposited grains which fly subsequently
to the compound molecules collide against each other.
The impact of this collision causes a phenomenon in

15 which the previously condensed compound molecules
dissociate into a component element atomic state.
Along with this dissociation from the compound state
to the atomic state, the inter-atom bonding energy for
forming the compound is released to locally heat each

20 dissociated element to a high temperature. Since each
element has a low melting point, the diffusion rate is
originally high. 1In addition to that, the thermal
energy is given to each element as described above.
Consequently, these elements diffuse at a very high

25 speed to soon reach a stable location, and recombine

into the compound state.

Accordingly, when this matrix material is



magneti c recordi ng medi um were eval uated by using a 20 spin stand. As a
magneti c head, a conbination of a single pole head having a recording track
wi dth of 0.3 umand an MR head having a reproducing track width of 0.2 ,um
was used. The neasurenent was performed in a fixed radial 25 position of 20
mm by rotating the disk at 4,200 rpm The value of the signal-to-noise
ratio (SNRm of a waveformdifferentiatedlby-a differentiating circuit -
18 was evaluated as a nmedium 5NR, and a hal f-w dth dPWO0 of the
differentiated wavef orm was eval uated as an index of the recording

resol ution. NojgobbBateg LSma1vahusushiained Byechabyhagia pRywabue, i.e., a
5 difference between maxi num + and - val ues resulting from one

magnetizati on geyensahtebialjokhbamytwaxehareratlldd rkhises andaNmiigh t he
value of rns (root nean square) at 716 kfci. Table 1 bel ow shows t he SNRm

val ues and dPVBged@ val wesilvpeactbetaddi inomhaempuatnoboeadhrgomfound as the
matrix material was 10 nol% FIG 3 is a graph show ng the rel ationship

bet ween t he adg@iaghemnianmeuytstandgdhRmsval de when preseatnmpowedtdonthe matri x
material was I nP. Mdreover in 15 one enbodinent, it was found that the SNRm
val ue i néreasedhetefiorke addiineogranmiar wasuttuge2@amobe. fonFacaky

t endenci es were found when Al As, AlP, Al Sb, A1253, Al12Se3, Al2Te3, CdS,
CdSe, CdTe, GamsinGaR, ceapspatips3ofzpgedeiramizmed ZOOPORETE added. 20 Fine
structures of the recording |layers . of the nedia in which the addi,tion

amounts were 1eAR3eDE SndiSd aRe PEAGEdFRY £0 by SRSHRE 2% RS oGS ¥ %ct r on

m croscope (TE havi,ng an accel eration vqltage of 400 kV. Consequently,
when the additi nﬁ%ﬂﬁhﬁgﬁéi%;SgﬂﬁlH§del Hﬁﬁ;ugﬁqp%%§§¥31 grain portion
and crystal grain bhoundar rti r | ear |.y -0 {ndi cating that a
granul ar str ucttiPE 55 %\Hfﬁ%hepcfﬁé)ﬁ%— \%%é%tcr%eﬁ%r idxlxgluﬁl%trj\rﬁ%%élétﬂg magneti c

crystal .grains Qgg fqr i t he ot her hand, when the addition anpbunt was
1 ﬁD|d,1%O cryé% Itﬁgagﬁgﬁghﬁdary portion was clearly observed. 5 Table 1

bel ow shows the avergge i ystiadr HAld), SIFES £34ddPdedh diOm g dar sTEM
i mges when the addition amount was 10 nol % Table 1
as SiOp or a nitride is used, one element changes into
gas molecules at room temperature, so this element
evaporates again after dissociation. Accordingly, no

15 such phenomena as high-speed diffusion and
recombination appear.

Examples of compounds usable as the matrix
material are AlAs, AlP, Alsb, Al;S3, AlpSe3, AljyTegz,
CdsS, CdSe, CdTe, GaAs, GaP, GasS3, InP, InpS3, ZnS,

20 ZnTe, and ZnSe. Since any of these compounds has a
high melting point of 1,000°C or more, the compound
has high bonding energy and releases high energy when
it dissociates. This can make the diffusion rate
higher. Moreover in one embodimeﬁt, compounds can be

25 selected from InP, GaAs, ZnSe, ZnS, and ZnTe. These

compounds have the advantage that the formation of

targets for sputtering film formation is relatively



ConmpoundSNRm ( dB) dPWs0 (nm) Aver age grain size

(nm) Si 0218. 210211. 6Al As20. 7786. 1A1P19. 9766. 0Al Sb19. 7816. 3A12S320. 0855. 9A12S
€319. 8766. 9A12Te319. 7745. 8CdS19. 4756. 1CdSe19. 4826. 3CdTel9. 2806. 4GaAs20. 3706
. 8GaP20. 4816. 3Ga2S319. 6796. 71 nP20. 8766. 21 n2S319. 9756. 3ZnS20. 6776. 5ZnTe20. 28
05. 9ZnSe20. 8765.9 10 As shown in Table 1, when conpared to the nediumto
whi ch Si 02 was added, the SNRm val ue andl@PWs0 - 20 value were better
when any of Al As, AlP, Al Sh, A12S3, Al25e3, Al2Te3, CdS, CdSe, CdTe, GaAs,
GaP, Ga2S3, InP, 1n2S3, ZnS, ZnTe, and ZnSe was added. Al so, when conpared
to the mediumt9-which Si02 5 was added, the average crystal grain size
reduced when any of Al As, AlP, Al Sb, A12S3, Al25e3, Al2Te3, CdS, CdSe,

CdTe, GaAs, GaP, Gaz283onknBmbba2®dntZRS, addleioandménhe was tadded. In
addition, the conbined state of In and P of 10 each nmediumin which the
addi ti on anbunpeepehliecudapomagnasitheenatrdixgnmatdiual caasbé0amibdalas

eval uated by using X-ray photoel ectron spectroscopy (XP5). As a
consequence, nost 2pombilénsroflebn, anddPmoorbiveeditosbueneabotaRepdnpound.
Simlarly, nost 15 portions of elenments fornmed conpounds even when Al As,
A1P, Al Sb, A12%8, cAh2Begl.A127e30 Ba3%.CdSE, todFeaddand oNGAROUBA2ES, | n2S3,
ZnS, ZnTe, and ZnSe were used. By using InP as the matrix nmateri al
conpound, 20 négﬁétﬁbaﬂeéoﬁdmﬁé6we6Parﬁ&@F#@b4§rP§§§Cﬁn8§rP&?éPaSlng

conmbi nati ons shown in Table 2 bel ow were fo nd .eyal uated follow ng the
sane procedure$ &sVEBB@eogxégatOFhépetﬁéWf aﬁ Géﬁﬁiﬁgﬁ %&?dﬁeﬁlaced with

Ta, N -40at~T 30at d rlayer, 2 1lepl aced
win Ru, Co 302E-CPPoBPoTi  MFabE 2oHefou SAORL i GRARS 20 e t ne

[P addi 1 on gt 33k B outou?be A % /A Bhiatactiadauy Second

(dB) TaRy20. 8Ta$%%%§ %Sagw%IaTIZO ONi 60- Ta40Ru20. 9Ni 60- Ta40Co70- Cr 3020. 7Ni 6
0- Ta40Ti 20. 5Ni 36 8Ni 70- Nb30Co70- Cr 3020. 8Ni 70- Nb30Ti 20. 7 As shown

in Table 2, favoraMg%fﬂﬂ@nmg§ﬂg¥idMyfyg%émﬁgygyﬁjﬁgﬁgﬁﬁupsajpf t he types
of underlayers so all these underlayers were suitable. Simlar
one embodiment, it is possible to use, e.g., a
Co-Pt-based, Fe-Pt-based, or Fe-Pd-based alloy. Any
of these alloys has high crystal magnetic anisotrbpic
15 energy. An additive element such as Cr or Cu can be
added, if necessary, to these alloy systems, in order
to improve the magnetic characteristics.
Moreover in one embodiment, examples are CoCrPt,
FePtCu, FeCoPd, FePd, FeCoPt, FePdCu, FePtPd, CoCrPtB,
20 CoCrPtTa, CoCrPtNd, and CoCrPtCu.
Examples of the underlayer of the perpendicular
magnetic recording layer are Ru, Pt, Pd, Cr, NiAl,
MgO, Ti, CoCr, Ir, Ag, and Fe.
The underlayer can be a two or more stacked layer
25 where necessary. Examples of the stacked layers are
Ta/Ru, Ta/Ti/Ru, NiAl/Pt, NiAl/Cr/Pt, Ta/Ti/CoCr,

NiTa/Ru, NiTa/Ti/Ru, NiTa/Ti/CoCr, NiNb/Ru,



tendenci es were found when Al As, AlP, Al Sb, A12S3, Al 2Seg, Al2Te3, CdS,
CdSe, ' CdTe, GAs, GaP, &2S3, 1n2S3, ZnS, ZnTe, and ZnSe were added. 10
Enbodi ment 2 A 2.5-inch, hard-disk-1ike nonmagnetic gl ass substrate was
prepared. After a vacuum chanber of a sputtering apparatus was evacuated to
2 x 10'5 Pa or less, a 5-nmthick Ta 15 | ayer was forned as a first

underl ayer in a 0.67-Pa Ar anbient. Aftet3that, a 15-nmthick Ru | ayer was
stacked as a second underlayer in an 8-Pa Ar anbient. Subsequently, a 15-nm
t hi ck magnetic recording | ayer was forned in an 8-Pa Ar anbi ent by
two-target 20 g8/}t ENRQUSN SNt €FE8CGr PyNLEL MEdA 1©0al Oak ~GriddagPt - 22
target as a magnetic crystal grain material and an InP target as a matrix
material . Durimgaihcs/s@UtNeRlngr/the RIBTICELAPPVRIAL OFOLPBEPPlied to each
target was so controlled as to appropriately change the addition 5 anount

of the matrix woAeyFa)pPhet MbRD/PeAld, 3PiRb) Pehitth Mg8pRt: MoOfRé, magnetic
crystal grain material. A 7-nmthick C layer was then stacked as a
protective | aydgO/Aga Wg67IiPa MgOafiby Bhi . MaPl 6r/Pe MUPACEORERL i on, the
surface of the protective layer was 10 coated with a 13- ~ thick PFPE

| ubri catbng ag¥a®/8y/8rppMag/ FehBEebYaBhFal RingMaOhBenésr capPdcor di ng

medi um The electric power applied tq each target was 1, 200 V% I n
addi tion, vari¥d9/Eadheri 8aFbcatarkgdnehi khesoners BBR&ANEGOToFPEwi ng t he
sane procedures as, above except that Al As, AlP, Al Sb, A12S3, Al2Se3,
Al2Te3, CdS, CHBBSTEATE: GaAs, GaP, Ga2S3, 1n2S3, Zn5, ZnTe, and ZnSe were

used as matrix material s, and_Si Q2 S far r 4is a
sectional view sho Gogﬁ @%&ﬁﬁFécoﬁgiﬁg %%Pa%ﬁeg%gggge%%?gﬁﬁgr%#ggnetic
recordi ng nedi in E hi s perpendi cul ar magnetic recording
medi um has an gpgé%éé&%%?ahﬁ ﬁhﬁ%ﬁ%gtgdft magnetic | ayer 22, first

underl aygr 23, secopg 2o under q¥emeddc Fl*&iyfelci w&dﬁgul?amrth%ag@@m@ﬁdi cul ar

magneti C recording layer 26, and protectivé |ayer are stacked in this

order on a subsihak@ndlity 1is2Forheel, RaWsehazaqlkdr dsiiie-aageaeer age grain
sizes of the obtained nedia were evaluated in the sane manner as in

Enbodi ment 1. Pabpendikellew shodsnd haviNgmay glereendidudeer aggngtdin si zes
when the addition 5 amount was 10 nol d.
recording layer on this soft magnetic layer is
obtained. In this double-layered perpendicular
15 medium, the soft magnetic layer performs part of the
function of a magnetic head, e.g., a single pole head,
for magnetizing the perpendicular magnetic recording
layer; the soft magnetic layer horizontally passes the
recording magnetic field from a magnetic head and
20 returns the recording magnetic field to the magnetic
head. That is, the soft magnetic field can apply a
steep sufficient perpendicular magnetic field to the
magnetic recording layer, thereby increasing the
recording/reproduction efficiency.
25 Examples of the soft magnetic layer are CoZrNb,

FeSiAl, FeTaC, CoTaC, NiFe, Fe, FeCoB, FeCoN, and

FeTaN.



Tabl e 3 Conmpound SNRm (dB) dPWh0 (nm Average grain size

(nm Si 0218.510812. 3Al As21. 2857. 5A1P20. 4897. 0Al Sb20. 2817. 4A12S320. 5767. 6A125
€320. 3807. 8A12Te320. 2837. 4CdS19. 9846. 2CdSe19. 9856. 8CdTel9. 7866. 9GaAs20. 8877
. 1GaP20. 9887. 5Ga25320. 1897. 41 nP21. 3877. 91 n2S320. 4868. 1ZnS20. 8857. 6ZnTe20. 58
97.62ZnSe20.3877.5 10 As shown in Table 3, when conpared to the mediumin
which the matrix material conpound was Sid2, -t he SNRm val ue was better when
any of Al As, AlP, Al Sb, Al12S3, Al2Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, @GP,

- 24 (@a2S3, InP, nk53, ZnS, ZnTe, and ZnSe was added. FIG 5 shows the

rel ationshi p betweernt hggaddivhi, 08 aRENLEANd cSNRBNY alaye ekt e @At ri X
mat eri al conmpound was | nP. Moreover in one enbodi 5 nent, it was found that

t he SNRm val uelbAgheagedadhaartihpagdditicofianoomt anad ferirom2@neli% Simil ar
tendenci es were found when Al As, AlP, Al Sb, A1253, Al12Se3, Al2Te3, CdS,
CdSe, CdTe, GaAslmGaRn Be2$3rmeP5BetieSn ZhEe soditd mag8e tier é aygde@ndl0 Sy
using InP as the matrix material conpound, magnetic recordi ng media having
various under | aybstcefki.nafhensoshowagine tigblleve rhaleasiver &ordsmed and
eval uated follow ng the same procedures as above except that the first
under | ayér wasmegpkided damei nta ands thils4gguerd i codogaizogendat@sd t he
second under| ayer was replaced with Ti or Co-30atoCr, and tq%_thir%
spike noise. The generation of a magnetic wa can be
prevented by applying a magnetic field in one direc-
tion of the radial direction of the bias application
layer, thereby applying a bias magnetic field to the
10 soft magnetic layer formed on the bias application
layer. It is also possible to give the bias
application layer a stacked structure to finely
disperse the anisotropy and make a large magnetic
domain difficult to form. Examples of the bias
15 application layer material are CoCrPt, CoCrPtB,
CoCrPtTa, CoCrPtTaNd, CoSm, CoPt, CoPtO, CoPtCrO,
CoPt-Si0Op, CoCrPt-SiOp, and CoCrPt0-SiO;.
As the nonmagnetic substrate, it 1s possible to
use, e.g., a glass substrate, an Al-based alloy
20 substrate, an Si single-crystal substrate having an
oxidized surface, ceramics, and plastic. Similar
effects can be expected even when the surface of any
of these nonmagnetic substrates is plated with an NiP
alloy or the like.
25 A protective layer can be formed on the magnetic

recording layer. Examples of this protective layer

are C, diamond like carbon (DLC), SiNyg, SiOx, and CNy.



underl ayer was replaced wwth Ru or Pt. Table 4 bel ow shows the SNRm val ues
when the InP addition amount was 10 nol d. - 25 Table 4 First
under | ayer Second under | ayer Thi rd under| ayer SNRm

(dB) TaTi Ru21. 3TaTi Pt 21. 1TaCo70- Cr 30Ru21. 0TaCo70- Cr 30Pt 21. ONi 60- Ta40Ti Ru2l. 4
Ni 60- Ta40Ti Pt 21. 2Ni 60- Ta40Co70- Cr 30Ru21. ONi 60- Ta40Co70- Cr 30Pt 20. 8Ni 70- Nb30T
i Ru20. 9Ni 70- Nb30Ti Pt 21. 3Ni 70- Nb30Co70=Cr 88Ru21. 1Ni 70- No30Co70- Cr 30Pt 20. 7 As
shown in Table 4, favorable SNRm val ues were 5 obtai ned regardl ess of the
types of underlayers, so all these underlayers were suitable. Simlar

tendenci es were foupgd ‘A’gglﬂtélec‘i\ﬁg,AlE 14l BBssAB253+0AkdSe3inhlaTe3, CdS,
CdSe, CdTe, GAs, &P, 2S3, 1n2S3, ZnS, ZnTe, and ZnSe were added. 10

Enbodi ment 3 Ac2ehehfiCBpubaedifdyskisihkeanconpgpetiectgkges, sobstrate was
prepared. After a vacuum chanber of a sputtering apparatus was evacuated to
2 x 10-5 Pa ormhtsireaeR8ftnsimhiltknébu€ogpd6hbipgsutingagaevits| afer,
5-nmthick Ta layer, and 15-nmthick Ru | ayer were fornmed as a soft

magneti c Iayerinﬂﬁwgduahdmatayéalsand second underl ayer, respectively, in a
0.67-Pa Ar anbient by - usi ng a Cog4Zr6Nb10 target, Ta target, and Ru
target, 5espect|veIFIGSuBsé§u@nﬂ %&lﬂw GHFOLIROEE PEGSEECE 1VEC 8@ hg | ayer
was fornmed in an 8-Pa Ar anbi ent b two-target 5 sinultanegus sputtering by
usi ng a Co- ICaﬁBerﬁgaaPopﬁaFQASePfa§h§ Wﬁ@%@FF@ EF?QFQFnQ?ain mat eri al and

an InP reproducing apparatus of the present invention.
A rigid magnetic disk 121 for recording
information according to the present invention is
10 fitted on a spindle 122 and rotated at a predetermined
rotational speed by a spindle motor (not shown). A
slider 123 mounting a single pole recording head for
accessing the magnetic disk 121 to record information
and an MR head for reproducing information is attached
15 to the end portion of a suspension 124 which is a thin
leaf spring. The suspension 124 is connected to one
end of an arm 125 having, e.g., a bobbin which holds a
driving coil (not shown).
A voice coil motor 126 as a kind of a linear
20 motor is attached to the other end of the arm 125.
The voice coil motor 126 includes the driving coil
(not shown) wound around the bobbin of the arm 125,
and a magnetic circuit having a permanent magnetic and
counter yoke opposing each other on the two sides of
25 the driving coil.
The arm 125 is held by ball bearings (not shown)

formed in two, upper and lower portions of a fixed



target as a matrix material. During this sputtering, the electric power to
be supplied to each target was so controlled as to appropriately change the
addition 10 anount of the matrix nmaterial between 0 and 30 nol %wi th
respect to the magnetic crystal grain material. A 7-nmthick C |ayer was
then stacked as a protective layer in a 0.67-Pa Ar anbient. After the film
formation, the surface of the protectivelbayer was 15 coated with a 13- ~
thick PFPE | ubricating agent by dipping, thereby obtaining a nagnetic
recordi ng medium The electric power applied to each target was 1, 000 W
In addition, vghheds1pagnghliCpliecekdi Bg fREI @c28eWebe10hbabred260l | owi ng
the sanme procedures as above except that Al As, A1P, Al Sb, A12S3, Al12Se3,
Al2Te3, CdS, Cdger ©dJeth&apssiCabn &828Be ED283r ZpS, oZnthRe and ZnSe were
used as matrix materials, and Si02 was used for conparison. 25 FIG 6 is a
sectional viewnabnwthg dhskxagpl ésotohheodbedi bgdther pehdecabal magneti c
recording nedia. As showmn in FIG 6, this perpendi cul ar nmagnetic - 27
recordi ng medi mothaslahk.ar Rafigeepoe humeiiedhl138f insEIGndér Hapeires2a second
under | ayer 33, perpendicul ar nmagnetic recording |ayer 34, and protective

| ayer 355are staéked in this order on a substrate 31. 5 The RRW
characteristics of the obtained nedia were evaluated in the sane manner as
i n Enbodi nent 1 exc@ﬁpoﬁﬁﬁﬁnésconbination of a ring head having a recording
track wdth of 0.3 ~¢cm and an MR _head .havi ng .a,.repyoducin Lragg wi dt h of

0.2 ~mwas used as & F0PFEGTE ¢ WELG OPhd' ePSgESF AR S 785 T6F S hese
nmedi a were aIsge%ggigé%ﬂgw;?gl%?§é§%l$wss%%g% .g%n§§Rn1values when t he

addi ti on anoun abl mpound SNRm (dB) dPWs0
(nm Aver age Embodiment 1
10 A 2.5-inch, hard-disk-like nonmagnetic glass

substrate was prepared.

After a vacuum chamber of a sputtering apparatus
was evacuated to 2 X 1072 Pa or less, a 200—nm thick
CoggZrgNbig soft magnetic layer and 8-nm thick Ta

15 layer were formed as a soft magnetic layer and first
underlayer, respectively, in a 0.67-Pa Ar ambient by
using a CoggZrgNbjg target and Ta target,
respectively. After that, a 15-nm thick Ru layer was
stacked as a second underlayer in a 3-Pa Ar ambient.

20 Subsequently, a 20-nm thick magnetic recording
layer was formed by using a composite target obtained
by adding 0 to 30 mol% of InP as a matrix material
to Co-10at%Cr-14at%Pt as a magnetic crystal grain
material. A 7-nm thick C layer was then stacked as a

25 protective layer in a 0.67-Pa Ar ambient. After the
film formation, the surface of the protective layer

was coated with a 13-A thick perfluoropolyether



grain size

(nm) 5i 0217.511013. 2Al As20. 2907. 2A1P19. 4876. 8Al Sb19. 2856. 9A125319. 5807. 2A125
e319. 3837. 4A12Te319. 2847. 6CdS18. 9897. 6CdSe19. 0837. 9CdTel 9. 1797. 9GaAs20. 1768
. 1GP19. 7788. 3Ga2S319. 0778. 61 nP20. 1748. 0l n2S319. 3768. 6Zn519. 9778. 0ZnTel 9. 67
88.97ZnSe19. 0747.6 As shown in Table 5, when conpared to the nedium5 in
which the matrix material conpound was 502, -t he SNRm val ue was better when
any of Al As, AlP, Al Sb, A1253, Al2Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, @GP,
Ga2S3, InP, 1n2S3, ZnS, ZnTe, and ZnSe was added. FIG 8 shows the

rel ationship bepwegn §8ri0a8d€yt hgBnaMBYNLBRInSNREhYELHE wBeRihRBgMRLri X
mat eri al conpound was | nP. Mreover in one enbodi nment, it was found that

t he SNRm val ueai nggRased weeBrding2fledilif. addhki encametnt pogsrl to 20 nol d.
Simlar tendencies were found when Al As, AP, Al Sb, A1253, Al12Se3, Al2Te3,
CdS, CdSe, CdTeppGadd, tEaPackal&Bgekbn83, 17080 BnTe, and ZnSe were added. 5
By using InP as the matrix material conpound, magnetic recording nedia
havi ng vari ous undeiIhayedidcdwi, natirdes ss mawmneitd cTatslcorélibgl owdier e f or ned
and evaluated followi ng the sane procedures as above except that the first
under | ayér waswespl ab&dineth fpadlovony thgasers, PsPCRAUZESt 2Rb 2PRNE t he
second underl ayer was replaced with Ru, Co-30atoCr, or Ti. _Table 6 bel ow
shows the SNRIEUSERES tRBENPLAS | APPaddiltPonAdasant Ahases0 Adi2%e315 Table 6
First underl ayer Second under| ayer SNRm

(dB) TaRu20. 1TaE870- 48619 CATETI Fo 8N FFFTa%GRT30. GRI2EG- TEASCo 75767 3020. 3Ni 6

0- Ta40Ti 20. 3Ni 70-,Nh3 Ru20.6Ni70-Nb30C0%0acr30 918Ni70'§b§09- O. 7 As shown
in Table 6, fa?UfabPaSshRTE4558s ARe e tEitalies Trédar dPESs "R % KES ypes of
under | ayers, s%s%% gLl %%%igrqggﬁﬂlayers were suitable. Simlar

iO FIG. 2 is a sectional view showing an example of

the obtained perpendicular magnetic recording media.
As shown in FIG. 2, this perpendicular magnetic
recording medium has an arrangement in which a soft
magnetic layer 12, first underlayer 13, second
15 underlayer 14, perpendicular magnetic recording layer
15, and protective layer 16 are stacked in this order
on a substrate 11.
The R/W characteristics of each perpendicular
magnetic recording medium were evaluated by using a
20 spin stand. As a magnetic head, a combination of a
single pole head having a recording track width of
0.3 um and an MR head having a reproducing track
width of 0.2 um was used.
The measurement was performed in a fixed radial
25 position of 20 mm by rotating the disk at 4,200 rpm.
The value of the signal-to-noise ratio (SNRm) of

a waveform differentiated by a differentiating circuit



- 30 tendencies were found when Al As, Al1P, Al Sh, A1253, Al2Se3, Al2Te3,
CdS, CdSe, CdTe, GaAs, &GP, G2S3, 1n2S3, ZnS, ZnTe, and ZnSe were added.
Enbodi ment 4 5 A 2.5-inch, hard-disk-like nonmagnetic gl ass substrate was
prepared. After a vacuum chanber of a sputtering apparatus was evacuated to
2 x 10-5 Pa or less, a 15-nmthick Ru |layer was stacked as a first

underl ayer in a 10 0.67-Pa Ar anbi ent-bylBsing an Ru target. Subsequently,
a 10-nmthick magnetic recording |layer was forned in an 8-Pa Ar ambient by
two-target simultaneous sputtering by using a Co-1QCat~Cr-14atsPt target as
a magnetic crygial g5 e Acoat 851 al naddu@nskRP dRdt ar gLl £asiatABEPNE0
material. During this sputtering, the electric power to be supplied to each
target was so genthel hedraseheiappaopataceky whangealhetaddati an amount of
the matrix material between 0 and 30 nolo with respect to the magnetic
crystal grain ppHeki af. tR@ Aedoptihbi eks€llhiayen.waNothehhstakéd as a
protective layer in a 0.67-Pa Ar anbient. After the filmformation, the
surface of theapvateetbbéaﬁaydrbwahaévéngdampphvalmsf~itﬁiekaPFPE

| ubri cating agent by dippin t hereby obtaining a magnetic recordlng 25
medi um Fhe eId@ﬁfeﬁepéﬂebegWQEpemaﬁéméach eadget vaades roeulHinen

addi tion, various magnetic recording nedia - 31 were obtained_follow ng
the sane procedfiPBsOas &BSVété%ééﬂPntﬁéyeﬁﬁﬂé oR1p, SAL&HATX1 YRR Bge3,
Al2Te3, CdS, CdSe, CdTe, GE n2S3,. ZnS, ,ZnTe, and ZnSe were
used as natrlxaﬁaﬂéﬁl§¢§l'aﬁHdSN@21®a § N?é&efBF EBFparPs %nmeEPG. 7is a
sectional view show ng ampl e of the obtained perpendi cul ar nmagnetic
recordi ng medi §Y ﬁ§e§h8%n7?§ g&é. *7, this perpendicul ar nagnetic recording

medi um has an ar rangfe”el”t @haorv‘vslqzhlé“%ffxfrin?%rlu%?s L] R e ul ar

magneti c recording Ia er rotective layer 44 are stacked in this
or der o302 substnales %enT*%:%eRfa‘Afaqiwo%Cta%{duﬂﬂ eF hadihemorineedstedi a vere

evaluated in the same manner as in Enbodinment 3 15 except that a

conbi nation of \g¢ 3@ Neachahawiing aaLq@ &igig .track width of 0.3 ~mand an
MR head having a reproducing track width of 0.2 umwas used as a nagnetic

head. The average grRid. S zes 0fgridps eshedirey igre 1ad It inpeshuined.  Tabl e 7
bel ow shows the obtained 20 results.
between the addition amount and SNRm value when the
compound as the matrix material was InP. Moreover in

15 one embodiment, it was found that the SNRm value
increased when the addition amount was 1 to 20 mol#%.
Similar tendencies were found when AlAs, AlP, AlSb,
AlpS3, AlgySes, AloTes3, CdS, CdSe, CdTe, GaAs, GaP,
GapS3, InpS3, ZnS, ZnTe, and ZnSe were added.

20 Fine structures of the recording layers of the
media in which the addition amounts were 1 and 10 mol?
were observed by using a transmission electron
microscope (TEM) having an acceleration voltage of
400 kV. Consequently, when the addition amount was

25 10 mol%, a magnetic crystal grain portion and crystal

grain boundary portion were clearly observed,

indicating that a granular structure in which the



- 32 Table 7 Conpound SNRm (dB) dPWs0O (nm) Average grain size

(nm Si 0216.512613. 1 Al As19. 1877. 9A1P19. 0868. 6Al Sb19. 2828. 4A12S318. 5807. 6A12S
e319. 1759. 0A12Te318. 6768. 4CdS18. 9778. 9CdSe18. 0798. 6CdTel 9. 1758. 2GaAs18. 9898
. 1GaP19. 4878. 7Ga2S318. 7888. 31 nP19. 8858. 61 n2S319. 2828. 6ZnS18. 6837. 6ZnTel9. 08
07.7ZnSel8.6818.5 As shown in Table 7, when conpared to the nedium5 to
which Si 02 was added, both the SNRm val ué%and dPWs0 val ue were better and
the crystal grain size was snaller when any of Al As, AlP, Al Sb, Al12S3,
Al2Se3, Al12Te3, CdS, CdSe, CdTe, (GaAs, GaP, (a2S3, 1n2S3, ZnS, ZnTe, and

ZnSe was addedn,10;kl Gur8o8hawa the mebakkebskirpskatwgeainkewaddition
anmount and SNRm val ue when the matrix material conpound was | nP. Moreover

in one - 33 rgphed.meoh, tht wasekouadd, hahehhehSNRaA&live anouaased when
the addition amount was 1 to 20 mol % Sim |l ar tendencies were found when
Al As, Al P, Al ShasAl2£31%A1R35e3ryAtaTedraCdSpoGuleryCobetiGalsasGaP, Ga2S3,
5 In2S3, ZnS, ZnTe, and ZnSe were added. By using InP as the matrix

mat eri al conpouddaridggpesecvedcor di ng nedi a havi ng vari ous underl ayers
shown in Table 8 bel ow were forned and eval uated follow ng the sane
procedur 8s as above Teddeptl tiediow lshows the average crystal grain

sizes estimated from planar TEM images when the

addition amount was 10 mol$%.

Table 1
SNRm dPW50 Ave?age
Compound grain
(dB) (nm) ,
size (nm)
510y 18.2 102 11.6
AlAs 20.7 78 6.1
AlP 19.9 76 6.0
AlSb 19.7 81 6.3
Al,S3 20.0 85 5.9
AloSes 19.8 76 6.9
AloTes 19.7 74 5.8
Ccds 19.4 75 6.1
CdSe 19.4 82 6.3
CdTe 19.2 80 6.4
GaAs 20.3 70 6.8
GaP 20.4 81 6.3
GaoSs3 19.6 79 6.7
InP 20.8 76 6.2
InyS3 19.9 75 6.3
Zns 20.6 77 6.5
ZnTe 20.2 80 5.9
Zn3e 20.8 76 5.9

10
As shown in Table 1, when compared to the medium

to which Si0O; was added, the SNRm value and dPW50



10 underl ayer was replaced wwth Pt, Co-30at%r, or Ti. Table 8 bel ow shows
t he SNRm val ues when the I nP addition anount was 10 nol % Table 8 15

Under | ayer SNRm (dB) Pt 19. 6Co70- Cr 3019. 7Ti 19. 3 As shown in Table 8, favorable
SNRm val ues were obtained regardl ess of the types of underlayers, so all

t hese underl ayers were suitable. Simlar 20 tendencies were found when

Al As, AlP, Al Sb, A12S3, Al12Se3, Al2Te3, €8S, -CdSe, CdTe, GaAs, GP, Ga2S3,

I n2S3, ZnS, ZnTe, and ZnSe were added. Enbodi nent 5 Magnetic recording
medi a using various matrix 25 materials were obtained follow ng the sane

procedures as iQ)Eabodi-aeRtr2.ex¢aRL bhgt o2NaBaBM hhipGkalsh, 3418k, 50at %A
| ayer was fornmed as a first underlayer, "a 15-nmthick Pt |ayer was forned

as a second underkayer albe=4fatdel, - 2aseCucaas, Usadsas GaBYNELLS 3¢ yst al
grains, Zr02 was uséd as a conparative matrix 5 material instead of Si02,
the thickness ghpra magssli @nsecdndieng anay @nSeasachanigied.t o 10 nm and,
while this magnetic recording | ayer was fornmed, the substrate was heated by
an infrared heater $dsdhatwhere culpstreat o dringe matdineg Was w3008, Si®2The R/ W
characteristics of the obtained nedia were evaluated in the sane manner as
in EnbodBrent WasTallded) Fdleowveirags oy sSRRMIVAILTe s iiite ¥ edie esd iemon

anount was 10 nol % - 35 Table 9 Conpound _SNRm (dB). dPWs0 %PnjAyerage
‘any of AlAs, AlP, AlSb, AlyS3, AljySe3, AlpTe3, CdS,

CdSe, CdTe, GaAs, GaP, GapS3, InP, InyS3, 2ZnS, ZnTe,
and ZnSe was added.
In addition, the combined state of In and P of

10 each medium in which the addition amount of the
compound as the matrix material was 10 mol% was
evaluated by using X-ray photoelectron spectroscopy
(XPS). As a consequence, most portions of In and P
combined to form an InP compound. Similarly, most

15 portions of elements formed compounds even when AlAs,
AlP, AlSb, Al,S3, AlsSes, AlpTez, CdS, CdSe, CdTe,
GaAs, GaP, GasS3, InpS3, ZnS, ZnTe, and ZnSe were
used.

By using InP as the matrix material compound,

20 magnetic recording media having various underlayer
combinations shown in Table 2 below were formed and
evaluated following the same procedures as above
except that the first underlayer was replaced with Ta,
Ni-40at%Ta, or Ni-30at%Nb, and the second underlayer

25 was replaced with Ru, Co-30at%Cr, or Ti.

Table 2 below shows the SNRm values when the InP

addition amount was 10 mol%.



grain size

(nm) Zr0217.511913. 3Al As19. 6857. 1A1P19. 0866. 9Al Sb18. 6877. 3A125318. 5797. 2A12S
e318. 8847. 4A12Te319. 0868. 0CdS18. 9837. 6CdSe18. 6877. 5CdTel8. 7887. 0GaAs19. 8796
. 9GaP19. 2787. 1Ga2S318. 5817. 51 nP19. 4867. 31 n2S318. 9858. 0ZnS19. 3878. 1ZnTel8. 98
17.6ZnSel19. 5807.2 As shown in Table 9, when conpared to the nedium5 in
which the matrix material conpound was Z202, -t he SNRm val ue was better when
any of Al As, AlP, Al Sb, A1253, Al2Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, @GP,
Ga2S3, InP, 1n2S3, Zn5, ZnTe, and ZnSe was added. FIG 10 shows the

rel ati onshi p between the 10 addition aF®oh® 4nd SNRm val ue when the matrix
mat eri al conpound was GaAs. noreover in one enbodinent it was found that

t he SNRm val ue i ncreasedq——=36—whenthe additionjaount was 1 to 20 nol o.
Similar tendencies were |[fIBufRt when Al ASSCARP Al Sh,| SAEIS3, [A12Se3, Al2Te3,
CdS, CdSe, CdTe, @GP, Gaaﬁ,?deﬂﬁye]}nz:,andg@&yg@m (amb ZnSe were added. 5
By using GaAs as the mat{riXx mererial conpoupd, magre bﬁ éecording medi a
havi ng vari ous underl| aygr_conb %hations showh in Tall 0-bgl ow were forned
and eval uated follow ng |the saf@ proced@Es0-asr3Hbove %Qcépt that the first
underl ayer was replaced Wwth 1P, N -50at oAl ot MyG, angot'[ge second
under | ayer was repl aced w-th .' OF +ab'e 10—belew-shows t he SNRm
val ues when the GaAs addltﬁéﬁoaﬁ@&@t \as 10R#0Id. TabPB-20 |15 First

under | ayer Second under | ayerSMRDT 440 Co70-Cr30 20.7

(dB) Ni 50- A150Pt 19. 8Ni 50- AF50Re+9-—-6N-50-—AL50E19—4MgoPtt

~19. 7MJOCr 19. 5 As shown j nNi&-dad® favor aBie SNRm vaP wer e obt ai ned
regardl ess of the types pf yyRdeniaxers, so all these goderlayers were

suitable. Simlar 20 tengenretes—wnere—fotnd—nhen—ArAs—AIP—Al Sb, A12S3,
Ni70-Nb30 Co70-Cr30

Ni70-Nb30 Ti 20.7

As shown in Table 2, favorable SNRm values were
5 obtained regardless of the types of underlayers, so
all these underlayers were suitable. Similar
tendencies were found when AlAs, AlP, AlSb, AlxS3,
Al,Se3, AloTesz, CdS, CdSe, CdTe, GaAs, GaP, GapS3,
InyS3, ZnS, ZnTe, and ZnSe were added.
10 Embodiment 2 |
A 2.5-inch, hard-disk-like nonmagnetic glass
substrate was prepared.
After a vacuum chamber of a sputtering apparatus
was evacuated to 2 X 103 Pa or less, a 5-nm thick Ta
15 layer was formed as a first underlayer in a 0.67-Pa Ar
ambient. After that, a 15-nm thick Ru layer was
stacked as a second underlayer in an 8-Pa Ar ambient.
Subsequently, a 15-nm thick magnetic recording
layer was formed in an 8-Pa Ar ambient by two-target

20 simultaneous sputtering by using a Co-10at%Cr-14at3Pt



Al2Se3, Al12Te3, CdS, CdSe, CdTe, @GP, &Ga2S3, InP, In2S3, ZnS, ZnTe,
ZnSe ‘wer e added. - 37 Enbodi nent 6 Magnetic recordi ng nedia using
various matrix materials were obtained follow ng the same procedures as in

Enbodi nent 1 except that a 5-nmthick N -50atoAl 5 | ayer,

| ayer,

under | ayers,

grai ns,

and 10-nmthick Pt layer were fornmed as first, second, and th

Zr02 was used as a conparative matrix nmateri al

and

20-nmthick Cr

ird

respectively, Fe-48at~Pt-2a8Cu-was used as magnetic crysta

i nstead of Si 02,

t he

t hi ckness of a magnetic 10 recording | ayer was changed to 5 nm and, while

this magnetic ggegedi B9 hawmghnwescf ergBdalt BeasHbabtatkeanasnheahednby an

infrared heater so0 that the Substrate tenperature was 300C. The RI'W
characteristicsaphethasobt abfedxnidicarigilver pueyabughed sputhersage nanner
as in Enbodinent 1. Table 11 bel ow shows the SNRm val ues when the addition
amount was 10 pBk%lectrl8 pdablketdlbeCapphtied BNRenctiBladBBEOwasnEAver age

grain

10

15

20

25

controlled as to appropriately change the addition
amount of the matrix material between 0 and 30 mol$%
with respect to the magnetic crystal grain material.

A 7-nm thick C layer was then stacked as a protective
layer in a 0.67-Pa Ar ambient. After the film
formation, the surface of the protective layer was
coated with a 13-A thick PFPE lubricating agent by
dipping, thereby obtaining a magnetic recording
medium. The electric power applied to each target was
1,000 W.

In addition, various magnetic recording media
were obtained following the same procedures as above
except that AlAs, AlP, AlSb, AlyS3, AlpSez, AlsTes,
Cds, CdSe, CdTe, GaAs, GaP, GayS3, InyS3, ZnS, ZnTe,
and ZnSe were used as matrix materials, and SiOp was
used for comparison.

FIG. 4 is a sectional view shoWing an example of
the obtained perpendicular magnetic recording media.

As shown in FIG. 4, this perpendicular magnetic
recording medium has an arrangement in which a soft
magnetic layer 22, first underlayer 23, second
underlayer 24, third underlayer 25, perpendicular
magnetic recording layer 26, and protective layer 27

are stacked in this order on a substrate 21.



si ze

(nm) Zr 0217.912611. 9Al As19. 8878. 8A1P19. 5857. 5Al Sb19. 2887. 6A12S318. 9817. 3A125
e319. 3798. 2A12Te319. 6767. 4CdS19. 3857. 3CdSe19. 1837. 1CdTel9. 0847. 6GaAs20. 1817
. 9' GaP19. 7888. 5Ga25319. 0767. 31 nP19. 9757. 41 n2S318. 9797. 6ZnS19. 8857. 2ZnTel9. 4
827.0ZnSe20. 0837.0 As shown in Table 11, when conpared to the nedium5 in
which the matrix material conpound was Z2G2, -t he SNRm val ue was better when
any of Al As, AlP, Al Sb, Al12S3, Al2Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, @GP,
Ga2S3, InP, 1n2S3, ZnS, ZnTe, and ZnSe was added. FIG 11 shows the

rel ationshi p bEt“ee%hkh§A§0C%QQHHﬂ%Ql%%Q%@ta%@da%@@%b%abQ%1Wh%ﬁz%@e mat rix

mat eri al conpound was Moreover 1 n one enbodi nent i't was found that

t he SNRm val ue iengheassdwhen hB8ia we3® edddubiten anD@Rk wasmel to 20 nol d.
Simlar tendencies were found when Al As, AlP, Al Sh, Al12S3, Al12Se3, Al2Te3,
CdS, CdSe, CdTeangal, aca283EmbbRimken2S3,. ZnSplénBebednd ZhSeswehe added. 5
By using GaAs as the nmatrix material conpound, magnetic recordi ng nedi a
havi ng vari ous suraervbayes eanodbiavatiagrs gxfadwn silizeFabhenl Zhigelagiwaroa f or med
and evaluated follow ng the sane procedures as above except that the first
under| ayér was amepindcecswilOhmbd 3Ni - 50at oAl or MyO, the second underl ayer
was replaced with Cr or Fe, and the third underlayer was replaced with Pt
or Pd. Table 12 bel ow shows the SNRm va when the GaAs addition anmount

was 10 nol % 15 Table 12 First underlayergecond under | ayer Third
under | ayer SNRm

(dB) Ni 50- A150Cr Pt 20. 1Ni 50- A150Cr Pd19. 9Ni 0-A150FqE§gQa&gh5 - AL50FePd19. 8My0
Cr Pt 20. OMyOCr Pd20. 2MyOFelPt 19. 9IMyQHeFRR0. 1 MFOIGOPt shown in Table 12,
f avor abl e SNRm val ues mer%o%ﬁ?%Pﬁed(a§ arqmgﬁs_ fg¥ﬂ%ntypes of underlayers
so 20 all these underl ayers were sjuitabl q. m | bhsize (nm)
Si0gp 18.5 108 12.3
AlAs 21.2 85 7.5
AlP 20.4 89 7.0
Alsb 20.2 81 7.4
AlpS3 20.5 76 7.6
AlySe3 20.3 80 7.8
AlpTesz | 20.2 83 7.4
cds 19.9 84 6.2
Cdse 19.9 85 6.8
CdTe 19.7 86 6.9
GaAs 20.8 87 7.1
GaP 20.9 88 7.5
GasS3 20.1 89 7.4
InP 21.3 87 7.9
InyS3 20.4 86 8.1
Zns 20.8 85 7.6
ZnTe 20.5 89 7.6
ZnSe 20.3 87 7.5
10 As shown in Table 3, when compared to the medium

in which the matrix material compound was SiOp, the
SNRm value was better when any of AlAs, AlP, AlSb,

AlyS3, AlsSe3, AlpTey, CdS, CdsSe, CdTe, GaAs, GaPb,



- 40 tendencies were found when Al As, Al1P, Al Sh, A1253, Al25e3, Al2Te3,
CdS, CdSe, CdTe, &GP, &2S3, InP, 1n2S3, ZnS, ZnTe, and ZnSe were added.
Enbodi ment 7 5 Magnetic recording nmedia using various matrix materials were
obtained follow ng the sane procedures as in Enbodi ment 3 except that a
5-nmthick Ni-50at%A\l | ayer was formed as a first underlayer, a 15-nmthick
Pt layer was formed as a second underl-ayet4 10 Fe-48at %t - 2at %Cu was used
as magnetic crystal grains, Zr02 was used as a conparative matrix materi al

i nstead of 5102, the thickness of a magnetic recording | ayer was changed to

5 nm and, whi '&%sﬂj,_s fmn%ﬂ%sg,e%{sﬂ,i Nght &Y e4ndvegnd Orwed, addieg substrat e
was heated 15 by infrared ‘heater so that the substrate tenperature was

300C. The RIWcharactgti stigsgowé the oH1at 1edsHEsi BetReéeneyatuated in the
sane manner as in Enbodi nent 3. Table 13 bel ow shows the 5NRm val ues when

the 20 additi orp@dmiidn asould: el SNRm ¥dlud alihen 18nhe Goapoid SNRm (dB)
dPWs0 (nm) Average grain size

(nm) Zr 0217. 411513 &Al A 1GomRBFBnd AddY 91 85 8. Rt St Sr 683 70106\ 1283481 2738. 6A12S
e318. 7867. 3A12Te319. 0747. 4CdS19. 0737. 6CdSe18. 4727. 9CdTel8. 7767. 8GaAs19. 6797
. 4GaP19. 2817. 6Ge283181 5 7%¥s 2foi1Q. G737 . Oh e 23R, B85 47nc192388 7WBFRTe19. 08
77.3ZnSel9. 6757.4 As shown in Table 13, when conpared to the medium5 to
which Zr02 was tieRleaddi horsNRROYRF Udasial Bet2@rmohen adymbiaAl As, ALP,

Al Sb, A12S3, Al125e3, Al2Te3, CdS, Se, CdT. Ga GagS3,. I nP, 1n2S3,
ZnS, znTe, and YARdeR@keadiere @ 1%h§%oﬂ§A?he£f%fS?EEHShggzﬁétmeen t he
10 addition amoynt and SR val 4 WERsENCCRL!  &ans, Gap, Gapss,

InyS3, ZnS, ZnTe, and ZnSe were added.

10 By using InP as the matrix material compound,
magnetic recording media having various underlayer
combinations shown in Table 4 below were formed and
evaluated following the same procedures as above
except that the first underlayer was replaced with Ta,

15 Ni-40at%Ta, or Ni-30at%Nb, and the second underlayer
was replaced with Ti or Co-30at%Cr, and the third
underlayer was replaced with Ru or Pt. Table 4 below
shows the SNRm values when the InP addition amount was

10 mol%.



conpound was GaAs. Mreover in one enbodinent it was found that the - 42
SNRmval ue i ncreased when the addition amount was 1 to 20 nol% Simlar
tendenci es were found when Al As, AlP, Al Sb, A1253, Al12Se3, Al2Te3, CdS,
CdSe, CdTe, &P, &a2S3, InP, 1n2S3, ZnS, ZnTe, and ZnSe were 5 added. By
using GaAs as the matrix material conpound, magnetic recordi ng nedia having
various underl ayer conbi nati ons shown-i n2%abte 14 bel ow were fornmed and
eval uated foll owi ng the same procedures as above 10 except that the first
under|l ayer was replaced with N -50at %A1 or MJO, and the second underl ayer
was replaced with Pt, Cr, or Pd. Tabl eTddlé¢et ow shows t he SNRm val ues when

the GaAs addition amount was 10 nol % 15 Table 14 First underl ayer Second
under | ayer SNRm

(dB) Ni 50- A150Pt 19. pRi 59E A150Pd 19 S£GOHGE A150Cr |1 2MdhoPt 19. 7NGBPEL9. 2MyoCr 19.
1 As shown in Tabl pydderiayerabll enSRmavalues| weder ROy@bt aijneiB)r ¢gar dl ess
of the types of unpertayers,—sojall tHgse un_erlaygﬁi Wer € #ngtle.
Sinmilar tendencies| were f8und when Al AS A1P | Al Sh “A1253_ 1A12%e3. Al2Te3,
CdS, CdSe, CdTe, GgP, Gaz&3, | nk, - ™3 IriR2S3, ZBS, ZnTeg,2hnd |ZnSe were
added. Enbodi nent VEgNELT T Teqgorgiog_pedha [Uusi ng r1ous reX materials
wer e obtained fol | puwing tfle sans pegggdﬁ£§Q Kd S
Ta Co70-Cr30 Pt 21.0

Ni60-Tado0 Ti Ru 21.4

Ni60-Ta40 Ti Pt 21.2

Ni60-Ta40 Co70-Cr30 Ru 21.0

N160-Ta40 Co70-Cr30 Pt 20.8

Ni70-Nb30 Ti Ru 20.9

Ni70~-Nb30 Ti Pt 21.3

Ni70-Nb30 Co70-Cr30 Ru 21.1

Ni70-Nb30 Co70-Cr30 Pt 20.7

As shown in Table 4, favorable SNRm values were
5 obtained regardless of the types of underlayers, so
all these underlayers were suitable. Similar
tendencieé were found when AlAs, AlP, AlSb, AlsS3,
AlySe3, AlpTe3, CdS, CdSe, CdTe, GaAs, GaP, GapS3,
InyS3, ZnS, ZnTe, and ZnSe were added.
10 Embodiment 3
A 2.5-inch, hard-disk-like nonmagnetic glass
substrate was prepared.
After a vacuum chamber of a sputtering apparatus
was evacuated to 2 X 10=3 Pa or less, a 200-nm thick
15 Cog4ZrgNbyg soft magnetic layer, 5-nm thick Ta layer,
and 15-nm thick Ru layer were formed as a soft
magnetic layer, first underlayer, and second

underlayer, respectively, in a 0.67-Pa Ar ambient by



5 as in Enbodi ment 4 except that a 15-nmthick Pt |layer was formed as an
under'l ayer, Fe-48at~Pt-2atoCu was used as magnetic crystal grains, Zr02 was
used as a conparative nmatrix material instead of Si02, the thickness of a
magneti c recording | ayer was changed to 10 5 nm and, while this magnetic
recording |layer was forned, the substrate was heated by an infrared heater
so that the substrate tenperature was-308€. The R/ Wcharacteristics of the
obt ai ned nmedi a were evaluated in the sane manner as in Enbodi nent 3. 15
Tabl e 15 bel ow shows the SNRm val ues when the addition amount was 10 nol %

- 44 Table 1 2uRd g%@%mﬁ ) - SPVEO, (BR) AYegagse affaRn ShZget,
(nn)Zr0216.3lg%i%BgRIAsl%.88 8.g§1P18¥%858.2AISb%?.6838.0A128318.2808.6A125

e318. 0867. 3A12J 833881481 9CdS17. 9847. 6CdSel8. 4857. 9CdTel8. 1767. 8GaAs18. 5868
.6GaP17.9817. 6Ga2S318. 1867. 21 nP18. 3808. 61 n2S318. 0868. 4ZnS18. 288.

7.6ZnTel8. 0878. 2ZnSetBs8dQén4 s ahadrnintTabkema§nenhenrecopdioad to t he
medium 5 to which Zr02 was added, the SNRm val ue was better when any of

Al As, Al1P, Al 5bayédt288s At2Ge8, iAlame8-PadBr aubéentdPy, twaasaregP, Ga2s3,
InP, 1n2S3, ZnS, ZnTe, and ZnSe was added. FIG 13 shows the rel ationship
bet ween bhe 10samulthnroufoantthiadissRhyYvEPiBINBeROrAEAREELT R 486/PGUNd was

GaAs. Moreover in one enbodinent it was found that the, SNRm val ue igcreased
when the addittagget as a magnetic crystal grain material and an In

target as a matrix material. During this sputtering,
the electric power to be supplied to each target was
so controlled as to appropriately change the addition

10 amount of the matrix material between 0 and 30 mol%
with respect to the magnetic crystal grain material.
A 7-nm thick C layer was then stacked as a protective
layer in a 0.67-Pa Ar ambient. After the film
formation, the surface of the protective layer was

15 coated with a 13-A thick PFPE lubricating agent by
dipping, thereby obtaining a magnetic recording
medium. The electric power applied to each target was
1,000 W.

In addition, various magnetic recording media

20 were obtained following the same procedures as above
except that AlAs, AlP, AlSb, AlS3, AlpSe3, AlpTes,
Ccds, CdSe, CdTe, GaAs, GaP, GasS3, InpS3, ZnS, ZnTe,
and ZnSe were used as matrix materials, and Si0Oy was
used for comparison.

25 FIG. 6 is a sectional view showing an example of
the obtained perpendicular magnetic recording media.

As shown in FIG. 6, this perpendicular magnetic



- 45 amount was 1 to 20 nold. Simlar tendencies were found when Al As,
AlP, ‘Al Sb, A1253, A12Se3, Al2Te3, CdS, CdSe, CdTe, &GP, Ga2S3, |InP, In2S3,
ZnS, ZnTe, and ZnSe were added. 5 By using GaAs as the matrix materi al
conpound, magnetic recordi ng nmedi a having various underlayers shown in
Tabl e 16 bel ow were forned and eval uated foll owi ng the sane procedures as
above except that the underlayer was repkdaced with N -50at~Al, MO C, 10
or Pd. Table 16 bel ow shows the SNRm val ues when the GaAs additi on anount
was 10 nol % Table 16 15 Under| ayer SNRm
(dB)Nb018'Opdlgeggkggﬁé%égéguﬁcﬁég-énA§r§QH$@méHtT§H|@h%éh fayorabl e SNRm

val ues were obtailne gardl ess of the typeS of underlayers, so all these

under | ayers mﬁﬁdék‘&&%@keazchi Bbkahd2Qnbiendgpeiessyeperperndcuhar Al As, AlP,
Al Sb, A1253, Al25e3, Al2Te3, CdS, CdSe, CdTe, GaP, Ga283, InP, |n2S3, ZnS,

ZnTe, and ZnSepwghetaddedcokabadi mapkr93hhgaati proeeotdivaglagdira3dsi ng
various matrix 25 materials were obtained follow ng the sanme procedures -

46 as in EnbodireeBtabkercent thhiat oFdeBab¥Ca- SQbsWPdteaslused as magnetic
crystal grains, and TiN was used as a conparative matrix material instead
of Zr02.5The R/ W chahacReWi shiarsctrtilsd it aifnétdenoditaifhegene@déval uated in
the same manner as in Enbodiment 1. Table 17 bel ow shows the SNRm val ues
when t he were evaluated in the same manner as in Embodiment 1

except that a combination of a ring head having a

recording track width of 0.3 um and an MR head having

a reproducing track width of 0.2 um was used as a

10 magnetic head. The average grain sizes of these media
were also measured.

Table 5 below shows the SNRm values when the

addition amount was 10 mol%.



addi ti on anount was 10 nol % Table 17 10 Conmpound SNRm (dB) dPWs0

(nm Average grain size

(nm) Ti N17. 512812. 6Al As19. 5848. 2A1P18. 4868. 9Al Sh18. 5898. 5A12S319. 1828. 1A12Se
318. 6738. 6A12Te318, 4848. 2CdS18. 5768. 0CdSe19. 0848. 0CdTel19. 5768. 6GaAs19. 2797.
9GaP19. 5897. 6Ga2S318. 7857. 81 nP19. 2718. 21 n2S318. 7738. 3ZnS19. 6747. 9ZnTel9. 275
7.7ZnSel9.5777.6 As shown in Table 17 wBé&n conpared to the nmediumin which
the matrix material conpound was Ti N, the - 47 SNRm val ue was better
when any of Al As, AlP, Al Sb, A1253, Al25e3, Al2Te3, CdS, CdSe, CdTe, GaAs,
GaP, Ga2S3, InP, 1n2S3, ZnS, ZnTe, and’@mBe Was added. FIG 14 shows the
rel ati onship between the 5 addition anobunt and SNRm val ue when the matrix
mat eri al conpound was ZnSe—Noreovyer T pne enbgdient;, Tt was found that

the SNRmval ue increaseq when the i1 )BiﬁggurwAWﬁiﬁgﬁ t0]20 rmols. Similar
tendenci es were found wietbdAgd 10 ~ALP , |AEH Al2%e3, Al2Te3, CdS,
CdSe, CdTe, GaP, Ga2S3, |InP, In2S3,(dBiS, | dn@)ZnTe vere aqded. By using ZnSe
as the additive, magnetijc—+recordinggpmedi-g—havin %kﬁ?oﬁgnb.derlayer
conbi nati ons shown in Tgbl eS18, belloW7wér ¢ fbk®red and3eval ugted by repl aci ng
15 the first and second [undg{]ayer[s,hnyt he sgge |manner oas
AlP 19.4 87 6.8
AlShb 19.2 85 6.9
AlyS3 19.5 80 7.2
Al,Se3z | 19.3 83 7.4
Alo,Tez | 19.2 84 7.6
cds 18.9 89 7.6
Cdse 192.0 83 7.9
CdTe 19.1 79 7.9
GaAs 20.1 76 8.1
GaP 19.7 78 8.3
GapS3 19.0 77 8.6
InP 20.1 74 8.0
InyS3 19.3 76 8.6
Zns 19.9 77 8.0
ZnTe 19.6 78 8.9
ZnsSe 19.0 74 7.6

As shown in Table 5, when compared to the medium
5 in which the matrix material compound was SiOp, the
SNRm value was better when any of AlAs, AlP, AlSb,
Al,S3, AlpSe3, AlyTes, Cds, CdSe, CdTe, GaAs, GaP,
GasS3, InP, InyS3, ZnS, ZnTe, and ZnSe was added.
FIG. 8 shows the relationship between the
10 addition amount and SNRm value when the matrix
material compound was InP. Moreover in one embodi-

ment, it was found that the SNRm value increased when



i n Enbodi nent 5. Table 18 bel ow shows the 5NRm val ues when the Zn5e

addi t'i on amount was 10 nold. Table 18 20 First underl ayer Second
under | ayer SNRm

(dB) Ni 50- A150Pt 19. 5Ni 50- A150Pd19. 4Ni 50- A150Cr 19. 2MyOPt 19. 3MgOPd19. 2MyOCr 19.
1 As shown in Table 18, favorabl e SNRm val ues were obtained regardl ess of
the types of underlayers, so - 48 all2Bhese underl ayers were suitable.
Simlar tendencies were found when Al As, AlP, Al Sb, Al2SS, Al12Se3, Al2Te3,
CdS, CdSe, CdTe, GaAs, &@P, &2S3, InP, 1n2S3, ZnS, and ZnTe were added. 5

Enbodi ment 10 Magnghis¢ i 8ROBALOALMRALA1USbNGOVABLEYS ERLELY Materials vere
obt ai ned foll ow ng the sane procedures as in Enbodi nent 6 except that

Fe- Sat %Co- 50at ¥Rdqwasidsededs mBAREL WBetl K3hal @gnai nalsandalbNswas used as
a 10 conparative matrix material instead of Zr02. The FUVVcharacterlstlcs

of the obtainedlpedika nerEeqyatdst eddse,t teTeamsamsRNeaPas GapSEybodi ment 1.
Tabl e 19 bel ow shows the SNRm val ues when the addition amunt was 10 nol %
- 49 Tabl e 19IngsapodndsNRnTedBrdBVBA SEnwehee cdged .
5 By using InP as the matrix material compound,
magnetic recording media having various underlayer
combinations shown in Table 6 below were formed and
evaluated following the same procedures as above
except that the first underlayer was replaced with Ta,
10 Ni-40at%Ta, or Ni-30at%Nb, and the second underlayer
was replaced with Ru, Co-30at%Cr, or Ti. Table 6
below shows the SNRm values when the InP addition

amount was 10 mol%.

15 Table 6

First Second SNRm
underlayer underlayer (dB)
Ta Ru 20.1

Ta Co70-Cr30 19.7

Ta Ti 19.8
Ni60-Ta40 Ru 20.0
Ni60-Ta40 Co70~-Cr30 20.3
Ni60-Ta40 Ti 20.3
Ni70-Nb30 Ru 20.6
Ni70-Nb30 Co70-Cr30 19.8
Ni70-Nb30 Ti 19.7

As shown in Table 6, favorable SNRm values were
obtained regardless of the types of underlayers, so

20 all these underlayers were suitable. Similar



grain size

(nm Ti N18. 312813. 4Al As20. 2897. 1A1P19. 2857. 6Al Sh19. 3838. 2A125319. 6867 4A125e
319. 2817. 5A12Te319. 0798. 2CdS19. 1868. 6CdSel19. 7788. 4CdTe20. 1858. 1GaAs20. 0867.
6GaP20. 1887. 5Ga2S319. 3898. 31 nP19. 8767. 21 n2S319. 5857. 7ZnS20. 1747. 6ZnTe20. 073
8.5ZnSe20. 3817.1 As shown in Table 19, when conpared to the nedium5 in
which the matrix material conpound was- Tid) the SNRm val ue was better when
any of Al As, AP, Al Sb, A1253, Al2Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, @GP,
Ga2S3, InP, nm253, ZnS, ZnTe, and ZnSe was added. FIG 15 shows the

relationshi p beiygedhd Nes Tk addfdieh ik 1 and ANRmarsie fhe matrix
mat eri al conpound was ZnSe. Mbreover in one enbodinent, it ound t hat

the - 50 OSNRMy&d4e ATCregsechimherdsde @diTh | | QURSTIHE, vmza to 20 nol %
Simlar tendencies were found when Al As, Al1P, Al Sb, A1253, Al12Se3, Al2Te3,

CdS, CdSe, CdTern{®fs,ziHmP, 2P S3and nfhse n2d3e diedand ZnTe were 5 added.
By using ZnSe as the additive, magnetic recording nedia having vari ous
under | ayer conbi nat i Bmsodimenti 4 Tabl e 20 bel ow were fornmed and eval uat ed
by replacing the first, second, and third underlayers in the same 10 manner
as in Enbodi nent 6. XKabkb-20chel bardhdhekrhbkeNmipagnesighehatfie znSe

addi tion anmount was 10 nold. Table 20 First underl ayer Second

under | ayer Thi r dS'WpeieF # B§ eV SRRTePared.

(dB) Ni 50- AL50Cr Pt 20. 3Ni 50- A150Cr Pd19 5 j 50- A 50FePt gg 1N 50- ALSOFePd19. 7My0
Cr Pt 19. 9MyOCr Pd19. SMyBEER #9V3RHBRe BATE By ?’tﬁ@u ?Lélﬁ&g gRBRAHTabl e

20, favorabl e SNRm val ues t gi (ig a
under | ayers, so“ %ileYﬂggﬁt%ﬁdg?l ygrgﬁhere st %ﬁss, § ar ten32n0|es

éggg fg;gd 2222%@1fgye@jﬁésA£§Qcké&2§§’azgiéégsﬁﬁdeé%g§§§’lgd§’ CdSe, CdTe,

10 0.67-Pa Ar ambilent by using an Ru target.
Subsequently, a 10-nm thick magnetic recording

layer was formed in an 8-Pa Ar ambient by two-target
simultaneous sputtering by using a Co-10at%Cr-1l4at’Pt
target as a magnetic crystal grain material and an InP

15 target as a matrix material. During this sputtering,
the electric power to be supplied to each target was
so controlled as to appropriately change the addition
amount of the matrix material between 0 and 30 mol%
with respect to the magnetic crystal grain material.

20 A 7-nm thick C layer was then stacked as a protective
layer in a 0.67-Pa Ar ambient. After the film
formation, the surface of the protective layer was
coated with a 13-A thick PFPE lubricating agent by
dipping, thereby obtaining a magnetic recording

25 medium. The electric power applied to each target was
1,000 W.

In addition, various magnetic recording media



- 51 InP, 1N2S3, ZnS, and ZnTe were added. Enbodi nent 11 Magnetic
recording nmedia using various matrix materials were obtained follow ng the
sanme procedures 5 as in Enbodi nent 3 except that a disk-like Si substrate
was used as a substrate, a 5-nmthick MO | ayer was forned as a first
under |l ayer, a 15-nmthick Pd | ayer was forned as a second underl ayer,

Fe- 50at °d was used as magnetic crystal giains, and TiN was used 10 as a
conparative matrix material instead of Zr02. The R'Wcharacteristics of the
obt ai ned nedi a were evaluated in the sane manner as in Enbodi ment 3. Table

21 bel ow shows,the ShRM Nakues1vhginkhenaddahioprapByltedass18paok% - 52
Tabl e 21 Conpound SNRm (dB) dPWs0O (nm Average grain size

(n”)TiN17-0130é§c3ﬁtAﬁﬁgt9&?157AAE@7-ﬁ&éBVGAh§E§8.Q8§8e§A125§T835837-5A12Se
318. 0758. 9A12Te317. 9768. 4CdS17. 9788. 8CdSe18. 4798. 6CdTel8. 9748. 2GaAs18. 8898.
1GaP19. 0868. 7GadS3184$888carapP18aX848GaPN2634832828,630SIAS083RTEZNTe18. 672
7.9ZnSel9. 2818.4 As shown in Table 21, when conpared to the nmediumb5 in

whi ch the matrardm@h8ei akreonpedndswas tTilkK, materShRsy vahde Si@s bést er when
any of Al As, AlP, Al Sb, A1253, Al12Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, &P,
Ga2S3, |AP, |1 n2sed Zns, czZnPerismd.zZnSe was added. FIG 16 shows the

rel ati onship between the 10 addition amount, and_ SNRm val ue when the matrix
FIG. 7 is a sectional view showing an example of

" the obtained perpendicular magnetic recording media.
As shown in FIG. 7, this perpendicular magnetic
recording medium has an arrangement in which an
10 underlayer 42, perpendicular magnetic recording layer
43, and protective layer 44 are stacked in this order
on a substrate 41.
The R/W characteristics of the obtained media
were evaluated in the same manner as in Embodiment 3
15 except that a combination of a ring head having a
recording track width of 0.3 um and an MR head having
a reproducing track width of 0.2 um was used as a
magnetic head. The average grain sizes of these media
were also measured. Table 7 below shows the obtained

20 results.



mat eri al conpound was ZnSe. Moreover in one enbodi nent,

it was found that

the ' - 53 SNRm val ue increased when the addition amunt was 1 to 20 nol %
Simlar tendencies were found when Al As, AlP, Al Sb, Al1253, Al12Se3, Al2Te3,
CdS, CdSe, CdTe, GaAs, &P, &2S3, InP, In2S3, ZnS, and ZnTe were 5 added.
By using ZnSe as the additive, nmagnetic recording nmedia having various
under | ayer conbi nati ons shown in Tabl e 222below were formed and eval uat ed
by replacing the first and second underlayers in the sane manner as 10 in
Enbodi ment 7. Tabl e 22 bel ow shows t he SNRm val ues when the ZnSe additi on
amount was 10 nol % Table 22 First undéabhkset Second under| ayer SNRm

(dB) Ni 50- A150Pt 19. 2Ni 50- A150Pd19. ONi 50- A150Cr 18. 9MyOPt 19. 1MyOPd18. 8\MgOCr 18.

7 15 As shown in Tabl e 22 —favoralyre SNRmvatueg were—obtaiined regardl ess
of the types of underl ayers, so aj%qﬁ ese g@gng£W9¥9%&we sui tabl e
Simlar tendencies were |f e R . Al aidl253, {20 Al25e3,
Al2Te3, CdS, CdSe, CdTe,| GaAs, GaR, (dB2SB B (nihP, 1I'n2S3,  ZnS,| and ZnTe were
added. Enbodi nent 12 Magnetic rﬂrrrdLn rediaugl mat ri x - 54
materi al s were obtai ned |f ol $D9p ng |t hé. Safre ocgdurés.ds i Enbodi nent 3
except that a disk-like [S gpbstrateqwas|us as bgfratie, a 10-nmthick
Pd | ayer was fornmed as f'f°*§u9f Pﬁvﬂ ﬁ97u atch was—g used as
magnetic crystal grains, and 1B N vad9uBed as8@ clonparatd ve |matri x materi al
i nstead of Zr02. AlSb 19.2 82 8.4
Al,S3 18.5 80 7.6
Alo,Ses | 19.1 75 9.0
AlyTes 18.6 76 8.4
Ccds 18.9 77 8.9
Cdse 18.0 79 8.6
CdTe 19.1 75 8.2
GalAs 18.9 89 8.1
GaP 19.4 87 8.7
GasS3 18.7 88 8.3
InP 19.8 85 B.6
In,S3 19.2 82 8.6
Zns 18.6 83 7.6
ZnTe 19.0 80 7.7
Znse 18.6 81 8.5

As shown in Table 7, when compared

to the medium

5 to which Si0Op was added, both the SNRm value and dPW50

value were better and the crystal grain

size was

smaller when any of AlAs, AlP, AlSb, AlyS3, AlsSes,

AloTe3, CdS, CdSe, CdTe, GaAs, GaP, GapSz, InpS3, ZnS,

ZnTe, and ZnSe was added.

10 FIG. 9 shows the relationship between the

addition amount and SNRm value when the matrix

material compound was InP. Moreover in

one



The R'Wcharacteristics of the obtained nedia were evaluated in the sane
manner as in Enbodi nent 3. Table 23 bel ow shows the SNRm val ues when the 10
addi ti on anount was 10 nol d. - 55 Table 23 Conpound SNRm (dB) dPWs0
(nm) Average grain size

(nm) Ti N16. 213313. 9AI As17. 3837. 8A1P17. 9888. 5Al Sh17. 6827. 9A12S317. 9807. 9A12Se
317.6798. 6A12Te317. 9768. 6CdS17. 9808. 7€dS&8B7. 4798. 9CdTel7. 6818. 1GaAs18. 0818.
6GaPl17. 8868. 9Ga2S317. 6898. 61 nP17. 9848. 81 n2S318. 0888. 9ZnS17. 7868. 0ZnTel7. 976
7.6ZnSel8. 0798.0 As shown in Table 23, when conpared to the nedium5 in

which the matrix,patechal senpaund was Thbe the SNRM vahue wasrbBgkkar when
any of Al As, AIP, Al'Sb, A1253, A12Se3, Al2Te3, CdS, CdSe, CdTe, GaAs, GaP,

Ga2S3, 1nP, 1nZ83n £n8 adaieiocandménne was added2oFhel3l7 shewsatrhe
rel ati onship between the 10 addition anount and SNRm val ue when the matri x

material conpowadeas i 4RSee ri¥bireawer whenorg 2enbadiPrenll shi,t AMgS 5f,ound t hat
t he - 56 SNRm val ue increased when the addition anount was 1 to 20 nol %
Simlar tendengleSewer @lbaend wdesn Aldse, CdTe, GaAs, GaP, GapS3,
5 InyS3, ZnS, ZnTe, and ZnSe were added.
By using InP as the matrix material compound,
magnetic recording media having various underlayers
shown in Table 8 below were formed and evaluated
following the same procedures as above except that the
10 underlayer was replaced with Pt, Co-30at%Cr, or Ti.
Table 8 below shows the SNRm values when the InP
addition amount was 10 mol%.

Table 8
15

Underlayer SNRm (dB)
Pt 19.6
Co70-Cr30 19.7
Ti 19.3

As shown in Table 8, favorable SNRm values were
obtained regardless of the types of underlayers, so
all these underlayers were suitable. Similar

20 tendencies were found when AlAs, AlP, AlSb, AlsS3,
Al,Se3, AlpTe3, CdS, CdSe, CdTe, GaAs, GaP, GapS3,
InyS3, ZnS, ZnTe, and ZnSe were added.
Embodiment 5
Magnetic recording media using various matrix
25 materials were obtained following the same procedures

as in Embodiment 2 except that an 8-nm thick



AlP, Al Sb, A1253, Al125e3, Al2Te3, CdS, CdSe, CdTe, GaAs, &P, Ga2S3, |nP,
1n2S3, ZnS, and ZnTe were 5 added. By using ZnSe as the additive, nmagnetic
recordi ng medi a having various underlayers shown in Table 24 bel ow were
formed and eval uated by replacing the underlayer with Pt, Cr, N -50atoAl,
or MpgO Table 24 10 bel ow shows the SNRm val ues when the ZnSe addition
anount was 10 nol o. Tabl e 24 Underl ayer SNRm -

(dB) Pt 18. OMg0O17. 8Ni 50- A1501 7. 6Cr17.9 15 As shown in Table 24, favorable
SNRm val ues were obtained regardl ess of the types of underl ayers, so all

these under| aygys s#ali& AUt oS Bdrdled QdaNdos MeiRIdAuRd mhen Al As,
AlP, Al Sb, A12S3, 20 Al25e3, Al2Te3, CdS, CdSe, CdTe, GaAs, P, (a2S3,

I nP, In2S3, Zn§ 13ehnZthe e a . Wds themyEsenta isaeiid on as has been
descri bed above, the grain size of magnetic crystal grains can be decreased

wi t hout di st ur himg e,y ftexl ddatigpt -2et 251 avdentsaid @rs ofadrieetinmgneti ¢
crystal grains. Since a - 57 perpendicul ar magnetic recordi ng nedi um
havi ng good SNRmysdradctoradistd,cZudy odiume] dd gh-ahowps nat e oradi gk can  be
performed. Additional advantages and nodifications will 5 readily occur to
t hose skid | ed imattarsal tinsteadfaf $1Qhe i sthidiness iak dprRERItESpect s
isnot limted to the specific details and representative enpodi ments shown
and described H&EITHinEdHFHEMIIAE hatrd Fodt ¢ i iy it

wi t hout departing fromthe 10 spirit and scope of th eneral inventive
concept as def iMERPYE He dLRVeE R AP I @h%i“\‘}gt?%ﬁ%t?e wasSgg

VWHAT 1S CLAIMH%éé%ed by an infrared heater so that the substrate
temperature was 300C.
10 The R/W characteristics of the obtained media
were evaluated in the same manner as in Embodiment 1.
Table 9 below shows the SNRm values when the

addition amount was 10 mol$%.



1. A perpendicul ar magnetic recordi ng nmedi um conprising: a substrate 5 an
underl ayer fornmed on the substrate, and a perpendi cul ar magnetic recording
| ayer forned on the underlayer, having an easy axis of nagnetization
oriented perpendicularly to the substrate, and having nmagnetic crystal
grains and a matrix 10 surroundi ng the magnetic crystal grains, wherein the
matrix contains at |east one el enent selégted fromthe group consisting of
Zn, Cd, Al, Ga, and In, and at |east one elenment selected fromthe group
consisting of P, As, Sh, S, Se, and Te. 15 2. A nedium according to claim
1, wherein the matrix contains at |easta®¥e Tonpound selected fromthe
group consisting of Al As, AlP, Al Sb, A12S3, Al 2Se3, Al 2Teg, CdS, CdSe,

CdTe, GaAs, @GP, @G2S3, P 1NnZS3, ZnS, [ZnTe, and Znse. 20 3. A nedi um
according to claim1, wherein a rptiQ. of |apmss ofVeh@9Fmatrli x in the
per pendi cul ar magnetic |eempdung | ayer i g not noferéban 20 mol % 4. A
medi um according to clajm 1, wherei@Bt he |nf@ghetic crgsi grai ns contain at
| east one material 25 se¢lected frpmthegroup ﬂn.g.gt... Co-Pt, Fe-Pt,
and Fe-Pd. 5. A nethod of rfandufactuliVng 3 péiéenm(nﬂ%w3 -| 59 magnetic
recordi ng nediun1conpr|3|n%ﬂAgreparhgg6a subggrate haylpg an under| ayer
formed thereon, and depeéstHt+hrg—enp—the—uRdertayer—atraghetij c crystal 5
grain material and a mat r i xAHdt er | all9e8ntlai nBAg_at | eds? onk el ement
sel ected fromthe group|congisggting ek 4n,| Cdg7Al Ga'7amd In, and at | east
one el ement sel ected fromthe—grotp—conststing o gb S, 5e, and Te
to forma perpendi cul ar naﬁhé?Bc ed8rding 10° a er h ?no gnetic crystal
grains and a matrix surroqg@ t heimagneti csarystal grains; 6. A nmethod
according to claimb5, e Luc met T X [conta Ny at L east _pne conpound
sel ected from AloTes 13.0 86 8.0

cds 18.9 83 7.6

Cdse 18.6 87 7.5

CdTe 18.7 88 7.0

GaAs 19.8 79 6.9

GaP 19.2 78 7.1

GapS3 18.5 81 7.5

InP 19.4 86 7.3

InyS3 18.9 85 8.0

Zns 19.3 87 8.1

ZnTe 18.9 81 7.6

ZnSe 19.5 80 7.2

As shown in Table 9, when compared to the medium
5 in which the matrix material compound was ZrOs, the
SNRm value was better when any of AlAs, AlP, AlSb,
Al,S3, AlpSesz, AlpTesz, CdS, CdSe, CdTe, GaAs, GaP,
GazS3, InP, InyS3, ZnS, ZnTe, and ZnSe was added.
FIG. 10 shows the relationship between the
10 addition amount and SNRm value when the matrix
material compound was GaAs. moreover in one

embodiment it was found that the SNRm value increased



the group consisting of Al As, Al1P, Al Sb, A12S3, 15 Al2Se3, Al2Te3, CdS,
CdSe,” CdTe, GaAs, GaP, Ga2S3, InP, 1n2S3, ZnS, ZnTe, and ZnSe. 7. A method
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met hod according to claim5, wherein the nmagnetic crystal grains contain at
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Table 10
15
First Second SNRm
underlayer underlayer (dB)
Ni50-A150 Pt 19.8
Ni50-Al150 Pd 19.6
Ni50-A150 Cr 19.4
MgO Pt 19.6
MgO Pd - 19.7
MgO Cr 19.5
As shown in Table 10, favorable SNRm values were
obtained regardless of the types of underlayers, so
all these underlayers were suitable. Similar
20 tendencies were found when AlAs, AlP, AlSb, AlpS3,

AlySe3, AlpTe3, CdS, CdSe, CdTe, GaP, GapSgz, InP,

InyS3, ZnS, ZnTe, and ZnSe were added.
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10s Compound grain
(dB) (nm)
size (nm)
Zr0o 17.9 126 11.9
AlAs 19.8 87 8.8
AlP 19.5 85 7.5
AlSb 19.2 88 7.6
AlySs 18.9 81 7.3
Al,Sez | 19.3 79 8.2
AlyTe3 | 19.6 76 7.4
Ccds 19.3 85 7.3
CdSe 19.1 83 7.1
CdTe 19.0 84 7.6
GaAs 20.1 81 7.9
GaP 19.7 88 8.5
GayS3 19.0 76 7.3
InP 19.9 75 7.4
InsS3 18.9 79 7.6
ins 19.8 85 7.2
ZnTe 19.4 82 7.0
ZnSe 20.0 83 7.0

As shown in Table 11, when compared to the medium
5 in which the matrix material compound was ZrOp, the
SNRm value was better when any of AlAs, AlP, AlSb,
AlpS3, AlpSes, AlpTes, CdS, CdSe, CdTe, GaAs, GaP,
GasS3, InP, InyS3, ZnS, ZnTe, and ZnSe was added.
FIG. 11 shows the relationship between the
10 addition amount and SNRm value when the matrix
material compound was GaAs. Moreover in one embodiment

it was found that the SNRm value increased when the
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10! @10% Ug! () aE 086 L&CEE; " cdSe, CdTe, GaP Ga283, InP, InyS3, 2ZnS,

ZnTe, and ZnSe were added.

5 By using GaAs as the matrix material compound,

magnetic recording media having various

underlayer

combinations shown in Table 12 below were formed and

evaluated following the same procedures

as above

except that the first underlayer was replaced with

10 Ni-50at%Al or MgO, the second underlayer was replaced

with Cr or Fe, and the third underlayer

was replaced

with Pt or Pd. Table 12 below shows the SNRm values

when the GaAs addition amount was 10 mol%.

15 Table 12

First Second Third SNRm
underlayer underlayer underlayer (dB)
Ni50-A150 Cr Pt 20.1
Ni50-A150 Cr Pd 19.9
Ni50-A150 Fe Pt 20.0
Ni50-Al150 Fe Pd 19.8
MgO Cr Pt 20.0
MgO Cr Pd 20.2
MgO Fe Pt 19.9
MgO Fe Pd 20.1
MgO Cr Pt 20.2

As shown in Table 12, favorable SNRm values were

obtained regardless of the types of underlayers, so

20 all these underlayers were suitable. Similar
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Al,Se3, AlpTe3, CdS, Cdse, CdTe, GaP, GapS3, InPb,
InyS3, ZnS, ZnTe, and ZnSe were added.
Embodiment 7

5 Magnetic recording media using various matrix
materials were obtained following the same procedures
as in Embodiment 3 except that a 5-nm thick Ni-50at3Al
layer was formed as a first underlayer, a 15-nm thick
Pt layer was formed as a second underlayer,

10 Fe-48at%Pt-2at%Cu was used as magnhetic crystal grains,
ZrO, was used as a comparative matrix material instead
of Si0Op, the thickness of a magnetic recording layer
was changed to 5 nm, and, while this magnetic
recording layer was formed, the substrate was heated

15 by an infrared heater so that the substrate
temperature was 300C.

The R/W characteristics of the obtained media
were evaluated in the same manner as in Embodiment 3.
Table 13 below shows the SNRm values when the

20 addition amount was 10 mol%.
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SNRm dPW50 Rverage
Compound grain
(dB) (nm) ,
size (nm)

Zr0o 17.4 115 13.5
AlAs 19.3 87 8.0
AlP 19.0 85 8.2
AlSb 18.6 83 7.6
AlsS3 18.2 73 8.6
AlsSes 18.7 86 7.3
AloTes 19.0 74 7.4
Ccds 19.0 73 7.6
Cdse 18.4 72 7.9
CdTe 18.7 76 7.8
GaAs 19.6 79 7.4
GaP 19.2 81 7.6
GapS3 18.5 75 7.2
InP 19.3 73 7.0
InyS3 18.5 86 8.4
Zns 19.1 88 7.6
ZnTe 192.0 87 7.3
ZnsSe 19.6 75 7.4

As shown in Table 13, when compared to the medium
5 to which Zr0, was added, the SNRm value was better
when any of AlAs, AlP, AlSb, AlyS3, AlsSes, AlgTes,
Cds, CdSe, CdTe, GaAs, GaP, GayS3, InP, InpS3, ZnS,
ZnTe, and ZnSe was added.
FIG. 12 shows the relationship between the
10 addition amount and SNRm value when the matrix
compound was GaAs.

Moreover in one embodiment it was found that the
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GaP, GapS3, InP, InpyS3, ZnS, ZnTe, and ZnSe were
5 added.

By using GaAs as the matrix material compound,
magnetic recording media having various underlayer
combinations shown in Table 14 below were formed and
evaluated following the same procedures as above

10 except that the first underlayer was replaced with
Ni-50at%Al or MgO, and the second underlayer was
replaced with Pt, Cr, or Pd.

Table 14 below shows the SNRm values when the

GaAs addition amount was 10 mol%.

15
Table 14
First Second SNRm
underlayer underlayer (dB)
Ni50-A150 Pt 19.6
Ni50-A150 Pd 19.4
Ni50-A150 Cr 19.2
MgO Pt 19.7
MgO Pd 19.2
MgO Cr 19.1
As shown in Table 14, favorable SNRm values were
20 obtained regardless of the types of underlayers, so

all these underlayers were suitable. Similar
tendencies were found when AlAs, AlP, Alsb, AlsSs3,

AlpSe3, AlpTes3, CdS, CdSe, CdTe, GaP, GapS3; InP,
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Magnetic recording media using various matrix

materials were obtained following the same procedures
5 as in Embodiment 4 except that a 15-nm thick Pt layer
was formed as an underlayer, Fe-48at%Pt-2at3Cu was
used as magnetic crystal grains, ZrOp was used as a
comparative matrix material instead of 810y, the
thickness of a magnetic recording layer was changed to
10 5 nm, and, while this magnetic recording layer was
formed, the substrate was heated by an infrared heater
so that the substrate temperature was 300C.
The R/W characteristics of the obtained media
were evaluated in the same manner as in Embodiment 3.
15 Table 15 below shows the SNRm values when the

addition amount was 10 mol$%.
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Table 15
SNRm dPW50 Ave%age
Compound grain
(dB) (nm) ,
size (nm)

2r0o 16.3 120 14.0
AlAs 17.8 89 8.2
AlP 18.0 85 8.2
AlSb 17.6 83 8.0
AloS3 18.2 80 8.6
AljySes 18.0 86 7.3
AloTes 18.3 74 8.3
Ccds 17.9 84 7.6
CdsSe 18.4 85 7.9
CdTe 18.1 76 7.8
GaAs 18.5 86 8.6
GaP 17.9 81 7.6
GasS3 18.1 86 7.2
InP 18.3 80 8.6
InyS3 18.0 86 8.4
Zns 18.2 88 7.6
ZnTe 18.0 87 8.2
ZnSe 18.0 79 7.4
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As shown in Table 15, when compared to the medium

to which Zr0O, was added, the SNRm value was better

when any of AlAs, AlP, AlSb, AlyS3, AlsSe3, AlpTe3s,

CdS, CdSe, CdTe,

ZnTe, and ZnSe was

FIG.

GaAs,
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GanS3,

InP,

InsS3,

Zns,

13 shows the relationship between the

addition amount and SNRm value when the matrix

compound was GaAs.

Moreover in one embodiment 1t was

found that the SNRm value increased when the addition
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amount was 1 to 20 mol%. Similar tendencies were
found when AlAs, AlP, AlSb, AlyS3, AlpSe3, AlpTez,
cds, CdSe, CdTe, GaP, GasS3, InP, InpS3, ZnS, ZnTe,
and ZnSe were added.

By using GaAs as the matrix material compound,
magnetic recording media having various underlayers
shown in Table 16 below were formed and evaluated
following the same procedures as above except that
the undérlayer was replaced with Ni-50at%Al, MgO, Cr,
or Pd.

Table 16 below shows the SNRm values when the

GaAs addition amount was 10 mol%.

Table 16
Underlaver SNRm (dB)
MgO 18.0
Pd 18.2
Ni50-Al150 17.8
Cr 18.1

As shown in Table 16, favorable SNRm values were
obtained regardless of the types of underlayers, so
all these underlayers were suitable. Similar
tendencies were found when AlAs, AlP, AlSb, AljyS3,
AloSe3, AlpTes, CdS, Cdse, CdTe, GaP, GapS3, InP,
InyS3, ZnS, ZnTe, and ZnSe were added.

Embodiment 9

Magnetic recording media using various matrix

materials were obtained following the same procedures
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as in Embodiment 5 except that Fe-5at%Co-50at3%Pd was
used as magnetic crystal grains, and TiN was used as a
comparative matrix material instead of ZrOj.
The R/W characteristics of the obtained media
5 were evaluated in the same manner as in Embodiment 1.
Table 17 below shows the SNRm values when the

addition amount was 10 mol%.

Table 17
10 |
SNRm | dpWso | erage
Compound grain
(dB) (nm)
size (nm)

TiN 17.5 128 12.6
AlAs 19.5 84 8.2
AlP 18.4 86 8.9
AlSb 18.5 89 8.5
AloS3 19.1 82 8.1
AloySes 18.6 73 8.6
AloTes 18.4 84 8.2
Ccds 18.5 76 8.0
CdSe 19.0 84 8.0
CdTe 19.5 76 8.6
GaAs 19.2 79 7.9
GaP 19.5 89 7.6
GapS3 18.7 85 7.8
InP 19.2 71 8.2
InyS3 18.7 73 8.3
Zns 19.6 74 7.9
ZnTe 19.2 75 7.7
ZnSe 19.5 77 7.6

As shown in Table 17, when compared to the medium

in which the matrix material compound was TiN, the
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SNRm value was better when any of AlAs, AlP, AlSb,
Al,S3, AlSes, AlpTes, CdS, CdSe, CdTe, GaAs, GaP,
GapS3, InP, InpS3, ZnS, ZnTe, and ZnSe was added.

FIG. 14 shows the relationship between the
addition amount and SNRm value when the matrix
material compound was ZnSe.

Moreover in one embodiment, it was found that the
SNRm value increased when the addition amount was 1 to

20 mol%. Similar tendencies were found when AlAs,

GaP, GapS3, InP, InyS3, ZnS, and ZnTe were added.

By using ZnSe as the additive, magnetic recording
media having various underlayer combinations shown in
Table 18 below were formed and evaluated by replacing
the first and second underlayers in the same manner as
in Embodiment 5. Table 18 below shows the SNRm values

when the ZnSe addition amount was 10 mol%.

Table 18

First Second SNRm
underlayer underlayer (dB)
Ni50-A150 Pt 19.5
Ni50-A150 Pd 19.4
Ni50-A150 Cr 19.2
MgO Pt 19.3

MgO Pd 19.2

MgO Cr 19.1

As shown in Table 18, favorable SNRm values were

obtained regardless of the types of underlayers, so
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all these underlayers were suitable. Similar
tendencies were found when AlAs, AlP, AlSb, AlyS3,
AlySe3, AlpTes, CdS, CdSe, CdTe, GaAs, GaP, GapS3,
InP, InpyS3, ZnS, and ZnTe were added.
5 Embodiment 10
Magnetic recording media using various matrix
materials were obtained following the same procedures
as in Embodiment 6 except that Fe-5at%Co-50at%Pd was
used as magnetic crystal grains, and TiN was used as a
10 comparative matrix material instead of ZrOj.
The R/W characteristics of the obtained media
were evaluated in the same manner as in Embodiment 1.
Table 19 below shows the SNRm values when the

addition amount was 10 mol$%.
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Table 19
SNRm dPW50 Average
Compound grain
(dB) (nm) )
size (nm)

TiN 18.3 128 13.4
AlAs 20.2 89 7.1
AlP 19.2 85 7.6
AlSb 19.3 83 8.2
AlsS3 19.6 86 7.4
AloSes 19.2 81 7.5
AloTes 12.0 79 8.2
Cds 19.1 86 8.6
Cdse 19.7 78 8.4
CdTe 20.1 85 8.1
GaAs 20.0 86 7.6
GaP 20.1 88 7.5
GapS3 19.3 89 8.3
InP 19.8 76 7.2
InosS3 19.5 85 7.7
ZnSs 20.1 74 7.6
ZnTe 20.0 73 8.5
ZnSe 20.3 81 7.1

As shown in Table 19, when compared to the medium
5 in which the matrix material compound was TiN, the
SNRm value was better when any of AlAs, AlP, AlSb,
Al,S3, AlgSe3, AljyTes, Cds, CdSe, CdTe, GalAs, GaPp,
GapS3, InP, InySs3, ZnS, ZnTe, and ZnSe was added.
FIG. 15 shows the relationship between the
10 addition amount and SNRm value when the matrix
material compound was ZnSe.

Moreover in one embodiment, it was found that the
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As shown in Table 20, favorable SNRm values were
obtained regardless of the types of underlayers, so
all these underlayers were sultable. Similar
tendencies were found when AlAs, AlP, AlSb, AlpS3,

20 Al,Se3, AlpTes, Cds, Cdse, CdTe, GaAs, GaP, GapS3,
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10 as a comparative matrix material instead of ZrOj.
The R/W characteristics of the obtained media
were evaluated in the same manner as in Embodiment 3.

Table 21 below shows the SNRm values when the

addition amount was 10 mol%.
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GaAs 18.8 89 8.1
GaP 19.0 86 8.7
GayS3 18.1 88 8.3
InP . | 18.7 84 8.9
InyS3 18.2 82 8.6
Zns 19.0 83 7.5
ZnTe 18.6 72 7.9
ZnSe 19.2 81 8.4

As shown in Table 21, when compared to the medium
5 in which the matrix material compound was TiN, the
SNRm value was better when any of AlAs, AlP, AlSb,
AlyS3, AlpSesz, AlpTes, CdsS, CdSe, CdTe, GaAs, GaP,
GasS3, InP, InpS3, ZnS, ZnTe, andlZnSe was added.
FIG. 16 shows the relationship between the
10 addition amount and SNRm value when the matrix
material compound was ZnSe.

Moreover in one embodiment, it was found that the
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& ()-eE+4$10%.! L& ()-$10%.! L& ()-$10% ! L& ()-$10%.! L& ()-'/-$10%.! L& ()-$10
%! L& ()- NhM &aBs, GaP, GapS3, InP, InpS3, ZnS, and ZnTe were
610% & ()-$10%.! L& ()-'/$10%.! L& ()-$10%.! L& ()-$10%.! L& ()-'/NIWT3
IiI(S‘!J/élgLO/@(ﬂS&S(Z) -1_! Laidtﬂsqi@rg ti%&'l(()())/(; &LL! 10% |t & ()-% Z2109% & ()-10! 10! 10! L7

"()-2 li=v|[:v / '()-S.YB10%.& .()-S "Y' 1Q% & () -z .Y 10%
gm()lboz/d gL!()lO%&' g)- BY! Yoo (Z)n-sﬁ(ﬁsot}'@@ arﬁﬁﬂo lfé) 0) -“?(Sﬂ“fg‘ﬂ.lofo!r(e) Zijd%g&' (3-

' '()-a O 109& ()-a_ . 10% & ()-5e|[:bUs . L110% ~ & ()- 110% & ()-
~10% & ()- d ° PEGYR é@véﬁngava!rf@d}& ("’}}-defilf%( S R AR 505 S(h)ois"“ld%&&( §) #
"10%.& ()- !'S10% & ()= 210% & ()- 109 & ()=, L1 10%.1 & ¢): RA
91'10% & () -5 1%&"%‘5( %—2 BRIa e, Forseh g éi%aga@&t(e)ﬁ by, %ﬁ%b’?)%%{ gV L9
911091 10% & ()3 391l0%:& 0hr SN Sl TS & 29Ik kel n & ()
91 10% &1() - 591 L0Vt R_E0 & (D 2k 10w THAM AR d )siRiDW A ue s
9#91 1098 & ()-5#3n 91 109% & ()-591 10% & () -591 10% & ()-591 10% & () -5{_?vU9

991 1098 & () - 59hARR &He) -7t 2HHEA%Wok (mchRtl 394 10 ~ALL098 & () -5_?vU9
991 109% & ()-59110% & ()-591 109% & () - 5#3n

Table 22
First Second SNRm
underlayer underlayer (dB)
Ni50~-Al150 Pt 19.2
Ni50-A150 Pd 19.0
Ni50-Al50 Cr 18.9
MgO Pt 19.1
MgO Pd 18.8
MgO Cr 18.7
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As shown in Table 22, favorable SNRm values were
obtained regardless of the types of underlayers, so
all these underlayers were suitable. Similar
tendencies were found when AlAs, AlP, AlSb, AlsS3,
20 AlgSe3, AlpTe3, CdS, CdSe, CdTe, GaAs, GaP, GapS3,

InP, InyS3, ZnS, and ZnTe were added.
Embodiment 12

Magnetic recording media using various matrix




91109% & ()-59110% & ()-5_?vU9

'991 109% & ()-591 109 & ()-591 10% & ()-591109% & ()-5#3n 9110% & ()-5 <vU9 #3n
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2@J{_?vU9  #9110% & ()-59110% & () - 5#3n
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91 109% & () - 591 1099 (JaHAHN0MR’ {3 -5 97 09k &nr(éewﬁ% sRd was
2°10% & ()- 9 010%& ()- 9 /10% & ()-. 9& ! 10% & ( %)

IF+8&10% & () - 9|qm4@§)m@%ﬁwr@mb%%a@@()aﬁ l%‘h‘fﬁs g*58d 13908 &' () -
93 S810% & ()- 99s610% & ()- 93 4 10% & %%@8 gg :10998"9& ()- s
1098" & () - @ 9" sCHIBF 3 9kV¢ JIIHHLX ﬂﬁ)@%‘? (3“5 R

9'*10998"9& ()-h |\

1098”08 ()- & 10998308 1Y A I60RERE-(3- Or & 4XAC TG edlig2g O- oy
"10998"9&' ()" 19298" 90 (1t 48°PE" e (1and ORBALOF L3~ 10/ BAFBG At 3.

Table 23 below shows the SNRm values when the

10 addition amount was 10 mol%.
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&@2" 10%r&' () - hij qyzhL410! 3 10% ul0% & () H u10% & ()-H ul0% & ()-H

10% & ()- nl0% & ()- 10! 10! cCL410! -
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#3, ul09% & () - H#3& , u109% &'o(nboldnudl)/i;s () - o B &gthid, U109 & () - HE$+0{ _?L4
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MNSVZ[ af {_?, 4Sk 1osSiiods &oeraoowstdlm SV 31 Sk10% & () -NBIK10% & () - NBK10%

(800 e 74500 € (0; IS0 £ U:ASUORS QS MPUSIEE () b

Sk109% & () - M <, 45k 10#31] SklO%& () I\/SklO%& () - I\/SklO%& ()-MBk109% & () - M#31
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49 alue 1ncreased when the addition amount was 1 to
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10997 9& ()- 10%" & ()- L&LOY®A"9& ()- L@0%R! 9& ()- L 10997"9& ()-
L&ML0%M" 9&' () - KU| [ : NA4; 10 L9"109%97"9& ()- L,y mlO%A"9& ()- L

£ 10997"9&' ()- LGLOY®A"9& ()- Lf310907"9& ()- L s10%07"9& () - kS74:

19" 109%97" 9&' () - 8809" 10907" 9&' () - 89" 10907" 9& () - 89" 10907" 9&' () - 89" 10907" 9&' (
) - 8sW' 4;

19" 10997" 9&' () - 89" 10997" 9&' () - 89" 1090~" 987() 89" 1090~" 9&' () - 89" 1090~" 9&' () -
89j | 74: 19" 10% s/ 109R & ()- s/ 109%& ()- Y -10% & ()-

+10% & ()-9"10997"9& ()-8"PvU4: *,10% %' & ()- &ML0% %' & ()- 10! &10! 10!
B110% & ()~ 8! 40¥5cBalbo1 ¥ TAAIMELLL- rabbrulhy ndAUE hEvihy 808 % & ()-
81 10% 9% & ()- Z109% 9% & ()- 3 10% %' & ()- @10% %' & ()-f FvUa:

11210% 9% ' & () skikl 2h0% % e&ik)rithl 2308b%aiRed) - hibhiaemnatg () -"

10% %' & ()- ml0% %' & ()- cOvU4:

11210% %' & () rabbkalfgh Mandbe) periEptaedos ' & ()-"11210% %' & ()-"!1210% %
& ()-"11210% %" & ()-"#$(-1_?vU4:

11210% %' & ()-"! | z Baighi9i'ofiall) atviante%ed agid( IoUES Lebiti0o% %611& ()-"11210%
%" & ()-"167<ADH ?vU4: _

11 z10% 9%&' & () repdileuewsug tp- thpseoskiddled( i theievdes ' Eheyretesex! | z10%
o' & ()-"H MRUYZ <vU4; , o

#3,x11210% % ' &he) inveptdonosngity. Prrafey, GEPects- 18 PPGorddised) tou3 x7 d
gkl r " DvU4; . , . .

#311210% %' & {EPe #Reghififoded@ids prd ropEeseRtatdys: FrPL9 s te ()- 11210
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#11210% %' & (PN 7% desgrdpedyBereing oo fGrogdPolyy Y65 Se ()- 11 210%
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#11210% % & %Qdﬁleﬁ?v%l%ns&ﬂka?— e FE5% IF-CBOPE SRR PR &) - 11 210%

R ()l'O"—?VU‘E irit d scope of the general inventive concept as
#11210% 0 & () 2T 21600 E50 1 171000 08 & ()= 112100 96" & () -" #3, x! | 210%
"W & ()-" <VUefined by the appended claims and their equivalents.

#3, X1 127100 9% & ()" 11210% 98" & ()-"1121006 98" & ()-"11210% % & ()-"#3, X' Dv
U4;

#311210% %' & ()-"#3, x!1210% %' & ()-"11210% %" & ()-"11210% %" & ()-"11210
% %' & ()-"{_2vU4;

B11210% %' & ()-"11210% %" & ()-"#3,x!1210% %' & ()-"11210% %" & ()-"11210%

o8 & ()-" vl
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#11210% %" & ()-"11210% %' & ()-"11210% %" & ()-"112z10% %" & ()-"#3,x!1210%
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#3,x!1210% %" & ()-"11210% %" & ()-"!11210% %' & ()-"!1210% %' & ()-"#3, x6: ?
BFGL' DvU4;
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rom the group consisting
of Zn, Cd, Al, Ga, and In, and at least one element
selected from the group consisting of P, As, Sb, S,
Se, and Te to form a perpendicular magnetic recording
layer having_magnetic crystal grains and a matrix
surrounding the magnetic crystal grains.

6. A method according to claim 5, wherein the
matrix contains at least one compound selected from
the group consisting of AlAs, AlP, AlSb, AlpS3,
AlpSe3, AlpTes, Cds, CdSe, CdTe, GaAs, GaP, GapSz,
InP, InpS3, ZnS, ZnTe, aﬁd ZnSe.

7. A method according to claim 5, wherein a
ratio of a mass of the matrix in the perpendicular
magnetic recording layer is not more than 20 mol%.

8. A method according to claim 5, wherein the
maghetic crystal grains contain at least one material
selected from the group consisting of Co-Pt, Fe-Pt,
and Fe-Pd.

9. A magnetic recording/reproducing apparatus
comprising: |

a perpendicular magnetic recording medium which

comprises a substrate, an underlayer formed on the
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10 a recording/reproducing head.

10. An apparatus according to claim 89, wherein
the recording/reproducing head is a single pole
recording head.

11. An apparatus according to claim 9, wherein

15 the matrix contains at least one compound selected
from the group consisting of AlAs, AlP, AlSb, AlpS3,
AlySe3, AlpTes, CdS, CdSe, CdTe, GaAs, GaP, GapS3,
InP, InyS3, ZnS, ZnTe, and ZnSe.

12. An apparatus according to claim 9, wherein a

20 ratio of a mass of the matrix in the perpendicular
magnetic recording layer is not more than 20 mol%.

13. An apparatus according to claim 9, wherein
the magnetic crystal grains contain at least one

material selected from the group consisting of Co-Pt,

25 Fe-Pt, and Fe-Pd.



