. THERVAL DI FFUSI ON CONTROL FI LM FOR USE | N MAGNETI C RECORDI NG MEDI UM

FOR HEAT- ASSI STED MAGNETI C RECORDI NG, MAGNETI C RECORDI NG MEDI UM AND
SPUTTERI NG TARGET 5CROSS- REFERENCE TO RELATED APPLI CATI ONS

This application clains priority from Japanese Patent Application No.
20 12 029717 filed on February 14, 2012, the entire subject matter of
which is incorporated herein by reference. 10BACKGROUND OF THE

| NVENTI ON Techni cal Field [0001] The present invention relates to an
Ag al | oy THERMALMMEUSHONSCONEREGL BH .M FIOR RSB M GNETTO RETORDONG

filmdispose acordi Ll mor an

under | yi ng IW%@%‘S % i%‘gfsgﬁﬁ‘& el pﬂ%ﬁ&@%&%ﬁﬁ&@?@i sk
drives for heat - assRECORDMENMEBIUMCANG SPUTHANGNG TARWRTCh magnetic
recording is assisted through |ocal heating with a | aser beam or

near-field light in a recording process, a magnetic recordi ng nedi um
usi ngsthe same, andcREPUREEERMNARTOSE 1csigposi tion of

20the Ag alloy thin film Backgroung Arti‘fqgggzﬁlﬁﬁglén%netl c recording
medi a, a heat - adus mpémawmimsanm@ﬁdmn@pmsmﬂmm AppiSatogdo. 2085 i S

nas. been o 3bpurd B4 2. e B Bt PPt s PR

fact thathetdiebyeefaehecrystal line ani sotropy of a recording nateri al
decreases with an increase of tenperature, and is an integrated
recordi ng nmethod of a magnetic recording technique and an opti cal
recondi ng techni que. Acc@ATRGROUNDOREME PPSERITEINMAgNEL i C
recording, 30in a high-coercivity nmediumthat cannot be recorded in
general magnetic recording, after performng recording by locally
decr easi ngch€a19994Ci vity of a recording magnetic portion by heat by
means of irradiation wwth a | aser beam the nediumis quenched to
room t enper at uf@Qld i ncrease the cohesive force during storage.
[0003] In the SR net c r co i nce | aser
irradiation i st@gh Iﬁeav%iﬁoglrﬁﬁtef l?Yﬁﬁf‘ﬂ clyisiseighs? t hat
in atlit Itlmnmhbdllﬁﬁuglbnfchmrcﬁiﬁllnﬁdlﬁlﬂuéd beztweyn abﬁlﬁnﬁmnurﬂ k@orﬂﬂl?'fﬂhiyor an
cool ed aft hea during .recor and the pediumis a

requi r ed "'# efh’é% aﬁ? gf %™ If TeFoF H%F\‘?Fi’tuw forpies n hagd dishyelrivenioshestot e

thernal dididtatsin@fnectid réd‘lﬁ&ﬁ@'(Hﬁ'l\fﬂﬁE%& Qfﬁlc%QHégrféﬁc fréc'ofﬂlﬁ'%}é da@ﬁstjaﬂ Hough

t her mal conduct|V|t i s di sposed between Substrate

under | yi H§al kgpiing b‘fléaﬁ Lﬂaﬂf&e@mmg nf:arrt?nqld hghz inp rebodingproess mphagnefic a

10filmc gL ecordin

i ncl udi ng&g1 t hﬁﬁltr?g di %‘?%ghlggﬁﬁ]go o %ﬂl '{ﬁ?ﬁgﬂf%gﬁ?e used%r &pOSI 1onr3}‘
20 the Ag alloy thin film.

Background Art
[0002]
In magnetic recording media, a heat-assisted magnetic recording in which a
25  target area is heated with a laser beam or near-field light only during recording has been
proposed. The heat-assisted magnetic recording utilizes the fact that the
magnetocrystalline anisotropy of a recording material decreases with an increase of
temperature, and is an integrated recording method of a magnetic recording technique
and an optical recording technique. According to the heat-assisted magnetic recording,
30  in a high-coercivity medium that cannot be recorded in general magnetic recording,

after performing recording by locally decreasing the coercivity of a recording magnetic



- The thermal conductivity and the thermal diffusivity are described
bel ow. The thermal conductivity is a quantity expressing a ratio of
rate at which thernal energy is 15conducted when a stationary
tenperature gradient is present. In contrast, the thermal diffusivity
iS a quantity expressing a rate at which a tenperature distribution
is relieved to becone a thermally equilibriumstate and is expressed
according to the follow ng equation. (Thermal conductivity) =

(Ther mal BRtipRusY heatyhy meanSé dirddigiomesith a JaséDemsi, the) madiim it Qeenched to

ight-h ' ' tion,.th I bt ai ned b
it pl yi | herEischlfe KRR LERo ARG e siFestonds 1o a

speci fic heat fg&003jol une. Since netals have a substantially constant
val ue irrespectI| Vﬁ f . the f:slgbstance t hereof, metal s having high
thermal conduct™} ?@eaé'la?dﬂ (ReepRgtisetHengadines lnsey dirqdiatjon trpevformeg i s
pr ef esabl duringashensiriing, es @dsirhbld thdt Sn Aok B i

11rI 4 n'additio [g%de é’%@l&&%%lgm

conductivity and the 25thermal diffusivity. conpar e "Wt h
Au and CumedigmpsEpidy cpplg after hrating durng fegeiding, ynditie thediuhdy aisabl e

G 1 s onan b Bye gt her i uantiy "Ik, 1 GE AP ploRor® plRAiEpgion. o
gener al | ythermal diffiisipin controbfjlen banih@bizhnbergiaheasiuRaviof issiespesal between a

nanomnet er asi Iy undergoes a.cha jnits film

struct ur es?lbés?{% éigan g(r%lgﬁﬁmér%‘éﬁrﬁrﬁﬁ%’o ‘ﬁPg g@@ r?‘ g(gng?ﬂ"Y?gan Bypmpkeatfiang.
On the otffierconfioration of bdcarRgsisted Az WEaAinERAEAUTN iAcliBEANE5mal
bet ween ?g](ijt%{xisﬁnetl C 2??(1 and a magnetic recording nediumis-very
small, a A eges il o magneti c recording mediumis believed to be
necessary to h 43 very snooth surface such that its Ra is about 1.0
nmor less. In_5addition, in the heat-assisted nmagnetic recording,
the magnetic rébetharmgl epadietinitysandhothetmalaliffugnity ewplesatbed deleat Thrg

exceedin : Lecel V. it of. such hi gh: erature .
eat i ng. oA PR iGE 65 EREbeNIATh Bligi She B Vet BRGA et s
nmagnél i c comiigtediwhenrestatiomai steaipemture gradiad id srefuay.elddtirakieade thermal
resi stan [000711 10Tt'{enk Patent Docunent 1 regarding an Ag. all oy
ther mal ATTFIAYh A SBRETECAPerIaRTIRG WHFD aFoppapar Heaibgonisgrlicved
thermal aobausiiathérnally ghilibiRb@hte Ahf fdisipvdstdt addb@in St théflowing
snoot hness, .and hi gh heat resistance has lg)een proposed. Patent

Document S4484PR¢| oses an Ag al | oy containing a prescribed amount of

retcri bod amoyernia@@ativiGR (PRERE] Bithikiet L 18P AROLANY Fafing. g
SUMRY OF THEN the/ERin-iordzddeoottbs foregoing equation ftke valre obfaidedlbyng t he

b -d | t : . the heat- i St t
Fecorai rg sy IR BR SegE IR be Rendd bRpebBh 08 et bl it oime

r ecor di nSincsmataby leviersedubbtyndalyroohSent @l @0ereSpecadlot (e sh@iRe thefcof,
Patent Document. 1, .th evall uat i on,vv:i performed in the vicinity of
the f or ISR g e sPBal cpdnetiviy s have bishdbemmal Bufishein Then, Ag is

di scl osgsrefeiatily lisedRsaiPhRtal that Rehigly § BAR RUMEALE L AURRVRS Snfdeaf t er
t he vacuum h?at treatment at 200 for 10 m nutes can be suppressed
to 90 r#l‘?’é‘i‘a HE&siviind that in Exanple 2, even after performing the
heat treat rrent[o?l@‘s]t he air at 400 C for one hour, the snooth surface
was kept, and the 'growh of crystal grains to be caused due to the

surface diff usﬁmotrﬁﬁarﬁbwfihhmtbmchﬂqQM§bmfﬁe lgigﬂ[aﬂ?_&ﬂzhal dfiffusivit;l'ﬁﬁfsgjé@r ,
in rece r eat. hysteresis in fabrj ion of a recording
ayer . HeLRRs teaipdEpra PR Y AP 8 i p g peaite G ergrakgigsion
conpr ehepsirvleflnand it is

30 [0006]

However, an Ag thin film generally has a high average surface roughness Ra of

several nanometers or more and easily undergoes a change in its film structure, such as



. assuned that the heat hysteresis during formng a recording |ayer
reaches about 600 C. Following this, a level of the heat resistance
required for the thermal diffusion control filmincreases nore and
nore. Accordingly, it is desirable to provide a novel Ag all oy

thermal diffusion control filmfor use in a magnetic recordi ng nmedi um
for heat-assisted 5magnetic recording, which, even after being
subjected to such very high heat hysteresis, is able to keep high
thermal cgrdugbiwh siyd anfice bergivehing)i Hyf heating.t @naindothégundinfthe thagnetic
srmothness and has excel nt Eeat resmtancg L?gg]éﬁ‘é In view Qf the

f or egoi ng 8? e FREHH R 2 df Cﬁ EVERE 2MARDAYS brad el gReordisding an

aspect of melianPk @sBnimdll) ued tHe@dFoleS the Gndapnené ﬂ;@or@%‘fﬁ\é&ﬂunﬁﬁ baliéRM to be
thermal diffusion control filmfor use I1n a magnetic recordi ng nedi um

for heat - BRSEFSRTEY hayg A METYCSRQth Pefasy sudththatits B4 trebapeh Ompeoriess In
hyst ersesi 600
C ot on 1 SRSy P E B RURAREL RaplE e et RRE RARRL BARBLs e
snoot hnesexpasdl méllﬁbteelmelﬁt@ﬂﬁsmamg/@mye@m &00 enand B?&BIVBEEEIPSIIMIC@f suah
magneti c [ 3 and a utt et
vaarul | f o RERESHE ERREEnd o Ped Re SR RfhePiER i hebfhun he
control fihgnetif 8@b2ing heedpume fseadéo deqyiesd todave l’ifglhlhé@tsreblbﬁné@ | owi ng
aspects. (1) Athermal diffusion control film
conprising an %{QO%X]I oy containing Nd, Bi, 20and Si. (2) The
thermgl di ff usimRnCPAEAToduilem ﬁ?é;gaf dgﬂal 1e aﬁlé} thaMRal ﬁmsﬁoh%oﬁgoﬁilhpy
0 a

contains:. Nd: nore than 0 atom c atomc %or |ess; | . nore

than 0 athsiing dkeforsrtiesafdngh: thosmg! m@@ytlvemdngl;ﬁmennniﬁlﬁfumhﬁn higtos
at om ¢ %s‘%ﬂg &5 rﬁtgcgfﬁ?ééu%ﬂrhl icat r Iﬂf&n?@ﬁ%%n%@ géd Oﬁatglﬁiﬁ(fc%.knem 1

may be a ther sl on ontr n a magne
r ecor di nglispbeies an fi\(grallhgaaonfaisﬁlma pmscmstgdetnoa:mt eftaach nﬁgld'ﬁnd/dr MeamdeBi,

diffusio ont consi st _es tial f the Ag all oy
cont ai ni nn"léla fg’@lk’lyaéﬁgﬁ] Wmﬁﬁﬁ p&%ﬁﬁgﬁ ‘Pur’f‘ﬁ’g Ry al | oy containing
Nd, BF and Si. [6@1&}013] (3) A magnetic recording nedi um

conprising the ther di ffusjon control filmaccording to (1) or
(2). hﬁaﬁ‘@??@l i%cﬁ‘ 8P Hg!08dBum may be a magnetic
recordi ng medi umfor heat - aSS|sted magnetlc recordi ng. [0014]

(4) A sputtering target, r| an Ag alloy containing Nd, Bi,
and Si. 5(5) The sputteri n§U Q(Ecﬂﬂ INYENTION , wherein the Ag
all oy contains: Nd: nore than O atomc %and 1.0 atomc % or |ess;
Bi: nore than O atomic % and 0.5 atomc %or less; and Si: nore than
0. 052&t omi c % &O(N9B atom'c % or |less. The sputtering target may be

used for pr Odu%tiﬁ% time 0% Eﬁngﬁle a%lozfgz gslc?lgeé: ﬁatent ocument 1, in the heat-

assisted magnetic recording, it was assumed that the heating temperature during
recording is approximately from 100 to 300 °C, and therefore, in Patent Document 1,
the evaluation was performed in the vicinity of the foregoing temperature. Specifically,

25  Patent Document 1 discloses that in Example 1, the average surface roughness Ra after
the vacuum heat treatment at 200 °C for 10 minutes can be suppressed to 1.0 nm or less;
and that in Example 2, even after performing the heat treatment in the air at 400 °C for
one hour, the smooth surface was kept, and the growth of crystal grains to be caused due
to the surface diffusion of Ag can be suppressed.

30 [0010]

However, in recent years, the heat hysteresis in fabrication of a recording layer

(heating temperature during recording) is getting more comprehensive, and it is



. 10fil maccording to (1) or (2). The sputtering target may consi st
essentially of the Ag alloy containing Nd, Bi, and Si, or may consi st
of the Ag alloy containing Nd, Bi, and Si. [0015] According to the
present invention, the conposition of the Ag alloy is 15appropriately
controlled, and therefore, even after high-tenperature heat
hysteresis at about 600 C, high thermal conductivity and high thernal
diffusivity and hi gh surface snoothness can be kept, and extrenely
excel | entasheatd thastlstieacley scaesibéurapsformihg a%eaﬁﬁhigrl@}er redches AHYRE AB0 °C,

diffusio trol .filmaccarding to the pre inyention is suitably
ised T or ECIRRGhERS 318k o e Rbee Sirnrorahias s Geaul dhguaen gonto
r ecor di ngfiln?{hcBiRbdshm b¥aalRinrk ON cebrdidgEy, m@\&é%le[tg%ghde 2 novel Ag alloy

FIG 1 is _an explanatory view show ng an exanpl e of
conf i gur aheial giftusiomcaopiygh Sim dor use o amﬂgnmuree@rdﬁmmh@mnfas b¢%fae‘dsted

magnetsi ¢ T

or dor 1 o BRERHGLABRE Mk Ive ) T o sholTY A B fters,

r esi st ande ableémkedpt igh rﬁleg;fmat emdectitiyrandhbamahyifeivityiand dfigtadiofate 600

C, the pr Lovent or vestigations on the basis of a
ternary a %E,ﬁng % P?g?‘g}q&)slé ffig the Ag alloys described in
JP-A-2011- 10832801 14s a result as shown in the exanples as described
| ater, it has ecorre rthat in the Ag-Nd-Bi alloy, when the

t enperat ure of ’P P{&‘Vﬁgg %swgﬁrgwrlétar% ihepsesant iveian has eeramadne

surfgoe BahRBRIS oFiGERERRS t Q]g&ﬁﬂ
becones | arge, 51?n%dot hus, hi gﬁvﬁgg)tn Iggjs@é?g%gﬁnﬁgn%%bg ensﬁ?gﬁﬁ%n
Then, as canieldiim fosfuse iy a megnasictrensiling ragstiuh fores!- -essistedmsgiagiat i ons,

it has b i i further
adding S LSRR AR, A MBS auhag R PR RBR D)
used, evemcrafstéto fﬂ:cgrlhéﬂ@ ﬁ@erlachnséngfmathalnyh&ten dseirslagdd 6f) BaCexdeHumr abl e

surface SO t hnes eaﬁs?ur t he averﬁ}\%%le surface snoot hness Ra
S oy R e i SBRD p S R P HRE po e s e agnoti

di f f USi VIrécy)rdlfL@h&aIﬁhdkmﬁthha@@Iﬁﬂiﬁrid teri®d tak e usHrRISPR thel OMBRIINT.

[ 0018] Spe%1 i fical l the thermal diffusion control filmaccording to

the preséhi? 3Esd 1py thermal Qrsfegloaﬁomgo NHUBi - Si al l oy. The ther nal
di ffusion contygiofi ! m may consist essentially of an Ag-Nd-Bi-Si
alloy or may consist of an Ag-Nd-Bi-Si alloy. 15 By using an

Ag- based quat effhap;esamtlloyerwamlmguddséhef fmilegmgfzgspc@srposr tion, it is

possi bl e to prpumi i.ff Qn _cont.r.ol

magneti c recor gl\ﬁr{galrre%g%fu(rﬁr?ﬁ h8n¥&?§s. s?@ﬁrlﬂﬁ%ﬁ%ﬁgcaurogc‘:(??%ﬁ@g Na/n]fgbh
is eXeel hkadhBi.in thermal conductivity and thermal diffusivity and
surface snooth ,. ot | ¥y [ med a after de sr tion but even
after high- ten@gﬁeuﬂma’c&ﬁ%’tﬂn&f gir‘g? ne t°6 \@erg@[tggg}g]allpﬁ

t he presemdtaingtvention, it is nmeant by the terns exceI | ent i n heat
resistance after high-tenperature heat hysteresis" that when heat
hysteresis at b9omers an foteeicohandild) #ppid drigsst he net hod descri bed
in the exanpl ef;.g35,4d ' b rmal conductivity
is high as 150 ?n K§ (b‘rl)t%rrglrn]:e@(at %/daq Pgtorngg:/ygg f&?sbh{?&t he 25aver age
surf2ke roughn&smd?athwmo.ﬁatnnmco% drglskatomialumtlessn: B), and Ra is

preferably 1.0pye thermal diffusion control film may be a thermal diffusion control film to

be used in a magnetic recording medium for heat-assisted magnetic recording. The
thermal diffusion control film may consist essentially of the Ag alloy containing Nd, Bi
and Si, or may consist of the Ag alloy containing Nd, Bi and Si.
30 [0013]
(3) A magnetic recording medium, comprising the thermal diffusion control

film according to (1) or (2).



- nmor less (evaluation: A). [0020] In particular, the characteristic
portion of the present invention as conpared with JP-A-2011-108328
resides in the fact that it is elucidated that Si is an effective 30
el enent as a heat resistance enhancing el ement after high-tenperature
heat hysteresis. The usefulness of Si is hereunder described in
detail on the basis of results of the exanples as described later.

[ 0021] First of all, Nos. 1 to 5 in Table 1 as described |ater
are concer ned whdmsgneticateddieg amgies mely HelremAgneBt rdddrdihg eyedfuinh for
descri be 2 10832 and these are concerned with exanpl es
of a ter g}ééraga% ﬁté%mg%net R %ﬂg amount of Nd is 5changed within the
range of from qDBD4]to 0.93 atom c %Wnile substantially fixing the

anount of Bi (% t 0,06 atomic %. Jn all of these exanples, though
t he t her nal ﬁgﬁl’t}ﬁt’?ﬂg&ﬁa{@ %Pﬁ’ﬁlstnér?ﬁeﬁ‘%ﬁ ipvesopisaming et Bl candSiat

650 Csfor 10 S€{§P'K‘H§sﬁ%@§rlﬁgt’a@%§h’c€ordﬁ1§% @e{}vﬂg%}ﬁﬁ%gé%c Alfess

(Ra) decreased.. O these erature
heat hysteresi Ndsemorp thanratomie 4 and 106 ataniic bé amlsss; he Iowest 10anong

t he foregoing ngs t\gﬁ%ﬁb%%ﬁﬁo( awsu%@kﬁe%%o?ssﬁg?%%] reach the

desirabl e | evel In
detail, it is f&otmdretthauOWﬁlatcenrt:%aiRMafotnﬁb"/hbgl&sierrperature heat
hysteresi S tenﬁ% econe g ﬁ?he ) roughness

favorabl e) wit H SAPTHEHEIEEHPAY RE VY fipe telin 1015§0nht°he

t her mal  dfiimchecdidirig i (aj 6xeqf2) hTEOshReHeE %g&%d}%ﬁdﬁb’&%&ﬁﬁﬁ&%ﬁ&nﬁg to
becone | O\H Accor di romthe viewpoint of realizing O

reduct i of18Y CPOHANERL ‘ﬁt ang §h OF BIFY €PRIITHOS thichg aﬂ%@@ﬁ@mnch{ tBinand be
considerag to nore increase the Nd amobunt of the Ag- B|-Nd alloy film
as conpared with that of the foregoing No. 5 (Nd anount 0.93 atom c
%. If so, it Mi5be expected that the 20 t her nal conduct|V|ty after

O P 2t e D48 Bl SRR B BRSOl BT oy
t he 1{fher mppropoatdlyatontroliyd, ahith atieréfore, etzen eﬁﬁefr h@hdeh@%ﬂh@hbaﬁﬂs@ﬁdsls% to
suppress f h-te erature heat hysteresis (nmerit) and an
action t BB‘HJESR@ ageﬁllghéﬁet EtéYt‘B’uﬂdl ek thegpaleitfpgiyiy @J@T]fb‘éh suifpce
heat hystsﬂtbsﬁthéss(cdﬁﬁelkbﬁt) alﬁ:[ &@Mw}beﬁ&ﬁeﬂm{e& REistéRcd GHMRAR the Nd
anount. [,0023] Accordingly,” it has been found fromthe results

of the f&CEYSMEy: éb@p@ﬁmﬁrﬂn?utlwaﬁontwl Slmaecqrdingdp the nrasnpinybhtéorsis of

t he preS@ﬁtt bl S%Htfbxoe[‘ 0
ornary ey YR mab e R hdlhm th el ESREE mp i C8lRah 0
30sof¥ed) . [0024] On the other hand, Nos. 9 to 14 in Table
1 are concerned with to the present
i nvention, in which Sﬁ@?ﬁsﬁﬁﬁim&% iﬁmgﬁﬁg alloy filnms of
t he foregm ng Nos. 1 to 5 while nmaking the Bi amount to the sane
degree. In theﬁ@ %-Nd-Bi-Si alloy films, not only the thermal
conductivity a 5imedi ately after deposition (as-depo.) were

favorabl e (evakuatlii9nn efplahdtbrydbwishdwil shRQample of a film configuration of a

25  magnetic recording medium for heat-assisted magnetic recording.

DETAILED DESCRIPTION OF THE INVENTION

[0017]
30 In order to provide an Ag alloy capable of ensuring favorable heat resistance
even after high-temperature heat hysteresis at about 600 °C, the present inventors made

investigations on the basis of a ternary alloy of an Ag-Nd-Bi alloy among the Ag alloys



- evaluation criteria should be referred to the section of the exanples

as described later), but the thermal conductivity and Ra after

hi gh-tenperature heat hysteresis at 650 C for 10 seconds were al so

favorabl e (evaluation of thermal conductivity: A, evaluation of Ra: B

or A). That is, it has been found that both high thermal conductivity

and high 10 surface snoothness (reduction of Ra) after

hi gh-tenperature heat hysteresis, which can not be acconplished in

t he for egdisaabeagnBP-AR04a1116§323. | Asa rasult, dsshawn anfilciesmmglchys titveribed

addi tion i ihs,, t ffects based on the ifion

of Si ar elg{e ’?[ E%Jrr%gééktckgrsgﬁ% tk%A §ﬁ§7:%3£18¥’i ‘%lée&atﬁﬁ SN q%ggef'\é\%a?

been f ounltystenesis istindreastt & atwni 600 20, the suteetshRofeaf deefealdsgind the

t enper at ur e heat steresis_ is effectively exhibited with an increase

of he- S PETME AR R B DECHRATANEH 70 (he% biefeghos epes apibe

heat Bystakests THes asesit AR REENYive hfd iﬂ%&sﬁ@'iﬁbés]ﬁ'gatﬁns,ailt hﬁ’sylféehl m
€ y

according.to hgf resent invention, for the purpose o ective

suppr essiRynd ey Sg-Ne-Bi- allpepbinined by darthanpdding 8t tasthd dieregoingi
while 20 i i e ml: Vi Lah- ture
neat hyst o garca il 8D (QAAR: oSSl bich Al Rlate P R
anount i rhysteresisi as A0 EhfavprabNcusfacusthoothmess oapl ersaredvilitenviiage sorfice

11 in Ta | gh: rne ' examples of. th resent.. . .
vent  oneogr RE368) SANERGTR Meb dncH T Biniie Bt B R et
i s débr edsmlihgmi® dcoohplishntent of @e pidsentRavafiioar hi gh-tenperature heat
hysteresi s beciﬁ&tgﬂi gh 25wi t hout sufficiently exhibiting the addition
ef fects based e addition of Si. [0026] Specifically, a

consi derat i on iSpediHEAly) el thempgiffusiin ctalbPfifln a&c%@cﬁz% td e pesthic al !
when exanples of the present invention (Nos. 9 to 11, conparative 30

exanpl es 1yggtEon gicfylegpn Agniyd-Bidh mlilent Thetiermsladiffusioq Montrdl Yilmsnay

C ol at ) e . ) i ch the Nd
ot (NS ey PPEHAE NGB ST d Pkl B g By & ook
= abbbt ®y0oBing i g-begedaqetesndrg tHoy hatingy thefforegdingwermposidonat Bthoskibie

respect Ra,after,.di gh-te ture heat hysteresis, the Ra was
low in ttrtfgplf)opglg raa%?mtaigf’@gﬂ% (@ngﬁ ﬂgﬁ% |y 1 %F@éﬁ%&ﬁ&?fﬁ% asdiny, fex)
-> ( exanptaassfted hegpetseobrdingy @hidhds bxcdlndigttRérnal Edhdub@yi LRt
exanpl es .o }VEQ E(;?‘]’rgese t invention containing from1.25 to 1.70 atomc

% of Si, SUHpeRnePashness moonbnimmediatels afterdepayitionhut eves aftar
the forepphnempeARAE bt steraIRt Aot 8Os acni ng only from 0.32 to 0.94
atom ¢ %%:‘h Si9 in V\/hich?ts.he Si armuntéiads: | ow as conpared with that
in t# exanpl ef08P] t he present invention, the Ra was high as from 2.2

to 3.4 nm (eva (WeTp M e ng vent i onal .ex e_not
contai ning Si ,iﬁéb%eﬁévﬁnﬁggﬁ? grkr%%%t ggﬁ?‘%% %fl&?ggﬂwat resistancg

t he f ol | afidriggliFtniperduredrbyhytsteeesishattvehenliteat Ingekbrésis dtfesocaser wher e
the Si appunt .in the Ag. all filmis . 1.70 atomc % (No. /11) at

maxi num & &- Bmllﬁo}?kg\%meﬂhd 4?&?}&&93 18 the $xamplRs & doé gd &ieT petrAnine
resul ts ok thdmmafl edrdaviivig, fs tyﬁglmrmam@m? bt ARR @vhll&dor: A )L Hi& the .
Ag-Bi - Nd-Si all of%{ contai ning substantially the sane anounts of 15 Bi

and Nd averdessertpee toyghness Bgds 2 mwar less (eyaluation: ByrandrRe isgmeferabisdl .0
wi th exafplgfesOtevaliftiBhesent invention, even when the Si anount is

i ncreased too tshge vP%flnlflt§fof 3 atomc % the desired effects (keeping
hi gh thermal d@A&ictivity and high surface snoot hness even after

hi gh-t enper at ur e hyst er esi s),. can,.be ensured. .That, i s, while not
described in ;ig&aglc%{iarv\%%ﬁﬁgﬁcst%g% Rosion ?fﬁ?@é@e%féﬁ%eé’i“{)gﬁs FAMPHEdsane
manner asith f2+A-201 Je6R328heddatinvie fayt Mat DG duERUEd @i Sids hAkEBEHRS

Ag-Bi. (0.35 atom.c %9-Nd (0.2 atomic W-Si (3. .atomc %9, not only the
thegr(?al JIReHICE A el esisance erbgreing plsmert %ﬁ%%@m@w@a@w@&s{%l. 4

W (nK) (EnealsefihR8of &) is hBkinddiQle5RitRf g Heti] N -hETRE AL & e Ale

examples as described later.



. about 3 atomc % Accordingly, it may be believed that in the
foregoing Ag-Bi-Nd-Si alloy film even when the Si anount is
increased to the vicinity of 3 atomc % the desired effects are
obtai ned. [0029] 5In the foregoi ng exanples, the thermal conductivity
after high-tenperature heat hysteresis was |ower in the order of
(conventi onal exanple) --> (conparative exanples) -> (exanples of the
present invention and in the foregoing exanpl es of the present

i nvention, the [08 Hst t her nal conductivity was obtained. However, all

of these exarrpl £ ta I|t rlterlon of

present i nventi e Daal ot Bk T PEEE TR dbtertnba M e Birchtl,

t her mal comalatdd axiatnplasas tmbhgﬁld\melldgeﬁ)hn dés@ﬂB&i in JP-A-201NepoB328VhaA
exanpl es of the rese nvent i on tq 14) .and a conventl onal
exanpl e (tﬁf) Hﬂ‘l’ RS ?f ?’@’1 loyon h(‘ili‘& aggynt pfNd i

Si), i5n wWhagke dtmuhldh@fm @bffrbt@t (ﬁzmtw 9F @R Y, Ahle atﬂamnﬁaﬂ? Fs’a‘fﬁg tﬁehe
Bi anount (B| ﬁfrgﬂ(naijelS about .1 atomc 9% are substantid i xed

wer e conpaiet Wb 06 atopug ?f‘é ﬁtaalépf&esw@mnlmﬁmah ﬂreéhﬂm
hyst er esi &ndﬁaﬁltﬁ%ﬁ@ﬁﬁllgggg\ﬁPeﬁtﬁré he ﬂ%’&reflgfa ﬁt:(P‘rt}/ Fcﬁltllo%?%l dg)évaarrpl e)

--> (exanples of "the p Inventio Ies
of the priegaable;the everaghsurtime ainnothgessi(Br) decdistdd Of DBseq ioNocSs dheRaSi |

the Ra wag eval ua

convent i onaef ﬁ%xméén%%g%ﬁ%%h%éﬁ tgrr?f“ﬁé” aé? Poi Pifed @u%BFWg%CEH’I’aﬁﬁﬁ%E’“?S% nm
[?osiph_ among thmfc&é@ixﬁg)ﬁegoNﬁgar&»ewﬁn!tms N?mhﬁoémtrfeﬁtchwd@%f hbltéilé%l
after high-t erature heat. hysteresis of the exanples of the present
inventio%ﬂﬂéeg&%&é? %tl Bt of the conventional exanpl e. However,
all of the examm2es of the present invention 25sufficiently satisfied

t he acceptablllté crlterlon 150 W&g\ K) or nore) and the desired
hi gh thermal c&hdeiaiiitistpunghthabwhide the Reeafies pigh-tedpsaiure heat hysteresis

addi ti on, and S.
10t o Sq e bae 18w dhe ohrbEr RIS bpeiRG v VTS e BL RS
Wi t hlﬁexa angowt (180 & heNpr &5 dwtthcrmeént)ndmmtlvmyeaﬁerdﬂgl’pﬁﬁnqﬁratm%at he Nd
anount e after high-t tur heat h eresi s can be
control | %&Q 1%\'5;'\1/3 5%11}3 50%?005%3 Bt {@@y, F‘?tm fsVICHHO g é&ﬂlﬁnﬁﬁ}ﬂéfﬁi t he
Nd anmpuntedustith gihthe Riahudier hiphttenpedage héathstdrbsis! ﬁlagr'ﬂerébﬁﬂﬂélgd Ifl‘f?ll‘ﬁ%re
the desired ‘%:\&erﬁgt eristi cs at a smal | er amount of 'Si as conpared

wi th t hat™9%s apguntpf ﬂ&‘ﬁgtﬁlw 9 logpfalax pyepmpared ‘é’lthé]@ﬁﬁ@fthﬁat | n
Nos. 9 t ﬂ)ré%mhg‘NW“‘ﬁ eNd BRR UM 8BRS ic%s r@% A map 20 ekﬁk?ct :
t esli ar ac erl Stl CS

to 14 the il mmay not be able to ave
unl &bt thermpl conduditvity aftenbighdemperatire henp hysieresis chntensely berohims o2 t 0

14. 5[ 00 ults th in the
case of B Bus itis fmpbssific oMoy g RSt L RS P Wital R B Ot e

made at themsal qmndwcttvitan Thaoi4, mtstfrfumd %a(bchh&n(aaﬂiblb@sa PP IBE R d‘ﬂe@m

t he resu11 of No 1? t[gé ? ‘1)% %003 tﬁleOACtl ons and effects
of the e gﬁéﬁ@gere gt hysiprgsigiyeripisng ap aeaqn o dereasedhe themmak cor di ng
to the peamleDivily iR hidnteaipriat AUATISEARRIELABH) afd03Tited with gn N | S

an el ement contrjbuting to an enhancénent of the surface srmotsﬁlness
(r edict i Wrregse eidhe Ndiamquatredi atel y after deposition and after

hi gh-t enper at L{rogzﬂeat 15hysteresis. The foregoing effect tends to be
enhanced with an I'ncrease of the Nd anount. However, when Nd is added
in excess, theAtdoedingly, Itdiﬂsjh‘tfmlmm@&omﬂsrﬁsoltﬂeﬁﬂle&segdmg bxperiments

i mredi at iti and.after hjgh-tenp atur heat.
hyst er estt?ll‘siyln?)n&egar ? (:ﬁggﬁj rprgl?q?mis of étr%ﬁeﬁi)&ge?t@naﬁ’ﬁf%lﬁrat g Rithgsace |
the Nd anubefgiBi-Nieaiarpalloy filin {the pobleaiidfihe present invention cannot be

30 solved).

[0024]




. 20The content of Nd is preferably nore than O atomc % and 1.0 atomc
% or less, nore preferably 0.1 atomc %or nore and 0.7 atom c % or

| ess, and further nore preferably 0.1 atomc %or nore and 0.5 atom c
% or less. [0036] Simlar to Nd, Bi has an action to enhance the
surface snoot hness. In 25particular, it nmay be assuned that its
action to reduce the Ra after high-tenperature heat hysteresis is

| arger than that of Nd (the details will be described later).

However, when BOnitise etieldtinidyNex ©as 44 it Tebleherrevbnoearduth Xpyd-Bi-Si
decr eases &0 thereforet d@ﬁt is preferable {ho%%pr riately caontrol_ .
the Bi anBunt T FEEfER O RRSoh VR Rk 1% Fisther added o thegberRié-
cont ent oNdBiloy $ilras ef g dblefoifP Nos! s Yhalk ke #hOBi BRbEnt BTk same
preferablgero.l atomc %.aor_|ess, nore preferably 0.07 atom c % or

| ess, and®$&7e Hathsss Ag-NeBictiabpy fiimpaiospplyithe thennall coaductivitg@ad Ra

rs d ( . _ ) ho. £ .

Ra af tor  prapd RSN BcRNAIA (X A8k Y QT b forfhalE, ARG o e
may be as%‘@ﬂf@ﬂﬂn coierieishowd peréfmmed tl the seatiion of chet axiampikshy desiribgd sater),

sputteri |, N Bi_(nof _shown 5in Table 1). at. s,
when g it Beimdl b SRRAL IMFRa fhor b SRRl B erth gy o0V b
descr i bedi (adzomedsbyera alsndatosable ygvakiatién sPthicirasli dadicaraet 8, walwRod@rnot
contain By apd e.ddentical in.the Nd amount but different only in
Che. i " arbtid o Ak Tt h it B ey o e b BAgh Nrecongiasivits ang high
(1. 4 10t orguefal sracsthids} (RASRIGnITRAD gftdrafi @R terRerAfra b at By steri® Wifich BanS!
(3 atomc %], the thermal conductivity after high-tenperature %eat
10 hyst er®%ps aggegplishedinipg frgeqing AgtBitiNé allonfilms cambe aecomplishdda)y thad
156. 5 W (gatfkich&aluation: A) in the case of (b), respectively, and
the Ra after high-tenperature heat hysteresis was 2.5 nm (eval uati on:
O in the casel[@2Xla) and 2.6 nm (evaluation: C) in the case of (b),

respectively. Sitl of ,the Ag.alloy. filmobtained b i ng
CaohCor T spib BefERRed hdta b i aRiondh i e The e AEfosq o 85
in the caeecribed abdvel andithas béandolnd that *hBPtHelRHON D fedli@ale RS after high-
descri bed above, WneHyconsi dergti on is made on the fact that even

when t he "SPPARGIfRCAE Rysierasis fptfestiysly exhibyed withendnense of theriiamouns
range of thd ez L1Chi Y- Wtk t

hystg er esij[s msﬂ????mﬁirﬁ%gﬁ}eltcmgrggléng%r%?ﬁroﬁgﬁgﬁjf%rggssgrreg %ﬁa#&?ﬁ&gﬁ@ B'
action ofnfe 4&7]3#“&‘{!13%@-11%5{411%30&@@8‘@ thithghpesent érention fhiethe phystsepsi s

is very i1 1S which.is the,. t

uni que tlgﬁ%%gvegrz ge?'[spg%iégailhﬁ\tllrleenl:t(ia %frtléahﬁ%ﬁ Jltegﬂjé%@@% tn ys\%ﬁ%‘fs&%é‘fesm?é% for
pr ov2@i ned¢mnhtheihjgh theenatebndwticite titer Kigh-adrhedratniegieat hewpediatitise heat
hysteresi s _and high surface s hpess after high-te ture heat
hyst er es PSQGSW%PO %’é’,m@fatéﬁ§ C%&% WP £ Telattongith g‘%%@ﬂ%‘%c@hent
of the suohpatsod YEEONbNDASS 1(ih FUbIe WHicR hreRhcBAEN witirR e Bls by taf t er
deposition and after hjgh- tenperature heat hysteresis. The foregoing

ef fect t BIfgetiRVepEoRKaIBe appunf ol f1 padaddagelation with tlsy Nd amonnt is

However , b | i : hh i \( S
o deor cacapelhs INEGER0 8 e RHERe gk pERIE ke B Yeland Rl

hi gh2% enpéthaetsuéliciently exhihignetieadditihe efeds basedronphe bdditibmof Siit i s
preferable to @Eﬁ]opriately control the Si 30 ampbunt in relation with
the Nd anount sucCh’ that the desired characteristics are exhibited. In
addi tion, as dSswifidatig, 4 edrsiderdtioniismpiebe tirbacistdigtblehe Ag alloy film
according to t@«a esent invention is deposited by the sputtering

nmet hod usi ng a ?:\g]r all oy sputtering target containing the el enents

whi ch consti t utiestloh g1l Aghed éx%ﬁlpﬁésloﬁ“the"ﬁ\é?e\‘l? fnve;?‘ﬁ?ﬂ@%? g} } @gy&ﬂf)arative

i ncreases, there is a concern that breakage o

sputiler i AEmRAesyBlos o tud)s anfliz ponyentenal exanuple ot Hers Agnadbted forsRaiertter i ng
target ofodihdMY ERYAdiGEA BB, TAUSicH theM¥a LG RA S8 2RBIGRY ately

atomic %) and the Bi amount (Bi amount = about 0.05 atomic %) are substantially




. elenments with a bal ance being Ag and inevitable inpurities. As
the inevitable inpurities which may be inevitably m xed therein
during the manufacture of the sputtering target or the like, C
(carbon) and 0 (oxygen) are exenplified, and these el enents nay be
contained in an anmount of 0.01 atom c %or 15l ess, respectively.

[ 0040] The configuration of the Ag alloy filmaccording to the
present invention has been described. The foregoing Ag alloy filmis
to be usefixeds were ¢nmpargd Wllthfrgmecmo ¢lorRa afterflighvteoreratar licat ]aystmgmgtthd:

recordin recordin and ts film
t hi cknlesg ?g\g%o hg{hf Fl) g ?('sonl%%qtngg&fg‘ e;r_> §°1PH% ﬁﬁ’ ?Sh >
gener al u@efmples of thetmes‘enr mgmthm) ahpddtaiftin GRForelgdingRem ﬁles of iR ﬂrésleﬁi

e rang

t hi ckness. of .the f EOI%%hﬁg Léfllmfa%ls wthint
from 10 tBYSHERERRE gft P& 3 eigriage af Potherika wes Homdh 6t008nm
pr ef ersabl gviigsatied Al)}’wh&%aﬁﬁtthé &k d@ﬁn@é&ﬁﬁé}%@eﬁdaﬁﬂﬂ% C%Hiétlﬁl %bxglg from _

target (hereinafter also referred to as a "target caus
accor di ngl-#dta§24 afomie & phal irewhish thesSi amonnt is lnww@\ppn@a@xlowlh that in the
i n-pl ane hi can
e baci Ty FaPied aie MSiche PRSRAS dOR FRAPRRA holl 2.0 By TR

pl ati ng n@), h@cblnbthe ebentional lssampkiaposortaiaimgriis thoRa \Bz&[tﬁém%hest as 7.3

In the fq{nqmtlon of the foregoing Ag alloy filmby the sputtering
met hod, iTis preferable to use an Ag alloy sputtering target

cont el()nl ng the [adit8je- descri bed el enents (Nd, Bi, and Si) as the

target. [0043] d Si iich are contained in the Ag all oy
sputtering tard ’f\gjer@goﬁéngc I &qr%ﬂtheﬁeﬁlhtﬁ@b&lmeﬁanrt@e @aawhambﬁSs as

those in dnfsantd B AQYalfoly!fiin EQWRVREmicBH (NS, ﬁl}f a%‘gﬁgr?ﬁ:tnhe %ﬂ) s liable

to be concentrated in the vicinity of the su al'l oy
film ancHCtVrF'éfﬁéflbméy be sufifi §16pﬂéﬁépféétﬁdefmméhe tehd tssfihe ﬁﬂ]omgng fmagmnemal

ol oy 11 (R RS ATy A BPRA ok cPRE i Rieal e sty A% A

0 atdhic Bl/oaadmwd(hsﬁh%teanﬂm %e:gmﬂgalﬂes 9a0d 1 mitich e ebatatdd/wih &xa&ﬁ;ﬁlﬁé &f %
or nore r egl otmc % or ﬁ'@ and further re preferﬁlgtl?/

atomc % orp SR MY SR £vey HHPE: 3 AMOPRYS 1Rgieased, iy thR viciit %tomlc

pr ef er abky, thodesiret affedls @eRping HeRiermalGoaltivay ¥ hidhetisfacdBhSothness
preferabl}é/rhqﬁl %%0 % or nore and 0.7 atomc %or 1ess, and further
mor e pr ef¥afiey M@utempsratine diesh hysterastsd camble ensgregk Jriat isyavbile ess. The
content gfge r % or
oos, more mred B DA PR e By in el Befl iy MRt Al
and iQJr t Hescrihed ebqyiedbarsittyl 3/spuitoriag twgat ofigrBirt:.35 atochi@ %) ¢0rR atd¥aior

I f. t.h f
ool & 0 S GRhis JE IR Bl né (AR Rtixil Bt B kem B ROERE, (1 "
pl a': te S hhwerexas wajy lﬂhpé\ﬁtf{nng) (epalmatide fs)bamah@RaﬁﬂéﬂEﬁghrt@nﬁfra@lre lfleat
sputteri es of a

manuf act ﬁ?ﬁt‘?{ggar o g? IH’P)(‘?‘WE a?l Sgg‘éb[ﬁ@e ?Oé?lﬁ?@%thnrﬂflﬂ%égénﬁié fi{m pgerasedand
casting B?hﬁﬁf thlﬁspﬂﬂt@ﬂﬁ% tﬁ%\&t\ﬁz{sl @ ni¥RéRe, HeRGVSE, @Hér?&’orfsﬁefﬁtﬁgﬁ made

met hod. [ 0046 al loy thermal diffusion contr
accotdi ngn e ﬁéhﬁﬁ%@mpqﬁﬂﬂ@ﬂﬁtbﬁ fqregaing smttering tragetiand the enagpositions

recor di nge e %{#&1@1& ERLEAPH NOLY IRIVRELC daré %&?Jegn% lttﬂ_g)gag'{lpg%sm%f the

confi guratl on gneti ¢ recording
magnet i cpB&amé umediwmanesdmmal iinrthe Bdamourftand &8l dnhours busdidfetent bslgfitithe
Repr es enél glflalu%t ydr a rel%tlon Ibetwe:en the composition of the sputtering targets in the
examples of the present invention and the composition of the Ag alloy film, the
30 composition of the thin film obtained using the foregoing sputtering target is probably
substantially identical with the foregoing examples of the present invention with respect

to the Bi amount and Nd amount, and it may be assumed that the Si amount is close to



. configuration is a lamnated structure including the foregoing
thermal diffusion control film at |east one underlying |ayer, at

| east one magnetic recording |layer, and at |east one protective

| ayer, on/above a substrate. The foregoing thermal diffusion control
filmis, for exanple, disposed between the substrate and the
underlying layer or the magnetic recording layer. FIG 1 shows an
exanpl e of a magnetic recordi ng nedium for heat-assisted magnetic

r ecor di ngahayt dafasmic the Adgordinigly itrhay brabeligived thei onthe Goregaihg fAig-Bi-Nd-Si

5accordin [ N, iAvention.may b apted, 1t. shoul ot be
constr u:adgh%gtph{} %‘égnp‘?’%g%%n ¢ gI}V\%, HIPEOIS e %HSF(ﬁﬁat?‘E 8 1t %ﬁ%@t‘)@)’(% ﬁ'@s
[0047] 10ddseepeffsentreiabvdndd.on is nore specifically described bel ow

with reference Ii)ﬁ%é he foll ow ng exanples, but it should not be
construed that ]present inventionis limted to the foll ow ng

exanplses. Vari qﬁ&haﬁﬂégdilgg;éia@fﬁﬂescfﬁ% tﬁﬁqﬂm@&l&eﬁ{dﬂeéﬁ}eﬁg TR r e R

departing fromthe gi st described above and bel ow. _
nodi f i catPErEesiy wWaslosst i theiorder wé (coarsmiional exaopbd ~of(cotparpiiesexamples)

i ti ] . . ;

vt o ASKARAPEBAARRE: hepon sl o S RESSENLC RN B et o
conduct i vinvgntioanidie dowésh termabamiinessty (VRa)obtaineg]. diewtveechll (2]

20S i fi | . i.et f | 1. fi havi thi 100
oo e decSinples sRint R dorSiyabofn aler o B8 pitrielon e PRERRGK) o
(sub<0r atrors), 28d (ke desirb@Bjghibertfl Behdactity wad 1G6S bSRpL er i ng

appar at us ( SH 8& manuf actured by U vac, Inc.). A conposition of
each of used spt¥i®ri ng targets is also described in Table 1. [0050]

25Sput tering cons,tviRhex@i@ladrie i d y <7.5 X
10-7 Ton Ar gas pressur e:fn? mror r ﬂ[r)e%gggn??rgtnﬁﬂ%%ﬁ?%gﬁﬁgﬁgso W
Subst r at €opesnbiepaterpapledimS) ahyimulated for (R-2A-2)1 3008828 1ho addition of SiJhie
conposi ti t i al fd was,~conf.i roed b ans of
a quant i t@??@%eana?rggﬁg%ﬁgﬁg{b&g% F@“&% étg]fné% 7 %%E eoﬁat‘%‘?‘ynf ?%:f‘m‘mm
em sd5 on =sqbeot 0.0 rmeireic: %) ar€RuBAAM aNMOBkkE,, weTa Bohaared e th teypeShionhe Ry

GREUT AR NIRRT A TN
fol I owi ngxarapiep+s (exhBPiElof tiERsssneIRBAtiGH). TNEEHR in GRNUETHI Iide
present invention containing from 0.09 to 0.29 atomic % of Si, the Ra was from 1.1 to
1.6 nm (evaluation: B); whereas in the conventional example not containing Si, the Ra
20 was high as 2.3 nm.

[0031]

In the foregoing examples, the thermal conductivity after high-temperature heat
hysteresis of the examples of the present invention were lower than that of the
conventional example., However, all of the examples of the present invention

25  sufficiently satisfied the acceptability criterion (150 W/(m-K) or more) and the desired
high thermal conductivity was able to be kept.

[0032]

In addition, when Nos, 9 to 11 (Nd amount = about 0.2 atomic %) and Nos, 12
to 14 (Nd amount = about 0.9 atomic %), all of which are concerned with examples of

30  the present invention, were compared, when the Nd amount is high, the Ra after high-
temperature heat hysteresis can be controlled low as described previously. In Nos. 12 to

14 in which the Nd amount is higher than that in Nos. 9 to 11, the film could have the

10



- Wth respect to the thermal conductivity, a sheet resistivity was
measured using 10 a four-probe resistivity evaluation apparatus, and
an electrical resistivity was cal cul ated according to the foll ow ng
equation (1) and then converted into a thermal conductivity according
to the followng equation (2) in conformty with the Wedemann- Franz
| aw. Electrical resistivity (15-2cnm) = 4.532 x (Sheet
resistivity) x (Ag alloy filmthickness) (1) 15Thermal conductivity
(W (m K) ) desirzg hqrE¢tedstics eah smelérsironint ¢f) Si(ak@omppred wift) thhODEds. 9 to 11.

Each of a~thin filmijnrediately . aft deposition. an thin film
after vacghlrlﬁ’eﬁseefg ¥ ef’jé‘gtghg hﬁoﬁ{l‘y%lﬁ?%?%gﬁ é%%‘@stﬂ AR setnalisy
E;(/al uiat edthan deat clih Ngs.tl? tb he,d the !ﬂhﬁ\&h@gn&_rbietaereiat\a ha{ré\trl;k fzalgsipédaﬁﬁfﬁcteristicsh
anpl e, a.sa . evaluated wwth a rating "A" wt respect to the
t her nal c'é‘ﬂaﬁfgﬁ? g’i YoYU ihinereadd ascempared vath Babadies: dAtakl after
vacuum heat tre@psynt at 650 C for 10 seconds was detern ned to be
acceptable. (Evaluation imediately after deposition) A: Thernal
conductivity 6dtinforrd frem thh &aaeing ssulic thavintthe 8@ ofB{ 94). 1 atomic % and

25( Eval i : 8 5 . A
20 Eval uakuan shif VB HAS b TR FlcsiBut 8 0 5850088h
W (nK) [ 0883k consitdéred froasthetresiktanpNes. & todugimdthe 8p.her mal di ffusivity

was not maasu:gﬁo%fﬁ 30 material having high thermal conductivity al so
has hi gh ther ffusivity as described previously. The thernal

di ffuei vity wasAdine ahdeifeR€bf the @leienat B, BY, aMB F}HhidH cbhRithtB M BIm
conductivity as sinply calculated fromthe sheet resistivity as

descri bedacﬁ%"él%}@.m theppysaant (nvisaEen avdwteubderlpastthgd. surf ace roughness

Ra) Ra 393al cul ated froma neasured value in an area of 3 um
X 3 p.musing an atomc force mcroscope (AFM. Each of a thin film

i mredi at el y af M isgagsmnant gontaihuting Btan enbindemeat ofethe varfargrsntvediness

t r eat ment 0) neasur e nd, eyal uat e
accor di n retq%a ﬁleOf%%)%g’\s\# %ﬁg@?{&@ﬁﬁgﬁw% e ea%tgﬁ?lgéggm?r@?mﬁh%npl e
eval Uat echysfetdsisa ThatforegoihA'effact thndsets he ghhdmeed héthRa ihdreadiottiad Mdaf t er

deposi tion an val uat e i.th a ting "B' or "A" after. vacuum heat
t r eat ment* ™65 OW‘fGSTWg?f‘V\géé ?‘ﬂfgg\}% &% Fael condpstiyiy: Espdan e

10( Eval uafetresisel oo ithat &bt y2a it defRs ddoiRer ﬂighﬁ@méez@td?é‘h&it Wp&teresis; O

nm ( Eval yati on after vacuum heat treatnent at 650 for 10 seconds)

A: Ra 1.0ngagticular, it is preferable to appropriately control the Nd amount in relation with the
Si amount.

20 The content of Nd is preferably more than 0 atomic % and 1.0 atomic % or
less, more preferably 0.1 atomic % or more and 0.7 atomic % or less, and further more
preferably 0.1 atomic % or more and 0.5 atomic % or less.

[0036]
Similar to Nd, Bi has an action to enhance the surface smoothness. In

25  particular, it may be assumed that its action to reduce the Ra after high-temperature heat
hysteresis is larger than that of Nd (the details will be described later). However, when
Bi is added in excess, the thermal conductivity decreases, and therefore, it is preferable
to appropriately control the Bi amount in relation with the Nd amount and the Si
amount,

30 The content of Bi is preferably more than 0 atomic % or more, and preferably
0.1 atomic % or less, more preferably 0.07 atomic % or less, and further more

preferably 0.06 atomic % or less.

11
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treatnment) A sanple was subjected to vacuum evacuation to 2.5 x 102
Paby using an 20 RTP furnace (ULVAC RT-6) and then subjected to
vacuum heat treatnent to 650 C at an average tenperature el evation
rate of 1 C/sec, followed by keeping at 650 C for 10 seconds.
Thereafter, the sanple was cool ed at an average cooling rate of 1

Cl sec,

t aken out.

[ 0059]
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and when the tenperature reached 100 C or |l ess, the sanple was

[ 005P32BEThese resul ts are al so described in TabI e 1.
(um gJ&E dc% ?ilb%'c?gbo%e Bi wou greatgr con%J 1bute to the reductlon giq{a apittt er

high-temperature heat hysteresis as compared with Nd. This may be assumed from the
experimental results obtained by using a sputtering target not containing Bi (not shown
in Table 1), That is, when Ag alloy films were deposited in the same manner as that
described above by using two types of sputtering targets which do not contain Bi and
are identical in the Nd amount but different only in the Si amount [(a) a sputtering target
of Ag—Nd (0.2 atomic %)-Si (1.4 atomic %) and (b) a sputtering target of Ag—Nd (0.2
atomic %)-Si (3 atomic %)], the thermal conductivity after high-temperature heat
hysteresis was 193.6 W/(m-K) (evaluation: A) in the case of (2) and 156.5 W/(mK)
(evaluation: A) in the case of (b), respectively, and the Ra after high-temperature heat
hysteresis was 2.5 nm (evaluation: C) in the case of (a) and 2.6 nm (evaluation: C) in
the case of (b), respectively. The composition of the Ag alloy film obtained by using
each of the sputtering targets (a) and (b) was not measured. However, in the case of not
containing Bi in a sputtering target as described above, when consideration is made on
the fact that even when the Si amount in the sputtering target was changed within the
range of from 1.4 to 3 atomic %, the Ra after high-temperature heat hysteresis was still
high, it may be thoroughly assumed that the action of Bi to reduce the Ra after high-
temperature heat hysteresis is very large.

[0038]

Si is an element which is the most unique to the present invention and is an
element which is useful for providing both high thermal conductivity after high-
temperature heat hysteresis and high surface smoothness after high-temperature heat
hysteresis. That is, Si is an element contributing to an enhancement of the surface
smoothness (reduction of Ra) both immediately after deposition and after high-
temperature heat hysteresis. The foregoing effect tends to be enhanced with an increase
of the Si amount. However, when Si is added in excess, the thermal conductivity tends
to decrease both immediately after deposition and after high-temperature heat
hysteresis. Therefore, in particular, it is preferable to appropriately control the Si
amount in relation with the Nd amount such that the desired characteristics are
exhibited. In addition, as described later, it is preferable that the Ag alloy film

according to the present invention is deposited by the sputtering method using an Ag

12



. heat treatment FLI L OS 17'E 7zt 80 9.0 91 E| Evaluation < <
< K K KK KKK KK KL

10

15

20

25

30

alloy sputtering target containing the elements which constitute the Ag alloy film.
However, when the Si amount increases, there is a concern that breakage of the Ag
alloy sputtering target occurs during manufacturing the Ag alloy sputtering target or
during sputtering. Thus, it is preferable to appropriately control an upper limit of the Si
amount by taking such a viewpoint into consideration.

The content of Si is preferably more than 0.05 atomic % and 3 atomic % or
less, more preferably 0.1 atomic % or more and 2.0 atomic % or less, and further more
preferably 1.0 atomic % or more and 2.0 atomic % or less.

[0039]

The Ag alloy film which is used in the present invention contains the foregoing
elements with a balance being Ag and inevitable impurities.

As the inevitable impurities which may be inevitably mixed therein during the
manufacture of the sputtering target or the like, C (carbon) and O (oxygen) are
exemplified, and these elements may be contained in an amount of 0.01 atomic % or
less, respectively.

[0040]

The configuration of the Ag alloy film according to the present invention has
been described. The foregoing Ag alloy film is to be used as a thermal diffusion control
film for use in a magnetic recording medium for heat-assisted magnetic recording, and
its film thickness is not particularly limited so far as the film is in general useful for the
foregoing applications. In general, the film thickness of the foregoing Ag alloy film
falls within the range of from 10 to 270 nm.

[0041]

The foregoing Ag alloy film is more preferably formed by the sputtering
method using a sputtering target (hereinafter also referred to as a “target”). This is
because according to the sputtering method, a thin film having excellent in-plane
uniformity with respect to components or film thickness can be casily formed as
compared with a thin film formed by an ion plating method or electron beam deposition
method.

[0042]

13
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In the formation of the foregoing Ag alloy film by the sputtering method, it is
preferable to use an Ag alloy sputtering target containing the above-described elements
(Nd, Bi, and Si) as the target.

[0043]

Nd and Si which are contained in the Ag alloy sputtering target may be
controlled in substantially same amounts as those in the Ag alloy film. However, Bi is
an element which is liable to be concentrated in the vicinity of the surface of the Ag
alloy film, and therefore, it is preferable that the sputtering target contains Bi in an
amount of about 5 times the Bi amount in the Ag alloy film.

Specifically, the content of Bi is preferably more than 0 atomic % and 0.5
atomic % or less, and more preferably 0.1 atomic % or more and 0.45 atomic % or less,
and further more preferably 0.2 atomic % or more and 0.4 atomic % or less. The
content of Nd is preferably more than 0 atomic % and 1.0 atomic % or less, more
preferably 0.1 atomic % or more and 0.7 atomic % or less, and further more preferably
0.1 atomic % or more and 0.5 atomic % or less. The content of Si is preferably more
than 0.05 atomic % and 3 atomic % or less, more preferably 0.1 atomic % or more and
2.0 atomic % or less, and further more preferably 1.0 atomic % or more and 2.0 atomic
% or less.

[0044]

With regard to the shape of the target, any shape (for example, a square plate
shape, a circular plate shape, a toroidal plate shape, etc.) depending upon the shape or
structure of a sputtering apparatus may be used.

[0045]

Examples of a manufacturing method of the foregoing target include a melting
and casting method, a powder sintering method, and a spray forming method.

[0046]

The Ag alloy thermal diffusion control film according to the present invention
is suitably used for a magnetic recording medium for heat-assisted magnetic recording.
The film configuration of the magnetic recording medium for heat-assisted magnetic
recording is not limited so far as it is usually useful. Representatively, the film
configuration is a laminated structure including the foregoing thermal diffusion control

film, at least one underlying layer, at least one magnetic recording layer, and at least one
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protective layer, on/above a substrate. The foregoing thermal diffusion control film is,
for example, disposed between the substrate and the underlying layer or the magnetic
recording layer. FIG. 1 shows an example of a magnetic recording medium for heat-
assisted magnetic recording to which the Ag alloy thermal diffusion control film
according to the present invention may be adapted. It should not be construed that the

present invention is limited thereto.

Examples

[0047]

The present invention is more specifically described below with reference to
the following examples, but it should not be construed that the present invention is
limited to the following examples. Various modifications may be made to these
examples without departing from the gist described above and below. These
modifications are also within the technical scope of the present invention.

[0048]

Example 1

In the present Example, influences of the composition of an Ag alloy thin film
on the thermal conductivity, and surface smoothness (Ra) were examined.

[0049]

Specifically, a variety of Ag alloy films having a thickness of 100 nm as

described in Table 1 were formed on a silicon substrate (substrate size: 6 inches) by

- using a multi-target sputtering apparatus (SH-200, manufactured by Ulvac, Inc.). A

composition of each of used sputtering targets is also described in Table 1.
[0050]
Sputtering conditions are as follows.
Background pressure: < 7.5 x 107 Torr
Ar gas pressure: 2 mTorr
Deposition power: 10 to 300 W
Substrate temperature: Room temperature (22 °C)
[0051]
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The composition of the deposited Ag alloy film was confirmed by means of a
quantitative analysis using an ICP emission spectrometer (ICP emission spectrometer:
“ICP-8000 MODEL”, manufactured by Shimadzu Corporation).

[0052]

By using the thus obtained Ag alloy film, its thermal conductivity and surface
smoothness (Ra) were examined in the following manners.

[0053]

(Measurement of thermal conductivity)

With respect to the thermal conductivity, a sheet resistivity was measured using
a four-probe resistivity evaluation apparatus, and an electrical resistivity was calculated
according to the following equation (1) and then converted into a thermal conductivity
according to the following equation (2) in conformity with the Wiedemann-Franz law,

Electrical resistivity (u€2-cm) = 4.532 x (Sheet resistivity) x (Ag alloy film
thickness) - (1)

Thermal conductivity (W/(m-K)) = 753/(Electrical resistivity) (u€2-cm) - (2)

[0054]

Each of a thin film immediately after deposition and a thin film after vacuum
heat treatment at 650 °C for 10 seconds was measured and evaluated according to the
following criteria. In the present Example, a sample evaluated with a rating “A> with
respect to the thermal conductivity both immediately after deposition and after vacuum
heat treatment at 650 °C for 10 seconds was determined to be acceptable.

(Evaluation immediately after deposition)

A: Thermal conductivity > 60 W/(m-K)

B: Thermal conductivity < 60 W/(m-K)

(Evaluation after vacuum heat treatment at 650 °C for 10 seconds)

A: Thermal conductivity > 150 W/(m'K)

B: Thermal conductivity < 150 W/(m-K)

[0055]

In the present Example, though the thermal diffusivity was not measured, a
material having high thermal conductivity also has high thermal diffusivity as described
previously. The thermal diffusivity was here indirectly evaluated by measuring the

thermal conductivity as simply calculated from the sheet resistivity as described above.
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[0056]
(Measurement of average surface roughness Ra)

Ra was calculated from a measured value in an area of 3 pm x 3 pm using an
atomic force microscope (AFM). Each of a thin film immediately after deposition and a
thin film after vacuum heat treatment at 650 °C for 10 seconds was measured and
evaluated according to the following criteria. In the present Example, a sample
evaluated with a rating “A” with respect to the Ra immediately after deposition and
evaluated with a rating “B” or “A” after vacuum heat treatment at 650 °C for 10
seconds was determined to be acceptable.
(Evaluation immediately after deposition)

A:Ra<1.0nm

B:Ra> 1.0 nm
(Evaluation after vacuum heat treatment at 650 °C for 10 seconds)

A:Ra<1.0nm

B: Ra: > 1.0 nm and < 2.0 nm

C:Ra>2.0nm

[0057]
(Vacuum heat treatment)

A sample was subjected to vacuum evacuation to 2.5 x 107 Pa by using an
RTP furnace (ULVAC RT-6) and then subjected to vacuum heat treatment to 650 °C at
an average temperature elevation rate of 1 °C/sec, followed by keeping at 650 °C for 10
seconds. Thereafter, the sample was cooled at an average cooling rate of 1 °C/sec, and
when the temperature reached 100 °C or less, the sample was taken out.

[0058]

These results are also described in Table 1.

[0059]
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- 1.32Si  Ag-0.35131-0. 2Nd- 1.42Si Ag-0.35Bi-0.2Nd- 1.72S

Ag- 0. 35131-0.93Nd- 0.07Si Ag-0.35Bi -0.93Nd- 0. 16Si rc7-1 11 1
61 111 zdlI "1 [ 0060] As is clear fromTable 1, in Nos. 9
to 14 (exanples of the present invention), each of which contains Nd,
Bi, and Si with the appropriately controlled amount, high therma
conductivity and favorable surface snoot hness were exhibited not only
5 imrediately after deposition but after high-tenperature heat
hysteresis. In H@leion it can al so be confirnmed fromthese results

that the foregoin ave, thernal diffusjvity. On the
other hand, in %ﬁ)gscei i&% h]gg 3@34%% ‘Eﬁh H’B%‘fminveé‘%’i”p > of
whi ch doeeach@tmeﬁxm @nitei i NdoBi] ah0Si whih i dbpréifabel ol agRha hih
Nd, Bi, and Si in . which the Si amount i s not appropriatel

cont rol | elperpal rcep Hatiy#y wine Fvordlagnriass sheothuessieers gxiuibted ¥iness
af ter shi gikyrhEIREIyAHY: Bepfifiod Wi bRECHER-1IRG: 88RE kAt hysteresis. In addition, it

can also be confirmed from these results that the foregoing examples have high thermal
diffusivity. On the other hand, in Nos. 1 to 5 as simulated for Patent Document 1, each
of which does not contain Si, and Nos. 6 to 8, each of which contains Nd, Bi, and Si but
in which the Si amount is not appropriately controlled in relation with the Nd amount,

10 the surface smoothness after high-temperature heat hysteresis decreased.

19



VWHAT IS CLAIMED | S: 1. Athermal diffusion control film
conprising an Ag alloy containing Nd, Bi, and Si. 5 2. The
thermal diffusion control filmaccording to claiml, wherein the Ag
all oy contains: Nd: nore than O atomic %and 1.0 atom c % or |ess;

Bi: nore than O atomic %and 0.1 atomic %or |ess; and 10Si: nore
than 0 05 atomc %and 3 atomc %or |ess. 3. A magnetic
recordi ng nmedium conprising the thermal diffusion control film
accor di ngMRAEIRIGhAIMABASA nmagnetic recordi ng medi um conprising the
thermal diffusion control filmaccording to claim2. 5. A sputtering
target, conprising an Ag alloy containing Nd, Bi, and Si. 206. The
sputtering target accutidimgl diffusibaicontbol fithe t@hprisihe afd galllo®ontaining
cont ai ns: Nd% rn)cLﬁ than O atomc %and 1.0 atomic %or less; Bi: nore
than 0 atJfiib 83984 0.5 atomic %or Iess; and Si: nore than 0.05
atom g %and 3 atomc %or |ess.

2, The thermal diffusion control {ilm according to claim 1, wherein the
Ag alloy contains:

Nd: more than 0 atomic % and 1.0 atomic % or less;

Bi: more than 0 atomic % and 0.1 atomic % or less; and

10 Si: more than .05 atomic % and 3 atomic % or less.

3. A magnetic recording medium, comprising the thermal diffusion

control film according to claim 1.

15 4. A magnetic recording medium, comprising the thermal diffusion

control film according to claim 2.
5. A spultering target, comprising an Ag alloy containing Nd, Bi, and Si.

20 6. The sputtering target according to claim 5, wherein the Ag alloy

contains:
Nd: more than 0 atomic % and 1.0 atomic % or less;
Bi: more than 0 atomic % and 0.5 atomic % or less; and

Si: more than 0.05 atomic % and 3 atomic % or less.
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