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induced by the SPT head is insufficient for recording, thus limiting use of the

perpendicular magnetic recording technique in HDD applications.
The recent advances in magnetic recording technologies have enabled PMR
with a ring-type magnetic head that has been used widely in LMP due to its ability to
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30 perpendicular magnetic recording technique.

To overcome the effective perpendicular magnetic anisotropy energy
reduction occurring in such a single-layer PMR disk, a pseudo double-layer PMR
disk capable of reducing the demagnetization energy of its perpendicular magnetic
recording layer has been developed.
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25 increases in both the signal and noise levels, the pseudo double-layer PMR disk has
a signal-to-noise ratio which is too small for high-density recording. Therefore,
there is a need to reduce a noise output level originating from the perpendicular
magnetic recording layer 23 of the pseudo double-layer PMR disk to obtain a SNR
large enough for high-density recording.

30 Reducing a noise level is also advantageous to the signal-layer PMR disk for
improved SNR. For this reason, there have been continuing efforts to reduce a
noise level amplified by the perpendicular magnetic recording layer itself in the
single-layer and pseudo double-layer PMR disks for improved SNR.
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maximum perpendicular remanent magnetization is greater than that of the ratio of

perpendicular coercivity Hc to maximum perpendicular coercivity Ho .
Preferably, in the range of thickness of the perpendicular magnetic recording
25 layer, a noise level constant of proportionality ¥ expressed as the following formula
decreases with reduced thickness of the perpendicular magnetic recording layer:

4nMr
Hc

a =

30 where Mr is the perpendicular remanent magnetization and Hc is the
perpendicular coercivity.
It is preferable that the perpendicular magnetic recording layer is formed of a
CoCr alloy. It is preferable that the perpendicular magnetic recording layer further
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disk and the pseudo double-layer PMR disk;

25 FIG. 4 is a graph showing variations in perpendicular coercivity Hc with
respect to variations in thickness of a PMR layer;
FIG. 5 is a graph showing variations in domain diameter and proportional
noise level constant V with respect to variations in thickness of the PMR layer;
FIG. 6 is a graph showing variations in perpendicular coercivity ratio Hc/ Ho
30 and the perpendicular remanent magnetization ratio Mr/ Mo with respect to
variations in thickness of the PMR layer;
FIG. 7 is a graph showing variations in signal and noise levels with respect to
recording densities in fFRPI for single-layer PMR disks manufactured in Examples 1
and 2 and Comparative Exampie 1;
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per pendigditids ih KFEHFITbr ﬂ@ﬁ@édd@éélﬂﬂ?ﬂé\}érqwﬂ:\q:iﬁksi Qﬁghfd&tﬁﬁédriﬁduced

thi ckness of the nmagnetic recordin ayer, wh ue to the fornmation of
m cr o- doxanples & and dand Gemparative kxampleciianght of proportionality b'. In a

pseudo doubl g7 e i r.oi . i 1on. the 25

t E?c kness of E'Q ’ %50@%?89@&5%@9&‘%@%8&3#% R!F%@ﬁ Prlgép é@éﬁgé%&p g’ga

t hi cknegehsitiesihikFRRIer trey PMRIdiskb anaradactared inyCoepaeatbestxamngdles 1 and

m cro-domains are formed in the CoCr all oy magnetic recording | ayer,

t her eby2 PBAEPAPIRSAANA bvel s with i nproved SNR. The inventors of the
present invention also have experinentally found the same efifect in a
single-layer PVMR disk. so According to a preferred enbodi nent of the
present invention, aDEIAIMBDIIESCEIPAI@N GIVRHE tNVEMITON manuf act ured as
follows. An underl ayer, that induces the endi cul ar, orientatipn of a PMR
| er 15 forRaaciegSsihe lnadonoieyatg SR &l Lgokaayst SLpsdR um (A
al | oy sahis-ayer Rery@dicitadepenktit edcoraifg! (PVR)Bidk 24 AoRkef Ibvergieild Bel ayer
is formed on t'he underlayer to a thickness of 3-30 a 2 ~r MAC ¢c003 nm
and t hdfduped pihite|keeping & siapahieyet plea EMR 1ayeas coRstanheshioBe levels@ram  Next
a prot Lve: | i ar L4l L e PMR
ayer. HoRMRionaY e Aglavel iRl o BHEh Rod iR tthp b RdF RIS
above fafrevérsedspaghetiboddrhainsdgemed® b mgnetic moordihgtlaydreas expressddat e
soft negtic 5(‘#@ g is not formed. Suitable materials for the underl ayer
f&% pr my'a ?{Vﬁ" Wendi cul ar orientation of the PVR | ayer include a
titanium (Ti) alloy, a non-magnetic cobalt (Co) alloy, a platinum (Pt)
alloy) and a palladium (Pd) alloy, but a Ti alloy is preferred. In the
present invention, the protdeMrve | ayer and the |ubri car}z | ayer can be 1 o
formed of any nmaterial t% anggrbitrary thickness within )predeterm' ned
range for normal deposition in the field wthout limtations. The present
invention will be described in greater detail by neans of the follow ng

exanpl es. The fallow ng ex les are for illustrative purposes and are not
ntenadeis s e, o thagisiEia epiEneny Bagnszate ang Hepiding S A"

upgler | %Eeﬁ‘@i&u&?@,@éfdi\ﬁ@. t IrRréfars kABESIsH nSdY fiMedicd thb Admetehotrat e

havi ng ‘a 650-nmthi ckness. A CoCr alloy PMR | ayer was forned on the Ti

magnetic domains in the magnetic recording layer to reduce the noise level.

The domain diameter in the magnetic recording layer is dependent on the
balance between the magnetostatic energy and domain wall energy. In particular,
30 to lower the magnetostatic energy, there is a need to divide domains in the magnetic
recording layer into a number of micro-domains to form closed magnetic loops.
However, the domain wall energy is increased due to the increased number of
micro-domains, thereby increasing the total energy level of the PMR layer. The



underl ayer to a thickness of 35 nm a carbon-based | ayer acting as a
‘protective |layer 20 was forned thereon to a thickness of 10 nnlzdpngFaznog
l-ubricant | ayer was formed thereon to a thickness of 2 nm thereby o
resulting in a single-layer PMR disk. < Exanple 2 > A single-layer PWMR di sk
was manufactured in the sane manner as in 25 Exanple 1 except that the

t hi cknessyn of elesyoptaticlengegy and demaimvall enesgy red she-dpmgEin digmeeteaave was
deposi t i of 50 nmon a glass substrate having a 650-nm
thickné@gféﬁﬂﬂpg?éﬁﬁgﬁﬁﬁPe Ni Fe all oy soft magnetic |ayer was 30 forned
thereon to a thickness of 20 nm and a CoCr alloy nmagnetic recording |ayer
was fornmed as a PVR [ayer_thereon to a jhickness of 35 nm Next, a

car bon- based | ayer a viﬁ&%a§ ékprﬁ@ng?J3+lﬂyg? was foffed thereon to a

thi ckness of 10 nm and a lubricant |ayer was formed thereon to a thickness

of "2 nm thereby resulting in a pseudo doubl e-1ayer PMR disk. 9 2 ~
h, ~AF; vifferes Es;, B ihepiatalenergy pbtheddMbolalyes- Eqy ds trrvBlegirortalieenesgyuobict ur ed

inth ' 5 t .that the thick f PMVR
| ayer e PSR alpap al Ve e et as the Bamiath el SHEEY Stlie 0B e
nmanuf aQé(%ﬁreahdi\raléﬂﬂetos ANEDTERGBEls B sdlufatioRithggdetization! I higtthel@nidihckness

of the CoCr alloy magnetic recording |ayer as a PVMR layer was 50 nm io0 <
Conpar &ligmetarx amds éhe dsmainwail éheaa Anel Iayis thepiticknesr afdlke PR 1axarur ed in

t sanme manRner . as .| I tol 2 tQ f the CoCr all oy
ghetic reg'gbr'([ﬂ'rﬂéﬂ%é;tyhgﬁggg eﬁeﬁ@ftﬁ%""@@%?ﬁm%%ﬂﬁf@t?"? shows
vari at ighestrostatid emerigyaimd durhaie walvehergyl expreeseeas foonuiaqs) dboe, deasi ti es
in kFRPI for the sin Ie-Iatyer_PIVR di sks manufactured in Exanples 1 and 2
and Coffemainidirmetes ) &s detemingdhgpsadonfaymua (Pre'evgnal | evel increases
wi th reduced thickness of the PVMR | ayer due to increase in perpendicul ar
magnetic field 20 gradient. Al so, the noise level is nmarkedly decreased due
to formation of micro-domains. FIG 8 shows variations in SNR with respect
to recording densities in kFRE =f.oT-F/€ singl e-l1ayer PMR di sks(fanuf actured
in Exanples 1 and 2 and ConparatiVé Exanple 1. As shown in FIG 8, the SNR
i yproves with reduced thickness of the 25 PMR | ayer, due to the increase in

signal level and decrease in noise |evel as described in associated with
FIG 7. FI GAsisapprtentdrarafoamgaih) abeymithathicknasse I afdhe MR iayasdpact to

e TSR e aelo TRk % AR B h bl AckatRs e
FI G 9dontan siigmeter £o ih éhvee PMA tayensed thetebyrto dowennoibe dévedss of the PMR
layer, due t|r(? rriiélr(\:t}fgc Eﬁnigré conventional PMR disk, to reduce a noise level of its PMR
20 layer, the thickness of the PMR layer is determined to be a point at which the
perpendicular coercivity Hc has a maximum value, thereby resulting in a minimal
value of the noise level constant of proportionality ¥V expressed as formula (2) above.
As an example, for a CoCr alloy magnetic recording layer of a conventional PMR
disk, the perpendicular coercivity Hc is abruptly decreased at a recording layer
25 thickness no greater than 50 nm, as shown in FIG. 4, which shows the ratio of
perpendicular coercivity Hc to maximum perpendicular coercivity Ho with respect
to thickness variations. Thus, the CoCr alloy magnetic recording layer is formed to
be thicker than 50 nm in the conventional PMR disk for noise level control.
However, a high-coercivity magnetic recording layer as thick as 50 nm or
30 greater is not enough to reduce the noise level constant of proportionality V, as
shown in FIG. 5, for a pseudo double-layer PMR disk. Also, there occur additional

noises (jitter) in the pseudo double-layer PMR disk due to the use of the intermediate



per pendi cul ar magnetic field gradient and due to the reduction of

‘demagneti sation by formation of the soft magnetic |ayer. Al so, tf'gq N@Aﬁemoa
|.evel is markedly decreased due to formation of m cro-domains. ~ "

| ~~,P ~0~3 FIG 10 shows the variations in SNR with respect to recording
densities in kFRPI for the pseudo doubl e-1ayer PVMR di sks manufactured in
Exanpl esofBmagaetic layer.dbrityaiesulingyia@ihigh nolsssleyabwiqeardingly, the SNReisSSNR
inproveﬁ %ﬁth reduced thi ckness of the PVMR | ayer, due to the increase in

si gnal ®Rel and decrease in noise s level as described in associated with

FIG 9. FI GFIG. sshogws tHd vaiationgdnvelofrizen dimeter with resp&tiRowiatiatioes frect t o
recording densities in kFRPI for the conventional single-I|layer and_pseudo

doubl e thigkeesprRadraiisalipnmagnaticmaeningilaverds e-psaudgydanbigriaves FMBor di ng
| ayer fo I - ] & \sdesy | a
20¥nm ta(ﬁlgi((:k %%@8‘3’?’:"335 '%g%ﬁ'@a%%p’?@%% ﬁéﬁfeégﬂc\a?@egé:cor dél}:;%f ?g t he

pr esentmagretit rewording daysatthickpess/smalier than Shikthiskrdescatwelich dhe t he pseudo

doubl e | PMVR di sk . ding.to th £ tion_ havi ti
Fecor i PRTPRRYIEHES SO Ts Gtets B JETRRES o AbReithDY. tadlindifs deltte, i n
2 PMR diofifeaes adiled titkIResad13e8 ndgnetie!rbedaing Ryer. oBbhedbAnkdsed | n

a magnetic recording |ayer based on t relation ~s between th
magnet o¥ftraicre-demaing indhe roagretic iegprdieg daygy cen intkcersrhaep, mduciiae opiiFe | ayer

W th mcr.o- | | led: : [ - di sk or a pseudo
d&éjbl J‘%@%W@%‘éﬁt g\ﬁpﬁbgﬂgbgg@rgg%%%ﬁ%‘kﬁﬁglsé)l\?her eby reduci ng noi se

I evel and i nfIGN\6 i gisih showirg the eariationstin perpersdibglanceerchvityubtlo | y shown
and described with refe,er]ce 20 to preferred enbodinents thereof, it wll
be underfé¢/ode) detﬂe&%’({é%’ ar nanentreagnetizatiah ratie { Mid MehwdadesrestdP m and

be unde'dt/dde) £ ails _ aigogerp :
e | e e B R Tl IRy o R s Vet

i s cl aidmblé4dayer AMR disit. pdndilGuBar Hoagpegsants Huppdipegditiutae dosedivity, néloan
under | ayer be en substrate and _a perpendi cul ar nm i c recordi | ayer
151 nabpre b oA e e gp eudiPilal cREBRAN e iR RIS PRAGHELLEH

r ecor di egndritne agdrietizatiore raren difs Utepreserts fhe max@nartpéipehaicalar héwangng

t hi ckness in the range where the rati o of perpendicular coercivity He to

maxi nurMBEPREAIOBUl ar coercivity Ho decreases with reduced thickness of the

per pendi cul a5 g@?@@ﬁﬁ Flé?@,%girﬁ%éﬁ%%lar ?emgﬁé’ntprﬁégﬁé‘l?!a;ﬁ%arétoiﬁagna I ¢

recording dis alm1l, O conprising an I nternedi ate soft
magnet i (M} Ayer) showsea shatperagiudbon aytbrreapelcttitbevapiatipes ih thidkanesawfjtiet i c

85000 S8t e B B35 cFRPRRLA o Bpb B B oty
recor di(mg: | RYRr Thissharpireduetion in Wep&ipendidlilar remanent magnetization ratio
( Mr / Mo ) with reduced thickness of the magnetic recording layer, which is due to
the formation of micro-domains, reduces the noise level constant of proportionality V.
In a pseudo double-layer PMR disk according to the present invention, the

25 thickness of a CoCr alloy magnetic recording layer is reduced to a thickness at which
the perpendicular coercivity decreases, and micro-domains are formed in the CoCr
alloy magnetic recording layer, thereby lowering noise levels with improved SNR.
The inventors of the present invention also have experimentally found the same
effect in a single-layer PMR disk.

30 According to a preferred embodiment of the present invention, a pseudo
double-layer PMR disk may be manufactured as follows. An underlayer that
induces the perpendicular orientation of a PMR layer is formed to a thickness of
50-100 nm on a glass or aluminium (Al) alloy substrate by vacuum deposition, an
intermediate soft magnetic layer is formed on the underlayer to a thickness of 3-30



15 the range of thickness of the perpendicul ar magnetic recordi ng | ayer,

‘the rate of variation of the ratio of perpendicul ar remanent na nét Aa{? Bﬁﬂg
to maxi mum per pendi cul ar remanent nagnetization is greater than that t he
rati o of perpendicular coercivity He to maxi num per pendi cul ar coercivity Ho
. 20 4. The cs)erpendl cular magnetic recording |ayer of claim1l or 2,

wher ei mm, and HenthafMBrlayer isHaered Hierear tp arthiskaesspb20-pRgHa: i Blexb@or di ng

ol | owiMGLeEhPE ¥ BognLBLEaty BheraRtihlerifly Jotuba i Mo REMeBRei cu o
magnetic r ewsnhlngJIdyeyE’IMRﬁ'rstd\&_arQEe ananufiectuhst ia the sasnd hranper psatiove! ar
remanent nagneti zation and He i s the perpendicular coercivity. so 5. The

per pendptinesavsigriayble-fayes Fi fﬁgil%h &xcept thphtha intesmesiatg softdNagRelic

p pen I i c recording layer is forned of a CoCr alloy. 12 2 ~
esr q%y:é*éé Eﬁﬂggrdpendl cul ar magnetic recording disk of claim5, wherein

the perpendl&lﬂa@ie mmmraalsdiontbecun'ldieﬂgyderafyoeprdmotlm@the:pmplendmleat | east one

Vo, 5. PrioHRLe o HVIE AreraHBe FLRBLE? O hg o o matnelE 6OORNARR) n (o

per pen@n@y &pIARAREIPLY allSF Uridi é‘ﬁallé’d’i@h @7 o} %lﬁ@\?ﬁamf.s%ﬁ’eféﬁe@m 8. The
per pendi cul ar nagnetic recor di ng claim2, wherei'n the internediate

soft magnet ||ﬁtm%195ﬂ*sein§lﬂv@ﬂﬁél be-? FHOHCFMG layesandibe dubrineat ryepeadibeul ar

Ber 1oLl el BB GRS PR b BB Rl o ©
consi sMunmaoﬂeMsntnc\h inTthe fEﬂd withouflimit&tiorfs., and P. 15 10. The perpendi cul ar
magneti c recordi ng@dl sk of cI LtPrEgﬁS‘iCTI erein the |nte medi ate soft nagnetic

| ayer has a alinyentiorzyi ingEeater detal %)f”}?@@ﬁ@c? the r ecor di ng

d' sk Offolfdvﬁh@e%ﬁﬁ{ plés, f'ﬁﬁé Rtows gfé% SeROPHIESTANR b ée@ﬁﬁd %ré“b“ cant
| ayer sequen y on the perpe dICU 20 nagnetic reco |ng ayer.
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10% & () - yF10Bothparativd Bah®ié 1-gy10% & ()-!10% & () - $0} *?bC10% 210% & () -0

01 10t =5 Lo @nge LI IR was rodnuectiioa s s Aame IasA%N ) - op
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10% & ()- A pseudo double-layer PMR disk was manufactured in the same manner as in
Example 3 except that the thickness of the CoCr alloy magnetic recording layer as a
PMR layer was 50 nm.
15
FIG. 7 shows variations in signal and noise levels with respect to recording
densities in kFRPI for the single-layer PMR disks manufactured in Examples 1 and 2
and Comparative Example 1. As shown in FIG. 7, the signal level increases with
reduced thickness of the PMR layer due to increase in perpendicular magnetic field
20 gradient. Also, the noise level is markedly decreased due to formation of
micro-domains.
FIG. 8 shows variations in SNR with respect to recording densities in kFRP!I
for the single-layer PMR disks manufactured in Examples 1 and 2 and Comparative
Example 1. As shown in FIG. 8, the SNR improves with reduced thickness of the
25 PMR layer, due to the increase in signal level and decrease in noise level as
described in associated with FIG. 7.
FIG. 9 shows variations in signal and noise levels with respect to recording
densities in kFRP! for the pseudo double-layer PMR disks manufactured in
Examples 3 and 4 and Comparative Example 2. As shown in FIG. 9, the signal
30 level increases with reduced thickness of the PMR layer, due to increase in
perpendicular magnetic field gradient and due to the reduction of demagnetisation by
formation of the soft magnetic layer. Also, the noise level is markedly decreased

due to formation of micro-domains.
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observed for the pseudo double layer PMR disk according to the present invention
having a magnetic recording layer as thin as 20 nm with micro-domains.
As described above, in a PMR disk according to the present invention,
micro-domains are formed in a magnetic recording layer based on the relation
15 between the magnetostatic energy and domain wall energy of the PMR layer. The
PMR layer with micro-domains is applied to a single-layer PMR disk or a pseudo
double-layer PMR disk with closed magnetic loops, thereby reducing noise level and
improving SNR.
While this invention has been particularly shown and described with reference
20 to preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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with the perpendicular magnetic recording layer.

3. The perpendicular magnetic recording layer of claim 1 or 2, wherein, in
15 the range of thickness of the perpendicular magnetic recording layer, the rate of
variation of the ratio of perpendicular remanent magnetization to maximum
perpendicular remanent magnetization is greater than that of the ratio of
perpendicular coercivity Hc to maximum perpendicular coercivity Ho .

20 4. The perpendicular magnetic recording layer of claim 1 or 2, wherein, in
the range of thickness of the perpendicular magnetic recording layer, a noise level
constant of proportionality V expressed as the following formula decreases with
reduced thickness of the perpendicular magnetic recording layer:

4zMr
Hc

25 o =

where Mr is the perpendicular remanent magnetization and Hc is the
perpendicular coercivity.

30 5. The perpendicular magnetic recording disk of claim 1 or 2, wherein the
perpendicular magnetic recording layer is formed of a CoCr alloy.
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15 10.  The perpendicular magnetic recording disk of claim 9, wherein the
intermediate soft magnetic layer has a thickness of 3-30 nm.

11.  The perpendicular magnetic recording disk of claim 1 or 2, further

comprising a protective layer and a lubricant layer sequentially on the perpendicular
20 magnetic recording layer.
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