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*159159* - 1 TITLE OF THE I NVENTI ON MAGNETI C DI SK
APPARATUS BACKGROUND OF THE | NVENTI ON *@00002* mu"”"mm""
present invention relates to a nagnetic dISk 5
apparatus. It is necessary for a magnetic disk 159159+
apparatus to reduce influence of an external field.
In particular, a perpendicular magnetic disk
apparatus is verY Iikﬁlyloto_reqeive an i nfluence of

[
o el sl gl comn s RN

per pendi cul ar doubl e-tayer oedrge IRyERNgI@NSoft
under | ayer and a perpendi cul ar recording |ayer and a*Gooooz*

magn@MAGNETEEN JESKiARRARAMI® head) having a main

pole, a return yoke and an exciting coil, and 15

perforns recordi ngBBEKeRKIUNG Ofe Tofs MAFRAIIONcoupl i ng

bet ween the magnetic head and the soft underl ayer.

Because tHe'$arfrIriieulzyenioldn er¢bgless neeli a hagnehéc disk
soft underl ayer with high sensitivity to a field on

its &MHFE St face, magnetic information recorded in

20 the ne be readily changed b t er nal

freld Forlb ia?réfeecesfsfa?%e%’%lfaﬁég%‘?n?%e fRLpb fRbaratus to
COUplrje%ctéetlv}ﬁ‘_elq,l rn:ee @@rb%lecx@ lanidl P§ So{n particular,

a perpendicular magnetic disk apparatus is very likely

M

to receive an influence of the external field. The
reason is as follows. The perpendicular magnetic disk
apparatus comprises a perpendicular double-layer media
having a soft underlayer and a perpendicular recording
layer and a magnetic head (a single-pole head) having
a main pole, a return yoke and an exciting coil, and
performs recording by making use of magnetic coupling
between the magnetic head and the soft underlayer.
Because fhe perpendicular double-layer media has the
soft underlayer with high sensitivity to a field on
its entire surface, magnetic information recorded in
the media may be readily changed by the external
field. For example, if the state of the magnétic
coupling between the magnetic head and the soft
underlayer is changed by the external field, read
output would be changed. If a higher external field
is applied, the magnetic head may change the magnetic
state of the media so that a write error or erase

error can occur. If the write error is made in a
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underl ayer is changed by the external field, read

out put woul d be changed. If a higher external field 25

is applied, the magnetic head may change the magnetic
state of the nedia so that a wite error or erase

error can occur. If the wite error is made in a servo
zone, it may cause the worst case that the drive is

made i noperabl e. Though externalk fiel ds may be

generated fromthe spindle notor and the voice coi

notor inside the 5 magnetic di sk apparatus, these

ext erseadvd i=drgs, cian rey @sidgraited. woller efade, thdt itshe drive
necessary to take effective neasures to an

unpr édi etets elrexgesratale fi el d generated due to ot her
reasons than those described above. 10

Convent i ond1?ygh fetefea bufipkds glay ipe cvénrratesd efpah the
field resjstance, netic disk apparatus provi ded

wi t h SEHnSdSe i o R |aé}‘%lgtd'€ﬁ Stdige £irt L S YUt 4o the

has. BEERS rlopoo%esi}@e” (AR e&&m%'%'qti it g can be
i s . o i e

error e cause gin unl oa

oper aif fIk iR, A fASE, MeNg, & i d&ﬁa cdcak?l@%l!’tcgﬂ%l Sield
cause a wite error 1S | nstant eou app | e
the Qiheiratand.qdhearse J@l%rb%éﬁipé’wﬂ?an rae i fe fisiheq

apparatus the chassis of which is
above.

Conventionally, for the purpose of improving
external field resistance, a magnetic disk apparatus
provided with an external field detector and
configured to unload the head when the extefnal field
is detected has been proposed. However, even if the
external field detector is provided, a write error or
erase error may be caused before the head begins
unloading operation in a case where a high field
enough to cause a write error is instantaneously
applied.

On the other hand, there has been known a
magnetic disk apparatus the chassis of which is
provided with a shield so as to reduce the external
field applied to the magnetic head and media.

However, particularly in magnetic disk apparatuses for
mobile appliances, the disk size is progressively
reduced from 2.5-inch or 1.8-inch to 1l-inch or less in

accordance with requirement for reduction in weight.
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provided with a shield so as to reduce the externa

field applied to the magnetic head and nedi a. However,

particularly in magnetic di sk apparatuses for 25

nobi | e appliances, the disk size is progressively

reduced from2.5-inch or 1.8-inch to 1-inch or less in

accordance with requirenent for reduction in weight.

Thus, the neasure of providirg t3hechassis with the

shi el d has becone unsuitable for the requirenent for

reduction in weight. Under the circunstances, it is

necesBary, fdre temsbreonmponent sdsughtias ¢ihesshgnettlc the

head and nedia to inprove external field resistance.

Convefticdithillas badrne wWasibesnl«nbwn thperpentiendar for

recording media which uses a magnetic material with a

| ow PEHEELBIA thn wiigEto0 1, 000 for the soft

under| ayer_so as to reduce 10 response,

nagnetizequééﬁﬁtQ%ec%%ﬁTm%ﬁﬂ%??%ye%ttbs Pﬁ%eéi?éYnSPr the
concentration nq&getlc

field th b
{1 ux COT RSl SR oI EE o R e 61 2 e o

SRR D AR, S Pty

sSuppesidie thal ddwn extsial ;ﬁé@;&&&f&hﬁé@%@célsdm%bﬁedla
i mproved under a condition that a track w dth of

si nglweripg] exdead irsadrediicednd e SOty B9 AM b0 BEAREability

to inmprove recording density, it is desired to reduce

the et rigakid i1 )00 fdwe 9o tsafdeiddyela $@r 580 odis | €5Sreduce

20 Therefore, the technique disclosed in the Jpn. Pat.
response of magnetization of the soft underlayer to
the external field thereby suppressing concentration
of magnetic flux of external field onto the main pole
so as to improve external field resistance (Jpn. Pat.
Appln. KOKAI Publication No. 2000-90424). However,
supposing that the external field resistance is to be
improved under a condition that a track width of the
single-pole head is reduced to about 150 nm in order
to improve recording density, it is desired to reduce
the permeability of the soft underlayer to 50 or less.
Therefore, the technique disclosed in the Jpn. Pat.
Appln. KOKAI Publication No. 2000-90424 cannot satisfy
both recording density and external field resistance.

BRIEF SUMMARY OF THE INVENTION
A magnetic disk apparatus according to one aspect

of the present invention comprises: a magnetic

recording media having a soft underlayer and a.

perpendicular recording layer; and a magnetic head
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Appl n. KOKAI Publication No. 2000-90424 cannot satisfy
both recording density and external field resistance.
BRI EF SUMVARY OF THE | NVENTI ON A nmagnetic di sk
apparatus according to one aspect 25 of the present

i nvention conprises: a magnetic recording nedia
havi ng a soft underl ayer and a perpendicul ar
recordi ng |layer; and a magnetdi c shead having a nain
pole, a return yoke and an exciting coil, wherein a
product of a saturation flux density B (T) and a

t ot alhahireknestain (goe Ofa ther maf tyokmnoeid ayereadtt 8ng
magnetic wite width MW (nm) of the 5 magnetic head
neet sdile fuldmimaep reteduonsdt pp s urdtiton!flud Gerssity
4 X MW+ 13 6. 5 (T - nnm) . A nagnetic di sk apparatus
accoridi (Y tandarptieial ddpedineds tthelprlesehtthavenft on

conprises:. a magnetic recordi ng nmedi a having a
substUnfes L ayfatang @d%ﬁrrﬁgthowrﬂa%rw%w@@%%nuaﬁb of the

RS A F S 0

magnet 1o 1yt SndoRs. AngnciT *r b ai b IMer: and a

RO 2 Neahode, BB LS LTI SR

showiNg &+ manatd G sdqapPpafrat tso®fc@ndifSds: a magnetic

enmbodiment; FIG 2'is a diagramshow ng a relationship

bet weeit i iefd eedd ve Haw okhnesssubsttatod, theds@itrecording
layer formed on one surface of the substrate and
including a magnetic recording layer, and a shield
layer formed on the other surface of the substrate and
including a soft magnetic layer and no magnetic
recording layer; and a magnetic head.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a cross-sectional view showing a
magnetic disk apparatus of a first embodiment;

FIG. 2 is a diagram showing a relationship
between an effective thickness B+t of the soft
underlayer and overwrite performance OW for the
magnetic disk apparatus according to the first
embodiment;

FIG. 3 is a diagram showing a relationship
between overwrite performance OW and ABER for the
magnetic disk apparatus according to the first
embodiment;

FIG. 4 is a diagram showing a relationship
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20 underl ayer and overwite performance ONfor the
magneti ¢ di sk apparatus according to the first
enbodiment; FIG 3 is a diagram showi ng a relationship
bet ween overwite performance OWNand ABER for the 25
magneti ¢ di sk apparatus according to the first
enbodinent; FIG 4 is a diagram showi ng a rel ationship
bet ween a magnetic wite w dth BAVand an effective
thickness B -t allowing to ensure overwite

performance ONof 35 dB or nore for the magnetic disk
apparcettue eac comtgrge ttiae twhel fd nsitd My neend jarb dHifecthive
is a diagram showi ng a relationship between a bias

fi el drHskaed s Hetneddiobliagexeensiuref ogledwirditet he
magneti c di sk apparatus according to the first
enbodieRrmanag @ jaf 3Tk LB EGDIAT Vil BV s sdisk
10 ma netlc di sk apparatus according to a second

embodi LUy @CCPIAng i Qﬁn@ﬂﬁé%rﬁ? IR bl e

oxternal ! 101, e JRgetl s ol RS o
Teonel ol 1 APRAIAYSIRSHRl 4 NALR & ASILIENCE 0o

exanp I's a |agran1 owi'ng a el At ons
bet W@Q_‘él@f‘ f%‘rf aqld W drhdcknesssiB apﬁafgtdsheat%gﬂdlng to the
magnetic | ayer |ncIu ed in the shield |layer and a

first embodiment;

FIG. 6 is a cross-sectional view showing a
magnetic disk apparatus acéording to a second
embodiment;

FIG. 7 is a diagram showing permissible external
fields for the magnetic disk apparatus according to
the second embodiment and for the magnetic disk
apparatus according to a reference example;

FIG. 8 is a diagram showing a relationship
between an effective thickness Bt of the soft
magnetic layer included in the shield layer and a
permissible external field for the magnetic disk
apparatus according to the second embodiment; and

FIG. 9 is a cross-sectional view of a
longitudinal recording media according to a second
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be
described below with reference to the accompanied

drawings.
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perm ssible external field for the magnetic disk 20
apparatus according to the second enbodi nent; and

FIG 9 is a cross-sectional view of a |ongitudina
recordi ng nmedia according to a second enbodi nent.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 Enbodi nent s
of the present invention will be described below wth
reference to the acconpani ed- drsawi-ngs. First
enmbodinment FIG 1 is a cross-sectional view show ng a
magneti c di sk apparatus according to the present
enbodi nentridde smseinen®i sk apparatus conprises the
5 magnetic recording nedia (the perpendi cul ar doubl e-

| ayer nmedi®)G.10l ansl 4 heromghetcicidread bew Thieowing a
magneti c recording nmedia 10 has a structure in which

t he swfanainiderdigferapkd® (d g R TRrdineg sof ttimgeeesent

| ayer 1l4a, the non-nmagnetic |ayer 15, and the soft 10
nagn(ﬁn}hk?dlé%?&t 14151 RISt ribks fat 3P RRrR g neeerises the

| ayer 16 and the perpendicyl ar recording | ayer 17 are
st A REETST tthe SR AT S ubsts AR Aand ffiela s double-

ComprBe RGN T o 51 (RETE T ke G- aPi L he

15 SIS T ot e, ddn Mhicn

ant i frefd aaneld £l 1 £OUP] edincluding the soft magnetic
layer 14a, the non-magnetic layer 15, and the soft
magnetic layer 14b), the intermediate non-magnetic
layer 16 and.the perpendicular fecording layer 17 are
stacked on the non-magnetic substrate 11. The
magnetic head 50 is a so-called single-pole head and
comprises the main pole 51, the return yoke 52 and the
exciting coil 53.

The soft magnetic layers 1l4a, 14b included in the
soft underlayer 13 are antiferromagnetically coupled
through the non-magnetic layer 15. Examples of the
materials for the soft magnetic layers 1l4a, 14b
include soft magnetic materials with a high
permeability, for example, CoZrNb alloy, FeTaC alloy,
FeZrN alloy, FeSi alloy, FeAl alloy, FeNi alloy such
as permalloy, FeCo alloy such as permendur, FeCoNi
alloy such as perminvar, NiCo alloy, sendust, MnzZn-
based ferrite, MgMn-based ferrite, MgZn-based ferrite,
FeAlGa, FeCuNbSiB, FeGaGe, FeGeSi, FeSiC, FeZrB,

FeZrBCu, CoFeSiB, CoTi, and CoZrTa. An example of the
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t hrough the non-magnetic | ayer 15. Exanples of the
materials for the soft magnetic |layers 14a, 14b 20

i nclude soft magnetic nmaterials with a high
perneability, for exanple, CoZrNb alloy, FeTaC all oy,
FezrN al l oy, FeSi alloy, FeA alloy, FeN alloy such

as permall oy, FeCo alloy such as pernendur, FeCoN

all oy such as permnvar, N Ce all oy, sendust, MZn 25
based ferrite, MgWh-based ferrite, MyZn-based ferrite,
FeAl Ga, FeCuNbSi B, FeGaCGe, FeGeSi, FeSi C, FeZrB,

FeZr BGteCoeSidy; od i nomhth odt 1@, 1 e €XBhplgc DidéHe for
material for the non-magnetic |ayer 15 includes, for
exanpxamiRe, The. t difed tdtiakngsscknads theofofie soft
underl ayer 13 (i.e, the total thickness of the soft
magneéiiaenlgmues Uda(l jab)the weferdblgknds e brimoreoft
5 and nore preferably between 20 nmand 200 nm It

shoul*P B gt elP et T4 sbi) uhtierTebrsa bl Je%n@ﬂ;]i% more,
th f tic | Ex -of the

ot er R S BT HeEehdi S FCBt ef%cﬁerzmﬂ It

i ncl f ,+,00Cr,. CoPt. 10, CoPtB .
Cor & R R T e il g Y B aomerLse

| easteng QLRI SRl ARt IdOft Ay, &k, R - and Ru and

a Cc filmnmay be use e perp recordi ng

layer 17. ghhgnidd idayeredndidMmaBy ber {108 B Ofndicular
CoCr/ Pt Cr, CoB/PdB or CoQ RhO each of which 15 is

pr epareatb dayi rafdi ange ¥Or1, 7 Birak 1 (Hd 0 ERehesfdihgnof ddwer, copt,

af orenentioned nultilayered film
CoPtB, and CoPtCrB. A multilayered film including a
film of at least one element selected from Pt, Pd, Rh
and Ru and a Co film may be used for the perpendicular
recording layer 17. The multilayered film may be
formed of CoCr/PtCr, CoB/PdB or Co0O/RhO each of which
is prepared by adding Cr, B or O to each film of the
aforementioned multilayered fiim.

The perpendicular magnetic disk apparatus
comprising the perpendicular double-layer media and
the single-pole head performs recording by making use
of a flux passing the main pole 51, the soft
underlayer 13 and the return yoke 52. It is important
to stabilize the magnetization of the soft magnetic
layer for ensuring a good signal quality.

The present inventor has paid attention to a
relationship among a product (B*t) of a saturation
flux density B[T] and a total physical thickness

t[nm], which is an effective thickness of the soft
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The perpendi cul ar magnetic di sk apparatus conprising
t he perpendi cul ar doubl e-1ayer nedia and the

si ngl e-pol e head perforns recordi ng by maki ng use 20
of a flux passing the main pole 51, the soft

underl ayer 13 and the return yoke 52. It is inportant
to stabilize the nmagnetization of the soft magnetic

| ayer for ensuring a good signhals quality. The present
inventor has paid attention to a 25 relationship
anong a product (B, t) of a saturation flux density
B[ T] wartkrd dvoigl plhysiciale tge chkaassncd [ (o), Whadh i s
an effective thickness of the soft underl ayer,

over Wegdma deerfar nemce KiWerezod rategr A4&FRON due & dian
error rate (( ABER) due to an external field. The
over Witer el fiokdethce (OW relates to 5 recording
quality. It is nmore difficult to wite |ow _frequency

|
signal s coffar¥ETH Hi gHPFT etRMRye st ghal §818Res to
Dot e R S ol oo eif BypPse i et Caue ?%%&vﬁ%ﬁ% Low-
P Or I . : :
o1 A, et aeen, o e arolldpde 0,00c) s onas
over wr tR and, & Moldag8 Al it ude-ofgihe, highss  the

frequency signals left w thout being erased Ichis
meas Wved waf itey é@%ﬂdﬁhérﬁ:éﬂﬂ tdwt hes | oyaf s e0ENEY a value

signals. 15 FI shows a relationship between the

ef f ecildfilmed as a ratio (in dB) between a voltage amplitude
of the high-frequency signals which is measured before
overwrite and a voltage amplitude of the high-
frequency signals left without being erased which is
measured after overwrite with the low-frequency
signals.

FIG. 2 shows a relationship between the effective
thickness B*t and the overwrite performance (OW) when
using a head with a magnetic write width (MWW) of
180 nm. FIG. 3 shows a relationship between the
overwrite performance (OW) and ABER.

FIG. 3 shows that dispersion of ABER in the
region where the overwrite performance (OW) is 35 dB
or more 1s caused by noise in the head and media.
Thus, it is believed that sufficient overwrite is
performed in the particular region. On the other
hand, when the overwrite performance (OW) is 35 dB or
less, ABER is degraded due to insufficient overwrite.

Consequently, it is necessary to ensure 35 dB cr more
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thickness B - t and the overwite performance (OWN
when using a head with a nmagnetic wite width (MW
of 180 nm FIG 3 shows a relationship between the
overwite performance (ON and ABER 20 FIG 3 shows
that dispersion of ABER in the region where the
overwite performance (ON is 35 dB or nore is caused
by noise in the head and nedi-a. 9 Thus, it is believed
that sufficient overwite is perforned in the
particul ar region. On the other 25 hand, when the

over vgi tevdgesforaraneef dkMnds BOWOBESF ihessviABEEtSrnal
degraded due to insufficient overwite. Consequently,

it i sficlokssagiysttanansureI@5 2Bloswaotieaof ioves wietessary
performance (ON for inproving external field

resi starkst PG vRlwhows B hat ta 30s [fetemdapy mpboesen order
the value of B- t to 30 [T - nni or nore in order to
ensure® I Br3 hoiB L HfMOVRIUF | @6 HEF Fi? nepeko iy ce 5(OW) .

The overw jte perforpnmance al so varijes. dependin

T S Sk Y e ot XA T P p L S

MAWV i . .1 di field st t f he

b SFHSES o R SEREANEE LUEL G LR, Rl om e 1
‘WH nﬂ\ﬁ@r T ef ) o | S. 0 S

t(oQAi)ncr eagtem%he ef e(?L?EilC\l/l'le&te ic n%srsé‘%%%&t?&i%Pgﬁfsg@{gngth

case.r MGt e Shows uﬁo%%é ONSIL Pe et e e d h@v?rwrite

magnetic wite w dt and the required effective

t hi ckiesodnincd ) (W NS I 00 BEg Nl . "D Re P fore, it is
overwite performance (OWN. It is the region over the
necessary to increase the effective thickness (B:*t)
in this case. FIG. 4 shows a relationship between the
magnetic write width (MWW) and the required effective
thickness (B-*t) for ensuring 35 dB or more of
overwrite performance (OW). It is the region over the
straight line in FIG. 4 that high external resistance
is obtained. Therefore, the effective thickness Bt
(T * nm) and the magnetic write width MWW (nm) should
meet the relationship expressed by the following
formula:
B*t £ - 585.4 X MWW + 136.5.
The total thickness t of the soft underlayer is
preferably smaller than approximately 200 nm, which is
a typical value in convenfional media, and more
preferably 150 nm or less. Thus, an upper limit of
the effective thickness B+t is expressed as 200 *B
(T * nm) .

Next, FIG. 5 shows a relationship between the
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15 straight Iine in FIG 4 that high externa
resistance is obtained. Therefore, the effective
thickness B- t (T -nn) and the nagnetic wite width
MAW (nn) should neet the relationship expressed by
the following fornula: 20 B -t 585 4 X MW+ 13
6. 5. The total thickness t of the soft underlayer is
preferably smaller than approxinmtety 200 nm which is
a typical value in conventional nedia, and nore
preferably 150 nmor |ess. Thus, an upper |imt of 25
the efidfs etitdve HNikeSsHdhdidg it extpy essethdsh 2800 the
B (T- nm . Next, FIG 5 shows a relationship
bet waert itfteer rtthalgyrees: ifd edahiddol repriresgondionfy tadrietic layer
strength of the antiferromagnetic coupling in the
sof t amagnidte edrayersitdel adtteeperhifsisld e dlarandihe
field. Here, the permssible external field is
expr S8 585 oA ARG, 1118 i ieraxBEER S d%fa maximum
unch | reason i,s _that, if the ABER is not
chan%@%ﬁqlw FﬁddédleéﬁaP”Fﬁépgeds ndenfrashte 19
of th xter ég as _a is.found. fraom
Lo Bt § nhEBPRar o Patd e MR BoFEs Srandl Ban Jpgeed
| mpr ‘ﬁ%% Y Mt 'r{ﬁﬁf@}&}é‘ £ [ S| ért}%lb'@f 1d
fielg. oughl'y gﬁ%étlng g?blas éﬁﬁ ° as a
i ncr gazAd by about 50 Ce, the permssible
It is found from FIG. 5 that the external field
resistance can be improved largely with increasing
raising the bias field. Roughly speaking, if the bias
field is increased by about 50 Oe, the permissible
external field can be improved by about 20 Oe. An
approach for increasing the bias field is to reduce
the total thickness t of the soft underlayer 13. On
the other hand, if the effective thickness (B*t) of
the soft underlayer is excessively decreased, the
overwrite performance (OW) would be deteriorated.
Therefore, it is preferable to set the thickness of
the soft underlayer 13 to a minimum thickness allowing
to ensure 35 dB or more of overwrite performance (OW).
Second embodiment
In order to improve the recording density of the
magnetic disk apparatus, improvement of the track
density is unavoidable. Thus, it is believed that the

track width continues to be reduced. However, if the

track width is reduced, the field strength from the
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external field can be inproved by about 20 Ce. An
approach for increasing the bias field is to reduce 15
the total thickness t of the soft underlayer 13. On

the other hand, if the ef f ective thickness (B - t)

of the soft underlayer is excessively decreased, the
overwite performance (ON woul d be deteriorated.
Therefore, it is preferable +o st the thickness of 20
the soft underlayer 13 to a m nimumthickness all ow ng
to ensure 35 dB or nore of overwite performance (OWN.
Secortd perdhadiaferthd s iorgliey-dalld gy el § heedleeosdj Nnghich
density of the nmagnetic di sk apparatus, inprovement

of theouldhgle 2B densidgrade urtey o abi el t hesy fotmarsce  (OW) .
bel i eved that the track width continues to be
redudEEONBREY €0 Gilve e sqntacibgdintents, redwdis ¢éigable

field strength fromthe - 11 tip end of the
si ngl%&- pAREF A i Widdiédn i e ehi 85 1 St <p Jokish briye

degrade t he overwite perfo nce ( .__According to

t he porveesrewrﬁltéam?oedﬁfr%ﬁﬂa?ncae récg;ﬁa H@dﬂ%@e%fw}rm% i ng
exter ield resistance with.,tthe 5 overwit

per f 51% qn%ﬁ% esq‘_(n %/\)t%fréaisen% nel\é\aew%khl[)}:‘jinesasegér eds io%g t_thﬁee soft
ef f eqlriqes 1t %%“%?%ﬁ @é‘gﬁgfgiﬁggﬁ underlayer will be

expl ai ned. FlI I's a cross-sectional view showing a
magnetic dimk appay af Usr Lot tPeepr £56Mnd 0a

enbodi ment. The nagnetic di sk apparatus conprises the
magnetic disk apparatus according to the present
embodiment. The magnetic disk apparatus comprises the
magnetic recording media (a perpendicular double-layer
media) 20 and the magnetic head 50. 1In the magnetic
recording media 20, the soft underlayer 22, the
intermediate non-magnetic layer 23 and the
perpendicular recording layer 24 are stacked on one
surface of the non-magnetic substrate 21, which
surface is used as the data recording layer. On the
other hand, the soft magnetic layer 25 is formed on
the other surface of the non-magnetic substrate 21 but
no perpendicular recording layer is formed thereon,
which surface is used as the shield layer. The
magnetic head (the single-pole head) 50 comprises the
main pole 51, the return yoke 52 and the exciting
coil 53.

FIG. 7 shows the permissible external fields of

the magnetic disk apparatus according to the second

embodiment shown in FIG. 6 and the magnetic disk
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magneti c recordi ng nmedia (a perpendicul ar doubl e-1 ayer
medi a) 20 and the nmagnetic head 50. In the nagnetic
recordi ng nmedia 20, the soft underlayer 22, the

i nternedi ate non-magnetic |ayer 23 and the 15

per pendi cul ar recording | ayer 24 are stacked on one
surface of the non-magnetic substrate 21, which

surface is used as the data tecardi-hg | ayer. On the

ot her hand, the soft magnetic layer 25 is fornmed on

the other surface of the non-magnetic substrate 21 but
20 napperpendi chay defeetidyg dxayerld)s Haorired 4 hesdion,in
whi ch surface is used as the shield |ayer. The
magnetiichhdde (stthe ks iafyltérepal e theade Bt yeonpriilses t he
main pole 51, the return yoke 52 and the exciting

coi | im¥emmdiate noghovgnetd peraressidilce tha argrendicular
fields of the magnetic disk apparatus according to

t he JECOFELINGhHGY SRR SHAMGh I GOt &t fares of the
magneti c di sk 12 apparatus (the reference exanple)

haviﬁ€QEmﬁﬂﬂ%¥ﬁ9ys Qﬁ?&%@ §FbﬁPQﬁntHﬁa§ﬂﬁt awing, the
under] ayery d & dimlr&r '%Eag}i%t £ 1 manet] ¢ lsgyr%a aegflchf

t he perpéndicular Tecording |layer are forne

surf 3882107 4 RE ey NANVIRINGLIL 5 Li%%}erxate%:hi%si@%’%ﬂé&

the drawing, the second enpodi ment” having the ne
one eWwtfeae 10ff 1 Ml Gl distisRE ahdhea rehiRl b dAwR example

exhi bits higher external field resistance than the
r ef eherde.exapPhedia provided with no shield layer.
FIG. 8 shows the relationship between the

effective thickness (B*t) of the soft magnetic layer
25 included in the shield layer and the permissible
external field. It is found from FIG. 8 that the
greater B+t is, the higher the permissible external
field resistance becomes. Also, it is found that when
the B:t of the soft magnetic layer 25 is 10 [T *nm] or
more, the permissible external field is improved by
30 Oe or more compared to the case where no soft
magnetic layer 25 is provided. Further, because the
data recording layer and the shield layer are formed
on different surfaces of the substrate 21,

- respectively, the shield layer never affects the
recording characteristics of the data recording layer.
Thus, if the B-t of the soft magnetic layer 25 is
10 [T *nm] or more, the external field resistance can
be improved without degrading the recording

characteristics.
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havi ng the nedia provided with no shield layer. 10
FIG 8 shows the relationship between the effective
thickness (B - t) of the soft magnetic |ayer 25
included in the shield layer and the perm ssible
external field. It is found fromFIG 8 that the
greater Bt is, the higher the perm ssible external 15
field resistance becones. Also,18t Ls found that when
the Bt of the soft magnetic layer 25 is 10 [ Tnm or
nore, the perm ssible external field is inproved by 30

GCe or norergopPRt £6u1Qr | henERASEHINSE 85808t SOhbodiment is
magnetic |ayer 25 is prOV|ded Furt her, because the

20 datpp rieedridh nohd ayefnetie tcilﬂslshazﬁffbﬁréﬁy§roﬂr B.8-inch or
formed on different surfaces of the substrate 21

r espelctdsvelwhiathel shiejuwiteyero nevducaffleetgeidlet for
recordi ng characteristics of the data recording |ayer.

Thus mqFi glﬁweapmlma&ﬂr@soﬁhe e el | Byeld 26e$EsP8nge can
[Tnm_or, nore, the external field resistance can be

i mpr RRed WRENRRA RiedriRliTRA el eklo? @il hgvithout changing

h t I n rticular, when the, present
o Hortoib M echs Coith e HRATATT S v AR Hobas ot

of 1. Iess which is re U|re duce the
|gé%%ég¥aé% i %f%ﬁﬁﬂ?%?%?%% e ferna.gfleld

ex
resi st ancel»gaghéjp& Bérpr'i&y ?E}[g]]%@séﬂt' L3gbhiment
wi t hout changing the tota MEIg e apparat us,
provicim®bepplied to not only the perpendicular magnetic
disk apparatus but also the longitudinal magnetic disk
apparatus. FIG. 9 shows a cross-sectional view of the
longitudinal magnetic recording media to which the
present embodiment is applied. In the magnetic
recording media 30, the longitudinal recording layer
32 is formed on one surface of the non-magnetic
substrate 31, which surface is used as a data
recording layer. The soft magnetic layer 33 is formed
on the other.surface of the non-magnetic substrate 31
but the recording layer is not formed, which surface
is used as the shield layer. A ring head may be used
as the magnetic head for the magnetic recording
media 30.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

shown and described herein. Accordingly, various



effective nmeasure against external field. It should be
noted that the present enbodi nent can be applied to

not only the perpendicular magnetic 10 di sk apparat us
but al so the |ongitudinal magnetic di sk apparatus.

FIG 9 shows a cross-sectional view of the

| ongi tudi nal magnetic recording nmedia to which the
present enbodinent is applied. 1a the nmagnetic

recording nmedia 30, the |ongitudinal recording |ayer

15 32 is forned on one surface of the non-nmagnetic
substriad £f 3da t Wi € msprbaceads wsedoas @ep@t@ing from the
recordi ng layer. The soft magnetic layer 33 is forned

on theptherosuwsdere of the gemeragnebvensibstcateeBl as
but the recording |layer is not formed, which surface

20 i e5Er@sPY hehehrependes e¢laimns | aipgd helell ragapevalents.
used as the nmagnetic head for the nagnetic recording
medi a 30. Additional advantages and nodifications wl|
readily occur to those skilled in the art. Therefore,
25 the invention in its broader aspects is not limted
to the specific details and representative enbodi ments
shown and descri bed herein. Accordingly, various 14
nodi ficati ons may be nade w t hout departing fromthe
spirit or scope of the general inventive concept as
defined by the appended cl ai ns and their equival ents.
15
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WHAT IS CLAIMED IS: 1. A magnetic di sk appar at us
conprising: a magnetic recording nedia having a soft
under| ayer and a perpendi cul ar recording |layer; and 5
a magnetic head having a main pole, a return yoke and
an exciting coil, wherein a product of a saturation
flux density B (T) and a total thickness t (nm of
the soft wunderlayer and a magnebic-wite wi dth MAW
(nm) of the 10 magnetic head neets the follow ng
relationship: B t ? -585. 4 X MW+ 136.5 (T nm

2. The apparatus accor GiHAT tI¢ dIaNIMED Isherein the
total thickness t (nm of the soft underlayer is 200
nm or | essl. 15 3nadinet bppdi sk uspRETaT ds ngotpr THangn 1,
wherein the magnetic wite width MW (nm of the
magneti c HediPITRt DOOreER et inesscdia Mavhnes i 808 sk
apparat us conprising: a magnetic. recordi ng, nedia
hIzCa)I\IC/)ir]r‘grl rS]IPDyg%)rreﬁ 1Y POP PR LRI T FaRerl i hepnd
on one surface of thek1 S q§trate and_jncl udi n

magneti ¢ recBiding ¢ ayete "ahd R IHPRTY PRbet g? g??ﬂé‘dm yoke
on tlg%ooté}grewqia&yi Of;the .substrate and including
a

a soft magnetic r-and no nmagnetic recording

| ayer; andﬂl’?@f@lﬂ%}%é&@@@f 2- s308r 2PPAE A 1Sy density B
according to claim4, wherein a
(T) and a total thickness t (nm) of the soft
underlayer and a magnetic write width MWW (nm) of the
magnetic head meets the following relationship:

B+t = -585.4 X MWW + 136.5 (T *nm).

2. The apparatus according to claim 1, wherein
the total thickness t (nm) of the soft underlayer is
200 nm or less.

3. The apparatus according to claim 1, wherein
the magnetic write width MWW (nm) of the magnetic head
‘1s 200 nm or less.

4. A magnetic disk apparatus.comprising:

a magnetic recording media having a substrate, a
data recording layer formed on one surface of the
substrate and including a magnetic recording layer,
and a shield layer formed on the other surface of thel
-substrate and including a soft magnetic layer and no
magnetic recording layer; and

a magnetic head.

5. The apparatus according to claim 4, wherein a

product of a saturation flux density B (T) and a total
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product of a saturation flux density B (T) and a total
16 thickness t (nnm) of the soft nmagnetic |ayer
included in the shield |ayer of the nmagnetic
recording mediais 10 (T nn) or nore. 6. The
apparatus according to claim4, wherein 5 the data
recording | ayer of the magnetic recording nedia
i ncludes a soft underl ayer and B6pespendi cul ar
recording layer. 7. The apparatus according to claim
4, wherein the data recording |ayer of the magnetic
:recortdimgcne]s& reedirmn)i et udes <o ftong drust nal 1 4 eeor thdouded
ayer.
in the shield layer of the magnetic recording media 1is

10 (T * nm) or more.

6. The apparatus according to claim 4, wherein
the data recording layer of the magnetic recording
media includes a soft underlayer and a perpendicular
recording layer.

7. The apparatus according to claim 4, wherein
the data recording layer of the magnetic recording

media includes a longitudinal recording layer.



