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perpendicular magnetic recording method which is

expected as a high-density recording technique, and a
magnetic recording medium used in. this perpendicular
maghetic recording/reading apparatus.

10 Compared to a longitudinal magnetic recording
layer, a perpendicular magnetic recording layer can
perform high-density linear recording even with a
largé recording layer thickness and has a thermal
decay resistance higher than that of a longitudinal

15 magnetic recording layer. In particular, a
perpendicular two-layered film medium having a
high-permeability soft magnetic layer below a
recording layer having perpendicular magnetic
anisotropy makes ideal perpendicular recording

20 possible by the interaction between a head and the
soft magnetic layer. This can further increase the
recording density. However, if this soft magnetic
layer is formed in a recording medium, magnetization
in the soft magnetic layer readily changes during disk

25 rotation even with weak external magnetization. This
lowers a recording signal or produces noise.

To improve this change in the magnetization of a
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| owers a recording signal or produces noise. To inprove this change in the
magneti zati on of a ioun~o~~u~ *000002* 2 soft magnetic |layer, Jpn. Pat.
Appl n. KOKAI  Publication No. 7-129946, for exanple, discloses a
rRagneti zation fixing |ayer for a backing layer which is fornmed between a
soft magnetic backing layer and a 5 substrate and which fornms exchange
coupling with the soft magnetic |ayer .andy, has uni form nmagneti zati on.
However, if a larger external magnetic field, such as that of a voice coi

notor for head position control, is applied to a magnetic
recordi ng/ readi ng apparatus, 10 the magnetization dir iQns in the
magnetizati on 39K MRYRGEECT HRYRL badRPngPRhy ePPRAG -t t magnetic
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soft magnetic layer and has uniform magnetization.
However, if a larger external magnetic field, such as
that of a voice coil motor for head position control,
'is applied to a magnetic recording/reading apparatus,
10 the magnetization directions in the magnetization
fixing layer for a backing layer and the soft magnetic
layer cannot be the same. This makes magnetization in
the soft magnetic layer unstable.
BRIEF SUMMARY OF THE INVENTION
15 It is an object of the present invention to
provide a magnetic recording/reading apparatus capable
of reducing noise by stabilizing magnetic domains in a
soft magnetic backing layer during>recording and
reproduction.
20 According to a first aspect of the invention,
there is provided a perpendicular magnetic
recording/reading apparatus comprising a perpendicular
magnetic recording medium having a nonmagnetic
substrate, and a magnetization fixing layer for a
25 backing layer, soft magnetic backing layer, and

perpendicular magnetic recording layer formed in the

above order on the nonmagnetic substrate,



| subétrate, and a magneti zation fixing layer for a 25 backing |ayer, soft
magneti c backing | ayer, and perpendicular magnetic recording |ayer forned
in the above order on the nonmagnetic substrate, 3 wherein a naxi num
external magnetic field of a magnetic recordi ng nmedi um | ongitudi nal
conponent which 1is applied to the perpendi cul ar magnetic recording mnedi um
is smaller than an absolute value Hn of-a $ magnetic field at an
intersection of a straight line connecting two points of an MH curve in
the longitudinal direction of the soft magnetic backing I|ayer and a
tangent of the MH curve,  one of oints _bei ng a _poi M5) at
whi ch magneti zati on Wbegﬁ%ﬂrﬁt@@xﬁﬁuphsxFFEEPTqﬁﬁapgﬁgC £h 5l§tﬁgH%of t he
two points bein psitive |nterse tion t u nd t he
ordi nate, and t%%g?%ﬁb%nfe%%Fﬂbngth 1H@95§89éPE§%8 %egﬁmg thbangﬂof t he
M H curve and the_ absciss S he
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nonmagneti c and a nmagnetization fixing |ayer For "a 20 backi ng
layer, soft ”agrﬂgé]h&ti’é‘cklé‘gdlﬁﬁeén anderperpendi el ar sergnghicligeor di ng

| ayer forned int named on the nonmagnetic substrate, wherein the
per pendi cul ar npgRRLEEik§COREI PEints of an M-H curve in the

longitudinal direction of the soft magnetic backing

layer and a tangent of the M-H curve, one of the two

points being a point (Hg, Mg) at which magnetization

10 saturates in the first quadrant, the other of the two
points being a positive intersection (0, My) of the
M-H curve and the ordinate, and the tangent being at a
negative intersection (-Ho, 0) of the M-H curve and
the abscissa.

15 According to a second aspect of the invention,
there is provided a perpendicular magnetic
recording/reading apparatus comprising a perpendicular
magnetic recording medium having a nonmagnetic
substrate, and a magnetization fixing layer for a

20 backing layer, soft magnetic backing layer, and
perpendicular magnetic recording layer formed in the
order named on the nonmagnetic substrate,

wherein the perpendicular magnetic recording
medium has a recording area in which magnetization

25 directions in the magnetization fixing layer for a

backing layer and the soft magnetic backing layer are

the same direction owing to an exchange coupling



medi um has a recording area in which magnetization 25 directions in the
magneti zation fixing |ayer for a backing |layer and the soft magnetic
backing layer are the sane direction owing to an exchange coupling 4
interaction, and a non-recording area in which the nmagnetization
directions are not the sane direction. Additional objects and advantages of
the invention will be set forth in the degcription which 5 follows, and
in part will be obvious fromthe description, or may be | earned by practice
of the invention. The objects and advantages of the invention may be

reali zed and obt ai ned bX means .of the instrunentalitlesgﬁnd c$ﬁbinations
particul arly 10'pberechient ABAeRnRPRaFECBRAERIDRERR AT WRIGR THE SEVERAL

VI EWs OF THE DRAW NG , The, accqnpanyi ng_draw ngs, i are.i rparated in
and constitute B2ERFEIBRTLAR 8388F¥?8§?i85? ngﬁlEghrgggepﬁégg%?ﬁggﬁreferred
enbodi nents of the 15 .i.nyention o] her,. e ration
description given abggglgﬁan?ﬁeoggggf%egggeggwgbkggﬁg gge?ﬁg preferred
enbodi ments give e.Lo X i -he i pGl t he si-pvention
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FIG 2 is an inmage data showng the result of neasurenent perfornmed by an
optical surfaceyjapalygeion, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
10 pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorpofated
in ahd constitute a part of the specification,
illustrate presently preferred embodiments of the
15 invention and, together with the generation
description given above and the detailed description
of the preferred embodiments given below, serve to
explain the principles of the invention.
FIG. 1 is a view showing an outline of an example
20 of a perpendicular magnetic recording/reading
apparatus according to the present invention;
FIG. 2 is an image data showing the result of
measurement performed by an optical surface analyzer
(OSA) on an example of a disk in which a soft magnetic
25 backing layer and a surface protective layer are
formed;

FIG. 3 is an image data showing the result of



(OCSA) on an exanple of a disk in which a soft magnetic 25 backing | ayer and
a surface protective |ayer are fornmed; FIG 3 is an inmage data show ng the
result of measurenment performed by the OSA on a disk having a

magneti zation fixing |ayer for a backing |layer, soft nagnetic backing

| ayer, and surface protective layer; FIG 4 is an inmage data show ng the
result of 5 neasurenent perforned by the GSA after a disk simlar to that
shown in FIG 3 is rotated by a drive; FIG 5 is an inmage data show ng the
result of neasurenent perforned by the OSA after a disk simlar to that

shown in FIG 3 is rotat b drive; 1 I [ i
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recording layer for in the order named on the ronmagnetic substrate,
wher ei n ag maxi nygL8xLeheat. E’@Q@@Emédf b§l dhef O3A EEgRet iaC diekorsdimig aredi um

| 'ongi tudi nal conponent whic is applied to the magnetic recordi ng nedi um
is smaller to that shown in FIG. 3 is rotated by a drive;

FIG. 5 is an image data showing the result of
measurement performed by the OSA after a disk similar
to that shown in FIG. 3 is rotated by a drive; and

10 FIG. 6 is an image data showing an M-H curve in
the longitudinal direction of the soft magnetic
backing layer.

DETAILED DESCRIPTION OF THE INVENTION

A perpendicular magnetic recording/reading

15 apparatus according to the first asﬁect of the present
invention comprises a perpendicular magnetic recording
medium having a nonmagnetic substrate, and a
magnetization fixing layer for a backing layer, soft
magnetic backing layer, and perpendicular magnetic

20 recording layer formed in the order named on the
nonmagnetic substrate,

wherein a maximum external magnetic field of a
magnetic recording medium longitudinal component which
is applied to the magnetic recording medium is smaller

25 than a nuclear field Hp indicated by an absolute value

of a magnetic field at an intersection of a straight

line connecting two points of an M-H curve in the



25 than a nuclear field Hn indicated by an absolute value of a nagnetic
field at an intersection of a straight |ine connecting two points of an
M H curve in the longitudinal direction of the soft magnetic backing |[|ayer
and a tangent of the MH curve, one of the two points being a point (Hs,
M5) at which nmagnetization saturates in the first quadrant, the other of
the two 5 points being a positive intersecgion (0, M) of the MH curve
and the ordinate, and the tangent being at a negative intersection (-Hc,
0) of the MH curve and the abscissa. In the present invention, the
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t he dlsadvantagg that the “reproduction nagnetic field becones snmall, and

the signal outguiy begeeesnsnthle. o2 iAager,pend chleatamentt being at a
recor di ng/ r eadi ng
negative intersection (-Hg, 0) of the M-H curve and
the abscissa.
In the present invention, the maximum external
10 magnetic field of the magnetic recording medium
longitudinal component which is applied to the
magnetic recording medium is smaller than Hp.
Therefore, magnetization in the soft magnetic backing
layer transits while the value of saturation
15 magnetization is held, so the M-H curve does not form
a minor loop. Accordingly, the magnetization
directions in the soft magnetic backing layer and the
magnetization fixing layer for a backing layer become
the same owing to the exchange coupling interaction.
20 If the maximum external magnetic field is equal
to or larger than Hp, the M-H curve forms a minor
loop, and this brings about the disadvantage that the
reproduction magnetic field becomes small, and the
signal output becomes small.
25 A perpendicular magnetic recording/reading
apparatus according to the second aspect of the

present invention comprises a perpendicular magnetic



apparatus according to the second aspect of the present invention

conprises a perpendi cul ar magnetic 7 recordi ng nmedi um havi ng a nonmagneti c
substrate, and a mnmagnetization fixing |layer for a backing |ayer, soft
magneti ¢ backing | ayer, and perpendi cular magnetic recording |ayer forned
in the order named on the 5 nonmagnetic substrate, wherein the

per pendi cul ar magnetic recording nedi umhas -a recording area in which
magneti zation directions in the nmagnetization fixing |layer for a backing
| ayer and the soft magnetic backing |layer are 10 the sane owing to an
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magneti zati on fiXing or cking layer and the soft nagnetic

backing layer cahheqhde; Sag®ostrdhe, recording area, and noise can be
prevented. The perpendi cul ar magnetic recordi ng/ readi ng apparatuses

according to the firghepadhsesengeappratieuldd nhghbeipr eseptdingention
preferably further conprise a
medium has a recording area in which magnetization
directions in the magnetization fixing layer for a
backing layer and the soft magnetic backing layer are
10 the same owing to an exchange coupling interaction,
and a non-recording area in which the magnetization
directions are not the same direction.
.According to the second aspect of the present
invention, an area which is outside the recording area
15 and in which the magnetization directions in the
magnetization fixing layer for a backing layer and the
soft magnetic backing layer are not the same is formed
as a non-recording area beforehand. Consequently, the
magnetization directions in the magnetization fixing
20 layer for a backing layer and the soft magnetic
backing layer can be the same in the recording area,
and noise can be prevented.
The perpendicular magnetic recording/reading
apparatuses according to the first and second aspects
25 of the present invention preferably further comprise a
driving mechanism which supports and rotates the

perpendicular magnetic recording medium, a magnetic



driving nmechani sm whi ch supports and rotates the perpendi cul ar magnetic
recording medium a magnetic 8 head having an el ement which records
information on the perpendicular magnetic recordi ng nmediumand an el enent
whi ch reads recorded information, and a carriage assenbly which supports
the magnetic head to 5 be novable wth respect to the perpendicul ar
magnetic recording nmedium The present-imgention will be described in nore
detail below with reference to the acconpanying drawing. 10 FIG 1 is a

vi ew showi ng an outline of an exanple of a perpendicul ar magnetic
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1. The perpendicular”nmagnetic disk 12 has a structure’in which at |east a
magnetizag i on fhXingvabayeritRrraspacki fg ta¥epersehdionyaet haghatkeng 25

| ayer, perpendicular magnetic recording |ayer, and
recording medium.

The present invention will be described in more
detail below with reference to the accompanying
drawing.

10 FIG. 1 is a view showing an outline of an example
of a perpendicular magnetic recording/reading
apparatus according to the present invention.

.As shown in FIG. 1, this perpendicular magnetic
recording/reading apparatus includes a perpendicular

15 magnetic disk 12 of, e.g., 2.5 inches, a magnetic head
13, a head suspension 14, and a voice coil motor 15
for head position control, in a housing 11 having a
size of, e.g., 6.985 x 10.00 cm.

Note that the perpendicular magnetic

20 recording/reading apparatus of the present invention
is not restricted to the arrangement shown in FIG. 1.

The perpendicular magnetic disk 12 has a
structure in which at least a magnetization fixing
layer for a backing layer, soft magnetic backing

25 layer, perpendicular magnetic recording layer, and

surface protective layer are stacked on a substrate

made of aluminum or reinforced glass. An intermediate




surface protective |layer are stacked on a substrate made of al um num or
reinforced glass. An internediate control |ayer can be added to this
stacked structure as needed. One characteristic required of this nagnetic
disk is low nedia noise. Mrre specifically, it is necessary to produce no
spi ke noi se, reduce 5 col ored w deband noi se as a whol e, and decrease the
frequency characteristics. However, the backing |layer of the magnetic disk
is a soft magnetic material having a small coercive force Hc, so this
backing layer tends to formnnagnetic walls under the influence 10 of an
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magneti c backing Tayer. One 1s a structure 1iIn whi ch t he soft magneti c

backi ng | ayer ifré@ﬁéﬁ&{%h%a&@ﬁigfﬂws- Hbee 96 HEr the Ba&kiHgt Usgei N
which a magnetization Tixing |ayer for a backing layer is

of the magnetic disk is a soft magnetic material

having a small coercive force Ho, so this backing
layer tends to form magnetic walls under the influence

10 of an external magnetic field. When the head passes
over these magnetic walls, spike noise is produced in
a reproduced signal output. Hence, a structure in
which magnetic walls are not easily formed in the soft
magnetic backing layer is desired.

15 The voice coil motor 15 uses, e.g., an
Nb-Fe-B-based magnet, and the strength of this magnet
is about 4,000 Gauss. To avold a strong magnetic
field of this magnet, the perpendicular magnetic disk
12 is separated by about 3 mm or more, preferably, 4

20 to 10 mm from the voice coil motor 15.

Two structures are primarily proposed as the
structure in which magnetic walls are hardly formed in
the soft magnetic backing layer. One is a structure
in which the soft magnetic backing layer is formed of

25 fine grains. The other is a structure in which a
magnetization fixing layer for a backing layer is

stacked on the soft magnetic backing layer to fix the




stacked on the soft magnetic backing layer to fix the 10 nmagneti zati on of
this soft magnetic backing layer in a predeterm ned direction. The present
invention uses the latter structure. The nagnetization fixing layer for a
backing 5 layer is generally a hard magnetic material and has a |arge Hc.
Hence, even if an external magnetic field of a sensibly possible size is
applied, the nmagnetization direction doeggnot- reverse. Therefore, when

t he magneti zation of this magnetization fixing 10 |ayer for a backing |ayer
is fixed in a predetermned direction by intentionally applying a |arge
magnetic field, thig,nagnetiz tion mai %ains t he predeterm.oned_ direction
for a |ong ti mePpERFEIZ2ELP eR nﬁﬁé? ﬁﬁg MAPPEFIF PRCRSPFatPST fak et er nal
magnetic field |larger 15.than the Hc of the nagnetization fixing |layer for
a backing IayePngegﬁﬁp?BagiHlfﬁgt%garal direction of the nag%etig di sk,

the magnetization of (ffie, JRAAE! 2L ok HAR haken fal,a iaclddigd ayer is

fixed in this nagneti plfication direction an points inthe

same direction for aTk%”%aB%%%ﬁ@a%&ontEq§in.fg%%yé% @%&n%tﬁﬁﬁ§ﬂﬂﬂﬁ fixing

layer for a backing l'ayer "and the soft nagre backing l'ayer are in
contact wsth ea%QaekhQE gén@khmug bheakang8ghBtivhingletrhay ahtieghseach

ot her, the exchange coupling 25 interaction acts on these two | ayers, and
this makes the;gegaenizat HeAcd)r e¢khons hi eheekwall aughetequdlield

of a sensibly possible size is applied, the
magnetization direction does not reverse. Therefore,
when the magnetization of this magnetization fixing

10 layer for a backing layer is fixed in a predetermined
direction by intentionally applying a large magnetic
field, this magnetization maintains the predetermined
direction for a long time period. For example, when
after film formation an external magnetic field larger

15 than the He of the magnetization fixing layer for a
backing layer is applied in the radial direction of
the magnetic disk, the magnetization of the
magnetization fixing layer for a backing layer is
fixed in this magnetic field application direction and

20 points in the same direction for a long period of
time. If this magnetization fixing layer for a
backing layer and the soft magnetic backing layer are
in contact with each other or within the range in
which they affect each other, the exchange coupling

25 interaction acts on these two layers, and this makes
the magnetization directions in the two layers equal.

Since the magnetization direction in the magnetization



Since the magneti zation direction in the magneti zation - 11 fixing |ayer
for a backing |ayer can be controlled by the applied magnetic field, the
magneti zation direction in the soft nmagnetic backing |ayer can also be
controlled. 5 FIG 2 is a view showing an imge data representing the
result of neasurenent perfornmed by an optical surface analyzer on an
exanpl e of a disk in which a soft magnetj¢ backing layer and a surface
protective |ayer are formed. Referring to FIG 2, the 10 direction of
magneti zation of a |ongitudinal conmponent of the disk is observed with an
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reversal and rqul ) gagnetlc walls. FIG 3 is a view showi ng an
i mge data repr%s ?lngffﬁe result of nmeasurenent performed by the OSA on

an exanple of a di skph Vlgglé gegReli 8biveAg2anf ixkee bayar for a backing
yer, soft magnetic ing layer, and surface protective |layer on a
representing the result of measurement performed by an
optical surface analyzer on an example of a disk in
which a soft magnetic backing layer and a surface
protective layer are formed. Referring to FIG. 2, the
10 direction of magnetization of a longitudinal component
of the disk is observed with an optical surface
analyzer (OSA) using the Kerr effect. 1In a portion
where the tone changes, magnetization reversal occurs
and a magnetic wall is formed. FIG. 2 shows that
15 magnetic walls are formed on the entire edges of this
disk, and that many magnetic walls are formed
particularly on the outer edge owing to the influence
of the edge. This indicates that the soft magnetic
backing layer having a low Ho easily causes
20 magnetization reversal and readily forms magnetic
walls.

FIG. 3 is a view showing an image data
representing the result of'measurement performed by
the OSA on‘an example of a disk having a magnetization

25 fixing layer for a backing layer, soft magnetic

backing layer, and surface protective layer on a

substrate. Magnetization in the magnetization fixing



| subéprate. Magneti zation in the magnetization fixing 12‘ | ayer for a
backing layer uniformy points in the radial direction when an external
magnetic field larger than He is intentionally applied. Therefore,
nmagnetization in the soft magnetic backing |ayer also 5 points in the sane
direction as the magnetization fixing layer for a backing |ayer, i.e.,
points in the radial direction, by exchapge coupling. This denpnstrates
that the soft magnetic backing |ayer of the nagnetic disk used in the

pr esent |Pverg|on does 10 not form magnetic walls unless a | arge external
magnetic fie by which the magpetization directions .ipn the netization
flx:ng | ayer fF¥a%?%aE?¥nﬁ ?%9g+nga %y?ﬁeugb%?rﬂgﬁng??Egﬁaﬁﬁiggglayer are
no | onger equal is, applied. 15 FI.GS. 4 an ' t presentin
tﬂe rﬁsults ofr%éb%ﬁr%h%%?ElﬁﬁrY%?%e%nb%QFgﬁgégAﬁggﬁgF98d?§ﬁgasinilar to
that shown in FIG 3 are r ted. . - h tizaf] l.pection of
t he di sk shomni?ﬁgiﬁ(fh%n?%gff%n%?ﬁ%ﬁgh%ﬂgi%gggp?gggﬁé i%ﬁg?eggkéage of

t he di sk, d th j i i i i . i i
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fromthe inner ‘e edge of t I sk. During

TrasunomSLe "RasERCiAoPh ke Berioe d ghrihLouadnethppdisk o1
al ong the outersegdgeyi NayEkCrob- a TaASkifgSPaPeepuseet Nepongast taathen
radial direction, by exchange coupling. This
demonstrates that the soft magnetic backing layer of
the magnetic disk used in the present invention does

10 not form magnetic walls unless a large external
magnetic field by which the magnetization directions
in the magnetization fixing layer for a backing layer
and the soft magnetic backing layer are no longer
equal is applied.

15 FIGS. 4 and 5 are image datas representing the
results of measurements performed by the OSA after
disks similar to that shown in FIG. 3 are rotated.
Note that the magnetization direction of the disk
shown in FIG. 4 is from the outer edge to the inner

20 edge of the disk, and the magnetization direction of
the disk shown in FIG. 5 is from the inner edge to the
outer edge of the disk. During the measurements, no
head loading is performed. In FIG. 4, the disk
remains the same as it is beforé rotation. However,

25 magnetic walls are formed along the outer edge in

FIG. 5. This is so because the magnetization

directions in the soft magnetic backing layer and the



directions in the soft magnetic backing layer and the 13 magnetization
fixing layer for a backing |ayer are no longer the same owing to the

| ongi tudi nal conponent of a magnetic field applied fromthe magnet of the
voice coil motor to the magnetic disk. The difference 5 between the
magnetic di sks shown in FIGS. 4 and 5 is the nagnetization direction in
the magnetization fixing layer for a-backing |ayer. The magnetization
directions in the soft nagnetic backing |ayer and the magnetization fiXxing
| ayer for a backing layer are no 10 longer the same only in the nagnetic

di sk shown in FIG 5, caus t.he eti .0 soft
nagnetlctba?k;HEQQ%ﬁﬁzlﬁ} 4 rﬁ%k?# f%?reﬂzégﬁﬁﬁﬁ #%ké?ongltudlna
conponent of t t.he e r t
foregoing, in g eﬁgﬁ‘é’i an{ r?gqgln % ﬁrﬁe)écolr ﬁéua%%{aér)lat us UA;IF%E]Q aé'@

magnetic di sk ayig,d, mrzeqtazaﬂotéd%awm 410 G it % Pagké ngoayer, an

ef fecti ve neans preventlng t ornatlon of mEgnetic walls in a soft

magnet i ¢ backi ng, 1ayest dS {4 3R HddgHrthe digect itme ofi therdwegi t udi nal

conponent of a nmagnetic field of & voice coil notor with the

magneti zati on §dEfddiPHe rdhetold dmgnetsiowracia LGS aykrandiohever, a
per pendi cul ar nmagnetic recording/readi ng apparatus sometines uses a

plurality 25 oftHegnaird idiakison sii ddctiiordi i i the tmdgnet i zpart idre
magnetization directions in the soft magnetic backing
fixing layer for a backing layer. The magnetization
directions in the soft magnetic bécking layer and the
magnetization fixing layer for a backing layer are no

10 longer the same only in the magnetic disk shown in
FIG. 5, because the magnetization direction in the
soft magnetic backing layer 1s opposite to the
direction of the longitudinal component of the
magnetic field of the voice coil motor.

15 From the foregoing, in a perpendicular magnetic
recording apparatus using a magnetic disk having a
magnetization fixing layer for a backing léyer, an
effective means for preventing the formation of
magnetic walls in a soft magnetic backing layer is to

20 align the direction of the longitudinal component of
a magnetic field of a voice coil motor with the
magnetization direction in the soft magnetic backing
layer. However, a perpendicular magnetic
recording/reading apparatus sometimes uses a plurality

25 of magnetic disks, so it is difficult to align the
magnetization directions in the soft magnetic backing

layers of all the magnetic disks with the direction of



| ayers of all the magnetic disks with the direction of 14 a | eakage
magnetic field of the voice coil nmotor. Even if this is possible, it is
necessary to prepare two types of nagnetic disks in which the
magnetization directions in the magnetization fixing |ayer for a 5 backing
| ayer and the soft magnetic backing |layer are different. This poses a new
problemin ternms of cost. |In practice, tharetore, it is presumably

i nportant to suppress the | eakage magnetic field of the voice coil notor
or to nake the magnetization 10 direction in the soft magnetic backing

ayer the sare | 2bedhale e, TROReL | saLion,L yhngel aY6F fgtep, backino
(heregnet22t! o111y YT dor, 2 Backing,! BYEE 200, Be polb,gaonel o

15 backi ng Iayev‘?‘;i.r?e‘l eni ron o akage

magnetic field of the voice Iﬁ%’%ﬁ%g%{zc’&i'éi?gygﬁpﬁ%éﬁ {:Retﬂggﬂéﬂ-%&%:’:é‘hi on

direction in the so magne i ng e magneti zation directions

in the soft mg@fﬁé&i@sb king hayRet 2Rdeibe FRUDRYI ZaLbonsbixhng |ayer
for a backing Tayer are the sane ow ng to the exchange Coupling

interactigpn. |fpide; ARANSjéZain@nt 1l r 86t OREgné it NBasRihgMaapeti arbacking
| ayer and the nmagnetization fixing |ayer for a backing |ayer of the 25

per pendi cul ar r@OResFEnt ecori Hgpd sy er a beewnpropashi fhl yedinsf 6Feabsewi ng to
an external nagnetic
In practice, therefore, it is presumably

important to suppress the leakage magnetic field of
the voice coil motor, or to make the magnetization

10 direction in the soft magnetic backing layer the same
as that in the magnetization fixing layer for a
backing layer, and to obtain a structure in which the
magnétization directions in the magnetization fixing
layer for a backing layer and the soft magnetic

15 backing layer are the same even if the direction of
the leakage magnetic field of the voice coil motor is
opposite to the magnetization direction_in the soft
magnetic backing layer.

The magnetization directions in the soft magnetic

20 backing layer and the magnetization fixing layer for a
backing layer are the same owing to the exchange
coupling interaction. If the magnetization directions
in the soft magnetic backing layer and the
magnetization fixing layer for a backing layer of the

25 perpendicular magnetic recording layer become

partially different owing to an external magnetic

field, the consequent external coupling magnetic field



field, the consequent external coupling magnetic field 15 often further

makes the magnetization directions different over a broad range. The
present inventors first attenpted to prevent the magnetization directions
in the soft magnetic backing |layer and the 5 nmagnetization fixing |ayer for
a backing layer from becomng different even in a portion of the

per pendi cul ar magnetic recording |layer.- FH@ 6 is a graph show ng MH
curves in the longitudinal direction of the soft magnetic backing 10

| ayer. As shown in FIG 6, this Hn at |east contains the absolute value of

a magnetic field_at the jntersectio of a straight li,ne 102 d t t
103.gThe|str;igﬂft?Pn£u{ eEdﬂﬂEE%sgpﬁnmﬁgpﬁ%égéglaﬂ bg%egggggg 12 1829?2

03. T hECPRneTo2 PRo" BEPES 3 AR W AEEP7E” 15 1
(1, “We) ot i GhEFRESRBUPYAY | baoCatt 46008 , PhEPrPERnE0a ER BT " e

o nat e, rhos) Liyec! BEELABELLOPa(Jreleh Obnb haofilk 18ac1lh 20 (1e

ordinate. The t nt s at a negative 1 ntersection (-Hc, O of the

curve 101 and tfe, .apsGhssay g?s§?€nm§ n8¥ier pakkTRgNeLierf bakd thHa'

| arger than the magnetic fiel e Infersection of ° thé straight lines
102 and 193 is ppplhied,apdotheixMRgNELyEat FeR BepaARSngMbhek tham the

saturation 25 nmaghetization Ms, if the magnetization restores to the
original saturabbesmiBgNgt FzateAt dMoenhen a pegBebhCof the
perpendicular magnetic recording layer.

FIG. 6 is a graph showing M-H curves in the
longitudinal direction of the soft magnetic backing

10 layer.

As shown in FIG. 6, this Hp at least contains the
absolute value of a magnetic field at the intersection
of a.straight line 102 and a tangent 103. The
straight line 102 connects two points of an M-H curve

15 101 in the soft magnetic backing layer longitudinal
direction: one is a point (Hg, Mg) at which
magnetization saturates in the first quadrant, and the
other is a positive intersection (0, My) of this curve
101 and the ordinate. The tangent 103 is at a

20 negative intersection (-H.,0) of the curve 101 and the
abscissa. Even when an external magnetic field Hp'
larger than the magnetic field at the intersection of
the straight lines 102 and 103 is applied and the
magnetization becomes smaller than the saturation

25 magnetization Mg, if the magnetization restores to the

original saturation magnetization Mg when a magnetic

field smaller than Hy is applied again, this Hp' is



field smaller than Hn is applied again, this Hh' is 16 included in the
range of Hn used in the present invention in a broad sense. Fromthe
foregoing, to prevent the formation of magnetic walls in the soft nagnetic
backi ng layer of 5 the magnetic disk, the nagnetization directions in the
soft magnetic backing |layer and the magnetization fixing |ayer for a
backi ng | ayer are desirably the sanme threogghout the entire magnetic disk
surface. According to the first aspect of the present 10 invention,
therefore, the maxi num value of the external magnetic field applied to the
magnetic disk s smaller than the Hn of the soff. netic backin | ayer.
Wien this is nt%@chﬁﬁﬁ%t}ﬁaﬁ'%nr?%g?h%gs%mtus gh%t?ﬁngEEFﬁaglaye? g
transits while the value of 1 satgration magneti zation is held, so the MH

| oop does not WEEFe P mhot PoIPT ALLBYdi ngly, the magnetization
directions are al“ayﬁﬁéﬁ:§§$ngﬁgggﬁgﬁﬁﬁgﬁng?éggﬂe9?h89E8E 0giBat ygen the

soft magnetic backi zatron i xing layer for a 20

backing |ayer remil 0s; Stfongs Seh?iQo%@emgaﬂQEEECbQEﬁkngiia&@? of

nmagneti zation %ﬁ?ec rons 1n the soft magnetic backing layer and the
magneti zafion fixdnglRayelcf@isr, beRK REghaYetafién A2tbLelbisOyh ©he

al i gnnment’, the consequent exchange 25 coupling nmagnetic.field nmakes these
magnetization ghfechd onst te fhgerbhgoyeyed bheatheanggnetienaeiont is
fixing layer for a backing layer are desirably the
same throughout the entire magnetic disk surface.
According to the first aspect of the present
10 invention, therefore, the maximum value of the
external magnetic field applied to the magnetic disk
is smaller than the Hp of the soft magnetic backing
layef. When this is met, magnetization in the soft
magnetic backing layer transits while the value of
15 saturation magnetization is held, so the M-H loop does
not become a minor loop. Accordingly, the
magnetization directions are always the same because
the exchange coupling between the soft magnetic
backing layer and the magnetization fixing layer for a
20 backing layer remains strong.

Also, in the magnetic disk, if the magnetization
directions in the soft magnetic backing layer and the
magnetization fixing layer for a backing layer are
partially out of alignment, the consequent exchange

25 coupling magnetic field makes these magnetization
directions different over a broad range. Hence, it is

important to prevent the magnetization directions from



inportant to prevent the nmagnetization directions from 17 becom ng
different even in a portion of the disk. Accordingly, it is preferable
that on the outernost edge where the maxi num external magnetic field of
the magnetic di sk |ongitudinal conponent applied to the 5 nagnetic disk is
probably a maxi mum the maxi num external nagnetic field of the applied
magneti c disk |ongitudinal conponent Ls snal ker than the Hn of the soft
magneti ¢ backing | ayer. Consequently, no magnetic walls are fornmed in the
soft magnetic backing 10 layer. In the magnetic recording/reading

, d dj d h
ﬁﬁgﬁre??ﬁsgi k. BeerRied it EUareR Rlghet PoouirrELaPool ERROHBK 1 ne sort
ti Ki | t 1 t
reproduct  on | Reef2Eloulyecry b rBerafo ATt HRR bEo R  BuE BB o ke pect oo
t t t th f .
i oot fons ar o TRE SRt Duig Por iRl o ERekRaY chigbbEe, TRETEPRCERED ce

as a 1ecor ding 20, 8 £2. a2 #ndi LdulflatNECRpbHERHRAREL L €Al kBN ehdi rect i ons

are not the sane S used as a no recor I ng area. t he present
| nvent or sg st udigdot bej - C@git 1 SNSryPEBLy WA ﬁaxiiﬂamrmﬁnet magtimam directions

25 are the sane dlrectlon on t he outernost perlneter of the data zone on
the outernost egdgeephal NBa§RIVEEI €ield of the applied magnetic disk
longitudinal component is smaller than the Hp of the
soft magnetic backing layer. Consequently, no
magnetic walls are formed in the soft magnetic backing
10 layer.

In the magnetic recording/reading apparatus, data
is recorded in a recording area (data zone) of the
magnétic disk. Therefore, even if magnetic walls are
formed in the soft magnetic backing layer in a portion

15 other than the data zone, reproduction is not
adversely affected. According to the second aspect of
the present invention, therefore, an area in which the
magnetization directions are the same owing to the
exchange coupling interaction is used as a recording

20 . area, and an area in which the magnetization
directions are not the same is used as a non-recording
area.

Also, the present invenths studied the
conditions under which the magnetization directions

25 - are the same direction on the outermost perimeter of
the data zone on the outermost edge of the magnetic

disk. FIG. 5 reveals that the Hp of the magnetic disk



disk. FIG 5 reveals that the Hn of the magnetic disk - 18 in which the
magneti zation directions obtained by the exchange coupling interaction are
no |l onger the sane is about 3,950 A/m (50 Ce). However, another experi nent
shows that an external magnetic field of 5 only about 1,975 AAm (25 Ce) is
applied fromthe voice coil notor to this radial position. This indicates
that an action other than the external -maggetic field is also an el enent
whi ch nakes the magneti zation directions different fromeach other. 10 The
present inventors then studied the state of a portion where the

 inventors then studied e of a P h
Tagnet i zati on Gt eRntRh TREPSOF £ htgett ECBRRPAG P AIaR Sy FEE

neti z e Bn P | | ckP -t
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soft magnetic_ back Oalséy%oaﬁ?mt @9056&?.%{3@&@&,*\%@%& gnge coupling

interaction. ThTs a a demagnetizing fie resulting from

magnet i zation ig.Lhe;sofht 20oWBILELECaRAEkEBInkAYREGHAYIBYrlBeqoppoOsSi te
magneti zation direction to act in the direction in "which the nmagnetization

directions remspn ¢i ibenent, o75enen, (2p eeMmgpehppldeak firomwbhehvoliee
magneti zation directions are not the sane even in a portion, the 25

magneti zati on déseCthmObSrNBy Bhisbeatibelspoerithshde Thhat ipditataseven if
the Hh is larger than the
that an action other than the external magnetic field
is also an element which makes the magnetization
directions different from each other.

10 The present inventors then studied the state of a
portion where the magnetization directions of the
magnetic disk are not the same. The magnetization
direétion in the soft magnetic backing layer in this
portion is opposite to that in a portion where the

15 magnetization directions in the magnetization fixing
layer for a backing layer and the soft magnetic
backing layer are the same owing to the'exchange
coupling interaction. This allows a demagnetizing
field resulting from magnetization in the soft

20 magnetic backing layer having the opposite
magnetization direction to act in the direction in
which the magnetization directions remain different.
Hence, in a magnetic disk in which the magnetization
directions are not the same even in a portion, the

25 magnetization directions may not be the same inside
that portion even if the Hp is larger than the

external magnetic field, under the influence of the



external magnetic field, under the influence of the 19 demagnetizing field
of the backing layer having the opposite magnetization direction. Wen
this demagnetizing field is taken into consideration, therefore, to make
t.he magneti zation directions equal 5 on the outernost perineter of the data
zone, the sum of the maxi mum applied nmagnetic field on the outernost
perineter of the data zone and the denagnebi zi-ng field of the soft
magneti ¢ backing layer in a portion where the magnetization directions are
not the same is 10 desirably equal to or |ess than H. A demagnetizing field

basi s of the AUVERMCHLFHTattord B pe' PeekERg RAYRF v Be St Faor et dual
magneti zati on, ?éﬁ% $§%té§?%%£g%%? ggi ¥98§§103 bewﬁeﬁagﬂgglzatlon reversa

coefficient, ance Troma nmagnetirzation reversal

position, a de gme ﬁéffg % t9e£ﬁxi§(§%HEnNé?Ebn8 3518@¥§E§@h

magneti zation i fesent tan-1 t/2+a) /x)

-tan-1 ((-t/2- $é¥éfo o, £8Mndka/ ¥he maFﬁéilzét§8n élFBGB@BhQ byehd H(a)

separated from i zatron reversal position by the magnetization
reversal gi stange @héSoﬁ{égmog@gﬁéﬂiﬂgtébeow¢théuﬂﬁeazﬁoﬁbpmﬂhensEhG. 6 as

a parallelogram a magnetic field by which the residual magnetization is
M/2is of the maximum applied magnetic field on the outermost
perimeter of the data zone and the demagnetizing field
of the soft magnetic backing layer in a portion where
the magnetization directions are not the same is
10 desirably equal to or less than Hp.

A demagnetizing field Hypy of the soft magnetic
backing layer will be described below on the basis of
the above consideration. First, letting My (A/M) be
the residual magnetization, t{(m) be the film

15 thickness, a be a magnetization reversal coefficient,
and x (m) be the distance from a magnetization reversal
position, a demagnetizing field H(x) (A/m) of single

reversal magnetization is represented by

H(x)
20 = My/mpg* (tan~1((t/2+a)/x)-tan"1((-t/2-a)/x)-2
tan~1(a/x)) | e (1)

Also, a magnetic field H(a) separated from the
magnetization reversal position by the magnetization
reversal distance a is My/2. Regarding the M-H curve

25 shown in FIG. 6 as a parallelogram, a magnetic field
by which the residual magnetization is My/2 is

(He + Hp)/2. Hence, H(a) is represented by



(Hc + Hn)/2. Hence, H(a) is represented by 20 H(a)=(Hc+Hn)/2 ... (2)
Equation (3) bel ow can be derived fromequations (1) and (2) above. H (a)
5 = M/np0(tan-1((t/2+a)/a)-tan-1((-t/2-a)/a)-2 ,tan-1(a/a)) = M/nu0
(2tan-1 (t/ (2a)+1)-n) = (Hc+Hn)/2 ...(3) In addition, a maxi num val ue Hxm
of Hx) is 10 represented by Hxm = 2M/(nu0)-tan-1((t/4)/(a(a+t/2))1/2)
...(4) Fromequations (3) and (4), the degagnetizing field Hxm of soft
magneti ¢ backing | ayer can be 15 derived. A nagnetic field.applied to the
magnetic disk is the sumof the denmagnetizing field Hkmand an external

magnetic field Hex ich_i s | angitudi nal conponent applied t he out nost
perinmeter of the ‘rggé?grﬁgcaﬁég/gf t he magnetic recordihg'éégiunl and 20

mgnet o freld is restbabheha 8] orEa i cr b8 fgrIPihTYon EBagE IS |
Hex has a nagni{ PeaHEEE Ja 5@t ion (5) above, the exchange coupling

interaction 25 %etmeen %Ee magneti zation fixing |ayer for a backing |ayer
and the soft nagnetiﬁ(ggcking | ayer is not | ost

5 My/mug* (tan~1((t/2+a)/a)-tan~1l((-t/2-a)/a)-2

‘tan~1(a/a))

M, /mpge (2-tan~1(t/ (2a)+1)-n)

(Ho+Hp) /2 )
In addition, a maximum value Hyy of H(X) is
10 represented by
Hym = 2°My/ (mpg) *tan~l((t/4)/ (a(a+t/2))1/2)
. (4)
.From equations (3) and (4), the demagnetizing
field Hyy of soft magnetic backing layer can be
15 derived. A magnetic field applied to the magnetic
disk is the sum of the demagnetizing field Hyp and an
external magnetic field Hgy which is longitudinal
" component applied to the outmost perimeter of the
recording area of the magnetic recording medium, and
20 must be smaller than H, even when Heyx + Hp is a
maximum. Hence, this magnetic field is represented by
Hym + Hex < Hp ... (5)
Accordingly, when Hgy has a magnitude meeting
equation (5) above, the exchange coupling interaction
25 between the magnetization fixing layer fdr a backing
layer and the soft magnetic backing layer is not lost

in a recording area, even in a magnetic disk having in



in a recording area, even in a magnetic disk having in 21 a non-recording
area a portion where the magnetization directions in the magnetization
fixing layer for a backing |layer and the soft nagnetic backing |ayer are
not the same. 5 As described above, the present invention can provide a
magneti c recordi ng/ readi ng apparatus capable of stabilizing magnetic
domains in a soft magnetic backing |ayerzused in a magnetic recording
medi um and capable of stably recording data with | ow noi se even 10 when
recordi ng. and reproduction are repeated. Additional advantages and

dificati il dily, to_th .skilled i h : : :
the i nvent i on | # TP&-BF GHERFRSPECE o2 BORGLOT] Hicod FBC TRAEhARFIar
det ai | d tive, di j in.
Aocor di gl y.  veit BEEE B Hcodt oNeoHay B A RO LT Sisbat PFng from the
spirit and scope of

appended cl ai ns %ﬁﬁi§§§%$§§§L$%%igﬁgggbgg @ﬁaﬁgF%CgE%f%E%én%gy?¥ %B@

per pendi cul ar npgpetj ¢ Legording/reading apparatus conprising a
per pendi cul ar magnetic recording nediumincluding a nonmagneti c substrate,

5 and a rmgnetizatiofsf hxkBgibayeabbok, athackiragehdyehventisaf tammgnetic
backi ng layer, and a perpendi cular magnetic recording |ayer forned in the
order on said provide a magnetic recording/reading apparatus capable
of stabilizing magnetic domains in a soft magnetic
backihg layer used in a magnetic recording medium, and
capable of stably recording data with low noise even
10 when recording and reproduction are repeated.

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

15 shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit and scope of the general inventive concept as

defined by the appended claims and their equivalents.



nonmagneti ¢ substrate, wherein a maxi num external magnetic field of a 10
magnetic recordi ng nmedi um | ongi tudi nal conponent which 1is applied to said
per pendi cul ar magnetic recording nediumis smaller than an absol ute val ue
Hn of a magnetic field at an intersection of a straight Iine connecting
two points of an MH curve in the 15 | ongitudinal direction of said soft
magneti c backing |ayer and a tangent of thg M-H curve, one of the two
poi nts being a point (Hsi, M) at which nagnetization saturates in the
first quadrant, the other of the two points being a positive intersection

(0, M) of the 20 MH curve and taﬁ%&rékﬁ%ﬂﬁlﬁﬁﬁjf e tangent being at a
€ curve an

negative intersection (-Hc, 0) of " the abscissa. 2. An

apparatus according tp ngléﬁﬁﬁe|r§%ﬁ& " ﬁgﬁ%ﬁg¥%zg?%§?agé gkegagﬁ tic

field of the magnetic ~2 g nmedium onent ichis

applied to the i et er. of _ ne
ELTPSLs REGIITE £in 0fa 4 R50501 801 BF gl 58!

per pendi cul ar Ic recording nediumis | er Than the Hn of said

sof t magnetic bacididir AR ﬁmm&tysn@&zﬁ&%ﬁéﬁgctmsé@wté, further
conprising a driving nechani smwhich supports and rotates said

perpendi cyl ar NagnRetd Gnd Qe it ST df iMing Al dp@netde Aesackang nbagsr £l enent
whi ch records information on said perpendi cul ar magnetic recording
a soft magnetic backing layer, and a perpendicular
magnetic recording layer formed in the order on said
nonmagnetic substrate,
wherein a maximum external magnetic field of a
10 magnetic recording medium longitudinal component which
is applied to said perpendicular magnetic recording
medium is smaller than an absolute value Hp of a
magﬁetic field at an intersection of a straight line
connecting two points of ah M-H curve in the
15 longitudinal direction of.said soft magnetic backing
layer and a tangent of the M-H cur#e, one of the two
points being a point (Hg, Mg) at which magnetization
saturates in the first quadrant, the other of the two
points being a positive intersection (0, My) of the
20 M-H curve and the ordinate, and the tangent being at a
negative intersection (-Hg, 0) of the M-H curve and
the abscissa.
2. An apparatus according to claim 1, wherein
the maximum external magnetic field of the magnetic
25 recording medium longitudinal component which is

applied to the outermost perimeter of a recording area

of said perpendicular magnetic recording medium is



medi um and an el ement whi ch reproduces recorded information, a carriage

assenbly which supports said 10 magnetic head to be novable mnth respect to
said perpendicul ar magnetic recording medium and a driving notor which
noves said carriage assenbly to control the head position. 4. An apparatus
according to claim1, wherein a 15 spacing between said perpendicul ar
magnetic recording nediumand said drivipg notor is not |ess than about 3
nm 5. An apparatus according to claim4, wherein the spacing between said
per pendi cul ar nagnetic 20 recording nmediumand said driving notor is about

4 to 10 mm 6. erpendlcular magnetic, recor /re i.n ratus
conprising a pe$ EuFBEn nbiyfetn c© gr%@bgdﬁﬂa n@ Pﬂﬁlgavgﬁgﬁgg onmagnet i ¢

substrate, and gaZS magneti zation fixing |layer for a backing |ayer, soft
magneti c backi nt?Y&yer, and perpendicul ar magnetic recording |ayer formed

i the order named og said 24, PQONBANELLGATHASEEALTg 1M Cithrtbd

per pendi cul ar magnett¢ recordrng nedrum recording area i n which

magnet i zati on a%%&éfié?ﬂ@f%“d§§b9ngaﬂg Eﬁ@&hoﬂhibﬁ'ﬁgpbé¥ﬁé bed a 5

backing | ayer ard’s magnet ing layer are the sanme direction
oW ng to 4n eXCP@EQEegoygia“Eerbaﬁéiéﬁlhenmaaﬂetacneacbga@hqlmgdauaa in

whi ch
a magnetic head having an element which records
information on said perpendicular magnetic recording
medium and an element which reproduces recorded
information, a carriage assembly which supports said

10 magnetic head to be movable with respect to said

perpendicular magnetic recording medium, and a driving
motor which moves said carriage assembly to control
the head position.

4, BAn apparatus according to claim 1, wherein a

15 spacing between said perpendicular magnetic recording
medium and said driving motor is not less than about
3 mm.

5. An apparatus according to claim 4, wherein

the spacing between said perpendicular magnetic
20 recording medium and said driving motor is about 4 to
10 mm.

6. A perpendicular magnetic recording/reading
apparatus comprising a perpendicular magnetic
recording medium having a nonmagnetic substrate, and a

25 magnetization fixing layer for a backing layer, soft
magnetic backing layer, and perpendicular magnetic

recording layer formed in the order named on said



the magneti zation directions are not the sane direction. 10 7. An
apparatus according to claim6, wherein the sumof a maxi num exter nal
magnetic field of a magnetic recording medi um | ongitudinal conponent which
i-s applied to the outernost perineter of said recording area, and a
demagnetizing field of said 15 soft magnetic backing layer in a portion of
said perpendicul ar magnetic recording-aype i-n which the magnetization
directions in said magneti zation fixing |layer for a backing |layer and said
soft magnetic backing |ayer are not the sane direction, is smaller 20 than
the Hn of said soft nagnetic Ba kin% | ayer. 8. An apparatus according to
claim 6, wherei RODRBEPPLYCVEUREERESr esi dual nagneti zation in said

ragnet ¢ 1 ecor d 19 eyl et I LML SRy s e ddie g of ve
componert 2P0 |Gk, hiE SULEERRR BEtl R sk ohyoal g e, o
) Sobl TUSNeCL B BERKS B ecy caughon ko Abusploner el
tan-1 ((t54) / f(ackdsl/ 2hyed! dhd saidPkoft magnetic backing layer
are the same direction owing to an exchange coupling
interaction, and a non-recording area in which
the magnetization directions are not the same
direction.
10 7. An apparatus according to claim 6, wherein
the sum of a maximum external magnetic field of a
magnetic recording medium longitudinal component which
is applied to the outermost perimeter of said
recording area, and a demagnetizing field of said
15 soft magnetic backing layer in a portion of said
perpendicular magnetic recording layer in which the
magnetization directions in said magnetization fixing
layer for a backing layer and said soft magnetic
backing layer are not the same direction, is smaller
20 than the H, of said soft magnetic backing layer.

8. An apparatus according to claim 6, wherein
letting My be the residual magnetization in said
magnetic recording medium, t be the film thickness, Hg
be the coercive force of said soft magnetic backing

25 layer, Hgx be the longitudinal component applied to
the outermost perimeter of said recording area of said

magnetic recording medium, and Hygpy be the



Hxm + Hex < Hn ... (c) 9. An apparatus according to claim®6, further
conprising a driving mechani smwhich supports and 10 rotates said
perpendi cul ar magnetic recording nedium a nagnetic head having an el ement
whi ch records information on said perpendicular magnetic recording nedium
and an el enent which reproduces recorded information, a carriage assenbly
whi ch supports said 15 magnetic head te be5mwwable with respect to said

per pendi cul ar nmagnetic recording nedium and a driving nmotor which noves
sai d garrlage ?ssenbly to control the head position. 10. An apparatus
according to clgime6 erein 0 i 4 4 j,cul ar
magneti c record?ﬁ&agﬁgggﬁ%PgngﬁgéﬁdOEP%&F%SHQ§%%$§$§§%%$(Qggggﬁﬁgﬁ about 3

mnm 11. An appag : or, diyng At | 2ol &le8i.n the spacing between
sai d perpendichgbgﬁégﬁgtﬁg)Zgorgggr an ngﬁgﬂnfghd said driving notor is

about 4 to 10 mm My/mpg* (2-tan~1(t/ (2a)+1)-m)

= (He + Hp)/2 + Hey ... (a)

5 Hyp = 2+My/ (mag) -tan~1((t/4)/(a(a+t/2))1/2)
... (b)

Hym t+ Hex < Hp ... {(c)

9. An apparatus according to claim 6, further
comprising a driving mechanism which supports and
10 rotates said perpendicular magnetic recording medium,
a magnetic head having an element which records
information on said perpendicular magnetic recording
mediﬁm and an element which reproduces recorded
information, a carriage assembly which supports said
15 magnetic head to be movable with respect to said
perpendicular magnetic recording medium, and a driving
motor which moves said carriage assembly to control
the head position.
10. An apparatus according to claim 6, wherein a
20 spacing between said perpendicular magnetic recording
medium and said driving motor is not less than about
3 mm.
11. An apparatus according to claim 10, wherein
the spacing between said perpendicular magnetic
25 recording medium and said driving motor is about 4 to

10 mm.



