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TI TLE. OF THE 1l NVENTI ON - PERPENDI CULAR MAGNET| C RECORD NG VETTRS1BTE

AND:N“ MAGNETI C RECORDI NG AND REPRODUCI NG APPARATUS USI NG THE

57" BACKGROUND OF THE | NVENTI ON The present invention relates
to a magnetic recording and reproduci ng apparatus used for an '
auxiliary storage of a conpuyter, and magnetic recording medi a used
for it and nore particularly to 10 peﬁpendlcular magneti c recordi ng
medi a suitable for realizing a high recording density of 4 giga bits
or .more for a square inch and a magnetic recordi ng and

reproduci ng apparatus using them

TITLE OF THE INVENTION .
PERPENDICULAR MAGNETIC RECORDING MEDIAdAND
MAGNETIC RECORDING AND REPROD iNG APPARATUS USING THE
SAME -
5 BACKGROUND OF THE INVENTION
The present invention relates to a magnetic
recording and reproducing apparatus used for an
| auxiliary storage of a computer and magnetic recording
media used for it and more particulerly to
10 perpendicular magnetic recording media suitable for
realizing a high recording density of 4 Qiga bits or
more for a'square inch and a magnetic recording énd
reproducing apparatus using them.
Due to progress of the information-oriented
15 society, the information amount which is handled daily
keeps on increasing. Along with it, there is an
increasing need for a high recording density and a
large storage capacity of magnetic recording
apparatuses. |
20 When the density of a magnetic recordlng apparatus
is 1ncreased, the medlum area for each recording bit
is decreased, so that the reproduced output is lowered
and the reproduction becomes difficult. To solve this
problem, a methcd that recording and reproducing are

25 executed by different heads and a head using a
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Due to progress of the information-oriented 15 society, the information

Amount which is handl ed daily keeps on increasing. Along with it,
there is an i ncreasing need for a high recording density and a

| arge storage capacity of nagnetic recording apparatuses. 20

When the density of a magnetic recording spparatus I's increased, the
medi um area for each recording bit I s decreased, so that the
reproduced output is | owered and the reproduction becones difficult.
To solve -this probl em a method that recording and reproducing are
25  executed by different heads and a head using a

-2-

magneto-resistive effect having a high sensitivity is
used as a reproduction head is used practically. To
make the density higher, a head using a giaht magneto-
resistive effect having a higher sensitivity is

5 examined. By use of such a highly sensifive
reprpduction head, the reproduced output can be
increased, though the noise is also'amplified at the
same time and when a medium having a high noise is
used, recorded iﬁfbrmation cannot be read. Therefore,

10 - for a magnetic recording medium for recording and
reproducing data with high density; it is'necessary to
keep the medium noise lower.

In a longitudinal magnetic recording system used

for a current magnetic disk, to reduce the medium

15 noise, it is necessary to make crystal grains finer.
Furthermore to overcome the demagnetizing field from
the magnetic charge at the bit boundary and hold thel
magnetization in the recording direction, it is
necéssary to increase the coerci&ity, reduce the

20 product of the thickness of the magnetic layer and the |
remanent magnetic flux density at the same time, and
make the demagnetizing field smaller. To solve such a
problem and achieve an areal recording density of 4
giga bits or more for a square inch, it is necessafy

25 to realize a coercivity of 3000 to 4000 oersted with a



magnet o-resi stive effect having a high-sensitivity is used as a
# eproduction head is used practically. To make the density higher,
a head using a giant nmagneto- resi stive effect having a higher
sensitivity is 5 exam ned. By use of such a highly sensitive
reproduction head, the reproduced output gan be i ncreased, though
the noise is also anplified at the sane tinme and when a nmedi um
having a high noise is used, recorded i nformation cannot be read.
Therefore, 10 for a magnetic recording mediumfor recording and
reproducing data with high density, it is necessary to keep the
medi um noi se | ower. In a longitudinal magnetic recordi ng system
used for a current magnetic disk, to reduce the nmedium 15 noi se,
it is necessary tothh&knesgsofil 19r bon80f nmeof the magretinelaper epd it
overcone the demagnetizing field from .- the magnetic charge at the bit
boundary and hol d iseexpectedntiyatt that realinathenr égorarhgignidytion, it
i's necessary to increase the coercivity, reduce the = '
' _ difficult considerably. Whén crystal grains are made
finer and the thickness of the magnetic layer is
5 reduced, the thermal stability of the recorded
magnetization state also becomes the matter.

On the other hand, the perpendicular magnetic
recording system is characterized in that as the
recording density increases, the demagnetizing field

10 . reduces and furthermore the thickness of the magnetic
layer can be ihcreased,'So that the perpendicular
'magnetic recording system is considered to be a system
suited to high density recording because the recorded
magnetization state is thermally stable. To execute

15 high speed recording and reproduction, even in the
perpendicular magnetic'recording system, it is a
necessary condition to reduce the medium noise. Noise
in perpendicular magnetic recording media is
considered to depend on the size of the reversed

20 . magnetic domain in the recording bits and the size of
disturbance at the recording bit boundary. To make
those sizes smaller and reduce the noise, it is
necessary to reduce the magnetization reversal unit by
making the diameter of crystal grains of the magnetic

25 film smaller.



20 product of the thickness of the magnetic |ayer and the

A emehent magnetic flux density at the same tinme, and make t he
demagnetizing field smaller. To solve such a probl em and achi eve an
areal recording density of 4 giga bits or nore for a square inch, it
I's necessary 25 to realize a coerciyvijy of 3000 to 4000 oersted with a
- 3- thickness of 10 to 20 nmof the nagnetic |ayer and it

is expected that the realization is technically difficult

consi derably. Wen crystal grains are nade finer and the thickness
of the magnetic layer is 5 reduced, the thermal stability of the
recorded - magneti zation state al so becones the matter.

' The size of magnetization reversal ﬁnit is related
also to the magne;ic viscosity. Namely, it is
considered that as the fluctuation field of magnetic
viscosity increases, the magnetization reversal unit

5 reduces and the medium noise also reduces. The meaning
of the fluctuation field of magnetic viscosity is
described in Journal of Physics F: Metal Physics, Vol.
14, p. L155 to 1159 (1984). It is difficult to compare
noise values of various media quantitatively and even

10 in the same medium, the noise value to be measured
varies with the head kind and the mutual relationship
between the head and -the medium. -On the other hand,
measurement of the fluctuation field of magnetic
viscosity is simple and reproducible. It is described

15 in Journal of Magnetism and Magnetic Materials, Vol.
127, p. 233 to 240 (1993) in detail.

Perpendicular magnetic recording media have been
researched and developed mostly about continuous thin
film type magnetic tapes. In this case, the thickness

20 of the magnetic layer is as thick as 100 nm or more
and a head with a wide track width is used for
recording and reproduction, so that the reproduced
output is large and.it is not necessary to suppress
the medium noise level so much. On the other hand,

25 when a perpendicular magnetic recording medium is used



On the other hand, the perpendicul ar magnetic recordi ng.systemis
rcharacterized in that as the recording density increases, the
‘demagnetizing field 10 reduces and furthernore the thickness of the
magneti c . layer can be increased, so that the perpendicul ar

magnetic- recording systemis considered §o_be a system suited to
hi gh density recordi ng because the recorded magneti zation state is
thermally stable. To execute 15 hi gh speed recordi ng and reproduction,
even in the per pendi cul ar magnetic recording system it is a
necessary condition to reduce the nmedi um noi se. Noise I n

per pendi cul ar magnetic recording nmedia is ' considered to depend on
-the size of the reversed 20, magnetic domain inthe recording bits and
t he size. of asdasnagnpehie diskhelketsrupagssarybbandaryease khre

t hose sizes smaller and reduce the noise, it is | = necessary to reduce
the magneti zati ondeR§EE¥apleni inpyhe track.diragtinag, dpanthat B%ecaygm

rains of the magnetic 25 i mal | er.. _
g : gog the recordingn%its reduces and a small output is

reproduced by a highly sensitive head. As a result,

5 the restriction to the medium noise becomes strict
‘necessarily. Examinction'fesults relating to noise of
perpendicular magnetic disk media are described in,
for example, Journal of Magnetism and Magnetic
Materials, Vol. 134, p. 304 to 309 (1994), which

10 indicates thét with respect to a CoCrTa perpendicular
dual-layered film medium, medium S/N at 90 KFCI is
23.8 dB. Therefore, reccrding and reproduction with a
high areal recording density of 4 giga bits or more
for a square inch are considered to be difficﬁit;”“

15 . To increase medium S/N of a perpendidulér magnetic
recording medium, various films in which only the
thickness of thé magnetic layer is changed are
manufactured by way of trial and the magnetic
characteristic and the noise characteristic are

20 evaluated by a vibratihg sample magnetometér and a
magnetic resistance effect type head respectively._
Evaluation results are as shown below. When the film
thickness is reduced so as to make the diameter of
crystal grains smaller and reduce noise, the noise

25 reduces almost in proportion to the film thickness,



-4- The size of magnetization reversal unit is related

Aalso to the magnetic viscosity. Nanely, it is consi dered that as the
fluctuation field of nagnetic vi scosity increases, the nmagnetization
reversal unit 5 reduces and the nedi.um noi se al so reduces. The neaning
of the fluctuation field of magnetic viscgsity IS ~described in
Journal of Physics F: Metal Physics, Vol.° ~ 14, p. L155 to L159
(1984). It is difficult to conpare noi se val ues of various nedi a
quantitatively and even 10 in the sane nedium the noise value to be
measur ed varies wth the head kind and the nutual relationship

bet ween the head and the nedium On the other hand,

though the coercivity also reduces éuddenly. As a
result, the reprdduced output reduces and a medium
having a satisfactory S/N characteristic cannot be
obtained. When the film thickness is increased so as
5 to increase the output, the output tends toward
. saturation and does not increase so much, though the
noise increases iﬁ'ptoportion to the film thickness
and S/N lowers.  When the thickness of the magnetic
‘layer is within a rangé from 50 nm to 150 nm, medium
10 S/ﬁ shows a relatively high value but does not reach a
level for reproducing a record with a high density of
4 giga bits or more for a square inch and reading
information.
SUMMARY OF THE INVENTION
15 o An object of the present invention is to provide a.
perpendicular magnetic recording medium which reduces
noise with the output maintained, increases the
- fluctuation field of magnetic viscosity sufficiently,
and has sufficiently high medium S/N suited.to
20 recording with a high density of 4 giga bits or more
for‘a-square inch and a magnetic recording and
reproducing apparatus applying it.
A perpendicular magnetic recording medium
éonforming to the above object can be obtained by

25 using a ferromagnetic thin film as a magnetic



measurenent of the fluctuation field of nagnetlc viscosity is sinple

sand reproducible. It is described 15 - in Journal -of Magneti sm and
‘Magnetic Materials, Vol. - 127, p. 233 to 240 (1993) in detai
Per pendi cul ar nagnetic recordi ng nmedi a have been resear ched and
devel oped nostly about continuous thin_ 4 _ filmtype magnetic tapes. In
~this case, the thickness 20 of the magnetic layer is as thick as 100 nm
or nore and a head with a wide track width is used for
recordi ng and reproduction, so that the reproduced output is |arge
and it is not necessary to suppress t he nedi um noi se | evel so nuch.
On the other hand, 25 when a perpendi cul ar nagnetic recording nmediumis

used - 5-
: recording layer in which the coercivity measured with

a magnetic field applied in the perpendicular
direction to the film surface is 1500 oersted or more
and the remanent magnetization coercivity meésuréd
-5 with a magnetic field applied in the perpendicular
direction to the film surface or the fluctuation field
of magnetic.viscosity at a magnetic field intensity
equal to the coercivity is 30 oersted or more and by
. controlling the film thickness within a range from 30
10 nm to 100 nm. |
To make tﬁe fluctuation field of magnetic
viscosity 30 ocersted or more, it is desirable to use
an alloy film having main components of cobalt and
chromium in which the mean valﬁe of diameter of
15 crystal grains measured on a plane parallel with the
film surface at a distance of less than 10 nm from the
interface on the surface side of the aforementioned
ferromagnetic thin film is 30 nm or less. The crystal
grain size of the magnetic layef increases toward the
20 surface side interface from the substrate side
interface. Therefore, to control the size of crystal
grains in the neighborhood of the surface side
interface is importanf'to obtain.a perpendicular
magnetic recording medium with low noise and high

25 output. Or, it is effective to structure a magnetic’



as a magnetic disk, it is necessary to increase the density also in
;the track dlrectlon so that the area .of the recording bits reduces
‘and a small output is ‘reproduced by a highly sensitive head. As a
result, 5 the restriction to the nmedi um noi se becones strict
necessarily. Exam nation results relaligg_to noi se of per pendi cul ar
magneti c di sk nedia are described in, for exanple, Journal of
Magneti sm and Magnetic Materials, Vol. 134, p. 304 to 309 (1994),
which 10 indicates that with respect to a CoCrTa perpendicul ar
dual -l ayered filmmedium nmedium S/ N at 90 kKFCl is- 23.8 dB
Therefore, recording and reproduction with a hi gh areal recording
density of 4 giga bits or nore : for a square inch are considered to
be difficult. 15recordinFolagerewsthnetii deaStNtwd magoepéndileyeas magnetic
recordi ng nedium various filns in which only the t hi ckness of the
magnetic | ayer iswbhghgateaseparated hﬁnafa@numagnsplﬁaynﬁﬁrﬂaygr andtohe

magneti c
use an underlayer which shows a para-magnetic

characteristic or a magnetic characteristic close to

5 - the para-magnetic characteristic of less than 20
enu/cc which will not affect substantially the
magnetic characteristic of a magnetic recording layer
formed on the aforementioned underlayer.

One of the characteristics of the present

10 invention is (1) a perpendicular magnetic recording
medium using a ferromagnetic polycrystalline thin film
having main components of éobalt and chromium in which
the thickness of the maénetic recording layer is
within a range from 30 nm to 100 nm, and the

15 coercivity measured with a magnetic field applied in
the perpendicular direction tb the film surface of the
magnetic recording layer is 1500 oersted or more, and
the fluctuation field of magnetic viscoSity at a
magnetic field intensity equal to the éoercivity or

20 the remanent magnetization coercivity measured Qith a
magnetic field applied in the perpendicular direction
to the film surface at 25°C is 30 ocersted or more.
When the fluctuation field is measured at 10°C to 30°C,
the fluctuation.field is obtained as a value obtained

25 by multiplying the temperature differeﬁce from 25°C by



e

characteristic and the noise characteristic are 20 eval uated by a

yi brdti ng sanpl e magnetoneter and a- magneti c resi stance effect type
head respectively. “~ Evaluation results are as shown bel ow. Wen the
film . thickness is reduced so as to make the di aneter of
crystal grains snmaller and reduce noise,_ bhg noi se 25 reduces al nost in
proportion to the filmthickness, _ - 6-
t hough the coercivity al so reduces suddenly. As a result, the
reproduced out put reduces and a nedi um having a satisfactory S/'N
characteristic cannot be obt ai ned. Wen the filmthickness is
increased so as 5 to increase the output, the output tends toward

298 T (9K).

(2) The mean value of diameter 6f crystél grains
measured on a plane parallel with the film surface at
a distance of less than 10 nm from the interface on
5 the surface side of the aforementioned ferromagnetic
thin film conforming to (1) is 30 nm or less.
(3) When the magnetic recording layer described
in (1) comprises at'least-two magnetic layers which
are separatéd by a non-magnetic interlayer, it has a
10 more superior effect. However, in this case, it is
suitable for obtaining a high S/N medium to control
the thickness of the magnetic recording layer within a
range from 75'nm to 100 nm in tbtal.
(4) As an undeflayer f the mégnetic recording
15 layer described in:(l), a polycrystalline film having
" main components of cobalt and chromium which shows a
para-magnetic characteristic of a magnetié
cﬁéracteristic close to the para-magnetic
characteristic may be used or a polycrystalline film
20 having main components of cobalt and chromium which
.. contains 55 to 75 atomic percent of cobalt.
(5) Another characteristic of the present:
invention is a magnetic recording and reproducing
apparatus in which the magnetic recording medium

25 described in (1) to (4i is used as the aforementioned



saturation and does not increase so nuch, though the noi se i ncreases

ixn proportion to the filmthickness and S/ N | owers. \Wen the

thi ckness of the nagnetic | ayer is within a range from50 nmto 150
nm medium 10 S/ N shows a rel atively high value but does not reach a

| evel for reproducing a record with a hi density of 4 giga bits or
nore for a square inch and reading 1T nformation. SUMMVARY OF
THE | NVENTI ON 15 . An object of the present invention is to provide a
per pendi cul ar magneti c recordi ng nedi um whi ch reduces noi se with the
~out put nmintained, increases the fluctuation field of nmagnetic
viscosity sufficiently, . and has sufficiently high nedium S/ N suited
to 20 recording with a high density of 4 giga bits or nore for a
square inch and a megmetic recordiing aedlium in a e@grdidion gegquratings
applying it. A perpendi cul ar magnetic recordi ng nmedium

conform ng to the apParadhisedaving fe nagngtisy ngcording medium, a
| magnetic recording medium drive unit, a magnetic head,
a magnetic head drivé unit, and a recording and
5 reproducing signal processing sYstem, and the
reproduction unit of the magnetic héad comprises a
magnetic pole, a magneto-resistive effect type
magnetic head using the magneto-resistive efféct, or a
giant magneto-resistive effect type magnetic head, and
10 the distance from the magnetic recording layer surface
of the magnetic recording medium to the magnetic pole
surface of the magnetic head is 50 nm or less at the
time of'recording and reproduction.
BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig; 1l is a drawing showin§ the structure of the
basic section of the perpendicular magnetic recording
medium of the present invention.
Fig. 2 is a drawing showing the coerciﬁity and the
reproduced output normalized by thickness.
20 Fig. 3 is a drawing showing the relationship
between the fluctuation field and the medium noise.
Fig. 4 is a drawing showing the relationship.
between the thickness of magnetic layer and the
reproduced output. |

25 Fig. 5 is a drawing showing the relationship



25 _ using a ferromagnetic thin filmas a nagnetic

~7- recording layer in which the coercivity neasured with .

a magnetic field applied in the perpendicul ar direction to the film
surface is 1500 oersted or nore and the renmanent magnetization
coercivity nmeasured 5 wth a nagngt#ﬁ]iield applied in the _

per pendi cul ar direction to the fi surface or the fluctuation field
of magnetic viscosity at a nagnetic field intensity _ equal to the
coercivity is 30 oersted or nore and by ~controlling the film

t hi ckness within a range from30 10 nmto 100 nm To .make the

fluctuation field of magnetic | |
between the thickness of magnetic layer and the_medium
noise.

Fig. 6 is a drawing showing the relationship
between.the thickness of magnetic layer and the

5 cdercivity.

Fig. 7 is a drawihg showing the relationship
between the thickness of magnetic layer and the
fluctuation field.

Fig. 8 is a drawing showing the relationship

10 between the thicknesé of magnetic layér and medium S/N.

Fig. 9 is a drawing showing the relationship
between the coercivity and medium S/N.
| Fig. 10 is a drawing showing the relationship
between the fluctuation field and medium S/N.

15 ' Fig. 11 is a drawing showing the relationship
among the thickness of magnetic layer, the fluctuation
field, and medium S/N.

Fig. 12 is a drawing showing the relationship |
among the thickness of magnetic layer, the coercivity,

20 and medium S/N.

Fig. 13 is a drawing showing the relationship
among the fluctuation field, the coercivity, and
medium S/N.

Fig. 14 is a drawing showing the structure of a

25 magnetic recording and reproducing épparatus of an



viscosity 30 oersted or nore, it is desirable to use an alloy film
shavi ng mai n conponents of cobalt and chromi umin which the nean
val ue of dianeter of 15 crystal grains neasured on a plane parall el
wi th the _filmsurface at a distance of less than 10 nmfromthe
interface on the surface side of the af Oféamentioned ferromagnetic
“thin filmis 30 nmor less. The crystal grain size of the magnetic
| ayér increases toward the 20 surface side interface fromthe substrate
si de - interface. Therefore, to control the size of crystal
grains in the neighborhood of the surface side , interface is
| nportant to obtain a perpendicular - magnetic recording nmediumw th
| ow noi se and high 25 output. O, it is effective to structure a
magnet i c embodiment of the present inwvention. :
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 shows a basic schematic view of the
perpendicular magnetic recording medium of the present
5 invention. In Fig. 1, numeral 11 indicates a non-
: magnetic substrate such as a tempered glass, silicone,
- carbon, ceramics, titanium alloy, organic resin, or
Ni-P alloy plated aluminum alloy substrate. Numeral 12
indicates an underlayer of. titanium or titanium alloy
10 or a dual-layered underlayer having a polycrystalline
film composed of alloy having main components of
cobalt and chromium which shows a para-magnetic
characteristic or a magnetic characteristic close to
the para-magnetic characteristic between the
15 aforementioned underlayer and the magnetic recording
layer. Numeral 13 indicates a magnetic recording layer
composed of main components of cobalt and chromium of
single-layer structure or multi-layer structure
separated by a non-magnetic interlayer using a
20 ferromagnetic thin film of, for example, Co-Cr-Ta, Co-
Cr-Pt, Co-Cr-Nb, or Co-Cr-W. Numeral 14 indicates a
protective lubricant layer comprising a protective
film of carbon, silicon-carbon, or boron-carbon and an

organic'lubricant film.

25 Embodiment 1



recording layer with at |east two magnetic |ayers whi ch are
s separated by a non-nagnetic interlayer or to use an underl| ayer which
"shows a para-magnetic characteristic or a magnetic characteristic
close to 5 t he para-magnetic characteristic of |less than 20
enu/cc which will not affect substantiahhy_the magneti c
characteristic of a magnetic recording [ayer formed on the
af orenenti oned under| ayer. : One of the characteristics of the
present - 10 i nvention is (1) a perpendicul ar nmagnetic recording
medi um using a ferromagnetic polycrystalline thin film . = having main
conponents of cobalt and chromumin which the thickness of the
magnetic recording layer is w thin a range from30 nmto 100 nm and
the 15 coercivi t yAnBhinr g fprned emgaeclie Inehdteppered ghass t he
per pendi cul ar .direction to the filmsurface of the magneti c
recording | ayer iSURsEYALR RICINGra plesteake surface roughness Ra of 3

nm or less by the DC magnetron sputtering method. The
film forming conditions are that_the ultimate degree

5 'of vacuum in the sputtering apparatus is 1/10000000000
toll or less, and the discharge argon gas pressuré is
3/1000 toll, and the substrate temperature is 230°C,
and the input power is 1 kW for a 6 inch target. As an
underlayer, a Ti-10 atomic % Cr film is formed'in a

10 thickness of 30 nm and as a magnetic recording layer,
a Co-17 atomic % Cr-4 atomic % Ta fiim is formed by
changing the thickness thereof within a range from 10

- nm to 300 nm. .AS a protective lubricant layer, a

carbon film is formed in a thickness of 5 nm and an

15 organic lubricant film is formed in a thickness of'5
nm. To reduce the medium noise, as a magnetic.
recording layer, a dual-layered film is formed by
dividing a magnetic layer in two by a Ti-10 atomic %
Cr film with a thickness of 3 nm at the center thereof.

20- The coercivity and thermal fluCtuatién of magnetic
viscosity are measured with these films which are cut
into pieces of 8 mm square by a vibrating sample
magnetometer at robm femperature. Both characteristics
are measuréd with a magnetic field applied in the

25 perpendicular direction to the film surface. The



the fluctuation field of magnetic Viscosity at a magnetic field

flntenS|ty equal to the coercivity or 20 the remanent magneti zati on
coercivity measured with a magnetic field applied.in the
per pendi cul ar direction to the filmsurface at 25C is 30 oersted or
nor e. Wien the fluctuation fieldqps_measured at 10[err]Cto
30[err]C, the fluctuation field i's obtained as a value obtained 25
by nultlply|ng the tenperature difference from25[err] C by
- 9- 298 T(OK). (2) The nean val ue of dianeter of
crystal grains measured on a plane parallel with the filmsurface at

a distance of less than 10 nmfromthe interface on
reproduced output and medium noise are reco:ded by an
 inductive type head having a gap length of 0.2 um, a
track width of 1 um, and a number of turns of 20 and
" reproduced by a magneto-resistive type head having a
5 shield length of 0.2 um and a track width of 0.9 um.
With respect to the reproduced output, an isolated
wave output at a linear recqrding density of 2 kFCI is
measured and evaluated and with respect to the medium
noise, an integrated noise at 0 to 50 MHZz when 300
10 kFCI is recorded is measured and evaluated. The
magnetic spacing between the head and the_medium is
40nm.
With respect to the fluctuation'field of magnetic
viscosity, the measurement principle thereof will be
15 explained hereunder. When a new magnetic field is
applied to a magnetic material, the magnetization I(t)
of the magnetic material often wvaries in the
relationship of: | |

I(t) = constant + S X ln(t)

20 for a logarithm of ln(t) of the magnetic field
| application time, where I{t) indicates a magnetic
moment per unit volume and t indicates an elapsed time
after.the new magnetic'field is applied. S is called a
viscosity'coefficient and has a positive value when

25 the magnetic field is shifted and applied in the



5 _ the surface side of the aforenmentioned ferronagnetic thin film
s.conformng to (1) is 30 nmor |ess. - - (3) When the magnetic
‘recording |ayer described in (1) conprises at |east two magnetic

| ayers which are separated by a non-nagnetic interlayer, it has a

10 nore superior effect. However,_ipgthis case, it is sui tabl e

for obtaining a high.S/N nediumto contTol t he thickness of the

magneti c recording layer within a range from75 nmto 100 nmin

total . - (4) As an underiayer f the nmagnetic recording 15

| ayer described in (1), a polycrystalline film having mai n

conponents of cobalt and chrom um whi ch shows a par a- magneti c

characteristic or a magnetic characteristic close to the

par a- magnetic  Positdiver siimeatson: ang) ahegadd vier valys yhepsitdid ine film

20  having main conponents of cobalt and chrom um which cont ai ns

55 to 75 atonic Fed@ilicofiedshiis shifted and @pplisd Hay Hreamegadidiv@ic of

the present gy MU 02k 1 TRORS! Rako8odh B ok eRERd B}
product of the irreversible susceptibility Xjrr and
5 the fluctuation field Hf. Namely, the relationship of:
S = Xjpr X He |
is held. Thérefore; if s aﬁd Xjrr are obtained from an
experiment, the fluctuation field can be obtained. The
.fluctuation field in a location where the magnetic
10 field intensity is equal to the coercivity Hc or the
remanence coercivity Hr can be obtained also from the
magnetic field application time dependency thereof.
The coercivity or the remanence coercivity often
lowers in the relationship of:
15 Hc (or Hr) = -A X 1ln(t) + constant
as the magnetic field application time t increases. In
such a case, A indicates a value similar to the
fluctuation field in a location where the magnetic
field intensity is equal to the coercivity or the
20 remanence coercivity. This méthod is simple and
reproducible. Therefore, in the present invention, the
value of A is used as the fluctuation field.
Figs. 2 and 3 show results when the relationship
between the magnetic characteristic and the

25 electromagnetic converéion characteristic of all the



apparatus I n which the nmagnetic recordi ng nedium 25 described in (1) to

(4) is used as the aforenentioned - 10 -
magnetic recording nediumin a magnetic recording appar atus having a
magneti c recordi ng medium a - magnetic recording nediumdrive unit, a
magneti ¢ head, a magnetic head gri e_unit, and a recording and 5.
reproduci ng signal processing system ahnd the reproduction unit of
t he magnetic head conprises a magneti c pol e, a nmagneto-resistive
effect type magneti ¢ head using the magneto-resistive effect, or a
gi ant magneto-resistive effect type magnetic head, and 10 t he di stance

erh1the magneti c recording | ayer surface
media prepared in Embodiments 1 and 2 is plottéd. The
measured result of the electromagnetic conversion
characteristic greatly varies with a slight difference
in the head and measurement conditions, though the:

5 magnetic characteristic such as thé coergivity or the
fluctuation_field can be measured simply and stable
measured values can be obtained, so that it is
effective in comparison of media and selection of
medium material and constitution. Therefore, it is

10 ‘important to know these relationships. Fig. 2 shows
that in a perpendicular magnétic recording medium, the
reproduced output is proportional to the 0.4 to 0.5
power of the coercivity. Némely,_wﬁen_the coercivity
becomes smaller, the reproduced output becomes smaller

15 suddenly. Fig. 3 shows that the medium noise

| correlates ciosely with the fluctuation field. Namely,
to prepare a medium with small noise, iflis necessary
to use a ferromagnetic thin film with a large
fluctuation field.

20 - The coercivity, fluétuation field, reproduced
outpuﬁ, medium_noise,.and medium S/N of media in which
the thickness of the magnetic léyer is changed are
shown in Figs. 4 to 8-respéctively. When the film
thickness is reduced, the fluctuation field increases

25 and the noise reduces, though the coercivity reduces



of the magnetic recording nediumto the magnetic pole ' surface of the

- magnetic head is 50 nmor less at the time of recording and
“reproduction. . BRI EF DESCRI PTI ON OF THE DRAW NGS . 15 Fig. 1is
a drawi ng showi ng the structure of the - basi c section of the
per pendi cul ar magnetic recording - 1fedium of the present invention.
Fig. 2 is a drawing show ng the coercivity and the r epr oduced out put
normal i zed by thickness. 20 Fig. 3 is a drawing showi ng the
rel ati onship between the fluctuation field and the medi um noi se.
Fig. 4 is a draw ng showi ng the relationship bet ween the thickness
of magnetic |layer and the reproduced output. 25 Fig. 5is a

drawi ng showi ng the rel ationship
and the reproduced output reduces suddenly, so that an

optimum value of S/N exists when the film thickness is
within a range from 30 nm to 100 nm. When the magnetic
recording layer is.a single layer of CoCrTa, S/N of 33
5 dB at most is obtained. However, when it is a dual

layer via a non-magnetic interlayer, high S/N of 37 dB
or more is obtained when the film thickness is within
a range from 75 nm to 100 nm. In a medium with a film
thickness of less than 75 nm, the coercivity is less

10 than 1500 oereted and in a medium with a film.
thickness of more than 100 nm, the fluctuation field
is less than 30 oersted. Figs. 9 and 10 show
respectifely that the coercivity and fluctuation field
of a ferromagnetic thin film used to prepare a high

15 S/N medium have appropriate ranges.

In addition to the medium in which a Ti-10

atomic $ Cr film is formed in a thickness of 30 nm as
an underlayer, even if a medium in which a Co-35' ~
atomic % Cr film showing a para-magnetic

20 characteristic is formed in a thickness of 20 nm
moreover between the aforementioned medium and the
'magnetic recording layer is used, the same result aa
the aforementioned can be obtained.

Embodiment 2 |

25 A perpendicular magnetic recording medium using a



bet ween the thickness of magnetic |ayer and the nmedi um noi se.

<« Fig. 6 is a drawing show ng the relationship bet ween the thickness
“of magnetic layer and the 5 coercivity. Fig. 7 is a draw ng
showi ng the relationship bet ween the thickness of nagnetic |ayer and
‘the fluctuation field. -1 Fig. 8 is a drawi ng show ng the
relationship 10 bet ween the thickness of nmagnetic |ayer and nmedium S/ N
Fig. 9 is a drawing showi ng the relationship bet ween the coercivity
and nmedi-um S/ N. Fig. 10 is a drawing show ng the rel ationship
bet ween the fluctuation field and nmedium S/N. 15 , Fig. 11 is a
drawi ng showi ng the relationship anong the thickness of magnetic

| ayer, the fluctuation
Co-19 atomic % Cr-10 atomic % Pt film as a magnetic

recording layer is prepared by the same method as that
of Embodiment 1. The range of film thickness,
substrate, and film constitution are the same es those

5 of Embodiment 1, though a medium in which a Co-35
~atomic % Cr film showing a para-magnetic '
characteristic is formed in a thickness of 20 nm as an
underlayer is prepared,

The magnetic characteristic and the

10 electromagnetic conversion characteristic are measured
also with these_medie in.the same.way as with
Embodiment 1 and the results are shown in the same
drawings. The magnetic layer thickness dependency of
each characteristic is shown in Figs. 4 to 8. 1In the

15 dual-layered underlayer, the coercivity increases
particularly when the film thickness is within a small
range and the reproduced'output is inereased. At the
same time, the fluctuation field is increased, and the
noise is reduced, and S/N is increased substantially.

20 Fig. 8 shows that S/N is as high as 37 dB when the
film thickness is within a range from 30 nm to 100 nm,
and Fig. 9 shows that the coercivity is required to be
1500 oersted or more, and Fig. 10 shows that the |
fluctuation field is required to be 30 oersted or more.

25 | Figs. 11 to 13 show results when the relationShip
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field, and nmedium S/ N. Fig. 12 is a drawi ng show ng the

. relationship : among the thickness of magnetic |ayer, the coercivity,
© 20 and medi um S/ N. Fig. 13 is a drawi ng show ng the
rel ati onship anong the fluctuation field, the coercivity, and
medi um S/ N, Fig. 14 is a d_ralvgn_g showi ng the structure of a 25
magneti c recordi ng and reproduci ng appdaratus of an
- 12 - enbodi ment of the present invention. 'DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 shows a basic

schematic view of the

in a medium with_S/N of 37 dB or more is distinguished
and plotted in the relationship among the film
thickness, coercivity, and fluctuation field. These
drawings show an optimﬁm range of each parameter.

5 | To check differences.between.a'medium with high
S/N and a medium with low S/N more in detail, the
structure of each film is observed under a
transmission elecfron microscope. In the medium with
S/N of 37 dB or more, the mean value of diameter of

~ 10 crystal grains at a distance of 10 nm at the upper
‘part of the magnetic layer thereof is 30 nm or_less,
and particularly when the magnetic layer is dual-
layered, crystal grains are made finer and this is
considered to be useful for reduction in noise. The

15 nedium using a dual-layered underlayer is observed to

- have the clear grain boundaries, and comparatively
uniform grain diameters, and is considered to be
structured so that the magnetization can inverse
uhiformly and smoothly dﬁring magnetic recording.

20 To ascertain the effect of this dual-layered
underlayer, when same media as the aforementioned one
are prepared by changing the cobalt content of a CoCr
alloy underlayer from 50 atomic % to 80 atomic %, S/N
is 75 dB or more when the cobalt content is within a

25 range from 55 atomic % to 75 atomic % and when the
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per pendi cul ar magnetic recording medi um of the present 5 I nventi on.
- In Fig. 1, nuneral 11 indicates a non- magneti c substrate such as a-
“tenpered gl ass, silicone, carbon, ceram cs, titaniumalloy, organic
resin, or Ni -P alloy plated al um num all oy substrate. Nuneral 12
i ndi cates an underlayer of titani um or ?tgniun1alloy 10 or a
dual -1 ayered underl ayer having a polycrystalline fil mconposed of
al I oy having mai n conponents of cobalt and chrom um whi ch shows a
par a- magneti c characteristic or a magnetic characteristic close to
t he para-magnetic characteristic between the 15 ° aforenentioned -
under | ayer and the magnetic recording | ayer. Numeral 13 indicates a
magneti c recordi ng | ayer conposed of main conponents of cobalt and
chr oni um of cobahyl contert isrbeyond thenpange) a§AN tsrastlow as
separated by a non-nmagnetic interlayer using a 20 ferromagnetic thin
filmof, for exanptedB@t graximume-To prevert.the recerdipg baves- Eromy
Nurmeral 14 indicates a _grotective | ubricant | ayer conprising_a
protective a bad magnetic effect, by using the para-magnetic CoCr
alloy underlayer it is considered that the cobalt
5 content is required to be 75 atomic % or less. When
the cobalt qohtent is 55 atomic % or less, the C-axis
orientation of the CoCr' underlayer and the recording
layer is bad and it is considered that S/N reduces due
to disturbance of the crystallization.
10 Embodiment 3
Media with medium S/N of 37 dB or more are
selected from the perpendicular magnetic recording
media prepared in Embodiments 1 and 2 and a magnetic
disk unit using them is prepared. The structure
15 thereof is shown in Fig. 14. A same head as those used
in Embodiments 1 and 2 is used and the magnetic
spacing between the head and the medium is adjusted to
50 nm or less. As a result, it can be ascertained that
information can be recorded and reproduced in an areal
20 recording density of 4 giga bits or more for a square
inch. On the other hand, when a medium with medium S/N
of less than 37 dB is used, information cannot be
reproduced in a high recording density and when the
magnetic spacing between the head and the medium is

25 adjusted to more than 50 nm, the resoclution is not



fil mof carbon, silicon-carbon, or boron-carbon and an organic

dubricant film 25 Enbodi nent 1

= 13 - Afilmis formed on a 2.5 inch tenpered gl ass
substrate having a substrate surface roughness Ra of 3 nm or |ess by

t he DC nmagnetron sputtering nethod. The filmformng conditions are
that the ultimate degree 5 of vacUufiti fi the sputtering apparatus is _
1/ 10000000000 toll or less, and the discharge argon gas pressure is - .
3/1000 toll, and the substrate tenperature is 230[err]C, and the

i nput power is 1 kWfor a 6 inch target. As an under| ayer, a Ti-10

atomic %O filmis formed in a
. sufficient and information can neither bé_read'in'a
‘high recording density. |
Effects of the Invention
Perpendicular maénetic recording media with low
5 noise ‘and high output which are suited to high density
recording and a large capacity magnetic recording and.-

reproducing apparatus can be provided.



10 t hi ckness of 30 nm and as a magnetic recording | ayer, - a Co-17

.atomic % Cr-4 atomic % Ta filmis formed by - changi ng the thickness
thereof within a range from 10 - nmto 300 nm As a protective
| ubricant |ayer, a carbon filmis formed in a‘thickness of 5 nm and
an 15 organic lubricant filmis fqrqﬁpj n a thickness of 5 nm
To reduce the nedi um noi se, as a nagnetic recording |l ayer, a
dual -l ayered filmis formed by dividing a magnetic layer i.n two by a

Ti-10 atomc % Cr filmwith a thickness of 3
thereof. 20 The coercivity and thermal fl uct EHIWH mﬁl 3“'“

viscosity are neasured with these filnms which are.cut * ¢ t |ntospieces of

8 nmm square by a vibrating sanple magnet onet er at room t enperat ure.
Bot h characteri st WBAT IS CLAIMEDnE#&sured with a magnetic fiel'd applied in
the 25 per pendi cul ar dlrectlon to the filmsurface. The

1. A perpendicular magnetic recording medium using
a ferromagnetic polycrystalline thin film having main
components of cobalt and chromium in which the

5 thickness of a magnetic recording'layer.is within a
range from 30 nm to 100 nm, and the coercivity
measured with a magnetic field applied in the
perpendicular direction to the film surface of said
magnetic recording layer is 1500 oersted or more, and

10 the fluctuation field of magnetic viscosity at a
magnetic field inten51ty equal to said coerc1v1ty or
the remanence coerCiVity measured with a magnetic
field applied in the parpendicular direction to said
film surface at 25°C is 30 oersted or more.

15 2. A perpendicular magnetic recording medium
according to Claim 1, wherein the mean value of
diaﬁeter of crystal grains measured on a plane
parallel with the film surface at a distance of 1éss
than 10 nm from the interface on the surface side of

20 said ferromagnetic thin film is 30 nm or.less.

3. A perpendicular magnetic recording medium
according to Claim 1, wherein said magnetic recording
layer comprises at leést two magnetic layefs which are
separated by a non-magnetic interlayer and the |

25 thickness thereof is within a ranée from 75 nm to 100
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- 14 - repr oduced out put and nmedi um noi se.are recorded by an

.inductive type head having a gap length of 0.2 [err]m a track width
of 1 [err]m and a nunmber of turns of 20 and reproduced by a
magnet o-resi stive type head having a 5 shield length of 0.2 [err]m and
a track width of 0.9 [err]m % espect tQ_Lhe_LepLedueedﬂeﬂfput
an isol ated wave output at a lin “recording density of KECI is
measur ed and eval uated and with respect to the medl 1“‘“' mnwﬂmmma
i ntegrated noise at 0 to 50 Mz when 300 10 _
measured and eval uated. The magneti c spaC|ng bet'ween the head and
the mediumis 40nm Wth respect to the fluctuation field
of magnetic . viscosity, the neasurenent principle thereof will be 15

expl ai ned her eundam. inWiehad.new magnetic field is
4. A perpendicular magnetic recording medium
according to Claim 1, wherein as an underlayer of said
magnetic recording layer, a polycrystalline film
5 having main-components of cobalt and chromium which.
shows a para-magnetic characteristic or a magnetic
characteristic close to said para—magneﬁic
characteristic of less than 20 emu/cc is used.
5. A perpendicular magnetic recording medium
10 according to Claim 4, wherein as an underlayer of said
magnetic recording layer,.a polycrystalline film
having main components of cobalt and chromium'which
contains 55 to 75 atomic percent of cobalt is used.
6. A magnetic ;ecording and reproducing apparatus
15 using a perpendicular magnetic recording medium'using
a ferromagnetic polycrystalllne thin film having maln _
components of cobalt and chromium in which the
thickness of a magnetic recording layer is within a
raﬁge from 30 nm to 100 nm, and the coercivity
20 measufed with a magnetic field applied in the
perpendicular direction to the film surface of said
magnetic recording layer is i500 oersted or more, and
the fluctuation field of magnetic viscosity at a

magnetic field intensity equal to said cbercivity or

25 the remanence coercivity measured with a magnetic
This Sheet Has Been Repl | |
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applied to a magnetic material, the magnetization |(t)

of the

. magnetic material often varies in the rel ationship of:

I(t) = constant + S X In(t) 20 for a_Iogarithg%ELfLQLLL,QL*Lhe—ﬁagnetic
field application tinme, whére I(t) indicat a magnetic

monent per unit volume and t indicates ?14 el apsed ti \‘M‘m‘\ Rmt he new
magnetic field is applied. Sis called vi';saﬂ““m and

has a positive value when 25 the magnetic field i's ¢hi fted and appl i ed

in the - - 15 -

positive

direction and a negative val ue when the magnetic field is shifted

and applied in the negative

field applied in the perpendicular direction to said

film surface at 25°C is 30 oersted or more as said

.magnetic recording medium in a magnetic recording.

apparatus having a magnetic recording medium, a

5 magnetic recording medium drive unit, a magnetic head,

_ almagnetic head drive unit, and a recording and

reproducing signal processing system, wherein the

reproduction unit of said magnetic head has a magneto-

resistive effect type magnetic head or a giant

10 magneto-resistive effect type magnetic head and the

distance from the magnetic recbrding layer surface of

said magnetic recording medium to the magnetic pole

surface of said magnetic head is 50 nm or less at the

time of recording and reproduction.

15 7. A magnetic recording and reproducing apparatus

according to Claim 6, wherein the mean value of

diameter of crystal grains measured on a plane

parallel with the film surface at a distance of less

than 10 nm from the interface on the surface side of

20 said ferromagnetic thin film is 30 nm or less.

8. A magnetic recdrding and reproducing apparatus

according to Claim 6, wherein said magnetic recording

layer comprises at least two magnetic layers which are

separated by a non*magnetic interlayer and the

25 thickness thereof is within a range from 75 nm to 100
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7

direction. It is known that S can be expressed by a product of the

s_irreversible susceptibility Xirr and 5 the fluctuation field Hf
“Nanely, the relationship of: S =Xirr X Hf is held.
Therefore, if S and xirr are obtained from an experinment, the
fluctuation field can be obtained. The ., _ flu ' ield in a
| ocati on where the magnetic 10 fiela intensity i I \
coercivity Hc or the remanence coercivity Hrﬂ%ﬂ@“@um al so
fromthe magnetic field application tinme dep réof *
The coercivity or the remanence coercivity often . | owers in the '
relationship of: 15 Hc (or H) = -A Xx In(t) + constant as
the magnetic field application time t increases. In such a case, A
i ndi cates a val uenmiim|totab.the fluctuation field in a | ocation
where the magnetic field intensity is equal to the coercivity or the

20 renmanence coer cPviBymagneticnsersesdingsangl Eepraducing apppradusi bl e.

-Therefore, in the present invention, the . - )
according to Claim 6, wherein as an underlayer of said

magnetic recording layer, a polycrystalline film
5 having main components of cobalt and chromium which
shows a para-magnetic characteristic or a magnetic
characteristic close to said para-magnetic
characteristic of less than 20 emu/cc is used.
10. A magnetic recording and reproducing apparatus
10 according to Claim 9, wherein as an underlayer of said
magnetic recording layer, a polycrystalline film
having main components of cobalt and chromium which

contains 55 to 75 atomic percent of cobalt is used.
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val ue of Ais used as the fluctuation field. Figs. 2 and 3 show

gresults when the relationship bet ween the magnetic characteristic
and the 25 el ectromagneti ¢ conversion characteristic of all the
- 16 - medi a prepared in Enbodinments 1 and 2 is plotted. The
neasured result of the el ectromagnetic gﬁpver5|on characteristic
greatly varies with a slight difference I n the head and neasurenent
condi tions, though the 5 magneti c characteristic such as the coercivity
or the - f | uctPERPENDICUEAR MAGNETIGC aRBCORDING D MERIAI ANBbLHIMAGNETIC

measur ed val ues CaRECORDING AND REPRODUCING APPARATUS UﬁNGa’EHE\smm
conparison of nmedia and sel ection of

ABSTRACT OF THE DISCLOSURE
To provide a perpendicular magnetic recording
medium. which reduces noise with the_output maintained,
increases the fluctuation field of magnetic viscosity
5 sufficiently, and has sufficiently high medium-S/N
suited to high density recording and a magnetic
| recording and reproducing apparatus applying it, by
using a ferromagnetic polycrystalline thin film having
main componénts of cobalt and chromium in which the
10 coercivity is 1500 oersted or more and the fluctuation
field of magnetic viscosity is 30 oersted or more as a
magnetic recording layer of the perpendicular maghetic
recording medium and by controlling the film thicknéss
within a range from 30 nm to 100 nm, a perpendicular
15 magnetic recording medium with low noise and high
output which ié suited to high density recording can
be obtained and a large capacity magnetic recording
and reproducing apparatus cah be provided by using
this medium.
20

FIG. 1
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medi um mat eri al and constitution. Therefore, it is 10 inportant to know

these rel ationships. Fig. 2 shows that in a perpendicul ar magnetic
recordi ng medi um the reproduced output is proportional to the 0.4
to 0.5 power of the coercivity. Nanely, when the coercivity

beconmes snmaller, the reproduced out put bﬁ&pnes smal ler 15 suddenl y.

Fig. 3 shows that the nedium noi se correlates closely with the
fluctuation field. Nanely, to prepare a nediumwi th small noise, it

i S necessary to use a ferromagnetic thin filmwth a large
fluctuation field. 20 ° The coercivity, fluctuation field, reproduced
out put, nedi um noi se, and nedium S/ N of nmedia in which the thickness
of the magnetic layer is changed are shown in Figs. 4 to 8
respectively. Wen the film t hi ckness is reduced, the fluctuation

field increases 25 and the noi se reduces, though the coercivity reduces

\ | 13
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.
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- 17 - and the reproduced output reduces suddenly, so that an
»opti mum val ue of S/.N exists when the filmthickness is

range from 30 nmto 100 nm Wen the nagnetic

within a

recording layer is a

single layer of CoCrTa, S/Nof 33 5 dB at nost is-obtained. However,
when it is a dual | ayer via a n gnetic interlayer, high S/ N of
37 dB or nore is obtained when the filmthickness is within

range from75 nmto 100 nm

|l ess than 75 nm the coercivity is less 10

mediumwith a film

field is less than 30 oersttraFl@"ts.gand 10 show
respectively that the coercivity ard. ufrion field

In a nediumwith a film

t hi ckness of

t han 1500 oersted and in a

t hi ckness of nore than 100 nm the fluctuation -

ferromagnetic thin filmused to prepare a high
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15 In addition to the

S/ N medi um have appropriate ranges.
medi umin which a Ti-10 atomc % C filmis forned in a thickness of
30 nm as an underl ayer, even if a nediumin which a Co-35 -

20 characteristic is fornmed in

atomc % Cr filmshow ng a para-nmagnetic
ween t he aforenentioned nmedi um and

a thickness of 20 nm nor eover
t he magnetic recording |layer is used, the sane result as t he
af orenenti oned can be obtai ned. Enmbodi nent 2 25
per pendi cul ar magnetic recordi ng nmedi um using a

- 18 - Co-19 atomic % C-10 atomic %Pt filmas a magnetic
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recording layer is prepared by the sanme nethod as that
1. The range of filmthickness,
t he sane as those
atomc % Cr filmshow ng a para-nmagnetic

5

of

a thickness of 20 nm as an

magneti c characteristic and the

characteristic are neasured

with

substrat e,
Enbodi mrent 1, though a ned

undg/é

el ectromagneti c

of Enbodi nent

and filmconstitution are

iumin which a Co-35

characteristic is forned in
ayer is prepared.

The
conver si on

also with these nedia in the same way as
Enbodi ment 1 and .the results are shown in the sane

drawi ngs. The nmagnetic | ayer thickness dependency of each
characteristic is shown in Figs. fll é the 15 dual -1 ayered
under| ayer, the coercivity increases partl cularly when the film
thickness is within a snall range and the reproduced output is

increased. At the a sane tinme, the fluctuation field is increased,
and the noi s€ i 00epuced; Tamr SN T3 T mereaseq substantially. 20
Fig. 8 shows that SN is as high as 37 @B wher? the -
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filmthickness is within a range from30 nmto 100 nm : and Fig. 9

shows that the coercivity is required to be 1500 oersted or nore,
and Fig. 10 shows that the fluctuation field is required to be 30
oersted or nore. 25 Figs. 11 to 13 show results when the

rel ati onship ' 5 - 19 - in a
mediumwith S/N of 37 dB or nore is di!?inguished and plotted in the
rel ati onship among the film t hi ckness, coercivity, and fluctuation
field. These drawi ngs show an opti mumrange of each paraneter. 5
To check differences between a nmediumw th high S/'N and a nedi um

with low SN nore in detail, the | sti@cture of each filmis observed
with 1o FIG:'8
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transm ssion electron mcroscope. In the nediumwth S/'N of 37 dB
or nore, the nean val ue of di-aneter of 10 crystal grains at a distance
of 10 nm at the upper. part of the magnetic |ayer thereof is 30 nmor
| ess, and particularly when the magnetic |ayer is dual-

| ayered, crystal grains are nmade fi ner Bnd this is . considered to be
useful for reduction in noise. The medi um using a dual - | ayered

under| ayer is observed to have the cl ear grain boundaries, and
conparatively uniformgrain dianeters, and is considered to be
structured so that the magnetization can inverse ~ unifornmy.and
snoot hly during nmagnetic recordin G)ne To ascertain the effect of
this dual -1ayered under | ayEI de nmedi a as the aforenentioned
one are prepared by changing the cobalt content of a CoCr

al l oy underlayer from50 atomc %to 80 atomc % S/N is 75 dB or
more when the cobalt contgop—s—w-thi-Ara—26——Frapge—~from 55 atomc %to
75 atom ¢ % and when the ﬂﬁ:ﬂn
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- 20 - cobalt content is beyond the range, SINis as |ow as

. 34"dB at maxi mum To prevent ‘the recording | ayer from : a bad magnetic
effect, by using the para-magnetic CoCr al l oy underlayer it is
consi dered that the cobalt 5 content is required to be 75 atom c % or
| ess. Wen t he cobalt content i$§5 atomc %or less, the Gaxis
orientation of the CoCr underl ayer and ( e recording ' | ayer is bad
and it is considered that S/ N reduces due to di sturbance of the
crystallization. 10 Enbodi nent 3. Media with medium S/ N
of 37 dB or nore are sel ected fromthe perpendicul ar magnetic
recordi ng medi a prepared iﬁr@di n112 1 and 2 and a magnetic
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disk unit using themis prepared. The structure 15 thereof is shown in

_Fige 14. A sane head as those used ~in Enbodinents 1 and 2 is used
and the magnetic spaci ng between the head and the nmediumis adjusted
to 50 nmor less. As a result, it can be ascertained that
I nformati on can be recorded and reprodu&ig in an areal 20 recordi ng
density of 4 giga bits or nore for a sq e I nch. On the other hand,
when a nmedium w th medi um S/ N of less than 37 dB is used,

i nformati on cannot be reproduced in a high recording density and

when t he magneti c spaci ng between the head and the nediumis 25
adjusted to nore than 50 nm the resolution is not
- 21 - '
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suff|C|ent aad_l_nLoLﬁat_L_on can neither be read in a b nE!@E SH

=d fects of the Invention Pe¢

zden
-magnetlc reco“(ﬂmunﬁ llow 5 n0| se and hi gh ¢ugput whi ch are
suited to hig IHIMIHH cording and a |arge capagi §y OrdgMéR

recordi ng and reprodum ng appar atudZ2can be provi déd.

REPLACENMENT SHEET What is clained is: 1. A pérpendi cul ar
magneti c recordi ng Whal lsmlhivmi:chgs a mgnetic recordingllayer . said

nmagnetic recordingjl Nﬁé en&ietiliri B tic f&fdr@f@gmeﬂilﬁnmlb gstalline thin
filminclud- [ Q,rﬁﬁh %@tﬂ'ﬂ% péﬁﬁ? magneti c
ﬁg@a—kﬁaﬁi—& and the

Tecording | ayer >
cuercivily, neas aic petic polycsystalline thia mmﬁjﬂ‘dperpendl cul ar

direction to theidg kcobslirans: chremivan,dthe thigknesscof saisk maggeligyer, bei ng
1500 ocrstcd or regoedingldyer b&lﬁ&ﬁhﬂﬁhwﬁta?&oﬂmﬁﬁi 1eM®aNG Vviscosity at
a magnet’ ¢ ti el dynd\HY E:MIyCHitaurel With _FﬁQ Bt EAdUpplidd themanence

r pendi cul ar

cuercivily Euu 519) wu [ ﬁaﬂﬁ&i}lcl LLqut lbﬁr‘ifg'gg Q;A L di cular

direction to sai }

2. A perpcndi cul
wher ei n t he neanthgflugtuaion ﬁelthqv%mgem@vwww amv\g@m@,ﬁg Chs measured on

a plane parallel mwnamytdftpuﬂ 10 said coercivily or the remanence coercivity
measured with a magnetic field applied 1n the perpendicular
direction to said film surface at 25° C. being more than 30
oersted. .

2. A perpendicular magnctic recording medium according
to claim 1, wherein the mean value of the diameter of the
crystal grains measured on a plane parallel with the film
surface at a distance of less than 10 nm from the interface on
the surface side of said ferromagnetic polycrystalline thm
film is 30 nm or less.

3. A perpendicular magnetic recording medium according
to claim 1, wherein said magnetic recording layer comprises
at least two magnetic layers which are separaied by a
non-magnetic inlerlayer and the thickness thereof is within
a range from 75 om to 100 nm in total.

4, A perpendicular magnetic recording medium according
to claim 1, wherein an underlayer of said magnetic recording
layer compriscs a polycrystalline film including cobalt and
chromium which has a para-magnetic characteristic of less
than 20 emu/ce.

5. A perpendicular magnetic recording medium accordmg
to claim 4, wherein said underlayer of said magneuc record-
ing layer further comprises 55 to 75 atomic percent of

cobalt.
6. A magnetic recording and reproducing apparatus hav-

ing a perpendicular magaetic recording medium, a magaetic
recording medium drive unit, a magnetic head, a magpetic
head drive unit, and a recording and reproducing signal
processing system, said perpendicular magnetic recording
medium composed of a ferromagnetic polycrystalline thin
film including cobalt and chromium in which the thickness
of a magnetic recording layer is within a range from 30 nm
to 100 nm, and the coercivity measured with a magnetic field
applied in the perpendicular direction to the film surface of
said magnetic recording layer is 1500 oersted or more, and




surface at a distance of less than 10 nmfromthe interfa efon

ssurface side of c polycrystalline thin fil S of
| ess. 3. A perm‘mig mmsﬁml' c recordi ng nedi um accofdi gﬁl‘ wgﬁcwgi"rr
—two—Fraghettt

1, wherein said
| ayers which are

thereof is wthi nwg ﬁ@%ﬁ@ﬁ@dﬁé@‘t
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separaled by a non-magnetic interlayer fand the thicknes
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cH—H ¥ uuu erein an
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under | ayer of sai

filmincluding comaturadavxﬂmmgMAshhrdd apalicd ip thespespeadiaudarchar act eri sti ¢

of less than 20 alidtivn to said Almeswdac aul25® Gadsenore Weop30i ng medi um
according to cl a'é@rﬂ%edWr%iﬂ‘th‘é%‘ rodueibhaitll ofdaid ah

Layer further cofpyd ﬁeﬁlé'gefo resR1ve Ot ectPiaghttic Head ?i.’f 1amrmgnetlc

recordi ng and reptggﬁg
recording nedi um 3@ I

a magnetic head
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r@auc recor d-

i ng

A magnetic

gnetic head,

i gnal

processing syst engcemling pecgdmmii toulhrr mmchlcl poicesmrfdcmg)fdum conposed of
a ferromagnetic pahysdilcchedd 750 am or kS @ ihecliméi olreegRIDE adfid chrom umin

whi ch the thickn
nmto 100 nm an
the perpendi cul a
| ayer- is 1500 oe
the fluctuation

equal to said co

,)féherem the meanv

ferystal araxmgmauccd/ oscdplage @tarzdl%‘ynbt the filml d

surcfave aya distariee ofdessthand 8 o drarnthe interface on
the surface side of said fecromagaetic crystalline thia film is
30 nm or less.

8. A magnetic recording and reproducing apparatus
according to claim 6, wherein said magnetic recording layer
compriscs at lcast two magnctic laycrs which arc scparated
by a non-magnetic interlayer and the thickness thereof is
within a range from 75 nm to 100 om in total.

.9. A magnetic recording and reproducing  apparatus
according to claim 6, wherein an underlayer of said mag-
netic recording layer comprises a polycrystalline film
including cobalt and chromium which has a para-magnetic
characteristic of less than 20 emu/cc.

10. A magnpetic recording and reproducing apparatus
according (o claim 9, wherein an underlayer of said may-

§ cgrﬁagnet T reCOT amg rayer 1s vm tﬁl n-a range from 30
c% 'e!1 é@“’% I d applied in
r C sur t|c recordi ng
ragpgaie glueo m te
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netic recording layer omgnses a polycrystalline fAlm-

including cobalt and chromium which contains 55 to 75
atomic_percent of coball. .

11. A magnelic disk having a perpendicular magneltic
recording layer, said magnetic recording layer comprising 2
ferromagnetic polvcrystalline thin film mcludmg cobalt and
chromium, the thickness of said magnelic recording layer

being within a_range from 30 nm to 100 nm, and the.

coercivity, measured with a magnelic lield applied in the
perpendicular direction to the film surface of said magpetic
recording layer, being 1500 oersted or more, and the fluc-
wation field of magnetic viscosity at a magnetic field

intensity equal to said coercivity or the remanence coercivity
measured with a magnetic field applied in the perpendicular
direction to said film surface at 25° C. being more than 30

oersted.

intensity




measured with a rmagnetic field applied in the perpendi cyREPLACEMENT: SHEET
-said filmsurface re than 30 oerste ereim tne

reproduction unit ﬁlllmm'“mmm";“mead has a magnet o{r sicgshigggﬂe
magnetic head or a ¢iaht - rhgrfetd-resistive effect nmagnefi ead a

di st ance fromthe magnetic recordi ngzl4a’yer surface of |s :
recording nmediumto the nmagnetic pole surface of said rragnetic head is 0O

nm or d[ g;sagé §Qgr§) gg‘gfpfniﬁﬁﬁﬁ%ﬂg aB06kding 90 ' PAHE 11 OWhetein The Ae:'ﬁg?ﬁ[e T

] 1
nean val ue of di af® e%@ '@M@mé par al | el
with the film sw:ﬁlanepamlhldnﬂt thedHnrdudmexit nlistad e obieks trant he i nterface
on the surface q'(ﬂ%n?ffr&if CihEeithEI&éé‘eéd qhe' Yifald side [P Qaid | mis 30

nm or | ess. . T rat us
according to clai mcfilg‘? S uég b.é,ﬂgqefjp. ' conprises at

| east two magnetic | ay a toiclapm bl.wbesgimsaidi ¢ i nterl ayer
and the thi ckness mdpgmetwf recordingt laiyar aomaptgssfmdaaslawonnggnb@ﬁ [err]min

total . 9. A Mo WHISk Arélse hrad ByeR BOAHALGHELRPRIEHyY agdCCOr di ng to

claim6, wherein ayer

Con‘;:)rl ses a p0: ycmﬂﬂ' 16 X&él‘el IS?\&[ %1 ,pgg #1?7) ﬁ[ﬁq I]I'dr% r}myv\,h| ch has a
par a- magneti c MLH stic of less than 20 emu/cc. 10. A magnetic
recordi ng and repr olidcAnmagpptic dlisk agcontiog iy ¢laine| 13, wiesreihanei n an

under | ayer of sai dndedayercdf Saidepighetis redoedingolayer s&smgrised Mcrysi al line

|

the
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pol ycrystal line thi lqstAlmagnﬁ'! QIIQIA “ﬁfmp&tg I flémlrldm“mﬁfe@rﬁlﬂm ckness of
sai d magnetic recmww:cmmmm&dgﬁﬁ furth&tOcom-t 0 100 nm

and t he coerci vi t;msgmgslw% m&ﬁl@mme@f eobhdle! d applied in the
per pendi cul ar di r éctTomtothe—fTmrsurface;—of~sai d magnetic recording

~ layer, being 1500 oersted or nore, and the fluc-




tuatlon field of nagnetlc viscosity at a magnetic f.e|cREﬁLé§§NENT SH ET10

sai d coerC|V|ty or the remanence coercivity measured wijth a nagnetlc fijelld
applied in the perpendicular direction to said film surfdcef 3t MAR 2081oqi g
nore than 30 oer st ed. _ _
REPLACEMENT SHEET - : -25- . 1 — A TRgReTT ¢ di 4k
according to claim1l, whrein the nmean val ue of the di neter of the crystial

grai ns nmeasured o al.l a of .
T N SO PSS e AR, 1
ferromagnetic pol 'ﬁgq A magnetic

dissk according to claim 11, wherein said magnetic recordlng | ayer conprises

at’ l east two nagagg?&AhEyS%sT iﬁ&s?igsﬁggarated by a non-nagnetic

interlayer and t ness eréor s wthin a range from75 nmto 100 nm

-i-n total. 14. A ”%“gﬂloc ideSls %@%J eI 12:C migheklic Wiy

underl ayer of said magn recor | ayer conpri'ses a polycrystalline _
~filmincluding caaltmantichr eeluteshingi seawidhPahe- GREBRL madhdadeld,i Stic
of |l ess than.20 enu/cc. 15. A magnetic di sk according to claim 14,
wherein sai d undg¢hkegases§ thei dloegnation €ield of maghetie viscosdby
prises 55 to 75 atom c percent of cobalt.
5 sufficiently, and has sufficiently high medium S/N

Q)

suited to high density recording and a magnetic
'recdrding and reproducing apparatus applying it, by
using a ferromagnetic polycrystalline thin film having
main componénts of cobalt and chromium in which the

10 coercivity is 1500 oersted or more and the fluctuation
field of magnetic viscosity iS 30 oersted or moré as a
magnetic recording layer of the perpendicular magnetic
recording medium and by controlling the film thickness
within a range from 30 nm to 100 nm, a pérpendicular

15 magnetic recording medium with low noisé and high
output which is suitéd to high density recording can
be obtained and a large capacity magnetic recording
and reproducing apparatus can be provided by using
this medium. |
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