SPECIFICATION
TITLE OF THE INVENTION: _
Method for Magnetically Recording.Digital Video

Signals

BACKGROUND OF THE INVENTION:
Field of the Invention:

The present invention relates to a magnetic recording
transfer method for use with the combination of a mother
magnétic recording medium and a copy magnetic recording
medium of a metal-deposited thin film type each. More
‘particularly, the.iﬁvenﬁion reiates_tO-a-magnetic record-~
iﬁg transfer method suitable for transferring short wave
length magnetic recordings between the so-called high band
eight-millimeter format video tapés and for transferring
digital video signal magnetic recordings‘between digital

video signal tapes.

Description of the Related Art:

In a magnetié recording bulk copying'setdp, large
quantities of'video and audio recordings are copied from
their source onto magnetic recording media. Such produc-
tion generﬁlly involves the use of what is known as the
magnetic recording transfer method. Under this prior art

method, a mother magnetic recording medium containing
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source recordings such as a mother tape is subjected to a

biased magnetic field (i.e., transfer magnetlc field).
With the mother tape brought to the proximity of or con-
tact with a copy magnetlc.recordlng medium such as a copy
tape, the biased magnetic field copies the magnetic re-
cordings from mother tape to copy tape.

One advantage of the above prier art magnetic record-
iné transfer'method.is its capability to copy large quan—
tities of recordings at hiéh speed, hence in a short time.

Conventionally, the coercive fCree Hc of the mother
-magnetic recording medium is held at about 2.5 times the
~coercive force Hc of the copy-magnetic'recording medium.
This measure is taken'to minimize the demagnetization of
the mother magnetic recording medium by the biased magnet-
ic field and to make the transfer of recordings to the
copy magnetic recording medinm easier.

ﬂowever, with such a-high coercive force, the mother
magnetic recording medium still has difficulty in.elimi—
nating the incidence of ;ts demagnetization. One drawback
of the conventionally used, metal-coated'magnetic recerd—
ing media is that they tend to deteriorate in the repro-
duction output of short wave length magnetic recordings
" that were placed thereon for high density recording. For
example, assume that today's best material as the metal-

coated magnetic tape (e.g., high coercive force metal-
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coated tape) is used as the mother tape in combination

with a Ba-Fe tape as the copy tape. According to past
tests and measurements, those eight-millimeter format
video tapes of the above type which contain recordings in
a short wave length range of 0.7 um (= A ; recording wave
length)} generally yield a magnetib_ﬁransfer output appre-
ciably inferior to that of metal-deposited thin film type
magnetic tapes.

Japanese Patent Laid-Open No. 57—i38061 discloses a
magnetic copying method for use with the combination of a
master (i.e., mother) magnetic recording medium and a
slave (i.e., cobyj magnetic recording medium positioned
opposite to eaéh othgr for magnetic C6pying of recordings
therebetween. Under this metﬁod, as shown in the schemat-
ic cross-sectional view of Fig. 21, the hagnetic layer
surface 4 of each magnetic recording medium is measured
for residual magnetism in two directions A and B. Direc-
tion A is at 453" with respect to the plane direction
identified by the X axis, while direction B is at -45°
relative to the same plane direction. The residual mag--
netism of the mothef magnetic recording medium 1 measured
in direction B ig at least 25% greater.than that measured
in direction A. The residual magnetism of the copy mag-
netic recording medium 2 measured in direction A is at

least 25% greater than that in direction B. With the two
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media positioned as indicated, a biased magnetic field Has

i§ aprlied in or aprroximately in direction A for magnetic
copying.

The above magnetic copying method is used in connec-
tion with the magnetic layer of the'medium made of a
diagonally'deposifed magnetic metal. On the mother mag-
netic rgcording medium 1, the.biased magnetic field Hs is
applied in the direction of its hard gxis; on_the copy
magnetic recording medium 2, the biased magnetic field Hs
is applied in the.direction‘of its easy axis. This scheme
appears to make the mother magnetic recording medium 1
highly immune ﬁo demagnetiiation even if thé coercive
force thereof is relatively_sméll.. Tha£ in turn appeéfs
to make it possible to apply.a sufficiéntly high level of
biased magnetic field Hs to the mother'médium for enhanced
copying efficiency. |

Howéver, the-magnétic éopying method disclosed in
Japanese Patén£ Laid-Open No. 57-138061 has turned out to
have some disadvantages regarding dehagnetization of the
mother magnetic recording medium during copyihg and re-
garding the efficiency in copying.

Accofding to the invention disclosed in Japanese
Patent Laid-Open No. 57-138061, the biased magnetic field
He is applied in direction A, i.e., at 45° with respect to

the in-plane direction of the magnetic recording medium.
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Direction A is supposed to coincide with the hard axis for
the mother magnetic recording medium and with the easy
axis for the copy magnetic recording medium. In fact,
however, the easy axis for the copy medium is not formed

" in the 45° direction.

Metal—depositea thin film magnetic recording media
are generally formed as follows: The substrate of a mag-
netic recording medium, i.e., a iong.sheet of a nonmagnet—-
ic base is led onto the cilindrical sufface of a guide
drum. In this state, a magnetic metal materiai is depos-
ited from a depositipn source'onto the base withih aﬁ
angular range ;f 90° to 40°. Magnetic growth grains
resulting-from.deposition, or the so;called columns, are
formed at about 45° with fes?éct to-th;‘meaium surface.
However, even when the columns are formed with the 45°
inclination, the fact that a strong dlamagnetlc force is
exerted perpendicularl& to the metal-~deposited thin film
medium causes the magnetizing vector to incline less in
the crystallizing direction (i.e., column growing direc-
tion) than in the in-plane direction. Thus the actual
easy axis is not aligned precisely with the 45° direction.
_When the biased.magnetic field Hs is applied in the -45°
direction as described, the direction of magnétic field
application is not aligned with thé hard axis of the

mother magnetic recording medium or with the easy axis of
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the copy magnetic recording medium. As a result, it is

impossible to obtain a satisfactory reduction of the
demagnetizing effect on the mother magnetic recording
medium or a high enough increase in magnetic copying
output.  In pr;ctice, where magnetic recordings are trans-
ferred from one medium to énothér within a short wave
length range of about 0.7 u m as described above, there.is
a possibility of ﬁromoting demagnétization of the mother
magnetic recordiné medium 6r of feducing the efficiency in
magnetic recoraing transfer. . |

There are two kinds of digital VTRs (video tape
recorders) for toaay’s broadcast use: the D1 format compo-
nent type digital VTR and the b2 format composite type
-digital VTR. These VTRs operate on the method of record-
ing digitized color video siénals onto a recording medium
such as magnetic tapes.

The D1 format digital VTR converts a luminance signal
and color difference'signals {first and sécond) from
analog to digital formét at sampling frequencies of 13.5
MHz and 6.75 Mﬁz, respectivelf, and records the digitél
format signais onto a magnetic tape after subjecting them
to necessary signal processing. Because the sampling
frequencies for the component luminance signal, first
color difference signal and second color difference signal

are 4 : 2 : 2 in ratio, this VTR is also called the 4 : 2
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The D2 format digital VTR converts composite color
video signals from analog to digital format at a sampling
frequency four times the color subcarrier signal frequency
fsc, and records the digital format signals onto a magnet-
ic tape after subjecting them to necessary signal process-
ing. . -

Since these QTRS are'brimarily designed for use by
broadcasting stations, the highest priority of the VTR
.facility is the quality of broadcast pictures. When
digital color video signals are recorded, each sample
thereof is illustrati?ely converted to eight bits with no
substantial data compression taking élace.-

As an example, the amouné of data ﬁandled by the D1
format digital VIR is discusséd_below;

When color vidéo.signals are convertéd from analog to
digital format at'the above-mentioned sampling freguen-
cies, eight biés'processed together per sample, the amount
of the color video signal information involved is about
216 Mbps (meéabits per secondi. With the horizontal and
vertical blanking.period data excluded, the effective
pixel count per horizontal pefiod is 720 for the luminance
signal and 360 for fhe color difference signals. With the
NTSC system (525/60) in use, fhe effective scanning line

count per-f%eld is 250. Thus the video signal data amount

~)
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Dv per second is.

Dv = (720 + 360 + 360) X 8 X 250 X 60

_172.8 Mbps

‘With the PAL system (625/50) in use, the effective
scanning line count per field is 300 and the field count
per second is 50. It can be seen from this that the PAL
system handles the same amount of data as the NTSC system.
When fedundant'data components are added for error correc-
tion and formatting purposes, fhe overall bit rate of
video data amounts to about 205.8 MBps.

Audio data Da totals up to about 12.8 Mbps. Addi-
tional daﬁa-Do such as gaps, preambles and postambles for
editing pﬂrposes amounts to about S.G.Mbps. Thus the NTSC
system has the total amount of recording data Dt totaled
up to | |

Dt

Dv + Da + Do

.172.8 + 12.8 + 6.6 = 192.2 Mbps

To record'the above data amount, the.Dl format digi-
tal VTR #tilizes 10 tracks per field when working witﬁ the
NTSC system and 12 tracks per field with the PAL'system
(segment scheme).

The recording tape in present use is 19 mm wide. The
tape comes in-two thicknesses: 13 um and 16 2z m. There
are three different cassettes to éccbmmodate the tapes:

large type, medium type and small type. When the data is
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recorded in the above-described format on the tape, the
data recording density thereon is approximately 20.4 um?
per bit.

With the above-described parameters taken into ac-
count, the reproduction times of the respective cassettes
run by the D1 format digital VTR are: 13 and 11 minutes
for tape thickneéées of 13 and 16 u m respectively with
the small size cassette; 42 and 34 minutes for tape thick-
nesses of 13 aﬁd 16 u m respectively with the medium size
cassette; and §4 and 76 minutes for tape thicknesses of 13
and 16 u m'respectiVely with the large size cassette.

As described, the D1 format digital VTR offers suffi-
cient capébiiities for broadcast use with. the highest.
emphasis on picture qualit&. However, this VTR has its
share 6f disadvantages, one ﬁf.which.is a short reproduc-
tion time. The large size ca;sette-coﬁtaining a 19-mm
wide tape reél prsvides oﬂly about 1.5 hours of reproduc-
tion when run Sy the D1 format VIR. This makes it diffi-
cult to adapﬁ this VTR tb household use.

On the other hand, if signals qf wave lengths as.
short as 0.5 y.m are recorded on a track 5 u m wide, a
recording density of 1.25 u m?2 per bit is achieved. Thus
if the recordi&g operation is performed in conjunction

" with a suitable data compression method that compresses

recording data with minimum reproduction distortion, long-
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hour recording and reproduction are available even with
tapes whose width is eight millimeters or less.

However, Eecause the recording wave length is short-
ened to 0.5 g m for higher recording densify, transferring
magnetic recordings from the mother tape to the copy tape
results in a very low level of transfef output on the copy
tape side. For this reason, it is difficult to reproduce
in large quantities digitél VTR copy tapes that are re-

quired to provide high output levels.

SUMMARY OF THE INVENTION:

In this sfecification, fhe in-ﬁlane direction of'the
magnetic recording medium is used as the reference X axis
with respect to which all_anéular positisns are deter-
mined, including the direction of the eas& axis, the angle
of ﬁhe hard axis and the direction of biased magnetic
field applicatioh.

It is_an object of the present invention to provide a
magnetic recordiné transfer method which ensures high
efficienci in the transfer of magnetic recordings within
the aBove—mentioned short wave length range, and which
provides the copy magnetic recordiqg medium upon transfer
with excellent magnetic properties and high magnetic
recording reproduction efficiency.

It is another object of the present invention to
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provide a method for magnetically recording digital video
signals whereby large quantities of a digital VTR tape are
copied at.high speed through magnetic recording transfer
onto a copy magnetic recording mediuﬁ with a high transfer
output.

According to a first aspéét.of the invention and as
shown in Fig. 1,-£here is provided a magnetic reéording
transfer method for use with the combination of a mother
magnetic recording medium 1 and a copy magnetic recording
medium 2 of a metal-deposited thin film type each, the two
media being overlaid'so that the inclination of columns 3
of one medium will be opposife in direction to that of the
other medium, thé method comprisiﬁg'the S£ep of eiternally
applying a biased magnetic field Hs to the'combination of
the media in such a2 manner that magnetized recordings on
the mother magﬁetic.recording medium 1 will be transferred
to the coby magnetic ?ecording medium 2; wherein the easy
axis of the mother magnetic reébrdipg medium 1 is posi-
tioned at an-angle of ZO'i'iS' with réséect to the in-
plane direction of the medium; and wherein the biased
magnetic field Hp is applied to the mother magnetic re-
cording medium.l at an angle of 110°# 15° with respect to
the in-plane direction of the medium.

According to a second aspect of the invention, there

is provided a magnetic recording transfer method wherein
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the ratio of the. coercive force Hcn of the mother magnetic
recording-medium 1 to the coercive force Hecc of the copy
magnetic recording medium 2 satisfies the condition of
Heu /Hee £ 1.5

According to a third aspect of the invention, thgre
is provided a method for magnetically récording digital
video signals, thé method comprising the éteps of conQert—
ing input digital video signals into bloéks made of a-
plurality of pixel data each; ;ompression—coding the
blocks of_pixel'data block by block; converting the com-
.pression-coded data into channel-encoded data; and having
magnetic heads of a rotary drum record the chénnel—enéoded
data onto'magnetic recording media; Qherein the magnetic
recording media-afe each cbn;tifuted by a nonmagnetic base
overlaid with a mégnetic.layer made of a magnetic metal
thin film, the magnetic layer.having an éhergy produé£ of
at least 100 G-cm-Oe given by multiplying the residual
magnetic flux density, thickness and coercive force of the
magnetic layer; and wherein the magnetic fecording media
are each constituted by a nonmagnetic base overlaid with a
magnetic layer made of a magnetic metal thin film, the
magnetic recording media being composed of a mother medium
and a copy medium, the magnetic layer of the mothe; médium
being brought to close proximity of the magnetic layer of

the copy medium in such a manner that the inclination of
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columns on the magnetic layer of the mother medium is
opposite in direction to that of the copy medium, the easy
axis of the mother medium being positioned at 20° % 15°
with respect to the in-plane direction of the mother
medium, the magnetic recordings on the mother medium being
transferred onto-the copy medium by externally applying a
biased magnetié field to the mother medium substantially
at 110°% 15° relative to the in-plane directiqn.

‘According to a fourth aspect of the invention, there
is provided a ﬁethod of magneﬁically recording digital
video signals as aefined in the third aspect thereof,
wherein the ratio of the gdercive force Hcy of the mother
magnetic fecofding medium to the coercive force Hcec of the
copy magnetic recording mediuﬁ satisfies thé condition of

Hen /Hee S i.5

Preferably, the magneﬁic recording média for the
invention to be embodied have a center line average height
Ra of 30 angstrom unit§ or less on the surface.

These and.other objeqts, features and advantages of
the invention will become more apparent upon a reading of

the following description'and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:
Fig. 1 is a schematic cross-sectional view of a

magnetic recording transfer method according to the inven-
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Fig. 2 is a view showing how dependent the magnetiza-
tion reversal distribution of recording media is on ap-
Plied magnetic field angles, the media being tapes with a
diagonally deposited metél structure each;

Fig. 3 is a view depicting a tyﬁical relationship
between residual magnetization and reverse magnetic field;

Fig. 4 is a view illustrating a typical relationship
between biased magneﬁic field angles and relative transfer
oufputs;

Fig. 5 is a slock diagfaﬁ of thé recording side of a
signal processing section in a typicai digital VTR for use
with the invention;

Fig. 6 is a Block diagram of the repfoduction side of
the same signal processing section;

Fig. 17 ié.a.scheﬁatic viéw of a typiéal block struc-
ture for block encoding in c§nnecti§ﬁ with.the invention;
'Fig. 8 is.a schematic view used to describe sub-

sampling and sub-lines in connection with fhé invention;

Fig. 9 is a Elock diagram of a typical block encoding
circuit for use with the invention;

Fig. 10 is a.SChematic block diagram of a typical
channel encoder fér use with the invention;

Fig. 11 is a schematic block diagram of a typical

channel decoder for use with the invention;
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Fig. 12 is a schematic view used to describe the head
arrangement in connection with the invention;

Fig. 13 is a schematic view used to describe head -
azimuths in connection with the invention;

Fig. 14 is a schematic view used to describe record-
ing patterns in connection with'the invention;

Fig. 15 is a set of a toé and a side view of a typi-
cal tape head section;

Fig. 16 a schematic view used to describe how the
tape Qibrates due to arum eccentricities;

Fig. 17 is a schematic view of a de#ice for manufac-
turihg-magnetic tépes in connéctidn with the invention;

Fig..18 is a sch;matic view of another device for
manufacturing magnetic tapes in conhéction with the iﬁven—
tion; . '

Fig. 19 is a fable tabuléting typical transfer output
measurements taken of copy tapes in diverse sample combi-
nations with mother tapes, the combinations varying in
magnetic layer maéerial, film structure and other tape-
related factors;

Fig. 20 is a perspective view of a typical magnetic
head structure for use with tﬂe invention; and “

Fig. él is a schematic cross-sectional view of how
the prior art magnetic recording transfer method is tipi-

cally implemented.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS:

As described, the magnetic recofding transfer method
according to the invention uses a mother magnetic record-
ing medium and a copy magnetic reéording medium of a metal
thin film type each, i.e., media having diagonally depos-
ited magnetic ﬁetal. In this case, as described, the
magnetic metal matefial is deposited from a deposition
source onto the medium base diagonaily within an angular
range of 50' to 40°. The resulting magnetic layer com-
prises bent column§ 3 with an inclination of about 45°,
the columns being growth graiﬁs. However, according to
the research and éxperiments conductea by the inventoés,
the actual easy axis of the magnetic layer fails to match
the gréwing direction of the cblumns"3;.the easy axis-is
determined by the thickness ahd saturatiQn magnetic flux
density of the columns 3. In fact, the easy axis was
found to be'inElined less in the growing direction of the
columns 3 than in the in-plane direction, i.e., about
20°% 15° relative to the in-plane direction.

Accordingiy, the magnetic recording transfer metﬁod
of the present inQention applies the biased magnetic field
Hp externally ;t ilO'i 15° to the mother magnetic record-
ing medium 1. This means that the biased magnetic field

Hs is applied preéisely in the direction of the hard axis
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ship between magnetic field application angle and reverse
magnetic field Hsw in effeét when the percentage (7 ) of
magnetization reversal is varied.

In Fig. 2, curves "a" throuéh "e" apply when Hsw is
30%, 50%, 65%, 80% and 95%, respectively.

As shown in Fig. 2, each of the curves shows the
minimum magnetic field necessary for magnetization change
at about 20°, i.e: in the direction of the easy axis of
the mother magnetlc recording medlum 1; the curves each

_1nd1cate the maximum magnetxc fleld necessary for magneti-
zation change at about 110°, i.e., in the direction of the
hard axis of the medium 1. Thus a magnetic field of,'say,
3k (Oe) generates 95% or more of magnetization reversal if
apprlied in the direction of the e;sy axis, but only aBout
50%'if applied.iﬁ the direction of the hard axis.

‘As described, the magnefic fecording transfer method
according to the in&ention externally applies the biased
magnetic field Hs illustratively at 110' to thé mother
ﬁagnetic rgcording medium 1, i.e., in the direction of the
hard axis thereof. This leaves the recording magnetic
field of the medium 1 highly immune to the effect of the
biased magnetic field Hs, hence to demagnetization;

At this point, the magnetization reversal distribu-
.tion has a steep peak near the hard axis, whereas the

curvature of the distribution is relatively small near the
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of the mother medium 1. As a result, the efficiency of
magnetic recording transfer is enhanced.

As described and also according to the invention, the
mother magnetic recording medium 1 and the copy magnetic
recording medium 2 are overlaid in such a manner that the
inclination of thé columns 3 in oné medium is opposite in

~direction to that-of the columns 3 in the other medium.
In this Qtaﬁe, the biased magnetic field Hp externally ap-
plied to the mother magnetic recording medium 1 transfers
the recordings thereon onto the copy magnetic recprding
.medium 2. This scheme provides a high transfer output.

| Assume that the mothef-m;gnetic recording medium 1
and the cépy-magnetic recording medium 2 are made of the
same material and that the easy axis of either medium is
positioned at 20°. For egample, if the easy axis of the
mother magnetie recording medium 1 is pésitioned at 20°,
then the easy axis of the copy magnetic recording medium 2
is positioned at 160°, the columns 3 oflﬁhe medium Z-Being
opposite in direction tq those of the medium 1.

Fig. 2 shéws how the angle at which to apply the
biased magnetic field Hs externally is related to a ré—
verse magnetic field Hsw. The reverse magnetic field Hsw
is needed to generate 7 % of magnetization reversal, as
depicted by aﬁ H-M curve (magnetié field versus magnetiza-

tion curve) in Fig. 3. Fig. 2 illustrates the relation-
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easy axis. Thus any deviation from the hard axis direc-
tion causes an abrupt change in the reverse magnetic
field, i.e., in residual magnetization, but little change
occurs. therein in case of 40' to 50° of deviation from the
easy axis. For example, if thg above-mentioned magnetic
.field'of 3k (Oe) is applied at_60',.i{e.,fabout 50° away
from the hard axis- direction, then 80% or more of magneti-
zétion reversai is produced. There occurs a difference of
about 15% from the case where £he magnetic field is ap-
plied in the easy axis direction, but as much as 30% from
the case in which the magnetic field is applied in the
hard axis direction.

As described, with the easy axis of the copy medium 2
positioned at 166; and with the biased magnetié field
applied at 110° to the mother medium 1, maghetic recofd—
ings are transferred satisfactorily froﬁ mother medium to
copy medium. for example, even when the mother magnetic
recording medium 1 and the copy magnetic recording me&iuﬁ
2 are made of the same material, the above arrangement
provides a significant improvement in transfer efficiency.

According to.thé invention, the ratio of the coercive
force Hcuy of the mother magnetic recording medium 1 to the
coercive force Hce of the copf magnetic recording medium 2

satisfies the condition of

Hcu/Hece £ 1.5
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This aspect of the invention makes it possible relatively
to boost the coercive force of the copy medium 2. This
also leads to an enhanced magnetic recording transfer
ocutput. |

With the conventional magnetic reeording transfer
method that u#es metal-coated magnetic recording medi;, it
is difficult to select optimum directions of the ea;y'and
hard axes for such media. By contrast, the present inven-
tion makes it possible ﬁo select optimum directions of the
easy and hard axes of magnetic recording media illustra-
tively having.; diagonally deposited metal thin film

structure. . .

Thus it is possiBle'td prevent demagnetization of the
mother magnetic.recording medium upon trénsfer of magnetic
recordings thefeffom to a copy magnétiq recording medium,
and to enhance the transfer output of the copy medium.
Even if the recording wave length is as short as 0.5 u« m,
the transfer output of the éopy medium is still suffi;
ciently high.

Preferred embodiments of the present invention will

now be described with reference to the accompanying draw-

ings.

First Embodiment

In Fig. 1, numeral 1 is a mother magnetic recording
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medium and numefal 2 is a copy magnetic recording medium.
Each medium is illustratively a tape with a diagonally
deposited metal structure made of 80% Co and 20% Ni. With
-the first embodiment, the residual magnetic flux density_
" Br of the media is 3,500 G, the coercive force Hc thereof
is 1,000 Oe, and éhe easy axis thereof is posiﬁioned ét
about 21°. The media 1 and 2 are overlaid so that the
easy axis of the copy magnetic recordiqg medium 2 is
positioned at 159°. In this case,'thé ratio of the céer—
cive force Hcu of the mother magnetic recording medium 1
to the coercive force Hecc of the copy magnetic recording
medium 2 (Hem/Hce) is 1.0. |

Fig. 4 shows howlthe magnetic recording transfer
output changes as the angle'a "of the biased magnetic
field Hs (hereinafter called the biésed magnetié field
angle) is varied,.with the wave length A set to 0.76 u m.
Also shown as a comparative example are typical changes in
the transfer output in effect when the moéher medium is a
conventional metal-coated, high coercive fdrce, high
rerformance tape and the copy medium is a Ba-Fe tape.;

In Fig. 4; small hollow circles (O ) are plotted by
the first embodiment when the biased magnetic field angle
o 1is varied, and small solid circles (@ ) are plotted as
the comparative example when the biased magnetic field

angle ¢ is set to 90°., Transfer output values are shown
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relative to tﬁe maximum output of the first embédiment
being set to 0 dB.

As depicted in Fig. 4, when the biased magnetic field
angle a is set to 90°, the first embodiment provides a
transfer output at least 2.5 dﬁ higher than that of the
comparative example. Where the biased mégnetic field
angle a is varied and set to 111", i.e., in the hard axis
direction of the mother magnetic recording medium 1, the:
maximum transfer output is obtained. This output is at
least 4 dB higher.than that given when « '= 90°.

Below is a description of three more embodiments.
With these embodimeﬁts, the residual magnetic flux density
Br and coércive_force He are varied and the resulting

transfer outputs are. measured.

Second Embodiment

The second embodiment utilizes as the mother magﬁétic
recofding mediﬁm 1 a ﬁape with a.diagdnally deposited
metal structuré méde of 100% Co. The résidual magnetic
flux density B£ of the mother medium 1 is 4,100 G, the
coercive force Hec thereof is 1,400 QOe, and the easy axis
thereof is positioned at 19°. As with the first embodi-
ment, the copy magnetic recording medium 2 is a tape with
a diagonally deposited metal structure made of 80% Co and

20% Ni. The residual magnetic flux density Br of the copy
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medium 2 is 3,500 G, the coercive force Hc thereof is
1,000 Oe, and the easy axis thereof is positioned at 21°.,
The media 1 and 2 are overlaid so that the easy axis of
the copy magnetic.recording medium 2 is positioned at
159°. The biased magnetic field Hs is applied at 109°,

j.e., in the hard axis direction of the mother medium 1.

Third Embodiment
The third embodiment utilizes as both mother and copy

media 1 and 2 a tape with a diagonally deposited metal
multilayer structure made of 100%'00. With the third
embodiment, the residual magnetic flux density Br of the
media is 4,600 G, the coercive force Hc thereof is 1,500
Oe, and the eaéy aiis thereof is positioned at 25°. The
media 1 and 2 are overlaid so that the éa;y axis of the
copy magnetic recordiﬁg medium Zlis positioned at 155°.

The biased magnetic field Hs is applied at 115°.

Fourth Embodiment
The fourth'embodiment employs as the mother mediﬁm 1
a tape with a diagonally deposited metal doublteayer
structure made of 100% Co. The residual magnetic flux
density Br of the mother medium 1 is 4,700 G, the éoercive
force He¢ thereof is 1,900 Ce, and thé easy axis thereof is

positioned at 27°. The fourth embodiment also uses as the
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copy medium 2 a tape with a diagonally deposited metal
double~layer strﬁcturé made of 100% Co. The residua;
magnetic flux density Br of the copy medium 1 is 4,650 G,
the coercive force Hc thereof is 1,700 QOe, and the easy
axis thereof is poéitiéned at 23°. The media 1 and 2 are
overlaid so that éhe easy axis of the copy magnetic re-
cording medium 2 is positioned at 157°. The biased mag-
netic field Hs is applied at 117° to the mother medium 1,
i.g., in the hérd'axis direction thereof;

Table 1 belo& indicates actual transfér output.meas-
urements taken with each of the first through the fourth

embodiments above, where the wave length A was set to

0.76 u m.
Table 1

Embodiment First Second Third Fourth
Biased mag- '
netic field 111° | 109° 115° 117°
angle « '
Transfer 0 +2.2 +5.3 +5.8
output (dB)

As shown in Table 1, even where the wave length (A )
is ag short as 0.76 ux , high transfer outputs are obtained
by raising the residual magnetic flux density Br and
coercive force H¢ of the mother and copy media 1 and_z.

"As indicated, the second through the fourth embodi-

ments yield transfer outputs higher by 9 to 12 dB than
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those gained by the conventional method using metal-coated
tapes.

Thus, to obtain these practically sigﬁificant in-
creases in transfer output requires that, on the part of
the mother magnetic recofding médiﬁm 1,

Br (magnetic flux density) 2 4,000 G
in practice,

Br-d (total magnetic flux quantify) = 0.08 G;cm
and that

He (coercive force) 2 1,000 Qe
preferably

He 2 1,300 Oe

On the part of the copy magne;ic recbraing medium 2,

it is required that

Br (magnetic flux density) 2 2,500 G

Br- & (total magnetic flu¥ quantity) 2 '0.05 G- cm

800 £ Hc (coercive force) £ 1,800 Oe
The 1,800 Oe threshold is preferably not to be_exceedéd
because an excessivély high coefcive force of the copy
medium 2 will make it difficult to transfer magnetic re-

cordings thereto from the mother medium 1.

Fifth Embodiment
The fifth embodiment involves copying digital VTR

tapes through magnetic transfer of recordings. The de-
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scription of this embodiment will proceed in the order of:
a. Signal processing section
b. Block encoding
c. Channel encoder and channel decoder
d. Tape head section

e. Electromagnetic conversion section

a. Signal Processing Section.

Described.fifst is a signal processing section in a
digital VTR for use with the invention.

Fig. 5 is a block diagram of the recording side of
the signal proceséing-section in the typical digital VTR
for use with the invention. In Fig. 5, input terminals
111Y, 111U and 111V illustratively receive a digital lumi-
nance signal Y; a digital.COlor difference signal U and a
digital color-difference signal V, respectively. The
signals Y, U and V are formed from three primary‘color
signals R, G ahd B coming from a color video camera. The
ciock rates for the signals are the same as the freguen—
cies of the respective component signals in the D1 format,
i.e., 13.5 MHz for the signal Y, 6.75 MHz for the signal U
and also 6.75 MHz for the signal V. The bit count per
sample is eight. Thus the amount of the data making up
the signals supplied to the input terminals 111Y, 111U and

111V amounts to about 216 Mbps, as described. An effec-
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tiQe data extraction circuit 112 eliminates Blanking
period data and extracts only the effective area informa-
tion,'thereby compressing the data into about 167 Mbps.
Of the outputs from the circuit 112, the luminance signal
Y is supplied to a frequency conversion circuit 113. The
circuit 3 converts the sampling frequency of 13.5 MHz of
the luminance éignal Y to three quarters thereof. The
frequency conversion circuit 113 may typically bé a thin-
out filter that does not cause back-to~back distortion.
The output signal of the circuit 113 is fed to a blocking
circuit 115. The qircuit 115 converts the luminance data
sequence to a block segquence. fhe blocking circuit 115 is
provided'in conjunction with a block enqoding circuit 118
located downstrean.. |

Fig. 7 schematicaily depicts theé structure of a typi-
cal unit block for encoding. This example is a three-
dimensional block illustratively constituted by divisions
of a picture that spans two frames. A large hqmber of
unit blocks each having 4 lines by 4 pixels by 2 frames,
as shown in Fig. 7, are formed. 1In Fig. 7, solid lines
are odd-numbered field lines and broken lines are even-
numberéd field lines.
Of the outputs from the effective data extraction

circuit 112, the two color difference signals U and V are

supplied to a sub-sampling/sub-line circuit 114. The cir-



-_

This Sheet Has Been

LT —

cuit 114 converts the sampling frequencies of the two sig-
nals U and V from 6.75 MHz to half thereof. Thereafter,
the two digital color difference signals are alternately
selected per line and are composed into one-channel data.
That is, the sub-sampling/sub-line circuit 114 yields lin-
early sequencea digital color.difference éignals. Fig. 8
illustrates the pixel structure of a signal that is sub-
sampled and sub-lined by the circuit 114. In Fig. 8_,.
hollow circles-(C)) each stand for a sampling pixel of the
first color difference signal U, triangles ( A) for a
sampling pixel of.the second color difference signal V,
and crqéses (X ) for the ﬁbsition of a pixel removed by
sub—sampling. |

The linearly seguenced output signal of_the sub-
sampling/sub—liné circuit 114 is supplied-to a blocking
circuit 116. As with the blocking circuit 115, the cir-
cuit 116 converts the séanning sequence color difference
daté of the TV signal into block séquence data. Further-
more, like the circuit 115, the circuit 116 converts the
color difference data into a block structure of 4 lines by
4 pixels By 2 frames. The outputs of the blocking cir-
cuits 115 and 116 are forwarded to a composition circuit
117.

The composition circuit 117 converts intd one-channel

data the luminance and color difference signals that were
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converted to the block sequence. The output signal of the

composition circuit 117 is fed to the block encoding
circuit 118. The block'encoding circuit 118 may illustra-
tively be an adaptive dynamic range coding (ADRC) circuit
(described later) adapted to the dynamic range per block,
a DCT éircuit, etc. The output signél of the block eﬁcod-
ing circuit 118 i$ supplied to a frame composition circuit
119. The circuit 119 converts the received signal into
frame strucfuré data. The'frame composition circuit 119
switches between the clock signal of the video side and
that of the recording side.

The output signal of the frame composition circuit
119 is sent to a parity bit generation circuit 120 that
genefates error correction codes. The oﬁtput signal 6%
the parity bit generatioh cifcuit 120 is supplied to a
channel enﬁoder 1i. In turn, the channel encoder 11
carries out channel ¢oding in such-a manner that the iow-
péss portion of the recording data is-reduced; The oﬁtput
signal of the channel encoder 11 is fed to magnetic heads
13A and 13B via recording amplifiers 12A and IZB_as well
as a rotary transformer arrangement, not shown. The
signal is then recorded onto a magnetic tape.

Although not shown in the drawings, the audio signal
is compression-coded apart from the video signal and is

supplied to the channel encoder.
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After the above signal processing, the input data

amount of 216 Mbps is lowered to about 167 Mbps through
sampling during the effective scanning period alone. The
lowered data amount is further reduced to 84 Mbps through
frequgncy conversion and sub-sampling/sub-line processing.
The resulting daté amount is again compression-coded by
the block encoding circuit 118 down to about 25 Mbps.
Thereafter, wi£h §uch supplementary information as parity
"and audio signals added, the.récording data amount toﬁals
up to about 31.56 Mbps.

Now the construction of fhe reproduction side of the
signal processing'section will be described with reference
to Fig. 6.

In Fig. 6; the reproduced data fromxthe magnetic .
heads 13A and 13B-is supplied to a channel decoder 22 via
é rotary tranéformer arranéement, not'shown, and via
.reprcduction amplifiers 21A and 21B. The channel decoder
22 decodes the chanriel-encoded data. The output signal of
the channel decoder 22 is supplied to a TBC (time.base
correction) c;rcuit123. The circuit 23 removes time base
fluctuation components from the reproduced signal. The
reproduced data ffom the TBC circuit 23 is fed to an ECC
circuit 24. The circuit 24 subjects the data it received
to error checking and correction Qsing error correction

codes. The output signal of the ECC circuit 24 is sup-
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piied to a frame decomposition circuit 25.

The.frame decomposition circuit 25 separates the
block-encoded data into components and switches from the
clock signal of the recording side to that of the video
side. The data components separated by the frame de;ompo-
sition circuit 25 are supplied to a block'decoding circﬁit
26. The encoded data is decoded back to the original data
on a block by block basis. The decoded data is fed to a
distribution circuit 27. The circuit 27 separates the
decoded data into the luminance signal and the color dif-
ference signals. The luminanée signal is fed to a de-
blocking circuit 28, and the color'difference signals are
suppl;ed io_a deblocking_cifcuit 29. As opposed to what
the blocking circuits 115 and 116 do on.the transmitting
side, the deblocking circuits 28 and 29 convert the block
sequence decoded data into a raster scan seguence.

The decoded luminance signal from the déblockiﬂg
circuit 28 is sent to an interpolation filter 30. The
interpolatibn filter 30 convefts the-sampling rate of the
luminance signal from 3 fs to 4 fs (4 fs = 13.5 MHz). .The
dig;tal luminance signai from the interpolation circuit 30
is forwarded to an output terminal 33Y. |

Meanwhile, the digital color difference s;gnals from
the deblocking circuit 29 are supplied to a distribution

circuit 31. The circuit 31 separates the linearly se-
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quenced digital color signals U and V into the digital
color difference signals U and V. The signals U and V
from the distribution circuit 31 are fed to an interpola-
tion circuit 32 for their respective interbolation proc-
esses. Using the decoded pixel data, the interpolation
cifcuit 32 interpolates the lines and pixel data that were
thinned out. The:interpolatidn circuit 3é provides the
digital color difference signals U and V at a sampling
rate of 4 fs, the signals U and V being sent to output

terminals 33U and 33V, respectiveiy.'

b. Block Encoding

The block encoding circuit 118 iﬁ_Fig. 5 is illustra-
tively the ADRC (adaptive dynamic range codiﬁg) encoder
‘disclosed in Japanese Patents Laid-Open Nos. 59-266407 and
59-269866 filed by this applicant. Thé ADRC.encoder de-
tects the maximum and minimum numSeré (MAX, MIN) of multi-
ple pixel data coﬁtained in each block. -The ADRC encoder
then detects a dynamic range DR per block from the maximum
(MAX) and minimum (MIN) pixel data counts. The data is
encoded for adaptation to the dynamic range DR. Using a
bit count smaller than the bit coﬁnt of the original pixel
data,'the data is quantified again. Alternatively, the
block encoding circuit 118 may be impleménted as follows:

After the pixel data of each block is subjected to DCT



ppe”

____________________‘
This Sheet Has Been

Wi -

(discrete cosine transformation), the resulting coeffi-
cient data is quantified. The quantified data is subject-
ed to the run-length Huffman encoding process for compres-
sion coding.

DescriEed below is a typical enqoder implemented
using the above ADRC encoder with reference to Fig. 9, the
encoder eliminating the deterioration in pictu;e quality
when the original.tape is copied repeatedly.

In Fig. 9, an input terminal 41 receives from the
composition circuit 117 of-Fig.-S.a digital video signal
(or digital color_différence signal) that was quantified
illustratively into éiéht bits per samﬁle.

The blocked data coming from the input terminal 41
goes to.a maximum/minimum value detection circuit 43 and a
delay circuit 44. The circuit 43 detects a maximum value
MAaX and’a minimum value MIN from each block. The delay
circuit 44 delays input data for as long as the time
requiréd to detect the maximum and minimum values. The
pixel data from the delay circuit 44 is supplied to compa-
rators 45 and 46.

The maximum value MAX from the maximum/minimum value
detection circuit 43 is sent to a subtracter 47 and the
minimum value MIN from the circuit 43 to an adder 48. The
subtracter 47 and the adder.48 receive from a bit shift

circuit 49 the value of one quantification step width (A
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= (1/16)DR) for four-bit fixed~length non-edge matching

quantification. The bit shift circuit 49 is constructed
to shift the dynamic range DR by four bits for a divide
operation of 1/16. The subtracter 47 provides a threshold
value of

MAX - A
whereas the adder 48 yields ; threshold value of

MIN + A
The threshold value from the subtracter 47 and that ffom
the adder 43 are supplied.to the cbmparators 45 and 46,
respectively.

The value A that defines.the threshold values is not
lihited to the quantification step width; it may be a
fixed value commensurate with the noise level.

The outpu£ signél of the comparator 45 is fed to an
AND gate 50 and that of the comparator 46 to an AND gate
51. The AND gates bO and 51 are supplied with the 1nput
data from the delay circuit 44. The output signal of the
comparator 45 is brought High when the inpﬁt data is
greater than the threshold value. Thus tﬁe output termi-
nal of the AND gate 50 bears the pixel data of the input
data contained in the_maximum level range of |

MAX ~ MAX - A
The output signal of the comparator 46 is brought High

when the input data is smaller than the threshold value.
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Thus the output terminél of the AND gate 51 bears the
pixel data of the input data contained in the minimum
level range of

MIN ~ MIN + A |

The output signal of the AND gate 50 is supplied to

an averaging circuit 52 and that of the AND gate 51 to an
averaéing'circuii 53. The averaging circuits 52 and 53
calculate mean values for each block. A terminal 54 feeds

a block period reset signal to the circuits 52 and 53.

The averaging circuit 52 provides a mean vaiue MAX' of the
pPixel data belonging to the maximum level range of
MAX ~ MAX - A
and the averaging circuit 53 yields a mean value MIN’ of
the pixel data belonging to tﬁe minimum lével range of
MIN ~MIN + A
A subtracter 55 subtracts the mean valué ﬁIN’ from the
mean value MAX', thereby providing the dynamic range DR’.
The mean value MIN’ is fed to a subt?acter 56. The
subtracter 56 then subtracts the mean value MIN’ from the
input data coming from the delay circuit 57. The result
is data PDI which is rid of the minimum value. The data
PDI and the corrected dynamic range DR’ are supplied to a
quaﬁtification circuit 58. The ADRC encoder used in £his
embodiment is a variable length encoder in which the

number "n" of the bits assigned for guantification is set
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to 0 (no code signal transmitted), 1, 2 3 or 4. The

quantification assigned bit count "n" is determined by a
bit count determination circuit 59 on a block by block
basis. Thus the data of the bit count "n" is supplied to
the quantification circuit 58.

For efficienﬁ encoding,-fhe variable length ADRC
encoder may have a small bit count "n" for blocks with a
small dynamic range DR’ and a large bit count "n" for

blocks with a large dynamic.range DR?’. If the values T1

- to T4 for determihing the bit count "n" are set as

Tl < T2 < T3 < T4
then the block with its dynamic range aefined as

DR’ < Ti
has no code signal transﬁitted, i.e., only the data of the
dynamic rangé DR’.is transmitted. A block with .its dynam-
ic range defined as . | h |

T1I £ DR’ < T2 |
has the bit count "n" set to 1. A block with its dynamic
range defined as |

T2 £ DR’ < T3
has the bit count fn" éet'to 2. A block with its dynamic
range defined as

T3 £ DR’ < T4
has the bit count "n" set to 3. A block with its dynamic

range defined as
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DR’ =2 T4

has the bit count "n" set to 4.

The above variable length ADRC encoder provides
control over the amount.of generated data (i.e., buffer-
ing) by switching the threshold values (Ti - T4). Thus
" the variéble length ADRC. encoder may be applied to the
digital VTR of this invention and to other similar trans-
mission lines that require the émount of the genefatéd
data per field or.per frame to be a predetermined wvalue.

In Fig. 9, a bufféring circuit-ﬁo determines the
threshold values Tl - T4 for setting the amount of gener-
ated data to a predetermined value. -The buffering cifcuit
60 has a plurallty of threshold value combinations (T1,
T2, T3, T4), e.g., a total of '32 combinations. Each of
these threshold value combinations is'identified by a
parameter code Pl (i = O, 1,-2, - 31). As the number
"i" of the parameter code Pi is raised, the amount of.
generated data is'monotonously decreased. It is to be
noted that the lower the amount of generated data is, the
more deteriorated the quality of decodéd pictures becomes.

The threshold values T1 - T4 from the Buffering
circuit 60 are supplied to a comparator 61. - The dynamic
range DR’ coming from the delay circuit 62 is fed to the
comparator 61 as well. The delay circuit 62 delays the

dynamic range DR’ for as long as the time required for the
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buffering circuit 60 to determine the threshold value
combination. The comparatbr 62 compares the dynamic range
DR’ of a given block with each threshold value. The
result of the compare_operation is sent to the bit count
determination circuit 59. The circuit 59 iﬁ turn deter-
mines the number of the bits "n" assigned to the current
block. Using the dynamic range DR’ and the assigned bit
count "n," the quantificatioh circuit 58 subjects the data
PDI to edge hatching quantification for conversion to é_
code signal DT, the data PDI coming from the delay circuit
63 and rid of the minimum value. The quantification
circuit 58 is illustrativély made of é ROM arrangement.
The aynamic range DR’ and mean value MIN’ after
correction are output throuch the delay circuits 62 and
64. Also output are the code signal DT and the parameter
code Pi that identifies the threshold value combination.
In this examplé, the signal that underwent non-edge match-
ing quantificafion is again subjected to édge matching
quantification on the basis of the newly écquired-dynamic
range information. For this reason, the deterioration in
picture quality is minimum when the mother medium is

copied.

c. Channel Encoder and Channel Decoder

The channel encoder 11 and channel decoder 22 in Fig.
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5 will now be outlined in structure with reference to
Figs. 10 and 11. These circuits are disclosed in more
detail in Japanese Patent Application No. 1-143491 filed
by this applicant.

Referring to Fig. 10, numer#l 71 is an adaptive type
scrambling circuit that receives the output of the parity
bit generation circuit'lZO in Fig. 5. A plurality of M
series scrambling circuits aré prepared. These scramsling
circuits are constructed to yield the output with the
least high-frequency and direct-current components in
response to the input signal. Numeral 72 is a pre;coder
that operates on the so-called partial response class 4
detection methéd._ This pre-coder performs computations of

1/1 - D2 (D:-circuit for unit delay).
The pre-coder output is sent via_thé fecording amplifiers
12A and 12B to the magnetic heads i3A and 13B for recofd-
ing and reproductioh. The reproduced output is amplified
by the'reproduction amplifie:s 21A and 21B.

Fig. 11 séhematically depicts a typical construction
of the cﬁahnel decoder 22. In Fig. il, numeral 73 is a
processing circuit on the reproduction side of the partial
response class 4 scheme. The circuit 73 carries out an
operation of 1 + D on the output of the reproduction
amplifiers 21A and 21B. Numeral 74 is what is known as

Viterbi decoder that decodes the output of the processing
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circuit 73 into noise-resi#tant data through computations
based on data correlation and validation. The output of

the Viterbi decoder 74 is supplied to a dé-sérambling cir-
cuit 75. The de-scrambling circuit 75 restores the data

scrambled on the recordipg side back to the original data.
The Viterbi decoder 74 used in this embodiment provides an
improvement of 3 dB in terms of repfoduction C/N over bit-

by-bit decoding.

d. Tape Head Section

As shown in Fig. 12 (A), the magnetic heads 13A and
13B are mounted 180 degfees épart on a rotary drum 76.
Alternatively, as depicted in - Fig. 12 (B), the magnetic
heads 13A and 13B are ihtegrally mounted on the drum 786.
A magnetic tape, AOt sho@n,'is wéund diégonally around the
circumference of fhe drum 76 at siightly more or less.than
180 degrees. In ﬁhe head arrangement.of Fig. 12 (A), the
magnetic heads 13A and 13B contact the magnetic head on an
approximately alternate.basis; in the head arrangement of
Fig. 12 (B), the magnetic heads 13A and 13B scan the
magnetic tape ;imultaneously.

The gap extension direction (called an azimuth) of
‘the magnetic head 13A differs from that of the magnetic
head 13B. Illustratively, an azimuth difference of * 20°

is established between the heads 13A and 13B, as shown in
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Fig. 13. During recording, the azimuth difference causes

a recording pattern depicted in Fig. 14 to be formed on
the magnetic tape. As seen from Fig. 14, adjacent tracks
TA .and TB §n the magnetic tape are formgd respectively by
the magnetic heads 13A and 13B having different azimuthé.
Thus upon reproduction, the loss of.the azimuths reduces
the amount of érégs'talk between adjacent tracks.

Figs. 15 (A) and.15 (B) show in more detail an inte-
gral structure of the .magnetic heads 13A and 13B (generi-
cally.known as.the doublg aéiﬁuth heaa). For example, the
magnetic heads 13A and 13B of the integral structure may.
be mounted on an upper d;um 76 that_rbtates at a rate of
as high as 150 rps (under NTSC systém), while a lowerfdrum
77 is fixed. Thus the data of one field is divided into
five tracks when recorded pnta a_maghetic tape 78. Tﬁis
so-called segment system shortens the lengths of the .
tracks and reduces linear errors that may occur thereon.
Illustratively, the winding angle & of the magnetic tape
78 is 166' anq the drum diameter ¢ is 16.5 mm.

This double azimuth head structure carries out what
is known as siﬁultaneous recording. With an ordinary head
structure, eccentricities of the rotating parts associated
with the upper drum 76 cause the magnetic tape to 78 to
vibrate, resulting in linear errors of tracks. The mag-

netic tape 78 vibrates when it is pushed downward as de-
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picted in Fig. 16 (A) and pulled upward as shown in Fig.
16 (B). The vibration degrades the linearity of the
tracks. By contrast, the double azimuth head structure
perfofming simultaneous recording produces a lower amount
of linear errors than the ordinafy structure with the
heads opposed to each other 180° apart. Because of its
short head-to-head distance, the double azimuth head
structure permits more éccurate pairing adjustment. In
this manner, the tape head section provides recording and

reproduction on tracks having narrow widths.

e. Electromagﬁetié Conversion.Section

What follows is a description of the electromagnetic
conversion sectlon for use with the invention.

The magnetlc tape (ME tape) for use as the recording
medium is manufactured by one of. the four methods dis-
cussed below. |

According to the fifst method, the magnetic tape is
maﬁufactured as follows: A liquid containing an emulsion
whose principai content is an acrylic ester latex is
applied onto a polyethylene terephthaiate (PET) film base.
After liquid application, the base is allowed to dry. On
a principal plane of the dried bease, infiﬁitesimal projec-
tions made of the emulsion particles are formed. The

surface of the base processed in the above manner has a

- 42 -



.ﬂﬂ,,,/«f——*’“””

- —

: 'rh Sh Re“‘aced
__ 1S

i

center line average height Ra of about 15 angstrom units,

and the density of the infinitesimal projections is about
5§ million/mm2. The filler internally added to the base is
$i02, TiOz, Alz03, ete.

Thereafter, a vacuum deposition device illustratively
éhown in Fig. 17 is used to diagonally debosit a magnetic
layer principally_made of Co onto the above-described base
in an oxygen atmoéphéfe.

In Eig.l17, reference characters 8la and 81lb are
vacuum chambers; 82 is a partition wall; 83 is an evacua-
tion valve; 84 is a supply roll that feeds a base B; 85 i§
a take—up_roll; 86 is a guide roll; 87a and 87b are cylin-
drical cdoling cans that_guide'the bqse B; 88a and 88b are
Co evaporati&n sources; 89a and 8§b are elecéron beams
that heat up the evaporation squrces_88a and 88b, respec-
tively; 90a and 90b are shié}diﬁg plétgs.that restricé the
incident angle of the evaporéted metal relative to the
base B; and 9la and 91b are pipes thfough which to intro-
duce the oxygen gas.

In the va;uum evaporation device of the above con-
structioh, the base B is forwarded from the supply roll 84
to the take-up roll 85 via the cooling can 87a, guide roll
86 and cooling can 87b, in that order. While the base B
is being forwarded, two Co layers forming a magnetic layer

are diagonally deposited on the base B in the oxygen
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atmosphere.

The vacuum evaporation setup operates as follows:
The vacuum_chambers 8la and 81b are kept illustratively at
a vacuum of 1 x 10-% Torr. The pipes 91a and 91b intro-
duce the oxygen gas illustraﬁiveiy a£ a rate of 250
cc/min. into the vacuum chambers 8la and 81b. 1In this
case, the incideht angle of the evaporated metal relative
to the base B is illustratively sét between 45° (@ mini-
mum) and 90° (& maximum). The Co layers are eacﬁ depos-
ited illustratively to a thickness of 1;000 angstrom units
at the cooling cans 87a and 87b. That is, the total
thickness of the magnetiq laygr is 2,000-angstrom units.
The composition of the ingots used as the evaporation
sources 88a and 88b is illuétfativeiy 100% Co.

After the magnetic.layér made gf the two Co layers
has been fqrmea on the Baéé B; the Ease B is back-coated

" with a carbon and eboxy resin bindér coat, is treated with

2 preservative, and is foﬁfcéated with a berfluoropolyeth-
er lubricant;' The base B is thén cut to eight-millimeter
width for production of eight-millimeter format maghetic
tapes.

According to the inventors’ measurements, the magnet-
ic tape ultimately produced from the above process has a
residual magnetic flux density (Br) of 4,150 G, a coercive

force He of 1,760 Oe, and a squarenes Rs of 79%. The_sur-
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face roughness of the magnetic tape has a cehper;;iggf

average height Ra of as small as 20'ahgstfoh units, re-
flecting the surface roughnesé of the base B. The energy
product in the above case is given as

Br+d *He = 146.1 G'cm' Qe
Although surface roughnesses are usually heasured under
JIS B0601, the ﬁeasurements this time were taken.under the
following conditions:

Measuring instrument: TALYSTEP {(from Rank Taylor Hobson
Limited) | .

Stylus diameter: 0.2 x 0.2 zm (fectangle stylus)

- Stylus pressure: 2 mg o

High-pass filter: 0.33 Hz

According to_phe second method for manufacturing the

magnetic tape,.thé vacuum evaporatién device of Fig. 17 is
also utilized. As Qith the first method, a magnetic layer
illustfatively made of two CosoNiio élloy layers is diago-

nally deposited on the base B in the oxygen atmosphere.

‘In this case of diagonal deposition, the oxygen gas is

introduced into the vacuum chambers 8la and 81b illus£ra~
tively at a rate of 230 cc/min. The CosoNiio alloy layers
are each deposited to a thickness of 900 angstrom units at
the cooling cans 87a and 87b. The total thickness of the
magnetic layer measures 1,800 angstrom units. The éubse—

guent steps of making the eight-millimeter format magnetic
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tape are the same as with the first method.

According to the inventors’ measureménéé,-the magnet-
ic tape ultimately produced from the above process has a
residual magnetic flux density (Br) of 4,100 G, a coercive
force Hec of 1,440 Oe, and a squareness Rs of 81%. The
surface roughness-Ra of the magnetic tgpe is 20 angstrom
units. The énergf product in this éase is given as

Br+d *He = 106.3 G- cm Oe

According to fhé third method for manufacturing the
magnetic tape, thé”base B formed by the first metﬁod ﬁés a
magne;ic layer (principal content: Co) diagonally deposit-
ed thereon in the oxygen #tmosphere byla vacuum evapora-
tion device of.Fié. 18. |

In Fig. 18, reference characters 8lc and 81d are
vacuum chambers; 82 is a partitign wali; 84 is a supply
roll that feeds the base B; 85 is a také-up roll; 86a and
86b are guide rolls; 8% is a éylindriéal coéling can that
guides the base B; 88 is an evaporation source; 89 is an
electron beam that heats up ihe evaporation source 88; 90
is a shielding pl#te that restricts the incident angle of
the evaporated metal relative to the base B; 91 is a pipe
that introduceé the oxygen gas; and 92 is an electron gun.

In the vacuuﬁ evapo;ation device of the above con-

. struction of Fig. 18, the basé B is forwarded from the

supply roll 84 to the take-up roll 85 via the guide roll
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86a, cooling can 87 and guide roll 86b, in that order.

While the base B is being forwarded, a CosoNiio alloy
layer forming a magnetic layer is deposited diagonally on
the base B at the cooling can 87 in the oxygen atmosphere.
The above vacuum evaporation sétup operates as fol-
lows: Thé vacuum chambers 8lc and 81d are kept illustra-
tively at a vacuum of 1 x 10-4 Torr. The pipe 91 intro-
duces the oxygen gas illustratively at a rate of 250
cc/min. into tﬁe vacuum chambers 81lc and 81d. In this
case, the incident angle of the evaporated metal relative
to the base B is illustratively set between 45° (8 mini-
mum) and 90° (8 maximum). The thickness of the magnetic
layer is.illusfratively'Z,OOO angstrom units. The subse-
quent steps of-maging the eightfﬁillimeﬁer format magnetic
tape are the séme.as wifh the first method.
According to the'inQentofs’ measurements, thé magnet-
ic tape ultimately prodﬁced by the above process has a
residual magnetic flux densify (B-) of 3,900 G, a coercive
force He of 1,420-0e, and a squareness Rs of 178%. Thé
surface roughness of the maénetic tape has a center line
average height Ra of as small as 20 angstrom units, re-
flecting the surface roughness of the base B. Tﬁe enersgy
product in the above case is given as
Be:d ‘He = 110.76 G cm' Qe

According to the fourth method for manufacturing the
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magnetic tape, one CogsNis alloy layer forming a magnetic
layer is illustratively deposited diagonally on the base B
in the oxygen atmosphere using the device of Fig. 18 (same
as the third method). In';his case, diagonal depositian
is carried out while the oxvgen gas is being introduced
into the vacuum cﬁambers 8lc and 81d illustratively at a
rate of 220 cc/ﬁih. The incident angle of the evaporated
metal relative.to.the base B is illustratively set between
50° (6 minimgm) and.90’ (8 maximﬁm). The thickne;s of
the magnetic layer is illustratively 2,000 angstrom units.
The subsequent steps of making the eight-millimeter format
magnetic tape are'the same as'with the first method.

Accdrding to the inventors’ measurements, the-magnet—
ic tape ultlmately produced by the above process has a
residual magnetlc flux den51ty (Br ) of 4,160 G, a coercive
force He of 1,690 Oe, and a squareness Rs of 77%. The
surface roughness Ra of the magnetic tape is 20.angstrom
units. The energy product_in thé above case is given as

Be+d ‘He = 140.6 G-cm: Oe

Where the magnetic tapé manufactured by any of tﬁe
above-described four methods is used, the bit error rate
of the reproduction output prior to error cofrection is
reduced to 1 x 10-% or less.

Magnetic tapes manufactured in the manner described

are then used for transfer of magnetic recordings from one
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tape to another. Such transfer takes placé as depicted in
Fig. 1.

Fig. 19 tabulates typical transfer output measure-
ments taken of copy tapes in diverse sample combinations
with mother tapes, the combipations varying in magnetic
layer material, film structure and other tape-related
factors. In any of the sample combinaﬁions listed in Fig.
19, the magnetic layer was formea by diagonally depositing
it on the base at an incident angle between 40° (@ mini-
mum) and 90° (6 maximum). In the "Film Structure" column
of Fig. 19, a "single layer" entry means that the magnetic
layer is made of one magnetic metal thin film; a "doublé
layer" entry means that the magnetic layer is made of two
magnetic metal.thin films deposited one on top of the
other.

As indicated in FigL.lg, the sample combinations 5
through 11-weré found to have their coercive force ratios
Hecu /Hce set to 1.5 or less and their cqu tape tranéfer
outputs to 2.1 through 6.8 aB. These measurements are
significantly high values. Where the reéecording wave
length was shoftened to about 0.5 u m, thg copy tape
transfer outputs were stilllsufficiently'high'in practical
terms.

With the comparative sample combination shown in Fig.

19, the mother tape M has the magnetic layer composition
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of 100% Co, and the copy tape C is a metal-coated Ba-F
tape. The coercive force Hcc and residual magnétic fiux
density ‘-Br of the Ba-F tape correspond to Heci and Bri,
respectively.

Fig. 20 1llustrates a typical magnetic head for use
with the pre;ent 1nventlon. As depicted, the magnetlc
head has Fe-Ga;Si—Ru soft magnetic layers 102 and 103
formed by sputtering on monocrystal Mn-Zn ferrite cores
101A and 101B, the layers 102 and 103 forming a gap 104
therebetween. Both sides of the gap 104 in the track
width direction are filled with glassés 105 and 106 which
limit the track width illuspratively to about 4 u m. .
Numeral 107 is a winding hole into which-to place a re-
cording coil, ﬁot shbwn. The effective_gap length of this
magnetic head is 0.20 u m.

The Fe-Ga-Si-Ru soft magnetic-iayers 102 and 103
having a satﬁration.magnétic flux density Bs of 14.5 kG
are located close to the gap 104. This-mékes it possible
for the maghefic head to transfer'magﬁetic recordings onto
a magnetic tape of high coercive force without céusing
magnetié saturation within the head.

With the above-described ME tapes and magnetic head
in use, recording densities of at least 1.25 u m? per bit
are achieved.

The recording density of 1.25 u m?2 per bit is ob-
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ltained by ?ecording signals of the shortest wave length of
0.5 um onto iracks 5 um wide. Meanwhile, it is known
that the C/N ratio of the reproduced output increasingly
deteriorates as the recording wave length and track width
are being reduced. It is.fo minimize such deterioration
that the tapés'ana head discussed aBo#e are utilized.

In 1988, this applicant made a digital VTR on a trial
basis by use of eight-millimeter'format ME tapes at a
track pitch of 15 £z m and with the shortest wave length of
0.5 #gm. In that triai.digital VTR_sy;tem, a rotary drum
40 mm in diameter was rotated at 60 rpm for recording and
reproduction. Iﬁ expériments, this system provided a C/N
ratio of 51 dB for a recording wave length of 1 #mand a
bit error rate of 4 x 10-5,

If the above system'ﬁére.tq use tracks S-u m widé as
in this embodiﬁent, the reédlfing-C/N raﬁio would be only
about 44 dB, giveﬁ the same specifications. The deterio-
ration of 7 dB in C/N ratio is supplemented by thé above-
described embodiment of thé inQention.

As the spacing between the magnetic head and the.tape
widens during recording or reproduction, the signal output
level is known to drop. The amount of the spacing is
known to be defendent on the levelness of the tape being
u;ed. The levelness of the coated type tape depends on

the coat, whereas the levelness of the ME tape is depend-
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ent on the surface levelness of its base. In experiments
with the above embodiment, the C/N ratio was found to
increase by 1 dB when the surface roﬁghness of the base
filﬁ was minimized. Where the above-mentioned materials
and.methods pf-vacuum evaporation were applied to the
magnetic tapes that the applicant used on his trial system
of 1988, an imprévement of 3 dB in C/N was obtained. This
means that an overall improvement of 4 dB in C/N was
obtained over the previously manufactured trial system
through the use of the:present invention.

As described, this.embodimenﬁ of the invention uses
the Viterbi decoder fof channel'decoding; In experiments,
this arréngemeﬂt was found to yield én improvement of 3dB
in C/N over the bitfbyjbit decodiﬁg scheme employed b& the
preceding triai system.

As a reéult; the deterioration of 7 dB in C/N is
supplemented in total by the above-described measures.
That is, with its rgcording density of 1.25 u m? per bit,
the embodiment pfévides the same bit error rate as the
trial system of 1988. _The bit error rate prior to correc-
tion by error correction codes needs.to be 10-% or lower
beqause of the'necessity to contain errors within a cor-
rectable amount when error correction codes with a reaun—
dancy of about 20% are used.

As many apparently different embodiments of this
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invention may be made without departing from the spirit
and scope thereof, it is to be understoo_d that the inven-
tion is not limited to the specific embodiments thereof

‘except as defined in the appended claims.
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CLAIMS

1. Amagnetic recording transfer method for use with the combina-
tion of a mother magnetic recording medium (1) and a copy magnetic recor-
ding rhediurn (2) of a metal-deposited thin film type .each. said two media
(1,2) being overlaid so that the column (3) inclination of one medium will be

opposite in direction to that of the other medium, said method comprising
the step of externally applying a biased magnetic field (Hg) to said combi-

nation of said media (1,2) in such a manner that magnetized recordings on
said mother magnetic recording medium (1) will be transferred to said copy

magnetic recording medium (2);

wherein the easy axis of said mother magnetic recording medium (1)
is positioned at an angle of 20° + 15° With respéct to the in-plane direction

{X) of said medium (1); and

wherein said biased magnetic field is applied to said mother magnetic
recording medium (1) at an angle of 110° % 15° with respect to the in-plane

direction (X) of said ;nedluin (1).

2. Amagnetic recording transfer method according to claim 1, whe-

rein the ratio of the coercive force Hey of said mother magnetic recording

medium (1) to the coercive force Heo e of said copy magnetic recording medi-

um (2) satisfies the condition of
HCM/HCC < 1.5
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3. A magnetic recording transfer method according to
claim 1, wherein said mother magnetic recording medium has

a magnetic flux density Br of at least 4,000 G.

4. A magnetic recording transfer method according to
claim 1, wherein'éaid mother magnetic recording medium has

a2 total magnetic flux guantity Br & of at least 0.08

G-cm.

5. A magnetic recording transfer method according to
claim 1, wherein said mother magnetic recording medium has

a coercive force Hc of at least 1,300 OQe.

6. A magnetic recording transfer method according to
claim 1, wherein said copy magnetic recording medium has a

magnetic flux density Br of at least 2,500 G.

7. A magnetic recofding transfer method according teo
claim 1, wherein said copy magnetic recording medium has a

total magnetic flux quantity Br-Jd of at least 0.05 G:-cm.

8. A magnetic recording transfer method according to
claim 1, wherein said copy magnetic recording medium has a

coercive force He falling within a range of
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800 Oe £ Hc £ 1,800 Oe

9. A méthod for magnetically recording digital wvideo
signals, said method comprising the steps of converting
input digital video signals into blocks hade of a plurali-
ty of pixel data each; compression-coding said blocks of
Pixel data block by block; convertlng said compression-
coded  data into channel- encoded data, and hav1ng magnetic
heads of a rotary drum record said channel—encoded data
onto magnetic reéording media;’

wherein said magnetic récording media are each con-
stituted by a nonmdgnetic base overlaid with a2 magnetic.
layer made of a'mdgnetic metal thin film;.said magnetic
layer having an energy product of at least. 100 G- cm: Oe
given by multiplying the residua; mégnefic flux density,
thickness and coefciVe force of said magnetic layer; and

wherein said magnetic recording media are each con-
stituted by a honmagnetic base overlaid Qith a magnetic
layer made of a.magnetic detal thin fi;m, said magnetic
recording media being composed of a mother médium and.a
copy medium, the magnetic layer of said mother medium
being brought to dlose proximity of the magnetic layer of
said copy medium in such a manner that the.inclination of
columns on the magnetic layer of said mother medium is

opposite in direction to that of said copy medium, the
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easy aXxis of said mother medium being positioned at
20°+ 15" with respect to the in-plane direction of said
mother medium, the magnetic recordings on said mother
medium being transferred onto said copy medium by exter-
nally applying ; biased magnetic field to said mother
medium substantially at 110°% 15° rélafiyeito said in-

plane direction. -

10. A method of magnetical;y recording digital wvideo
signals accordlng to clalm 9, wherein the ratio of the.

. coercive force Hcu of said mother magnetic recording
medium to the coercive force Hcc of said copy magnetic
recording'medium satisfies.the conditidﬁ'qf

Hen /Hee = 1.5
11. A method of magneticall& recording digital video
signals according to claim 9, wherein said magnetic metal

thin film is of a single layer type.
12. A method of magnetically recording digitél video

signals according to claim 9, wherein said magnetic metal

thin film is of a doub;e layer type.
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