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‘ 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



The present invention relates to a magnetic recording transfer nethod for
use wWith the-eenbtrrattomof a nother magnetic recordi ng nediumand a

magneti c recordi l,wadibd @ metal -deposited thin filmtype each.
particularlyﬁh é% £Eg%' relates to a magnetic record- ing transfer
met hod suit abl %‘
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source recordings such as a mother t;pe is subjected to a
biased mggnetic field (i.e., transfer magnetic field).
With the mother tape.brought to thélpro¥imity of or con-
tact with a copy magnetic.reéording 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 pripr arﬁ magnetic record-
iné transfer'method.is its capability to copy large quah—
tities of recordings at hiéh speed, hence in a short time.

Conventionally, the coercive force 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 takén'to minimize the demagnetization of
the mother magnetic recording medium by thé biased magnet-
ic field aﬁd to make the transfer of recordings to the
copy magnetic recordihg médi;m 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, métal-coated'magnétic recérd—
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-

vi deo signal magnetic recordi ngs between digital



Description of the Related Art: In a magnetic recordi ng bul k copying
setup, large quantities of video and audio recordings are copied from
their source‘ﬁﬂiu nﬁgnetic recordi ng medi a. Such produc- tion generally

i nvol'ves the &mhai&gpmn as the magnetic recording transfer

met hod. Under met hod, a nother magnetic recordi ng nedi um
i

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



2 source recordings such as a nother tape is subjected to a biased
magnetic field (i.e., transfer magnetic field). Wth the nother tape
brought to the proximty of or con- tact with a copy magnetic recording
medi um such qﬁmgmgggyBﬁﬁ acag Ne bi ased magnetic field copies the magnetic

re- cordlngs pe to copy tape. One advant age of the
above prior ar ord- ing transfer nethod is its capability to
copy | arge qua recordi ngs at high speed, hence in a short

time.

media positioned as indicated, a biased magnetic field Has
i§ applied in or approximatgly 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.



Conventionally, the coercive force Hc of the nother nmagnetic recording
mediumis held at about 2.5 tines the coercive force Hc of the copy
magneti ¢ recordi ng medi Fhi-s- neasure is taken to mnimze the

demagnet i zat i s Hapgeeﬁrﬁg her magnetic recording medium by the biased
magnet- ic flﬂmmmwg"t he transfer of recordings to the copy
magneti c recor | I er. .However, with such a high coercive
force, the nothe ecording mediumstill has difficulty inelim-
nating the incidence of its demagnetization. One drawback of the
conventional ly used, netal -coated nagnetic record-

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 féfmed with the 45°
inclination, the fact that'é étfong diamagnetic 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 the hard axis of the

mother magnetic recording medium or with the easy axis of



ing media is that they tend to deteriorate in the repro- duction output of
short wave | ength magnetic recordings that were placed thereon for high
density recording. For exanple, assuma that today's best material as the
netal - coat éﬂnsrsnﬁnﬂismerﬂaﬁbce de. i gh coercive force netal -

3 coated tape II 'm mlm he not her tape in combi nation

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



mnth a ngﬁgB&aa uﬁﬁthe copy tape. According to past tests and

neadtt elght mllimeter format video tapes of the above type
mhlch dlngs in a short wave length range of 0.7 [err] m (=
[err] wave |ength) generally yield a magnetic transfer out put
appr e- C|ably inferior to that of netal -deposited thin filmtype magnetic
t apes. Japanese Patent Laid-Open-No- 57-138061 discloses a nagnetic

copying nethod for use with the conbination of a master (i.e

not her)

magnetic recording mediumand a slave (i.e., copy) magnetic recording

medi um posi ti oned
:2 system.

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

fse, and records the digital format signals onto a magnet-

ic tape after subjecting them to necessary signal process-

ing.

Since these VTRs are'brimarily designed for use by

broadcasting stations, the highest priority of the VTR

facility is the quality of broadcast pictures.

digital color video signals are recorded, each sample

When

thereof is illustrati?ely converted to eight bits with no

substantial data compression taking place.

As an example, the amouné of data handled by the D1

format digital VTR is dlscussed ‘below.

When color v1deo signals are converted from analog to

digital format at the above-mentioned sampling freguen-

cies, eight bi%s'processed together per sample,

the amount

of the color video signal information involved is about

216 Mbps (meéabits per second). With the horizontal and

vertical blanking.period data excluded, the effective

pixel count per horizontal period is 720 for the luminance

signal and 360 for fhe color difference signals.

With the

NTSC system (525/60) in use, the effective scanning line

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

~)



opposite to each other for magnetic copying of recordings therebetween.

Under this nethod, as shown in the schemat- ic cross-sectional view

of -Fig. 21, the nagnetlc layer surface 4 of each magnetic recording medi um
is measured for residuar—magretismin two directions A and B. Direc- tion
Ais at 45" W trhis BRSS! ed the pl ane direction identified by the X axis,
whi | e dlrectlon & ative to.the sane plane direction. The

resi dual nmag- g'uym ther magnet ic recording nedium 1 neasured

in direction B i o greater than that neasured in direction A

The residual magnetism of the copy nmag-

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



netic recording nmedium2 neasured in direction Ais at |east 25% qgreater
than that in direction B. Wth the two

4 nmedi a, posishécONBBeaRepiidi cat ed, a bi ased magnetic field HB is applied in

or appr oxi ) ction A for magnetic copying. The above
magnetic c IS used in connec-

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-



tion with the magnetic layer of the medium nade of a diagonally deposited
magnet i c.netal—~OEn—the Tother mag- netic recording nmedium1, the bia

magnetic field «ARé cec1appI|ed in the direction of its hard axis;
copy nmag medi um 2, the biased magnetic field Herr]
applied mlﬁ eé of its easy axis. This scheme appears to ma
not her medium 1 highly i nmune to demagneti zati on
if the coercive force thereof is relatively snmall. That in turn appe

to make it

possible to apply a sufficiently high | evel of biased nmag

field Herr] to the nother nediumfor enhanced

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

sed

on the
S

ke the
even
ars
netic



copying efficiency. ————However, the magnetic copying method disclosed in
Japanese Patent Lai d-Open,No. 57-138061 has turned out to have sone

di sadvantyagsheet ' a‘ﬁgmagn'etization of the nother magnetic recording
medi um dur re- garding the efficiency in copying.
Accordi ng n disclosed in Japanese Patent Lai d-Open . No.

57- 138061, e biased magnetic field Herr] is applied in direction A,
i.e., at 45 with respect to the in-plane direction of the nagnetic
recordi ng nmedi um :

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



5 Direction Ais supposed to coincide with the hard axis for the nother

magneti c rW with the easy axis for the copy magnetic
recordi ng In fact however the easy axis for the copy nmediumis

not forrred Met al - deposited thin filmnmagnetic
recordi ng rre " I ”’ ,I .

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 ehergy 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



are generally fornmed as follows: The substrate of a mag- netic recording
medium i.e., a long sheet of a nonmagnet- ic base is led onto the
cylindri a guide drum In this state, a nagnetic netal
materi al | cékd om a deposition source onto the base within an

e o
- Ee%f%' Bech Repla _ ! !

angul ar r to 40[err]. Magnetic growh grains resulting from
deposi tion, | ed colums, are forned at about 45[err] with
respect to face. However, even when the colums are forned
with the 45[err] inclination, the fact that a strong di amagnetic force is
exerted perpendicularly to the netal -deposited thin film
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 direction.

‘According to a fourth aspect of the invention, there
is provided a method of magnetically recording digital
video signals as defined in the third aspect thereof,
wherein the ratio of the coercive force Hcu of the mother
magnetic fecofding medium to the coercive force Hcc of the
copy magnetic recording medium satisfies thé condition of

Hem/Hee £ 1.5

Preferably, the magneﬁic recording media for the-
invention to be embodied have a center line average height
Ra of 30 angstrom units 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-



medi um causes the |ng vector to incline less in the crystallizing
directi colunn omﬁng direc- tion) than in the in-plane

di rection, easy axis is not aligned precisely with the
45[ err] d¥ the bi ased magnetic field Herr] is applied in the
-45 direct)i \ the direction of magnetic field application

I S not aI| t he hard axis of the _nother nmagnetic recording nedi um
or with the easy axis of

tion;

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 hlock 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 hhé invention;

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

Fig. 10 is a.SChematic block diagram of a typical
channel encoder fhr use with the ihvention; -

Fig. 11 is a schematic block diagram.of a typical

channel decoder for use with the invention;



6 the copy magnetic recording nedium As a result, it is inpossible to
obtain a satisfactory reduction of the demagnetizing effect on the nother
magneti c recnﬁsdghagﬂagm:sh a a hi gh enough increase in magnetic copyi ng
output. In pr gnetic recordings are trans- ferred from one
mediumto ano hort wave |ength range of about 0.7 [err] mas
descri bed above, a possibility-of pronoting denagnetlzatlon of

t he not her nagnetlc recordlng medi um or of reducing the efficiency in

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.



magneti c recording transfer. There are two kinds of digital VIRs

(video tape reEﬁTdérsf-+e%~Lgday_s broadcast use: the Dierr] format c

onto a recordlng

digital

VTR conver

magneti c tapes. The D1 for mat
signal- -.and color difference signals

nent type dlgltahhggﬁ e D2 format conposite type digital VIR
VTRs operate on t ﬂiﬁi}gﬂﬂ eplacehr d- ing digitized color.video signals

(first and second) from analog to digital format at sanpling frequenci
of 13.5 Mt and 6.75 MHz, respectively, and records the digital

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

onpo-
These

|es



format signals ont netic tape after subjecting them to necessary
signal p I ng. Becau&&dthe sampling frequencies for the conponent
| um nance Si. gBy “ol or difference signal and second col or

dlfference"‘i\“\““\\\i& 2inratio, this VIRis also called the 4

7

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 leayes 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



:2 system The D2 format dlgltal VTR. converts conposite color video
S|gnals from anal og to-di-gi-tal format at a sanpling frequency four tines

t he col or subcarrler si gnal frequency flerr], and records the digital

f or mat SIgﬂﬁh&hﬁmH@ ic tape after subjectlng themto necessary
si gnal proce Slnce these VIRs are primarily designed for use
by broadcast the highest -priority of the VIR facility is the

quality of br a cast pi ctures. When digital color video signals are
recorded, each sanple

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-



thereof illustrati converted to eight bits with no substantial data
conpreSS|on t place As an. exanpl e, the anount of data handl ed
by the or mat fat%8] VTR i s di scussed bel ow. When col or video
signal s argﬁgah ron1ana|og to digital format at the above-nentioned
sanplan ei ght bits processed together per sanple, the
anount I vi deo signal information involved is about 216 Mps
(negablts second). Wth the horizontal and vertical blanking period

data excluded, the effective pixel count per horizental period is 720 for
t he | um nance '

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.,-about 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 #xis 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 from 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.cgndition of

Hcu/Hece £ 1.5



si gnal and 360 col or dlfference signals. Wth the NTISC system

(525/ 60)

the video sigpshe
per second is!

use, the g&&@ mﬁwe scanning line count per field is 250.
t
m&w + 360 + 360) x 8 x 250 x 60 = 172.8

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 a 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 bé described with reference to the accbmpanying draw-

ings.

First Embodiment

In Fig. 1, numeral 1 is a mother magnetic recording

Thus
8 Dv
Mops



Wth the systen1(625/5%) in use, the effective scanning |line count per

field is 3Qf)s et Hahidee count per second is 50. It can be seen from
this that t handl es the same anount of data as the NTSC
system W ta .conponents are added for error correc- tion
and formatti urposes, the overall bit rate of video data anmounts to
about 205.8 Mops. Audi o data Da totals up to about 12.8 Mops. Addi-

tional data Do such as gaps, preanbles and postanbles for editing purposes
amounts to about 6.6 Mops. Thus the NTSC system has the total anmount of
recording data Dt totaled -

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 (Hew/Hcc) 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
performance 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



up to Dv + Da + Do = 172.8 + 12.8 + 6.6 = 192.2 Mps To
record theMthe D1 format digi- tal VIR utilizes 10
tracks per fTJheI vvhen wor Ki ng with the NTISC systemand 12 tracks per field

with the PAL “m schene). The recording tape in present

use is 19 mm e cones in two thicknesses: 13 [err] mand 16
| arge type, nmediumtype and snmall type.’ \Wen the data is

[err] m Ther I fferent cassettes to accommbdate the tapes:

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



9 recorded in the above-described format on the tape, the data recording
density thereon Ts approxifately 20.4 [err] nferr] per bit. Wth the
above- descrlh@sq;h% s, taken into ac- count, the reproduction tinmes of

e Tnnﬂ'ii”

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

- 23 -



run by the DI format digital VIR are: 13 and 11 mnutes for tape

t hi cknesses—of—33—and—1i6ferr] m respectively with the small size
cassette; 42 an % n“gy§%§ for tape thick- nesses of 13 and 16 [err] m
respective i'um size cassette; and 94 and 76 minutes for tape
t hi cknesses “Sﬁi m“ ﬁ [err] mrespectively with the |arge size
cassette. bed, the D1 format digital VIR offers suffi-

cient capabilities for broadcast use with the highest enphasis on picture
quality. However, this VIR has its share of disadvantages, one of which

Is a short reproduc- tion tine. The large size cassette containing a
19- mm

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

- 24 -



wi de tape reel prOV|des only about 1.5 hours of reproduc- tion when run by

the D1 fornat VTR kes it diffi- «cult to adapt this VIR to
househol he other hand, if signals of wave |engths as
short as 0.5 recorded on atrack 5 [err] mwide, a recording
density oﬁ“ rr] per bit is achieved. Thus if the recording
operation i conjunction wth a suitable data conpression
nmet hod t hat recording data wi'th m ni num reproduction

di stortion, Iong-

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,

5 Br: 8. (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-

- 25 -



10 hour recordi ng and reproduction are avail able even with tapes whose
wdth is eight mllinmeters or |ess. However, because the recording
wave Iength |s,sherf”’EHeaDto 0.5 [err] mfor higher recording density,
transfer ng magnetl ﬁ@eerardl ngs fromthe nother tape to the copy tape

results inqg of. transfer output on the copy tape side. For
this reason It to reproduce in large quantities digital VIR
copy tapes t
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

i 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 proceseing-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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quired to provide high output levels. SUMVARY OF THE | NVENTI ON: In

this speC|f|cat|on -plane direction of the magnetic recording
nedlun1|s u S the refe ence X axis wth respect to which all angul ar
positions are d EﬁHBﬁm , including the direction of the easy axis, the
angle of th d the direction of biased magnetic field
appllcatlon n object of the present invention to provide a
magneti c rec ransfer met hod whi ch ensures high

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 circuit 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-



efficiency in the transfer of magnetic recordings within the
above-nentLoned_gngLL_ﬂ@!g_Lgpgth range, and which provides the copy
magneti c recording medi um upon transfer with excellent magnetic properties
and high ma eSheetHaEBé‘eﬁR 1g r eproduction efficiency. It is another

T

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 sequenced 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



prOV|de a nethod for magnetically recording digital video signals whereby
| arge quantities of a-digital VIR tape are copied at high speed through
magneti c recordlng transferl onto a copy magnetic recording nediumwth a

hi gh trangh Replaced According to a first aspect of the invention
and as llﬂ“lt here is provided a magnetic recording transfer
nmet hod for onbi nati on of _.a nother magnetic recordi ng nedi um

1 and a copy nagnetlc recordi ng nmedi um 2 of a nmet al -deposited thin film
type each, the two

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 eircuit, etc. The output signel of the block eecod-
ing circuit 118 i$ supplied to a frame composition circuit
119. The circuit 119 converts the received signal into
frame strucfure 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 c1rcu1t 120 that
generates error correction codes. The output signal of
the parity bit generatioh cifcuit 120 is supplied to a
channel eneoder 1i In turn, the channel encoder 11
carries out channel ¢oding in such a manner that the low-
pass portion of the recording data 1s-reduced. The output
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.



medi a being overlaid so that the inclination of colums 3 of one nedium
W Il be opposite in direction to that of the other nmedium the nethod
conpri si ng—the-step—of—externally applying a biased nagnetic field Herr]
to the conbination of the nedia in such a manner that nagnetized

recor di ngs ENSS k netic recording nedium1l1 wll be transferred
to the copy rT“i Hl ing medium 2; wherein the easy axis of the
not her magnetji dium1l is posi- tioned at an angle of 20[err]

[err] 15[err] with respect to the in- plane direction of the nedium and

‘wherein the biased magnetic field Herr] is applied to the nother nmagnetic
re- 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) circuit123. 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-



cording nedium1 at an angle of 110[err] 15[err] with respect to the
in-pIanenSL;ﬁEE%%gﬂgi,Lhefﬁediun1 According to a second aspect of
t he i nventtom, ere grOV|ded a magnetic recording transfer nethod
wher ei n Hias Been Replace 12 the ratio of

t he. coer ci™ She \( of the nother magnetic recording nmedium1 to
t he coerciv \\“{ t he copy . _

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-



magneti c recording medium 2 satisfies the condition of Herr]/Herr]
[er] 1.5 According to a third aspect of the invention, there is

provi ded a d for magnetically recording digital video signals, the
met hod conprising the step convert- ing input digital video signals
I nto bl ocks eaﬂaﬂke k€|lty of pixel data each; conpression-coding the
bl ocks of pix bl ock; converting the com pression-coded
data into cha ﬂatd; and havimg nagnetic heads of a rotary drum
record the channel data onto magnetic recording nedia; wherein the
magnetic

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

circuit 32 interpolates the lines and pixel data that were

thinned out. The.interpolatidn circuit 32 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



recording nedia are each constituted by a nonmagneti c base

overlaid with a

magnetic tayernmade of a magnetic netal thin film the nmagnetic |ayer
havi ng an energy product of  at least 100 G cm Ce given by nmultiplying the

resi dual {Has BéenReple@si ty, thickness and coercive force of the
magnetic | a n the magnetic recording nedia are each
constituted I c base overlajd with a nmagnetic |ayer nmade of a

magnetic netal thin TiTm the nagnetic recording nmedia being conposed of a
nmot her medi um and a copy nedium the nmagnetic |ayer of the nother nmedi um

bei ng brought to close proximty of the nmagnetic |ayer of

(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.

Described below is a typical encoder implemented

using the above ADRC encoder with reference to Fig. 9, the

encoder eliminating the deterioration in picture quality

T when the original tape is copied repeatedly.

anpen”

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 gquantified

illustratively into éight 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

H

MAX 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



the copy nediumin such a manner that the inclination of
1

2 - 13 colums on the magnetic
Iayer oﬁ—Lhe~nDLheL_nedLuﬂLls opposite in direction to that of the copy

medi um the eas |

This Sheet Xas Been Re
= (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 48 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.



axi s of the nother nmedium being positioned at 20[err] 15[err] wth
respect LQ_LDQ_LE;EL?EETELégction of the nmother nedium the nmagnetic
recordi ngs on the nothe ium being transferred onto the copy nmedi um by
ext er nal | fhiafipboHa0Becd Rt 3580 Magnetic field to the nother medium
substanti al ? 15[err] relative to the in-plane direction
Accor di ng t”ﬁﬁ!?ﬂmﬂﬁb _

of magnetically digital vidéo signals as defined in the third

ect of the invention, there is provided a nethod
aspect thereof, wherein the ratio of the coercive force Herr] of the
not her magnetic recording nediumto the coercive force Hcc of the

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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copy magnet+e—+recording medium satisfies the condition of Hcm /Hee [err]
1.5 Pr ef er abl *mk Jponetic recording media for the invention to be
enbodi ed haRjsoheet e average height Ra of 30 angstromunits or |ess
on the surf mu e and ot her objects, features and advant ages of

t he inventi nore apparent .upon a reading of the follow ng
description and appended draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a schematic cross-sectional view of a

to 0 (no code sigﬁal transmitted), 1, 2 3 or 4. The
quantification assigned bit count "n" isldetermined 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 efficiénﬁ encoding,-fhe variable length ADRC
encoder may have a.small bit count "n" for blocks with a
%@ small dynémic range DR’ and a large bit count "n" for
blocks with a large dynamic.r;nge DR?’. If the values T1
- to T4 for determihing the bit couﬂt "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 |

T1 £ DR' < T2

o

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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magneti c recording transfer method according to the inven-

14 tionj—- _Fig. 2 is a view show ng how dependent the magnetiza- tion
reversal di stribution of recording nmedia is on ap- plied magnetic field

Les, tThis Sheeilan BisniRag)a with a diagonally deposited netal structure
T

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 (Tl - T4). Thus

" the variable 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



Fig. 3is a viewdepicting a typical relationship between residua
nagnetizaLLon_Qng\Lgxﬁiigrg?gnetic field; Fig. 4is a view
illustrating a typica i onship bet ween bi ased magnetic field angles

and relaiiheﬂkﬂam§ﬁ&$Re puts ' Fig. 5is a block diagramof the
recordlng processing section in a typical digital VIR for
use vmth ﬂ”m Fig. 6 is a block diagramof the
reproductlon SI e same sighal pfocessing section; Fig. 7is a

schematic view of a typical block struc-

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 numbérlof 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 tﬁroﬁgh'the delay éircuits 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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ture for block encoding in connection with the invention;- Fig. 8is a
schemati ccview used t0 descri be sub- sanpling and sub-lines in connection

with the: iﬁ,ys%qgeitggy,geenkeﬁceﬁ@ g. 9 is a block diagramof a typical block

encoding, ¢ with the invention; Fig. 10 is a schematic
bl ock di agrkmmm !“IM L
Fig. 11 is

channel encoder for use with the invention;
with the invention; -

ck diagramof a typical channel decoder for use

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



15 Fig. 12 is a schematic view used to describe the head arrangenent
in connection with the invention; Fig. 13 is a schematic view used to
descri be HégdheeptasBatnRephadedclonnecti on with the invention; Fig. 14 is

a schematic describe record- ing patterns in connection with
the inventi

15 is a set of a top and a side view of a typi-

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

+ 20°

head 13B. Illustratively, an azimuth difference of

is established between the heads 13A and 13B, as shown in
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cal tape head section; Fig. 16 a schematic view used to describe how
the tape vibrates due to drum eccentricities; Fig. 17 is a schematic
view of a device for manufac=— turing magnetic tapes in connection with the

i nvention; This SheetHalBeet Regedt| SChEMBLI ¢ view of another device for

manuf act urin S Jn connection with the inven- tion;

Fig. 19 is ajimﬁ l, ng typical transfer output neasurenents taken
of copy tape npl e conbi -~ mations with nother tapes, the
conmbi nations varying in

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 é;ructure 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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magnetic |layer material, filmstructure and other tape- related factors;
Fig. 20 is a perspectlve view of a typical magnetic head structure for
with the fﬁVEﬁTroﬁ-and\_~___ Fig. 21 is a schematic cross-sectional view

of how

A [

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
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16 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS: As described, the
nagnetlc recordlng transfe nethod according to the invention uses a
not her medi um and a copy magnetic recordi ng nedi um of

a netal th|n fil manh i.e., media having diagonally depos- ited
magneti c. nnﬁ eﬂ as describeéd, the magnetic netal material is
deposi ted f source onto the medi um base diagonally wi thin
an angul ar rr] 'to 40[err].- The resulting magnetic |ayer com

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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prises bent colums 3 with an inclination of about 45[err],
being growt h grains. However, according to the research and experinents

t he col ums

conducted by the inventors, the actual easy axis of the magnetic |ayer

fails tfiskRdeCihs BedaReglicddi Ng di recti on of the colums 3;

determn kness and saturation magnetic flux density of the
col unms e easy axis was found to be inclined less in the

. e.

gr owi ng

he colums 3 than in the in-plane direction, i

about: 20[err] 15[err] relative to the in-plane direction.

Accordi ngly,

t he magnetic recording transfer nethod

atmosphere.

The vacuum evaporation setup operates as follows:

the easy axis is

The vacuum_chambers 8la and 81b are kept illustratively at

a vacuum of 1 x 10-4 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 8lb. In 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 compésition 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 base B is back-coated

" with a carbon and eboxy resin binder 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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of the present invention applies the biased magnetic field Herr]
externally at 110[err] 15[err] to the nother nmagnetic record- ing nedium
1. This means that tThe bi ed magnetic field Herr] is applied precisely

in the dyyegbd: o b k ard axis

] ||

face roughness of the magnetic tape has a cehper;;iggf

average height Ra of as small as 20'ahgstfoh.unit§, re-
flecting the surface roughness 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 uzm (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.
-Iﬁ this-caée éf 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 CogsoNiio 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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17 of the nother nmedium1l. As a result, the efficiency of magnetic

recordfﬁg—ffaﬁsferﬁrSTemhanced. As descri bed and al so according to
the i eggi th 11D her magnetic recording medium 1 and the copy
magnet f} et &Edi um 2 are overlaid in such a manner that the
inclin lums 3 in one nmediumis opposite in direction to
t hat of in the other medium In this state, the biased
magnetic field Herr] externally ap- plied to the nother nagnetic

recording medium 1 transfers the recordings thereon onto the copy nagnetic
recordi ng

tape are the same as with the first method.

According to the inventors'’ measureméﬁéér-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 éylindri;al 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

- 46 -



medium 2. This schene provides a high transfer output. Assune t hat

the not her_magnetic recording nedium1l and the copy magnetic recording
medium 2 are nade of the sane material and that the easy axis of either

mediumis This$h eol@filerr]. For exanple, if the easy axis of the
not her nmagne medium 1l is positioned at 20[err] then the easy
axis of the

recording medium2 is positioned at 160[err],
the colums 3 of the nedium 2 being opposite in direction to those of the
medi um 1. Fig. 2 shows how the angle at which to apply the biased
magnetic field Herr] externally is related to a re-

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, the 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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verse magnetic field Herr]. The reverse magnetic field Hsw is needed to
generate [err] % of—ragneti zation reversal, as depicted by an H M curve
(magnetic field versus gnetlza- tion curve) in Fig. 3. Fig. 2

I || ust r IkieSheet 5 '

bet ween

ef f ect

18 ship
pllcatlon angle and reverse magnetic field Hswin
age ([err] ) of

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



magnetization reversal is varied. In Fig. 2, curves "a" through "e"

apply Wnen Hsw | s 30% 50% 65% 80% and 95% respectively. As shown
in Fig.Th e eced: Irves shows the m ninmum nmagnetic field necessary
for rragnﬁ at about 20', i.e., in the direction of the easy
axi s of gnetlc recordi ng medi um 1; the curves each indicate
t he maxi num magnet | c i el d necessary for magneti- zation change at about
110[err], i.e., in the direction of the hard axis of the nmedium 1. Thus a

magnetic field of, say, 3k (Ce) generates 95% or nore of magneti zation -
reversal if :

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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applied in the~ET?EETTDﬁ\QL\Lg§feasy axis, but only about 50%if applied
in the dlrectloﬂ"gﬁmg har d As descri bed, the magnetic

recordi ng transf gordlng to the invention externally applies
t he bi ased nagn illustratively at 110[err] to the nother
magneti c recordlng , in the direction of the hard axis

thereof. This | eaves the re dlng magnetic field of the nmedium 1 highly
i mmune to the effect of the biased magnetic field Herr], hence to
demagneti zati on. At this point, the nagnetization reversal distribu-
tion has a steep peak near the hard axis, whereas the

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 illustrates 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-



curvature of the distribution is relatively small near the
19 easy axis. Thus any deviation fromthe hard axis direc- tion causes

abr upt change\iﬂ%net ic field, i.e., in residual
magneti zation,_ but litt occurs therein in case of 40[err] to
50[err] of de\7/7’i}'®ma§ ’ '

Vi

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 lendth and track width
are being reduced' It is to minimize such deterioration
that the tapes and head dlscussed above 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 4 m and with the shortest wave length of
0.5 #gm. In that trlal digital VTR system, a rotary drum
40 mm in diameter was rotated at 60 rpm for recording and
reproduction. Iﬁ expsriments, 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 wids as
in this embodiﬁent, the resdlfing-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 ths above-
described embodiment of ths 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
used. The levelness of the coated type tape depends on

the coat, whereas the levelness of the ME tape is depend-




easy axis. For exanple, if the above-nentioned nmagnetic field of 3k (Ce)
Is applied at 60[err], i.e., about 50 away fromthe hard axis direction,

t hen 809LLH_JEK£L{#-+ﬂﬁﬁﬁﬂﬁ zation reversal is produced. There occurs a
di fference of about 15@6 on1the case where the magnetic field is ap-

plied in tThieS Noe ction but as nuch as 30% from the case in
whi ch the |s applled in the hard axis direction. As
descri bed, aX|s of the copy medium 2 positioned at 160[err].

and with the bi ased nmagnetic field applied at 110[err] to the nother
medi um 1, magnetic record-

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



ings are transferred satisfactorily fromnother mediumto copy nedium For
exanpl e, even when the nother magnetic recording nedium1 and the copy
magnetic recording nedi-um—2 are nmade of the same naterial, the above

arrangement  provi des a sr |f|cant i nprovenent in transfer ef ficiency.
Accor di ng hmmshﬁﬂmn the ratio of the coercive force Hcm of the
not her nagne medium 1l to the coercive force Hcc of the copy
magneti c rec satisfies the condition of Hcnl Hee [err]

1.5

invention may be made without departing from the spirit
and scope thereof, it is to be understoqd that the inven-
tion is not limited to the specific embodiments thereof

‘except as defined in the appended claims.
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20 This aspect of the invention nakes it possible relatively to boost the
coercive force of.the co .nfedkum 2. This also |leads to an enhanced

magneti c recorflrrrg ransfer output. Wth the conventional magnetic
PR P R {\‘{? mum di recti ong of the-eaquamant ity i
i i\\\\ AR L

CLAIMS
1 1. Amagnetic recording transfer method for use with the combina-
tion of a mother magnetic recording medium (1) and a copy magnetic recor-
ding medium (2) of a metal-deposited thin film type each, said two media
5

(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-

10  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);

15 . 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

20 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).

25
2. Amagnetic recording transfer method according to claim 1, whe-
rein the ratio of the coercive force Hey of said mother magnetic recording

30 medium(1)tothecoercive force Hoe of said copy magnetic recording medi-

um (2) satisfies the condition of

Hcmecc £1.5
35
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hard axes for such nmedia. By contrast, the present inven- tion nakes it
possible to select optimumdirections of the easy and hard axes of
magnetic recording nmedia illustra- tively having a diagonally deposited
metal thin film_structure. — Thus it is possible to prevent

demagneti zati on of the not her nagnetlc recordi ng nmedi um

magneti c recor"E!l {0 a copy magnetic recordi Hmum mm’ﬁmwﬂ,
enhance the tran ﬂ the copy nmedium Even if the recerdmngs

l ength is as sho the transfer output of the copy nmedi um
is still suffi- '

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 recordlng transfer method according to
claim 1, wherein said copy macnetlc recordlnd 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



ciently high. Preferred enbodi nents of the present invention wll

now be described with reference to the acconpanying draw i ngs. .
First Emhodinent ~~  In Fig. 1, nuneral 1 is a nother nagnetic recording
This Sheet Has Been

[T T 1T

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



21 nmedium and nuneral 2 is a copy magnetic recording medium Each nedi um

is illustrativel tape with a diagonally deposited netal structure nade
of 80% &R nd 20% Ni . the first enmbodi ment, the residual magnetic .
flux den m@ Bah Réghgegmedi @ is 3,500 G the coercjve force i's
1,000 Ce axis thereof is positioned a}t The
media 1 ml aid so that the- easy axis of ”"lmmmm'&m%ﬂmc
recordi ng medi um positioned at 159[err]. In thig casey, tmesr o of

t he coer-

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 according'to cléim 9, wherein the ratio of the.

. coercive forcé H;u of said mother magnetic recording
medium to the coercive forcé Hcec 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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cive force Hcm of the nother magnetic recording nedium1 to the coercive

force Hcc of

Fig. 4 shews-how the magnetic recording transfer

angl e a of the bi ased na netlc field Herr] (hereinafter called the biased
¢hried, with the wave length [err] set to 0.76

magneti ¢ f| is Sh
[err] m
transfer out

hlgh coercive force, high performance tape and the copy

net al - coat ed,

the copy magnetic recording nedium?2 (HcnmiHce) is 1.0.

conparative exanple are typical changes in
when the nother mediumis a conventional

mediumis a Ba-Fe tape.

1

10

15

20

25

30

35

ABSTRACT

Amagnetic recording 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 (1,2)
are overlaid so that the column (3) incllnatioﬁ of one medium will be oppo-

site in direction to that of the other medium. This method comprises the
step of externally applying a biased magnetic field (Hg) to the combination

of the media (1,2) in such a manner that magnetized recordings on the
mother medium (1) will be transferred to the copy medium (2). The easy
axis of the mother medium 1s positioned at an angle of 20° £ 15°° with re-
spect tothe in-plane direction (X) of the medium The biased magnetic field
isapplied tothe mother medium (1) at an angle of 110° £ 15° with respect to
the in-plane direction (X) of the medium (1). This makes it possible to en-
hance the efficiency in transferring magrx_eﬁc recording of the mother me-
dium (1), especially the recordings of short wave I_eﬁgths. and to minimize

demagnetization of the mother medium (1). Furthermore, the ratio of the

coercive force Hgopy of the mother medium (1) to the coercive force Heo of

the copy medium (2), i.e. Hopy/Hee. is set to at most 1.5. This improves the

magnetic recording transfer output of the copy medium and boosts the effi-

ciency in the magnetic transfer of short wave magnetic recordings.

(Fig. 1)
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In Fig. 4, small hollowcircles ([err]) are plotted by the first
enbodi nent when the biased magnetic field angle a is varied, and snall

solid circles ([err] ) are plotted as t heoRYNBORPUIR LB € V\?mt he }-
bi ased magnetic field angle ais set to 89iesgfrpPdnansier outpul’ val ues
are shon__ __—— : 22 relative to the

maxi mum out put of tl}5 nfﬁeivﬁ&denb()d' ment -

i

F I'-G.' |

HB — h.a.




being set to 0 dB. As depicted in Fig. 4, when the biased nagnetic
field angle a is set to 90[err], the first enbodi nent provides a transfer
output at least 2.5 dB higher than that of . the, | angl Wher e
the biased magnetic field angle ais variedgéﬁgggggggg%ﬁﬁfﬁgr??/?se., i n
the hard axis direction of the nother magnetic recording nmedium1, the
maxi mum transfer output is obtained. This-output is at |east 4 dB higher

t han that given when a = 90[err]. Bel ow is a description of three
nore enbodi nents. Wth these enbodi ments, the residual magnetic flux

FI1G. 2
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Br and coercive force Hc are varied and the resulting transfer outputs are

measur ed. Second Enbodi nent The second enbodi nent utilizes as
the nother magnetic recording nmedium1l a tape with a diagonally deposited
Fﬂﬁ&“&%ﬁ@ﬂ“@ Br of

metal structure made of 100% Co. The residual%ﬁ%@%ﬁ%&fﬂ%

the mother nedium1l is 4,100 G the coercive Torc *PRereof is 1,400 Ce,
and the easy axis thereof is positioned at 19[err]. As with the first
enbodi - nment, the copy magnetic recording nedium2 is a tape with

Hsw (50%)
Hsw (30 %)

|

/- /
H
Hsw (80%)

FI1G.3

heet Has Been Replaced

T



a diagonally deposited netal structure made of 80% Co and 20% N . The
residual nmagnetic flux density Br of the copy .

23 nmedium2 is 3,500 G the coercive force Hc nd
the easy axis thereof is positioned at 21[err]]EE&%@%&Eﬂﬂ?RA}Qandqg éi
overlaid so that the easy axis of
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the copy magnetic recording nedium2 is positioned at 159[err]. The biased

magnetic field Herr] is applied at 109[err], i.e., In the hard axis

direction of the nother nedium 1. Third h ird
HbRd o5 1

enbodi nent utilizes as both nother and copy nesygp @gzoém OJ g&\ﬂi?

di agonal |y deposited netal nultilayer structure nade of 100%Co Wth the
third enbodinent, the residual nagnetic-flux density Br of the nediais

4,600 G the coercive force HCW Ce, and the easy axis
thereof is positioned at 25[efr =1
ov—to . ' ’
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media 1 and 2 are overlaid so that the easy axis of the copy magnetic

recording nedium 2 is positioned at 155[err]. The biased magnetic field HB
is applied at 115[err]. Fourth Enmbodi nenjayy L-)I:F&ﬁ!ﬁ?iﬁﬂ"b odi ment
enpl oys as the mother medium1l a tape with a gtagesskpgodeposit et al

doubl e-1 ayer structure made of 100% Co. The residual magnetic fI ux
density Br of the nother nmediuml is 4,700 G the coercive force Hc
thereof is 1,900 Ce, and the easy axis thergof is positioned at 27[err].

-]
The fourth enbodi nent al so uses as the Fg"*? Q/T ﬁ/T

o8 _
PE | - LIN24ID
< NOILY 1O ¥ LNI
®)
a o
i
Ed| - 1102810
Zi NOI LN8I¥1LSIa
' O
D2 SE
S St
23 29
wE WX
Qo Qo0
) N 11n2dI1D
. NOILNEIY1SId
O 5
— N _ZE
: X0OoH
L 0 338
N o OPx
(1e ) ®)
2
Q- 2
N -
N-@ g %
=8 D
Z D £33
S0 38
W=
Lo
< m
N —_
N g O
@]
Ll
) il




24 copy nmedium 2 a tape with a diagonal | ydeposited netal double-Iayer
structure nade of.100% Co. The residual magnetic flux density Br of the

copy nediuml is 4,650 G the coercive force R!&_&' and
the easy axis thereof is positioned at 23[ er r%% agn%(}} are

overlaid so that the easy axis of the copy magnetic re-
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cording nedium 2 is positioned at 157[err]. The biased mag- netic field
Herr] is applied at 117[err] to the nother nmediuml, i.e., in the hard
axis direction thereof. Tabl e 1 bel ogoiwdcorPererionml trangfes
out put meas- urenents taken with each of $9aeP$&3EPODhrough the fourth
enbodi nents above, where the wave length [err] was set to 0.76 [err] m

Table 1 Enbodi ment First Second Third Fourth Bi ased
mag- netic field 111[Frr] 1OQ[err] 1&5[ rr] 117[err]
angle a - Cjaj '
O) P
_Z S |B
22, 13 18
sk =
SE3| | e
oS! ||ehe Z3
S @Aao S
i L (5) O
~ 0 0
© 1t 1O _J | ©
2 IE ol oM~ |[OF
55 ° 173
WS o
to . . 'QD: O
SEl Cuno — -0~ 10
mo (9) 2
3 el
O ) &)
e g In
ok okEr
0)) <g_© §:> o)
o7 O ol
| Lgo: go:
— 's)) ’ —
= (Y8 (v
L JT7 @
g} . -
i <+ dIND dWO I
TE I
3 o
@ |
S oy L0
< + +| <
Z ™
= x
& ol {
S0
] —
(] Q
o} { {
2+ 3 N
X 5 0 ‘This Sh
QoL eet Has Been Replaced
SN T
a O

)



Tr ansfer 0
shown in Table 1, even where the wave |ength (
[err] , high transfer outputs are obtained

magnetic flux density Br and coercive forceg
media 1 and 2. As i ndi cat ed,

+2.2 +5.3

F1G.

1O

+5.8
[err] )

SA T

out put (dB)

copy

t he second through the fourth enbodi -
ments yield transfer outputs hi gher by-9-to 12 dB than

As

is as short as 0.76

ADAPTIVE TYPE PR4
SRR -ING PRE-CODER|
<_ T
4 72

FI1G. |
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25 those gained by the conventional nethod using netal -coated tapes.
Thus, to obtain these practically significant in- creases in transfer

output requires that, on the part of the m)tgfwn@ ' rg medi'um
1, Br (magnetic flux density) [err] 4,000 ?;i:gsg_-%?gdbﬁg%{e‘w 'ggg?err]

(total magnetic flux quantity) [err] 0.08 G cm
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and t hat Hc (coercive force) [err] 1,000 Ce preferably Hc [err]
1,300 Ce. On the part of the copy magnetic recording nedium?2, it is
requi red that Br (magnetic flux density) [errdofyfOREORATICH £1 /18
(total magnetic flux quantity) [err] 0.05 G cms2+:BUBERIV]| Hc (coercive
force) [err] 1,800 Ce The 1,800 Ce threshold is preferably not to be
exceeded because an exceSS|ver hlgh coercive force of the copy

F|1G. I5A F1G. 158

- Q O : "

76

13A 13B

FIG. I6A  FI1G. 168B
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medium2 will make it difficult to transfer nmagnetic re-
Fi fth Enbodi nent

fromthe nother nedium 1.

invol ves copying digital VIR tapes through mageay edEPdRh®icR 12716

recordi ngs. The de-

$3iP535EPOV

<

[T

— 3
Slb  88b

This Sheet Has Been Rerlaced
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cordings thereto
The fifth enbodi nent



26 scription of this enbodinment will proceed in the order of: a. Signal

processi ng section. b. Bl ock encoding c. Channel encoder and channel
decoder d. Tape head section e. El ect rasmgred»e030Mens i1y 1%2Ct i on
a. Signal Processing Section Descri bedsgi?33SERCA si gnal processing

section in a digital VIR for use with the invention.
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Fig. 5is a block diagram of the recording side of
section in the typical

i nput term nals
nance signa
di fference signal V,
three primry col or
clock rates for the

The

Y, a digi

digital

t al

respective conmponent signals

si gnal

R

VTR

respectively. The
signal s
sign

: -and
a#e
he DI

B conin

signals Y,.

€ Sa
ar mat ,

t he signal

for use with the invention.
111Y, 111U and 111V il | ustr 2ON¥ GORPORATIGN di4) 16l
color difference sigheR33PBAAGa digital
Uand V are forned from
froma col or video canera.

he frequen-
., 13.5 M1z for the

processi ng
In Fig. 5,

cies of the

6. 75 MHz Tof the S|gnm
MOTHER TAPE
<
N S |53
Sg Heu Br. B: 882 ¢,(o)
O | ©0e) | (6) |s2 Eluo s
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and also 6.75 MHz for the signal V. The bit count per sanple is eight.
Thus the anmount of the data making up the signals supplied to the input
termnals 111Y, 111U and 111V anpunts toSsebhyuCORORMAPBONaS degsyitged. An
ef f ec- SO12Z33EPPDve data extraction
circuit 112 elimnates blanking period data and extracts only the

effective area inform-
FI1G. I9B

COPY TAPE

Hce Br
(Oe) (G)

Hcy
P(°) Hee

MATERIAL
COMPOSITION
FILM
STRUCTURE
(6(um))
ENERGY
PRODUCT
(G-ecm-Oe)
TRANSFER
OUTPUT
(dB)

g

1230 | 2200 |LAYER | | 21 1.5 | +2.]

CogoNipg 1230 | 3200 |CAYER | 118 9 | 1.2 | +3.4
| (0.3)
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- - |siNeLE |
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| (0.22) |
_ SINGL '

CossNis| 1310 | 3410 |DAYER | 112 | 21 Ll | +3.4
! | (0.25) | - |

_ | DOUBLE
CogoNiig| 1390 | 3450 [LAYER | 120 | 23 | .1 | +3.6
| (0.25)

DOUBLE S |
ColO0%| 1500 | 4090 |LAYER 135 27 | +6.8

(0.22)
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tion, thereby conpressing the data into about 167 Mips. O the out puts'

fromthe circuit 112, the |um nance signal X J i f, uency
conversion circuit 113. The circuit 3 con@&ﬁf&ﬁg&ﬁ%ﬂpﬁg ﬁééﬁ ncy of
13.5 MHz of the lum nance signal Y to three quarters thereof. The
frequency conversion circuit 113 may.typically be a tw%gg
does not cause back-to-back distortion. The output signal of the TCi '
113 is fed to a blocking circuit 115. The circuit 115 (biaSkset s BAS Replaced
| um nance data sequence to a bl ock sequence. The bl ocki 'S
provided in conjunction with a block encoding circuit 113#”””"'"”""@’
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| ocat ed downstream . Fig. 7 schematically depicts the struct wee#sdf a
typi - #’cal unit block for encoding. This exanple is a.three- dinensional
bl ock il}ustratively'constituted by divisions of a picture that spans two
franmes.. A large nunber of unit blocks each having 4 lines by 4 pixels by
2 frages, as shown in Fig. 7, are forned. In Fig. 7, solid lines are
odd- nunbered field Iines and broken lines.,are even- .nunbered field |ines.
O the outputs fromthe effective data ex}raction circuit 112, the two

color difference signals U and V are
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
magnetic rgcording medium aﬁd a copy.mégnetic recording
medium of a metal-deposited thin film type each. More
parﬁicularly, the invention relates to a magnetic record-
ing.transfer method suitable for transferring short wave
length magnetic recordings between the so-called high.band
eight-millimeter format video tapes and for tfansferringl
digital video signal magne?ic recordings between.digital~

video signal tapes.

.Description of the Related Art:

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

v

method, a mother magnetic recording medium containing
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supplied to a sub-sanpling/sub-line circuit 114. The cir-
28 cuft 114 converts the sanpling frequencies of the two sig- nals U and
V from6.75 Mz to half thereof. Thereafter, the two digital col or

difference signals are alternately selected per line and are conposed into
one-channel dat a. :

2

source recordings such as a mother t;pe is subjected to a
biased magnetic field (i.e., tnansfér magnetic field).
With the mother tape brought to ﬁhe proximity of or con-
tact with a copy magnetic recording medium such as a copy
tape, the biased-magnétic_field copies the magnetic re-
cordings from mother tape to copy tape.

One advanﬁage of the above prior art magnetic record?
ing transfer méthod is its capability to copy large quan-
tities of recordings at hiéh épeed, hence in a short time.

Conventionally, tﬁé coercive force Hc of the mother
magnetic récording medium is held at-about 2.5 times the
coercive force.Hc of the copy magnetic recording medium.
This measﬁré is taken to mininize thé demagnetization of
the mother magnetic recordiﬁg medium by thé biased magnet-
ic field and to make the transfer of recordings to.the
copy magnetic reco;ding medi;m easier.

However, with such a high coercive force, the mother
magnetic recordiﬁg medium ;till has difficulty in elimi-
nating the inéidencg of its demagnetization. One drawback
of the conventionally used, metal-coated magnétig recérd—
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-

Y .
coated magnetic tape (e.g., high coercive force metal-
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That is, the sub-sanpling/sub-line circuit 114 yields lin- early sequenced
digirﬁl color difference signals. Fig. 8 illustrates the pixel structure
of a signal that is sub- sanpled and sub-lined by the circuit 114. In Fig.
8, hollowcircles (0) each stand for a sanpling pixel of the first color

difference signal U, triangles ([err]) for a sanpling pixel of the second
color difference signal V, and crosses (X ) for the position of a pixel

renoved by sub-sanpling. The linéarly sequenced out put signal of the
sub- sanpling/sub-line circuit 114 is supplied to a bl ocking
coated tape) is used as the mother tape in combination
wifh 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 1ehgth range of 0.7 um (= A ; recording wave
length) generally yvield a magnetic transfer output appre-
ciably inferior to that of metal-deposited thin film type
magnetic tapes.

Japanese Patent Laid-Open No. 57-138061 discloses a
magnetic copying method for use with the combination of a
master (i.e., mother) magnetic recording medium and a
sl;ve (i.e., copyj magnetic recording medium positioned
opposite to eaéh other for magnetic copying of recordipgs
therebetween. ~ Under this metﬁod, as showh in the schemat-
ic cross-sectional view of Fig. ?1, the magnetic layer
surface 4 of each magnetic recording medium is measured
for residual magnetism_in two directions A and B;. Direc-
tion A is at 45° with respéect to the plane direction
identified by the X axis, while direction B is at -45°
relative to the same plaﬁe direction. The residual mag-
netism of the mother magnetic re§ording medium 1 measured
in direction B is 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

v’

least 25% greater than that in direction B. With the two
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circuit 116. As with the blocking circuit 115, the cir- cuit 116 converts
t he scﬁnnlng sequence color difference data of the TV signal into block
sequence data. Further- nore, like the circuit 115, the circuit 116
converts the <color difference data into a block structure of 4 lines by 4
pi xéls by 2 frames. The outputs of the blocking cir- cuits 115 and 116 are
forwarded to a conposition circuit 117. The conposition circuit 117

converts into one-channel data the Iuninqpce and color difference signals
t hat were '

media positioned as indicated, a biased magnetic field Hs
ig applied in_or approximately 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 deposiﬁed magnetic metal. On the mother mag-
netic recording medium 1, the'biased magnetic field Hs 1is
applied in the direction of its hard axis; on the copy :
magnetic record1ng medium 2, the biased magnetlc fleld Hs
is applied in the dlrectlon of its easy axis.. Thls scheme
appears to @ake the mother magnetic recordiﬁg medium 1
highly immune fo demagnetization even if the coerqive
force thereof is relatively small. Tha£ in turn aﬁpeérs
to make it possibie to apply a sufficientiy high level of
biased magnetié field Hs to the mother medium for enhanced
copying efficiency.

Howgver, the-magnetic copying method disclosed in
Japanese Paten£ Laid-Open No. 57-138061 has turned out to.
have some disadvantages regarding demagnetization of the
mother magnetic récording medium during copying and re-
garding the efficiency in copying.

According tq the invention disclosed in Japanese
Patent Laid-Open No. 57-138061, the biased magnetic field
Hs - 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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2 1 FEB 1997 29 converted to the
bl ock-’sequence. The out put signal of the conposition circuit 117 is fed.to
t he bl'ock encoding circuit 118. The bl ock encoding circuit 118 may
illustra- tively be an adaptive dynam c range coding (ADRC) circuit

-~

5
Direction A is supposed to coincide with the hard axis for
the mother magnetic recording medium and with the easy
axis for the copy maghetic recording medium. In fact,
however, the easy axis for the copy medium is not formed
in the 45' direction.

Metal-deposited thin film magnetic‘recording media
are generally formed as follows: The substrate of a mag-
netic recording medium, i.g.? a long sheet of a nonmagnet- ~
ic base is led 6nto the cylindrical surface of a guide
drum.. In this state, a magnetic metal material is depos-
ited from a deposition source'onto the base within an
angplar range ;f 90° to 40°. Magnetic growth grains,
resﬁlting;frbm.deposition,,or the so-called columns, are
formed at about 45° with respect to the medium surface.
However, even ‘when the columns are formed with the 45°
inclinétion, the fact that a strong diamagnetic force is
exerted perpendicularly to thé metal-deposited thin film
medium causes the magnetizing.vector to incline less in
the cryétallizing direction (i.e., column groﬁing 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 Hp is applied in the -45°
direction as described, the direction of ﬁagnetic field '
application is not aliéned with the hard axis of the

mother magnetic recording medium or with the easy axis of
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(described later) adapted to the dynanic range per block, a DCT circuit,
etc. The output signal of the block encod- ing circuit 118 is supplied to
a franme conposition circuit 119. The circuit 119 converts the received
sighal into frame structure data. The frame conposition circuit 119

sw tches between the cl ock:-signal of the video side and that of the
recordi ng side. The output signal of the frame conposition circuit
119 is sent to a parity bit generation cirguit 120 that generates error
correction codes. The output signal of the parity bit generation circuit

120 i s supplieetdpy amagnetic recording medium. As a result, it is
impossible to obtain a satisfactory reduction of the
demagnetizing effeét_on the mofher magnetic recording
medium or a high enough incréase in magﬁetic copying
output. In pr;ptice, where magnetic recordings are trans-
ferred from one medium to énother within a short wave
length range of about 0.7 # m as described above, there is
a possibility of fromoting demaghetizgtion of the mother
magnetic recording medium or of reducing the efficiency in
magnetic recoréing transfer.

There are two kinds of digital VTRs (video tape
recprders) for to&ay’s broadcast_use: fhe D1 formgt compo-
nen£ type'digital VTR and the D2 format coﬁposite type

- digital VIR. These VTRs operate on the method of record-
ling digitized color.video. signals onto a recording medium
such as magnetic_tapeg. .

.The D1 format digital VTR converts a luminanée-signal
and color differepce signals (first'gnd second) from
analog to digital format #t sampling.ffeqﬁencies of 13.5 -
MHz and 6.7§ Mﬁz, respectively, and records the digit#l
fofmat signals onto a magnetic tape after subjecting them
to necessary signal processing. Beéause 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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channel encoder 11. In turn, the channel encoder 11 carries out channel
codinggin such a manner that the | ow pass portion of the recording data
is reduced. The output signal of the channel encoder 11 is fed to magnetic
heads 13A and 13B via recording anplifiers 12A and 12B as well as a
rotary transformer arrangenent, not shown. The signal is then recorded

onto a nagnetic tape. Al t hough not shown in the drawi ngs, the audio
signal is conpression-coded apart from the video signal and is supplied
to the channel encoder.

:2 systen.

The D2 formap d;gital VTR .converts composite color
video signals from analog to digital format at a sampling
frequency four times the color subcarrier signal freqﬁency
fsc, and records the digital format signals onto a magnet-
ic tape after subjecting them to necessary signal procéss—
ing. . o

Since these %TRs are brimarily-designed for use by
broadcasting stations, the highest priority of the VTﬁ
facility is the qﬁality of broadcast pictures. When
digital color video signals are recorded, each sample
the;eof is illustratively converted té eight bits with no
subétantiél'data compression faking place.

As an example, the ambuné of data handled by the D1
format digital.VTB is discusséd below.

When color video signals are converted from analog to
digitgl format atwthe above-mentioned sampling frequen-
cies, eight bits processed together per sample, the amount
of the color video signal information 'involved is about
216 Mbps (megabits per secbndi. 'With the horizontal and
vertical blanking.pe¥iod data excluded, the effective.
pixel count per horizontal'pefiod'is 720 for the luminance
signal and 360 for the color difference signéls. With the
NTSC system (525/60) in use, fhe effective scanning line

count per field is 250. Thus the video signal data amount

g
|3
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30 . After the above signal processing, the input data anmount of 216
.Mops i:s |l owered to about 167 Mps through sanpling during the effective
scanni ng period alone. The |owered data amount is further reduced to 84
Mops through frequency conversion and sub-sanpling/sub-1ine processing.
The resul ting data anount i s agai n conpression-coded by

8
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 figld count
per second is 50. It can be seen from this that the PAL
systeﬁ handles the same amount of data as the NTSC system.
When redhndant-data components are added for error correéc-
tion and formatting pﬁrposés, the overall bit rate of
video data amounts to about 205.8 Mbps. ‘

Audio dgté'Da totals up to about 12.8 Mbps. Addi-
tiogal data-Do such as gaps, preambles and postambles fof
ediéing pﬁrposes amounts to about 6.6 Mbps. Thus the NTSC
system has the total aﬁount of recording data Dt tétaled
up to | |

Dt = Dv + Da + Do

172.8 + 12.8 + 6.6 = 192.2 Mbps

To record'the above data a@ount, the.DI_format digi-
tal VTR utilizes 10 tracks per fiéld whén workipg:witﬁ'the
NTSC system and 12 tracks pe¥ field with the PAL'system.
(segment scheme).

Thelrecording tape in present use is 19 mm wide. The
"tape comes in two thicknesses: 13 u#m and 16 x m. Thére
are three different cassettes to accommodate the tapes:

v

large type, medium type and small type. When the daté is
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the bl ock encoding circuit 118 down to about 25 Mops. Thereafter, with
.such swypplenentary information as parity and audio signals added, the

recording data anount totals up to about 31.56 Mops. Now t he
construction of the reproduction side of the signal processing section
w | 1" be described with reference to Fig. 6. In Fig. 6, the

reproduced data fromthe magnetic heads 13A and 13B is supplied to a
channel decoder 22 via a rotary transforger arrangenent, not shown, and
via reproduction anplifiers 21A and 21B.” The channel decoder

recorded in the above-described format on the tape, the

data recording density thereon.is épproximately 20.4 um?
per bit.

With the above-described parameters taken into ac-
count; the rep¥oduction times of the respective cassettes
ruﬁ by the D1 forﬁat digital VTR are: 13 and 11 minutes
for tape thicknes;és_of.13'and 16 # m respectively with
;he small size cassette; 42 and 34 minutes for tape thick-"~
nesses of 13 a;d 16 u m respectively with the medium size
cassette; and 94 and 76 minutes for tape thicknesses of 13
and 16 u# m respectively with the largé sizé cassette.

: As described, the D1 format digital VTR pffers suffi-
ciént capébilities for broadcast use.gith the highest.
emphasis on picture qualit&. Howevef, this VIR has its
share of disadvantages, one of which is a short reproduc-'
tion time. _The large size cassette c§ntain§ng a 19-mm
wide tape reel provides only about 1.5 hours of reproduc-~
tion when run By the D1 format VIR. This makes it. diffi-
cult to aaapt this VTR to household use. ' |

On the other hand, if signals of wave lengths as
short as 0.5 u.m are recorded on a track 5 um wide, a
recording density of 1.25 u m? per bit is achieved.. fhus
if the recordihg operation is performed in conjunction
with a suitable data compression method that dompresses

v
recording data with minimum reproduction distortion, long-
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22 fecodes the channel -encoded data. The output signal of the channel
decoder 22 is supplied to a TBC (tine base correction) circuit 23. The
circuit 23 renoves tine base fluctuation conmponents fromthe reproduced
signal. The reproduced data fromthe TBC circuit 23 is fed to an ECC
circuit 24. The circuit 24 subjects the data it received to error checking

and correction using error correction cades. The output signal of the ECC
circuit 24 is sup- .

hour recording and reproduction #re'available-even with
tapes whose width is eight millimeters or less.

Héwever, Secause thé recording wave length is short-
ened to 0.5 # m for higher recording density, transferring
magnetic recordings from the mother tapg to the copy tape
results in a very low level of transfer‘output on the copy
tape side. For this reason, it is difficult to reprodﬁce
in large quantities digital ViR copy tapes that are re-

quired to provide high 6utput levels.

SUMMARY OF THE INVENTION:

= In this sbecification, the in—plane.direbtiqn of.the
mag;etic recording medium is used as the' reference X axis
with respect to which all angular positions are deter-
mined, inclnding the direction of the easy axis, the angle
of the hard axis and the direction of biased magnetic
field application. |

It is an object of the preseﬁtzinvention to ﬁrovide a
magnetic recordiné_tranéfer method which ensures high
efficiency in.the transfer of magnetic recordings within
the above-mentioged short wave length range, and which
ﬁrovides the copy magnétic recording medium upon transfer
with excellent magnetic prope¥ties and high magnetié

recording reproduction efficiency.

It is another iject of the present invention to

]
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31 plied to a frane. deconposition circuit 25. The frame
deconposition circuit 25 separates the block-encoded data into conponents °
and swtches fromthe clock signal of the recording side to that of the
video side. The data conponents separated by the frane deconpo- sition
circuit 25 are supplied to a block decoding circuit 26. The encoded data
I.s decoded back to the original data on a block by block basis. The
decoded data is fed to a distribution dirrcuit 27. The circuit 27 separates

the provide a method. for magnetically recording digital video
signals whereby large quanti;ies of a digital VTR tape are
copied at high speed through magnetic recording transfer
énto a copy magnetic recording medium with a high transfer
output.

According to a first aspect of the invention and as
shown in Fig. 1, éhere is provided a magnetic-recording
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
média being overlaid so that the inclination of columné 3
of;one medium ﬁill be opposite in direction to that of the
oth;r_medium, the method comprising the step of externally
applying a biased magnetic.field Hsy to the combination of
the media in such a manner tha£ magnefized recordings on
thé mother magﬁetic recording medium 1 will be transferred
to the copy magnetic'recording'medium 2; wherein the easy
axis of the mother mﬁgnetié reéording.medium 1l is posi~-
tibned at an angle of éO'i'15' with respect to the in-
pPlane direction of the medium; and wherein the biased
magnetic fiela Hs is applied to the mother magnetic re-
cording mediuﬁ'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
REPLACEM?
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.decoded data into the |uninance signal and the color dif- ference signals.
The luminance signal is fed to a de- blocking circuit 28, and the col or
difference signals are supplied to a deblocking circuit 29. As opposed to
what the blocking circuits 115 and 116 do on the transmtting side, the
deblrocking circuits 28 and 29 convert the block sequence decoded data
Into a raster scan sequence. - The dei ded | um nance signal fromthe
debl ocking <circuit 28 is sent to an inte golation filter 30. The
interpolation filtqr 30 converts the sanpling rate of the [|um nance signal
from3 fs-tbhd fatid 6€ thé3cbekrtliye Thece Hen of the mother magnetic

recording medium 1 to the coercive force Hcc of the copy

magnetic recording medium 2 satisfies the condition of

Heu/Hee £ 1.5
Accordihg to a third aspect of the ihvention, there

is provided a method for magnetically récording digital

video signals, the method comprising the stebs of con&ert-

ing input digital video signals into blocks made of a -

prlurality of pixel data each; compression-coding the

blocks of pixei data block by block: converting the com-

pression-codedndaté into channel-encoded data; and having

magpetic heads of a rotgry:drum record the channel-encoded

daté onto'mggnetic recording media; wherein the magnetic

recording media are each constituted by a nonmagnetic base

overlaid with a mégnetic layer made of a magnetic metal

thin film, the magnetic 1ayer'having an eﬁergy producf of

at least 100 G:cm'Oe given by multiplying the residual

magnetic'flux éeﬁéity, thickness and coercive force of the

mégnetic layer; and wherein the magnetic recording 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 gf a mother medium

and a copy medium, the magnetic layer of the mother medium

being brought to close prokimity of the magnetic layer of

the copy medium iﬁ such a manner that the inclination of
CE s 4 A
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digital |um nance signal'fron1fhe intefpolation circuit 30 is forwarded to
an output term nal 33Y. Meanwhi |l e, the digital .color difference
signals from the deblocking circuit 29 are supplied to a distribution

circuit 31. The circuit 31 separates the linearly se-
30 -

13

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 theé in-plane direction of the mother
medium, the magnetic recordings on the mother medium being
transferred onto fhe copy medium by externglly applying a
biased magnetic field to the mother medium substéntially
at 110°% 15° relative to the in-plane direction. i

According to a fou:th asﬁect of the in&ention, there
is provided a method of magne£ically recording digital
video.signals as &efined in the third aspect thereof,
wh?rein the rafio of the coércive force Hcn of.the mother
maénetic recording medium to the coercive force Hcc -of the
copy magnetic récording mediuﬁ satisfies the condition of

Hen /Hee é 1.5

Preferably, the magnetic recording medla for the
1nvent10n to be embodied have a center line average he1ght
Ra of 30 angstrom units or less on the su?face.

These and.other_objects, 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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guenced digital color signals Uand Vinto the digital <color difference-
signal.s U and.V. The signals Uand V fromthe distribution circuit 31 are
fed to an interpola- "~ tion circuit 32 for their respective interpolation
proc- esses. Using the decoded pixel data, the interpolation circuit 32
i nterpol ates the Iines and pixel data that were thinned out. The
interpolation circuit 32 provides the digital color difference signals U

and V at a sanpling rate of 4 fs, the sh&nals U and V being sent to out put
termnals 33U and 33V, respectively. :
tion;

Fig. 2 is a ;iew 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 metal structure each;

Fig. 3 is-a view depicting a iypical relationsﬁip
between residual magnetization and reversé magnetic field;

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

Fig. 5 is a Block diagraﬁ of the récording side of a
sigpal procéssing-section in a typical digital VTR for use
with the invention; |

. Fig. 6 is a block diagfam of the repfoduétion'side of
the same signal processing section; |

Fig. 7 is a schematic viéw 6f_a typical .block struc-
ture for block encoding in coﬁnection with the invention;

fig. 8'is.a QéhematiC'view used to descfibe sub-
sampling ana sub-lines in connection with the inveﬁtion;"

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

Fig. 10 is a'schematic block diagram of a typical
channel encoder f;r use with the invention;

Fig. 11 is a schematic block diégram of a typical

channel decoder for use with the invention;
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b. Bl ock Encoding The bl ock encoding circuit 118 in Fig. 5 is
illustra- tively the ADRC (‘adaptive dynani c range codi ng) encoder -

"di scl osed in Japanese Patents Laid-Open Nos. 59-266407 and 59-269866 filed
by this applicant. The ADRC encoder de- tects the nmaxi mum and m ni num
nunbers (MAX, MN) of nulti- ple pixel data contained in each bl ock. The
ADRC encoder then detects a dynam c range DR per block fromthe maxi num
(MAX) and minimum (MN) pixel data countd3 The data is encoded for
adaptation to the dynamc range DR. Using a bit count snmaller than the

bit count of thejeriaigngls Rl ¥hematic view used to describe the head

arrangement in connecti;n with,the invention;

Fig. 13 is a schematic view used to desdribe 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.toﬁ and a side view of a typi-
cal tape head section; . - | o

Fig. 16 a.schematic view used to describe how the
tape vibratés due to drum eccentricities;

Fig. 17 is a schematic view of a device for manufac-
turlng magnetic tapes in connectlon with the 1nvent10n,

‘ Fig. "18 is a schematlc view of another dev1ce for

-

manufacturing magnetlc tapes in connectlon w1th the 1nven—
tion; .

Fig. 19 is a table tabulating typical transfer output
measurements takeﬁ of copy tapes in diverse sahpie combi-
nations with mbther_taﬁés, the coﬁbinétiong varying in
magnetic layer maéerial, film'structure_and other tape-
related factors;

‘Fig. 20 is a perspective view of a t&pical magnetic

Pl

head structure for use with the invention; and
‘Fig. 21 is a schematic cross-sectional view of how
the prior art magnetic recording transfer method is typi-

k4
cally implemented.
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data, the data is quantified again. Afternatively, the bl ock encoding

.ci-rcuit 118 may be inplemented as folloms After the pixel data of each
bl ock is subjected to DCT 33

(di screte cosine transformtion), the resulting coeffi- cient data is

quantified. The quantified data is subject- ed to the run-1length Huffman
encodi ng process for conpres-

16

DESCRIPTION OF THE PREFERRED EMBODIMENTS:

As described, the magnetic recording transfer method
according to the invention uses a mother magnetic record-
ing medium and a copy magnetic recording medium of a metai
thin film type each, i.e., media having diagonally depos-
ited magnetic ﬁetal. In this case, as described, the

.  magnetic metal material is deposited from a deposition ’
source onto the medium base diagonally within an angular
range of.90' to 40°. The resulting magnetic layer com-
prises bent columns 3 with an inclination of abou£ 45',

- the columns being growth graiﬁs. However, according to
the research and ;xperiments conduéted by the inventois,
the actual easy axis of the magnetic layer fails.to match
the growing direction of the columns 3; the easy axis'is
determined by-tﬁe thickness and saturation magnetic flux
density of-ﬁhe columns 3. In fact, the easy axis was
found to be inélined 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.

Accordingly, the magnetic recording transfer metﬁod
of the present invention applies the biased magnetic field
Hs externally ;t.ilo'i 15° to the mother magnetic record-
ing medium 1. This means that the biased magnefic field

Hs is applied preéisely in the direction of the hard axis
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si on codi ng. Descri bed below is a typical encoder inplenented using
t he above ADRC encoder with reference to Fig. 9, the encoder elimnating

the deterioration in picture quality when the original tape is copied

repeat edl y. In Fig. 9, an input termnal 41 receives fromthe
conposition circuit 117 of Fig. 5 a digital video signal (or digital color
difference signal) that was quantified illustratively into eight bits per
sanpl e. The bl ocked data coming frpmthe input termnal 41 goes to a

maxi mum m ni nrum val ue detection circuit 43 and a
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 one medium is opposite in
direction to that of the columns 3 in thejothéf medium.

In this state, the biased magnetic field Hs externally ap- ~
plied to the mother magnetic récording medium 1 transfers .
the recordings thereon onto the copy magnetic recording
medium 2. This scheme provides a high trgqsfer outpuf.

! Assume that the mother m;gnetic recording medium 1
and.the cépy magnetic recording medium 2 are ﬁa@e of the
sémg material and that the easy axis of either medium is
positioned at.ZO'. For example,.if the easy axis of the
mother magneti; recording medium 1 is positioned at 20;,
then the easy aii; of the copy magnetic recording medium 2
is positioned at 160°, the columns 3 of the medium 2 Being
opposite in di¥ection to those of the medium 1.

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

tion curve) in Fig. 3. Fig. 2 illustrates the relation-
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~delay circuit 44. The circuit 43 detects a maxi nrumvalue MAX and a m ni num
.value M N fromeach bl ock. The delay circuit 44 delays input data for as
long as the time required to detect the maxi mum and mi ni mrum val ues. The
pi xel data fromthe delay circuit 44 is supplied to conpa- rators 45 and
46.° The maxi num val ue MAX from the maxi mum m ni num val ue detection
circuit 43 is sent to a subtracter 47 and the mninmumvalue MN fromthe
circuit 43 to an adder 48. The subtract¥ 47 and the adder 48 receive from

a bit shift _circuit 49 the val ue of .one antificatiqQn step w dth err
ship betwgen magnet?c ?ield app%%cation ang%e andpreversé[ _ ]

magnetic field Hsw in effect 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%, reséectively.

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 magnetic recording-medium-l; the curves each
indicate the maximum magnetic field necessary for magneti-
zation change at about 110°, i.e., in the direction of the
harﬁ axis of the ﬁedium 1. Thus a magnetic field_of,.say,
3k (Oe) generates 95% or more of magnetization reversal if
applied ih the direction of the e;sy axis, but only aSout
50% if applied.in ihe direction of the hard axis.

‘As described, tﬁe maghetiq recording transfer method
according to the invention externally applies the biased
magnetic field He illustratively at 110° to the mother
magnetic recording medium 1, i.e., in the direction of the
hard axis thereof. This leaves ihe 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 axié, whereas the

" .
curvature of the distribution is relatively small near the
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34 = (1/16)DR) for f our - bi t fi xed-1ength non-edge matching
-quantification. The bit shift.circuit 49 is constructed to shift the

dynami ¢ range DR by four bits for a divide operation of. 1/16. The
subtracter 47 provides a threshold value of

~

19
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 thérein in case of 40° to 50° of deviation from the
easy axis. For example, if the above-mentioned magnetic
field of 3k (Oe) is applied at 60°, i.e.,'abdﬁt 50° away
from the hard éxis direction, then 80% or more of magneti-
zation reversai is produéed. There occurs a difference of °
about 15% from the case where the magnetic field is ap-
Plied in the eésy axis direction, but as much as 30% from

the case in which the magnetic field is applied'in the
haﬁd axis directioﬁ.

As descrlbed, with the easy axis of the copy medium 2
pos1t10ned at 160 and w1th the blased magnetic field
applied at 110' to the mother medium 1; maéhetic recofd—
ings are fransferred satisfactorilj from mother medium to
copy medium. for example, even when the mother magnetic
recording medidm 1 and the copy magneﬁic_recording ﬁeéium
2 are made of the same matérial} the above arrangement
provides a.significant improvement in transfer efficiency.

Accordiﬁg to the invention, the ratio of the coefcive

force Hen of the mother magnetic recording medium 1 to the

coercive force Hcc of the copy magnetic recording medium 2

satisfies the condition of

Hecu /Hece £ 1.5
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MAX - [err] whereas the adder 48 yielas a threshol d val ue of M N +
[err] The threshold value fromthe subtracter 47 and that from the adder

48 are’supplied to the conparators 45 and 46, respectively. The
value A that defines the threshold values is not limted to the
quartification step width; it may be a fixed value commensurate with the
noi se | evel . The output signal of the conparator 45 is fed to an AND

gate 50 and that of the conparator 46 to 206 AND gate
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
output.

With the conventional'magnetic recording transfer
method that uses metal-coated magneﬁic recording medi;, it
is difficult to select optimum directions of the easy'and
hard axes for such media. By contrgst, the present inven-'
tion makes it possible to select optimum directions of the
easy and hard axés of magnetic recording media illustra-

tively having ; diagonally deposited metal thin film
stgucture. . . -

| Thus it is possible to prevent demagnetization of the
mother magnetlc recordlng medium upon transfer of magnetlc
reco:dlngs therefrom to0 a copy magnetic recording medlum,
and to enhance the transfer output of the copy medium.
Even if the recording wave length is as short as 0.5 g m,
the transfer ouiput of the copy meaium is still suffi-
ciently high. '

Preferfed 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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51. The AND gates 50 and 51 are supplied with the input data fromthe
delay circuit 44. The output signal of the conparator 45 is brought Hi gh
when the input data is greater than the threshold value. Thus the out put
term - nal of the AND gate 50 bears the pixel data of the input data
contwai ned in the maxi num | evel range of MAX ~ MAX - [err] The out put

signal of the conparator 46 is brought Hi gh mhen the input data is smaller
than the threshol d val ue. 21

medium and numeral 2 is a copy.magnetic recording medium.
Each medium is illustratively a tape with a diagonally
deposited metal structﬁre 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 OCe, and éhe easy axis thereof is positioned.ét
about 21°. The media 1 and 2 are o?erlaid so that thé

easy axis of the éopy magnetic recording medium 2 is i
positioned at 159°. In this case, the ratio of the coer-
cive force Hcu of the mother magnetic recdrdiﬁg medium 1

to the coercive force Hcc of the copy magnetic recording
med}um 2 (ch/ﬁcﬁi is.l.o.

| Fig. 4 shows how the magnetic recprding tranéfer
output changes as the angle o of the biased magnetic
field Hs (hereinafter called.the biased magﬁetig.fiel&
angle) is varied,-with the wave 1ength'l set to 0.76 g m. -
Also shown as a comparative example are typical changes in
the transfer output in éffect when the mother medium is a
conventional metal-coated, high coercive force, high
performance tape and the copy medium is a Ba-Fe tape.

In Fig. 4; small hollow circles (O) are pl;tted by

the first embodiment when the biased magnetic field angle
a 1is varied, and small sélid circles (@ ) are plotted és

the comparative example when the biased magnetic field

angle a 1is set to 90°. Transfer output values are shown

AT 1.1:""‘ T -
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35 Thus the output termnal of the AND gate 51 bears the pixel data of
the .input data contained in the mninum |evel range of MN~ MN +
[err] The output signal of the AND gate 50 is supplied to an
averaging circuit 52 and that of the AND gate 51 to an averaging circuit

53. The averaging circuits 52 and 53 calculate nean val ues for each bl ock.
A term nal 54 feeds 22 :

relative to ihe maximum output of.the first embodiment
being set to 0 dB.

As depicted in Fig. 4, when-the biased magnetic field
angle @ is set to 90°, the first embodiment provides a
transfer output at least 2.5 dB higher than that of the
comparative exampie. Where the biased magnetic field
angle a is varie& and set to 111°, i.e., in the hard axis
direction of the mothér maénetic recording medium 1, the ’
maximum fransfer output is obtained. This output is at
least 4 dB higher.than that given when « .= 90°.

pelow is a description of three more embodiments.
-thp these embodiments, the residual magnetic flux density
Br énd coercive force Hec are varied and the reéulting

transfgr outputs are measured.

Second Embodiment

The second embodiment utilizes as the mother magﬂetic
recording medi;m } a tape with a diagonally deposited
metal structure médg of 100% Co. The residual magnetic
flux density Bf of the mother medium'l is 4,100 G,,the
coercive force Hc theréof is 1,400.0e, and the easy axis
there?f 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

Y

20% Ni. The residual magnetic flux density Br of the copy
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a bl ock period reset signal to the circuits 52 and 53. The aver agi ng
circuit- 52 provides a nean value MAX of the pixel data belonging to the

maxi mum | evel range of MAX ~ MAX - [err] and the averaging circuit 53
yields a nmean value MN of . the pixel data belonging to the m ni mum | evel
range of MN~ MN+ [err] A subtracter 55 subtracts the nean val ue

MN fromthe nean value MAX' , thereby providing the dynam c range DR
The nmean value MN is fed to a subtracte#356. The subtracter 56 then

subtracts the mean value MN fromthe’ _
. medium 2 is 3,500 G, the coercive force Hc thereof is
1,000 Oe, and the easy a#is thergof 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 Hp is applied at 109','

i.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 diégonally deposited metal
multilayer structure made of 100% Co. With the third
embodimgnt, fhe residual magnetic flux denéity Br of the
media is 4,600 G, the coercive force Hc thereof is 1,500
Oe, and the easy axis thereof is positioned at 25°. The
media 1 and 2 are overlaid'sp thﬁt the easy axis of the

copy magnetic recording medium 2 is positioned at 155°.

The biased magnetic field Hs is applied at 115°.

Fourth Embodimenﬁ
The fourtﬁ embodiﬁent employs as the mother medidm 1
a tape with a diagonally deposited metal double-layer
structure made of 100% Co. The residual magnetic flux
density Br of the mother medium 1 is 4,700 G, the coercive
force Hc.thereof is 1,900 Oe, and the easy axis thereof is -

v -
- positioned at 27°. The .fourth embodiment also uses as the
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i nput data coming fromthe delay circuit 57. The result is data PDl which
is rid of the mninrnumvalue. The data PD and the corrected dynam c range
DR are supplied to a quantification circuit 58. The ADRC encoder used in
this enbodinent is a variable |ength encoder in which the nunber "n" of
‘the *bits assigned for quantification is set '

24

copy medium 2 a tape with a diagonally deposited metal
double-layer strﬁcture made of ,100% Co. The'residual
magnetic flux density Br of the copy medium 1 is 4,650 G,
the coercive force Hc thereof is 1,700 Oe, and the éasy
axis thereof is positioned 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'appliea at 117" to the mofher mediuﬁ 1,
i.e., in the hérd axis direction thereof. |

Table 1 beloﬁ indicates actual transfer output meas-
urements taken with each of the first through tﬁe fourth

-

embodimehts above, where the wave length A was set to

0.76 L m.
Table 1

Embodiment First Second Third Fourth
Biased mag- . "
netic field - 111° 109° 115° 117°
angle « . ' ’
Transfer 0 T +2.2 +5.3 +5.8
output (dB)

As shown in Table 1, even where the wave length (A )
is as short as 0.76 u , high ﬁransfer outputs are obtained
by raising the residual magnetic flux density Br and
coercive force Hc of the mother and copy media 1 and 2.

As indicated, the second through the fourth embodi-

K4

ments yield transfer outputs higher by 9 to 12 dB than



36 to O (no code signal transmtted), 1, 2 3 or 4. The quantification
assigned bit count "n" is determned by-a bit count determ nation. circuit
59 on a block by block basis. Thus the data of the bit count "n" is
supplied to the quantification circuit 58. For efficient encoding,
the ‘vari abl e I ength ADRC encoder may -have a-small bit count "n" for Dbl ocks
with a small dynamic range DR "and a large bit count "n" for Dblocks with

a large dynamic range DR . If the values 3§ to T4 for determning the bit
count "n" are set as :

those gained by the conventional method using metal-coated
tapes.

Thus, to obtain these pradticglly significant in-
creases in t:ansfer output requires that, on the part of
the mother magnetic recording medium 1,

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

Br-d (total magnetic fiux quantity) 2 0.08 G:-cm i
and that

He (coercive fofce) e 1,000 Oe
preferably

He 2 1,300 Oe.

On the part of the'copy magﬁetic recording medium 2,
it is required that

Br (magnetic flux density) 2 2,560 G

Br-é (tota; magnetic flux quantity) 2 0.05 G-cm

800 £ Hc (coerqive force) £ 1,800 Oe
The 1,800 Oe threshold is preferably not to be.exceedéd
because an excessivgly high coercive 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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Tl < T2 < T3 < T4 then the block with its dynaﬁic range defined .as

DR

< T1 has no code signal transmtted, i.e., only the data of the dynamc
range DR is transmitted. A block with its dynam ic range defined as

Tl [err] DR < T2 has the bit count "n" set to 1. A block withits
dynam ¢ range defined as - T2 [err] DR < T3 has the bit count "n"

to 2. A block with its dynamc

26

scription of this embodiment ﬁill proceed in_ the order of:
a. Signal proce;sing 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 thé recording side of
th%‘signal-proceséing section in the typical digital VTR
for use with the invention. In Fig. 5, input terminals
111Y, 111U and lliV illustratively receivé a digital lumi-
nance signal Y; a digital color difference signal U and a
digital color difference signal v, respecﬁively. The
signals Y, . U and V are-fofmed-from three pfimary color
signals R, G aﬁd B coming from a color:video camera. The
clock rates'for the.§ignais are yhe séme_as the frequén_
cies of fhe 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. Thué the amount of the &ata making up
the signals supplied to the input terminals.lllY, 111U and

b4

111V amounts to about 216 Mbps, as described. An effec-

[
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rénge defined as T3 [err] DR- < T4 has the bit count "n" set to 3. A
block wth its dynam c range defined as
37 DR T4 has the bit count "n" set to 4.

27

tive data extraction circuit 112 eliminates blanking
period data and extracts only .the effective area informa-
tion, thereby compressing thg data into about 167 Mbps.
Of the outputs from the circuit 112, the luminance_signél
Y is supplied to a frequency conversion circuit 113. The
circuit 3 converts the sampling frequency of 13.5 MHz of
the luminance ;ignal Y to three quarters thereof. The
freguency conversion circuit 113 may typically be a thin-
out filter that does not cause back-to-back distortion.
The Qutput signal of the circgit 113 is fed to a blocking
circuit 115. The.circuit 115 converts the luminance data
seguence.to.aisléck gequence. The-blocking circuit 115 is
pr;vided'in conjunction with a block encoding circuit 118
located d;wnstream.' | |

Fig. 7 schematically depicts the structure of a typi—'
cal unit block for encoding. Thié example is a three-
dimensional block illustratively qonstituted.by divisions
of a piéture that spans two frames. A large number of
unit Blocks each having 4 lines by 4 pixels Ey 2 frames,
as shown in Fig. 7, are formed. In Fig. 7, solid lines
are odd-numbered field lines and Broken iines are even-
n;mbered field lines.

Of the outputs from the effective data extraction
circﬁit 112, the two color difference signals U and V are

v’

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

2 1FEB 1997




The above variable | ength ADRC encoder provides control over the amount of
‘generated data (i.e., buffer- ing) by switching the threshold values (T1 -
T4). Thus the variable | ength ADRC encoder may be applied to the digital
VTR of this invention and to other simlar trans- mssion |ines that
requi re the anount of the generated data per field or per frame to be a
predet er mi ned val ue. - In Fig. 9, a buffering circuit 60 determ nes the
threshold values T1 - T4 for setting the &Bount of gener- ated data to a

det I ned I . The bufferi [ it 60 ha I it f th hol d
5;Fug ggg%gﬁ&gygﬁgeeny%réé €ﬂ; @%Agffﬁg frequeggaégr%%néké z;g_s{gles °

nals U and V from 6.75 MHz to half thereof. Thereafter,
the two digital color difference signals ére alternately
selected per. line and are composed into one-channel data.
That is, the sub-sampling/sub-line circuit 114 yields lin-
early sequenced digital colﬁridifference ;ignals. Fig. 8
illustrates the pixel structure of a signal that is sub-
sampled and sub-lined by the circuit 114. In Fig. g,
hollow circles'(c>) each stand for a sampling pixel of the
first color difference signal U, triangles k[&) for a-
sampling pixel of-the second color difference signal ﬁ,
anq’crosses-(X ) for the pbsifion of a.pi;el removeﬁ by
suﬁ;sampling.

The linearly sequenced output signal of the sub- -
sampling/sub-line'circuit 114 is.supplied.to a blockiﬁg
circuit 116. As with the blocking circuit 115, the cir-
cuit 116 converts the scanning sequenbé color differencé
data of the TV siénal into block sequence 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 into one-channel

data the luminance and color difference signals that were

winh.
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T2, T3,, T4), -e.g., a total of 32 conbinations. Each of these threshold
val ue conbinations is identified by a parameter code P1 (i =0, 1, 2, ..
31.). As the nunber "i" of the paraneter code Pi is raised, the anmount of
generated data is nonotonously decreased. It is to be noted that the | ower
t he "ampunt of generated data is, the nore deteriorated the quality of
decoded pi ctures becones. The threshold values T1 - T4 fromthe
buffering circuit 60 are supplied to a c@3parator 61. The dynamic range
DR coming fromthe delay circuit 62 is fed to the conparator 61 as well.
The del ay tonwetrté&? el tlye bheck 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) circﬁit
(described later) adapted to the dynamic range per block,
a DCT circuit, etc. The output signal of the block encod-
ing circuit 118 is supplied to a frame composition circuit
119. The circuit 119 converts the received signal into -
frame structuré 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 composiﬁibn_circuit
119 is sent to a parity bit generation circuit 120 that
generates error correction codes. The output signal of
the parity bit generation circuit 120 is supplied to a
channel encpder li. In turn, the channel encoder 11
carries out channel coding in such a manner that the low-
. pass portion of the recording data is reduced. The output.
signal of the channel encoder 11 is fed to magnetic heads
13A and 13B via recording amplifiers 12A and 12B 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 signai and is

¢
supplied to the channel encoder.
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dynamic range DR for as long as the tine required for the

38 buffering circuit 60 to determne the threshold value conbination. The
conpar at or " 62 conpares the dynam c range DR of a given-block with each
threshold value. The result of the conpare operation is sent to the bit
count .

30

After the above signal processing, the iﬁput data
amount of 216 Mbps ié lowered to about 167 Mbps through
sampling during the effective scanning period aléne. The
lowered data amount is further reduced to 84 Mbps through
frequency 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 éuch ;uppiementary infqrmation as parity
and audio signals added, the recording data amount toéals
ﬁp to apout 31.56 Mbps.

Now the construction of fhe reproduction side of the
signal ﬁrocessingiéection will be”deséribed with reference

to Fig. 6. |

In Fig. 6, the reproduced d;ta_froﬁ the magnetié

heads 13A and 13B is supplied to a channel decoder 22 via
a rotary transformer arrangement, not shown, and via
reprodgction amplifiers 21A and 21B. The channel decoder
22 decodes the channel-encoded data. The output signal of
" the channel decoder 22 is supplied to a TBC (time base
correction) circuit 23. -The circuit 23 removes time base
fluctuation components from the reproduced signal. The
reproduced data from the TBC circuit 23 is fed to an ECC
circuit 24. The circuit 24 subjects the dafa it received

to error checking and correction using error correction

v
codes. The output signal of the ECC circuit 24 is sup-
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determination circuit 59. The circuit 59 in turn deter- mnes the nunber
of the bits "n" assigned to the current block. Using the dynam c range DR
and the assigned bit count "n," the quantification circuit 58 subjects the
data PDI to edge matchi.ng quantification for conversion to a code signal
DT,” the data PDI coming fromthe delay circuit 63 and rid of the m ninum
val ue. The quantification circuit 58 is illustratively nade of a ROM
arrangenent . The dynami ¢ range DR 3hd nean value MN after
correction are output through the delay circuits 62 and 64. Also output
are the cqdeied gitala Oiramel désomposireien 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 decompo-
sition circuit 25 are supplied to a block decoding circuit
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-
blqckiﬁg circuit 28, and the color difference signals are
suﬁblied to a deblocking circuit 29. As opposed to what
the biocking circuits 115 and 116 do on the transmitting
side, the deblocking circuits 28 and 29 convert the block
sequénce decoded data into a faster scan sequence.
The decoded luminance signal from the deblocking’
circuit 28 is sen£ to an interpolation filter 30. The
interpolatidn filter 30 converts the sampling rate of the
luminance signal from 3 fs to 4 fs (4 fs = 13.5 MHz). The
dig;tal luminance signal from the interpolation circuit 30 -
is forwarded to an output terminal 33Y.
Meanwhile, the digital color difference signals from

the deblocking circuit 29 are supplied to a distribution

circuit 31. The circuit 31 separates the linearly se-
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code Pi that identifies the threshold value conbination. In this exanple,
"the si,gnal that underwent non-edge match- ing quantification is again
subj ected to edge matching quantification on the basis of the newy
acquired dynamc range information. For this reason, the deterioration in

picture quality is mninmumwhen the nother mediumis copied. c. Channel
Encoder and Channel Decoder The-chqﬂpel encoder 11 and channel

decoder 22 in Fig.

queﬁced 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 interpolaﬁion-proc-
esses. Using the decoded pixel data, the interpolation
circuit 32 interpolates the lines and pixel data that were
thinned out. The.interpolatién circuit 3é provides the
digital color difference signals U and V at a sampling o
rate of 4 fs, the signals U and V being sent to output

terminals 33U and 33V; respectively.

b. Block Encoding

The block encoding circuit 118 in Fig. 5 is.illuétra—
tively the ADRC (adaptive dynamic range coding) encoder
disclosed in Japanese Patents Laid-Open Nos. 59-266407 and
59-269866 filed by this applicant. The ADRC encoder de-
tects the maximum and minim@m numbers (MAX,:MIﬁ) of multi-
-ple pixel data contained in each block. fhe ADRC encoder
then detects a dynamid'fange DR per biock'from the maximum
(MAX) and minimum.(MIN) pixel data coﬁnts. ihe data is
encoded for adaptation to the dynamic range Dﬁ( Using a
bit count smaller than the bit count of the original pixel
data, the data is quantified again. Alternatively, the
block encoding circuit 118 may be implemented as follows:

After the pikel data of each block is subjected to DCT
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39 5 will now be outlined in structure with reference to Figs. 10 and 11.
These circuits are disclosed in nore ~detail in Japanese Patent Application
No. 1-143491 filed by this applicant. Referring to Fig. 10, nunera
71 is an adaptive type scranmbling circuit that receives the output of the
parity bit generation circuit 120 in Fig. 5. Aplurality of M

33
(discrete cosine transformation), the resulting coeffi-
cieht data is quantified. . The quantified data is subject-
ed to the run-length Huffman encoding process for compres-
sion - coding.

Described below_is_a typical encoder implemented
using the above ADRC encoder with reference to Fig. 9, the
encoder elimiﬂating the deterioration in bicture quality
when the origi#al.tape is copied repeatedly.

In Fig. 9, an input terminal 41 recei&es from the
composition circuit 117 of Fig. 5 a digital video signal
(or digital color difference signal) that was3guantified
i%}ustratively.into eight bits per sample.

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
MAX and a minimum value MIN from each block. The delay
circuit 44 delays input data for as long as the time
required to detect the maximum and minimum values. The
pixe; data from the delay circuit 44 is éupplied-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 froﬁ 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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series scranbling circuits are prepared. These scranbling circuits are
constructed to yield the output with the |east high-frequency and
direct-current conponents in response to the input signal. Nuneral 72 is a
pre-coder that operates on the so-called partial response class 4
detection nethod. This pre-coder perforns conputations of 1/1 - D2 (D
circuit for uni.t delay) The pre-coder oué&ut I's sent- via the recording
anplifiers 12A and 12B to the magnetic hé&ads 13A and 13B for record- ing
and reproduction. The reproduced output is anplified by the reproduction
anplifiers 21A1426)PRB. for four-bit fixed-length non-edge matching
quantification. _Ihe 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 a threshold value of
MIN + A ' i
The threshold value from the subtracter 47 and that from
the adder 48 are supplied to the comparators 45 and 46,

respectively.

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

The outpu£ signal 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 50 and 51 are supplied with the inﬁut
data from the delay circuit 44. The output signal of the
-comparétor 45 is Brought High when the input data is
greater than the threshold value. Thus tﬁé 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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Fig. 11 schematically depicts a typical construction of the channel
decoder 22. .In Fig. 11, nuneral 73 is a processing circuit on the
reproduction side of the partial response class 4 schene. The circuit 73
carries out .an operation of 1 + D on the output of the reproduction
anplifiers 21A and 21B. Nuneral 74 is what is known as Viterbi decoder

t hat decodes the output of the processing :

35
Thus the output terminal 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 5? and that of the AND gate 51 to an
averaéing circuit 53. The averaging circuits 52 and 53
calculate mean values for each block. A terminal 54 feeds ’
a block period reset signai to the circuits 52 and 53.

The averaging circuit 52 providés a mean value MAX' of the
pixel data bélonging'to the maximuh.level range of

MAX ~ MAX - A
andathe averaging circuit 53 vields a mean value MIN®’ of
the pixél data belonging to tﬁe-minimum level range of

MIN ~MIN + A
A subtracter 55 subtracts the mean value ﬁIN’ from the
mean valqe MAX’, thereby providing the dyﬁamic.range DR’.

The mean.Value MIN' is fed to a éubt£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.;s rid of the minimum value. The data
PDI and the correctedldynaﬁic range DR’ are supplied to a
guantification circuit 58. The ADRC encoder used in fhis
embodiment is a variable length encoder in which the

’
“__n

number "n" of the bits assigned for quantification is set
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40 circuit 73 into noise-resistant data through conputations based on
data correlation and.validation. The output of the Viterbi decoder 74 is
supplied to a de-scranbling cir- «cuit 75. The de-scranbling circuit 75
restores the data scranbled on the recording side back to the original
data. The Viterbi decoder 74 used in this enbodi ment provides an

I mprovenent of 3 dB in terns of reproduction C N over bit- by-bit-

decodi ng. d. Tape Head Section 36

to 0 (no code signal transmitted), 1, 2 3 of 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 gircuit 58.

For efficieni encoding, ihe 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_r;nge DR’'. If the values Tl
to T4 for determihing the bitlcount "n" are set as |

Tl < T2 < T3 < T4
theg the block with its dynamic fange defined as
‘DR’ < Ti |
has no code signal transmitted, i.e., only the data of the
" dynamic fange DR"is transmitted. A block with its dynam-
ic range defined as
| TI-S 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 "n" set 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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As shown in Fig. 12 (A), the magnetic heads 13A and 13B-.are nounted 180
degrees apart on a rotary drum76. Alternatively, as depicted in Fig. 12
(B), the nagnetic heads 13A and 13B are integrally nmounted on the drum 76.
A magnetic tape, not shown, is wound diagonally around the circunference
of the drum76 at slightly nore or less than 180 degrees. In the head
arrangenent of Fig. 12 (A), the magneti¢_heads 13A and 13B contact the
magneti ¢ head on an approximately alter dte basis; in the head arrangenent .
of Fig. 12 (B), the magnetic heads 13A and 13B scan the magnetic tape
si mul t aneouspy: > T4

has the bit count "n" set to 4.

The above variable length ADRC encoder provides
control over the amount of genefated data (i.e., buffer—.
ing) by switching the threshold values (T1 - T4). Thus
the variable length ADRC encoder may be applied to the
digital VTR of this invention and to other similar trans-
mission lines that require the amount of.the generated
data per field or-per frame to be a predetermined ?alue.

In Fig. 9, a bufferihg circuit 60 determines the

" threshold values Tl -~ T4 for setting the amount of gener-'
atié data to a predetermingd value. The buffering cifcuit
60 has a élurality of threshold vélpe combinations (T1,
Tz; T3, T4i, e.g., a total of'32 combiﬁations. Each of |
these threshol& value combinations.is identified by a

~ parameter code P1 (i = 0, 1, 2, e 31). As the number
“i" of the parameter code Pi is raised,’ the amount of.
generated data is-monotonously decreased. It is to be
note& that the lower the amounf of generated data is, the
more deteriorated the quality of decoded pictures becohes.

| 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 Qell. The delay circuit 62 delays thé

K4

dynamic range DR’ for as long as the time required for the
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The gap extension direction (called an azimuth) of the magnetic head 13A

differs fromthat of the magnetic head 13B. Illustratively, an azinuth
difference of 20[err] is established between the heads 13A and 13B, as
shown in 41 Fig. 13. During

recording, the azinuth difference causes

38

buffering circuit 60 to determine the threshold value
Eombination. The comparator 62 compares the dynamic range
DR’ of a given block with each threshold value. The
result of the éompare operation is sent to the bit count
determination circuit 59. The circuit 59 in turn deter-
mines the numbér of the bits "n" assigned to the current
block. Using the dynamic range DR’ and the assigned bit
cqunt "n," the quantificatiqn circuit 58 subjects the data’
PDI to edge matching quantification for conversion to a
code signal DT, the data PbI coming from the delay circgit
63 and rid of the.minimum value. The quantification
ciEcuit 58 is illustrativeiy made of a ROM arrangement.
The &ynamic range DR’ and mean value MIN’ aftér
correction are output through the delay circuits 62 and
64. Also output are'thé code signal DT aﬁd'the parameter
code Pi that idént;fies the threshold value combination.
In this examplé, ihe signal that underwent non-edge match-
ing quantificaiioq is again squectea to édge matching
guantification dn the basis of the newly ébquired-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.




a recording pattern depicted in Fig. 14 to be formed on the magnetic tape.
As seen from Fig. 14, adjacent tracks TA and TB on the nagnetic tape are
formed respectively by the magnetic heads 13A and 13B having different
azinuths. Thus upon reproduction, the |oss of the azinuths reduces the

amount of cross tal k between adjacent tracks. Figs. 15 (A) and 15 (B)
show in nore detail an inte- gral structure of the magnetic heads 13A and
13B (generi- cally known as the double 39i muth head). For exanple, the

magneti c heads 13A and 13B of the integral structure may be nounted on an
upper drum P6¥iRat npyt Reesudidlinedatim ftructure with reference to :

Figs. 10 and 11. Thése circujts are disclosed in more
detail in Japanese Patent Application No. 1-143491 filed
by this applicant.

Referring to Fig. 19, numeral 71 is #n adaptive type
scrambling circuit that receives the output of the parit&
bit generation circuit 120 in Fig. 5. A plurality of M
series scrambling circuits are prepared. These 5cram51ing
circuits are constructed to yield the output with the
least high-frequency and diréct-current components in
response to the input signal. Numeral 72 is a pre-coder
tEat operates on the so-called ﬁartial reéponée class 4
détectioﬁ.methéd. This pre-coder performs computations of

1/1 - D2 (D:.circuit for unit delay)
The pre—-coder output is sent via the recording amplifiers
12A and 12B to the magnetic he#ds 13A and 13B for record-
ing and reproduction. The reproduced output is amplifiéd
by the reproduction amplifiers 21A and 21B.

Fig. 11 schematically depicts a typical construction
of the channel decoder 22. "In Fig. 11, numeral 73 is a
processing circuit on the reproduction side of the partial
rgsponse class 4 scheme. The circuit 73 carries.out an
operation of 1 + D on the 6utput of the reproduction
amplifiers 21A and 21B. Numeral 74 is what is known as

L4

Viterbi decoder that decodes the output of the processing
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as high as 150 rps (under.NTSC systen), while a lower drum 77 is fixed.

Thus the data of one field is divided into five tracks when recorded onto
a magnetic tape 78. This so-called segnment system shortens the | engths of °
the tracks and reduces linear errors that may occur thereon.

Illustratively, the winding angle [err] of the magnetic tape 78 is
166[err] and the drumdianeter [err] is 16.5 mm Thi s doubl e azi muth
head structure carries out what is knowd@s sinultaneous recording. Wth
an ordinary head structure, eccentricities of the rotating parts
associ ated eoitrduite?dpirto dneisdoresiistanhedabgnbhroughpeomput@tions
based on data correlation and .validation. The output of
the Viterbi decoder 74 is supplied to a de-scrambling cir-
cuit 75. The de-scramblipg circuit 75 restores the data
scrambled on the recording side back to the original data.
The Viterbi decoder 74 used in this embodiment provides an

improvement of 3 dB in terms of reproduction C/N over bit-

by-bit decoding. -

d. Tape Head Section

As shown in Fig. 12 (A), the magnetie heads 13A and
13? are mounted 180 degrees apart on a rotary drum 76.
Alternatively,.as depictéd in Fig. 12 (B), the magnetic
heads 13A and 13B are -integrally mounted on the drﬁm 76.

A magnetic tape, Aot shown, is wound diagonally around the
circumference of ﬁhe drum 76 at slightly more or lgss'than
180 degrees. 1In éhe head arrangement of Fig. 12 (A), the -
magnetic heéds 13A and 13B contact the magnetiq head on an
approximately alternate basis; in thé heéd arrangement of
Fig. 12 (B), the.magnefic heads 13A and 13B scan the
magnetic tape éimultaneously. |

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

Riwn .
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vibrate, resulting in linear errors of tracks. ‘The mag- netic tape 78
vi brat.es when it is pushed downward as de-

42 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 perform ng simultaneous recording -produces a | ower

anmount 11

Fig. 13. During recor@ing, the azimuth difference causes
a recording pattern depicted in Fig. 14 to Be formed on
the magnefic tape. As seen from Fig. 14, adjacent tracks
fA and TB on thelmagnetic tape are formed respectively by
the magnetic heads 13A and 13B having different azimuths.
Thus upon reproduction, the loss of the azimuths reduces

- the amount of éross 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 double aziﬁuth head). For example, the
magnetic heads 13A and 13B of the integral structure.may |
beamounted on an upper drum 76 that rotateé at a r#te.of
as high as 150 rps.(under NTSC system), whilé.a lowgrndrum
77 is fixed. Thus the data of one field is divided ihpo
five tracks whén recorded onté a magnetic taée 75.. Tﬁis
so-called segment systeﬁ shortens the lengths of the
tracks and reduces linear errors thatimay occur thereon.
Illustratively, the winding angie @ of the magnetic tape
78 is 166° and 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-

v
netic tape 78 vibrates when it is pushed downward as de-

P trs sy toprei 19 mr——
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of linear errors than the'ordinary structure-with the

‘each ot her

doubl e azi nut h head

heads opposed to
180[ err] apart. Because of its short head-to-head distance,
structure permts nore accurate pairing adjustnment.

t he -
In

this manner, the tape head section provides recording and reproduction on
tracks haV|ng narrow w dt hs. e. El ectromagnetic Conversion Section

What follows is a description of the el ectronmagnetic
for use with the invention.

t he recording

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
performing 51multaneous recording produces a lower amount
of linear errors than the ordinary structure with the
heads opposed to each other 180"apart. Because of its
short head—to-head &istapce, the double azimuth head
structure pe;mits more accurate pairing adjustment. In
this manner, the tape hegd section provides recor&ing and

reproduction on tracks having narrow widths.

e. Electromaghetic Convérsion Section

What  follows is a description of the electrﬁmagnetic
conversion section for .use with the invention. |

The magnetic tape (ME tape) for use as the recording
medium is manufactured by one of tﬁe four methbds dis;
cussed below.

According to the first method, the magnetic tape is.
manufactured as follows: A liquid chtaininﬁ an emulsion
whose principal content is an acrylic ester latex is
applied onto a polyethylene terephthalate (PET) film base;
After liquid application, the base is allowed to dry. On
a principal plane of the dried base, infigiteéimal projec-
tions made of the emulsion particles are formed. The

sgrface of the base processed in the above manner has a

i e ity .

| REPLACEM;,M \HEE]‘
2 1FEB %97

conversi on section
~ The magA@tic tape (ME tape) for use as.



medi um i s manufactured by one of the four nethods dis- cussed bel ow
According to the first nethod, the nagnetic tape is nanufactured as
follows: A Liquid containing an ermul sion whose principal content is an
acrylic ester latex is applied onto a polyethylene terephthal ate (PET)
filmbase. After liquid application, the base is allowed to dry. On a
principal plane of the dried base, infinitesimal projec- tions nade of the

emul sion particles are formed. The surfgge of the base processed in the
above manner has a '

center line average height Ra of about 15 angstrom units,

and the density of the infinitesimal projections is about

5 million/mmf. The filler internally added to the base is
Si02, TiO2, Alz203, etc.

Thereafter, a vacuum deposition device illustratively
shown in Fig. 17 is used to diagonally deposit a magnetic
layer principally.made of Co onto the above-described base
in an oxygen atmoéphere. - - o o

In Fig. 17, reference chafacters 8la and 81b are
Qacuum chambers; 82 is a partition wall; 83 is an evacua-
tion valve; 84 is a supply rol; that feeds a base B; 85 is
a }ake-up roll; 86 is a guide roll; 87a and 87b are cylin-
dr;cal céoling cans that gqide the base B; 88a and 88b are
Co evaporation sources; 89a and 89b are electron beams
that he#t up the evapogation sources 88a and 88b, respec-'
tively; 90a and 90b #re shielding plates that restric£ the
incident ang;e of the evaporated metal relative to the .
-base B; and 91la énd 91b are pipes tﬁfough which to intro-
duce the oxygen gas. .

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

v
are diagonally deposited on the base B in the oxygen




43 center line average height Ra of about 15 angstromunits, and the
density of the infinitesimal projections is about 5 mllion/mjerr]. The
filler internally added to the base is SiQ2, Ti 2, Al203, etc. _ _
Thereafter, a vacuum deposition device illustratively shown in Fig. 17 is
used to diagonally deposit a nagnetic

44

atmosphere.

The'vécuum evaporation setup operates as follows:
The vacuum chambers 8la and 81b are kept illustratively at
a vacuum of 1 x 10-4 Torr. The pipes 91a and 91b intro-
duce the oxygen gas illustratively at a rate of 250
cc/min. into -the vacuum chambers 8la and 81b. In this _
case, the incident apgle of the evaporated metal relati?e
to the base B is illustratively set between 45° (8 mini- ~
"mum) and 90' (6 maximum). The Co layers are eacﬁ depos-
ited illustrativgly tp a thickness of 1,000 angstrom unifs
at the cooling cans 87a and 87b. That is, the total
théckness of-the magnetic layer is 2,000 angstrom units.
The composition of the ingots used as the evaporéfion
sources 88a and 88b is'illustfatively 100% Co.

After the magnetic layér_made'of the two Co layers
has been formed on the base B, the base B is back-coated
with a carbon -and épbxy resin binder coat, is treated with
a preservative, and is top-coated with a perfluoropolyeth-
er lubricant. The base B is then cut to eight-millimeter
width for production of eight-millimeter fqrmat magnetic
tapes.

According to the inventors’ measurements, the magnet-
ic tape ultimately produced from the above process has a
residual magﬁetic fLux density (Br) sf 4,150 G, a coerciQe
force He of 1,760 Oe, and a squarenes Rs of 79%. The.sur—

44 ' _i-.“';.
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| ayer principally made of Co onto fhemébové-de;cribed base

I n an oxygen

atnmosphere. In Fig. 17, reference characters 8la and 81b are vacuum
chanbers; 82 is a partition wall; 83 is an evacua- tion valve; 84 is a

supply roll that feeds a base B; 85 is a take-up roll;

86 is a guide roll

87a’and 87b are cylin- drical cooling cans that guide the base B; 88a and
88b are Co evaporation sources; 89a and 89b are el ectron beams that heat
up the evaporation sources 88a and 88b, rgspec- tively; 90a and 90b are

shielding plates that restrict the

i nci dent angl e of the evaporated netal

rel ati ve t ofaée roughness of the magnetic tape has a center line

average height Ra of as small.as 20 angstrom units, re-

flecting the surface roughness of the base B.
product in the above case is given as

-8 *He = 146.1 G:cm'Oe

The energy

Althpugh surface roughnesses are usually measured under

JIS B0601, the.measurements this time were taken under the

folléwing conditions:

-

Measuring instrument: TALYSTEP (from Rank Taylor Hobson

Limited)

Stylus diameter: 0.2 x 0.2 u m (rectangle stylus)

Stylus pressure: 2 mg

High-pass filter: 0.33 Hz

According to the second method for manufacturing the

magnetic tape, the v#cuum evaporation device of Fig. 17 is

also utilized. As yith the first method,_a magnetic 1ayer

illustratively made of two CosoNiio alloy layers is diago-

nally deposited on the base B in the oxygen atmdsphere.

In this-case‘of diagonal depdsition, the oxigen gas is
introduced into the vacuum chambers 8la and 81b iliuséra—
tively at a rate of 230 cc/min. The CogsoNiio alloy layers
are each deposited to a thickness of 800 a#gstrom'units at
the -cooling cans 87a and 87b. The total thickness of the
magnetic layer measures 1,800 angstrom units. The subse-

quent steps of making the eight-millimeter format magnetlc

REanu
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base B; and 91a and 91b are pipes t hrough which to intro- duce the oxygen

gas. . ~I'n the vacuum evaporati on device of the above con- struction,
‘the base Bis forwarded fromthe supply roll 84 to the take-up roll 85 via
the cooling can 87a, guide roll 86 and cooling can 87b, in that order.

Wi 'e the base B is being forwarded, two Co layers form ng a nmagnetic -
| ayer are diagonally deposited. on the base B in the oxygen

46
.tape are the same as with the fir;t method.
Accoraing to the inventors’' measurements, the magnet-
ic tape ultimately produced from the above.process has a
residual magnefic £lux density (Br) of 4,100 G, a coercive
force H; of 1,440 Oe, and a squareness Rs of 81%. The
surface roughness Ra of the magnetic tape is 20 angstrom
units. The energy product in'thi; caée is given as
Br-d -He = 106.3 G-cm-Oe | ’
According to the third method for manufacturing the
_ mégnetic tape, the base B formed by the first method has a
magnetic layer (principal content: Co) diagonally deposit-
eq'théreon in the'oxyéen atmosphere by a vacuum evapora-
tion dévice of Fig. 18. o
In Fig. 18, refergnce characters 8l1c and 81d are
vaﬁuum'chambers; 82 is a fartition wall; 84 is-a supply
roll that feeds tﬁe_base B;-85 is a take-up rollg 86a and
86b are guide folls;.87 is a cylindrical cooling can that
guides thé base B; 88 is én evaporation source; 89 is an
electron beam that. heats up fhe evaporation épurce 88; 90
is a shielding.plate that ¥estricts'the incident angle of
the evaporated metal relati;e'to the base B; 91 is a pipe
that introduceﬁ the oxygen gas; and 92 is an electron gun.
| In the vacuuﬁ evaporation device of the above con-
struction of Fig. 18, the base B is forwarded from the

14

supply roll 84 to the take-up roll 85 via the guide roll
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44 at nospher e. The vacuum evaporati on setup operates as follows: The
vacuum chanbers 8la and 81b are kept illustratively at a vacuumof 1 X
10[err] Torr. The pipes 91a and 91b intro- duce the oxygen gas
illustratively at a rate of 250 cc/mn. into the vacuum chanbers 8la and
81b. In this, case, the incident angl e of the evaporated netal relative
to the base Bis illustratively set between 45[err] ([err] mni- num and
90[err] ([err] maxinum). The Co |ayers ars each depos-

86a, cooling can 87 and guide roll 86b, in that order.
While the base B is being foruarded, é CogsoNiio alloy
layer forming a magnetic iayer is deposited diagonally on
the base B at the cooling cah 87 in the oxygen atmosphere.

The above vacuum evaporation setup operates as fol-
lows: The vacﬁum chgmbers 8lc ana 81d afe kept illustra-
tively at a vacuum of 1 x 10-¢ Torr. The bipe 91 intro-
duces the oxygen gas illustratively at a rate of 250
cc/min. into the vacuum chambers 8lc and 81d. In this
case, the inciden£'angle of the evaporated metal relative
to the base B is illustratively set between 45° (8 mini-
mum) and 90° (@ maximum). The thickness of the magnetic
layer ié.illusfratively 2,000 angstrom units. The subse-
quent steps of-making the eight—ﬁillimeter format magnetic
tape are the séme as with the first method.

According £o the inventors' measuremeﬁts,'thé_magnet—
ic tape ultimately'produced_by the.abOQe process has a
residual magnetic flux denéity (B;) of 3,900 G, a coercive
force Hc of 1,420 be, and a squareness Rs of 78%. Thé
surface roughness of the ﬁ;gnetic tape has a center line
average height Ra of as small as- 20 aﬁgstrom units, re-~
flecting the surface roughness of the base B. The energy
product in the above éase i§ given as

Br & -He = 110.76 G-cm-Oe

According t6 the fourth method for manufacturing the
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ited illustratively to a thickness of 1,000 angstromunits at the cooling
_cans 87a and 87b. That is, the total thickness of the magnetic l-ayer is
2,000 angstromunits. 'The conposition of the ingots used as the
evaporation sources 88a and 88b is illustratively 100% Co. After the
magnetic | ayer made of the two Co |ayers has been forned on the base B,
the base B is back-coated: with a carbon and epoxy resin binder coat, is
treated with a preservative, and is top- ﬁated wi th a perfluoropolyeth-

er lubricant; Thebase B is then cut to eig t-mllineter wdth for

producti on Rigeéié-thpe| NBhErcdéPsNed SRUBPt Leyer forming a magnetic

layer is illustratively deposited diagonal;y on the base ﬁ
in the oxygen atmosphere using the device of Fig. 18 (same
as the third method):’ In'this_casé, diagonal deposition
is carried out while the oxygen gas is being introduced
into the vacuum cﬁamhérs 81lc and Bid illustratively at a
rate of 220 cc/miﬁ. The incident angle of t@e evaporated
metal reiati&e.to.the base B is illustratively set between
50° (6 minimumi and 90° (8 maximum). The thickness of
the magnetic layer is illustratively 2,000 angstrom units.
The subsegﬁeqt steps of making the eight-millimeter format
magnetic tépe ;ré.the same as with the first method.

According to the inventors’ ﬁeasurementé, the magnet-
ic.tape ultiﬁatgl&.prodﬁced by the above process hgs a
residual magﬁetic-flux density (Br) of 4,i60 G, a coercive
force Hé of 1;690'03, and a squareness Rs of 77%; The
surfacelroughness Ra of the magnetic tapé is 20 angstrom
units. The energy product in the'abq§e case is given as

Br-d ‘He = I;O.G.G-cm-Oe | |

Where the magnetic tape manufactured by any of tﬂe
above-described four methods is used, the bit error rate
of the reproduction output prior to error correction i§
reduced to 1 x 10-4 or less.

Magnetic tapes manufactured in the manner déscribed.

are then used for transfer of magnetic recordings from one
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t apes.

According to the inventors' measurements, the ﬁagnet - ic tape

ultimately produced fromthe above process has a residual magnetic fl ux

density (Br) of 4,150 G a coercive force Hc of 1,760 Ce, and a squarenes
Rs gf 79% The sur- 44

49
tape to another. Such transfer takes place 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 combinations var&ing in magnefic
layer.material, film st;ucture and oihef'tape-rélated
factors. In any of the sample combinaﬁions listed in Fig.
19, the magnetic layer was formed by diagonally depositing
it on the base at an incident angle between 40° (@ mini-
mum) and 90° (@ maximum). In the "Film Structure“ column
of Fig. 19, a "single layer" entry means that the magnetic
lgyer is made of oné magnetic metai,thjn film; a "double
la;er" entry means that the magnetic layer is made of two
magnetic metal.thin fiims deposited one on top of the
other.

As indicated in Fig. 19, the.sample combinations 5
through 11 weré found to have their coercive force ratios
Hcu /Hcc set to 1.5 or less and their copy tape tfansfér
outputs to- 2.1 through 6.8 dB. These measurements are
significantly high values. Where the febording wave
iength was shoftened to about 0.5 u m, the coby tape

transfer outputs were still sufficiently high in practical

terms.

With the comparative sample combination shown in Fig.

19, the mother tape M has the magnetic layer composition

REPLACEMENT SHEET
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45 " face roughness of the nadnetic tape has a center line aver age hei ght
Rerr] .of as small.as 20 angstromunits, re-" flecting the surface
roughness of the base B. The energy product in the above case is given as

Br.[err].

measur ed under _
follow ng conditions: Measuri ng instruqﬁpt: TALYSTEP (from Rank Tayl or

Hobson

Li ni t ed)

Hc = 146.1 G cm Ce Although surface roughnesses are usually

JI S.-B0601, ‘'the neasurenents this tine were taken under the

of 100% Co, and the copy tape C is a metal-coated Ba-F

tape

. The coercive force Hcc and residual_magnetic flux

density ‘Br of the Ba-F tape correspond to Hci1i and Bri,

respectively.

with

head

formed by sputtering on monocrystal Mn-Zn ferrite cores

101A

Fig. 20 illustraﬁes a typical magnetic head for use
the present invention. As depicted, the magnetic

has Fe-Ga-Si-Ru soft magnetic layers 102 and 103

and 101B, the layers 102 agd 103 forming a gép 104

therebetween. Both sides of the gap 104 in the track

width direction are filled with glasses 105 and 106 which

lipit the track width illustratively to about 4 u m.

Numeral 107 is a winﬂingihélé intO'which_to place a re-

- cording coil, not shown. The effective gap lehgth of this

magnetic head is 6;20 M M.

The Fe-Ga-Si-Ru sofﬁ magnetic layers 102 and 103

having a saturation magnetic flux density Bs of 14.5 kG

are located close to the gap 104; This-makes it possible

for the magnetic head to trénsfer magnetic. recordings onto

a magnetiq tape of high coércive force without causing

magnetic 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? per bit is ob-

2 1FEB 1997




Stylus dianeter: 0.2 x 0.2 [err] m (tectangle stylus) Stylus pressure: 2
ngy .Hi gh-pass filter: 0.33 Hz According to the second nethod for
manuf acturing the nagnetic tape, the vacuum evaporation device of Fig. 17
is .also utilized. As with the first nethod, a magnetic |ayer
illustratively made of two Co[err]JoNi[err] alloy layers is diago- nally

deposited on the base B in the oxygen atnosphere. |In this case of diagonal
deposition, the oxygen gas is introduceg into the vacuum chanbers 8la and
8lb illustra- tively at a rate of 230 cc}nin. The Co[err] N errlhalkoy

[e] .

| ayers tained by recording signals of the shortest wave leng
0.5 #m onto trgcks 5 #m 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 to minimize such deterioration
that the tapes-ané head discussed above are utilized.

In 1988, this.gppliﬁapt made a digital VTR on a.trial
basis by use of eight-millimeter format ME tapes at a
track pitch of 15 4 m and with  the shortest wave length of
0.5 um. In-tﬁat trial digital VTR system, a rotary drum
40 mm in diameter was rotated at 60 rpm for recording and
rq?roduction. .In experiments, this system provided a C/N
ra£i$ of 51 dB for a recording wave iength of 1 a2 mand a
bit error rate of 4 x 10-5.

If the above system wére'to use tracks 5 um widé aé
in this embodiﬁent, the resﬁlting C/N ratio would be only
about 44 dB, given the same specifidations. The deterio-
ration of 7 dB.in QIN ratio is supplémented by the above-
described eﬁbédiment of the invention.

As the spaéing between the magnetic head ahd the tape
widens during fecording_or‘reproduction, the signal output
level is knowh to drop. The émount of the spacing is
known to be deﬁendent on the levelness of the tape being
used. Tﬁe levelness of the coated type taﬁe depénds on

the coat, whereas the levelness of the ME tape is depend-

REPLACEMENT SHEET
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are each deposited to a thickness of 900 ang'strbm units at the cooling

cans 87a and 87b. The total thickness of the magnetic |ayer neasures 1
angstromunits. The subse- quent steps of making the eight-mllineter
format magnetic 46 tape are the

same as with the first nethod. T
52
ent on the surface levelness of its base. In experiments
with the above embodiment, the C/N rati§ was found to
increase by 1 dB when the.surface roughness of the base
film was minimized. Where the above;mentioned materials

and methods of vacuum evaporation were applied to the

magnetic tapes that the applicant used on his trial system

of 1988, an improvement of 3;dB in C/N was obtained. This
means that an overall improvement of 4 dB in C/N was- -
obtained over fhe previousl& manufactured trial system
through the use of the present invenfion. |

As described, this embodiment of the invention uses
th? Viterbi decoder fpr channel decoding. In experiments,
this arréngemeht was found to yield an improvemént of 3dB.
in C/N over the bit—by-bit deqoding gcheme employed b& the
preceding triai.sistem.

As a resuit, the deterioration of 7 éB in C/N is
supplemented in to£al by the above—dgécribed measures.
That is, with its recording density of 1.25 u m? per bit,
ﬁhe.embodiment prévides the saﬁe bit error rate as the
trial system of 1988. The bit error rate prior to correc-
tion by error correction codes needs to be 10-1 or lower
because of the-necessity to contain errors within a cor-
rectable amount when error correction codes with a redun-

dancy of abdut 20% are used.
Y

As many apparently different embodiments of this
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According to the inventors' neasurements, the magnet- ic tape ultimtely °
produced fromthe above process has a residual magnetic flux density (Br)
of 4,100 G a coercive force Hc of 1,440 Oe, and a squareness Rs of 81%
The surface roughness R err] of the magnetic tape is 20 angstrom units.

The "energy product in this case is given as Br.[err]. Herr] = 106.3

G cm Ce According to the third nethod for manufacturing the nagnetic
tape, the base B fornmed by the first. nethqQqd has a rmagnetic |ayer

(principal content: Co) diagonally deposit- ed thereon in the oxygen

at nospher e byvgnyaegunggvgﬁopgde without departing from the spirit

and scope thereof, it is to be understood that the inven-
tion is not limited to the specific embodiments thereof

except as defined in the appended claims.

—————.
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tion device of Fig. 18. In Fig. 18, reference characters 81c and 81d
are vacuum chanbers; 82 is a partition wall; 84 is a supply roll that
feeds the base B, 85 is a take-up roll; 86a and 86b _are quide rolls; 87 is
a cylindrical cooling can.that guides the base B; 88 is an evaporation
source; 89 is an electron beamthat heats up the eva ' AB; 90
Is a shielding pldte that restricts the incident angl gmmnmumlmmred
metal relative to the base B; 91 is a pipg4 that introducés the®ox¥ygen gas;

and 92 is an el ectron gun In the vacuum evaporati on device of the
above con- WHAT IS CLAIMED IS

1. A magnetic recording transfer method for use with
the combination of a mother magnetic recording medium and
a copy magnetic recording medium of a metal-deposited thin
film type each, said two media being overlaid so that the
column inclinatioﬁ_of one'medium will be oppoéite in
direction to that of the other medium, said method com-
prising the step of ex;ernally applying a biased magnetic
field to said combination of said media in such a manner
that magnetized reéordings on said mother magnetic record-
ing medium wili be transferred to said ¢opy magnetic
re?ording medium;

whéréin the. easy axis of said mother magnetic record-
ing medium is bositioned at an angle of 20°% 15° with
respect to the-in;plane direction of saia medium; and

wherein said biased'magnetic field is applied to said
mother magnetlc recording medium at an angle of 110°% 15°

with respect to the in-plane d1rect10n of said medium.

2. A magnetic recording transfer method according to
claim 1, wherein the ratio of the coercive force Hcu of
said mother magnetic recording medium to the coercive

force Hce of said copy magnetic recording medium satisfies

the condition of
Y

Hecu/Hee £ 1.5

‘ REPLACEMENT SHEET| “‘\\i‘\\\\\\\\\\\\\\\\\\\\\

2 1FEB 1997




struction of Fig. 18, the base Bis forwarded fromthe supply roll 84 to
the take-up roll 85 via the guide rol

47 86a, cooling can 87 and guide roll 86b, in that order. Wile the base B
i's being forwarded, a Co[err]oNi[err] alloy Iayer+Lng;2g8$_g§gﬂ§LLc—Iayer
i s deposited dlagonally on the base B at the cool+ I n the oxygen

i mosenere (AR A

3. A magnetic recording transfer méthod according to
claim 1, wherein said mother magnetic recording medium has

a magnetic flux density Br of at least 4,000 Gﬂ

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

a total magnetic flux quantity Br-d. of at least 0.08 :

G- cm.

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

a coercive force He¢ of at least 1,300 Oe.

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

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

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

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

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

coercive force Hc falling within a range of

Pt gyt e
A A
r:\Ln LAY Selim. .
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The above vacuum evaporation setup operates as fol- |ows: The vacuum
chanber,s 81c and 81d are kept illustra- tively at a vacuumof 1 x 10[err]
Torr. The pipe 91 intro- duces the oxygen gas illustratively at a rate of
250 cc/min. into the vacuum chanbers 81c and 81d. In this case, the

i nci’dent angle of the evaporated netal relative to the base B.i
Illustratively set between 45[err] ([err] mni- rmﬁ')m
maxi mun) . The thickness of the magnetic |layer is ill “‘M“\ “!\r
angstromunits. The subse- guent steps of 56mki ng th l“gm“

format magnei0® Oeafe Hce % hd 0 Oss with the first odt

9. A method for magnetically recording digital video
signals, said method comprising the steps of converting
input digital video signals into Blocks made of a plurali-
ty of pixel data each; compression-coding said blocks of
pixel data block by block; converting said compression;
coded data into channel-encoded data; and having magnetic'
heads of a rotary drum record.said channel-encoded dafa
onto magnetic recording media;

wherein said magnetic recording media are each con-
stltuted by a nonmagnetlc base overlald with a magnetlc
layer made of a madnetlc metal th1n film, sald magnetlc
layer hav1ng an energy product of at least 100 G' cm: Oe
given by multiplying the residual magnetic flux density,
thickness and coercive fo;ce.of saié magnetic layer; and

whérein said magnetic recording media are each con-
stituted by a ;dnmagnetic base overlaid with a magnetié
layer made of a magnetic metal thin film, said magnetic
recording media being composed of a mothér medium and'a
copy medium, the magnetic layer of said mother medium
being brought to élose proximity of the magnétic layer of
said copy medium in such a manner that the inclination of
columns on the magnetic layer of said mother medium is

.I .
opposite in direction to that of said copy medium, the

—
——
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According to the inventors' neasurements, ‘the magnet- ic tape ultimately
produced by the above process has a residual magnetic flux density (Br) of
3,900 G a coercive force Hc of 1,420 Ce, and a squareness Rs of 78% The

surface roughness of the magnetic tape has a center mlmu nﬁl ght Ra
of . &s small as 20 angstromunits, re- flectingthel “m 8s of
the base B. The energy -product in the above case is*gi ¥entas"

.lerr]. = 110.76 G cm Ce Accordisw to the fourth method for
rranufacturlng t he

easy axis 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 mpther
medium being transferred onto said copy medium by exter-
nally applying ; biased magnetic field to said mother
medium substantially at 110°+ 15° rélative to said in-

plane direction.

10. A method of magnetically recording digital wvideo
signals according‘to claim 9, wherein the ratio of the
. coercive forcé H;u of saia mother magnetic recording
me@ium to the coercive force Hecc of said copy magnetic

reccrding'medium-satisfies the condition of

Hcy /Hee = 1;5

-11. A method of magnetically recording digital video
signals accordlng .to claim 9, whereln sald magnetic metal
thin film is of a single layer type.

12. A method of magnetically recording diéitﬁl video
signals according to claim 9, wherein said magnetic metal

thin film is of a double layer type.
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48 magnetic tape, one Co[err]N [err] alloy |ayer form ng a magnetic

| ayer
is illustratively deposited diagonally on the base B in the oxygen
at nosphere using the device of Fig. 18 (sanme as the third nmethod). 1In
this case, diagonal deposition is carried out while the oxygen gas is
bei ng introduced into the vacuum chanbers 81c and 81d illustratively at a

58
METHOD FOR MAGNETICALLY REDORDING DIGITAL
VIDEO SIGNALS

ABSTRACT OF THE DISCLOSURE
A magnetic recording transfer method for use with the

combination of a mother magnetic recording medium and a

copy magnetic fecording medium of a metal;deposited thin
film type each . The two media are overlaid so that the

column 1ncllnat10n of one medium will be opposite in

direction to that of the other medium. This method com-

.prises the step of externally applying a biased magnetic

field to the combination of the media in such a mannef.
that ﬁagnetized recordings on the mother medium will be
transferréd t; the copy medium. The easy axis of thé
motper medium is positioned at an angle of 20°% 15° with
reséect to Fhe in—plané direction of the medium. The
biaséd magnetié field is applied to the mother medium at
an aﬁgle of 11b'i 15° with“respéct.to the in-plane direc-
tion of the medium. Thi#_makés it poséibIe to enhance the
efficiency.in transferringﬁmagnetic recording of the
mother medium,lespecially the:recordings ;f short wave
lengths, and to minimize demagnetizatiqn of the mother
medium. Furthermore, the ratio of the coercive force Hew
of the mother medium to the coercive force Hcc of the copy
medium (Hcu/Hcc) is set to at most 1.5. This improves the
magnetic recording transfer output of the copy medium and
boosts the efficiency in the magnetic transfer of shdrt

wave magnetic recordings.
_—
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rate of 220 cc/mn. The incident angle of the. evaporated netal relative
to the-base-Bis illustratively set between 50[err] ([err] mninmn) and
90[err] ([err] maximun). The thickness of the magnetic layer is .
illystratively 2,000 angstromunits. The subsequent steps of naking the -
eight-mllimeter format nagnetic tape are the sane as with the first

nmet hod. According to the inventors' neasurenents, the magnet- ic
tape ultimately produced by the above process has a residual magnetic flux
density (Br) of 4,160 G a coercive fotét6Hc of 1,690 Ce, and a squareness
Rs of 77% The surface roughness R err] of the magnetic tape is 20
angstrom

Hs h.a.




units. The energy product in the above case is given as Br .[err].Hc =
140.6. G cm Qe Where the magnetic tape manufactured by any of the
above-descri bed four nethods is used, the bit error. rate- of the

reproduction output prior to error correction is reduced to 1 x 10[err] or

| ess. Magnetic tapes manufactured in the manner described are then
used for transfer of magnetic recordi ngszf/rlgm one
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49 tape to another. Such transfer takes place as depicted in Fig. 1.

Fig. 19 tabul ates typical transfer output neasure- nents taken of copy
tapes-in diverse sanple conbinations wth nother tapes, the conbinations
varying in magnetic |ayer material, filmstructure and other t-ape-related
factors. In any of the sanple conbinations listed in Fig. 19, the magnetic
| ayer was forned by diagonally depositing it on the base at an incident
angl e between 40 ([err] mni-

3/16

(

“Hsw (50%)

|

~ H
Hsw (80%)

F1G. 3

s anm S s oo

100%
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munm) and 90[err] ([err] maximum. In the "Film Structure” colum of Fig.
19, a "single layer" entry neans that the nagnetic |ayer is made of one
magnetic nmetal thin film a "double .layer"” entry nmeans that the magnetic

| ayer is made of two magnetic nmetal thin filns deposited one on top of the
ot her. As indicated in Fig. 19, the sanple conbinations 5 through 11
were found to have their coercive force.ratios Hcm Hcc set to 1.5 or |ess
and their copy tape transfer outputs to 2.1 through 6.8 dB. These
measurenents are significantly high val %26 \Were the recordi ng wave
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| ength was shortened to about 0.5 [err] m the copy tape transfer outputs

were st-ill sufficiently high in practical terns. Wth the
conpar ative sanple conbi nation shown in Fig. 19, the nother tape M has the
magnetic | ayer conposition . _ ) 50
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of 100% Co, and the copy tape Cis a netal-coated Ba-F tape. The coercive
force Hec and residual nagnetic flux density Br of the Ba-F tape
correspond to Herr] and Blerr], respectively. Fig..20 illustrates a
typi gal nagnetic head for use wth the present invention. As depicted, the
magneti ¢ head has Fe-Ga-Si-Ru soft magnetic |ayers 102 and 103 forned by
sputtering on nonocrystal Mi-Zn ferrite cores 101A and 101B, the | ayers
102 and 103 formng a gap 104 therebetweeme Both sides of the gap 104 in
the track w dth direction are filled with glasses 105 and 106 which
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limit the track width illustratively to about 4 [err] m Nuneral 107 is a
winding hole into which to place a re- cording coil, not shown. The
effegtive gap length of this mnmagnetic head is 0.20 [err] m The
Fe-Ga-Si-Ru soft magnetic layers 102 and 103 having a saturation magnetic
flux density Bs of 14.5-kG are |located close to the gap 104. This nmakes it
possible for the magnetic head to transfer nagnetlc recordi ngs onto a
magneti c tape of high coercive force without causing nagnetic saturation
Wi thin the head. Wth the above-dgyas bed ME tapes and nmagneti c head

FIG. 7
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In use, recording densities of at least 1.25 [err] nferr] per bi t
The recording density of 1.25 [err]
51.t&ned by recording signals of the shortest wave |ength of

achi eved.

ontqg tracks 5 [err] mw de. Meanwhil e,
the reproduced output increasingly

are
bit is ob-
0.5 [err]
it is knowmn that the C N ratio of

nferr]

per
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deteriorates as the recording wave length and track wdth are being
reduced- It is to mnimze such deterioration that the tapes and head
di scussed above are utilized. In 1988, this applicant nade a digital
VIR on a trial basis by use of eight-mllineter format Mt tapés at a
track pitch of 15 [err] mand with the shortest wave length of 0.5 [err]
m In that trial digital VIR system a rotary drum 40 mmin di ameter was
rotated at 60 rpmfor recording and reproduction. |In experinments, this
system provided a /N ratio of 51 dB fo?/%recording wave | ength of 1

[err] mand a bit error rate osz}_xll%err].lO

ADAPTIVE TYPE|  [pr4
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<
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| f the above systemwere to use tracks 5 [err] mwide as in this
enbodi-rent, the resulting G/ Nratio would be only about 44 dB, given the
sanme~speci fications. The deterio- ration of 7.dBin CN.ratio is p
suppl emented by the above- described enbodi nent of the invention. As
t he spaci ng between the magnetic head and the tape w dens during recording
or reproduction, the signal output Ilevel is known to drop. The anount of
the spacing is known to be dependent o? gg | evel ness of the tape being
used. The | evel ness of the coated type %% depends on the coat, whereas
the | evel ness of the ME tape is depend- '

FIG. I3
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52 ent on the surface |levelness of its base. In experinments wth the
above enbodi nent, the C/ Nratio was found to increase by 1 dB when the
surface roughness of the base filmwas mnimzed . Were the
above-nentioned materials and nethods of .vacuum evaporation were applied
to the :

11/16

FIG. I5A  FIG. 5B
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magnetic tapes that the applicant used on his trial system of 1988, an

i nprovefrent of 3 dB in C N was obtained. This neans that an overall

i nprovenent of 4 dB in C N was obtained over the previously manufactured
triatk system through the use of the present invention. °~ - As described,
t hi s embodi nent of the invention uses the Viterbi decoder for channel.
decoding. In experinents, this arrangenent was found to yield an

i mprovenent of 3dB in C/ N over the bit-bl)é-s&it decodi ng schene enpl oyed by
the preceding trial system " As a re , the deterioration of 7 dB
in Nis ' '

)

|




suppl enented in total by the above-described neasures. That is, with its
recordivg density of 1.25 [err] nferr] per bit, the enbodi nent provides

the sene bit error rate as the trial systemof 1988. The bit error rate

prior to correc- tion by error correction codes needs to be 10[err] or -

| ower - because of the necessity to contain errors within a cor- rectable
amount when error correction codes with a redun- dancy of about 20% are

used. As many apparently different enbodi nents of this

13/16
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53 invention may be made wi thout departing fromthe spirit and scope :
thereof, it is to be understood that the inven- tionis not limted to the

speci i ¢ enbodi nents thereof except as defined in the appended cl ains.
54 -~ -

o  14/16
MOTHER TAPE
Z
N & |, 53
25 |Hew | B | Ea|83C| 4,
o | e | @ |=25/uos
*&% EBFE wo &
SO ~
DOUBLE :
°°MB'NAT_'°g' Col00%| 1850 | 3900 |[LAYER | 144 | 22
(0.2)
: | . [pousLe -
. 6|Coloo%!| 1500 | 4050 |DRVER | 134 25
(0.22)
' DOUBLE '
7|Colo0%| 1500 | 4050 |LAYER | 134 25
. ~ {0.22)
. : DOUBLE '
8|Col00%| 1850 | 3900 |LAYER | 144 22
{(0.2)
SINGLE
o|coesNis| 1400 | 3880 |TAVER 109 24
| (0.2) .
10|CossNis| 1460 | 3850 |ENNER| 112 | 24
: | ©.2) :
l1lcotoos| 1620 | 4010 [PRYERS| 130 | 25
(0.2) |
COMPARATIVE
ComMpINaTION [CO100%| 1850 | 3900 (PUBLE 1aq | 22
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What is clainmed is: 1. A magnetic recording transfer nethod for use with
the cenbi nation of a nother magnetic recordi ng nedium and a copy nagnetic
yrecardi ng medium of a netal -deposited_thin filmtype each conprising the
‘steps of, overlaying said nother and copy magnetic nediuns with the easy
axis of said nother magnetic medi uns being at an angle of 20 degrees plus
or mnpus 15 degrees relative to the forward novenent planar direction of
sai d nother magnetic nmedium so that thescld um inclination of one nedi um
will be opposite in direction to that of” the other medium applying an

external |y biased magnetic fi.el (E'onl‘sa@ rmtE% @d copy magnetic nedi uns
at an angle pof 110 degrees plus br nin 15 reés relative to the forward

noverment plappr direction of. said nother nagnetic med dm and tfransferjring
magneti zed rkfordings on saC®RHt hdARRgnetic recordingd mediuthto saild copy
magnet i c r ecpteh-rg—rpti-um r Arrregrete—+eeqr di ng tiransfer]
nmet hod accorfljng t ¢laim1l inclujingjtha step pf selgcting t ratito of
the coercivellorcHec of shid not 1ermmg"|et|'_c§ pcor di NHIF | UntLtte t hie
coercive for¢e Hdd—of said :o% mapne QN'ngr ng nedi urr/l(sgt EIE
satisfies thi c&hdpt { OAC6F HerPHec[< & 5m8 El 3.0) Hegngtj-co '
recording tranfs rE t fogh agcqedi nhs 2 E;ahmdsp ncﬁi> di jg t he fumge‘r‘ st ep
of selectingjfhg—nggnetic f|ux ensL—!Eg @Q’se)d not hejr magnjt*l'c r ecpr di ng
; —_ 0 < . .
mediumto belat Least 4,0001G . {wdh — magheti c rjecordi ng transfer
met hod accor ¢ing 19 glaim1] inclufling the furthbr step of sellecting ¥ he
total magnetijq flux quantity Br.nulé&iNBiieflel ta. pf said notherj magnetjc
medi umto beld iz 0289 ¢ 3800 floAYER | I8 | 21 1.5 +2.4
' 1 (03 | N '
. G . . :
: CopgNipg| 1230 | 3200 [CAYER | 118 | 19 | 1.2 | +3.4
(0.3)
i [ColO0%| 1500 | 4050 EH“’(%'?E 134 25 1.O- +6.5
. _ (0.22) : .
ColO0%| 1500 | 4050. E}S‘:IY%I'?E 134 27 1.2 +3.9
' _ (0.22) _
CogsNis| 1310 | 3410 |EAYER | 112 | 21 | 11 | +3.4
: (0.25) | .
DOU . ' -
CogoNijp] 1390 | 3450 LAYglF?E (20 23 L1 -+3.6
| (0.25) .
Col00%| 1500 | 4020 Eﬁyg%s 135 27 I +6.8
(0.22)
METAL .
COATED METAL
TYPE 450 2300 |COATED| — S0 — O
(Ba-F) . TYPE
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5. A magnetic recording transfer nethod according to claim1, including
the further step of selecting the coercive force Hc of said nother magnetic
medi urfto be at |east 1,300 Ce. 6. A magnetic recording transfer
met.had according.to claim1, including the further step of selecting the
magrretic flux density Br of said copy nmagnetic nediumto be at |east 2,600
G 7. A magnetic recording transfer nethod according to cIa|n11
including the further step of selecting th&/1étal magnetic flux quantity
Br.nultidot.delta. of said copy magnetic recording mediumto be at | east
0.05 Gmultidot.cm 55

8. A magnetic recording transfer method according to claim.1, including
the further step of selecting the coerC|ve force Hc of said copy magnetic
recording nediumto be within th %g?cﬁe < =Hc< = 1,800 Ce.

9. A nmethod for magnetically co d| «di vi deo signal, sai d ‘net hod
conprising the steps of convertlng input digital video signal into blocks
each nade up

—01B
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of:a plurality of pixel data, conpression-coding said bl ocks of (H%#ls data
bl ock by bl ock, converting said conpression-coded data into channel -encoded
data, recordi ng said channel -encoded data onto a nagnetic recordi ng nedia
wi th magneti c heads, sel ecting said magnetic recording nedia to be a
nonmagneti ¢ base which is overlaid by a magnetic | ayer nade of a magnetic
metal thin film selecting said magneticsgayer so that it has an energy
product of at |east MMIEODY FOR MAGNETICALLYt RECORDINGned by nul tiplying
the residual magnetic flux DeesTAEK VIDEOtSEGNALSkness and the coercive

¢ ¢ d tic | T . . di di
bach constitut ed by & nonmdRSiRAC S g BrsctRaNRE ©  oto " aver made.
of a magnetic nbtBAEReticiresordtng trgnafex F@EBPGiﬁ@rhéﬁﬁawﬁépnéxﬁbnposed
of a not her di um and copy. nedium the magneti ¢ | ayer, of said nother
nediun1bei?&ﬁ$ﬁ?ﬁﬁﬁﬁnt ch JRRERE B PRERGT L F%ﬁ°ﬁﬂdﬁ§t' Gigme angk a55i d copy

di ' h that the inclinati f I t ti
Tayer of | <SPR AFRTEH e SR TeLBhBEILER, Rf Gpr BEERITSERFIEE DR 4 copy

di t hg, ' f ' th di bei it d.at .20 +
R st e S M T B R e

ti di i d h ' bei. . t id

rod um by SSPeRhaPRPLngPy on Bt "Bhe TREAIIN 8103 BEAMPREIEE K0 ber Credt o

substant! ahlyeatsddOLe' Ehat J51 £hE] oLRLAUA:GR Sauhi TliARG Ugnect | on

10. A ne _ magnetical 'y recording Ital video signal's according to
claim9 i ”ﬁﬂ'géggfﬁéeséé'{atB?reﬁSPnQil?eLBB&&%gS%' bR TR thin
kap1to be a single | ayer.

field to the combination of the media in such a manner

that magnetized recordings on the mother medium will be

transferred to the copy medium. The easy axis of the

mother medium is positioned at an angle of 20°* 15° with
respect to the in-plane direction of the medium; ‘The
biased magnetic_field is applied to the mother medium at
an anglé of llb'i 15° with respect to the in-plane direc-
tion of the medium. This makes it possible to enhance the
efficiency in transferring.magnetic recording of the

\/; mother medium, especially the ‘recordings of short wave
lengths, and to minimize demagnetization of the mother
medium. Furthermore, the ratio of the coercive force Hcnu
of the mother medium to the coercive force Hcc of the copy
medium (Hcu/Hcc) is sét to at most 1.5. This improves the
magnetic recording transfgr output of the copy medium and
boosts the effidiené?linfﬁhklm#gne£ic transfer of short

wave magnetic recordings.
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11.
cl arm 9,
filmto be a double |ayer.
di gi tal

56 nonnmagngf
pl aci ng sai

dﬂaﬁ? i85

magne

12
vi deo signals conpri sing the steps of
magnetic recording nmedi uns by over | ayi it}
M%Ih magnetic | ayers nade of nagnetlc et al
I'c layer of said nother

A method of magnetically recording digital video signals ac@EFiTng to
i ncluding the further step of sel eet—l—ng—.<,a4—d_n®gnel_|_c_rret al

"o i

thin
etically recording

,ll"ﬂll and copy

thin film

medi um cl ose to the magnetic

| ayer of sai d.capyagretic wesording tiahsfer method Sori 138 with the Combindfidys oL mokier
medi umin the opposite direction to that of

magnetic |ayer of said. nother
sai d copy Ha8nstie @%Qrgg{gl

deedive @ndy a5 €pRY omagegtie Feeosdingnwagdismanfan angl e

of 20 degrgf
pl anar dlrectlo

b e t*#?%é&ﬁ% e B0 GF ke i il

venent
sai d

nmot her nmedcopp MgMcanghmnm fwithlthe dasgramsofpﬁaulsmothemgﬂeﬁbﬁndmgﬁs &eingl dth

respect to

and

t direction of s not her _magneti ¢ nedi
altl ggglfeoorf% gegnrggse{)]ﬁg or mirnus I:La (ﬂegrees reeiat?ve to the forwgrd movement
planar direction of said mother magnetic medium, so that the column inclination of one
medium will be opposite in direction to that of the other medium, applying an

externally biased magnetic field to said mother and copy magnetic mediums at an angle

- of 110 degrees plus or minus 15 degrees relative to the forward movement planar

direction of said mother magnetic medium and transferring magnetized recordings on
said mother magnetic recording medium to said copy magnetic recording medium.

' 2. A magnetic recording transfer method according to claim 1, ihcluding
the step of selecting the ratio of the coercive force Hce of said mother magnetic
recording medium to the coercive force Hee of said copy magnetic recording medium
so that it satisfies the condition of Hcm/Hec < =1.5.

3. A magnetic recording transfer method according to claim 1 including the
further step of selecting the magnetic flux density Br of said mother magnetic recording
medium to be at least 4,000 G.

4, A magnetic recording transfer method according to claim 1, including
the further step of selecting the total magnetic flux quantity Br.multidot.delta. of said
mother magnetic medium to be at least 0.08 G.multidot.cm.

5. A magnetic recording transfer method according to claim 1, including
the further step of selecting the coercive force Hc of said mother magnetic medium to
be at least 1,300 Oe. o

6. A magnetic recording transfer method according to claim 1, including
the further step of selecting the magnetic flux density Br of said copy magnetic medium
to be at least 2,600 G. "

T A magnetic recording transfer method according to claim 1, including
the further step of selecting the total magnetic flux quanﬁty Br.multidot.delta. of said

copy magnetic recording medium to be at least 0.05 G.multidot.cm.
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H . e .
transferring magnetic recordings fromsaid nother rmagnetic nediumto said

copy magnetic medi um 13. A net hod of tma“mmmm di ng
digital video signals according to claim12 comqmm“ Mer step of
selecting the ratio of the coercive forcg Hecm of ‘said not Ker® megnetic
recording mediumto the coercive force Hcc of said copy magnetic recording

medi um to be HenmgHCC A magnefie recording transfer method according to claim 1, including the
further step of selecting the coercive force He of said copy magnetic recording medium
to be within the range of 800 Oe < =Hc< =1,800 Oe.

9. A method for magnetically recording digital video signal, said method
comprising the steps of converting input digital video signal into blocks each made up
of a plurality of pixel data, compression-coding said blocks of pixel data block by
block, converting said compression-coded data into channel-encoded data, recording
said channel-encoded data onto a magnetic recording media with magnetic heads,

selecting said magnetic recording media to be a nonmagnetic base which is
overlaid by a magnetic layer made of a magnetic metal thin film, selecting said
magnetic layer so that it has an energy product of at least
100G. multidot.cm.multidot.Oe obtained by multiplying the residual magnetic flux
density with the thickness and the coercive force of said magnetic layer, and
wherein said magnetic recording media are each constituted by a nonmagnetic
base overlaid with a magnetic layer made of a magnetic metal thin film, said magnetic
recording media being composed of a mother medium and a copy medium, the
magnetic layer of said mother medium being brought to close 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 easy axis 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 externally
applying a biased magnetic field to said mother medium substantially at 110°
+ 15° relative to said in-plane direction.

10. A method of magnetically recording digital video signals according to
claim 9 including the further step of selecting said magnetic metal thin film to be a
single layer.

11. A method of magnetically recording digital video signals according to
claim 9, including the further step of selecting said magnetic metal thin film to be a
double layer. |

12. A method for magnetically recording digital video signals comprising the

steps of, forming mother and copy magnetic recording mediums b overlaying
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e

nonmagnetic bases with magnetic layers made of magnetic metal thin film, placing said
magnetic layer of said mother medium close to the magnetic layer of said copy
medium with the inclination of the columns on the magnetic layer of said mother
medium in the opposite direction to that of said copy medium, selecting the easy axis
of said mother medium at an angle of 20 degrees plus or minus 15 degrees with respect
to the forward movement planar direction of said mother medium, applying a magnetic
field to said mother medium at an angle of 110 degrees plus or minus 15 degrees with
respect to the forward movement direction of said mother magnetic medium, and
transferring magnetic recordings from said mother magnetic medium to said copy
magnetic medium. _

13. A method of magnetically recording digital video signals according to
claim 12 comprising the further step of selecting the ratio of the coercive force Hecm
of said mother magnetic recording medium to the coercive force Hce of said copy
magnetic recording medium to be Hem/Hce< =1.5.
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57
METHODS FOR MAGNETICALLY RECORDING
DIGITAL VIDEO SIGNALS

ABSTRACT OF THE DISCLOSURE
A magnetic recording transfer method for use with the

combination of a mother magnetic recording medium and a
copy magnetic feéording medium of a mefal;deposited thin
film #ypg each. The two media are overlaid so that the
column inclination of one médium will be.0pposite in
direction to that of ﬁhe ofhe£ meaidm. This method édm—
prises the step of extérnally applying a biasgd magnetip
field to the combination of the media_in such a manner
that ﬁagnetized recordings. on the mother medium will be
transferred fo the copy medium. The easy axis of the
mother medium is positidned at an angle of 20°% 15° with
respect to ;he in—plané direction of the medium. The
biased magnetié field is applied to the mother medium at
an aﬁgle of 116'1 15° withﬂrespéct.to the in-plane direc-
tion-of the medium. Thig_makés it possible to enhance the
efficiency in transferring:magnetic recording of the
mother medium,.esbecially thelrecordings ;f short wave
lengths, and to minimize demagnetizatiqn of the mother
medium. Furthermore, the ratio of the coercive force Hcu
of the mother medium to the coercive force Hcc of éhe copy
medium (Hcu/Hcc) is set to . at most 1.5. This improves the
magnetic recording transfer output of the copy medium and
boosts the efficiency in the magnetic transfer of short

wave magnetic recordings. {F pemariasiermagrstc s

(No suitable figure) |\ REPLACEMENT SHEET
050CT 198




