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[571 ABSTRACT

To improve recording of data on a magnetic recording
medium such as a magnetic tape, amplitudes of write

signals supplied to a magnetic head are modified, depen-
dent on distances between edges of the write signals.

[51] Int. Cl4 G11B 5/09 The modification occurs such that, given a short spac-
[52] U.S. CL 360/46; 360/40 ing, a respective write signal has a greater value than
[58] Field of Search ........ccecenvenene 360/45, 46, 68, 40 given a large spacing. Amplitudes of the write signals
. ‘ are modified in three steps when the GCR method is
[56] References Cited employed as a writing method for recording the data,
U.S. PATENT DOCUMENTS distances of the edges of the write signals being capable
3,067,422 12/1962 Hunt 360/45 of assuming three different values.
4,473,851 9/1984 Nagura et al. ....ccoveeveerrreennnee 360/43
4,547,818 10/1985 Lia 360/46 11 Claims, 3 Drawing Sheets
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METHOD AND ARRANGEMENT FOR
RECORDING DATA ON A MAGNETIC
RECORDING MEDIUM

BACKGROUND OF THE INVENTION

The invention relates to a method for recording data
on a magnetic recording medium wherein,a write am-
plifier is employed to which data signals are provided
and which emits write signals to a magnetic head. The
write signals are allocated to data signals. The write
signals cause changes of magnetization on a recording
medium.

It is already universally known to employ a direct
recording method when recording data on magnetic
tape. In accordance with the writing method respec-
tively employed, the magnetization on the recording
medium directly corresponds to the pattern of the write
signals which are in the form of write currents through
the magnetic head. In case, for example, the generally
known NRZI or GCR method is employed as a record-
ing method, every binary character 1 of the data to be
recorded corresponds to a change of the magnetization,
and the magnetization is not changed given the binary
character 0. In the GCR method, the data to be re-
corded are additionally coded such that no more than
two binary characters O appear between two binary
characters 1.

In the direct recording method, no high-frequency
pre-magnetization signals are employed. The recording
process is thus non-linear and the sensitivity in the re-
cording is slight. Moreover, high write currents are
required in order to magnetize the recording medium
up to its Saturation. These high write currents cause
modulation signals and a cross-talk to the neighboring
tracks given a multi-track recording.

A further disadvantage of the direct recording
method is that a relatively low storage density can be
achieved on the recording medium in the longitudinal
direction, since a shift of the rated points in time of the
peaks of the read signals appears. This is generally
known under the designation ‘bit shift’. Furthermore,
the signal-to-noise ratio is low. The principal reason for
the peak shift lies in the asymmetry of the magnetization
on the recording medium which results from the respec-
tive succession of the binary characters 0 and 1 in the
data signal. This occurs since the recording medium is
magnetized in both directions up to its saturation, and
the remanence in the recording medium is a function of
the distances between successive magnetization
changes. :

The read signals have their maximums at those loca-
tions at which the magnetic flux respectively exhibits its
greatest slope in the positive direction, and has mini-
mums at those locations at which the magnetic flux
respectively comprises its greatest slope in the negative
direction. These locations are employed in order to
decode the data, the read output signals are normally
differentiated, and the zero axis crossings of the differ-
entiated read output signals are identified. The peak
shifts consequently correspond to the shifts of the 0 axis
crossings. Moreover, the differentiation causes an in-
crease of the noise signals, so that the signal-to-noise
ratio is great compared to the magnetization.

When the write-in signals have a high-frequency
pre-magnetization signal superimposed on them as is
known, for for example, from German OS No. 32 33
489, corresponding to U.S. Pat. No. 4,547,818, incorpo-
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rated herein by reference, the recording medium is
magnetized by pre-magnetization signals with a fre-
quency which is greater than the pass band of the read
channel. The magnetization is magnetized up to its satu-
ration.

The high-frequency pre-magnetization signals linear-
ize the recording process and the recording becomes
more precise. The recording sensitivity is increased, and
this makes it possible to achieve a corresponding mag-
netization with significantly lower write currents.
Fewer modulation signals and a low cross-talk result
therefrom as advantages.

SUMMARY OF THE INVENTION

An object of the invention is to specify a method with
which it is possible to further increase the recording
density both in the direct recording method as well as
given employment of pre-magnetization signals.

In accordance with the invention, this object is
achieved by employing a write amplifier and providing
data signals to the write amplifier which emits write
signals to a magnetic head. The write signals are allo-
cated to the data signals and changes of magnetization
are caused on a recording medium at those locations
which are allocated to edges of the data signals. A re-
spective amplitude of respective write signals is varied
dependent on respective spacings of the edges of the
data signals. Thus, given a relatively small spacing of
the edges, the respective amplitude of the respective
write signal is greater than when a relatively large spac-
ing of the edges of the data signals is present.

The method of the invention has the advantage that
smaller peak shifts of the read-output signals appear,
and thus the overall write-read channel has a higher
resolution. Accordingly, a greater recording density
can be achieved in the longitudinal direction of the
recording medium. The amplitudes of the write signals
are modified in accordance with the respective spacings
of the edges of the write signals. The lowest amplitude
occurs given the greatest spacings, and the greatest
amplitude appears given the smallest spacings.

For example, when two-frequency recording mode
or phase encoding is employed as a writing method, the
amplitudes of the write-in signals are varied in two
steps. Given the MFM or GCR writing method, the
amplitudes of the write-in signals are varied in three
steps in a corresponding fashion.

Control signals for a corresponding write amplifier
which emits write currents with different amplitudes as
the write signals, can be generated in the following
way. It is advantageous when the data signals are de-
layed in multiple fashion by the respectively smallest,
given spacing of the edges of the write-in signals, and
when the control signals for the write amplifier are
generated from the delayed data signals. These control
signals are allocated to the different amplitudes of the
write-in signals.

The method of the invention is not only suitable for
the direct recording method, but is also suitable given
employment of high-frequency pre-magnetization sig-
nals.

An advantageous arrangement for the implementa-
tion of the method is that a coding stage is provided, the
data signals and corresponding clock signals are present
thereat, and this coding stage emits control signals to
the write amplifier which set the different amplitudes of
the write-in signals in the write amplifier.
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The write amplifier preferably contains first and sec-
ond switch elements provided in pairs, whereby the
number of pairs corresponds to the number of different
amplitudes of the write-in signals. The data signals are
inverted or non-inverted at the inputs of the first or
second switch elements of each pair, and a respective
control signal is supplied to each pair. The outputs of
the first or second switch elements are respectively
connected to a first or second terminal of the magnetic
head via a resisior, a voltage source being connected to
the center tap of this magnetic head.

Given use of high-frequency pre-magnetization sig-
nals, a further pair of switch elements is provided, the
high-frequency pre-magnetization signals being adja-
cent to the input thereof, and their outputs being con-
nected to the terminals of the magnetic head via resis-
tors.

The coding stage can be fashioned in a conventional
way by use of binary switch elements, and in this case,
it contains a shift register which generates the data
signal in delayed fashion and also contains a decoder
network which generates the control signal. Preferably,
the coding stage is formed, however, of a correspond-
ingly programmed microcomputer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block circuit diagram of the write channel
of 2 means for magnetic recording;

FIG. 2 shows time diagrams of signals in a direct
recording method;

FIG. 3 shows time diagrams of signals given the
method of the invention;

FIG. 4 is a circuit diagram of a part of a coding stage;

FIG. §is a circuit diagram of a write amplifier: and

FIG. 6 illustrates time diagrams of signals at various
points of the coding stage and of the write amplifier.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the write channel shown in FIG. 1, given a record-
ing on a magnetic recording medium, for example a
magnetic tape T by use of a write head in a magnetic
head H, the record data D in the form of binary data
signals ID (wherein the binary value 1 respectively
corresponds to a high level and the binary level 0 corre-
sponds to a low level), are emitted to a coding siage CD
by a data source DS. In accordance with the writing
method respectively employed, the coding stage CD
generates data signals D2 and emits these to the mag-
netic head H via a write amplifier WA, and emits them
as write signals WS in the form of write currents.

It is assumed in the-time diagrams shown in FIG. 2
that a prescribed sequence of binary characters is to be
recorded on the recording medium T based on the di-
rect recording method, and they are recorded thereon
by means of the data signals D. The coder CD generates
the data signals D2 which, for example, are coded in
accordance with the NRZI or GCR write method,
wherein a binary value | respectively corresponds to an
edge of the data signal D2. It is thus guaranteed that at
most two binary values O appear between iwo binary
values 1. The write amplifier WA generates the write-in
signals WS which have a qualitative path which corre-
sponds to that of the data signals D2. When reading the
recorded data by use of a read head (not shown in FIG.
1) in the magnetic head H, read output signals RS are
generated whose extreme values appear at the locations
having greatest positive or negative slope of the mag-
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netization M on the recording medium T. These ex-
treme values do not always coincide with the edges of
the data signals D2, but respectively deviate from these
by a value B which represents the peak shift (bit shift).

In the time diagrams illustrated in FIG. 3, the write
signals WS qualitatively deviate from the data signals
D2 such that the amplitudes vary, dependent on the
spacing of the edges of the data signals D2. They vary
such that the amplitude of the respective write-in sig-
nals WS becomes greater, given a smaller spacing, and
smaller given a greater spacing. The consequence
thereof is that the magnetization M on the recording
medium T respectively comprises approximately identi-
cal values in both directions, and thus is symmetrical
with respect to a 0 line. The corresponding read output
signals RS then have their extreme values precisely at
those points in time at which the edges of the data sig-
nals D2 appear, or at which the magnetization M pro-
ceeds through the 0 point.

For generating the write signals WS shown in FIG. 3,
the coding stage CD shown in FIG. 1 generates three
control signals L, M, H with which the write signals
WS in the write amplifier WA can be set to a low,
medium, or high amplitude. Moreover, the write ampli-
fier WA is also supplied with high-frequency pre-mag-
netization signals B which, just like the clock pulses C,
are generated in an oscillator OS. Finally, the write
amplifier WA is also supplied with an enable signal E by
the data source DS. This enable signal enables the pre-
magnetization signal B. The enable signal E can also be
supplied to the coding stage CD in order to inhibit the
data signals D2 or the control signals L, M, and H.

Further details of the coding stage CD and of the
write amplifier WA shall be set forth below with refer-
ence to FIGS. 4-6.

In the illustration of the coding stage CD in FIG. 4,
the known conversion of the data signal DI in the form
of binary signals as shown in FIG. 2 into data signals
D21 by employment of the clock pulses C has not been
shown. These data signals D21 are coded in accordance
with the known NRZI or GCR write methods. The
clock pulses CO are phase-shified by 180° relative to the
clock pulses C, and the data signals D21 are rolled into
the shift register SR with them. The data signals D22,
D23, and D24 appear at three outputs of the shift regis-
ter SR, and are respectively delayed by a period dura-
tion of the clock pulses CO. Dependent on these data
signals, then, an identification is made by use of a de-
coder DC as to whether the respective amplitude of the
write signals WS must assume a low, medium, or high
value, i.e. which of the control signals L, M, or H must
assume the binary value 1. ,

In accordance with the GCR write method, a high
write signal WS always occurs when two binary char-
acters 1 follow one another. A medium write signal WS
occurs when a binary character 1 is followed by a bi-
nary character sequence 01. Finally, a low write signal
WS appears when a binary character 1 is followed by
the binary characters 00. Given a binary character 0, the
write signal WS remains unaltered. The table 1 shows
the relationship, whereby the bit B0 respectively repre-
sents the current bit and the bits B1 and B2 respectively
represent the two following binary characters. The
character X denotes that the binary character is of no
consequence in this case.
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D
BO Bl B2 L M H wS
1 0 0 1 Low
1 0 1 1 Medium
1 1 X 1 High
0 X X Unaltered

After the coding of the data signals D1 by the coding
stage CD, the data signals D21 cannot be employed in
accordance with Table 1 instead of the data signals D1.
Rather, the coding occurs in accordance with the table
2, i.e. a high write signal WS appears when the sequen-
ces of binary characters 100, 010, 101 or 011 appear. In
a corresponding way, a medium write signal WS ap-
pears when the binary characters 110 or 001 follow one
another. Finally, the write signal WS exhibits a low
amplitude when the binary characters 0 or 111 follow
one another.

D21 D23 D24 L M H
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

The decoder DC shown in FIG 4 to which the data
signals D22 through D24 and, in addition, a clock signal
C1 are supplied, generates a signal having the binary
value O at one of eight outputs when the corresponding
binary values of the data signals D22 through D24 are
present at its input. The clock signals C1 are generated
from the data signals D24 at every edge by use of a
monoflop MO, and they represent an enable signal for
the decoder DC. The decoder DC is designed in such a
way that its output transistors do not have any collector
resistors. Thus, a wired OR function is possible with it.
For this purpose, separate resistors RW are provided,
these being respectively connected to a voltage source
U.

The control signals L, M, and H are respectively
output at the outputs of flip-flops FL, FM, or FH. The
flip-flop FH is set when the binary value @ appears at
the outputs 1, 2, 5, or 6 of the decoder DC. Simulta-
neously, the flip-flops FL and FM are reset with this
signal via the AND elements Al and A2. In a corre-
sponding fashion, the flip-flop FM is set when the bi-
nary value 0 is present at the outputs 3 and 4. In this
case, the flip-flops FH and FL are reset via the AND
elements A3 and Al. Finally, the flip-flop FL is set
when the binary value 0 appears at the output 0 or 7,
and in this case the flip-flops FM and FH are reset via
the AND elements A2 and A3.

As may be seen from FIG. 6, the data signals D22
through D24 exhibit the binary values 101, for example,
after the point in time t1, so that the signals H1 with the
binary value 0 is emitted at the output 5 of the decoder
DC, the flip-flop FH is set or remains set, and the con-
trol signal H is output. The analogous case applies to the
points in time t2 and t3, at which the signals H1 are
respectively emitted with the binary value 0. Simulta-
neously, the flip-flops FL and FM are respectively reset
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6
via the AND elements Al and A2, and a write signal
WS with high amplitude is set via the flip-flop FH.

After the point in time t4, the data signals D22
through D24 form the binary values 100, so that the
signal MO1 at the output 4 of the decoder DC assumes
the binary value 0 and the flip-flop FM is set. The con-
trol signal M thus assumes the binary value 1 in order to
set a write signal WS with medium amplitude. At the
same time, the flip-flops FL and FH are reset via the
AND elements Al and A2. At point in time t5, the
signal H1 again assumes the binary value O and the
flip-flop FH is set, so that a high write signal WS is
again set by the control signal H. At time point t6, the
data signals D22 through D24 comprise the binary val-
ues 000, so that the output signal L1 at the output O of
the decoder DC is generated and the flip-flop FL is set,
whereas the flip-flops FM and FH are simultaneously
reset. The control signal L thus assumes the binary
value 1 and indicates that a low write signal WS is to be
generated.

The write amplifier WH shown in FIG. 5 is supplied
with the data signals D22 as data signals D2, as well as
with the control signals L, M, and H. The write ampli-
fier WA is formed of a plurality of pairs of logic ele-
ments which are designed as NAND elements N1
through N8. These NAND elements N1 through N8 do
not have any collector resistors, but have external col-
lector resistors R1 through R8 with which the ampli-
tudes of the write signals WS can be set. The NAND
elements are connected in pairs and the control signals
L, M, H as well as the enable signal E for the pre-mag-
netization signals B are supplied to respective pairs.

The magnetic head H contains two windings W1 and
W2 to whose center tap a voltage source V is con-
nected. The logic elements of a pair are respectively
connected to a terminal of the magnetic head via the
resistors R1 through R8.

When the enable signal E for the pre-magnetization
exhibits the binary value 1, the NAND elements N1 and
N2 are enabled and, dependent on the binary values of
the high-frequency pre-magnetization signals D, the
output of the NAND element N1, N2 is alternately
connected to a reference potential as a consequence of
an inverter I, so that the pre-magnetization signals WS
alternately flow from the voltage source V to the
NAND element N1 via the winding W1 and the resistor
R1, or via the winding W2 and the resistor R2. The data
signals D2 are supplied to the NAND elements N3, N5,
and N7, whereas data signals D2 inverted by an inverter
12 are supplied to the NAND elements N4, N6, and N8.
Dependent on the control signals L, M, or H, one re-
spective pair of NAND elements N3 and N4, N5 and
N6, or N7 and N8 becomes conductive, so that write
signals WS flow from the voltage source V to the corre-
sponding NAND elements, depending on whether the
binary values of the data signals D2 flow either over the
winding W1 and one of the resistors R3, RS, or R7, or
via the winding W2 and one of the resistors R4, R6, and
R8. The resistors R3 through R8 are graduated such
that the write signals WS have corresponding ampli-
tudes, i.e. the resistors R3 and R4 have higher values
than the resistors R5 and R6, and these in turn have
higher values than the resistors R7 and R8.

In the illustration in FIG. 6, pre-magnetization signals
B have not been shown for reasons of a better over-
view. The effect of these pre-magnetization signals can,
however, be derived, for example, from German OS
No. 32 33 489.
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In case, due to the employment of different write
methods, the spacings of the data signals D2 assume
only two different values, then for example, the NAND
elements N5 and N6 and corresponding resistors RS and
R6 are not used. Given use of further write methods
wherein more than three spacings of the edges occur,
even further pairs of logic elements can be employed in
the write amplifier WA in a corresponding fashion. The
employment of the NAND elements N1 and N2 is like-
wise not required when a direct recording method oc-
curs without the use of the pre-magnetization signals B.

In the described exemplary embodiment, the coder
stage CD is conventionally designed with binary logic
elements. However it is also possible to construct this
coder stage by use of a microcomputer which generates
the control signals L, M, and H, dependent on the cod-
ing method respectively employed. The coder stage CD
can also be designed such that the control signal L is
always present as long as data are being recorded. Thus,
the control signal M is always present when the write
signals WS assume the medium or high value, and the
control signals H are only present when the write sig-
nals WS assume the high amplitude. In this case, thus a
step-wise addition of the various write signals WS oc-
curs, dependent on the data signals D2.

Although various minor changes and modifications
might be proposed by those skilled in the art, it will be
understood that I wish to include within the claims of
the patent warranted hereon all such changes and modi-
fications as reasonably come within my contribution to
the art.

I claim as my invention:

1. A method for recording data on a magnetic record-
ing medium, comprising the steps of:

employing a write amplifier and providing daia sig-

nals thereto, the write amplifier emitting write
signals to a magnetic head;

allocating the write signals to the data signals and

causing changes of magnetization on a recording
medium at those locations which are allocated to
edges of the data signals; and

varying a respective amplitude of respective write

signals -dependent on respective spacings of the
edges of the data signals in such fashion that, given
a relatively small spacing of the edges, the respec-
tive amplitude of the respective write signal is
greater than when a relatively large spacing of the
edges of the data signals is present.

2. A method according to claim 1 wherein the spac-
ings of the edges of the data signals can assume three
different, prescribed values, and the respective ampli-
tudes of the write signals assume three different values,
a greatest amplitude being allocated to a relatively small
given spacing, a medium amplitude being allocated to a
medium spacing, and a low amplitude being allocated to
a relatively large given spacing of the edges of the data
signals.

3. A method according to claim 1 including the steps
of delaying the data signals by at least one of said small
given spacings of the edges of the data signals; generat-
ing control signals for the write amplifier from the de-
layed data signals; and allocating said control signals to
the varied amplitudes of the write signals.

4. A method according to claim 1 including the step
of supplying the write amplifier with high-frequency
pre-magnetization signals.

S. An apparatus for recording data on a magnetic
recording medium, comprising:
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a magnetic head;

write amplifier means receiving data signals and emit-
ting write signals to the magnetic head, the write
amplifier means allocating the write signals to the
data signals, and the write signals causing changes
of magnetization on a recording medium at those
locations which are allocated to edges of the data
signals; and

means for varying a respective amplitude of respec-

tive write signals dependent on respective spacings
of the edges of the data signals in such fashion that,
given a relatively small spacing of the edges, the
respective amplitude of the respective write signal
is greater than when a relatively large spacing of
the edges of the data signals is present.

6. An apparatus according to claim 5 including a
coder stage means receiving data source data signals
and generating control signals dependent on the data
source data signals, said control signals being allocated
to the various amplitudes of the write signals; said coder
stage means allocating the data signals fed to the write
amplifier means to the data source data signals; and the
write amplifier means emitting said write signals to the
magnetic head with different amplitudes dependent on
the data signals received by the write amplifier means
and dependent on said control signals.

7. An apparatus according io claim 6 wherein the
write amplifier means has logic elemenis arranged in
pairs, a number of such pairs corresponding to a number
of amplitudes of the write signals; the logic elements of
each pair being supplied with one of said control signals
and with the data signals; outputs of the logic elements
being connected via resistors to one terminal of the
magnetic head to whose center tap a voltage source is
connected.

8. An apparatus according to claim 7 wherein a fur-
ther pair of logic elements is connected to the magnetic
head via resistors; and inputs of these further pair of
logic elements are connected to high-frequency pre-
magnetization signals and an enable signal.

9. An apparatus according to claim 6 wherein the
coder stage means comprises a microcomputer.

10. A method for recording data on a magnetic re-
cording medium, comprising the steps of:

providing a coder stage which receives data source

data signals and outputs data signals;
employing a write amplifier and providing said coder
stage data signals thereto, the write amplifier emit-
ting write signals to a magnetic head; and

allocating the write signals to the coder stage data
signals and causing changes of magnetization on a
recording medium at those locations which are
allocated to edges of the coder stage data signals;
varying a respective amplitude of respective write
signals dependent on respective spacings of the
edges of the coder stage data signals in such fashion
that, given a relatively small spacing of the edges,
the respective amplitude of the respective write
signal is greater than when a relatively large spac-
ing of the edges of the coder stage data signals is
present.

11. An apparatus for recording data on a magnetic
recording medium, comprising:

a coder stage means receiving data source data sig-

nals and outputting data signals;

a magnetic head;

write amplifier means connected to receive said

coder stage means data signals and emitting write
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signals to the magnetic head, the write amplifier
means allocating the write signals to the coder
stage means data signals, and the write signals caus-
ing changes of magnetization on a recording me-
dium at those locations which are allocated to
edges of the coder stage means data signals; and
means for varying a respective amplitude of respec-
tive write signals dependent on respective spacings

10

15

20

25

30

35

45

50

55

60

65

10
of the edges of the coder stage means data signals in
such fashion that, given a relatively small spacing
of the edges, the respective amplitude of the re-
spective write signal is greater than when a rela-
tively large spacing of the edges of the coder stage

means data signals is present.
¥ % & %



