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Description

[0001] The present invention relates generally to re-
production of information stored on a magnetic record-
ing medium, and more particularly to magnetic storage
apparatus in which information is reproduced by a mag-
netoresistive element in a magnetoresistive head.
[0002] Magnetoresistive elements are being adopted
increasingly as the information reproducing element in
magnetic tape and magnetic disk storage apparatus.
The magnetoresistive element undergoes a resistivity
change in response to a stray field from the recording
medium, a phenomenon known as the magnetoresist-
ance effect. The reproducing sensitivity of the magne-
toresistive element is higher than that of the convention-
al inductive element, and is substantially independent
of tape velocity and disk medium rotational speed.
These characteristics make the magnetoresistive ele-
ment quite effective in developing smaller magnetic tape
drives, improving the recording density of magnetic tape
media, enhancing the capacity of magnetic disk storage
apparatus, and in making smaller-diameter magnetic
disk media. Thus, magnetic heads equipped with the
magnetoresistive elements are being used more and
more.
[0003] Fig. 1 schematically illustrates a common con-
figuration of a magnetic recording medium (magnetic
tape or magnetic disk) and a magnetoresistive element
in a magnetoresistive head. Between terminals 2, the
magnetoresistive element 1 forms a single magnetic do-
main, and a bias field is applied to magnetize the mag-
netoresistive element 1 in a predetermined direction in
the absence of a stray field from the recording medium.
This region between the terminals 2 is the magnetic
sensing part, where the magnetization direction tends
to rotate from the normally-biased direction when the
stray field 6 from the recording medium 4 is superposed
on the bias field. The resistivity of the magnetoresistive
element 1 changes in proportion to the rotation angle.
[0004] Thus, this region is effective in reproducing in-
formation, and the width of this region is the reproducing
track width of the magnetic head. Shielding films 3 at
both sides of the magnetoresistive element 1 prevent
interference between stray fields 6 corresponding to plu-
ral information items, which stray fields distinguish each
item of information even when the information is record-
ed at a high density on the recording medium 4.
[0005] The resistivity change in the magnetoresistive
element 1 in response to the stray field 6 from the re-
cording medium 4 can be converted into an electrical
signal by detecting a voltage drop between the two ter-
minals 2 when the sense current 5 supplied to the mag-
netoresistive element 1 is a constant current, or by de-
tecting a change in the sense current 5 when a constant
voltage is applied to the magnetoresistive element 1.
[0006] An example of a circuit configuration that may
be used as a reproducing circuit for the magnetoresis-
tive element 1 is shown in Fig. 2. In this configuration,

the voltage applied to the terminals 2 is controlled by
feedback through a low-pass filter 8 so that the sense
current, the value of which is defined by an external re-
sistor element 7, is supplied to the magnetoresistive el-
ement 1. Accordingly, the sense current 5 supplied to
the magnetoresistive element 1 has a constant value
that is not dependent upon the resistance of the mag-
netoresistive element 1. In this configuration, a change
in the resistance of the magnetoresistive element 1
caused by the stray field 6 causes a change in the sense
current 5 corresponding to the change of resistance,
since a constant voltage is applied to the magnetoresis-
tive element 1. This change in the sense current 5 is
separated out as a reproduced signal by being convert-
ed to a voltage change through a load resistor 9.
[0007] A reproducing channel (of a magnetic disk
storage apparatus, for example) which utilizes magne-
toresistive elements as reproducing elements has gen-
erally a composition as shown in the block diagram of
Fig. 3. The sense current defining resistor element 7 is
connected to a read/write amplifier 10. The reproducing
signal is obtained according to the principles described
above, by supplying the sense current 5 defined by the
resistor element 7 to the magnetoresistive element 1.
The other illustrated portions of the reproducing channel
are similar to those of the conventional reproducing
channel that utilizes inductive elements.
[0008] US5,412,518 reflecting the preamble of the in-
dependent claims discloses a method and apparatus for
adaptively controlling the bias current applied to mag-
netoresistive heads within a magnetic disk drive to pro-
vide optimised bias for each head/disk/channel compo-
nent combination. A single optimised bias current is de-
termined for each head by use of a generalised error
measurement circuit which determines the optimum bi-
as current.
[0009] As mentioned, in the conventional technology,
the resistivity change in the magnetoresistive element
is detected as a change in the voltage drop in a constant-
current system, or as a change in the current through
the element in a constant-voltage system. Accordingly,
the reproducing signal amplitude varies greatly for dif-
ferent magnetoresistive elements if the resistances of
the magnetoresistive elements vary due to differences
in the sizes of the magnetoresistive elements.
[0010] For example, Japanese unexamined patent
publication number 5-325110 discloses a magnetic disk
storage apparatus in which the sense current is control-
led so as to maximise the reproducing level of the mag-
netoresistive head. Each magnetoresistive head has its
own sense current to give the maximum reproducing
output, as shown in Figs. 4(a) and (4b). However, the
sense current cannot be made excessively large be-
cause a larger sense current reduces the lifetime of the
magnetoresistive element. Accordingly, a practical up-
per limit of the sense current should be established, be-
low which the magnetoresistive element should be op-
erated.
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[0011] A practical upper limit of the sense current can
be determined, for example, by a lifetime test of many
similar elements (e.g., 10-20 elements). The tempera-
ture of the element under test can be calculated from its
physical dimensions (especially the height) and the cur-
rent density. Then, the upper limit can be set based on
the product specifications of the apparatus in which the
element will be used. For example, in a magnetic disk
storage apparatus employing a hard-disk drive (HDD),
the predicted lifetime of the HDD is a suitable bench-
mark for the lifetime of the magnetoresistive element.
The sense current upper limit is set accordingly.
[0012] In the following explanation, dimensions of the
magnetoresistive element are defined as shown in Fig.
5. The lower portion of the figure is the recording medi-
um side, and the depth direction indicates the recording
track width direction. As the element height (h) is deter-
mined by the machining process, it is apt to vary de-
pending on the processing accuracy. The width (w) and
thickness (t) of the element are usually determined by
the thin-film process. For this reason, the variance of
the element height (h) is larger than that of the width (w)
or thickness (t) of the element, which tends to affect the
element performance.
[0013] As the element height is reduced, the element
resistance increases and the reproducing signal ampli-
tude appearing at the element terminals increases, for
a constant current. With a constant current, the current
density is thus increased, and migration or destruction
due to heat generation is apt to occur, deteriorating the
lifetime of reliability of the device.
[0014] A graphical representation of these relation-
ships appears in Fig. 6. Fig. 6 illustrates the reproduced
output as a function of the resistance of the magnetore-
sistive element, which varies as a function of the ele-
ment height, and the current density in the magnetore-
sistive element as a function of the magnetoresistive el-
ement resistance. The resistance between the terminals
of the head consists of the resistance in the magnetore-
sistive element itself and the resistance in the terminals
and wiring.
[0015] When the sense current is kept constant, the
change in resistance may cause a change in the current
density. For high performance, a large sense current is
desired to obtain a large reproducing output. The sense
current, however, must not exceed the upper limit of cur-
rent density, illustrated in the lower portion of Fig. 6, to
avoid reducing the lifetime of the magnetoresistive ele-
ment. Therefore, the reproducing output varies in the
range shown in the upper portion of Fig. 6, and for a
large element height, the reproducing signal output is
low because the resistance of the element is low.
[0016] Thus, it has been considered that an element
having a large element height has poor performance,
because its reproduced output is low due to its low re-
sistance. However, since the current density in an ele-
ment having a large element height is small, the repro-
duced output can be increased without deteriorating the

reliability of the magnetoresistive element, by increasing
the sense current in the range below the upper limit of
the current density. Thus, the present inventors have
discovered that the conventional technology has not ful-
ly utilized the performance of an element having a large
element height. A similar analysis can be made with re-
spect to an element having a large element thickness.
[0017] A first aspect of the present invention provides
a magnetic storage apparatus, comprising:

a magnetic medium;
a magnetic head having a magneto-resistive ele-
ment arranging facing the magnetic medium; and
an electronic circuit arranged to convert a detected
change in the resistance of the magneto-resistive
element into an electrical reproducing signal output;

wherein;
the electronic circuit is further arranged to:

select one sense current from a plurality of sense
current candidates for said magnetic head by mon-
itoring a voltage output between terminals of said
magnetoresistive element; and
supply the selected one sense current to said mag-
neto-resistive element.

[0018] A second aspect of the present invention pro-
vides a method controlling a magnetic storage appara-
tus, the apparatus comprising a magnetic medium, a
magnetic head having a magneto-resistive element ar-
ranged facing the magnetic medium, and an electronic
circuit arranged to convert a detected change in the re-
sistance of the magneto-resistive element into an elec-
trical reproducing signal output;

characterised in that the method includes:

selecting one sense current from a plurality of sense
current candidates for said magnetic head by mon-
itoring a voltage output between terminals of said
magnetoresistive element; and
supplying the selected one sense current to said
magneto-resistive element.

[0019] In the drawings

Fig. 1 is a schematic illustration of a magnetoresis-
tive element and its relation to a recording medium;
Fig. 2 shows a conventional reproducing circuit uti-
lizing a magnetoresistive element;
Fig. 3 is a block diagram of a reproducing channel
of a conventional magnetic storage apparatus;
Fig. 4(a) and (b) illustrate conventional sense cur-
rent control of two different reproducing heads;
Fig. 5 schematically illustrates the fundamental di-
mensions of a magnetoresistive element;
Fig. 6 is a conceptual graphical representation
showing a relationship between reproduced output
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and magnetoresistive head resistance, and a rela-
tionship between current density and magnetore-
sistive head resistance, considering variations in
the element height;
Fig. 7 illustrates a magnetic tape storage apparatus
to which the present invention may be applied;
Fig. 8 is a plan view of a magnetic disk storage ap-
paratus to which the present invention may be ap-
plied;
Fig. 9 is a side view, partially in cross-section taken
along lines IX-IX, of the magnetic disk storage ap-
paratus shown in Fig. 8;
Fig. 10 is a block diagram of a reproducing channel
of a magnetic storage apparatus according to a first
embodiment of the invention;
Fig. 11 shows an example of a reproducing circuit
employing a magnetoresistive element according to
the present invention;
Fig. 12 shows the variation in the reproduced output
when the sense current is kept constant according
to conventional technology;
Fig. 13 shows the variation in the reduced output
when the sense current is controlled according to
the first embodiment of the present invention;
Fig. 14 graphically illustrates the determination of
the sense current control value according to the first
embodiment of the present invention;
Fig. 15 is a functional block diagram of a reproduc-
ing channel of a magnetic storage apparatus ac-
cording to a second embodiment of the present in-
vention;
Fig. 16 is a block diagram of an amplitude evalua-
tion circuit including a peak hold circuit; and
Fig. 17 is a set of waveforms illustrating the ampli-
tude evaluation of the amplitude evaluation circuit
shown in Fig. 16

[0020] Fig. 7 schematically shows a magnetic tape
storage apparatus to which the present invention may
be applied. Information is recorded or reproduced
through the running of a magnetic tape in contact with
or spaced slightly from a magnetic head positioned
along the tape traveling path. A plurality of magnetic
heads using magnetoresistive elements may be ar-
ranged along the tape width direction c for information
reproduction. The magnetic tape can travel in the for-
ward or reverse directions (a or b) for either recording
or reproduction. The magnetic heads are connected to
a read/write amplifier 11, which amplifies small signals
detected from the magnetic tape and amplifies write sig-
nals to be recorded on the tape. The read/write amplifier
11 may also perform a selecting function to be described
below.
[0021] A magnetic disk storage apparatus to which
the invention may be applied is explained next, referring
to Figs. 8 and 9. Within an enclosure 40, recording disks
41, and a spindle motor 42 for supporting and rotating
the disks 41, head assemblies 43 including magnetic

heads and suspension arms 50, a swing arm including
a pivot shaft 44 which suspends the head assemblies
and causes them to traverse on the disk surfaces, a
voice coil motor 45 which drives the swing arm, circuits
51 for recording or reproducing information with respect
to the disks 41 through the magnetic heads, and a print-
ed circuit board 46 connecting a controller to the spindle
motor 42 and voice coil motor 45 are provided. The disks
41, spindle motor 42, head assemblies 43, printed circuit
board 46, and voice coil motor 45 are hermetically
sealed within the enclosure 40.
[0022] Illustratively, the spindle motor 42 is an in-hub-
type motor which has a hub to which the disks 41 are
fixed, and a rotor and stator within the hub. The spindle
motor 42 is fixed on a base of the enclosure 40. The
spindle motor need not be an in-hub-type motor.
[0023] The disks 41 (typically rigid, or hard, disks)
constitute the data storage capacity of the disk storage
apparatus. There may be one or several disks in the ap-
paratus, depending on the desired storage capacity.
The disks 41 and disk spacers 48a are alternately in-
serted on the hub of the spindle motor 42. A disk clamp
48b fixes the disks 41 to the spindle motor 42 by press-
ing down on the disk stack in the direction of the shaft
of the spindle motor 42.
[0024] Several swing arms, depending on the number
of disks, are provided. A swing arm is composed of a
slider 49 which supports the magnetic head, and a sus-
pension arm 50. The swing arms are rotatably fixed to
the base via the pivot shaft 44.
[0025] Preferably, each magnetic head is a duel head
integrating a thin-film recording head and a magnetore-
sistive reproducing head, and is fixed to the slider 49.
[0026] A block diagram of a reproducing channel used
in a magnetic apparatus according to a first embodiment
of the invention is shown in Fig. 10. The illustrated re-
producing channel includes a read/write amplifier 11
connected to a magnetoresistive element 1 of the mag-
netic head. The read/write amplifier 11 supplies a sense
current 5 to the magnetoresistive element 1, and re-
ceives signals from the magnetoresistive element 1 in
accordance with the information read from the recording
medium. The read/write amplifier 11 outputs the repro-
duced signals at reproducing output terminals 17, which
signals are superpositions of a differentially reproduced
signal and a voltage between the terminals of the mag-
netoresistive head.
[0027] An automatic gain control amplifier AGC inputs
the differential reproducing signal, and provides an out-
put to a reproducing channel constituted by a low-pass
filter LPF, an adaptive equalizer, and a demodulator cir-
cuit. The output of the demodulator circuit is the data
reproduced from the recording medium.
[0028] A low-pass filter LPF 13 also receives the out-
puts from the read/write amplifier 11, and separates a
DC component of the differential reproducing signal.
The LPF 13 outputs the DC component to an analog/
digital converter ADC 14, which converts the DC com-
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ponents into a digital signal and outputs the digital signal
to a controller 15. The controller 15 consults a memory
16, which contains a conversion table associating the
digital reproduced signal with stored sense current de-
fining values. In accordance with a received digital sig-
nal, the controller 15 outputs a sense current defining
signal 18 based upon the corresponding values stored
in the memory 16, to a sense current defining circuit 12.
The sense current defining circuit 12 sets the sense cur-
rent 5 to be output by the read/write amplifier 11, pref-
erably using a switch circuit, in accordance with the
sense current defining signal 18.
[0029] It is noted that the elements of a single-head
apparatus have been described by way of example, but
the invention is equally applicable to a storage appara-
tus, such as a multiple-disk drive, that employs plural
heads. In such a case, the selection of a sense current
is preferably performed separately for each head, using
the conversion table in the memory 16.
[0030] The control program for the controller 15 can
incorporate the conversion table, in which case the
memory 16 is not necessary.
[0031] Fig. 11 schematically illustrates a preferred
configuration of the read/write amplifier 11. A voltage ap-
pearing between the terminals sandwiching the magne-
toresistive element 1 is input to an LPF through a buffer,
and has its high-frequency component rejected by the
LPF. without the high-frequency component, a differen-
tial signal is output at the terminals 17.
[0032] The resistance of the magnetoresistive head
(Rh) is constituted by the resistance of the magnetore-
sistance element 1 (Rmr) and the cumulative resistance
of other elements of the head (Rother), such as the elec-
trodes, wiring, etc. Rother is nearly constant, and can be
determined in advance. The conversion table associ-
ates the resistances Rother and the sense current defin-
ing signals 18. Therefore, the voltage between the mag-
netoresistive head terminals can be calculated from the
established sense current and the resistance between
the head terminals, using Ohm's Law. After the sense
current has been calculated so as to set a voltage be-
tween the head terminals, the defining sense current
signal value to be sent to the sense current defining cir-
cuit 12 can be obtained from the table. Thus, the voltage
between the terminals of the magnetoresistive head can
be defined to an almost constant value.
[0033] Turning to Fig. 12, for a constant sense current
in a conventional reproducing channel, the reproduced
output of the magnetoresistive reproducing head is
shown as a function of the resistance between the ter-
minals of the head, for a constant sense current. The
reproduced output is about 600 µV p-p over a varying
resistance below approximately 27 ohms. The sense
current is fixed to 11 milliamperes, within the allowable
maximum current density to be supplied to the head (20
megaamperes per square centimeter, approximately).
Note that the resistance between the head terminals is
different than the resistance between the ends of the

magnetoresistive element itself.
[0034] The reproduced output varies in a range be-
tween about 400 µV p-p to 700 µV p-p (Fig. 12 shows
extremes at about 350 µV p-p to 750 µV p-p), and the
voltage between the terminals of the magnetoresistive
reproducing head is 297 millivolts at maximum. The
characteristics shown in Fig. 12 do not exhibit a straight-
line correlation, due to the variance in the floating height,
element width, element sensitivity, etc. However, the in-
ventors' analysis shown in Fig. 12 illustrates an increas-
ing tendency in the correlation, which in turn shows that
the variance in element height and/or element thickness
has a significant influence on the reproduced output.
[0035] Fig. 13 illustrates the inventors' analysis for a
sense current controlled according to the teachings of
the present invention. In this instance, the maximum
current density is limited to 20 µV p-p per square cen-
timeter as in Pig. 12, and the sense current is switched
in eight steps.
[0036] With reference to Fig. 14, the resistance be-
tween the terminals of the magnetoresistive reproduc-
ing head, excluding the resistance of the magnetoresis-
tive element, is determined to be about 5 ohms by meas-
urement of the head. Thus, applying this value to the
conventional case described above, where the sense
current was fixed to 11 milliamperes, the voltage be-
tween the terminals of the magnetoresistive element is
254 millivolts at maximum. Consequently, when the
sense current is increased such that the voltage be-
tween the ends of the magnetoresistive element itself
does not exceed 242 millivolts, the current density in the
magnetoresistive element is maintained at nearly the
same current density as in the conventional case, and
the reliability of the element (i.e., its electrical lifetime)
is about the same as in the conventional case.
[0037] Fig. 14 plots the sense current at which the
voltage between the ends of the magnetoresistive ele-
ment itself in the magnetoresistive reproducing head is
estimated to be nearly 242 millivolts. The horizontal axis
is the voltage between the terminals of the head, nor-
malized by the sense current Is used at the time the volt-
age was measured between the terminals. The value on
the horizontal axis corresponds to the value that the disk
controller 15 can evaluate using the digital signal output
by the ADC 14 and the defined sense current.
[0038] The sense current as a control target is deter-
mined so as not to exceed the value of the points on the
curve (solid line) shown in Fig. 14. As a result, the re-
producing sensitivity can be improved while maintaining
the reliability of the magnetoresistive element. The con-
trol target sense currents are contained in a conversion
table, depicted below, with correspondence to various
normalized voltages as shown in Fig. 14. The conver-
sion table is preferably stored in the memory 16 in the
Fig. 10 embodiment. The disk controller 15 sends the
sense current defining signal 18 to the sense current de-
fining circuit 12, and performs the sense current switch-
ing according to the relationship shown in Fig. 14.

7 8



EP 0 853 310 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0039] In the present invention, the reproduced output
is found to vary within a range of 480 µV p-p to 800 µV
p-p (Fig. 13 shows a range of 420 µV p-p to 800 µV p-
p). The output at the minimum of the range is increased
by about 20% as compared with the conventional case
shown in Fig. 12, and the variance range of the repro-
duced signal is decreased as well. As a result, magnetic
disk apparatus employing the teachings of the invention
are improved.
[0040] Thus, according to the present embodiment,
by switching the sense current based on a measure-
ment of the voltage between the terminals of the mag-
netoresistive reproducing head, the variance in the re-
producing sensitivity can be decreased. The current
density can be kept to about the same level as the con-
ventional maximum sense current density, increasing
the reproduced output by as much as about 20%, with-
out deteriorating the reliability of the magnetoresistive
element. As a result, the signal-to-noise ratio of the re-
produced signal is improved.
[0041] Although Fig. 10 shows the sense current de-
fining circuit 12 as a circuit element separate from the
read/write amplifier 11, the sense current defining circuit
12 can be included in the read/write amplifier 11. Fur-
thermore, the LPF 13 and the ADC 14, as well as other
functional blocks shown in Fig. 10, can be included in
the same integrated circuit with the read/write amplifier
or that of controller 15.
[0042] Furthermore, the read/write amplifier 11 can
output the voltage measured between the head termi-
nals at separate output terminals from the reproducing
signal output, and be directly input to the ADC 14 without
being superposed on the reproducing output signal at
the terminal 17. In this case, the LPF 13 is not required.
[0043] The voltage between the terminals of the mag-
netoresistive reproducing head can be measured con-
tinuously or intermittently, and can be evaluated for each
head of a multi-head apparatus or for every cylinder po-
sition at the start-up of the apparatus, and stored in the
memory 16. Alternatively, the evaluation can be per-
formed and recorded on the magnetic recording medi-

TABLE

V/Is
(Ω)

TARGET SENSE CURRENT
(mA)

V/Is ≥ 25.2 11.0

23.6 ≤ V/Is < 25.2 12.0

22.3 ≤ V/Is < 23.6 13.0

21.1 ≤ V/Is < 22.3 14.0

20.1 ≤ V/Is < 21.1 15.0

19.2 ≤ V/Is < 20.1 16.0

18.4 ≤ V/Is < 19.2 17.0

V/Is < 18.4 18.0

um prior to shipment of the apparatus (for example, on
the magnetic disk prior to shipment of the magnetic stor-
age disk apparatus), and read out and stored in the
memory 16 at the start-up of the apparatus.
[0044] Fig. 12 illustrates that the reproduced output
has a correlation with the resistance measured between
the terminals of the magnetoresistive reproducing head
when the sense current is kept constant. Thus, this cor-
relation indicates that the reproduced output can be
used as a monitor of the resistance between the head
terminals. The second embodiment of the present in-
vention, explained with reference to Fig. 15, controls the
sense current based on the reproduced output.
[0045] As shown in Fig. 15, the second embodiment
includes a reproducing channel having a read/write am-
plifier 10 for supplying the sense current 5 to the mag-
netoresistive element 1, and for outputting the repro-
duced differential signal at the reproducing output ter-
minals 17. The reproduced output signal is input to the
AGC amplifier, the low-pass filter LPF, the adaptive
equalizer, and the demodulator circuit, from which the
data are output as described above with reference to
Fig. 10.
[0046] An amplitude evaluation circuit 19 also re-
ceives the differential reproducing signal 17, a servo
gate signal, and an AGC hold signal 21, and outputs the
effective voltage amplitude derived from the servo ref-
erence amplitude signal. The amplitude evaluation cir-
cuit 19 can be a separate circuit element as illustrated,
or included in the read/write amplifier 10. The amplitude
evaluation circuit output is delivered to the ADC 14,
which converts the servo reference amplitude signal into
a digital signal, and provides the digitized output to a
disk controller 20. The disk controller 20 outputs the
sense current defining signal 18, derived from the con-
version table in memory 16, to the sense current defin-
ing circuit 12, which switches the sense current accord-
ingly.
[0047] As in the first embodiment described above,
the memory 16 can be incorporated in a program that
controls the controller 20, in which case the separate
memory 16 is not required.
[0048] A servo track previously recorded on the mag-
netic recording medium contains tracking information,
including at least a reference amplitude signal. In the
diagram shown in Fig. 15, the amplitude evaluation cir-
cuit 19 evaluates the voltage amplitude represented by
the reference amplitude signal. If the amplitude evalua-
tion circuit 19 is composed by a peak hold circuit, it can
evaluate the amplitude of the reference amplitude sig-
nal. Further, if the amplitude evaluation circuit 19 is com-
posed by a full-wave rectifier and an integrator, it can
evaluate the effective value by comparing the output
with a predetermined reference value.
[0049] Fig. 16 illustrates an example of a block dia-
gram of the amplitude evaluation circuit 19 when it is
composed by a peak hold circuit. Fig. 17 shows timing
waveforms relating to the amplitude evaluation circuit
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19 of Fig. 16.
[0050] The reference amplitude signal is included in
the reproduced signal of the servo, and is input to a full-
wave rectifier circuit 22 included in the amplitude eval-
uation circuit 19. The reference amplitude signal is thus
converted to a full-wave-rectified waveform, and sent to
a peak hold circuit 23. The peak hold circuit 23 gener-
ates and outputs a peak hold waveform in the reference
amplitude signal section, referring to the timing of the
servo gate signal and the servo AGC hold signal 21. The
peak hold waveform is sampled by the disk controller
20 at the rise time of the servo AGC hold signal, via ADC
14. The operation of the second embodiment is the
same as that of the first embodiment following this point.
[0051] According to this second embodiment, sense
current control is performed without dependence on the
data reproducing state or on the operating state of the
magnetic storage apparatus during movement of the
magnetic head. Instead, the evaluated value of the volt-
age amplitude or its effective value as represented by
the reference amplitude signal included in the servo
tracking information is the basis for the sense current
control.
[0052] According to both of the embodiments set forth
above, the performance of a magnetic storage appara-
tus incorporating the teachings of the present invention
is improved because the performance of the magnetore-
sistive element is fully developed and exploited, by de-
creasing the previously apparent performance deterio-
ration (decrease in the reproduced output) due to the
variations in the element height or element thickness.
[0053] Variations of the preferred embodiments set
forth in the foregoing description will become apparent
to those of ordinary skill in the art. All such variations or
modifications that basically rely upon the teachings
through which the invention has advanced the state of
the art are properly considered within the scope of the
invention as defined in the appended claims.

Claims

1. A magnetic storage apparatus, comprising:

a magnetic medium (41);
a magnetic head having a magneto-resistive el-
ement (1) arranged facing the magnetic medi-
um; and
an electronic circuit (11 to 18) arranged to con-
vert a detected change in the resistance of the
magneto-resistive element (1) into an electrical
reproducing signal output;

characterised in that:

the electronic circuit is further arranged to:

select (12) one sense current from a plu-

rality of sense current candidates for said
magnetic head by monitoring a voltage out-
put between terminals of said magnetore-
sistive element; and
supply the selected one sense current (5)
to said magneto-resistive element (1).

2. A magnetic storage apparatus according to claim 1,
wherein the electronic circuit has a controller (20)
arranged to select the one sense current, and a R/
W amplifier for supplying the selected one sense
current to the magneto-resistive element (1); and
the apparatus further includes an amplitude evalu-
ation circuit (19) arranged to evaluate the amplitude
of the voltage between terminals of the magneto-
resistive element (1) and to output an amplitude sig-
nal corresponding to the amplitude to the controller
(20).

3. A magnetic storage apparatus as claimed in claim
1 or claim 2, wherein the electronic circuit includes
a conversion table containing a correspondence
between predetermined values of said amplitude
signal and corresponding sense current control sig-
nals, the generated sense current control signal be-
ing selected from the conversion table in accord-
ance with a correspondence with the obtained am-
plitude signal.

4. A magnetic storage apparatus as claimed in claim
2, wherein said amplitude signal is a DC component
of the voltage between the terminals of said mag-
netoresistive element (1).

5. A magnetic storage apparatus as claimed in any
one of the preceding claims, wherein the magnetic
medium is a magnetic disk (41).

6. A magnetic storage apparatus as claimed in any
one of claims 1 to 4, wherein the recording medium
is a magnetic tape.

7. A magnetic storage apparatus as claimed in claim
1 or 2, further comprising a plurality of said magnetic
heads, wherein said electronic circuit supplies a re-
spective sense current to each magnetoresistive el-
ement (1), converts a detected change in the re-
spective resistance of each magnetoresistive ele-
ment (1) into a respective electrical reproducing sig-
nal output, obtains a respective amplitude signal
representing the amplitude of the voltage between
the terminals of each magnetoresistive element,
generates a respective sense current control signal
corresponding to each respective amplitude signal,
and controls each respective sense current accord-
ingly.

8. A magnetic storage apparatus as claimed in claim
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7, wherein the electronic circuit includes a conver-
sion table containing a correspondence between
predetermined values of said voltage amplitude sig-
nal and corresponding sense current control sig-
nals, the generated respective sense current con-
trol signals being selected from the conversion table
in accordance with a correspondence with the ob-
tained respective voltage amplitude signals.

9. A magnetic storage apparatus as claimed in any
one of claims 7 or 8 wherein each respective am-
plitude signal is a DC component of the voltage be-
tween the terminals of a respective magnetoresis-
tive element.

10. A method controlling a magnetic storage apparatus,
the apparatus comprising a magnetic medium, a
magnetic head having a magneto-resistive element
(1) arranged facing the magnetic medium, and an
electronic circuit (11 to 18) arranged to convert a
detected change in the resistance of the magneto-
resistive element (1) into an electrical reproducing
signal output;

characterised in that the method includes:

selecting one sense current from a plurality of
sense current candidates for said magnetic
head by monitoring a voltage output between
terminals of said magnetoresistive element;
and
supplying the selected one sense current to
said magneto-resistive element (1).

Patentansprüche

1. Magnetspeichervorrichtung, aufweisend:

ein Magnetmedium (41),
einen Magnetkopf mit einem dem Magnetme-
dium zugewandten Magneto-Widerstandsele-
ment (1), und
eine elektronische Schaltung (11 bis 18) zur
Umwandlung einer erfaßten Änderung im Wi-
derstand des Magneto-Widerstandselements
(1) in eine elektrische Wiedergabesignalausga-
be,

dadurch gekennzeichnet, daß
die elektronische Schaltung außerdem einge-

richtet ist,
durch Überwachen einer Spannungsausgabe

zwischen Anschlüssen des Magneto-Widerstands-
elements aus mehreren Abtaststrom-Kandidaten
für den Magnetkopf einen Abtaststrom auszuwäh-
len (12), und

den ausgewählten einen Abtaststrom (5) dem
Magneto-Widerstandselement (1) zuzuführen.

2. Magnetspeichervorrichtung nach Anspruch 1, wo-
bei die elektronische Schaltung eine Steuerung
(20) zur Auswahl des einen Abtaststroms und einen
R/W-Verstärker zur Lieferung des ausgewählten ei-
nen Abtaststroms an das Magneto-Widerstands-
element (1) aufweist und die Vorrichtung außerdem
eine Amplituden-Bewertungsschaltung (19) zur Be-
wertung der Amplitude der Spannung zwischen An-
schlüssen des Magneto-Widerstandselements (1)
und zur Ausgabe eines der Amplitude entsprechen-
den Amplitudensignals an die Steuerung (20) ent-
hält.

3. Magnetspeichervorrichtung nach Anspruch 1 oder
2, wobei die elektronische Schaltung eine Umwand-
lungstabelle aufweist, die eine Beziehung zwischen
vorbestimmten Werten des Amplitudensignals und
entsprechenden Abtaststrom-Steuersignalen ent-
hält, wobei das erzeugte Abtaststrom-Steuersignal
gemäß der Beziehung zum erhaltenen Amplituden-
signal aus der Umwandlungstabelle ausgewählt
wird.

4. Magnetspeichervorrichtung nach Anspruch 2, wo-
bei das Amplitudensignal eine Gleichspannungs-
komponente der Spannung zwischen den An-
schlüssen des Magneto-Widerstandselements (1)
ist.

5. Magnetspeichervorrichtung nach einem der vorher-
gehenden Ansprüche, wobei das Magnetmedium
eine Magnetplatte (41) ist.

6. Magnetspeichervorrichtung nach einem der An-
sprüche 1 bis 4, wobei das Magnetmedium ein Ma-
gnetband ist.

7. Magnetspeichervorrichtung nach Anspruch 1 oder
2 mit mehreren solchen Magnetköpfen, wobei die
elektronische Schaltung jedem Magneto-Wider-
standselement (1) einen entsprechenden Abtast-
strom zuführt, eine erfaßte Änderung im jeweiligen
Widerstand jedes Magneto-Widerstandselements
(1) in eine entsprechende elektrische Wiedergabe-
signalausgabe umwandelt, ein jeweils der Amplitu-
de der Spannung zwischen den Anschlüssen jedes
Magneto-Widerstandselements entsprechendes
Amplitudensignal gewinnt, jeweils ein dem jeweils
entsprechenden Amplitudensignal entsprechendes
Abtaststrom-Steuersignal erzeugt und den jeweils
entsprechenden Abtaststrom demgemäß steuert.

8. Magnetspeichervorrichtung nach Anspruch 7, wo-
bei die elektronische Schaltung eine Umwand-
lungstabelle aufweist, die eine Beziehung zwischen
vorbestimmten Werten des Spannungsamplituden-
signals und entsprechenden Abtaststrom-Steuersi-
gnalen enthält, wobei die erzeugten jeweiligen Ab-
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taststrom-Steuersignale gemäß der Beziehung zu
den erhaltenen jeweiligen Spannungsamplituden-
signalen aus der Umwandlungstabelle ausgewählt
werden.

9. Magnetspeichervorrichtung nach einem der An-
sprüche 7 oder 8, wobei jedes entsprechende Am-
plitudensignal eine Gleichspannungskomponente
der Spannung zwischen den Anschlüssen eines
entsprechenden Magneto-Widerstandselements
ist.

10. Verfahren zur Steuerung einer Magnetspeichervor-
richtung, die ein Magnetmedium, einen Magnetkopf
mit einem dem Magnetmedium zugewandten Ma-
gneto-Widerstandselement (1) und eine elektroni-
sche Schaltung (11 bis 18) zur Umwandlung einer
erfaßten Änderung im Widerstand des Magneto-
Widerstandselements (1) in eine elektrische Wie-
dergabesignalausgabe umfaßt,

dadurch gekennzeichnet, daß im Verfahren
durch Überwachen einer Spannungsausgabe

zwischen Anschlüssen des Magneto-Widerstands-
elements aus mehreren Abtaststrom-Kandidaten
für den Magnetkopf ein Abtaststrom ausgewählt
wird, und

der ausgewählte eine Abtaststrom dem Ma-
gneto-Widerstandselement (1) zugeführt wird.

Revendications

1. Dispositif de mémorisation magnétique,
comportant :

un support magnétique (41),
une tête magnétique ayant un élément magné-
torésistif (1) agencé face au support magnéti-
que, et
un circuit électronique (11 à 18) conçu pour
convertir un changement détecté dans la résis-
tance de l'élément magnétorésistif (1) en une
sortie de signal de reproduction électrique,

caractérisé en ce que :

le circuit électronique est en outre conçu pour :

sélectionner (12) un courant de lecture par-
mi une pluralité de courants de lecture can-
didats pour ladite tête magnétique en sur-
veillant une sortie de tension entre les bor-
nes dudit élément magnétorésistif, et
délivrer le courant de lecture sélectionné
(5) audit élément magnétorésistif (1).

2. Dispositif de mémorisation magnétique selon la re-
vendication 1, dans lequel le circuit électronique a

un contrôleur (20) conçu pour sélectionner le cou-
rant de lecture, et un amplificateur de lecture/écri-
ture pour délivrer le courant de lecture sélectionné
à l'élément magnétorésistif (1), et le dispositif com-
porte en outre un circuit d'évaluation d'amplitude
(19) conçu pour évaluer l'amplitude de la tension
entre les bornes de l'élément magnétorésistif (1) et
pour délivrer en sortie un signal d'amplitude corres-
pondant à l'amplitude au contrôleur (20).

3. Dispositif de mémorisation magnétique selon la re-
vendication 1 ou la revendication 2, dans lequel le
circuit électronique inclut une table de conversion
contenant une correspondance entre des valeurs
prédéterminées dudit signal d'amplitude et des si-
gnaux de commande de courant de lecture corres-
pondants, le signal de commande de courant de
lecture généré étant sélectionné à partir de la table
de conversion conformément à une correspondan-
ce avec le signal d'amplitude obtenu.

4. Dispositif de mémorisation magnétique selon la re-
vendication 2, dans lequel ledit signal d'amplitude
est une composante de courant continu de la ten-
sion entre les bornes dudit élément magnétoréaistif
(1).

5. Dispositif de mémorisation magnétique selon l'une
quelconque des revendications précédentes, dans
lequel le support magnétique est un disque magné-
tique (41).

6. Dispositif de mémorisation magnétique selon l'une
quelconque des revendications 1 à 4, dans lequel
le support d'enregistrement est une bande magné-
tique.

7. Dispositif de mémorisation magnétique selon la re-
vendication 1 ou 2, comportant en outre une plura-
lité desdites têtes magnétiques, dans lequel ledit
circuit électronique délivre un courant de lecture
respectif à chaque élément magnétorésistif (1),
convertit un changement détecté dans la résistance
respective de chaque élément magnétorésistif (1)
en une sortie de signal de reproduction électrique
respectif, obtient un signal d'amplitude respectif re-
présentant l'amplitude de la tension entre les bor-
nes de chaque élément magnétorésistif, génère un
signal de commande de courant de lecture respectif
correspondant à chaque signal d'amplitude respec-
tif, et commande chaque courant da lecture respec-
tif en conséquence.

8. Dispositif de mémorisation magnétique selon la re-
vendication 7, dans lequel le circuit électronique in-
clut une table de conversion contenant une corres-
pondance entre des valeurs prédéterminées dudit
signal d'amplitude de tension et des signaux de
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commande de courant de lecture correspondants,
les signaux de commande de courant de lecture
respectifs générés étant sélectionnés à partir de la
table de conversion conformément à une corres-
pondance avec les signaux d'amplitude de tension
respectifs obtenus.

9. Dispositif de mémorisation magnétique selon l'une
quelconque des revendications 7 ou 8, dans lequel
chaque signal d'amplitude respectif est une compo-
sante de courant continu de la tension entre les bor-
nes d'un élément magnétorésistif respectif.

10. Procédé pour commander un dispositif de mémori-
sation magnétique, le dispositif comportant un sup-
port magnétique, une tête magnétique ayant un élé-
ment magnétorésistif (1) agencé face au support
magnétique, et un circuit électronique (11 à 18) con-
çu pour convertir un changement détecté dans la
résistance de l'élément magnétorésistif (1) en une
sortie de signal de reproduction électrique,

caractérisé en ce que le procédé comporte
les étapes consistant à :

sélectionner un courant de lecture à partir d'une
pluralité de courants de lecture candidats pour
ladite tête magnétique en surveillant une sortie
de tension entre les bornes dudit élément ma-
gnétorésistif, et
délivrer le courant de lecture sélectionné audit
élément magnétorésistif (1).
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