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description 
, , .. =METUOD FQR CONTROLLING BIAS CYRRENT FOR HAGNETORESISTIVE UEAD, 

.,, ·EIXED HAGJJETIC MCQRDING DEVICE', AND MAGNETIC DISC THEREFOR 

Field of the Invention 
The present invention relates to a method for controlling 

5 a bias current for a magnetoresistive head by using a 
magnetoresistive effect, a fixed magnetic recording device 
and a magnetic disc therefor. 

Background of the Invention 
Most recent fixed magnetic recording devices (HDDs: 

10 Hard Disc Drives) use an MR (MagnetoResistive) head in 
response to an ever increasing demand for recording density. 
The MR head is based on a reproduction method using a so­
oalled magnetoresistive effect in which the electric 
resistance of the MR head is varied by external magnetic fields. 

15 some HDDs use an MR/inductive combined head comprising an MR 
head and a thin-film head integrally combined together. The 
MR/inductive combined head writes data by using the thin­
film head, while reading out data by using the MR head located 

, adjacent to the thin-film head. Thus, the MR head is 
20 characterized, for example, in that it provides a higher 

reproduction output than the thin-film head despite its 
·exclusive use for read-outs and in that its reproduction 

, . butput is independent of the peripheral speed of a magnetic 
disc, so that by setting a read-out track width smaller than 

25 a track width for the thin-film head for writes, the effects 
of adjacent tracks can be minimized during read-outs. 
consequently, the MR head is commonly used as a HDD head. 
Furthermore, GMRs (Giant MagnetoResistive) heads including 
MR elements with improved sensitivity are being put to 

30 practical use. 
Disadvantageously, however, the MR head requires bias 

,current due to its operational principie, and the waveform 
of a signal reproduced by the MR head may be distorted without 
optimum control of the bias current. This distortion is 
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caused by .the offset of a bias point for the bias current, 

which in turn causes either a positive or negative side of 

the waveform of the reproduced signal to be saturated. In 

this case,. the positive and negative sides of the reproduced 

5 signal waveform are asymmetrical. 

Thus, to optimally control the bias current for the MR 

head, the following three problems must be solved. 

A first problem is that the variation of a head resistance 

value resulting from the dimensional variability of the MR 

10 head. The dimensions of the MR head are continuously 

decreasing, but the tolerances of the dimensional variabil.ity 

are not being improved as fast as the dimensions. In the 

design of a typical recent device, the tolerances on the MR 

stripe height represent a ±33% change, or with respect to the 
15 ratio of the highest to the lowest, represent a 2:1 ratio. 

· Further, the tolerance of the width of the MR stripe (length 

in the direction of current flow) is ±20%. The tolerance of 

·the thickness of the MR stripe is ±10%. If these are 
considE;!red independent variations, the total variation in the 

20 resistance of the element is about ±40%, or a high to low ratio 
. of 2.33:1. 

Measurements of head resistance values for a plurality 

of (for example, 80) MR heads showed that the value varied 

among the MR heads, as shown in FIG. 17. In this figure, the 

25 horizontal axis indicates the head resistance value, while 

the vertical value indicates the number of MR heads. Although 

the variation distribution of the head resistance value 

corresponds to.a normal distribution around a designed value, 

the individual MR heads showed different resistance values 

30 in their sensor section. 

A pro~lem resulting from the large dimensional 

variability is that a large difference in power dissipation 

occurs with different heads in a single device. 

.· 
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.,, .. Further, current density varies significantly as the 

.. , '·'· cttQs·s section for the current (MR stripe height by thickness) 

also varies by a large amount. Product life is inversely 

.related to the cube of the current density. since the normal 

5.~ . biasing method uses a DC current that is fixed for all heads, 

~ ... -.,.1PW stripe heights and thin layer thicknesses result in higher 
. · ... . 
-... - ,_ '~sistance and higher current density. The resulting power 

._· ·:- . -.d;issipation causes significantly more temperature rise, that 

. ,,. i;s, a higher heat, than associated with a high and thick stripe. 

10 ... Thus, temperature and current density compound and cause a 

much shorter life expectancy for low-stripe-height and thin 

~ elements, compared to higher and thicker elements. 

Another consideration is that all the factors that make 
the resistance higher also make the signal level higher. Thus, 

15 the best signal to noise ratio occurs with the highest­

resistance heads. Thus, low stripe heights, thin layers, and 

wider stripes cause good signal to noise ratios, while high, 

thick, and narrow stripes produce poorer signal to noise 

. ratios. A fixed bias current must then be a compromise 

20 between good signal and short life. 

' ~· 
When the bias current values for a plurality of (for 

_ :~ample, four) MR heads were varied, the variation of outputs 

~hawed a waveform such as one shown in FIG. 18. Sine the bias 

. current yielding the largest output value is optimum for reads, 
25 . this· figure indicates that the optimum read bias current 

- .characteristic varied with the individual heads. 

A second problem is that a good electronic signal to noise 

ratio depends on preamplifier desiqn. Preamplifier design 

has significant limits due to the reduction of voltage 

30 available to the preamplifier circuit and reduced power 

dissipation goals. Present designs typically have a single 

+5 volt supply (±5·%). The variation in the resistance of the 
head also provides limits on the amount of bias current that 

can be used for operation due to the voltage drop across the 
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head and leads. If too much current 'is run through a head 

of high resistance, the preamplifier stage will saturate and 

distort the signal, causing a degradation in performance. 

A third problem is the gradual resistance increase 

5 phenomenon (GRIP) which is related to the leads within the 

MR head. The effect of this phenomenon on performance becomes 

greater than expected in the case where there is an addition 

of several ohms to the resistance of the MR head over the life 

of the fixed magnetic recording device. Thus, excessively 

10 small design margins provided during manufacture may induce 

a saturation in the amplifier as the resistance increases late 

in product life, causing significant performance loss. 

As a solution for the above three problems, a well-known 

conventional HDD is described in JPA7-201005. 

15 This HDD is comprised of a plurality of (for example, 

four) MR heads 3la to 31d, a preamplifier 32, a GEM 

(Generalized Error Measurement) 33, a head/disc assembly 

controller 34, and a microprocessor 35, as shown in FIG. 19. 

An optimum current value for each head is stored on a disc 

20 surface of the HDD during manufacture. When the HDD is 

powered on, these values are transferred to a random access 

memory. Upon execution of each head switching command, the 

random access memory is used to apply a corresponding bias 

current to a corresponding active MR head, which is the.n 

25 subjected to measurements. Then, the GEM 3 3 reoptimizes and 

updates the bias current, whereby the updated bias current 

is applied to the MR head. 

Measurements of the MR head are implemented by the circuit 

shown in FIG. 20. To measure, for example, the MR head 31a, 

30 only switches 36a, 37a· are conductively connected to this MR 

head so that a feedback control circuit 40 can supply bias 

current thereto. Then, a measured value vcap is obtained by 

measuring the voltage of a capacitor 39 and this value Vcap 

and a known bias current value Ib are used to calculate a head 
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res.istance value Rmr of the MR head. ·-The MR head resistance 

v~tie Rm.r is calculated based on Equation 1, which is shown 

below. 

Rmr = (Vcap - Vbe)/Ib • • • (Equation 1 ) 

5 An optimum current is determined based on the calculated 

head resistance value Rmr of the MR head. In this manner, 

for the conventional HDD, the bias current value is optimized 

on each power-on based on the head resistance values for the 

MR heads recorded on the disc surface before delivery.from 

10 the factory = f. 

Since, however, the bias current value is optimized on 

. each power-on based on the head resistance values for the MR 

heads recorded on the disc surface before delivery f, the 

conventional fixed magnetic recording device cannot deal with 

15 temporal changes in MR head characteristics. Accordingly, 

if the MR head resistance value changes, a bias current value 

determined to be optimum before delivery f may be used over 

a product life or a bias current value determined to be optimum 

during the preceding measurements may be used until the 
20 following periodical reoptimization for updating. This bias 

current value is not always optimum for the current heads, 

.whereby the head output characteristics may be degraded to 

··increase the error rate. Since the life expectancy of heads 

. is inversely related to the cube of the current density, the 

25 flow of an unnecessarily high bias current may reduce the 

average life expectancy. 

In addition, determination of the effect of changes in 

. :r;esistance on the life expectancy is based only on comparison 

with the guaranteed number of invocations. As a result, an 

30 actual change in resistance cannot be detected, thereby 

preventing the life expectancy from being determined 

accurately. 

on the other hand, fixed magnetic recording discs are 
becoming popular which use an amplitude-detecting 
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reproduction method such as a partial response which 

processes a signal· read out from ·a magnetic· disc·~ directly 

using the amplitude value for the read-out signal. If such 

a fixed magnetic recording device includes an MR head, and 

5 if a signal reproduced by the MR head is distorted to have 

a waveform with different absolute values on its positive and 

negative sides relative to a baseline, which values must be 

inherently the same, then the amplitude of a detected 

reproduced signal may be significantly asymmetrical. 

10 Disadvantageously, this error in amplitude may increase the 

error rate of the signal reproduced by the MR head to degrade 

·the reliability of the entire system. · In addition, if the 

above described MR head is used in a fixed magnetic recording 

device using a conventional peak-detecting reproduction 

15 method and a similar distortion occurs, then the differential 

value at a peak of the waveform of a reproduced signal is 

smaller on a saturated side. of the waveform. As a result, 

the device is substantially affected by noise, thereby 

similarly increasing the error rate of the reproduced signal.. 

20 As described above, a disadvantage of the fixed magnetic 

recording device us.ing the MR head for data read-outs and using 

the amplitude-detecting reproduction method such as a partial 

response is th.at no method has been established for optimally 

regulating the bias current for the MR head though the error 

25 rate of the reproduced signal may be degraded without 

optimization of the bias current for the MR head. The fixed 

magnetic recording device using the MR head and peak­

detecting reproduction method is similarly disadvantageous 

in that without optimizing the bias current for the MR head, 

30 the device is substantially affected by noise to increase the 

error rate~ 

It is an object of the present invention to provide a 

method for controlling a bias current for a magnetoresistive 

head as well as a fixed magnetic recording device and a 
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... 1:11agnetic disc therefor which enable a bias current for an MR 
head to be optimized as appropriate during an operation of 

,a.fixed magnetic recording device in order to restrain a 

1possible asymmetrical distortion originating in a saturation 
. 5,. .· in the reproduced signal from the MR head, thereby reducing 

the error rate during data read-outs. 
Disclosure of the Invention 

.1. A method for controlling a bias current for a 
magnetoresistive head according to the present invention is 

10 operative in controlling a bias current supplied to a 
maqnetoresistive head for reading out data recorded on a 
_magnetic disc, and comprises the steps of: conducting 
measurements for optimizing a bias current value for the above 
described magnetoresistive head each time the above described 

15 magnetoresistive head accesses the magnetic disc; updating 
the bias current value for the above described 
magnetoresistive head to the above described measured optimum 
~ias current value for storage; and supplying the above 
described stored optimum bias current to the above described 

20 ~aqnetoresistive head to read out the above described data. 
According to this aspect of the present invention, the 

·bias current for the magnetores istive head can be optimized 
as appropriate depending on an operation of the 
magnetoresistive head during an operation of a fixed magnetic 

25 recording device to maintain an optimum bias current despite 
temporal changes in characteristics of the maqnetoresistive 
head in operation. In addition, a possible asymmetrical 
distortion induced by a saturation in the waveform of a 
reproduced signal from the magnetoresistive head can be 

30 restrained to reduce the error rate during data read-outs. 
In addition, the supply of the optimum bias current to the 
magnetoresistive head can prevent the.flow of an 
unnecessarily high bias current and also prevent the average 
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life expectancy of the magnetoresistive head from being 

reduced by an excess current. 

Specifically·, the bias current for the magnetoresistive 

head can be optimized as appropriate depending on an operation 

5 of the magnetoresistive head during an operation of a fixed 

magnetic recording device, thereby preventing the 

variability of the components of the magnetoresistive head, 

the variability of a preamplifier circuit, and a degradation 

in performance arising from the gradual resistance increase 

10 phenomenon. In practical use, the optimum value of the bias 

current can be updated each time the environment varies, 

thereby preventing the characteristics of the present device 

from being degraded over time. In addition, a design with 

reduced margins at normal temperature can be provided to 

15 improve the yield of products. 

2. A method for controlling a bias current for a 

magnetoresistive head according to the present invention is 

operative in controlling a bias current supplied to a 

magnetoresistive head for reading out data recorded on a 

20 magnetic disc, and comprises the steps of: conducting 

measurements for optimizing a bias current value for the above 

described magnetoresistive head when the above described 

magnetoresistive head enters a standby state; updating the 

above described bias current value for the above described 

25 magnetoresistive head to the above described measured optimum 

bias current value for storage; and supplying the stored 

optimum bias current to the above described magnetoresistive 

head to read out the above described data. 

This aspect of the present invention has effects similar 

30 to those of the method for controlling a bias current for a 

maqnetoresistive head which is set forth in above described 

Claim 1. 

3. The present invention provides a fixed magnetic 

recording device for recording data on a magnetic disc and 
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reading the data using ·a magnetoresistive head, comprising 
optimizing measurement means for conducting measurements for 
optimizing a bias current value for the above described 
magneto resistive head each time it accesses the magnetic disc, 

5 and processing means for controlling the optimizing 
measurement means and outputting an instruction for updating 
.of the bias current value for the above described 
magnetoresistive head to above described the measured optimum 
bias current value for storage and an instruction for the 

10 supply of the above described updated and stored optimum bias 
current to the above described magnetoresistive head. 

This aspect of the present invention can implement the 
method for controlling a bias current for a magnetoresistive 
bead which is set forth in above described Claim 1. 

15 4. The present invention provides a fixed magnetic 
recording device for recording data on a magnetic disc and 
reading the data using a magnetoresistive head, comprising 
_optimizing measurement means for conducting measurements for 
optimizing a bias current value for the above described 

20 magnetoresistive head when it enters a standby state, and 
processing means for controlling the optimizing measurement 
means and outputting an instruction for updating of the bias 
current value for the above described magnetoresistive head 
to the above described measured optimum bias current value 

25 for storage and an instruction for the supply of the above 
described updated and stored optimum bias current to the above 
described magnetoresistive head. 

This aspect of the present invention can implement the 
method for controlling a bias current for a magnetoresistive 

30 head which is set forth in above described Claim 2. 
5. The present invention provides a magnetic disc having 
a control routine recorded thereon for.operating a central 
processing section for controlling a fixed magnetic recording 
device, the above described control routine comprising a 
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first step of optimizing a ·bias current value for the 
magri"etoresistive head each time it accesses themagnetic"disc, 
a second step of updating the bias current value for the above 
described.magnetoresistive head to the above described 

5 measured optimum bias current value for storage, and a third 
step of supplying the above described updated and stored 
optimum bias current to the above described magnetoresistive 
head. 

According to this aspect of the present invention, the 
10 bias current value for the magnetoresistive head can be 

optimized by executing the control routine recorded on the 
magnetic disc. 
6. According to the magnetic disc according to the present 
invention, the first step comprises optimizing a bias current 

15 value for the magnetoresistive head when it enters a standby 
state. 

This aspect of the present invention has effects similar 
to those of the magnetic disc set forth in above described 
Claim 5. 

20 7. The present invention provides a fixed magnetic 
recording device for recording data on a magnetic disc and 
reading the data using a magnetoresistive head, comprising 
storage means storing a temperature characteristic of a head 
resistance value for the above described magnetoresistive 

25 head, measurement means for measuring the head resistance 
value for the magnetoresistive head when it enters a standby 
state, and arithmetic means for calculating the temperature 
based on the above described measured head resistance value. 

According to this aspect of the present invention, the 
30 magnetoresistive head can be used as a temperature sensor to 

monitor the temperature without providing a separate 
temperature sensor. 
8. The present invention provides a magnetic disc having 
a control routine recorded thereon for operating a central 
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processing section for controlling a fixed magnetic recording 

device, the control routine comprising a first step of storing 

a temperature characteristic of a head resistance value for 

the magnetoresistive head, a second step of measuring the head 

5 resistance value for the magnetoresistive head when it enters 

a standby state, and a third step of calculating the 

temperature based on the measured head resistance value. 

According to this aspect of the present invention, the 

magnetoresistive head can be used as a temperature sensor by 
10 executing the control routine recorded on the magnetic disc. 

9. The present invention provides a fixed magnetic 

recording device having a plurality of magnetoresistive heads 

for reading data recorded on a magnetic disc, comprising 
storage means storing temperature characteristics of head 

15 resistance values for the above described plurality of 

magnetoresistive heads, measurement means for measuring the 

head resistance value for each of the above described 
magnetoresistive heads when it enters a standby state, and 
prediction means for calculating the temperatures of the 

20 plurality of magnetoresistive heads based on the above 
described measured head resistance values and temperature 
characteristics and predicting the degradation level of the 

characteristics of each magnetoresistive head based on the 

above described calculated temperature. 
25 According to this aspect of the present invention, 

temporal changes in magnetoresistive heads can be monitored 
to predict the life expectancy of the present fixed magnetic 
recording device. 

10. According to the fixed magnetic recording device of the 
30 present invention, the fixed magnetic recording device in 9 

further comprises alarm means for alarming a user for the 

degradation level of the characteristics of each 

ma9netoresistive head predicted by the prediction means, 
thereby enabling the user to be alarmed. 



•'· 

W000/48173 PCT/JP00/00770 

- 12 -

11. The present invention pro~ides a fixed magnetic 
. . . 

recording device for recording data on a magnetic disc and 

reading the data· 'using a magnetoresistive head, comprising 

a projection provided on the magnetic disc at a particular 

5 position thereof and monitor means for monitoring the above 

described magnetoresistive head for a variation in floatation 

based on a variation in output from the above described 

magnetoresistive head observed when it passes over the above 

described projection. 

10 According to this aspect of the present invention, the 

magnetoresistive head can be monitored for a variation in 

floatation to prevent a possible crash. 

12. According to the fixed magnetic recording device of the 

present invention, the fixed magnetic recording device in 11 

15 further comprises alarm means for alarming a user when the 

output variation exceeds.a threshold. 
This aspect of the present invention can alarm the ·user 

for a possible crash. 
13. The present invention provides a magnetic disc having 

20 a control routine recorded thereon for operating a central 
processing section for controlling a fixed magnetic recording 

device, the control routine comprising a first step of 

measuring and storing a variation in output from the above 
described magnetoresistive head observed when it passes over 

25 the projection, a second step of determining whether the above 

described stored output variation exceeds a threshold, and 

a third step of alarming a user if the above described 
threshold is exceeded. 

According to the present invention, themagnetoresistive 

30 head can be monitored for a variation in floatation by 

executing the control routine recorded on the magnetic disc. 

14. According to the present invention, the first step in 

the magnetic disc set forth in 13 comprises measuring and 
storing a possible variation in output from the 
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maqnetoresistive head observed when the control routine 
passes over the projection, after ·the magnetoresistive head 
enters a standby·state. 

The present invention has effects similar to those of 
5 the magnetic disc set forth in 13. 

Brief pescri,ption of the Drawings 
FIG. 1 is a block diagram showing a configuration of a 

fixed magnetic recording device according to First embodiment 
of the present invention; 

10 FIG. 2 is an explanatory drawing showing a format of a 
recording surface of a magnetic disc according to First 
embodiment; 

FIG. 3 is an explanatory drawing showing measurement 
pattern areas of the magnetic disc according to First 

15 embodiment; 
FIG. 4 is an explanatory qrawing showing a measurement 

pattern of the measurement pattern areas according to First 
einbodiment; 

FIG. 5 is a waveform diagram showing a reproduced waveform 
20 obtained when the measurement pattern areas according to 

First embodiment are reproduced; 
FIG. 6 is an explanatory drawing showing changes in signal 

to noise ratio vs. changes in bias current according to First 
embodiment; 

25 FIG. 7 is a block diagram showing a configuration of a 
fixed magnetic recording device according to Second 
embodiment of the present invention; 

FIG. 8 is a table showing correspondence between head 
resistance values and optimum bias current values according 

30 to Second embodiment; 
FIG. 9 is a block diagram showing a configuration of a 

fixed magnetic recording device according to Third embodiment 
of the present invention; 
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FIG. 10 is ·a characteristic diagram showing the 

dependence of the head resistance value on temperature 

according to Third embodiment; 

FIG. 11 is a table showing correspondence between the 

5 head resistance value and temperature; 

FIG. 12 is a block diagram showing a configuration of 
a fixed magnetic recording device according to Fourth 

embodiment of the present invention; 

FIG. 13 is a block diagram showing a configuration of 

10 . a fixed magnetic recording device according to Fifth 
embodiment of the present invention; 

FIG. 14 is a sketch drawing showing a shape of a bump 
according to Fifth embodiment; 

FIG. 15 is a waveform diagram showing variations in output 
15 caused by the TA phenomenon in a normal case according to Fifth 

embodiment; 
FIG. 16 is a waveform diagram showing variations in output 

caused by the TA phenomenon in an abnormal case according to 
.Fifth embodiment; 

20 FIG. 17 is a distribution grqph showing variations in 
. head resistance value for a conventional MR head; 

FIG. 18 is a waveform diagram showing the dependence of 
a conventional head on bias current; 

FIG. 19 is a block diagram showing a configuration of 
25 a conventional fixed magnetiq recording device; and 

FIG. 20 is a block diagram showing a configuration of 
an essential part for measuring a head resistance value for 
a conventional MR head. 

Best Mode for Carrying out the Invention 

30 A method for controlling a bias current for a 
magnetoresistive head as well as a fixed magnetic recording 

device and a magnetic disc therefor will be described based 
on specific embodiments. 
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(First Embodiment) 

·As shown in FIG. 1, a fixed magnetic recording device 

_according to a first embodiment of the present invention has 

. ·optimizing measurement means 10 for conducting measurements 

5 f~r optimizing a bias current value for an MR 

(Ma~netoResistive) head in a head structure section 1 each 
time the MR head accesses a magnetic disc 2, and a 

lllicrocomputer 8 operating as processing means for controlling 

the optimizing measurement means 10 and outputting an 

10 instruction for updating of the bias current value for the 
MR head to the above described measured optimum bias current 
value for storage and an instruction for the supply of the 
above described updated and stored optimum bias current to 

the MR head. 

15 The optimizing measurement means 10 is comprised of a 
magnetic disc 2, a preamplifier 3, a data channel 4, a hard 
disc controller 6, and a buffer 7. 

The magnetic disc 2 typically has a plurality of 
c;ircumferential tracks extending from inner circumference to 

20 outer circumference, as shown in FIG. 2. Each track has a 

plurality of servo areas A and data areas B, and if the MR 

head accesses one of the data areas B to read or write data 
from or to the magnetic disc, it always reads out positional 

information written to the servo area A, before accessing a 
25 desired place. Thus, the magnetic disc 2 of First embodiment 

has a measurement pattern area c (the area between the servo 

area A and first data of the data area B) provided immediately 
after each of the servo areas A, and the measurement pattern 

area c has a measurement pattern formed therein for measuring 

30 the signal to noise ratio in order to optimize the bias current 

value. Whichever data area B is accessed, the MR head 

accesses the measurement pattern c to pass through the 

measurement pattern before a read-out or write of data from 
or to the data area B. As shown in FIG. 3, each track has 
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a.· plurality of identical measurement patterns. The 

measurement pattern area c has a signal .with a fixed 

periodicity which was written thereto before delivery from 

the factory. This signal with a fixed periodicity indicates 

5 data precoded in a pattern that uses 1to12 Ts (T· is an amount 

of time determined by the performance of the MR head, for 

example, 5 ns) as one period. 

The head structure section 1 has ·an MR head and is 

connected to a wire leading to the preamplifier 3 • An output 

10 from the preamplifier 3 is supplied to the data channel 4. 

Once accessed, the MR head is connected to a bias current 

source (not shown) when the corresponding switches shown in 

FIG. 20 are set. 

The GEM 5 has a general-purpose error measurement 

15 function to measure the signal to noise ratio, and is designed 

to allow the fixed magnetic recording device to implement a 

test system onboard which is conventionally realized by 

connecting the device with a measurement test system data 

storage device and recovery system such as a conventional 

20 digital oscilloscope and logical analyzer. 

The buffer 7 stores therein an optimum bias current value 

for the MR head and an ideal signal waveform standardized by 

sampling the data shown in FIG. 4 and precoded using 1 to 127 

Ts as one period, wherein the optimum bias current value and 

25 the ideal signal waveform were first stored before delivery 

from the factory. 

Then, an operation of the fixed magnetic recording device 

will be described which updates the bias current value for 

the MR head to an optimum one. 

30 On receiving an instruction for an access to the magnetic 

disc 2 from the micro computer 8, a hard disc controller 6 

controls the head structure section 1 with the MR head so as 

to access a desired position of the magnetic disc 2, which 

is rotating at a high speed. 
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·when the MR head accesses a desired servo area A of the 

maqnetic disc 2 and then the measurement pattern c, a current 

source (not shown)" for supplying a bias current to the MR head 

is set, for example, at 7 mA, and this current is supplied 

5 to the MR head. The GEM 5 carries out analysis by comparing 

·' iit,n actual reproduced waveform such as one shown in FIG. 5 which 

is obtained by reading out the measurement pattern, with the 

corresponding ideal standardized waveform stored in the 

buffer 7, for one period (1 to 127 Ts) in terms of level 

10 difference. Next, the current source is set at 8 mA to 

calculate the signal to noise ratio as described above. In 

this manner, the signal to noise ratio is continuously 

cal cu lated until the current source reaches 11 mA. Changes 

in signal to noise ratio relative to changes in bias current 

15 represent peaked waveforms as shown in FIG. 6. 

Specifically, if the actually measured signal to noise 

ratio relative to the bias current value is 25, 26, 26.8, 27, 

and 26.9 dB when the current source is set for 7,. 8, 9, 10, 

and 11 mA, respectively, and its waveform is shown at a,, the 

2 O microcomputer 8 determines the optimum bias current value to 

be 10 mA because the optimum bias current value is obtained 

when the signal to noise ratio has the largest value. 

This MR head has been measured with a bias current between 

7 and 11 mA; the buffer 7 stores therein an optimum bias current 

25 for this MR head which was obtained before delivery from the 

factory or during the last measurement at least if 

measurements have previously been conducted, and in this case, 

stores therein an optimum bias current value of 9 mA, so that 

the actual reproduced waveform has been obtained with a bias 

30 current within a range, in this case, of ±2 mA of this optimum 
bias current value. 

The microcomputer 8 instructs the optimum bias current 

value (9 mA) stored in the buffer 7 to be updated to a new 

one (10 mA) for storage. 
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The microcomputer 8 then i_nstructs the updated and stored 

new·optimum bias current value ( 10 mA) to be supp·lied to the 

MR head. 

With this configuration, the bias current for the MR head 

5 can be optimized as appropriate depending on an operation of 

the MR head during an operation of the fixed magnetic recording 

device. In addition, despite changes in characteristics of 

the operating MR head, the optimum bias current can be 

maintained. In addition, a possible asymmetrical distortion 

10 induced by a saturation in the waveform of a reproduced signal 

from the MR head can be restrained to reduce the error rate 

during data read-outs. In addition, the supply of the optimum 

bias current to the MR head can prevent the flow of an 

unnecessarily high bias current and also prevent the average 

15 life expectancy of the MR head from being reduced by an excess 

current. 

Although, in the first embodiment, the microcomputer 8 

has a control routine provided therein for controllably 

operating the fixed magnetic recording device, similar 

20 effects can be obtained by recording, in a DISCKWARE for 

storing a program for the magnetic disc 2 or in the buffer 

7, a control routiQe comprised of the first step of optimizing 

the bias current value for the MR head each time it accesses 

the magnetic disc 2, the second step of updating the bias 

25 current value for the above described MR head to the above 

described measured optimum bias current value for storage, 

and the third step of supplying the above described updated 

and stored optimum bias current to the above described MR head. 

(Second embodiment) 

30 As shown in FIG. 7, a fixed magnetic recording device 

according to a second embodiment of the present invention has, 

instead of the optimizing measurement nieans 10 in the abov~ 

described first embodiment, an optimizing measurement means 

11 for conducting measurements for optimizing a bias current 
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value for an MR (MagrietoResistive) head when·it enters a 

standby state. A magnetic disc 12 is free from the 

_measurement pattern area c in the above described first 

,embodiment and from the measurement pattern. 

5 The optimizing measurement means 11 is comprised of a 

plurality of (for example, two) preamplifiers 3a, 3b, a data 

.. channel 4, a GEM 13, a harc;l disc controller 14, and a buffer 

15. 

Bead structure sections la, lb with corresponding MR 

10 heads are configured for connection to either preamplifier 

3a or 3b. An output from the preamplifier 3a, 3b is supplied 

to the data channel 4 . one of the MR heads which has been 

accessed is connected to a current source (not shown) for 

,supplying bias current when the corresponding switches shown 

15 in FIG. 20 are set. 

The GEM 13 has a general-purpose error measurement 

function to measure an MR head resistance value Rmr, and is 
designed to allow this fixed magnetic recording device to 

implement a test. system onboard which is conventionally 

20 realized by connecting the device with a measurement test 

system data storage device and recovery system such as a 

conventional digital oscilloscope and logical analyzer. 

The buffer 15 has beforehand therein optimum bias current 
values for the MR heads stored therein before delivery from 

25 the factory. The optimum bias current for each MR head is 

set, for example, as a function of the resistance of the MR 

head. 

Then, an operation of the fixed maqnetic recording device 

will be described which updates the bias current value for 

30 each MR head to an optimum one. 

When data from the head structure section la is 

transferred throuqh the preamplifier 3a and when the head 

structure section la enters a standby state, the hard disc 
controller 14 receives an instruction from the microcomputer 
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8. to" control the preamplifier· lb s'o· as to connect' to the head 

structure section lb. 

To measure the corresponding MR head, an interhead 

voltage v~lue Vmr is detected using BBV (Buffered head Voltage 

5 Monitor) terminals of the preamplifiers 3a, 3b arranged near 
the head structure sections la, lb, respectively. 

The hard disc controller 14 calculates the MR head 
resistance value Rmr based on Equation 2, which is shown below. 
However, a value Ib of a current supplied by the current source 

10 to the MR head is fixed and known. 

Rmr = Vmr/Ib • • • (Equation 2) 
The hard disc controller 14 determines an optimum bias 

current value Ib in accordance with the correspondence 
characteristic shown in FIG. 8 and indicating the optimum bias 

15 current value Ib determined statistically depending on the 
head resistance value Rmr of the MR head. Signals from the 
BHV terminals are analog outputs, and the hard disc 
controllers 14 converts analog signals into digital ones. 

Specifically, if the value I of a current from the current 
·· 20 source is set at 9 mA and a voltage value Vmr detected at the 

BHV terminals is 0.3 v, then the hard disc controller 
calculates the head resistance value Rmr of the MR head at 

about 33.3g based on the above Equation 2, and determines 
the optimum bias current value Ib to be 9.5 mA in accordance 

25 with the correspondence characteristic shown in FIG. 8 
because the head resistance value Rmr of the MR head (about 

33 .Jg) is between 30 and 35'2. This optimum bias current value 
(9.5 mA) is stored in the buffer 15, for example, as a 4-

bit serial data (0010). 

30 The 4-bit serial data is transmitted to the head structure 
section lb to set it so that the optimum bias current value 
(9.5 mA) can be supplied to the MR head during a normal 
operational state. 
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When the head structure section lb enters the normal 

operational state, while the head structure section la enters 

a standby state, 'the hard disc controller 14 receives an 

instruction from the microcomputer 8 to control the 

5 , '-pream.plif ier 3b so as to connect to the head structure section 

la, thereby optimizing the bias current for the MR head of 

. the head structure section la as described above. 

In the current fixed magnetic recording device, the 

system side theoretically controls sectors to carry out reads 

10 and writes for each section. Since, however, which sector 

is to be accessed by a particular MR head depends on settings 

on the drive side, users do not have to pay special attention 

to this point. currently, many fixed magnetic recording 

devices require a shorter time for head switching than for 

15 track seeking, so that head switching is often given top 

·priority if the MR head writes data to one section and then 

shifts to another. That is, the MR head is frequently 

switched. 

With this configuration, the bias current for each MR 

20 head can be optimized while the MR head is in the standby state, 

thereby enabling the optimum bias current to be maintained 

despite temporal changes in characteristics of the operating 

MR bead. In addition, a possible asymmetrical distortion 

induced by a saturation in the waveform of a reproduced signal 

2 5 from the MR head can be restrained to reduce the error rate 

during data read-outs. In addition, the supply of the optimum 

bias current to the MR head can prevent the flow of an 

unnecessarily high bias current and also prevent the average 

life expectancy of the MR bead from being reduced by an excess 

30 current. 

In addition, the magnetic disc 12 does not require the 

measurement pattern area c for forming the measurement 

pattern as in First embodiment. 
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Although, in the second embodiment', the· microcomputer 

8 has a control routine provided therein for controllably 

operating the fixed magnetic recording device, similar 

effects can be obtained by recording1 in a DISCKWARE for 

5 storing a program for the magnetic disc 12 or in the buffer 

15, a control routine comprised of the first step of optimizing 

the bias current value for the above described MR head when 

it enters the standby state, the second step of updating the 

bias current value for the above described MR head to the above 

10 described measured optimum bias current value for storage, 

and the third step of supplying the updated and stored optimum 

bias current to the MR head. 

In this second embodiment, a plurality of preamplifiers 

are provided, however, even though a single preamplifier is 

15 provided, while all of the MR heads are in the standby state 

where they do not access the magnetic disk 12, the head 

resistance values of the MR heads can be measured to set the 

optimum bias current value. 

(Third Embodiment} 

20 As shown in FIG. 9, a fixed magnetic recording device 

according to a third embodiment of the present invention has 

a buffer 16 additionally storing a temperature characteristic 

of a head resistance value for an MR head, instead of the buffer 

15 in the above described second embodiment, and also has a 

25 microcomputer 17 having· an additional arithmetic function for 

calculating the temperature based on a measured head 

resistance value, instead of the microcomputer 8 in the second 

embodiment • 

. The buffer 16 has the temperature characteristic of the 

30 head resistance value for each MR head stored therein. 

The head resistance value for the MR head depends on the 

design of a corresponding MR element~ The dependence of the 

head resistance value on temperature, however, is predictable 

because it varies almost linearly relative to temperature as 
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.... seen. in changes in head resistance values· for a plurality of 

(f:or·example, six) MR heads associated with changes in their 

t_emperatures and as shown in FIG. 10. A temperature gradient 

of the head resistance value is known before design. 

5 For example, a certain MR head is assumed to have a 

temperature gradient of 0.15Q/°C. The head resistance value 

. ,-_:·is assumed to be determined at 25Q during a delivery 

:inspection process carried out at a constant temperature of 

20°c. This head resistance value at the known temperature 

10 before delivery is stored in the buffer 16. A relationship 

between the head resistance value and temperature is shown 

in FIG. 11. 

Then, an operation of the fixed magnetic recording device 

will be described which measures the head resistance value 

15 - -for. the MR head to control temperature. 

Similarly to the above described second embodiment, when 

-~he MR head of the head structure section lb enters the standby 

state, the hard disc controller 14 receives an instruction 

-- from the microcomputer 17 to control the preamplifier 3b so 

20 as to connect to the head structure section lb. The interhead 

voltage value Vmr is measured using the BHV terminal of the 

'preamplifier 3b. The hard disc controller 14 calculates the 

MR head resistance value Rmr based on the above Equation 2 

because the value Ib of a current supplied by the current 

25 source (not shown) to the MR head is fixed and known. 

The microcomputer 17 calculates the temperature based 

on the measured head resistance value. 

If the measured head resistance value is, for example, 

26.5'2, the microcomputer 17 calculates the temperature at 

30 30°C based on the dependence of the head resistance value on 

temperature shown in FIG. 11. 

In addition, when the head structure section la, instead 

of the head structure section lb, enters the standby state, 

the hard disc controller 14 controls the preamplifier 3a so 
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as· to connect to the head structure section la and measures 

the· ·head resistance value to calculate the temperature as 

described above. ·oue to the frequent switching of the MR head, 

the head resistance value for the MR nead is frequently 

5 measured to calculate the temperature. 

With this configuration, the temperature can be 

controlled by monitoring the head resistance value. Although 

the guaranteed operation temperature of a hard disc depends 

on its design, if it is between O and 50°C, then the guaranteed 
10 range is assumed to· correspond to a range of the head 

resistance value between 2 2 and 2 9 • 5'2 based on the dependence 
of the head resistance value on temperature shown in FIG. 11. 

If the head resistance value is outside the range between 22 

and 29. 5'2, then the peripheral temperature is assumed to be 
15 outside the guaranteed range. In addition, if the present 

device is continuously operated at this environmental 

temperature that is outside the guaranteed range, the present 

device or data may be destroyed in the worst case. Thus, alarm 

means can be connected to the interface 8 for alarming the 

20 user so that an alarm signal can be issued to the alarm means 

through the interface 8 to alarm the user if the measured head 

resistance value is outside the range between 22 and 29. 5'2. 
Al though, in the third embodiment, the microcomputer 1 7 

has a control routine -provided therein for controllably 

25 operating the fixed magnetic recording device, similar 

effects can be obtained by recording, in a DISCKWARE or the 

like for storing a program for the magnetic disc 12, a control 

routine comprised of the first step of storing the temperature 

characteristic of the head resistance value for each MR head, 

30 the second step of measuring the head resistance value for 

the above described MR head when it enters the standby state, 

and the third step of calculating the temperature based on 

the above described measured head resistance value. 
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(Fourth Embodiment) 

As shown in FIG. 12, a fixed magnetic recording device 

according to a fourth embodiment of the present invention 

includes, instead of the microcomputer 17 in the above 

5 described third embodiment, a microcomputer 18 having an 

additional function for calculating the temperatures of a 

plurality of MR heads based on their measured head resistance 

values and temperature characteristics and predicting the 

degradation level of each of the MR heads based on the 

10 calculated temperature. 

Similarly to the above described third embodiment, when 

one of the MR heads enters the standby state, the head 

resistance value for this MR head is calculated and stored 

in the buffer 16, and the measured head resistance values for 

15 all the MR heads are also stored therein. Alternatively, the 

measured head resistance values for a plurality of MR heads 

to be measured may be stored therein. In general, these 

plurality of MR heads are constantly alternately operating 

or standing by. 

20 The microcomputer 18 calculates the temperatures of the 

plurality of MR heads based on their measured head resistance 

values stored in the buffer 16. If any of the MR heads 

indicates an extremely higher temperature than the others, 

this MR head is predicted to be subjected to a temporal change. 

25 With this configuration, a possible temporal change can 

be predicted by storing head resistance values or their 

changes in the buffer 16 and constantly monitoring the latest 

values for variations relative to the stored values. In 

general, if the head resistance value varies significantly 

30 despite a constant peripheral temperature, the corresponding 

MR element is assumed to be subjected to a temporal change. 

It is difficult, however, to determine whether a change in 

resistance is caused by the peripheral temperature or a 

temporal change, by monitoring only a single head, except for 
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an instantaneous increase in"resistance value caused by the 

thermal asperity (TA} phenome~on.. Accordingly, the 

plurality of MR heads can be used to assume whether a change 

in head resistance value is induced by the peripheral 

5 temperature or is permanent. If, for example, in a fixed 

magnetic recording device with four MR heads, all the four 
MR heads have their head resistance value changed, this is 

assumed to due to a change in temperature. In addition, if 
only one of the MR heads has its head resistance value chanqed, 

10 its characteristics are assumed to have changed compared its 

characteristics before delivery from the factory. During 

designing, statistical data must be obtained indicating a 
level of a change in head resistance value at which the 
performance may significantly affected. 

15 If, for example, the head resistance value has varied 
by 10% or more for any reason other than the temperature factor, 
the corresponding MR element is assumed be .subjected to 

certain damage. For a disc device the life of which is 
expected to be nearly at end, the device is constantly 

20 monitored for temporal changes in resistance value to check 
whether the value has varied by 10% or more compared to the 
one before delivery from the factory. If so, the user's data 
recorded on the media may be lost or the device may be 
destroyed. 

25 Thus, alarm means 19 is connected to the interface 8 for 

alarming the user for the degradation level of the 
characteristics so that an alarm signal can be issued to the 

alarm means 19 through the interface 8 if a change occurs 
corresponding to 1 O % or more. By issuing an alarm to the user, 

30 the user can be alarmed for the degradation level of the 

characteristics to prevent the present device or data from 
being destroyed. 
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(Fifth Embodiment) 

· As shown in FIG.. 14, a fixed magnetic recording device 

according to a fifth embodiment of the present invention has 

a bump 23 provided at a particular position of a magnetic disc 

5 2 0 as a projection, and a monitor means 21 (see FIG. 13 ) for 

monitoring each MR (MagnetoResistive) head for a variation 

in floatation based on a variation in output from the MR head 

observed when it passes over the bump 23. 

On a surface of the magnetic disc 20, the bump 23 is formed 

10 of the same material as the magnetic disc 20, as shown in FIG. 

14 • The bump 2 3 has a diameter, for example, between 2 • o and 

3.0 µm and a height, for example, between 0.1 and 0.15 µm. 

A plurality of bumps 23 may be formed on the magnetic disc 

20. The laser zone texture technique is used to form a desired 

15 bump 23 on the surface of the magnetic disc 2 O. The MR head 

essentially detects and outputs changes in resistance value 

and depends heavily on the thermal stability of its sensor 

section. During a normal operation, if the MR head section 

comes in contact with an abnormal projection on the surface 

20 of the magnetic disc 20, the head resistance value 

instantaneously increases to vary the output. This 

phenomenon is generally called "Thermal Asperity (TA)," and 

magnetic disc designs have coped with this phenomenon by 

preventing it using an improved circuit or improving the 

25 smoothness of the magnetic disc. 

With respect to the thermal asperity phenomenon, with 

the same bump, the level of the output variation increases 

with decreasing floatation due to intensified collisions. 

Then, an operation of the fixed magnetic recording device 

30 will be described which prevents a possible crash by measuring 

an output value for each MR head. 

On receiving an instruction from the microcomputer 22, 

the preamp1ifier 3 monitors each MR head in the head structure 

sections 1 for an increase in its head resistance value, which 
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leads to an increase in its output value, each time the MR-· 

head passes over th~ bump 23 form~d on the_disc 20 at.the 

predetermined position. 

The mc;mitor means 21 stores therein a possible variation 

5 in output from the MR head observed when it passes over the 

bump 23, wherein the variation was first stored during 

manufacture as an initial value. In response to an 

instruction from the microcomputer 22, the monitor means 21 

periodically measures the output variation to compare the 

10 measured value with the initial value in order to estimate 

a change in floatation, thereby monitoring the MR head a 

possible crash. 

Specifically, if the floatation is appropriate, the 

output variation observed when the MR head passes over the 

15 bump 23 is, for example, about 100 mV as shown in FIG. 15. 

Accordingly, the monitor means 21 has an output variation of 

100 mv stored therein during manufacture as an initial value. 

The monitor means 21 has a threshold for a possible crash set 

at 120 mv assuming that a crash may occur when the variation 

20 incr.eases by 20' or more. If the periodic measurement of the 

output variation indicates a decrease in floatation, the 

output variation observed when the MR head passes over the 

bump 23 increases up to about 170 mv as shown in FIG. 16. Since 

this is larger than the threshold of 120 mv, the alarm signal 

25 is output to the alarm means through the interface 8 to inform 

the user of a possible crash. 

With this configuration, a possible change in floatation 

of the MR head can be estimated by monitoring the MR head for 

a output variation so that the user can be informed of a 

30 possible crash if the variation reaches the predetermined 

value or above, thereby preventing the present device' or data 

from being destroyed. 

Although, in the fifth embodiment, the microcomputer 22 

has a control routine provided therein for controllably 
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operating the fixed magnetic recording device, similar 

effects can be obtained by recording, in a DISCKWARE or the 

like for storing a ·program for the magnetic disc 20, a control 

routine co:mprised of the first step of measuring and storing 

5 a variation in output from the MR head when it passes over 

the bump 23, the second step of determining whether the above 

described stored output variation exceeds the threshold, and 

the third step of alarming the user if the above described 

threshold is exceeded. 

10 Although the fifth embodiment measures and stores the 

output variation of the MR head during a normal operation, 

similar effects can be obtained if the output variation of 

the MR head during the standby state is measured and stored. 

In addition, although the above embodiments each use the 

15 MR (MagnetoResistive) head as a reproduction-exclusive head, 

similar effects can be obtained with a GMR (Giant 

Magnetoresistive) head. 
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CLAIMS 

1. A method for.controlling a bias current for a 

magnetoresistive head, the method being operative in 

5 controlling a bias current supplied to a magnetoresistive 
head for reading out data recorded on a magnetic disc, 

characterized by comprising the steps of: 

conducting measurements for optimizing a bias current 
value for said magnetoresistive head each time said 

10 magnetroresistive head accesses the magnetic disc; 

updating the bias current value for said 
magnetoresistive head to said measured optimum bias current 
value for storage; and 

supplying said stored optimum bias current to said 
15 magnetoresistive head to read out said data. 

2. A method for controlling a bias current for a 
magnetoresistive head, the method being operative in 

controlling a bias current supplied to a magnetoresistive 
20 head for reading out data recorded on a magnetic disc, 

characterized by comprising the steps of: 
conducting measurements for optimizing a bias current 

value for said magnetoresistive head when said 
magnetoresistive head enters a standby state; 

25 updating the bias current value for said 

30 

magnetoresistive head to said measured optimum bias current 

value for storage; and 
supplying said stored optimum bias current to said 

magnetoresistive head to read out said data. 

3. A fixed magnetic recording device for recording data on 
a magnetic disc and reading the data u~irig a magnetor~sistive 
head, characterized by comprising: 

111111111111111111111111111111 
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optimizing measurement means for conducting 

'measurements for optimizing a bias current value for said 

magnetoresistive head each time it accesses the magnetic 

disc1 and 

5 processing means for controlling said optimizing 

measurement means and outputting an instruction for updating 

of the bias current value for said magnetoresistive head to 

said measured optimum bias current value for storage and an 

instruction for the supply of said updated and stored optimum 

10 bias current to said magnetoresistive head. 

4. A fixed magnetic recording device for recording data on 

a magnetic disc and reading the data using a magnetoresistive 

head, characterized by comprising: 

15 optimizing measurement means for conducting 

measurements for optimizing a bias current value for said 

magnetoresistive head when it enters a standby state; and 

processing means for controlling said optimizing 

measurement means and outputting an instruction for updating 

20 of the bias current value for said magnetoresistive head to 

said measured optimum bias current value for storage and an 

instruction for the supply of said updated and stored optimum 

bias current to said magnetoresistive head. 

25 5. A magnetic disc having a control routine recorded thereon 

for operating a central processing section for controlling 

a fixed magnetic recording device, 

said control routine characterized by comprising: 

a first step of optimizing a bias current value for the 

30 magnetoresistive head each time it accesses the magnetic 

disc; 
a second step of updating the bias current value for said 

magnetoresistive head to said measured optimum bias current 

value for storage; and 

l 111111l ltllll lftlt llltl :111111 
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a third step of supplying .said updated and stored optimum 

bias·· curr;ent. to ~aid magnetoresisti.ve head. 

6. The magnetic ·disc according to Claim 5, characterized 

5 in that the first step comprises optimizing a bias current 

value for the magnetoresistive head when it enters a standby 

state. 

7 . A fixed magnetic recording device for recording data on 

10 a magnetic disc and reading the data using a magnetoresistive 

head, characterized by comprising: 

storage means storing a temperature characteristic of 

a head resistance value for said magnetoresistive head; 

measurement means for measuring the head resistance 

15 value for said magnetoresistive head when it enters a standby 

state; and 

arithmetic means for calculating the temperature based 

on said measured head· resistance value. 

20 8. A magnetic disc having a control routine recorded thereon 

for operating a central processing- section for controlling 

a fixed magnetic recording device, 

said control routine characterized by comprising: 

a first step of storing a temperature characteristic of 

25 a head resistance value for the magnetoresistive head; 

a second step of measuring the head resistance value for 

said magnetoresistive head when it enters a standby state; 

and 

a third step of calculating the temperature based on said. 

30 measured head resistance value. 

9. A fixed magnetic recording device having a plurality of 

magnetoresistive heads for reading data recorded on a 

magnetic disc, characterized by comprising: 

111111111111111111111111111111 
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'sto·rage means storing temperatu·re characteristics of 

head resistance values for said plurality of magnetoresistive 

heads~ 

measurement means for measuring the head resistance 

5 value for each of said magnetoresistive heads when it enters 

a standby state; and 

prediction means for calculating the temperatures of the 

·plurality of magnetoresistive heads based on said measured 

head resistance values and said temperature characteristics 

10 and predicting the degradation level of the characteristics 

of each magnetoresistive head based on said calculated 

temperature. 

10. The fixed magnetic recording device according to Claim 

15 9, characterized by further comprising alarm means for 

alarming a user for the degradation level of the 

characteristics of each magnetoresistive head predicted by 

the prediction means. 

20 11. A fixed magnetic recording device for recording data on 

a magnetic disc and reading the data using a magnetoresistive 

head, characterized by comprising: 

a projection provided on said magnetic disc at a 

particular position thereof; and 

25 monitor means for monitoring said magnetoresistive head 

for a variation in floatation based on a variation in output 

from said magnetoresistive head observed when it passes over 

said projection. 

30 12. The fixed magnetic recording device according to Claim 

11, characterized by further comprising alarm means for 

alarming a user when the output variation exceeds a threshold. 

1111111tf1111111111111111111 
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13. A magnetic disc having a control routine recorded thereon 

.for.operating a central processing section for controlling 

a fixed magnetic recording device, 

said control routine characterized by comprising: 
5 a first step of measuring and storing a variation in 

output from said magnetoresistive head observed when said 
control routine passes over the projection; 

a second step of determining whether said stored output 

variation exceeds a threshold; and 
10 a third step of alarming a user if said threshold is 

exceeded. 

14. The magnetic disc according to Claim 13 ,. characterized 
in that the first step comprises measuring and storing a 

15 possible variation in output from the magnetoresistive head 
observed when said control routine passes over the projection, 
after the mangnetoresistive head enters a standby state. 
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