Bﬁé{GRQJND OF THE | NVENTI ON The present invention r&ZeEs s
fn general, to a magnetic recording drive, utilizing the magnetic
recorgdi ng, such as. a nmagnetic disc drive, a magnetic 5 tape drive, and a*
magngtic fl oppy disc drive. - R mmgnetoresistive (MR) sensor ~
operdtes to detect the | eakage magnetic field fromthe recorded
magngtic transition by utilizing the fact that the resistivity of the
sensqgr depends on the | eakage 10 nagnetic field. Therefore, when the
magnijt ude of the sense current which flows through the sensor is

I ncrgased, the large reproduced output signal is obtai ned irrespective
of the relative speed between the head and the nedia such as disc and
tape; For this 15 reason, the nagnetoresistive sensor has been w dely used
in the reprodugpggchRoat® 6F THE RANYENZEAYNi ty magnetic recording drives.

However, in order to obtain the |arge out put, the magnitude of the
current (the sensor The present invention relates, in general, to

a magnetic recording drive, utilizing the magnetic
recording, such as'a magnetic disc drive, a magnetic
5 tape drive, and a magnetic floppy disc drive.

A magnetoresistive (MR) sensor operates to
detect the leakage magnetic field from the recorded
‘magnetic transition by utilizing the fact that the
resistivity of the sensor dépends on the leakage

10 magnetic field. Therefore, when the magnitude of the
sense current which flows through the sensor is
increased, the large reproduced output signal is
obtained irrespective of'the relative speed between the
head and the media such as disc and tape. For this

15 reason, the magnetoresistive sensor has been widely used
in the reproducing heads of the high density magnetic
recording drives. However, in order to obtain the large
oﬁtput, the magnit(ide of the current (the sensor
current); which flows through the magnetoresistive (MR)

20 sensor, needs to be increased. On the other hand, since
the sense current flows through a very thin MR sensor
layer, it is necessary to prevent the disconnection due
to the electromigration @nd tl-gz ﬁkg ,%‘Fog? t%é?%mrpose,

heretofore, only during the operation for reproducing



cufrent), whi ch flows through the nagnetoresistive (MR) 20 sensor, needs
tt0 be increased. On the other hand, since the sense current flows

t hrough a very thin MR sensor | ayer, it is necessary to prevent the
di sconnecti on due to the electrom grathon and the Iike purpose,
heretofore, only during the operation for reproducing

- 2- the regordedoshgaaksgnkhis, senées@ursee%r%atcaaéeeahgea to flow
t hrough the MR sensor. Along with the pronotion of high

density in £1b0etAREGGhI €nhdi B deh%Br.it is desired to inprove the 5
head sensitivity to secure the read operation of the r epr oduced

output. Thus, if the | argeongpwdthceHeoptpnbtion ofshigheddadity be
obt ai ned by increasing t he sense current which flows through the MR
sensor, since the magngtierdkisctfeive;réht idedestiyedf tohémpeoge therent is
so 10 large as to be 107 Alcn2 or so, in terns of the useful life of
t he sensor, 5thbeedasesest@hetprbblencuhatthheread opensbionsofr tkendown due

to the electron1grat|on or the accel eration of the electrom gration
due to the repeaferad upetpute. Thus, if the large reproduced output

is intended to be obtained by increasing the sense
current which flows through the MR sensor, since in
general, the current density of the sense current is so

10 large as to be 107 A/cm?2 or so, in terms of the useful
life of the sensor, there arises the problem that the
sensor is brokendown due to the electromigration or the
acceleration of the electromigration due to the
temperature rise. |

15 . In addition, for the purpose of increasing the
track density, in order to improve the head positioning
accuracy, the embedded sector servo utilizing the
positioning signal on the data surface has been widely
used. Then, if in this method, the magnetoresistive

20 (MR) sensor is used for reproducing both the recorded
read-write (R~W) data and the positioning signal, the
followiné problem will arise. 1In the embedded sector
servo method including the reproducing operation,
the positioning signal is always reproduced which

25 is recorded in each head portion of each portlon
which is called the sector and 1;*¢;%c;;t;1cally
distributed in a fan shapé on the magnetic disc.

Therefore, after the reproducing of R/W data has been



&
15 In addition, for the purpose of increasing the track

gdensity, in order to inprove the head positioning accuracy, the
enbedded sector servo utilizing the positioning signal on the data
surface has been wi dely used. Then_ kf_in this nmethod, the

magnetoresi stive 20 (MR) sensor is used or reproducing both the recorded

read-wite (Rﬁg%ﬁgqhgdagg ggqn 0Sl 1e@Riag Hleddd! + %h%o qu Qlgl owi ng probl em

will arise. € enbe tor Servo néth I'nc t he
reproduci ng opgehi3Bn is coA®iReSE WRRhRI t%leg%lsﬂtao%h\f\@y%l@aanoqgced
which 25 is recorded in each head portion of &ach portion S
cal | ed the seebpkoangeids bgortentaineahkrd untdilsthiebuesd unsarh@mlahape on
t he magnetic disc. Therefore, after the reproducing of RFWdata has
been ' of R/W is issued. Therefore, in3the caspepfohead Biprusing a
certain head, the follow ng operation is continued while the

posi tioni n§ skgadingsout theepnfdumedibp bheiggmtheehdgbnreprodechegt

i nstruction of 'RFWis issued. Therefore, in the case of head for 5.

readi ng out tfcegnesryasbeh BavRngirBetrryh ﬁéprégﬁénngeproduﬁiéquency such

as a dlrectorg t he t ot al regroducl ?
ime of the MR head incIuding the time required for the

‘positioning signal is remarkably increased as compared
with other heads.

10 For example, the case of the magnetic disc
drive having the following specification will
hereinbelow be discussed.

(1) Number of sectors: 82 sectors/track
Positioning signal: 99 Bytes/sensor {including ID
15 portions) Frequency of occurrence of
recording/reproducing opéfation: 5 times/sec
Amount of look ahead cache data: 2 tracks
Number of heads: 15 heads
Rotation of frequency of the disc: 4,500 rpm
20 The operating conditions of the above-
mentioned disc drive are set as follows.
(2) Uséful life: 500,000 hours
Operating time: 12 hours/day
Ratio of recording to reproducing: 1/3

25 FIG. 1 shows the data format of each track. As can be
seen from the figure, each track includes, but is not
limited to, a track ID portion and a plurality of sector

portions which follow an INDEX representing a starting
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time of the MR head including the tine required for the posi tioning
stgnal is remarkably increased as conpared with other heads. 10

For exanple, the case of the magnetic disc drive having the foll ow ng
specification wil | her ei nbel ow be di sgussed. (1) Nunber of
sectors: 82 sectors/track Positioning signal: 99 Bytes/sensor

(including IDpdont of th@Of{hERS) fﬁeéﬂéﬁcé(e@f:of)cc{:'ﬁéeﬁéﬁl@ionlng
recordlng/reprodu0|ng operation: 5 tinmes/sec Amount of | ook

ahead cache daggnZltifCkécorded in th@lUnbgd pbdrbeadsthdbebBpdand next

Rot ati on of frequency of the disc: 4,500 rpm 20 The operating
condi tions of bdieh admdVED portient andesl dasaz portvionaref seheasetbdbt oase

(2) Useful Iife: 500,000 hours Qperating tinme: 12 hours/day
Rati o of recormcrrgrd@drep!t‘!@eluefﬂge:ltkse o6l ¢¢@d Theadvalvaps daeatisvedt of
each track. As can be seen fromthe figure, each track includes, but is
not li nPt P txeProdee kthe w%twm signat ofoF ythe Sekleying

portions which follow an | NDE resqulqg a, starting
operation. On t ther han in the recording and

reproducing modes, the ID portion is also read out, and

the objective sector is found out. After the ID portion

has coincided with the objective wvalue, in the recording
10 mode, the recording of the data is performed. 1In the

reproducing mode, on the heels of the reproducing of the

sector to be reproduced,.in general, the look ahead for

one or two tracks is performed.

Therefore, the following results are obtained.
15 (3) Total R/W data reproducing time:
4,990 hours
{4) Total positioning signal reproducing
time: 3,800 hours

As described above, for a period of time ranging from a
20 time point when the recording or reproducing operation

has been temporarily completed up to a time point when

the subséquent recording or reproducing is performed,

the same head HDn is kept being selected. PFor that

period of time, the positioning signal in the following
25 operation will be also reproduced with the same head

HDn. As the excessive case, if it is assumed that the

processings are concentrated on one head, it takes in

total 8,790 hours, i.e., 366 days. Thus, it is very



-

4- point of the track. In each sector, the positioning signal is

recorded in the head portion thereof, and next both an I D portion and
a daty portion of the sector are recorded. Therefore, the selected
head pl ways conti nues S to reproduce the positioning signal for the
fol | oM ng operation. On the other hand, in the recording and

reproguci ng ”Dd§§ffiE§I£DtBOEBéQBe'%hé'§§ef§4de@E,o§the.maghb@oObJeCthe
sectof is found out. After the ID portion has coi ncided with the

obj ective val uerespsthger 86A568kNGypéOheade int kter abovd-ngntliohkd Haga is
performed. In the reproduci ng node, on the heels of the reproducing of
t he sectorctiprésntr @pnefitgedtata.general, the | ook ahead for one
or t tracks i s perforned. Therefore, the followi ng results
are ﬁgtained. 15 (3) Total RFWdata reproducing tine: 4,990
hour g (4) Total positioning signal reproducing tinme:
3,800 hours SWMMHEECQFbEHEa58VENTIgN a period of time ranging froma 20

tinme |poi nt when the -recording or_ reproduci ng operation has been
tenpdrarily onpleted up ¥ HSttRerebPre aRepPiectiat LhesBEEERRL  ecording

o reproducing | performed, 14, e ead KO0 i 5, kspt bging sel ected.

performing the positioning operation using the embedded

sector servo method, which is capable of managing the
current flowing time of the sense current caused to flow

10  through the magnetoresistive sensor and of decreasing
the time required for the sense current having the
necessary magnitude to be caused to flow in the
reproducing of the recorded signals as much as possible,
thereby improving the useful life of the magneto-

15 resistive effect sensor.

The above-mentioned problems associated with
the prior art can be attained by controliing the
reproducing time in the following operation so as for
the total reproducing time of each head, including the

20 time required for the following operation and the
reproduéing, to be fixed.

In addition, in the operation other than the
reproducing of the recorded signals, i.e., during the
following operation, the sense currents which are caused

25 to flow through the respective magnetoresistive sensors
are equivalently decreased, whereby the improvement in

the reliability can be attained more effectively.



périod of tine, the positioning signal in the following 25 operation will

_be also reproduced with the sane head HDn. As the excessive case, if it
*is assuned that the processi ngs are concentrated on one head, it takes
in total 8,790 hours, i.e., 366 days. Thus, it is very
- 5- difficult to ensure the usefui™18fe of the magneto- resistive

sensor type head in the above-nentioned hj cuyrent dégfity state.

h .
SUMVARY OF THE | NVENTI (ipe feature of a ﬂlg-‘i’fs IR ¢t of the
t ' tjon t i d tic disc. dri f :
Derforming t HAHERT T oh Rt SPR? 1T DR USTAYERcR RMAARALY Of magnetic. .,
t hod, which_j i t ' ' f th
sense cur ren ¢S ARk ST AP ae trre s At ATO st Y Culdel BT 0
decreasing pa.y (&I 4® {SHHLE Lﬂé?ﬁﬁeféﬁﬁie%{@ttﬁ@ﬁlu%fdfe

necessary nagni e to be cause ow in epro ng of the

recorded signal & afudUGd @sr POTEs Bhfused to LARSEDMNIJIYOUMIHW the useful

life of the magnet o-
respective magnetoresistive sensors among the plurality

of magnetic heads.

The feature of a second invention is (2) a

magnetic recording drive which may provide including

10 means for switching the magnetic heads in turn in the
following operation in such a way that the accumulating
total of the data reproducing time in the magnetic heads
described in the paragraph (1) and the time required for
the positioning data reproducing, which is performed in

15 both the seek operation and the following operation are
averaged among the magnetic heads.

The feature of a third invention is (3) a
magnetic recording drive which may provide including
means for switching, in the following operation

20 described in the paragraph (2), the magnetic heads,
except for the magnetic head or heads having the longer
total reproducing time, so as to increase the magnetic
head number, and switching, at the time when a maximum
magnetic head number is obtained, conversely, the

25 magnetic heads, except for the magnetic head or heads
having the longer reproducing time, to the magnetic

heads having the smaller magnetic head numbers in turn.



15 resistive effect sensor. The above-nentioned problems
associated with the prior art can be attained by controlling the
Teproducing time in the foll owing operation so as for the total
reproducing tine of each head, including the 20 tine required for the
foll ow ng operation and the r epr oducti Ag; to be fixed. In
addition, in the operation other than the reproduci ng of the recorded
signals, i.e., during tfBe featyreo@ifng Spurahi nvenkdosedse (ddrRents which
cti,ve magnetoresi stive sensqQrs

fl, h h . t
e oqui val enfRIRGEL o RSaRF AAS: &y vEnt FAIGy SnBA TR LEY AN BRBRRAST | ity
oo 0 LA RGARE Bath BhbakTaho, & pRgpetaren e vis SETPOR “BiHagne i
[ [ o : ls 1 tig s . _he oying a
reonet b gaf o 167 BREVEAC" bHERA LY b NE! ks onipl NS BAGRePTR

aver agi ng %hehéﬁaéuht,tﬁe|kﬁﬁedﬂﬁihﬁscH&E?B%én@af§8ﬂ.EHoEEOWhEPrQHQh the

respecti ve magnet oresi stive sensors anong the plurality of magnetic

heads. magnetic heads are switched along with the recording or
reproducing of the data. .

The feature of a fifth invention is (5) a

magnetic recording drive which may provide including

10 means for switching the magnetic heads in turn in the
following operation in such a way that the accumulating
total of the data reproducing time in the magnetic heads
described in the paragraph (4) and the time of the
positioning data reproducing, which is performed in both

15 the seek operation and the following operation are
averaged among the magnetic heads.

The feature of a sixth invention is iG) a
magnetic recording drive which may provide including
means for switching, in the following operation

20 described in the paraéraph (5), the magnetic heads,
except for the magnetic head or heads having the longer
total repéoducing time, so as to increase the magnetic
head number, and switching, at the time when a maximum
magnetic head number is obtained, conversely, the

25 magnetic heads, except for the magnetic head or heads

having the longer reproducing time, to the magnetic

heads having the smaller magnetic head numbers in turn.



The feature of a second invention is (2) a magneti c recording drive
whi ch may provide including 10 nmeans for switching the magnetic heads in

Yurnin the foll owi ng operation in such a way that the accunul ating
total of the data reproducing tinme in the magneti c heads described in
t he paragraph (1) and the tinme required fd& - t he positioning data

reproduci ng, which is perfornmed in 15 both the seek operation and the

fol | owi ng operation are The featuredfinreevérthnipeentioratis. (7) a

The feature of a third invention is (3) a magneti c_recording drive

whi ch may pr oi@neHEF uEeeRrding n@ahve f opatimy chi phurahi theof oPagRLREC

operation 20 described in the paragraph (2), the pagnetic heads,
except for thfeh% et% h@&ﬂlwl%%agﬁﬁ%’@é%r?%’esﬁ‘b efEensor o‘%éd’cn

Py ot Ry ReBReh SR AP R A cona S AR e B e

oo ey P OIS IENE oRCRpla AU ATUE i hencs

smal | er nagnetx;ecri@@éi_ nunbers in turn. -

! The feature of a eighth invention is (8) a
magnetic recording drive which may provide including
means for switching the magnetic heads in turn in the

10 following operation in such a way that the accumulating
total of the data reproducing time in the magnetic heads
described in the paragraph (7) and the time of the
positioning data reproducing, which is performed in both
the seek operation and the following operation are

15 averaged among the magnetic heads.

The feature of a ninth invention is (9) a
magnetic recording drive which may provide including
means for switching, in the following operation
described in the paragraph (8), the magnetic heads,

20 except for the magnetic head or heads having the longer
total reproducing time, so as to increase the magnetic
head number, and switching, at the time when a maximum
magnetic head number is obtained, conversely, the
magnetic heads, except for the magnetic head or heads

25 having the longer reproducing time, to the magnetic
heads having the smaller magnetic head numbers in turn.

The feature of a tenth invention is (10) a

magnetic recording drive, having at least magnetic



The feature of a fourth invention is (4) a magneti c recording drive,

having a plurality of magnetic heads each enpl oying a
magnet or esi stive sensor, which may provide including neans for
swi t ching the magnetic 5 heads at the tinme points different fromthose
when t he magneti c heads are switched 3I6ng with the recording or

duci f.the d . The feat . 2 fi | ti '
(5 8 gty TR MRAR B AT o Aot Gt gt reans
(5)a  md TG W i A _ eans
uch 5 uay hd A halCTRG A g A] Saner oo B I ST 10

t he magnetic w%ePrOddUéES&fé%Lpeé% rﬁgrﬂp%] médiwnd drsecy ingy of the

positioning data reproducl ng, I's perforne n both 15 the seek

operation and g, fad | Ve NG OREIREA P9 B8 averadMiy agesl toldly diynamgnetic
heads. The feature of a sixth inventionis (6) a

magneti c regorpipdiidiMry Wiind dfBYEe Qva dite t die sitB thigve senswaans for
switching, in the follow ng operation 20 described in the paragraph (5),

t he magnetic heads, Tirec efata thare tdfe ardlgnetl d rhveeet i@m HeadsllHava ng t he

| onger total reproducing time, so as to increase the magnetic head
nunber, and swawmitig mearding rdr iservhichotiatimrovidamgmaiudingad nunber

i s obtained, conversely, the . o ’ )
means for switching the magnetic heads in turn in the

following operation in such a way that the accumulating

10 total of the data reproducing time in the magnetic heads
described in the paragraph (10) and the time of the
positioning data reproducing, which is pe;formed in both
the seek operation and the following operation are
averaged among the magnetic heads.

15 The feature of a 12-th invention is (12) a
magnetic recording drive which may provide including
means for switching, in the following operation
described in the paragraph (11), the magnetic heads,
except for the magnetic head or heads having the longer

20 total reproducing time, so as to increase the magnetic
head number, and switching, at the time when a maximum
magnetic head number is obtained, conversely, the
magnetic heads, except for the magnetic head or heads
having the longer reproducing time, to the magnetic

25 heads having the smaller magnetic head numbers in turn.

The feature of a 13-th invention is (13) a
magnetic recording drive, having at least magnetic

discs, magnetic heads, an actuator, a voice coil motor



25 magnetic heads, except for the magnetic head or heads havi ng t he

longer reproducing tine, to the nmagnetic heads havi ng the snall er
magneti ¢ head nunbers in turn. - 8-
The feature of a seventh invention is (7)ga_ magneti c recording drive,
having a plurality of magnetic headS each enpl oyi ng a magnet oresi stive
sensor, which pLoV] i ughgg: 5 SV 1{ng, 4 he magnetic

5 heads for § ncdceasnsirﬁ\i-\eW t(g/\}oyé aeta ér}gcl(,:or ngg or5 f“éi o%%%!l%l%ﬂ peri ods.

The feature Qger%ﬁ@g&udﬂl%%ﬁdé@ 4 5gh B s recordd@A St e MACONELNY drive

whi ch may provi n means for swtching the nmagnetic heads in

turn in the M3 dPIBVEKDORES ARHH dulr Seiets AEch thad ddisseal aont g ng
total of the data reproducing tine in the magneti c heads described in
t he paragraphhriuginadHee dspectafvée heensors posid i rd ey aldtter ridmmodibe ng,
which is perfornmed in both the seek operation and the foll ow ng

oper at i on fr & igha laverageth Gimog ¢ tatee oy e ondgnetopresistive sensorsrhe
feature of a ninth inventionis (9) a magneti c recordi ng drive which
may provide iare wdiwiggalently reduced.

The feature of a 14-th invention is (1l4) a
magnetic recording drive which may provide that in the
following operation described in the paragraph (13), the

10 sense currents which are caused to flow through the
respective magnetoresistive sensors are reduced.

The feature of a 15-th invention is (15) a
magnetic recording drive thch may provide that the rate
of reducing the sense currents described in the

15 paragraph (13) is equal to or lower than 1/2.

The feature of a l6~th invention is (16) a
magnetic recording drive which may provide that the rate
of reducing the sense currents described in the
paragraph (13) is equal to or lower than 1/4.

20 The feature of a 17-th invention is (17) a
magnetic recording drive which may provide including
means for‘making, in the following operation described
in the paragraph (13), the sense currents, which are
caused to flow through the respective magnetoresistive

25 effect sensors, zero.

The feature of a 18~-th invention is (18) a
magnetic recording drive which may provide that in the

following operation described in the paragraph (13), the



nmeans for switching, in the follow ng operation. described in the
 paragraph (8), the nmagnetic heads, 20 except for the nmagnetic head or
heads havi ng t he | onger total reproducing tinme, so as to increase the
magneti c head nunber, and smﬁtching,l§t~the ti me when a maxi num
magneti c head nunber is obtained, converSely, the magneti ¢ heads,

cxeept, o e founelify oy seliofbdoan tosengercoappiueing.

time, to the avl ng e’ snalTer nmagh

turn. : gggb s L nyvent i )g @ magneti c
recordi ng dri("(/"etf1 h%ﬁ/l ng %tqa(f t,\%isejf Oén%%n%ﬁ%@léﬁﬁ@ d&Xs, Dl s
-9-  di SGSer BYRE] 11 e atSspétt A U OT a1 Sedt GRused | pd@i®ioning and an
R-Wcircuit and enpl oyi ng° nagnet oresi stive sensors to reproduce
signals recorggghJ n the nedium which may provi de including neans for
averaging the total signal 5 reproducing tinme of the magnetoresistive
sensors. 5 THEhef dadatng eofofa dl9+th hinverdritaronis s(Y9)1)a a

magneti c recording drive which may provide including means for

swi t chi ng t henagngtsid ceradding dkve iwhicle may priowidevithptopdraation in

such a way that the accumulatin%_ L - )
reproducing intervals of the positioning data, which is

reproduced in the following operation descr{bed in the

paragraph (13).are made discontinuous, and the sense
10 currents, which are caused to flow through the

respective magnetoresistive sensors, are reduced.

The feature of a 20-th invention is (20) a
magnetic recording drive which may provide including
means for averaging, in the following operation

15 described in the paragraph (13), the total signal
reproducing time of the magnetoresistive sensors.

In the magnetic disc drive, in general, as
compared with the time required for the recording or
reproducing operation, the time, other than that time,

20 required for the seek operation and the following
operation is overpoweringly long. Therefore, the
positioniﬁg signal reproducing time ih both the seek
operation and the following operation has a great
influence on the useful life of each magnetoresistive

25 sensor. Therefore, if the time required for only the
following operation to be performed is equally assigned

to the magnetoresistive sensors by the above-mentioned

means, the optimal current flowing time per magneto-



10 total of the data reproducing tinme in the magneti c heads descri bed

lsn t he paragraph (10) and the tinme of the posi tioning data
reproduci ng, which is perfornmed in both t he seek operation and the
foll owi ng operation are averaged anoRg the magnetic heads. 15

The feature of a 12-th invention is (12) a magneti c recording drive

whi ch may providelobucdldgsor cakape 1 Eﬁ%t‘:‘?@&dii‘nt.{‘ﬁefé’kéﬁi@i@g

operation cribed 1 n the paragrap e magneti c heads,

except for the,fagietiKoneafe Of i HR8ESAN¥I @83 b8eal OpgEIowg) tot al
reproducing tinme, so as to increase the magnetic head nunber, and

swtching, at the tine vgggldhygvd5n5n24,4rnmqn@ticsygad nowber i s obtai ned,
conversely, the magneti ¢ heads, except for the magnetic head or heads
havi ng the | ongera regswitici tige tpoesibblibe oRgtieé i €is@dnheatisomavi ng the
smal | er magnetic head nunbers in turn. The feature of a 13-th
i nvention i% (M3alkdown wofgiiee itagrebedesnys tive esemser ngamtbé ebatgebgnet i c
di scs, magnetic heads, an actuator, a voice coil notor

- 10 - amei thgateficircuit and enpl oyi ng magnet or esi sti ve

BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a view showing a track format useful
in explaining the present invention;

10 FIG. 2 is a block diagram, partly in cross
sectional view, showing a configuration of a magnetic
recording drive of the present invention;

FIG. 3 is a block diagram showing a configura-
tion of a circuit for selecting and controlling a mode,

15 R/W and a head in an embodiment 1;

FIG. 4 is a flow chart useful in explaining a
method of selecting and cbntrolling a servo head in the
embodiment 1;

FIG. 5 is a graphical representatioﬂ showing

20 the relationship between the useful life of the sensor
and the ;ensor current density;

FIG. 6 is a graphical representation showing
the fact that when increésing the current, the migration
occurs; and

25 FIG. 7 is a perspective view showing a
structure of an MR head employed in the present

invention.



sensors to reproduce signals recorded in the nedium whi ch may provide

that currents which are caused to flow t hrough the respective sensors
in agstate other than the 5 signal reproducing state in the

magngt or esi stive sensors are equivaently reduced. The
feattre of a 14-th invention is (14) a magnetic recording drive which

may provide pPRaCRIPTION OF THY PRUFEGRRDE EMBOPIMERSE! i bed in the paragraph
(13), the 10 sense currents which are caused to flow through the

respective magnetoresi &hlevgreeeseea ampodadened. of the present The feature
of a 15-th invention is (15) magnetic recording drive which may

provi de t hat ihkentdbe willoheredmeifgrt be deseeibedrentb deferebee in the

15 paragraph (13) is equal to or |ower than 1/2. The feature

of a 16-th i hoebheoacitempabyiag dramiggeti c recording drive which may

provide that the rate of reducing the sense currents described in the

par agr aph 5( 18¥mbedégeat 20 or |ower than 1/4. The feature of

a 17-th invention is (17) a magneti c recordln drive which nmay provide

i ncl udi ng neans foFiR@king, fFﬁthémPGﬂFBﬁPﬁgongFQtP6ﬁ5665cr|bed in
t he sense currents, . which ar ed.to. fl ow

t he paragraph
t hrough the tB éﬁ%%%?vewﬁﬁénEFBPég §GPVebezgeéFFéEFdséﬁsg?Eal%ero

LU LU 8h09h1§ntPIé?V9?tgoga§§e 1c recordlng drive of the

present embodiment includes, but is not limited to, one

10 or a plurality of magnetic discs 1, magnetoresistive
(MR) sensor reproducing composite heads 2 which are
provided in correspondence to the number of magnetic
discs, an actuator 3, a voice coil motor 4, R/W
amplifiers 5, a mode, R/W and head selection control

15 circuit 6, a write data generation circuit 7, a
reproducing pass selection circuit 8, an R/W channel 9,
a servo signal reproducing and positioning control
circuit 10, an interface and control circuit 11 and the
like. In FIG. 1, the actuator 3 and the voice coil

20 motor 4 are shown in the form of a linear actuator.
However, in the case, as well, where a rotary actuator
which is Qﬁdely used in the small disc drives is used
for the actuator 3 and the voice coil motor 4,
similarly, this example can be embodied.

25 The MR sensor reproducing composite heads 2
are numbered HDn (n = 1, 2, 3, ..., m). In this
connection, the integral number m corresponds to the

total mounting number of heads. fThe mode, R/W and head



nabnetic recording drive which may provide that in the fol |l ow ng

operation described in the paragraph (13), the r epr oduci ng of
the gositioning data is not perforned with respect to all the

posi #i oni ng data, but is perfornmed w4 h respect to the discontinuous
posi #i oni ng dat a. 5 The feature of a 19-th invention is
(19) ja negheti§oheeohdirdd @hirveivhisCbpemes tRisotiodeohitablt kee
reproduci ng intervals of the positioning data, which is reproduced in

the fol | owi ngrepebaticangdpassi bedthe pbeitionipar ajuaph @b8) thee made

di sconti nuous, and the sense 10 currents, which are .caused to flow through
t he r espeetovdedangigheileshsough $besoeprodueingdpess. selection

The feature of a 20-th invention is (20) a magnetic recording drive

whi ch may proeideuiticBudi By the ppgratiensaeér 49O, CiikCLRESHokh8wW ng
operation 15 described in the,paragragh (13), the total L%Ral
reproduci n§ t chBreptt AdowagaetdP8sPSt the SERS8§r gurrents whith arp, pe

magnetic disc drive, in_general, a conpar with the ti.ne required for
thg recor di ngcgpsed to flow tgrougﬁ the res ec%9ve reproguc1ng hedds

each constituted by the magnetoresistive (MR) sensor is

averaged.

The mode, R/W and head selection control

10 circuit 6 includes, but is not limited to, a decoder and
reproducing time control circuit 15 and a reproducing
time difference memory circuit 16 which operate to
analyze an R-W control signal 14 sent from the interface
control circuit 11. The decoder and reproducing time

15 control circuit 15 operates to perform, on the basis of
the information in the reproducing time difference
memory circuit 16, the control of the positioning signal
reproducing in both the seek operation and the fbllowing
operation so as for the reproducing time of the MR

20 reproducing heads to be uniform. Therefore, the decoder
and reproducing time control circuit 15 generates a
signal 12 which is used to perform the control of the
operation of the R/W amplifiers 5 and the suitable
control of the heads, and a signal 13 which is used to

25 control the reproducing pass selection circuit 8. As an
example of the reproducing time difference memory
circuit 16, there is shown in FIG. 3 the specific case

where that circuit 16 is constituted by a blurality of



reproduci ng operation, the time, other than that time, 20 required for the
seek operation and the foll ow ng operation is overpoweringly I ong.
Therefore, the positioning signal reproducing tinme in both the seek
operation and the foll ow ng operation hai a great i nfl uence on the
useful life of each magnetoresistive 2ensor . Therefore, if the tine

df ly th follp t tp b f d |
nesigned 08 %w%&@?%é‘%”%ﬁ?ﬁ%@%i@”%yﬁ héoﬁ%ﬁé&ﬂiﬁ%n*i%“a ’

, th t f L
I " A et sonbn 0t SRR RSP sevRe R Al o
244 days - i '°2r?%%v¢fatf’féVigﬁaéﬁé%?%@lﬁemo%g?%.|.tys§¢?“"’eo e
di sconnectio f € | s{jheve sensor can be largely
h&iataIS DL LAKAN O L AD 2 ROREI A £ Lk

mi ti gat ed. R PIT N OF THE DRAW NGS FIG 1
is a view ghowing a tragk fan@taasef ibtion will e ainidlpy e 1y issant

i nvention;
with respect to a method of selecting the above-
mentioned servo heads with reference to a fl?w chart of
FIG. 4. After turning the power source of the drive on,
in general, the directory information is read out by the

10 head BDO, and then is transferred to a processor. The
data relating to the reproducing time for that period of
time is stored in the reproducing time difference meﬁory
circuit 16 by using both an ID signal reproducing count
signal 23 and a sector recorded signal reproducing count

15 signal 24. A position signal reproducing count signal
22, the ID signal reproducing count signal 23 and the
sector recorded signal reproducing count signal 24 are,
in correspondence to the respective lengths, input to
the corresponding bits in each counter.

20 Next, until the recording or reproducing in
the first head is started, the following operation is
performed %or a fixed period of time while increasing
successively the head number. For that period of time,
by the position signal reproducing count signal 22 which

25 corresponds to the following time every head and is
generated every sector, the data relating to the

reproducing time is stored in the UP counters 17

corresponding to the respective heads.



10° FIG 2 is a block diagram partly in cross secti onal

view, show ng a configuration of a magnetic recordi ng drive of the
pres Envent i on; FIG 3 is a block diagram show ng a

conf M- tion of a circuit for sglfgthg and controlling a node, 15
R'W . a head in an enbodi nent 1; FIG 4 is a flow chart

usef 1 n explaining a £c an ntrol servo head
in t . enbodi nment ]'_I;he tmarsi'k qlead 3&}51 Cid 5 i% ¥ "@ | ca él%egd} ‘esent ati on
showgsg 20 the, reI ti.Qns SIRYSEE Hgff I and
t he g@#nsor Lﬁ‘?%rﬁ ents h‘;&e}p ¢ 14 éﬂ% I$|‘)'s"?a&%ragkﬁi cal

repr gsent ati on, SHQM A (f‘ort Nhd@ el 160 INAUANCT AL ddiforfctirict the
m gr gtion occurs; I's a perspective view

showfng a oSttrHéCtééréi LOfe i MR ey &ETPJ&B/aﬁ.d.Ldrﬂ, tahﬂa gsent
i nvehti on. ) DESCRI PTI ON OF

THE PREFERRERFNRGINEY S ime, ID reproducihite timef %rrfcectrfmmcbdrents of the
present storage information reproducing time in the R/W
operation in the head HDi, the contents of the counter
of the head HDi is counted up. At the time point when
the reproducing operation has been completed, the (i+l)-
10 th head HDi+l is selected. Then, after the following
operation has been performed for a fixed period of time,
as long as the processing does not enter into the R/W
operation, the count-up is performed one by one in such
a way that the counters are switched successively in the
15 order of HDi+2, HDi+3, HDi+4, ..., HDm. Subsequently,
the count—-down is performed one by one in such a way
that the counters are switched in the order of HD(m-1),
HD(m-2), ..., HD1 and HDO in turn. In addition, as long
as the processing does not enter into the R/W operation,

20 the processing is returned to the count-up process, and

then the above-mentioned processes are repeatedly

LY

executed.

In this connection, in order to make the
reproducing time in the individual heads fixed, the
25 switching of the heads needs to be performed so as to
perform the following operation except for the head or
heads having the larger reproducing time. For this

purpose, by utilizing the information of the counters 17



i nvention will hereinafter be described with reference to the

acconpanyi ng draw ngs. 5 (Enbodi nent 1) First, a first
enmbo@esnt of the present i nvention w |l hereinbel ow be described in
det ai -~ As shown in FIG 2, a magnetic recording drive of the

presgmt enbodi nent includes, but is not-lidlmted to, one 10 or a plurality
of mggnetic discs 1, magnetoresistive (MR) sensor reproducing

conpgsi t e headsn 2#whikhthe edata relavingdto nthertaspoetepeed tot he nunber
of nHgnetic di scs, an actuator 3, a voice coil notor 4, RIW

anplifiers 5, RERRRD YoeVRoi IrerptiPRcEbtRoMeads IS5 stoxedt Bhea wite
data generation circuit, 7, a .. repraoduci ng pass, selection circuit 8, an
R'W channel 9,most S’aﬁ’é’e&ﬁf’%"i Pt 9 PrYTRRP SR bt ROy dai rof
T The. act uat PR RS o T SO RRDIT T Sirsed PR form of a
e 2B Moty U dfh IS, BBl MRt 2
3o 11 Vol s st iy Y Uhkaldlnh DR ARSI o
HDn (n = 1, 2detection Birduit!Nig5, and the data relating to the head
showing that the most significant bit is "1", i.e., the
reproducing having the longest reproducing time has been
10 performed is shown to a longest reproducing time head
storage register 20. Then, except for the head which
has been shown by a longest time head register output
signal 21 sent from that register 20, the count-down
operation and the counting-up operation are performed
15 with respect to other heads HD.
The fixed following time can be selected from
the time required for the disc to make one rotation to
10 sec or so. However, in terms of the fine reproducing
time control, as for the fixed following time, the time
20 interval which is short as much as possible is
desirable.
The above-mentioned embodiment has been
described by taking the fixed length recording method,
which is widely used in the small disc drives for
25 personal use, as an example. Howéver, it is, of course,
to be understood that the above-mentioned embodiment may

also be applied similarly to the architecture in which

the positioning signals are embedded at regular



&
connection, the integral nunmber m corresponds to the total nounting

nunber of heads. The npbde, R/ Wand head

- 14 & sel ection control circuit 6 operates to control the
reproduci ng pass of the positioning signal and the recorded signal

t hrough the reproduci ng pass selection = 1l&iTcuit 8. By the operations of
those circuits, the 5 current flowing tine of the sense currents which
are causedinsetewst hnotihle whae ieddgedeingshr gpcodddingganchd$ectureeach
constituted by the nmagnetoresistive (MR) sensor is, aver aged. |

The node, R/ W awbipbadsswidelyonsednimnoltheidiger duives £R& §88sMaBdt is not
limted to, a decoder and reproducing time control circuit 15 and a
repr oduci ng frame-difference menory circuit 16 which operate to

anal yze an R—M/?gn%raL signgl 14 sent fromthe interface contro

circuit 11. The'fBRBH&PEREd4eproducing tine 15 control circuit 15

oP 28, L BELTOT™ o1 X ReaBaBhS, ShposypbHE 18! BHAEE LIRS LipgeR v v
si gnal reprodyciigde’ Inbehl hignettk °BEHRHIAR APYvENRal2hLO¥hBIsame
structure, shown in FIG. 2, as that of the first
embodiment, in order to reduce the influence of the
reproducing time in the following operation, the
10 magnitude of the sense currents which are caused to flow
through the respective MR heads in the following
6peration is greatly reduced.
An example of the relationship between the
sense current density J and the head useful life Tf is
15 shown in FIG. 5. The graph shown in FIG. 5 is obtained
from the change in the current flow dependency of the
head resistance, plotted for the sense current density
as a.parameter, shown in FIG. 6. As apparent from FIG.

5, the following relationship is established.
Tf « J-5.2 veee (1)

20 From Expression (1), in order to increase the head
useful life Tf by two digits and to reduce the influence
of the following time, the.sense current density J may
be multiplied by 0.4, i.e., approximately halved. 1In
addition, in order to further reduce the influence of

25 the following time, if it is an object that the head



operation so as for the reproducing tine of the MR 20 reproducing heads to
be uniform Therefore, the decoder and reproducing tinme control circuit
15 gefierates a signal 12 which is used to performthe control of the
operation of the RRWanplifiers 5 and the suitable control of the
heads, and a signal 13 which is used to~ 2% control the reproducing pass
selectlon circuit 8. As an exanpl e of_ the reproduyci, tlne di fference

menory ci regpfuiclifRefé is éﬁ@%ﬁaﬁﬁdFPG.térﬁﬁe %Hé&gflé cae wher e
Ehig ?IrCUILPlgBéﬁQE?g T% ﬁh?cﬁeﬁﬁg %P%%aﬁéd%eﬂséﬁyrgsﬂ@ﬁdgnce to the
char acter! st caPPROBERRFeTy GRAFErRE" " P8 hePdisy: a3 PE BRCEETEAT . e
;j?ﬁ resgect tgaglﬁEPﬁmﬁh%PSo gg%hgéb? SW%EEOhEEEEQQEEQW Qgﬁghvggrvo heads
Wi th referegcegEEr@aghﬂﬁlQgﬂéttﬁgreof iEl &n 4neAthBget BENLNG bhesgowsr

source of the drive on in general, the directdry information is read
out by the 101h2a6rPﬂ@reandxhhaad&sibhanszherh@dhtpoalaaaaesgoaccirhacy
which is required for the R-W operation is not required
for the following operation. Therefore, reéucing the MR
sense current during following operation becomes

10 possible. In addition, in the case of the disc drives
suitable for the portable apparatuses, in terms of
reduction.of the consumed power as well, it is also
possible to make the sense currents in the following
operation zero.

15 Further, the intervals at which the position-
ing signal is reproduced in the following operation are
changed from the intervals every sector in the recording
operation to the several-sector intervais,'whereby the
same effects can be obtained.

20 Those methods may be combined with the first
embodiment, and as a result, the more advantageous
effects can be expected.

FIG. 7 shows the structure of the MR head
which is employed in the first and second embodiments.

25 This structure is such that an MR £ilm 25 and an
electrode 26 are formed through a magnetic domain

control £ilm 27 so as to confront each other, and those

films are covered with a shielding film 28.



data relating to the reproducing tine for that period of time is stored

in the reproducing tinme difference nenory circuit 16 by using both an

| D signal reproducing count signal 23 and a sector recorded signal

reproduci ng count 15 signal 24. A posigjg% signal reproducing count signal

22, the 1D signal reproducing count signal®23 and the sector recorded

signal reproducing count,_signal_ 24 ar Ln.cotre nce,.t he

respective | engths, inpu%chrglngtﬁg gg?r8§58ﬁagnb?3§ﬁgggﬁ’eg%hggéynter.

20 hﬁééanQE!higgedggggrQBngthhr@Rgoﬂgﬁégg?&@sisFi%gesEhgé} head
the Ffol'ow ng op S perfor 0

I's started, ng operation i r a fixed perrod of

time while increasbficing SHABBESHUChKabReabRalonHERE! - 1FOL st BaLsPRILOd Of

tinme, by the position sig reproduci ng count signal 22 which 25
corresponds togbhgrb0iheWng hhgBeeYer Yeboadiagdak$ve inJ®REER! €Heevery
sector, the data relating to the reproducing tine is stored in the UP
counters 175 conbtrokspsngenfiotrmetihénr saphchi wayhehds. the servo heads

- 16 - The first head HOi (0 <i < m is selected, and

both the seek aperaviboheddevasyRE¥epetimpohnatbe non-reproducing of
the recorded signals so as to average the total time
elapsed to cause the sense currents to flow ihrough the
respective magnetoresistive sensors.

10 As set forth hereinabove, according to the
present invention, the time required for the sense
current to be caused to flow through one MR reproducing
head is greatly shortened. Therefore, it is possible to
increase the useful life which depends on the degrada-

15 tion of the sensor characteristics due to the electro-
migration and the like. 1In addition, if the same useful
life is allowed, the amplitude of the sense current can
be increased, and the outputs of the MR reproducing
heads can be increased without reduction of the

20 reliability. Accordingly, it is possible to increase
the useful life of the high output magnetic recording

drive employing the MR sensors.



pefforned. For that period of tinme, in correspondence to the seek,

the waiting of rotation, and the 5 positioning tinme, |ID reproducing tine
and the disc storage information reproducing tine in the RFW
operation in the head HDi, the contents of the counter of the head HDi

is counted up. At the tine point when~ 21 -the reproduci ng operation has
been conpleted, the (i+l)- 10 th head HD +l is selected. Then, after the
fol |l owi ng ._operation has been perforned for a fixed period of tine,

as | ong a§1ﬁ+é“5processi ng does not enter into the RR'W operation, the

Cui tched Scood RURP i crportang oV natad i adatdt g A L €
Sub |0 tadoun Jis sher f i

Chat the SScePests Gl At SR 1o By SCHIEACAT aMsR0C el 0
HDL and HRQ;i dliive ddidditOmesdS (@]9 8) f_ora%_vte%g?&%ﬁ;% %'t c‘i}%te%gqs hot

enter into the Woperation, ~ 20 the processing is r

count - up QLG e A currefrﬁ%nda%%e@b(%ejﬂl%ﬂi !t?&%‘i I epeS$eSpake ikepeat edly
execut ed. In this connection, in order to nake the

reproduci fgghniet®ridtilstd vendiffieditalscheads himead shia p2draMitg¢hbgmal-t he
heads needs to be perforned so as to performthe foll ow ng operation
except fomnethie headsar heads having the | arger reproducing tinme. For
this .
2. A magnetic recording drive having a plurality of mag-
netic heads (2) each employing a magnetoresistive sensor,
said drive comprising means (6, 8) for switching said mag-
netic heads at the time points different from those when said

magnetic heads are switched along with the recording or re-

producing of the data.

3. A magnetic recording drive having a plurality of mag-
netic heads {2) each employing a magnetoresistive sensor,
said drive comprising means (6, 8) for switching said mag-
netic heads for successive two data recording or reproducing

periods.

4. A magnetic recording drive having at least magnetic
discs (1), magnetic heads (2), an actuator (3), a woice coil
motor (4) and an R-W circuit (5) and employing magnetoresis-
tive sensors to reproduce signals recorded in the medium,
said drive comprising means (6, 8) for averaging the total

signal reproducing time of the magnetoresistive sensors.

L

W



pﬁrpose, by utilizing the information of the counters 17

. 7 - in which the data relating to the tine elapsed to perform
t he g*W operation for the heads is stored, the nost significant bit of
t he §eproducing time the data of which is stored in the counters 17 is
det ed by a S circuit 19 for detectiyng the | ongest reproducing timne

whi Is provided i'n the reproducing tine difference detection circuit
18, Bnd the data relatingto the head showi ng that the nost significant
bit s "15. i.The diktve of aeprorecedindaviaim! htuttheestoment oihhigi ng ti ne

has peen 10 performed is shown to a | ongest reproducing tine-head

st orfage regpater (29, IHhenforxseptchimg t $izidenalgnetth heads héz) biEentshwwn by
a |l dgngest tine head register output signal 21 sent fromthat register
20, 't he camtthmwirllovwingecrperabiamdin suchuatway- tpbpthaticrumikat-
performed 15 with respect to other heads HD. X i The fixed

f ol | owi ng ¥gretatmt Rl shecdatr treproducing time irgaiddametie kadsto

make one rotation to 10, se¢c or sq. However, in terns of the fjine
reproduci d the time required for the positioning data reproducing,

which is performed in both the seek operation and the follow-

*

ing operation, are averaged among said magnetic heads.

6. The drive of claim 5, further comprising means (17) for
switching, in the following operation,'the magnetic heads
{2), except the magnetic head or heads having the longer to-
tal reproducing time, so as to increase the magnetic head
number and, when the highest magnetic head number is reached,

so as to decrease the magnetic head number.

7. A magnetic recording drive having at least magnetic
discs (1}, magnetic heads (2), an actuator (3), a voice coil
motor (4) and an R-W circuit (5) and employing magnetoresis-
tive sensors to reproduce signals recorded in the medium,
wherein currents which are caused to flow through the respec-
tive sensors‘in a state other than the signal reproducing

state in the magnetoresistive sensors are equivalently re-

duced.

8. The drive of claim 7, wherein the following operation,
the sense currents which are caused to flow through the re-

spective magnetoresistive sensors are reduced.

T



ti'me control, as for the fixed following time, the tinme 20 interval which

I's short as nmuch as possible is desirabl e. The
wnt i oned enbodi nent has been descri bed by taking the fixed

¥ ccor di ng net hod, which is widely used in the small disc drives

| engt;

for 2§ personal use, as an exanple. Hoygver, it is, of course, ~to be
under.giood that the above-nentioned enbodi nent may al so be applied
simFPZgly to the architecture in which the positioning signals are
enbedd@@d st. refbleadrive of claim 8y nwhevelis thet hateavifabkedukéngt bhe
recor&d ng architecture which is wdely used in the disc drives for the
mai n=¥  skensgecurrentsEdsogigreat te) or 3ower than A/2ecpmefembbdi¥nent is
constgucted in such a way that in the magnetic recording drive having
the sime equadt tacedr dowekokhapnlEéfe 2, as that of the first

enbodfnent, in order to reduce the influence of the reproducing tine in

bl | owi ng operation, the 10 nmagnitude of the sense currents which are

caused tolEtom&he drive of claim 7, further comprising means (6, 8)

for making, in the following operation, the sense currents,

which are caused to flow through the respective hagnetoresis-

tive sensors, zero.

11. The drive of any one of claims 7 to 10, wherein the re-
producing of the positioning data is not performed with re-
spect to all the positioning data, but is performed with re-

spect to the discontinuous positioning data.

12. The drive of any one of claims 7 to 11, wherein the re-
prodﬁcing intervals of the positioning data, which is repro—
duced in the folloﬁing operation are made discontinuous, and
the sense currents, which are caused to flow through the re-

spective magnetoresistive sensors, are reduced.

13. The drive of any one of claims 7 to 12, further compris-
ing means (15, 16) for averaging, in the following operation,
the total signal reproducing time of the magnetoresistive

sSensors.

W
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thfough the respective MR heads in the foll ow ng operation is greatly

r.educed. An exanple of the relationship between the sense
current density J and the head useful life Tf is 15 shown in FIG 5. The =~
graph shown in FIG 5 is obtained fromthe change in the current flow
dependency of the head resi stance,~ @otted for the sense current

density as a paraneter, shown in FIG 6. As apparent fromFI G 5,

t he fol |l onhnBgtiakati onship i s established. [err] 20 From Expressi on
(1), in order to increase the head useful life Tf by two digits and to
reduce the influence of the followng tine, the sense current density J
may be mul t AphagebycOrdcordeng apprexineledys hal wedrality of agddgti on,

e et ih ReaE UL G hOR LAEISGISS O madRetOEe ALV "EehilE gL

useful |if&h&fpiuspbserefisadebggihgetheli gims, rétuised for esemgd thatrehbs

sense Currﬁ§t2§§?§hg¥d3tga¥lgﬁ throu&fpfﬁgiP@gﬁigff%@”ﬁ&%ﬁgkofgsfséféglt’

al t hough t
sensors to shorten the longest reproducing time and to sup-

press the degradation of the characteristics due to the elec-
tromigration, thereby improving the reliability of the mag-
netic recording drive. The drive includes circuits (6, 8) for
averaging the useful life depending on the currents flowing
through the respective magnetoresistive sensors among the
plurality of magnetic heads. The time required for the sense
current flowing through one MR reproducing head is thus
greatly shortened. Therefore, the levels of outputs of the MR
reproducing heads can be increased without reducing the reli-
ability. Thus, the reliability of the magnetic recording
drive can be improved.

(Fig. 2)



ratio in the positioning is also decreased, the 5 decreasing rate thereof
is in the range of 1/4 or so to 1/2 or nore. In addition, the high
positioning accuracy which is required for the RRWoperation is not
required for the follow ng operation. Therefore, reducing the M
sense current during follow ng operathfnﬁfecones 10 possible. In addition
in the case of the disc drives suitéfe for the portabl e appar at uses,
in ternms of reduction of the consuned power as well, it is also

possi ble to make the sense currents in the foll ow ng operation zero.

15 Further, the intervals at which the position- i ng signal
is reproduced in the followi ng operation are changed fromthe intervals
every sector in the recording operation to the several -sector
intervals, whereby the sane effects can be obtained. 20

Those net hods may be conbined with the first enbodi nent, and as a
result, the nore advantageous effects can be expected.

FIG 7 shows the structure of the Jh€§d l which is enployed in the
first and second enbodi ments. 25 Thi's sttucture is such that an MR film 25
and an el ectrode 26 are formed through a nagnetic donmain control
film27 so as to confront each other, and those

(O) DATA FORMAT

INDEX —— SECTOR "0" SECTOR "|" —==— SECTOR "2"

N AN N
_ //%\\\ #2\§ 7 S
TRKID sgrvo ID PORTION
DATA DATA PORTION
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(3) IN FOLLOWING OPERATION (IN ACCESS OPERATION )
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fil'ms are covered with a shielding film 28.
- 20 - According to the present invention, in the

ﬁagn:  disc drive in which the magnet oresistive sensor repr oduci ng
conpgs heads are nounted, it is possible to provide the magnetic
B0 drive in which the 5 contr @§ perfornmed in such a way that

recor
the S 0 heads are switched every fixed tine in the non-reproducing
of the recorded signals so as to average the total tine el apsed
to ca ;Rj sense currents to flow through the respective
magn tive sensors. 10 As set forth herei nabove, according
to t present invention, the tine requirgd for the sense curren
to b to flow through one MR reprodusigg  INJdaRFASEGAND y
short herefore, it is possible to I creasﬁ‘eONH'eRleeCfllﬁ?Cwme whi ¢
depeni¥$ o1 the degrada- 15 tion of the sensor—gharactgr+sties—tdue—torthe
el ect#p- m grati on and jthe—+t+ke—tr—addtep—i—thesarwe—usef u
life gg allowed, the anplitjude of the sense curfent cas e tncreased,
and tHge outputs of the MR rfeproducing heads {can bqjin(r ged it hput
reducfi on of é_he Z >Z &5
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20 reliability. Accordingly, it is possible to increase the useful life
of the_hi gh out put magnetic recording drive enpl oying the MR sensors.

i ains 1. A magnetic recording drive having a plurality of mag-
dads (2) each enploying a nagnetoresistive sensor, said drive
B¥Ng nmeans (6, 8) for averaging Epy sef ul life due to currents
causcym o fl ow t hrough the respective gnetoresi stive effect sensors

anongmhi d plurality of mag- netic heads. 2. A magnetic recording'
driv avi ng a pIEéIGy. o mag- netic heads (2) each enpl i”ff a
magncgllr esi stive sensor, said drive conprising neans (6, 8&%&9: s\@t ching
sai d gg- netic heads at the tine points different fromthose \heﬁ sai d
magnelil® ¢ heads—areswtThed along W th the recordi ng ?r re- pr ¢duci nyy of
the ofg a. 3—A-megmeticTecordimg arive tavimg_e @ ural ity ¢f mag
net i gheads ()| ddboh enpl oyi ng—a—raghetoreststve—gensot
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said drive conprising nmeans (6, 8) for switching said mag- netic heads

for successive two data recording or reproducing peri ods. 4. A
magneti c recording drive having at |east magnetic discs (1), magnetic
heads (2), an actuator (3), a voice coil nmotor (4) and an RRWcircuit (5)

and enpl oyi ng magnetoresis- tive senszg7é%o reproduce signals recorded in
the medium said drive conprising nean 8) for averaging the tota
signal reproducing tine of the magnetoresistive sensors.

-22 - 5. The drive of any preceding claim further conprising means
(15, 16) for switching said magnetic heads (2) in turn in the foll ow ng
operation in such a way that the accunul at - I ng toféﬂ 6; Ihé‘data
reproduci ng{tinme in sald magneti c heads and the tine required for the
posi ti oni ng dﬁiﬂwﬂﬁﬁ@ﬁ cing, which is perforned in both the seek

oper ati on amd—ttrerfottow I ng operation, are averaged anong sai d nmagnetic
heads. 6. The drive of claimb5, further conprising neans (17) for
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smftching, in the follow ng operation, the magnetic heads (2), except the

magneti c head or heads having the |onger to- tal reproducing tinme, so as
to increase the magnetic head nunber and, when the hjghest magnetic head
nunber is reached, so as to decrease the magnetic head nunmber. . 7. A

magneti c recording drive having at Iea!%/qggnetlc discs (1), magnetic
heads (2), an actuator (3), a voice coi notor (4) and an R-Wcircuit (5)
and enpl oyi ng nagnet or esi s- tive sensors to reproduce signals recorded in
t he nmedi um wherein currents which are caused to flow through the respec-
tive sensors in a state other than the signal reproducing state in the

magnet oresi stive sensors are equivalently re- duced. 8. The drive
of claim?7, wherein the foll ow ng operation, the sense currents which are
caused to flow through the re- spective magnetoresistive sensors are

reduced. - 23 - 9. The drive of
claim8, wherein the rate of reducing the :
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sense currents is equal to or lower than 1/2, preferably equal to or |ower

Fhan 1/4. 10. The drive of claim7, further conprising neans (6, 8) for
making, in the follow ng operation, the sense currents, which are . caused
to flow through the respective nmagnetoresis- tive sensors, zero. 11.

The drive of any one of clains 7 to 1@5/\/@erein the re- producing of the
positioning data is not performed with re- spect to all the positioning
data, but is perforned with re- spect to the discontinuous positioning
dat a. 12. The drfvd @ anfone of clains 7 to 11, wherein the re-
producing intervals of the positioning data, which is repro- duced in the
foll ow ng operation are made di scontinuous, and the sense currents, which

are caused to flow through the re- spective nagnetoresistive sensors, are
reduced. 13. Thejdrive of any one of clains 7 to 12, further conpris-
ing means (15, ;gb_f or averaging, in the fol*cgv’kr]@?oper ation, t,lhs;xt@'Tal
signal reproducing finme of the nagnetoresist \fﬁ/c?ne@?ors. (A/crnz)
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