g ~ ACTUATOR AND FI LE LEVEL | NI TI ALl ZATI @&

I\/AGNETO?ESI STI VE TRANSDUCERS BACKGH SSHEEETI-HE‘.SB:E'\J
KNVENTI-ON =The present ‘invention relates generally t{ magnBEFACED

recordlng systeéns and nore particularly to initialization of
magnet oresi stive read transducers during fabrication and assenbly

( y __ of _such
recording systems.  AcTUATOR AND FILE LEVEL INITIALIZATION &

OF MAGNETORESISTIVE TRANSDUCERS

BACKGROUND OF THE INVENTION

The present ;nventibn relates generally to magnetic
recording systems'gnd more particularly to initialization of
magnetoresistive read transducers during fabrication and assembly

5 of such recording systems.

Magnetic disk drives are information storage devices which
store information by magnetically recording data on maénetic
storage media. A magnetic disk drive typically utilizes one or
more rotatable disk media having concentric data tracks formed on

10 one or both surfaces of each disk containing the recorded
information, a transducer for reading data from or writing data
to the various data tracks and a head positioning actuator
connected to the head or héads for moving them to the desired
data track and maintaining it over the track centerline during

15 read or write operations. The head is attached to or formed on a
surface of an air bearing slider which is supported adjacent the
data surface of the disk media by a cushion of air generated by
the rotating disk. The slider is connect2d to a support arm of
the head positioning actuator by means of a suspension assembly.

20 |

The use of.maqnetorésigtiVé}fMﬁ3 sensors to sense or read
magneticaily recorded data is well-known in the art. It is also

well-known that both longitudinal and transverse magnetic bias
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Magnetic disk drives are information storage devices which _store

i nformati on by magnetical ly recording data on nagnetic st prage Jrecha, E
magnetic disk drive typically utilizes one or nmore rotataple dl%k;T&ﬁﬁd EN

havi ng concentric data tracks formed on . one or both surfa _
contdi ning the recorded infornatiOn a transducer for reading data from

or W'tfﬁglgé‘tﬂusdﬂetg?o%?ﬁ% Uga 02 T]ea dg&%ﬁ&@gﬁg &Qﬁgﬁcpeaiéiﬁmﬁgce

act uat or - connected to t VI ng emto t esired
data trggkeidds 8B AbEET H8d | to WS nddEn tHRe prceé&eg& Nen duE§ naoscr €86 OF

wite operations. The head is attached to or forned on a surface of an
ai r beaspérga 6l hglerambe ch ComBdPPRrd o AtHAcRNpddnts Nos. 4,024,489;

S,079,035; 3,840,898 and 4,103,415 discuss and disclose MR

5 sensors in which various-bias schemes utilizing béth hard or soft
magnetic materials.and/or exchange coupling to provide the
transverse and longitudinal bias fields required in the MR
element. For example, US Patent No. 5,079,035 discloses an MR
sensor in which a ferromagnetic MR element extends over only a

0 central active region of the sensor. ‘A layer of hard magnetic
material is provided in each of the sensor end regioﬁs forming an
abutting junction with the ends of the MR element to provide a
longitudinal magnetic bias field in the plane of the sensor
parallel to the surface of the magnetic media disk. The sensor's

5 central active region includes the MR element, a non-magnetic
spacer layer and a soft magnetic layer which provides the
transverse magnetic bias field for the MR element.

The magnetic transducer is manufactured utilizing thin film

deposition techniques and generally includes an MR read sensor in

0 combination with an inductive write transducer to provide both
recording and reproducing of data. The magﬁetic transducers are
fabricated in a batch process on a wafer which is then cut or
diced into 1nd1v1dual sllders w1th the transducer formed on an
end" surface thereof The d1c1ng process may also include

5 additional batch processing at the row level to form the air

bearing surface for the slider. When the fabrication of the
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data surface of the disk nedia by a cushion of air generated Ky
rotating disk. The slider is connected to a support arm of EHﬁhgﬂqj"HA BEEN
positioning actuator by nmeans of a suspensi.on assenbly. QSE‘fﬁﬁ
magnet oresi stive (MR) sensors to sense or read magnetically recorded data

Is well-known in theart. It is also well-known that both | ongitudinal

and trapsyers@uAR0PetEErdi BS complete, sach slider is then actached to a

suspension assembly and the suspension assembly is attached to a
support arm of a head actuator assembly with the heads typical
arranged in a vertical configuration referrad to as a head stack
5 or actuator head stack .
' The completed actuator assemnly is subsequently assembled
with other components such as the magnetic media disks to form a
magnetic disk drive. At some point during the
fabrication/assembly process the MR sensor must be initialized by
0 impressing a magnetic field across the MR sensor in a preferred
direction, typically parallel to its longitudinal axis and the
plane of the magnetic media disk. Subseduent to this
initialization process, the MR sénsors may be subjected to
various stresses resulting from handling during the manufacturing
S and assembly process described above. These stresses tend to
degrade the magnetic perfdrmance of the MR heads. For such
degraded heads, re-initialization of the MR head after such
handling is known to recover the head in most instances; i.e., to
return the head to its proper magnetic state. Conventional MR
0 head and disk drive designs typlcally mount the slider in pairs
such that the MR heads on opp051nq sides o: the magnetic disk
media have oop051ng 1n1t1allzatlon dlrectlons For this reason,
and becag§§ of limitations on_practlcai h;qnet designs, an MR

head in a actuator assembly cannot be re-initialized without

5 “reverse" initializing its neighboring heads. Thus, handling
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2 fields nust be prOV|ded in the MR sensing elenment to eI|n1 aHﬁ;S“F—FEI—_EEE—
Bar khausen noi se and to nmaintain the MR sensor in its nost liinear gep: anpn
operating range. Comnmonly assigned US Patents Nos. 4,024, 489; - 45;=====
3, 840, 898 and 4, 103, 415 di scuss and disclose MR sensors in whi ch vari ous

bi as schenes ut|I|Z|ng both hard ot soft’ nagnetlc mat eri al s-and/ or

exchangg.qaug! 'laaufrceeereub%qhg LLaggy gﬁggag &gq'tq@' n@'--—b'agié_e:'_

required in'the MR el enment exanp

di scl osegsan:Mg sanaeerbaaahbgb arﬁsh&gﬁﬁaa%bgn'\/&%heﬁeﬂk LXgnds-sover

only a central "active'region of the sensor. l'ayer of hard magnetic

SUMMARY OF THE INVENTION

-

S It is therefore a principal object of the present invention
to provide an MR héad dgsign having the initialization magnetic
field and the sensor current oriented in the same direction for
all of the heads in an actuator assembly thus allowing
simultaneous initialization or re-initialization of all MR heads

0 in an actuator head stack.

In accordance with.the principies of the present invention,
each of the MR heads assembled in an actuator head stack has its
sensor current flowing in the same direction as the other MR
heads in the actuator head stack (with respect to the reference

5 frame of the actuator assembly) . Since the direction of the
initialization magnetic field is a function of the sense current
direction, all of the MR heads will also have the same
initialization field direction. Thus, a large homogenedus
magnetic field can now be utilized to initialize all of the MR

.0 heads in the actuator assembly simultaneously. Furthermore, with
proper magnet de51qn/ the MR]heéds.éan even be iﬁitialized with
the actuatgr assembly already ihcorporated in a magnetic disk
drive. The direction of the sense current for the opposing MR
heads may be selected by design of the suspension wiring, or in

'S the head electronics module design, or in the head lead design

during fabrication at the wafer level.

=8
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material is provided in each of the sensor 'end regions form g}ﬁﬂsuabﬁpkb@%;w

junction with the ends of the MR element to provide a |ongiftudi nge; anen
magnetic bias field in the plane of the sensor parallel to! l“" sHE tace—of
t he magnetic medi a di sk. The sensor’ central active region includes the
MR el enent, a non-nmgneti.c spacer Iayer and a soft magnetic |ayer which
provi des t he transver ggraeoneccarbrasnf bel dukopahhextR el ement. The

magnetic transducer is manufactured UtiTTzing thin fiTm deposition
techni ques and gepegelihy &nel vdrsradbhBcteadregpaoesi Andcadbianatiges Wit h an

I nductive wite transducer to provide both recording and reproduci ng of
dat a. the prgsentcihvansilonewslirbe apparent from the following
detailed description of the preferred embodiment of the
5 invention, referen@e being made to the accompanyiéq drawing in
which like referenée numerical indicate like parts and in which:
Figure 1 is a simplified block diagram of a magnetic disk
stofage system embodyiﬁq thérpresent inQention;
Figure 2 is a perspective view of an actuator assembly
0 illustrating the arrangement of the sliders and associated
transducers in the actuator head stack;
Figure 3 is a croSs-sectional view of a conventional
magnetbresistive read transducer:;
Figures 4A and 4B are diagramé illustrating the magnetic
5 bias field and sense current directions for the MR head shown in
Figure 3; i
Figure 5 is a diagram illustrating the sense current
direction and associated initialization field direction for the
MR heads in a prior art actuator head stack assembly:
0 Flgure 6 is a.-diagram 1llustrat1ng the sense current
dlrectlons and a55001ated 1n1t1allzat10n ‘field direction for the
MR heads in a actuator head stack assembly according to the
principles of the present invention;

Figure 7 is a top view of a suspended MR head illustrating a

‘5 prior art initialization process;
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fabricated in a batch process on a wafer which is then cut
individual sli-ders with the transducer fornmed on an end s
The dicing process nay al so include additional batch procg
level to formthe air bearing surface for the slider. Wer :
of the 3 individual sliders is conplete

each sllderat§%tge@ attgc@gdsé @ §E§PQQSLQEg§S§§HbH¥ apduthsrsuspensi on

assenbly is ached to a support actuator assenbly with the
heads {)¥pL€a}ization according to the principles of the present

invention for the actuator head stack assembly shown in Figure 2;

and

5 ' Figures 9a, 9b and 9c are simplified schematic diagrams
illustrating preferred embodiments of the MR sensor sense current
and write current circuitry according to the principles of the

present invention.

.0 DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figures 1 and 2, although the invention is
described as embodied in a magnetic disk storage system as shown
in Figure 1, it will be.apparent that the invention is also
applicable to other magnetic recording system such as é magnetic

.5 tape recording system, for example.'

At least one rotatable magnetic disk 12 is supported on a
spindle 14 and rotated by a disk drive motor 18. The magnetic
recording media on each disk is in the form of an annular pattern
of concentric data tracks (not_shown) on at least one surface of

0 disk iég' At leést'oﬁe\éiiQer_iB is positioned on the disk 12,
each slié:% 13 supporting one or more magnetic read/write
transducers 21, typically referred to as read/writé heads.
Typically, at least one read/write head is supported adjacent
each surface of the magnetic disk 12. As the disks rotate, the

25 sliders 13 are moved radially in and out over the disk surface 22

so that the heads 21 may access different portions of the disk

SA9-94-022 6
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~arranged in a vertical conflguratlon referred to as a head s == -
actuator head stack. The conpl et ed actuator assenbly i '%ﬂ%§kﬁuéhﬂ% EEN
assembl ed with other conponents. such as. the magnetic medi a {ili sks &% #dr

magnetic disk drive. At sone point during the fabrication/assenbly process
the MR sensor nust be initialized by inpressing a nmagnetic. field across

t he NR rSensar in_a preferred  direction, typically. ar ||QL
Iongltu i“a23%i-§%and “thé> EﬁﬁﬁédS "t h&?, ﬁ&gﬁerlc “me |a%d|§kacéj%sequent to

this libial &l u' QPrO Uk grsl Lee N@ué%@%%&%nm‘“ﬁ be'"%‘ébls%%to%‘?xs {®n & i ous

stresses resul t t he mandafact uri
provides a slight spring force Whlch biases the sllcer 13 against

the disk surface 22. Each actuator arm 19 is attached to an

actuator means 27. The actuator means as shown in Figure 1 may

w

be a voice coil motor (veM) , for example. The VCM com@rises a
coil movable within a fixed magnetic field, the direction and
velocity of the coil movements being controlled by the motor
current signals supplied by a controller.

0 “During operation of the disk drive system, the rotation of
the disk 12 generates an air bearing between the slider 13 and
the disk surface 22 which exerts upward force or lift on the
slider. The air bearing thus counter-balances the slight spring
force of the suspension 15 and supports the slider off and

5 slightly above the disk surface by a small, substantially
constant spacing during operation. The various components of the
disk drive storage system are controlled in operation by control
signgls generated by control unit 29, such as access control
signals and internal clock signals. Typically, the control unit

0 29 comprises lOgié contfol'cifcﬁits, s;o;age means and a micro-
proceséor, for example. The"control unit 29 generates control
signals to control various éystem operations such as drive motor
control signals on line 23 and head position and seek control
signals on line 28. The control signals on line 28 provide the

5 desired current profiles tb optimally move and position a

selected slider 13 to the desired data track on the associated

SA9-94-022 7
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‘magnetic performance of the MR heads. For such degraded hea v e
re-initialization of the MR head after such handling i's kno Q_rpchPr :
‘the head in nost instances; i.e., to return the head to its proper
magneti c state. Cbnventional NR head and disk drive designs typically

mount LhesRl tder kDa@AULs LD LIdkat o MR B8R3N 00200808ENGNE feamol the

magnetic dis I'a have opp05| ation directions. For this

reason,reé@ﬂw{a@egw%@é iirw HLNS &N PEASEa¢Ry BRgARBLUESIgNS, an MR
head in a actuator assenbly cannot be re-initialized without "reverse

initializingrhésapelghbesd Pbdiestisor Thusypeatl mégnetic disk storage

0 .
and assenbly process described above. .These stresses tend tol_g g METRDS;BEEN

system and the accompanying illustration of Figure 1 are for

5 representation purposes only. It should be apparént that disk
drive storage systehs can contain a large number of magnetic
storage disks, each disk having a slider associated with each
surface thereof and each slider suppofting one or more read/write
heads. As shown in Figure 2, each slider 13 is attached to its

0 suspension 15 which, in turn, is attached to an actuator support
arm 19. The actuator support arms 19 are attached to the voice
coil motor 27. Typically the voice coil motor and the actuator
support arms are attached on opposite sides of a pivot assembly
26 which will be rotatably mounted on a pivot post attached to

5 the disk storage system housing (noE shown). The arrangement of
the sliders with their associated read/write heads, suspension
and support arms form an assembly typically referred to as an
actuator head stack. In the head stack, the sliders are grouped
in pairs 13a, 13b, each one of the pair being supported on

o opposing §ides of a disk 12, referred to as top head and a bottom
head in Figure 5. The read/write tréhsducer 21 supported by the
slider 13 includes an inductive write head and a magnetoresistive
(MR) read head.

Referring now to Figure 3, an MR read head or sensor of the
5 type described in commonly assigned US Patent No. 4,663,685

comprises an MR element 32 which extends over the entire MR head

SA9-94-022 8
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4 danmmge incurred subsequent to actuator assenbly is |eft upreated
2 THIS SHEET HAS BEEN

resulting in degraded performance and even disk drive fail ur]
SUMVARY OF THE | NVENTI ON It is therefore a principal o

Dj ect REFLARED

present invention to provide an MR head design having the

tTafrzatron—

magnetic field and the sensor current oriented in the sane direction for
30. A longitudinal bias layver 43 of a hard magnetic material is

formed over the sensor end regions 36 to provide a longitudinal

magnetic bias field in the MR element 32. A transverse bias

layer 38 of a soft maénetic material, separated from the MR

5 element 32 by a thin non-magnetic spacer layer 42 provides a

transverse magnetic bias field in the central active region 44 of

the sensor 30. The read data signal is sensed over the central

active region 44 which is defined by the spacing between the lead

conductors 46 deposited over the longitudinal bias layers 43. A

0 constant current I is supplied to the ‘MR sensor by a current

source (not shown) to provide a sense current, Ig, flowing

through the MR element 32 and a bias current, I, flowi

the transverse bias layer 38.

ng through

To provide proper operation, the MR sensor must be

initialized to set the central active region of the MR

w

element 32

in a single magnetic domain state. To initialize the MR sensor,

a magnetic field having the proper orientation (i.e., direction)

and magnitude is applied across the MR sensor. The

initialization field forces the central active region into a

0 single domain state aligned with the applied field. In the MR

sensor described above with reference to Figure 3, the

initialization also aligns the magnetic bias field produced by

the hard magnetic longitudinal bias layers 43. In a preferred

embodiment, the initialization field vector is parallel to the MR

5 sensor longitudinal axis and to the plane of the magnetic media
disk..
SA9-94-022 9
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initialization or re-initialization of all MR heads 1in an §

all of the heads in an actuator assenbly thus all ow ng SinLLP%g%ﬁ#ﬁj}{A BéEN
| f ICt Uat Q¢ o es '
stack. " I n accordance with the principles of the preselt fEe :

nuvant i nn.
o 2 o I

each of the MR heads assenbled in an actuator head stack has its sensor
current flowmng in the sane direction as the other MR heads in the

actuator heag Stack Wl JLHIgE Lo.LNg reler ence  Jyaie ofyddieractuat or

assenbl y). nce t irection’of the rnirtialization magnetic field is a

have t REaaE S A A A G g Pt on sy A 1o e hommgencon
_ : , ge honobgeneous

and illustrating the relationship between the current I, the
jnitialization magnetic field H and the magnetic bias fields is

5 shown. For simplicity, only the MR element 32 ané the transverse
bias layer 38 are shown.' In Figure 4A the MR sensor current I is
shown flowing from left to right while the initialization |
magnetic field H is orientated from right to left. With the
sensor current I flowing left to right, the bias current I; in

] the transverse bias layer 38 generates a magnetic field in the
transverse bias layer as indicated by arrow 33. The transverse
bias field 33 in combination with the initialization field H
biases the magnetic field in the MR element 32 in a direction as

shown by the arrow 35. If the MR sensor current I is reversed,

i.e., flows from right to left, as shown in Figure 4B, then the

w

initialization field H must also be reversed and the magnetic
bias fields will be reversed. This assﬁres that the MR head
micromagnetics are identical (i.e. symmetrical) in the two
current configurations. 'For some biasing schemes, additional or
0 different cﬁanges in the bias fields or héad configuration may be
required to obtain symmetrical magnetic performance when the
sensor current I is reversed.
Referring now to Figure 5, two pairs of sliders 13a, 13b
supporting read/write heads on opposite sides of a magnetic media
5 disk 12 comprising a head stack (as shown in Figure 2) are shown..

For simplicity, the slider suspension and the remainder of. the

SA9-94-022 10
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magnetic field can now be utilized to initialize all of thgWR—feads+H—7)
t he actuator assenbly sinultaneously. Furthernore, with p dBﬂ$ """ éﬂﬁ?BE;N
design, the MR heads can even be initialized with the actjator -
atready incorporated in a magnetic disk drive. The direction of the sense
current for the opposing MR heads may be selected by design of the

SUSPeRsStQR: W' hBgemsY by Lbe hsadsgbegt ropLes Upgggegsds%i 97 uQk Hakt ite head

| ead de5|gn duri ng fhbrication ai the waferf
the pair of sliders 13a, 13b are referred to as the top head and

the bottom head, respectively. The top head is suspended
adjacent the upper surface of the disk 12 while the bottom head

5 is suspended adjacent the lower surface of the di;k 12. In a
conventional head And disk drive manufacturing process., all of
the heads are initialized.for forward bias operation, 1i.e., the
sensor current I flowing from left to right with the
initialization magnetic field H orientation from right to left as

0 éhown in Figqure 4A. The MR heads may be initialized in a batch
process at wafer level or at row level, or each head may be
individually initialized at some time subsequent in the process,
such as after being attached to the suspension 15 as shown in
Figure 7. Since all the heads are initialized for forward bias

S operation, prior to assembly in a head stack, when the heads and
sliders are assembled in the actuator assembly adjacent heads
will have the sensor current I and the initialization field
orientation H orientated in opposite directions with reference to
the actuator frame as shown in Figure 5. Thus any attempt to re-

0 inigialize a single head after;ﬁhe:assembly of the head stack
will result in the adjacent head being initialized in the wrong
direction.

Referring now to Figure 6, two pairs of sliders 13a, 13b

supporting read/write heads adjacent opposing surfaces of a disk

5 media 12 are shown assembled in a head stack (as shown in Figure
2). Similarly to Figure 5, the suspension and actuator assembly
SA9-94-022 ' 11
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BRI EF DESCRI PTI ON OF THE DRAW NGS The fdregOing an ﬂmgeﬁ%gq ﬁ e
" features and advantages of ‘the present invention will be a pare 4§éi 5 N

following detailed description of the preferred enbodi ment

invention, reference being made to the acconpanying drawing in mhlch I|ke
reference nunerical indicate like parts and in which: Figure 1 is a

si mpl i f{ednbt 08Kokh 20" REEOFd EndBEheins i Sk-: S104 age systgpeeeRedyi ng the
present invention;

invention, the MR sensor current I and the initialization
magnetic field H are orientated in identical directions with
respect to the actuator for both the top head and the bottom

b) head. Thus, adjacept heads 13b, 13a, for example: have both the
sensor current I aﬁa the initialization field direction H
orientated in the same direction with reference to the actuator.
In the present invention then, one or more of the individual
heads in the head stack can be re-initialized without disrupting

) the initialization of an adjacent_head. For example, as shown in
Figure 8, if it is necessary to re-initialize one or more heads
13a, 13b in a head stack, the entire actuator assembly is
initialized by a large homogenous magnetic field by a magnet 53.
While magnet 53 can be a permanent magnet having the required

3 structural architecture to produce the desired the magnetic
field, more typically the magnet 53.will comprise a
electroﬁagnet.

With continuing reference to Figures 4A, 4B and 6, in order

to provide a head stack assémbly wherein adjacent heads have.the

0 sen&ggégurren;-r agd the ihitia1igatioh;field H orientated in the
same directipn,'it.is'not necééséfy tdlzdentify and segregate the
top heads, sliders 13a, and the bottom, sliders 13b; prior to the
initialization process. The initialization process is not
completed until the MR heads are assembled in an actuator head

5 stack assembly. While the MR heads may be initialized at a point

prior to assembly of the actuator for testing or other purposes,

SA%-94-022 12
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Figufe 2 is a perspective view of an actuator assenbly ill
arrangenent of the sliders and associated transducers in t 73@36655THth¢£N
~ stack;" Figure 3 is a cross-sectional view of a convent OnQLEEflﬂfED

magnet or esi stive read transducer; Fi gures 4A and 4B are
illustrating the magnetic bias field and sense current directions for the
MR headwBBownhentofi gudeb8itom heaBsgare dssemhlddagnavhel bastaabirngealie
sense current direction and associated initialization field direction for
the MRShealisaspembpyiandapt fasalaioitheddzetack assemdpyeted. adjacent

heads will have their initialization field H orientated in the
same direction.

S Referring now also to Figures 9A, 9B and 9C,-in order to
insu;g that the MR}éensor current I flows in the same directionj
for adjacent heads it is necessary to provide reverse sensor |
current for the bottom heads, slider 13b, as shown in Figure 4B.
Figure 9A is a simplified block diagram illustrating normal or'.

0 forward sensor current such as provided for the top heads, slider
13a. A constant current I is provided by current source 61 via
leads 63 to the MR sensor as represented by resistor 13a. Coil
67a connected by leads 69 represents the top head write coil for
writing data on the magnetic media disk 12. A write current

5 pulse I,.., presented by curve 73a applied to the write coil 67a
produces magnetic transitions 75 in the media 12. Aas
illustrated, the rising edge of the write current pulse produces
a positive magnetic transition 75 while the falling edge of the
write pulse produces a negative magnetic trénsition 77. The MR

0 sensor responds'towpr'senses afmagnetic transition by changing
its resistance as a functidﬁ of tﬁeIChange in the magnetic field
applied across the MR sensor. Since the MR sensor has a
constant current flowing through it, the response to é change in
the magnetic field is a change in the voltage drop across the MR

5 Sensor, V.., as represented by curve 7la. The voltage signal

produced by the MR sensor is a function of both the direction of

SAS-94-022 ' 13
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Figure 6 is a diagramillustrating the sense current - direc
associated initialization field direction for the M heads
head stack assenbly according to the principles of the pre

—_

QN8 saReT HAS BEEN
in a metyalos

Figure 7 is a top view of a suspended MR head illustrating a .prior art

initialization process;

8 is a peRsEesti¥enyi W iRl Al G UHRSY diyalne igh1d Al
according to the principles of the present

6 "Figure
tZadf Othe

magnetic transition 75, 77 in the media. The voltage signal

developed across the MR sensor is detected by operational

amplifier 62 which provides an output signal to the disk drive

3 signal processing circuitry (not shown). Similarity

the polarity

of the magnetic transition 75, 77 in the magnetic media 1is a

function of the direction[of current flow through the write coil

67a. For forward bias operation as shown in Figure 9A the rising

edge of the write pulse produces a positive magnetic
) 75 which, in turn, produces a positive voltage pulse

by the MR sensor.

transition

when sensed

Figure 9B illustrates the circuitry for reversed current

operation. The current source 61 provides the sensor current I

to the MR sensor 13b.. However, the leads 65 between

the current

5 source 61 and the MR sensor 13b are reversed to provide a current

flow through the MR sensor in the opposite direction

produced by the circuitry shown in Figure 9A. Thus,

to that

when

assembled in the actuator head stack, the bottom head 13b has its

sensor current flow I in the same direction with respect to the

4] actuator .as the top head 13a. However, since the current

direction through the MR head is'reversed, the voltage signal

produced by the bottom head for a magnetic transition is opposite

to that produced by the top head for the same polarity magnetic

trahsition, as shown by curve 71b. In the circuit shown in

5 Figure 9B, the write coil 67b for the bottom head is

connected to

the write circuitry such that the current flow through the coil

SA9-94-022 14
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i nvention for the actuator head stack assenbly shown in Fi Tg(QSﬂLandﬁn:rEN '
Figures 9a, 9b and 9c are sinplified schematic diagrans il USt r fdelAG ez
F-—-—-———-—_'w -

~preferred enbodi nents of the MR sensor sense current. and ey

circuitry according to the principles of the present invention.

DETAI L DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring now to
Fi guresgipangd 2n @hd e del | vests pon i $s €ies cei beshase eobochedugh ahe
magneti c di sk storage systemas shown in Figure 1. it will be apparent

that theop iveddiwnii® @dsD 67a. Thus, the magnetic transitions 75, 77
produced in the magnetic media for a write pulse from the bottom
head are identical to the transitions 75, 77 in the magnetic

5 media produced by the write pulse in the top head: The result
being that the datassignal éensed by the MR sensor 13b for the
bottom head is of the opposite polarity with respect to the
polarity of the MR signal sensed by the top head. While the
difference in polarity between.the data signal for the top head

0 and the data Signal for the bottom head does not represgnt a
problem, it must be accounted for in the data signal processing
circuitry.

Figure 9C illustrates a second embodiment of circuitry for
the reverse bias operation of the bottom head 13b. Similarly to

5 that shown in Figure 9B, the leads 65 between the current source
61 and the MR head 13b are reversed to produce reverse current
flow through the MR head 13b. However, the write coil 67b for
the bottom head also has its leads 69 reversed thus providing
current flow through write coil 67b in thg opposite direction to

0 that of the write cqil'67a in the top head. Thus, since the
polarity of the mégnetic'transitions:prdduced by the write
current is a function of the direction of current flow through
the write coil, the magnetic transition 77 produced by the
leading edge of the write pulse has negative polarity while the

5 falling edge of the write pulse produces a magnetic transition 75

having positive polarity. The response then of the lower MR

SA9-594-022 15
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applicable to other magnetic recording system such as a magnetic tape
recording system for exanple. At |-east one rotatable nagnetic disk 12
is supported on a spindle 14 and rotated by a disk drive motor 18. The
magneti c recording nedia on each disk is in the formof an annul ar pattern
of concentric data tracks (not shown) on at |east one surface of disk 12.

At | easiei9r Sigleli &3 A QY I £OR, 3! tme%mers 2y i igler 13

supporting one or nore nagnetic rea St e typrcally

ref err edidrt fsa Y iead Wid & dRRiSe o/ RINGRldop Mlad a6ls Mo F aR¥ W idAvdiaad

is supported adjacent each surface of the magnetic disk 12. As the disks

rot at e,cddf¥®ent operation.

While the present invention has been particularly shown and
5 described with referenced to a preferred embodiment thereof, it

will be understood.by those skilled in the art that various
changeé in the form and details may be made therein without
departing from the spirit and scope of the invention as defined

in the appended claims.

SAS-94-022 16
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sliders 13 are noved radially in and out over the disk surface 22 so that
the heads 21 nay access different portions of the disk

7 where desired data is recorded. Each slider 13 is attached to a
actuator arm 19 by neans of a suspension 15. The suspenq_ﬁgs E@ngggggN
slight spring force which biases the slider 13 against |it éﬁ% @@Ejace
22. Each actuator arm 19 is attachedcigrgg actuator ne
means as shown in Figure 1 may '

We claim:
1 1. A magnetic storage system cbmprising:
2 at least one magnetic storage medium having &op and bottom
3 surfaces, said top.gnd bottom surfaces having a plurality of data
4 tracks defined therein for recording of data;
5 at least one magnetic transducer formed on a surface of a
6 slider and maintained in a closely spaced relationship adjacent
7 each"said top and bottom surfaces, said magnetic transducer
8 including a magnetoresistive sensor;
9 actuator means coupled to each slider for moving selected
0 magnetic transducers to selected data tracks on said magnetic
1 storage medium, said sliders assembled with said actuator forming
2 an actuator head stack, a sense current flowing through each said
3 magnetoresistive sensor, the directidn of current flow through
4 said magnetoresistive sensors being the same for all of said
5 magnetoresistive sensors with respect to said actuator means.

This Sheet Has Been Reill
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- be a voice coil motor (VCM. for exanple. The VCM conpri ses a coil novabl e
‘within a fixed nagnetic field, the direction and vel ocity[fef=trhe—cor

novemehts being controlled by the notor current signals sjphlSHEEY HAS BEEN
controller. _ Buring operation of the disk drive syste trmﬁ¢ﬁk%uwﬁm

|

of the disk 12 generates an air bearing between the slider I3 and ~—tHe

di gk surface 22 whi g @%RitS supMaLd E?E‘E%m sl i c,%ﬁ-he. Sldd@de The air

bearing thus counter-bal ances the slight rlng force of the suspension 15

ang suppaehsatifg deitdet iohf maads sbughkly c3bev d kR gHeto ey ifsate dysehsor
smal |, substantially constant spacing during operation. The various

componenbg gktkBeing resistance changes in said magnetoresistive sensor

| Buiviagspaad |

4 responsive to magnetic fields representation of data bits

5 recorded in said mggnetic storage medium intercep&ed by said

6 magnetoresistive sénsor, said detection means including a current
7 source.toupled to said magnetoresistive sensor for providing said
8 sense current flowing thropqh‘said magnetoresistive sensor

S adjacent said bottom surface in a reverse direction relative to

0 said sense current flowing through said magnetoresistive sensor
1 adjacent said top surface.

1 3. A magnetic storage system as in Claim 2 wherein each

2 said magnetic transducer includes a write coil, said write coil

3 responsive to a write current for magnetically recording said

4 data bits, the direétion of said write current flow through the

5 write coil adjacent said bottom surface being in a reverse

6 direction relative to the write current flow through the write

7 coil adjacenﬁ said top surface.

ﬂmSMﬂHuBamRﬂ
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‘l

di sk drive storage systemare controlled in operation b¥ % ng
generated by control unit 29, such as access control % Y rnal
clock signals. Typically, the control unit 29 conpri rnl "i

circuits, storage nmeans and a mcro- processor, for exanple The control

unit 29 generates control signals to control various system operations

such as drive mataL.nGANELQ! 131993k 91 'lnggn%%oéag 18830ePaeinoas amerseek

cont rol S|gnal nal's on I'ine 28 provide the

esired _qgurr PKef S.ebQ 0 ve | $it ln@gnacigel ected slider
35t 0% Rat a@é?%gdﬁﬁa%“%% s E%%“%éhés?%c. sfcq ferginagndcs

transducer 1ncluq1ng a magnetoresistive sensor, are assembled in

4 an actuator forming an actuator head stack. each magnetoresistive
S sensor being suspended adjacent a too or bottom surface of an |
6 associated magnetlc storage medium, each said magnetoresistive '
7 sensor being adjacent at least one other magnetoresistive sensor
8 in said actuater head stack, said method comprising the steps egz
9 providing a sense current to each said magnetoresistive

.0 sensor, the direction of current flow for said sense current

1 thrcugn said each magnetoresistive being the same relative to

2 said actuator fo; magnetoresistive sensors adjacent said top

L3 surfaces and for magnetoresistive sensors adjacent said bottom

L4 surfaces; and

L5 applying a homogeneous magnetic field to all said

L6 magnetoresistive sensors in said actuator head stack for

17 initializing all of said magnetoresistive sensors in the same

18 direction relative to said actuator.

This Sheet Has Been Rerlaced
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8 . disk 12. Read and wite signals are comuni cated to and from
read/wite heads 21 by nmeans of recording channel 25. . __——=Fke-above

.description of a typical nmagnetic disk storage
illustration of Figure 1 are for representation
be apparent that disk  drive storage systems can

nPgnetlc 5. The method of Claim 4 wherein each said magnetic
2 transducer includes an inductive write coil and including the
3 step of providing a write current to each said inductive write
4 coil, the direction of current flow for said write current
5 through said each %nductive write coil being the éame relative to
6 said magnetic medidﬁ for inductive write coils adjacent said top
7 surfaces and for inductive write coils adjacent said bottom
8 surfacés.
1 “6. The method of Claim 4 wherein each said magnetic
2 transducer includes an inductive write coil and including the
3 step of providing a write current to each said inductive write
4 coil, the direction of current flow for said write current
5 through each said write coil adjacent a bottom surface being
6 opposite to the direction of current flow for said write current
7 through each said write colil adjacent a top surface.
1 7. The method of Claim 4 wherein said homogeneous magnetic
2 field is generated by a permanent magnet. means.
1 B.ﬁ The method of Claim 4 wherein said homogeneous magnetic
2 field is generated by an electromagnet means.
| This Sheet Has Been Replaced
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storage di sks, each disk having a slider associated with each. . .surface

t hereof and each slider supporting one or nore rea W4 8ePeads seAsy shown
in Figure 2, each slider 13 is attached to its. sus enmm@kﬁggoﬁnch, itn
turn, is attached to an actuator support arm 19. ci-uat = ar s
19 are attached to the voice coil notor 27. Typically the voice coil notor
and the actygator y $6pROKE a2k s@letbalt aokedsen jaPROMakRetiides tfray i vot
assenbly 26 which will be rotatably nounted on a pivot post attached to

t he di gksgenr, agempydiamghousi ng (not shown). The arrangenent of the
sliders with their associated read/wite heads, suspension and support
agns form aan giseabliyyt pfi sdlibdersef eactdsilddes anpporting at least one

4 magnetic transducer, each said magnetic transducer including a

5 magnetoresistive sensor;

a support means including a plurality of support arms

(o))

7 extending outwardly., at least one of said sliders coupled to and
8 supported by each support arm, each said supported slider being
9 identified as a top slider or a bottom slider;
0 ‘electrical lead means. for coupling each said
1 magnetoresistive sensor to a current source for providing a sense
2 current to each §aid magnetoresistive sensor, said electrical
3 lead means adapted to provide said sense current to each said
4 magnetoresistive sensor such that the direction of current flow
5 for the sense current in said magnetoresistive sensors supported
5 by a top slider is the same relative to said support means as the
7 direction of current flow for the sense current in said |
8 magnetoresistive sensors supported by a bottom slider.
1 10. A head-stack assembly as_iﬁ-Claim 9 wherein each said
2 magnetic transducer'iﬁclﬁdes-an inductive write coil, said
3 electrical lead means further adapted tb providé a write current
4 to each said inductive write coil, the direction of current flow
5 for the write current in each said inductive write.coil being the
6 same relative to said magnetic transducers.
“This Sheet Has Been Replaced
=
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actuator head stack. In the head stack, the sliders are grbuped in pairs
13a, 13b, each one of the pair being supported on opposing sides of a disk

12, referred to as top head and a bottom head in ite
transducer 21 supported by the slider 13 includesija ducCt i'vVe. € head
and a magnetoresistive (M) read head. The genera_?pracTiﬁﬁfﬁﬁﬂggg__rt is

tojphysically; = 3 heaa- stack assembly as in Claim 9 8@nerein each said

2 magnetic transducer 1ncludes an inductive write coil, said

3 electrical lead means further adapted to provide a write current
4 to each said inductive write coil, the direction of current flow
S - for the write currgnt in the inductive wfite coilé supported by a
6 bottom sensor beiné opposite relative to said magnetic traducefs
7 to the direction of éurrent flow for the write current in the

8 inductive write coils supported by a top slider.

1 ‘12. A head-stack assembly as in -Claim 9 further comprising
2 actuator means, said support means mounted to said actuator

3 means. ’ .

1 13. A head-stack assembly as in Claim 12 wherein said

2 actuator means includes voice coil motor means.

1 14. A head-stack assembly as in Claim 9 further comprising
2 a plurality of suspension means, each said slider attached to and
3 supported by a suspension means, at least one of said suspension

4 means attached to each said support arm.
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of fset the geonetric centers of the read and wwitegelenents
to one another in a dual -el ement nagnetic head to be used
-actuator environment. The offset is provided to conpensate

skew angl es with change of actuator position across the disk. the
~read/wite transducers of the top and bottomsliders 13a, 13b will have
m nor i mge physical offset. AH%fr@® ng now to Figure 3, an MR read

head or sensor of the type described in cofmmonly assigned US Patent No.
4,663,685 Tonprises AniwR atenanor3Bealii shaekt esdembyer maenenticre MR head

transducers including magnetoresistive (MR) read heads are
connected to a current source and configured to provide an MR
sensor current to each MR head wherein the direction of current

5 flow for the MR senéor current in each MR head is the same
.relative to the actuator for all of the MR heads in the actuator
head stack. This configﬁration.allows all of the MR heads in the
head stack assembly to initialized simultaneously by applying a
homogeneous magnetic field to the head stack assembly, thus

0 providing the capability of ihitializing the MR heads at the
actuator or disk’drive level rather than requiring that the MR

heads be initialized individually.

SA9-94-022 23
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‘field in the MR elenent 32. A transverse bias |ayer 38 of

9 30. A longitudinal bias |ayer 43 of a hard magnetic nateriﬁTﬁifﬁiwﬂpﬁgg =
over the sensor .end regions 36 to provide a |longitudi-nal ma ' g o> BEEN

material . separated fromthe MR elenent 32 by a thin non-negnetic spacer

| ayer 42 provides a transverse magnetic hias field in the central active
region 44 of the sensor 30. The read data sp®nal is sensed over the
active region 44 which is defined by the spacing betijen the |ead

central
/
RECORDING - 1
CHANNEL alat
!
|
CONTROL - |
UNIT | 7 2
POSITION CONTROL R / I
T VCM ._—:__\gﬁl ”:‘/ﬂ!
_ 28 e —
19 x.
— 29 157 { ;\2
MOTOR CONTROL DRIVE
) MOTOR | 1g
23

FIG. 1
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conductors 46 deposited over the |ongitudinal
I's supplied to the MR sensor
provi de a sense current,
fl owi.ng through
provi de proper operation,

active region of the MR elenent 32
To initialize the MR sensor
direction)

current |
current,

central
st ate.

orientation (i.e

I[err],

s, flow ng

the MR sensor

by a current

nmust be

bi as | ayers 43.
source
t hrough the MR el enent |
t he transverse bias |ayer 38.
initialized to set the
in a single magnetic domain

nsia

R g oo

To

, a magnetic field having the proper
and magnitude is applied dcross the MR

sensor. The initialization fielld forces the central actiWe region into a
: y 3 .
A"‘g / M 945
20 IBﬁ L . -
f 43
i = % |
N _/
g Ig ;32.
30
FIG. 3
13
Hinir MR ,HL“‘“ 1
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)
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singl e donain state aligned with the applied field. In't Al
described above with reference to Figure 3, the initiali aF'ﬁ@rﬁ‘é#%Td‘“é@Béﬁg

the magnetic bias field produced by the hard magnetic | ongitudPREHEFBS
| ayers 43. In a preferred enbodinent, the initialization frelrd vector 15
~parallel to the MR sensor | ongitudi naI axis and to the plane of the

magnetic nmedia disk. i3gd - [ 107 HEAD
—r 1|
! : | — 12
13b— H L]
1| —— BOTTOM HEAD
130 A I )
e
' ' — 12
——1 [
13— H
—ﬂ——-———I
(Prior Art)
o —1 L 10P HeAD
L]
{ - 12
—1 ]
13— H
— 1 | BOTIOM HEAD
130 — —1
—r
{ — 12
— 1 [ ]
13b — H ™
—]
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’/_WT/ . 1 THIS SHEST PAS BEEN
ﬂdfgg,w_. ing nowto figures 4A and 4B, a diagramil 1E§reﬁﬁgghggwe MR
sensor 30 fornmed on a vertical surface 31 of the slider aae
Illustrating the relationship between the current |.
magnetic field H and the magnetic bias fields is
only the MR el enent 32 and the transverse
Figure 4A the MR sensor current | is shown flowng fromleft to right

while the initialization magnetic field His orientated fromright to

left. with the sensor current I flowing left to rig t he bias current
I[err] in . AR

the initialization
shown. For sinplicity,
bias | ayer 38 are shown. In

—
D

FIG. 7
(Prior Art)

e

i

e
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bias field 33.in conbination with the initialization field
maghetic field in the MR elenent 32 in a direction as sho

T T
by te}eh; @=L
35. If the MR sensor current | is reversed, i.e., flows flom Fﬁﬁ’?Lﬁi_~,;:ﬂ

~left, as shown in Figure 4B, thgn the initialization field H nust al so be

reversed and the magnetic bia% fields will be reversed. This assures that

the MR head gicromagnl i i .e. symetrical) in the two

et-es—are—-dent-eal—4
current confi gurati-ens— #or sone biasing Bchqggs, addi fii ong) or different
changes in the’bias fgitg§apr head configpration_may ba“ required to obtdifh
symet ri cal netic pev/ ormance W%Fn Hﬂ?l { nsor current | is rgversed.
B

% R el
: H H — 12

3 — “TF‘;‘
67a 730

FIG. 9a

69
\

o
7o 2t

| 7ib '
(1+ 61 MR[' 1 v Ve
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Referring.powd. Figure 5, two pairs of sliders 13a, 13b supporting =)

af head stack (as shown in Figure 2) are shomm For sinplici

read/ wite heads on opposite sides of a magnetic nedia dlsk R
| FErL LR R e |
!

suspensi on and the renai nder of the _ 1995
IL'i)ate t%é"b&q\%g

actuator assenbly are not .shown. For purposes of illustrati

of sliders 13a, 13b are referred to_Ads the top head and the bot t om head,
respectively. The top Reafrb§aSKRPCPEEE rzvern INITIALIZATION

OF MAGNETORESISTIVE TRANSDUCERS

BACXGROUND OF THE INVENTION

The present ;nVentién relates generally to m;qnetic
recording systems-;nd more particularly to initialization of
magnetaresistive read transducers during fabrication and assembly
of such recording systems.

Magnetic disk drives are information storage devices which
store information by magnetically recording data on maénetié
storage media. A magnetic disk drive typically utilizes one or
more rotatable disk media having concentric data tracks formed on
one or both surfaces of each disk containing the recorded
information,. a transducer for reading data from or writing data
to the various data tracks and a head positioning actuator
connected to the head or heads for moving them to the desired
data track and maintaining it over the track centerline during
read or write operations. The head is attached to or formed on a
surface of an air bearing slider which is supported adjacent the
data surface of the disk media by a cushion of air generated by

the rotating disk. The slider is connectad to a support arm of

the head positioning actuator by means of a suspension assembly.

The use of magnetoresistive (MR) sensors to sense or read
magnetically recorded data is well-known in the art. It is also

well-known that both longitudinal and transverse magnetic bias



adj acent the upper surface of the disk 12 while the bottom he 5

suspended adj acent the |ower surface of the disk 12. In a ¢c W&

head and di sk drive manufacturing process, all of the heads

initialized, for forward bias operation, i.e., the sensor cu LE%W’%_E NOV]SSS .....

fl ow ng fromleft to right wth the @nitialization magnetic fietd H
orientation fromright to left as shown in Figure 4A. The MR heads may be

initializediedds hakehbeppeeesdedt iMates URVELnSLing! oWV o imtiHdte
head may be individually initialized at some tine subsequent 1 n the

process, 3arkhaaseht avibei agdatbasheslcd Ont HResuUapeBake?r 1% AT ShQME ilnear

Figure 7. Since all the heads are initialized for forward bias
operating range. <Jormmonly assigned US Patencs Nos. 4.,024,489:;
5.079,035; 3,840,898 and 4,103,415 discuss and disclose MR
sensors in which various bias schemes utilizing’béch hard or soit
magnetic materials-and/or exchange coupling to provide the
transverse and lonqitﬁdinal bias fie;ds required in the MR
element. For example, US Patent No. 5,079,035 disclosas an MR
sensor in which a ferromagnetic MR element extends over only a
central active region of the sensor. ‘A layer of hard magnetic
material is provided in each of the sensor end regions forming an
abutting junction with the ends of the MR element to provide a
longitudinal magnetic bias field in the plane of the sensor
parallel to the surface of the magnetic media disk. The sensor's
central active region includes the MR element, a non-magnetic
spacer layer and a soft magnetic.layer which provides the
transverse magnetic biés field for the MR element.

The magnetic transducer is manufactured utilizing thin film
deposition techniques and generally includes an MR read sensor in
combination with an inductive write transducer to provide both
recording and reproducing of data. The magﬁetic transducers ace
fabricated in.a batch process on a wafer which is then cut or
diced into individual sliders with the transducer formed on an
en§ surfaée thereof. The dicing process may also include

additional batch processing at the row level to form the air

bearing surface for the slider. when  .the fabrication of ths2



oﬁeration, prior to assenbly in a head stack, when the head am@LAggy@@m%HEEf

are assenbled in the actuator assenbly adjacent heads w il |phaye t e.5ﬁ6§0{
current | and the initialization field orientation H orienthapgg: i€ 1 NUY | Qﬂﬁ_
opposite directions with reference 3o the actuator franme a 1 e

Figure 5. Thus any attenpt to re frmtialize a single head after the
assenbl y dfdiyddyaddsiidexs i |qompdeglet eachhslidgacistchencdmsaned to a
initialized in the wong direction. Referring now to Figure 6, two
pai rs of SUSHENSi®RaasIeMPLi ASHh LI GUSPRRFHAN ASHeBRLY ol ASEAC A% S Ag
surtaces upoltim"EE £ AL ANE 2538 RS YA, o
I n Figure=*
arranged in a vertical configuration referred to as a head stack
or actuator head stack. .
The completedigctuator assembly is subsequently assembled
with other components such as the magnetic media disks to form a
magnetic disk drive. At some point during the |
f;brication/assembly process the MR sensor must be initialized by
impressing a magnetic field across the MR sensor in a preferred
direction, typically parallel to its longitudinal axis and the
plane of the magnetic media disk. Subsequent to this
initialization process,'cné MR sensors may be subjected to
various stresses resulting from handling during the manufactuiing
and assembly process described above. These stresses tend to
degrade the magnetic performance of the MR heads. For such
degraded heads, re-initialization of the MR head after such
handlirig is known to recover the head in most instances: i;e.. to
return the head to its proper magnetic state. Conventional MR
head and disk drive designs typically mount the slider in pairs
such thét the MR heads on opposing.sides of the magnetic disk
media have opposing initialization directions. For this resason,
and because of limitations on practical magnet designs, an Mﬁ

- head in a actuator assembly cannot be re-initialized without

"reverse" initializing its neighboring heads. Thus. handling



2). Simlarly to Figure 5, the suspension and actuator aSSErﬁEQQAGEMENTsHEE;
12 is not shown. According to the principles of the presefgft invention.

the MR sensor current | and the initialization magnetic f|ebfeH2Zr'eNOV 1995
orientated in identical directionggwith respect to the ac
the top head and the bottom head. Thus. adjacent heads 13b, 13a, for
exanpl e, hdemagadtinaureed subsequent to actuator assembly is left untraated -

resulting in degraded performance and even disk drive failure.

SUMMARY OF THE INVENTION

It is therefore a principal object of the présenc invention
to provide an MR héad design having the initialization magnetic
field and the seﬁsor cﬁrrent oriented in the same direction for
all of the heads in an actuator assembly thus allowing
simultaneous initialization or re-initialization of all MR heads
in an actuator head stack. . '

In accordance with the principies of the present invention,
each of the MR heads assembled in an actuator head stack has its
sensor current flowing in the same direction as the other MR
heads in the actuator head stack (with respect to the reference
frame of the actuator assembly). Since cﬁe direction of the
initialization magnetic field is a function of the sense current
direction, all of the MR heads will alsc have the séme
initialization field direction. Thus, a large homogeneous
magnetic field can now be utilized to initialize all of the MR
heads in the actuator assembly simﬁltaneously. Furthermore, with
proper magnet design, the MR heads can even be ihitialized with
the actuator assembly already incorporated in a magnetic disk
drive. The direction of the sense current for the opposing MR
heads may be selected by design of the suspension wiring, or :in
the head electronics module design, or in the head lead design

during fabrication at the wafer level.




sensor

‘current | and the initialization f|eId direction H

the same direction with reference to the actuator. In the
qinvention then, one or nore of the individual ~heads in the
be re-initialized without disrupting the initialization of Atea ATe s _

) REBLASEMENT SHEET"

ead t-ia(Ng

head. For exanple, as shown in Figure 8, if it is necessary to
re-initialize one or nore heads 13a 13b in a head stack, the entire
actuator assenbly i's initializegd by a | arge honogenous magnetic field by a

magnet

53. Wile magnet 53 can be a pernmanent magnet having the required

structural architecture3R3ZEr DHECRI PHRON ST ' THE (IRAWINGSt I C field, nor e

typically the nagnet 53 wil

| conprise a
The Ioragoing and cther objec:zs., faatures and advancages of

the present invention will be apparenc from the following
detailed description of the preferred embodimenc of the
invention, referenqe heing made to :hexaccompanyiﬁq drawing in
which like referenée aumerical indicate like parts and in which:

Figure 1 is a simplified block diagram of a magnetic disk

storage- system embodving the present invention;

lu

igure 2 is a perspective view of an actuator assemdly
illustrating the arrangement of the sliders and associated
transducers in the actuator head stack:

Figure 3 is a cross- sect:.ona1 view of a conventional
magnetoresistive read transducer;

Figures 4A and 4B are diagrams illustrating the magnetic
bias field and sense current directions for the MR head shown in
Figure 3; |

Figure 5 is a diagram illustrating the sense current
direction and associated initialization field direction for the
MR heads in a prior art actuator head stack assembly:

Figure 6 is a diagram illustrating the sense current
directions and associated initialization field direction for the
MR heads in a actuator head stack assembly according to Ene
principles of the present invention: |

Figure 7 is a top viaw of a sussena=d MR head illuscrating a

prior art initialization Process;



el ectromagnet . Wth continuing reference to Figures 44
order to provide a head stack assenbly wherein adjacent hg
sensor current | and the initialization field H orientated
direction, it is not necessary to i@entify and segregate ti _
sliders 13a, and the bottom sliders 13b, prior_to the initialization
process. The initiFHINZSt BokS B RETSPertivet viewnipllMsegaghng| 2EHe2 IAT Hey8s
are assenbled,in an.actyator head stack assenbly. Wile the MR heads nay

be initializetPt*eriFAFAPN 1595} 1ng BRsER®IBF BIcinhes R uERBrPT st i ng or

Other purposefyvention for the actuator head stack assembly shown in Figure 2:

—

and

Figures 9a, Sp and §c are simplified schematic diagrams
illustrating prefefred embodiments of the MR sensor sense current
and write current circuitry according to the principles of the

present invention.

DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figures 1 and 2, although the invention is
described as embodied in a magnetic disk storage system as shown
in Figure 1, it will be apparent that the invention is also
applicable to other magnetic recording system such as a magnetic
tape recording system, for examﬁle.‘ *

At least one rotatable magnetic disk 12 is supported on a
spindle 14 and rotated by a disk drive motor 18. ‘The magnetic
recording media on each disk is in the form of an annular pattern
of concentric data tracks (not shown) on at least one surface of
disk 12. At least one slider 13 is positioned on the disk 12,
each slider 13 supporting one or more magnetic read/write
transducers 21, typically referred to as read/write heads.
Typically, at least one read/write head is supported adjacent
each surface of the magnetic disk 12. As the disks rotate, the
sliders 13 are moved radially in and out over the disk surface 22

so that the heads 21 may access different portions of the disk



13 when the top and bottom heads are assenbled in the actugrl 1
assenbly and a final initialization is conpleted. adjacent ERLACEHENT SHEET
their initialization field H orientated in the same diregtion. o 1+ NOV 1995
Referring now also to Figures 9A, 9B and 9C, 'in order to | -ﬂ?ez%ﬁatmthe ------- ;
MR sensor current | flows in the=same direction for adjacent headS it s
necessary ¥Ne5% S¢sdsed dRGxdssapsordedur r Bachf piidere PotisomAregnsd soiaer
13b, as shown in Figure ﬁ?. Figure 9A is a squIifieq bl ock diagram
il IustraIiQﬁfWiﬁpﬁaF (19 by means of a suspension 15. The suspension 15
provides a slight spring force which biases the slider 13 against

the disk surface 22. Each actuator arm 19_is attached to an
actuator means 27. The actuator means as shown ié Figure 1 may
be a voice coil motar (vcm) . for example. The VCM comprises a
coil movable within a fixed magnetic field. the direction and
velocity of the coil movements being controlled by the motor
current signals supplied by a controlier.

‘During operation of the disk drive system. the rotation of
the disk 12 generates an air bearing between the slider 13 and
the disk surface 22 which exerts upward force or lift on the
slider. The air bearing thus counter-balances the sligh; spring .
force of the suspension 15 and supports the slider off and

- slightly abqve the disk surface by a small, substantially
constant spacihq during operation. The various components of the
d;sk drive storage system are controlled in operation by control
sign;ls generated by control unit 29, such as acCeﬁs control
signals and internal clock signals. Typically. the control unit
29 comprises logic control Circuits, storage means and a micro-
processor, for example. The control unit 2§ generates control
signals to control various system operations such as drive motor
control signals on line 23 and head position and seek control
signals on line 28. The control signals on line 28 provide the
desired current profiles to optimally move and position a

selected slider 13 to the desired data track on the associated



forward sensor current such as provi :
constant current | is provided by cyf reid seeer GasSHERN .
sensor as represented by resistor 13h. CoiggpLAGEDCONNEQt €
represents the top head wite coilg fletru
disk 12. A wite current pulse ITEFr] presented by curve
the wite disk 6Za Ppeadares wrEHgRetsiignalanarei cosmdbicacetietaednd 420 As
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applTed to

illustrated, the rising edge of the wite current pul se produces a

posi tive nEgaAdYWriceahaids il By wieans offe regbriAggeapennelih2d. wite pul se
produces a negative magnetic transition 77. The MR sensor responds to or
senses a magnet FBet RARYR 4P LIRANGIEng tyPical magnetic disk storage

system and the accompanying illustration of Figure 1 are for
representation purposes only. It should be apparént that disk
drive storage systéﬁs can contain a large number of magnetic
storage disks, each'disk having a slider associated with each
surface thereof and each slider supporting one or more read/write
heads. As shown in Figqure 2, each slider 13 is attached to its
suspension 15 which, in turn, is attached to an actuator support
arm 19. The actuator support arms 19 are attached to the voice
coil motor 27. Typically the voice coil motor and the actuator
support arms are attached on opposite sides of a pivot assembly’
26 which will be rotatably mounted on a pivot post attached to
the disk storage system housing (not shown). The arrangement of
the sliders with their associated read/write heads, suspension
and support arms form an assembly typically :eferred to as an
actuator head stack. In the head stack, the sliders are grouped
in pairs 13a, 13b, each one of the pair being supported on
opposing sides of a disk 12, referréd to as top head and a bottom
head in Figure S. The read/write transducer 21 supported by the
slider 13 includes an inductive write head and a magnetoresistive
(MR) read head. |

Referring now to Figure 3, an MR réad head or sensor of the
type described in commonly assigned US Patenﬁ No. 4,663,685_

comprises an MR element 32 which extends over the entire MR head

This Sheet Has Been Rcﬂlaccd
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Its resistance.as a function of the change in the magnetic
across the MR sensor. Since the MR sensor has a constant gURERUAMCEMIGNT SIGEET
t-hrough-it, the response to a change in the nmagnetic fielfl is cqugp}@Qﬁ

‘the voltage drop across the MR sengor, V[err], as represe ﬂlwbggn@unme ...........
7la. The voltage signal produce the MR sensor is a f

the direcipon Phongitudina: bias layer 43 of a hard makhetic macerial is

formed over the sensor end regiéns 36 to provide a longizudinal
magnetic bias field in the MR element 32. A transversa bies
layer 38 of a soft magnetic material, separated from the MR
element 32 by a thin non-magnetic spacer layer 42.provides a
transverse magnetic-bias field in the central active region 44 of
the sensor 30. The read data signal is sensed over the central
active region 44 which is defined by the spacinq between the lead
conductors 45 deposited over the longitudinal bias layers 43. A
constant current I is supplied to the ‘MR sensor by a current
source (not shown) to provide a sense current, I,, flowing
through the MR element 32 and a bias current, I;, flowing through
the transverse bias layer 38.

To provide proper operation, the MR sensor must be
initialized to set the central active region of the MR element 33
in a single magnetic domain state. To initialize the MR sensor,
a magnetic field_having the proper orientation (i;e., direction)
and magnitude is applied'across the MR sensor. The
initialization field forces the central active region into a
single domain state aligned with the applied field. In the MR
sensor described above with reference to Figure 3, the
initialization also aligns the magnetic bias field producec ov

the hard magnetic longitudinal bias layers 43. In a preferrec

(¢ 1

embodiment, - the initialization £ielé vector is parallel to zhe MR
sensor longitudinal axis andé to the plane of the magnetic medis

disk.



senseé current I[err] through the MR sensor and the polarity of the

magnetic transition 75 , 77 in the nmedia. The vol tage signal ngw QQMQTSHEET
across the MR sensor is detected by operational anplifier ¢2
provi des an output signal to the disk drive signal prOCESSIﬂga@IZQ"JNO“fBSS

(not shown). Sinilarity the polarijy of the magnetic transiztea—b-—// TR
the magnetic nedia is a function™f~The direction.of current fIOM/through
the wite coil Refarrimgy noer warfliidimes epecaadi 98, as Glhgwam hlFuguratiow t he
rising edge of the wite pul se produces a p03|t|ve magnetic transition 75
whi ch, in ti#hMRpFeRERe S0, (REReY AR avserRgea busuriaffed Isefiselie Hiidate IHR

‘sensor.
and illustr acan the relationship between the current I, the

initialization magnetic field H and the magnetic bias fields is
shown. For simplic;ty, only the MR element 32 ané the transverse
bias layer 38 are shown. In Figure 4A the MR sensor current I is
lshown flowing from left to right while the initialization
magnetic field H is orientated from right to left. With the
sensor current I flowing left to right, the bias current I,'in
the transverse bhias layer 38 generates a magnetic field in the
transverse bias layer as indicated by arrow 33. The transverse
bias field 33 in combination with the initialization field H
biases the magnetic field in the MR element 32 in a direction as
shown by the arrow 35. If the MR sensor current I is reversed,
i.e., flows from right to left, as shown in Figure 4B, then the :
initialization field H must also be reversed and the magnetié
bias fields will be reversed. This assures that the MR head.
micromagnetics are identical (i.e. symmetrical) in the two
current configurations. For some biasing schemes, additional or
different changes in the bias fields or head configuration may be
required to obtain symmetrical magnetic performance when the
sensor current I is reversed.

Referring now to Fiquré 5, two pairs of sliders 13a, 13b
supporting read/write heads on opposite sides of a magnetic media
disk 12 comprising a head stack (as shown in Figure 2) are shown..

For simplicity, the slider suspension and the remainder of. the



Figure 9B illustrates the circuitry for reversed current ber Qn, ., =
current source 61 provides the sensor current I to the MR sgﬁg%bblgﬁfW%HELT
However, the | eads 65 between the current source 61 and the SEeRsqr ,
are reversed to provide a current flow through the MR sen F%ghufzﬁﬁmNaﬂ?HS5‘
opposite direction to that producedlﬁx'the circuitry shown in Figure 9A

Thus, when acrudedd| £6sdrbiyngrachoisowvnadrat askrpddeld Bet LoTUbERsk i has

its sensor current flow |l in the same direction with respect to the

act uat or ashehpaiopofiesldde®a. 1HonwedXy arei nefetrhed aar mgnthediopcheash andr ough
the MR head is reversed, the voltage signal produced by the bottom head

for a magneiiec bPEERR Reash KespBepuisfely. The top head is suspended

adjacent the upper surface of the disk 12 while the bottom head

1

is suspended adjacent the lower surface of the di;k 12. In a
conventional head ahd disk drive manufacturing process, all of
the heads are initialized.for forward bias oberation, i.e., the
sensor current I flowing from left to right Qith the
initialization magnetic field H orientation from right to left as
shown in Figure 4A. The MR heads may be initialized in a batch
process at wafer level or at row level, or each head may be
individually initialized at some time subsequent in the process.
such as after being attached to the suspension 15 as shown in
Figure 7. Since all the heads are initialized for forward bias
operation, prior to assembly in a head stack, when the heads ané.
sliders are_assembled in the actuator assembly adjacent heads
will have the sensor current I and the initializatior field
orientation H orientated in opposite directions with reference to
the actuator frame.as shown in Figure S. Thus any attempt to re-
initialize a single head after the assembly of thé head stack
will result in the adjacen; head being initialized in the wrong
direction.

Referring now to Figure 6, two pairs of sliders 13a, 13b
supporting rggd/write heads adjacent opposing surfaces of a disk
media 12 are shown assembled in a head stack (as shown in Figure

2). similarly to Figure 5, the suspension and actuator assembly



‘to that produced by the top head for the same polarity na 7]
transition, as shown by curve 71b. In the circuit shown i é#gN?QW5§TSﬁﬁgT

wite coil 67b for the bottom head is connected to the Eﬁeclz C'U|NOW’995
such that the current flow through the coil L e
15 67b is in the identical dir Lon as the current fIOM/through the top
head wite coil 67a. Thus, the magnetic transitions 75, 77 produced |n

t he magnetiscnoedshowner acumrdumqpmbsehérmrmddmplbstbbnthe present

invention, the MR sensor current I and the initialization
magnetic field H are orientated in identical directions with
respect to the actuator for both the top head and the bottom
head. Thus, adjacepc heads 13b, 13a, for example: have both the
sensor current I ana the initialization field direction H
orientated in the same direction with reference to the actuator.
In the present invention then, one or more of the individual
heads in the head stack can be re-initialized without disrupting
the initialization of arn adjacent head; For example, as shown in
Figure 8, if it is necessary to re-initialize one or more heads
13a, 13b in a head stack, the entire actuator assembly is ‘
initialized by a large homogenous magnetic field by a magnet 53.
While magnet S3 can be a permanent magnet having the required
structural.architecture to produce the desired the magnetic
field, more typically the magnet 53 will comprise a
electromagnet. '

With continuing reference to Figures 4A, 4B and 6, in order
to provide a head stack assembly wherein adjacent heads have the
sensor current I and the initialization field H orientated in the
same direction, it is not necessary to identify and segregate the
top heads, sliders 13a., and the bottom, sliders 1l3b, prior to the
initialization process; The initialization process is not

'completed until the MR heads are assembled in an actuator head
stack assembly. While the MR heads may be initialized at a point

prior to assembly of the actuator for testing or other purposes,



head are identical to the transitions 75, 77 in the magnet
produced by the wite pulse in the top head. The result
data signal sensed by the MR sensor 13b for the bottom hdhd i@ & NOW 9%
opposite polarity with respect to,,he polarity of the MR |spigRal-sensed by
the top head. While the differendé in polarity between the data stgnal Tor
the top heagn ARE t&e L BottoRdheddy ddae JRQLhHIRNGA] FlaCscPl-dLH ANt 2
problem it must be accounted for 1n the data signal processing circuitry.
Fi gure 9C sdackstssémslya andcandisaboiliitdatliese Lod s coypleted | haijaieitse

bi as operation of the bottomhead 13b. Simlarly to
‘heads will have their initialization field H orientated in the

ﬁEgL{kﬁﬁ{i&E{éﬁ HEET
e

same direction.

Referring now also to Figures 9A, 93 and 9C,-in order to
insure that the MR}sensor current I flows in the same direction
for adjacent heads it is necessary to provide reverse sensor
current for the bottom heads, élider 13b, as shown in Figure 4B.
Figure 9a is a simplified block diagram illustrating normal or
forward sensor current such as provided for the top heads, slider
13a. A constant current I is provided by current source 61 via
leads 63 to the MR sensor as represented by resistor 13a. Coil
67a connected by leads 69 represents the top head write coil for _
writing data on the magnetic media disk 12. A write current
pulse I,.., presented by curve 73a applied to the write coil 67a *
produces mégnetic transitions 75 in the media 12. Aas
illustzrated, the rising edge of the write current pulse produces
a positive magnetic transition 75 while the falling edge of the
write pulse produces a negative magnetic trénsition 77. The MR
sensor responds to Or senses a magnetic transition by changing
its resistance .as a function of the change in the magnetic field
applied across the MR sensor. sincé the MR sensor has a
constant current flowing through it, the response to a change in
the magnetic field is a change in the voltage drop across the MR
sensor, Vie.a: as represented by curve 7la. The voltage signal

produced by the MR sensor is a function of both the direction of



that shown in Figure 9B, the | eads 65 between the current &
the MR head 13b are reversed to produce reverse current f MMDQHW&?IMET
VR -head 13b. However, the wite coil 67b for the bottom hgad @g¢\g@$

| eads 69 reversed thus providing current flow through wri QMQQ"L_ n.......
the opposite direction to that of 4he wite coil 67a int rarck:

Thus, since the polarity of the Wagnetic transitions produced by the wite
current i ssanfr%uri-'é{”"GﬁCoL theoud't &g 6} 6ensor rand ffﬁ%\ﬁot’ﬁr-’é&gkp tHe wite

coil, the netic transitio 77 produced 2% t he eadl e of the wite
pul se has ﬂ% §5Fc CpBNEFFASP Wi | &7 ¢+ Theamedhg - ed§®® of° * r?a bul se
produces auE%%HBEéu aEE@Q?'IHepﬂR7§ensor is datected by operational

amplifier 62 which provides an output signal to the disk drive
signal processing c;rcuitry (not shown)}. Similaricy the polarity
of the magnetic traﬁsitign 75, 77 in the magnetic media is a
function of the direction. of current flow through thé write coil
67a. For forward bias operation as shown in Figure 9A the rising
edge of the write pulse produces a positive magnetic transition
75 which, in turn, produces a positive voltage pulse when sensed
by the MR sensor.

Figufe 9B illustrates the circuitry for reversed current
operation. The currentlsource 61 provides the sensor current i
to the MR sensor 13b. However, the leads 65 between the current
source 61 and ché MR sensor 13b are reversed to provide a curredl
flow through the MR sensor in the opposite direction to that
produced by the circuitry shown in Figure 9A. Thus., when
assembled in the actuator head stack, the bottom head 13b has its
sensor current flow I in the same direction with respect to the
actuator as the top head l1l3a. However, since the current
direction through the MR head is reversed, the voltage signal
produced by the bottom head for a magnetic transition is opposite
to that produced by the top head for the same polarity magnetic
trahsition. as shown by curve 71b. In the circuit shown in
Figure 9B, the write coil 67b for the bottom head is connected to

the write circuitry such that the current flow through the coil



havi ng positive polarity. The response then of the | ower

16 sensor 13b with reverse current will be synmmetrical (i-G-RE¢£Eﬁ§$§£+§H%Q}

t he response of the top head MR sensor with forward curreft opera&anN@N
gd vt

Wil e the present invention has been particularly shown ang
referenced to a preferred enbodi mneyg thereof, it wll be

o
2oY
ap
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those skilled in the art that varrotus
§7b is in the idencical direction as che current flow through zhe

top head write coil 5§7a. Thus., the magnetic transitions 75, 77

roduced in the maqnétic media for a write pulse from the bottom
head are identical to the transitions 75, 77 in the magnetic
media produced by the write pulse in the top head? The result
being that the data signal sensed by the MR sensor 13b for the
bottom head is of the opposite polarity with respect to the
polarity of the MR signal sensed by the top head. Wwhile the
difference in polarity between the data signal for the top head
and the data signal for the bottom head does not represent a
problem, it must be accounted for in the data signal processing
circuitry.

Figure 9C illustrates a second embodiment of circuitry for
the reverse bias opefation of the bottom head 13b. Similarly to
that shown in Figure 9B, the leads 65 between the current source
61 and the MR head 13b are reversed to produce reverse current
flow . through the MR head 13b. However, the write coil 67b for
the bottom head also has its leads 69 reversed thus providing
current flow through write coil 67b in the opposite direction to
that of the write coil 67a in the tdp head. Thus., since the
polarity of the magnetic transitions produced by the write
current is a function of the direction of current flow through
the write coil, the magnetié transition 77 produced by the
leading edge of the write pulse has nega:tive polarity while the
falling edge of the write pulse produces a magnetic transition 75

having positive polarity. The response then of the lower MR




éhanges in the formand details nmay be nade therein w thout -
the spirit and scope of the invention as defined in the appBEERACEHRAEKRTSHEET

cl ai s 1. A magnetic storage system conpri sing:
16 >

sensor 13b with reverse current will be symmetricel (i.e..

identical)} to the response of the top head MR sensor with forward
current operation.

While the present invention has been particularly shown and
described_with referenced to a preferred embodimeét thereof, it
will be understood'by those skilled in the art that various
changeé in the form and details may be made therein without
departing from the spirit énd scope of the invention as defined

in the appended claims.



at | east one magnetic storage nedi um hayfFyg=top-—an om
top and bottom surfaces having a pIurg‘fvaGHEEahaSQkﬁﬁkz
for recording of data; “for each gprfacdEfagspd at |
storage nedium at |east one magnetic ‘TT
slider and maintained in a closely ngfﬁd relatlonshlp adj _
surface, said magnetic transducer I ng a magnet oresi stive sensor and
a wite head, said sensor and said WW|§§Af@§d bei ng physically offset
from one another and

We clalm.

ﬁsngﬁctm&?'@egr

edist dne magnet | C

1. A magnetic storage system comprising:
at least one maqnecic storage medium having ;op and bottom
' surfaces, said toplénd.botcom surfaces having a plurality of data

tracks defined therein for recording of data;

at least one magnetic transducer'formed on a surface of a
slider and maintained in a closely spaced relationship adjacent
each said top and bottom surfaces, said magnetic transducer
including a magnetoresistive sensor;

actuator means coupled to each slider for moving selected
magnetic transducers to selected data tracks on said magnetic
storage medium, said sliders assembled with said actuator forming
an actuator head stack, a sense current flowing through each safd
magnetoresistive sensor, the direction of current flow through
said magnetoresistive sensors being the same for all of said

magnetoresistive sensors with respect to said actuator means.
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actuat or nmeans coupl ed to each sli def=tot=rBvi-ng-sel-eceted netlc
transducers to sel ected data tracks jﬁﬂﬂaﬂmtdnﬂﬁﬁmEEN=
sliders assenbled with said actuatof. fornﬁ%mmmctuat
sense current flow ng through each sar
direction of current flow through sal% magnet or esi stive
sane for all of said magnetoresisti sensors wWth respect to said-

act uat or neans

' Z{her§Q¥aqnecic storage system as in Claim 1 Iurther
including detection mesans coupled o said magnetoresistive sensor
for detecting resistance changes  in said magnetoresistive sansor

'responsive to magnetic.fields representation of data bits
recorded in said magnetic storage medium intercep;ed by said
magnetoresistive sénsor, said detection means including a current
source'éoupled to said magnetoresistive sensor for providing said
sense current flowing through said magnetoresistive sensor
'adjacent said bottom surface in a reverse direction relative to

said sense current flowing through said magnetoresistive sensor

adjacent said top surface.

-

3. A magnetic storage system as in Claim 2 wherein each
said magnetic tr ansducer includes a write coil, said write coil
responsive -to a write current for magnetically recording said )
data bits, the direction of said write current flow through the
write coil adjacent said bottom surface being in a reverse

direction relative to the write current flow through the write

coil adjacent said top surface.

This Sheet Has Been Replace
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18 facilitating concurrent—initialization of all—sai
magnet or esi stive sensors by the applibaﬁkp@HﬁgrﬁASBEEN ' l.RQﬁMQﬁﬁﬁﬁQﬂQH
magnetic field to said head stack. REPLACED 2. 'gnetlc ftpqﬂgfﬁgﬁ
systemas in Claim1l further - yohtich iunDﬁ3@n§ ______________________
to said nmagnetoresistive lgsensor for detectlng Le

in said . magnet or esi sti ve=sensor responsive to nagnetlc flelds
representativg, of gaidtndal obefRf diad izingahsghed@isiGrive sensors when

a plurality of magnetic transducers, each said magnetic

transducer including a magnetoresistive sensor, are assembled i
an actuator forming an actuator head stack. each magnetoresistive
sensor being suspended adjacent a top or bottom sﬁrface of an
associated magnetié storage medium, each said magnetoresistive
sensor being adjacent at least one other magnetéresistive sensor
in said actuator head stack, said method comprising the steps of:

providing a sense current to each said haqnetoresisnive
sensor, the direction of current flow -for said sense current
through said each maénetoresistive being the same relative to
said actuator fog magnetoresistive sensors adjacent said top
surfaces and for magnetoresistive sensors adjacent said bottom
surfaces; and

applying a homogeneous magnetic field to all said
magnetoresistive sensors in said actuator head stack for
initializing all of said magnetoresistive sensors in thé same

direction relative to said actuator.

This Sheet Has Been Relplaced
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storage mediumintercepted by said mag
detection neans including a current s
magnet or esi stive sensor for providing,

, _%&;PT é@stafsw |

oueronly frmM‘EB@..
t hrough sai d magnet oresi stive sensor 20 Y-
surface in a reverse direction relative to said sense current

flowi ng through, saithe mechod of CTAAREKOLRELSLA \Acheasen AshAeend said top
surface. 3. A magnetic storage systemas in Caim2 wherein

each transduodd ticheads canminiduet igevwiite ewill, andi dnedidingaitle
responsive to a wite current for magnetically recording
step of providing a write current to each said inductive write
coil, the direction of current flow for said write current
through said each inductive write coil being the same relative to
said magnetic medium for inductive write coils adjacent said top
surfaces and for inductive write coils adjacent said bottom

surfaces.

‘6. The method of Claim 4 wherein each said magnetic
transducer includes an inductive write coil and including the
step of providing a write current to each said inductive write
coil, the direction of current flow for said write current
through each said write coil adjacent a bottom surface being

-

opposite to the direction of current flow for said write current-

through each—said write coil adjacent a top surface.

7. The method of Claim 4 wherein said homogeneous magnetic

field is generated by a permanent magnet means.

8._ The method of Claim 4 wherein said homogeneous magnetic

field is generated by an electromagnet means.

This Sheet Has Been Reﬂlac
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magnet or esi stive sensors :
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9. A head-sczack assemdbly {or use in a magnetic storage

system, comprisinq:

a plurality of sliders, each slider supporting ac. least one
magnetic transducer, each said magnetic transducer including a
magnetoresistive sensor:; .

a support meadg including a plurality of support arms
extending outwardly, at least one of said sliders coupled to and
supported by each support arm, each said supported slider being
identified as a top slider or a bottom slider;

electrical lead means for coupling each said
magnetoresistive sensor to a current source for providing a sense
current to each §aid magnetoresistive sensor, said electrical
lead means adapted to provide said sense current to each said
maqnetoresisﬁive-sensor such that the direction of current flow
for the sense cufrent in said magnetoresistive sensors supported
by a top slider is the same relative to said supporg means as the
direction of current flow for the sense current in said

magnetoresistive sensors supported by a bottom slider.

10. A head-stack aésembly as in Claim 9 wherein each said
magnetic transducer iﬁcludes an inductive write coil, said
electrical lead means further adapted to provide a write current
tp.each said inductive write coil, the direction of current flow
for the write current in each said inductive write coil being the

same relative to said magnetic transducers.

T
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THERGHE Sl gragnpt

when a plurality of magnetic transduce
e assegbLedeDN an pc

I ncl udi ng a nagnetoresi stive sensor a
an actuator head stack, each magnetor §§$demqugms

adj acent a top or bottom surface of an ggsoci ated magnetic Lo a e--nedi.um.....
, each said nmagnetoresistive sensor be+rg~ adjacent at | east one
magnet or esi sti ve 13ensQrnédy ssHadx askemd OF ead stack,9 saiedIRt Bedh said
conprising the steps of: - provi di ng a sense current to each said
magnet or esi stdgneticensamsduder dincéstiemrerofindurréned 4tine fcordlsasdidense

current through said each magnetoresistive sensor being the
electrical lead means further adapted to provide a write current

BEAGEAN PEHEET

to each said inductive write coil, the direction of current flow

for the write currenc in the inductive write coilé supported by a
bottom sensor beiné opposite relative to said magnetic traducers

to the direction of current flow for the write current in the

inductive write coils supported by a top slider.

12. A head-stack assembly as in Claim 9 further comprising
actuator means, said suppoft means mounted to said actuator

means.

13. A head-stack assembly as in Claim 12 wherein said

actuator means includes voice coil motor means.

14. A head-stack assembly as in Claim 9 further comprising
a plurality of suspension means, each said slider attached to and
supported by a suspension means, at least one of said suspension

means attached to each said support arm.
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"5. The nethod of C aim4 wherein each said magnetic transducer includes

i nductive wite coil and including the step of providing{fd WTTIe. cLLsge T.‘
to each said inductive wite coil, the direction of curr rﬁggﬁﬁﬁ%fﬂﬁﬁ”ggﬁd
wite current through said each inductive wite coil bei \

gDHhe sane
relative to said magnetic nediumfor inductive wite coilis
top surfaces and for inductive wite coids adjacent said bottom surfaces.

6. The nethod of C aim 4 wherein each said magnetic transducer includes an
i nductive wite coil and including
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the step of providing a wite current to each said i nductjrve—wrte—coils
the direction of current flow for said wite current throydiEFReACENVERNTOSHEET
wite coil adjacent a bottom surface being opposite to the direction of
current flow for said wite current through each said wi @atayi.,lz...lawg%._
a top surface. 7. The nethod of d ai r’g4 wherein said * =
magnetic field is generated by a per maneat~yaagnet neans.
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21 8. The method of C aim4 wherein said honbgeneous magaeti-c—fi LSy
gener ated by an el ectronmagnet neans. 9. A head- st ack {prspnht¥nERT gifeT
in a magnetic storage system conprising a pluralitylof sliders, each

slider supporting at l'east one magnetic transducer, each sapgenagnetic.........

transducer ——:2::1::%595_—:
4

e———————

NN

(Prior Art)

FIG. 7




includi ng a nmagnetoresi stive sensor and a wite head,
write head being physically offset from one

- including a plurality of support arns

satd sliders coupled
slider being identified an
| ead nmeans for coupling eact—said nagnetore3|st|ve sensor to a

supported
el ectri cal

current source for providing g5

02

62

anot her;
ext endi ng out wardl y

to and supported by each support arnmj
top slider or a b
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sense curment.sto each said magnetoresistive sensor, said electrical s :
means adapted to provide said sense current to each said n Q&ﬁL@ﬁE@Eﬂ&@H{tT
sensor such that the direction of current flow for the serge cur eTthvlggs
sai d 22 magnetoresistive isepaoré 1 UL

supported by a t oRCHBINTORrAND RIGE LEVERe INIITZALIZATIONsai d sufl

t he direct!on.of Cu%ﬁeﬁ&H&hEﬁﬁﬁfészf iﬁ@ﬁ SHE[ent in sald

magnet or esi st ve
ABSTRACT

In a disk drive actuator head stack assembly, magnetic
transducers including magnetoresistive (MR) read heads are
connected to a current source and configured to provide an MR
sensor current to each MR head-wherein the direccion of current
£low for the MR senéor current in each MR head is the same
reiative to the actuator for all of the MR heads in the actuator
head stack. This configuration allows all of the MR heads in the
head stack assembly.to initialized simultaneously by applying a
homogeneous magnetic field to the head stack assembly, thus
prov;ding the capability of initializing the MR heads at the
actuator or disk drive level rather than requiring that the MR

heads be initialized individually.
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intialization of all said nmagnetoresistive sensors by the application of a

henbgeneous magnetjc field to said support neans. 10,

ek alfnobdin
ey

A e Bt STack —
assenbly as in aim9 wherein each wite haed conprises af REGLAGHNENT SHEET

wite coil,

said electrical |ead rreans,gurther adapted to provide 125 WUt 4996

current to each inductive wite coil, the direction of curfleRgteft.ou-f-op:
the wite current in the inductive wite coil supported by =@ bottomsiider
bei ng the same rel ative Claims |

PO

1. A magnetic storage system comprising:

at least one magnetic storage medium having top and
bottom ldr!ncol, said top and bottom surfaces having a
plurality of data tracks defined therein for roeordinq of

data;

for each surface of said st least one magnetic storage
medium, at least one magnetic transducer formed on &
surfece of a slider and.mnintninod in a closely spaced
relationship adiacent sald surface, said magnetic
transducer 1nclﬁding a maqnetoroliltivo sensor and a write
head, said lonior and said write head being physically

offset from one another; and

actuator means coupled to each slider for moving selected

‘magnetic transducers to selected data tracks on saiad

magnetic ptoflqo medium, said sliders assembled with said
actuator forming an ;étuator hesd stack, a sense current
flowing through sach lnid,mngnoto;olictivo'lonsor, the
direction of current flow through saild magnetoresistive
sensors being the same for all of said magnetoresistive

sensorm with respect to said actuator means, thereby

——
——— e

O
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wite coil supported by a top slider. 11. A head-stack assenbly as in

e g e g s WA

Caim9 wherein each wite head conprises an inductive wrj cort, sard o !
el ectrical lead neans further adapted to provide a wite {URFRACEERLEREET
inductive wite coil, the direction of ygcurrent flow for the wi thCJUI\felgéﬁ

in the inductive wite _ -Date:...

facllitating concurrent initialization of all said
magnetoresistive sensors by the application of a

homogsneous magrnetic field to said head stack.

2. A magnetic storage system &s in claim 1 further
including detection means coupled to said mnﬁnotoroliltivo
sensor for detecting resistance changes in said 1
magnetoresistive sensor rospoﬂ:ivc to magnetic fields
represantative of data bits recorded in said magnetic
storage medium intercepted by said mnqﬁotoroailtivo sensor,
sald detection means including a current source coupled to
said mnqnotoroliltivo_ionlor for providing said iqnlo
current flowing through said magnetoresistive sensor
adjacent said bottom surface in a reverse direation
relative to said sense current flowing through said

magnetoresistive sensor adjacent said top surface.

3. A nmagnetic storage system as in Claim 2 wherein each
write head cbmprilni a write coil, said write coil
responsive to a write current for magnetically recordaing
#sald data bits, the direction of ssid write current flow

through the write coil adjacent said bottom surface being

I
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direction of current flow for the wite current in the inductive wite
coil supported by a top slider. 12. A head-stack ass '
9 further conprising actuator neans, said support neans
act uat or neans. 13. A head-stack iasssenbl y as in Cai

y Ckaim=o)
HEPRACEDL ITaItEET

- D]e-lt?e W?gr,ijnﬁgé d

in a Teverse dirnc:lon relative to the writo current flow

through the write coil adijacent said top surface.

4. A method for initializing magnetorssistive sensors
when & plurality of magnetic transducers, each said
nagnstic transducer including a magnetoresistive sensor,
ares assembled in an actuator forming an actuator head
stack, each mngnotorcuiitivo_nonlor being lulpehdnd
sdjacent & top or bottom surface of an associated magnetic
storage medium, each said mﬁqnetoreliutivc Bensor bo;na
adjacent at least one other magnetoresistive sensor in said

actuatér head stack, said method comprising the steps of: .

proVidiana sshse current tc sach said mugnitorolzltlv-
sensor, the direction of current flow for said sense
current through said each magnetoresistive sensor being the
same relative to said actuator for magnetoresistive sensors
adjacent sald top surfaces and for magnetoresistive sensors

adjacent said bottom surfaces; and

éoncurrontly-1n1t1nlizih9 all sald maqnptorelistivo
sesnsors by applyinq & homogeneous magnetic field to said

actuator head stack.

o C Immm
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act uat or'96¥ebfidd i nelHbdeEsiokcasiddi | not or neand-AGENT 14. A head- st046¥&755296; #l_ﬂ/lE

assenbly as in Claim9 further conprising a plurality of suspension._neans,
each said slider attached to and supported by a suspension nﬁgﬁmcﬁh_mbﬂtg
| east one of said suspension neans attched to each said sugport arm

15. A systemfor initializing a pluraligy of magnetoresistilvexgengdr:guNn Qgﬁ
head- st ack assenbly to be inplenmented In & nagnetic storage—system

conpri si ng; '

5. The method of Claim 4 wherein each said magnetic
transducer inocludes an inductive write coil and including
the step of providing a write current to sach said
inductive write coll, the diroctioﬁ of current flew for
lllid write current through said each inductive writo‘ coil
being the same relative to said magnetic medium for
inductive write coils adjacent said top surfaces and for

inductive write coils adjacent said bottom surfaces.

6. The method of Claim 4 wherein sach saild magnetia
transducer inaludes an inductive writs coil and including
the step of providing a write current to each sald
inductive write coil, the direction of current flow for
said write current through each said write coil adjacent a
bottom surface being opposite to the direction of current

flow for sald write current through each said write coil

.Q!IO.M: & top surface.

7. The method of Claim 4 whqrain said homogensous

magnetic £ield is generated by & permanent magnet means.

Hllllll llllll lllll i
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a pl ur al'46Ey6A318 S| 13863% FArdat-hz&M der support i rig-48ENT east : 0462755296 #11/186
24 one magnetic transducer, each said nagnetic -transducer including a
magnet or esi stive sensor; a support neans including a pgForarity ol o
support arns extending outwardly, at least one of said sl d@ﬁ@b%%ﬂﬁ¢éﬁ HEET |

' ' a1 Date : ISJUNIQQE

8. The method of Claim 4 wherein said homogenecus

magnetic f£ield is generated by_an electromagnet maeans.

9. A head-stack assembly for use in & magnetic storage

systsm, comprisingt

a plurality of llldt:i, sach slider supporting at lesast
ons magnetic transducer, each said magnetic transducer
including a magnetoresistive sensor and a write head, said
sensor and said write head being physically offset from bn; '

another;

& support means including a plurality of support arms
extending outwardly, at least ones of said sliders coupled
to and iupportod by each support arm, sach said supported
‘slider being identified as a top slider or a bottom slider;
and |

elactrical lead means for coupling sach llid
mnqnote:osilfivo_-‘nsor to a current source for providing a
sense current to oach sald magnetoresistive sensor, said
electrical lead means adapted to provide said sense current
to each said nnqno:orosiltivo sensor ;uch that the

direction of current flow for the sense current in said

* c L L] s *
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to and sUpbéftidd BYMBSAEF SWpp® arm each saf¥A48E3ported

identified as a top slider or a bottom slider; el ectri

slider b@ﬁ&ﬁgﬁﬁZG&:#lZ/L

cal | ead neans

for coupling each said nmagnetoresistive sensor to a currelft
providing a sense current to each said nagnetoresistive s§

el ectrical |ead neans adapted to provi dgasaid sense current

magnet oresi stive sensor such-that the direction of curren

Réﬂﬂ&ﬁﬁué?quEﬁ;

nsor, Sa d

ébﬁhﬂﬂhﬂ@gﬁ

?%nﬁﬂfﬁF”rhE .........

sense current in said nagnetoresistive sensors supported by a top slider

o0 TE ARV BURROEL S5 b8 B W O

same relative to said support means as the direction of

current zlou for the sense current in said magnetoresistive

linlorl supported by & bottom ilidor, theredy facilitating

cohicurrent initiaslization of all said magnetoresistive

sensors by the npplicnfion of a homogeneous magnetic field

to said support means.

10. A hesd-stack assembly as in Claim 9 wherain each

write haed comprises an induotive writi coil, said

electrioal lead m-nnq further adapted to provide a write

current to each inductive write coll, the direction of

current flow for the write current in the induative write

coll supported by a bottom slider being the sams relative

'to the direction of currsnt flow for the write ourrent in

the inductive write coil supported by a top slider.

i1. i head-stack assembly as in Claim 5§ wherein sach

write head comprises an inductivs write colil, said

slectrical lead means further adapted to provide a write

current to each inductive write coil, the direction of

current flow for the write current in the industive write

* c L M S * :



[ RECEIVED @6/11 23:18 1996 AT 5338634 PAGE 13 (PRINTED PAGE 13) ]

sensors <UBpHiRd M5 BEY t bnes® der; and SNrASd¥E for concurrent I0y82755286;#13/1
initializing all of said magnetoresistive sensors by applying a
honogeneous magnetic field to said support neans. ey

25 16 A system as in Caim15 wherein each wite hefdERIGHsd SECSHEET ﬁ
i nductive wite coil, said electrical |pad _

coil supportad by a bottom slider being opposite relative
to the direction of current flow for the write current in

the in;uctivo write coil supported by a top slider.

12, A head-atack assenbly as in Claim 5 further
comprising actuator means, said support means mounted to

said actuator means.

13, A head-stack assembly as in Claim 12 wherein said

actuator mesns includes voice coil motor means.

i14. A head-atack assembly il in Claim 9 further
comprising a plutnlity of suspension means, each said
slider attached to and supported by ﬁ suspsnsion means, at
least one of said suspension means attched to each said

support arm.

18, A sysatem for initializing a plurality of
magnetoresistive sensors in a head-stack assembly to be

1m;10nentid in a nagnetic storage system, comprising:

a plurality of sliders, each slider supporting at least

* € L W § *x
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coil, the direction of current flow for the wite current in the inductive
V.vrite coil supported by a bottom slider being the sane rel@ Lo TN
direction of current flow for the wite current in the in uér¥w% = fg SHEET
coi | supported by a top slider. 2§ A systemas in m:uigmmm@q
each wite head conprises an inductive wite coil, said el @?tﬁ car” 1ead“‘g‘9‘6"'
means further adapted to provi de a wite current to each inductive wite

coll, the diregld Qhghatld E?Eﬁl&ﬁé*%f(ﬂichhinid pagnetic transducer

inecluding a magnetoresistive sensor;

ooy spmm—

a support means including a plurality of support arms
extending outwardly, at least one of said sliders coupled
to and supported by each support arm, each said supported

alider being identified as a top slider or a bottom slider;

electrical lead mpani for coupling each said
nmagnetoresistive aonlof to a current source for providing a
sense currsnt to sach sald ﬁnqnotcioliqtivc sansor, said
electrical lsad means adapted to provide said sense current
t§ sach said ﬁngnoteroltlfivo sensor such that the
direction of current lloultor the sense curzrent in said
megnetoresistive sensers supported by a top slider is the
same ralative to lild support means as the direction of
current flow for the sense current in said magnetoresistive

 sensors supported by a hottom slider; and

means for concurrently initializing all of said
magnotafcliltivo sensors by applying a'honogonqoun magnetic

field to ssid support means.

|* ¢ L n S *
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bei ng opposite relative to the diréction of current flow for_the wite
current in the inductive wite coil supported by a top sli dgrEpLACH,E:#&ﬂE@T
- systemas in Claim15 further conprising actuator mneans, dpid suP%or

neans nounted to sai d actuator nmeans 28 Date : N 1996

16. A systenm il in Claim 15 wherein euch write head
comprises an inductive write coil, said electrical lead
means !urthog_udlptdd'to provide s write current to eaeh
inductive writl coil,.thﬁldirnetion of current flow for the

_write current in the inductive write coil supported dy a
bottom slider being the same relative to the direction of
current flow for the write current in the inductive write

¢oil supported by a top mlider.

.11. A system as in Claim 15 wherein esch write head
comprises an inductive write coil, said electrical lnnd
means !ufther adapted to provide a write current to elch
inductive write coil, the direction of current Zlow for the
write current in the inductivo write coll supported by a
bottom slider being opposite rclutiQo to the direction of
current flow for the write current in the inductive write

" oedl supported by & top slider.

18. A systam as in Claim 15 further comprising actuator

meana, sald lupport.mianl mounted to said agtuator means.

* c L L] § * :
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coi |l notor neans. . 20. A systemas in Claim15 further conpris
plurality of suspension neans, each said slider attached t fzaﬁdzsuppﬁttedzzzr

by a suspensi on neans, at Ieast one of said suspension-neahﬂEﬁLAGEMéNTEMEET
each said support arm _
26 Date -1 5. JJUN. 1996, .

19. A system as in Claim 18 wherein said actuator means

includes voice coll metor means.

20, A system as ih Claim 13 further comprising a
plurality of suspsnsion means, each said glider attached to
and supported by a Iulpe:ision means, at least one of said

suspension means attached to sach sald support arm.

* [ L L S L
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disk 12. Read and write signals are communicated to and from

read/write heads 21 by means of recording channel 25.

Thé above description of a typical magnetic disk storage
system and the accompanying illustration of Figure 1 are for
representation puréoses oﬁly. Itlshould be appafent'that disk
drive storage systems-can contain a large number of magnetic
storage disks, each disk having a slider associated with each
surface thereof and each slider supporting one or more.read/write
heads. As shown in Figure 2, each slider 13 is attached to its
suspension 15 which, in turn, is attached to an actuator support
arm 19. .The actuator support arms 19 are attached to the voice
coil motor 27. Typically the voice coil motor and the actuator
support arms are attached on opposite sides of a pivot assembly
26 which will be rotatably mounted on a pivot post attached to
the disk storage system housing (not shown). The arrangement of
the sliders with their associated read/write heads, suspension
and support arms form an assembly typically rgferred to as an
actuator head étack. In the head stack, the.sliders are grouped
in pairs 13a, 13b, each.one of the pair being supported on
opposing sides of a disk 12, feferred to as top head and a bottom
heéd in Figure 5. The read/write transducer 21 supported by the
slider 13 includes an inductive write head and a magnetoresistive

(MR) read head. The general practice in the art is to physically
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8a
offset the geometriclééﬁféfg of fhe féad.énd write elements with
respect to one another in a dual-element magnetic head to be used
in a rotary actuator environment. The offset is provided to
compensate for changes in skew angles with change of actuator
position across the disk. the read/write transducers of the top

and bottom sliders 13a, 13b will have minor image physical offset.

Referring now to Figure 3, an MR read head or sensor of the
type described in commonly assigned US Patent No. 4,663,685

comprises an MR element 32 which extends over the entire MR head



