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1B SK DRIVE WTH A THERVAL ASPERI TY REDUCTI ON ClI RCUI TRY USI NG A %aﬂﬁ9®ﬁﬂvE4
SENSOR Backgriound of the Invention Technical Field This invention rel ategPdris
infgeneral to a direct access storage device (DASD) of the type utilizing
magnet or esi stive read- sensors for reading signals recorded in a nmagnetic
medi um and, nore particularly, it relates to a DASD having a novel spin
val ve sénsor for minimzing the effect of thermal asperities. Description
of the Background Art Conputers often inglude auxiliary nenory storage
devi ces having nedia on which data can be witten and fromwhich data can
be read for later use. A direct access storage device (disk dri-ve)
I ncorporating rotating nmagnetic di sks are commonly used for storing data in
magnetic formon the disk surfaces. Data is recorded on concentric,

radial |y spaced inforgmigd WO rherMhSK ARE Relyl ¢ heads

i ncluding read sensors armligs%%yé hEa: I‘@Aaibé mracks on the

di sk surfaces. In high capacity disk drives, magnetoresistive read sensors,
commonly referred to as MR heads, are the prevailing read sensor because of
their capability to read data froma surface of a disk

Background of the Invention
Technical Field
This invention relates in general to a direct access storage
device (DASD) of the type utilizing magnetoresistive read- sensors
for reading signals recorded in a magnetic medium and, more
particularly, it relates to a DASD having a novel spin valve

sensor for minimizing the effect of thermal asperities.

Degcgiptiog of the Background Art

Computers often include auxiliary memory storage devices
having media on which data éan be written and from which data can
be read for later use. A direct access storage de%ice (disk
drive) incorporating rotating magnetic disks are commonly used

-'for storing data in magnetic form on the disk surfaces. Data is
recorded on concentric, radially spaced information tracks on the
disk surfaces. Magnetic heads including read sensors are then
used to read data from the tracks on the disk surfaces.

 In high capacity disk drives, magnetoresistive read sensors,
commonly referred to as MR heads, are the prevéiling read sensor
becéuse of their capability to read data from a surface of a disk

at greater linear densities than thin film inductive heads. An



aP greater |inear-densities than thin filminductive heads. An 2 MR
sensor detects a magnetic field through the change in the resistance of its
MR sensing |ayer (also referred to as an "MR elenent”) as a function of the
strength and direction of the magnetic flux being sensed by the MR Iayer
One type of MR sensors currently under devel opnent is giant

magnet oresi stive (GVR) sensors manifesting the GVR effect. In the GWR
sensors, the resistance of the MR sensing Rayer varies as a function of the
spi n-dependent transm ssion of the conduction el ectrons between the
magnetic | ayers separated by a non-nmagnetic | ayer (spacer) and the
acconpanyi ng spi n-dependent scattering which takes place at the interface
of the magnetic and non- nagnetic |layers and within the nagnetic | ayers.

GWR sensor RSB Idetatts Ay magnetitefior@aidughmhe’ chhnge. tn. tihd Fe or
Co or NiFeCo or N Fe/ Co) separated by a |layer of non-magnetic netallic
materi al (omEistanmee aferidisaMRy seabéngeliayer afalsy referved( 8v) aseasOMR | n

an SV sensor, one of the ferromagnetic |layers, referred to as the pinned
| ayer, has qkement™) as a function of the strength and direction of the
magnetic flux being sensed by the MR layer.

One type of MR sensors currently under development is giant
magnetoresistive (GMR) sensors.manifesting the GMR effect. In
the GMR sensérs, the resistance of the MR sensing layer varies as
a function of the spin-dependent fransmission of the conduction
electrons between the magnetic layers sebarated_by a non-magnetic
layer (spacer) and ﬁhe accompanying spin-dependent scattering
which takes place at the interface of the magnetic and non-

magnetic layers and within the magnetic layers.

GMR sensors using only two layers of ferfomagnetic material
{e.g., NiFe or Co or NiFeCo or NiFe/Co) separated by a layer of
non-magnetic metallic material (copper) are generally referred to
as spin valve (SV) sensors. In an SV sensor, one of the

. ferromagnetic layers, referred to as the pinned layer, has its
magnetization typically pinned by exchange coupling with an
antifgrromagnetic (e.g;, NiO or FeMn)} layer. The pinning field
generated by the antiferromagnetic layer is usually several
hundred Qersteds sé thét the magnetization direction of the
prinned layer remainé fixed during the application of external
fields (e.g., fields from bits recorded on the disk). The

magnetization of the other layer, referred to as the free layer,



:ﬁagnetr;ation typically pinned by exchange coupling with an
‘antiferromagnetic (e.g., NNO or FeMh) l|ayer. The pinning field generated by
the antiferromagnetic layer is usually several hundred Cersteds so that the
magneti zation direction of the pinned |ayer renmains fixed during the
application of external fields (e.g., fields frombits recorded on the

di sk). The magneti zation of the other |layer, referred to as the free |ayer,
3 however, is not fixed and is free to rqtate in response to the field from
the disk. Fig. 1 shows a prior art SV sensor having a free | ayer (also
referred to as free MR | ayer) separated froma pinned | ayer (also referred
to as pinned MR |l ayer) by a non- magnetic electrically-conducting spacer

| ayer and further having an antiferronagnetic |ayer for pinning the pinned

layer. ThepGhRvelf,eqk, nbtefixédCante!is 1R LbNroLats O GRspNieenby a
.typical prior art SV sensor is about 3%to 4% U. S. Patent No. 5,206, 590

entitled "ifagnet gresi shevdiSensridasedhowsTacpfpon aft \8V Eenmor' hagiagt &d

to Dieny et al. on April 27, 1993, discloses . an MR sensor operating on the

basi s of tﬁgegpuny¢g|wglso referred to as free MR layer) separated from a
pinned layer (also referred to as pinned MR layer) by a non-
magngfic electrically-conducfing spacer layer and further having
an aﬁtiferromagnétic layer foripinning the pinned layer.

The GMR effect, i.e., the net change in resistance, exhibited

by a typical prior art SV sensor is about 3% to 4%. U.S. Patent
No. 5,206,590 entitled "Magnetoresistive Sensor Based On The Spin
Valve Effect", granted. to bieny et al. on April 27, 1993,

discloses an MR sensor operating on the basis of the spin valve

s i i
oy )

effect.

Referring back to Figq. 1, there is shown a prior art SV
sensor 100 comprising end regions 104 and 106 separated by a
central region 102. A free layer 110 is separated from a pinned
layer 120 by a non-magnetic, eléctrically conducting spacer 115.

‘fhe magnetization of the pinned layer 120 is fixed by an
antiferromagnetic layer 125. Free layer 110, spacer 115, pinned
layer 120 and the AFM 125 are all formed in the central region
102. Hard bias layers 130 and 135 formed in the end regions 104
and 106, respectively, provide longitudinal bias for the MR free
layer 110 and the pinned layer 120. Leads 140 and 145 formed

over hard bias layers 130 and 135,. respectively, provide



effect Referrlng back to Fig. 1, there is shown a prior art SV sensor 100
°conpr|3|ng end regions 104 and 106 separated by a central region 102. A
free layer 110 is separated froma pinned |ayer 120 by a non-nagneti c,

el ectrically conducting spacer 115. The nmagnetization of the pinned |ayer
120 is fixed by an antiferromagnetic layer 125. Free layer 110, spacer 115,
pi nned | ayer 120 and the AFM 125 are all fornmed in the central region 102.
Hard bias |ayers 130 and 135 formed in thhe end regi ons 104 and 106,
respectively, provide longitudinal bias for the MR free layer 110 and the
_pinned | ayer 120. Leads 140 and 145 fornmed over hard bias |ayers 130 and
135,. respectively, provide 4 electrical connections for the flow of the
sensing current I[err] froma current source 160 to the MR sensor 100. As
nmenti oned edetteicalncdfneetsors efdy [iltes fiowhafigthe nseresing amrerenkel, i n t he
. presence of a changing magnetic field. This resistance change is

t r ansf or ne§remt 8 ﬁ“#ﬁ?ﬂhg@o%tgﬁalGQnFQx%hﬁ NB gerepstlM- sense current

t hrough the MR elenent
9 mentioneg earlier, an MR sensor exhibits a change in

resistance when in the presence of a changing magnetic field.
This resistance change is transformed into a voltage signal by
passing a constant sense current through the MR element. The
value of the DC voltage for é given MR sensor is the product of
the constant sense current and the total resistance between the
MR sensor leads. ‘Since the change in the-resistance is the
principal upon which the MR sensor'operates, the change in
resistance can substantially effect the performance of the MR
sensor End the disk drive incorpdrating the MR sensor.

A phenomena, known as thermal aspeéity {(TA), can suddenly
increase the MR sensor temperature by more than 100 degrees C.
The cause of this sudden temperature rise is a collision or near
gollision of the MR sensor with a protrusion on the disk surface

:while reading information from a track. The collision causes the
DC basg voltage of the MR sensor to shift substantially thus
making the information unreadable.

Figure 2 is a gréph illustrating DC base (bias) voltage 210,
thérmal asperity vdltage 220, which is the shift in the base DC

. voltage 210, and data signal 235 read back from the disk in the
absencé of the thermal asperity 220 and data signal 240 read back

from the disk in the présence of the thermal asperity 220. Note



et}
vagtue of the DC voltage for a given MR sensor is the product of the
constant ‘sense current and the total resistance between the MR sensor
| eads. Since the change in the resistance is the principal upon which the
MR sensor operates, the change in resistance can substantially effect the
performance of the MR sensor and the disk drive incorporating the MR
sensor. A phenonena, known as thernmal aspeLity (TA), can suddenly increase.
the MR sensor tenperature by nore than 1007 degrees C. The cause of this
sudden tenperature rise is a collision or near collision of the MR sensor
with a protrusion on the disk surface while reading information froma
track. The collision causes the DC base voltage of the MR sensor to shift
substantially thus making the information unreadable. Figure 2 is a graph

i1l ustrati ngehkt bere thengl \wiigeidey? 200 tbepiRlest @Peuiyn VORI RYR35An the
which is the shift in the base DC voltage 210, and data signal 235 read

back from t hBC doake | vol trgen fdiiosedt byhent xponentiajedecyy 2230 aind thet HC

S o) "base voltage." The exponcntinl Gecay 330 In the DC base voltage ’
continues until the DC base voltage 210 is reached. It should be
noted that the sudden shift 225 in the DC base voltage could be

' severél times larger than the data signai 235 causing the
electrical circuitry connected directly or indirectly to the MR
sensor to é&turate leading to the loss of the data. The loss of
the data, depending on the size of the thermal asperity 220,
could very easily be several bytes long, each byte being eight
bits long.

Known arrangéments in diék drives for minimizing the'effect
of thermal asperity on the read data utilize either a separate
asperity reduction circuit (ARC) module thch is costly or a
complicated data channel (such as modified partial-response
@aximnm likelihood channel) having a normal operating mode and an

'.asperity tecovery mode. Therefore, there is a need for an
invention that minimizes the effect of thermal asperities without
utilizing a complicated recording channel or a separate ARC

module.

Summary of the Invention
It is an object of the present invention to disclose a

method and means for detecting and substantially eliminating. the



that the thernmal asperity 220 conprises a sudden shift 225 in the DC base
vol tage fol l owed by an exponential decay 230 in the DC base voltage. The
exponential decay 230 in the DC base voltage continues until the DC base
voltage 210 is reached. It should be noted that the sudden shift 225 in the
DC base voltage could be several tinmes |arger than the data signal 235
causing the electrical circuitry connected directly or indirectly to the MR
sensor to saturate leading to the | oss of6é the data. The | oss of the data,
depending on the size of the thermal asperity 220, could very easily be
several bytes |long, each byte being eight bits |ong. Known arrangenents in
disk drives for mnimzing the effect of thermal asperity on the read data
utilize either a separate asperity reduction circuit (ARC) nodule which is

costly or atae#RhilCaspérdeyprdndtivia (151 d1sks dfbdes i @tk N iingtlspiasRaNGE.
maxi mum | i kel i hood channel) having a normal operating node and an asperity
recovery notegnéhoresbsbive hread isernssowmnd for an invention that m nim zes

the effect of thermal asperities wthout utilizing a conplicated recording
channel or a sep&h&feantkcotem| ISR SAVPAEAIPY ARG AttAdned 4R obj ect

of the presggkokaggggigftﬂqtgéﬁgéfﬁéiﬁies of the present invention by a spin
vélve (SV) sensor having end regions separated from each other by
a central region. The SV sensor further has a free layer
separated from a pinned layer by a spacer. The free layer, the
spacer.and the pinned layer are all formed in the central region
and are referred to as the SV element. Hard bias (HB) layers
formed in the end regions provide longitudinal biasing for the
free layer formed in the central region. Each hard bias layer
ﬁﬁ% further forms a contiguous junction with the SV element. The SV
element and the HB layers are referred to as the SV étructure.
‘The SV sensor further has. four leads, two leads (first and
second SV leads, also referred to as SV leads) for providing
sense current to the free layer and two leads (first and second
'ésperity compensation layer leads, also referred to as ACL leads)
for providing current to an asperity compensation layer.
Asperity compensation (reduction) layer is preferably a magnetic
layer'ﬁade of the same material as the SV element (NiFe, NiFe/Cu
or.NiFe/Co) to ensuie matching thermal coefficient between the
two layers. Alternatively, ACL may be made of non-magnetic

electrically conducting material having substantially similar

thermal coefficient as the free layer such as copper or tantalum.



5

néthod and neans for detecting and substantially eliminating the 6
thermal asperity phenonena in disk drives utilizing spin valve

magnet oresi stive read sensors. This and other objects and advantages are
attained in accordance with the principles of the present invention by a
spin valve (SV) sensor having end regions separated fromeach other by a
central region. The SV sensor further has a free |ayer separated froma

pi nned | ayer by a spacer. The free |ayer, the spacer and the pinned | ayer
are all formed in the central region and are referred to as the SV el enent.
Hard bias (HB) |layers fornmed in the end regions provide l.ongitudi nal
biasing for the free layer formed in the central region. Each hard bias

| ayer further fornms a contiguous junction with the SV el enent. The SV

el ement and the HBrheypianadeMrReigyéechrid the hRe PVE sAcuCidimtadelbE R¥gnetic
sensor further has four leads, two leads (first and second SV | eads, also

referred to aat8¥iedidbpveotheivviesprrions aagnetination tvartionse praferabbg

two | eads (first and second asperity conpensation |ayer |eads, also
referred to #4x8d| incihe) transverse direction (i.e., perpendicular to air

bearing surface) as a result of an exchange coupling’yith an
antiferromagnetic (AFM) layer disposed between thém. If Acﬂ is
made of non-magnetic material, then only the pinned MR layer's
magnetization is fixed by the AFM layer. Furthermore, the MR
layers (free.and pinned layers) formed in the central region as
well as the hard bias layers formed in the end regions are
electrically insulated from the asperity compensation layer (ACL)
by an electrical insulator. In the preferred embodiment of the
R present invention, the AFM layer is also the insulating laver.
Undex DC conditions, the product of the SV element
resistance (1/Ry= 1/Rypet 1/Rgpce,t 1/Rynnes) and the current
flowing in the SV element I,; are chosen to be equal to the
product of the ACL resistance and the current flowing in the ACL
'.(&mb * I,n.). The voltage developed across the.MR leads is fed
into the first input terminal of a differential circuit and the
vol;age developed across the ACL leads is fed into the second
input terminal of the differential circuit. The differential
circuit further has an output terminal and a ground (common)
terminal. |
In the presence of a thermal asperity, the resistance of

both the SV element and the ACL change are substantially equal



for prOV|d|ng current to an asperity conpensatlon | ayer. Asperity
conpensatlon (reduction) layer is preferably a nagnetic |ayer nade of the
same nmaterial as the SV elenent (N Fe, N Fe/Cu or N Fe/Co) to ensure

mat chi ng thermal coefficient between the two |ayers. Alternatively, ACL may
be made of non-magnetic electrically conducting material. having
substantially simlar thermal coefficient as the free | ayer such as copper
or tantal um 7 The pinned MR | ayer and8the ACL (if ACL is nmade of
magnetic material) have their respective magnetization vectors preferably
fixed in the transverse direction (i.e., perpendicular to air bearing
surface) as.a result of an exchange coupling with an antiferronmagnetic
(AFM layer disposed between them If ACL is made of non-magnetic material,
then only thhugi caesidr thy ethermsledperdityosignal i ke cbdidved oifell hayeks
Furthernore, the MR | ayers (free and pinned |ayers) forned in the central
regi on as wehe MB leadssandbthe ACly ckandso Apdd CPRseqeently rigg dmtoathe

oo ol | LU aheSe oS0 AL REREL I8 (SOREDRBLLON LAVSL () B,
in the presence of a data field from the disk, only the
resistance of the MR free layer changes since the MR free layer
is eléctricaily insulated from the ACL and the ACL magnetization
is fixed by the AFM layer. Therefore, the voltage due to the
data written onto a disk would be developed only across the MR
leads which in turn is fed into the first input terminal of the
differential circuit. :

Since the thermal asperity signal is present and common at
both input terminals of the differenti;l circuit, it will be
canceled by the differential circuit and only the data signal
present :at the first input terminal will be detected and

propagated by the differential circuit.

Brief Description of the Drawings
For a fuller understanding of the nature and advantages of
the present invention, as well as the preferred mode of use,
refefence should be made to the following detailed description
rééd in conjunction with the accompanying drawings. 1In the
following drawings, like reference numerals designate like or
similar parts throughout the drawings.

Fig. 1 is a perspective view of a prior art SV sensor;
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present invention, the AFM | ayer is also the insulating |ayer. Under DC

condi ti ons,

the product of the SV elenent resistance (1/Rerr]= 1/Rerr]+

1/Rerr]+ 1/Rerr]) and the current flowing in the SV elenent I[err] are
chosen to be equal to the product of the ACL resistance and the current
flowwng in the ACL (Rlerr] * I[err]). The voltage devel oped across the M
leads is fed into the first input termngl of a differential circuit and

t he vol tage devel oped across the ACL leads is fed into the second i nput
termnal of the differential circuit. The differential circuit further has
an output termnal and a ground (common) termnal. In the presence of a
thermal asperity, the resistance of both the SV elenent and the ACL change
are substantiall¥ equal 8 thus causing the thernal gerl signal to be

devel oped across

tiﬁe I@Rllseédgréﬁ’é EhevARg 3 dhprmadd agBRE 932k @nd rhhe

the first a d secg eﬁaa#l f the dlgferentlal circuit. However, in the
af:

presence of

daea B

%kﬁhe resi stance of the NR free

layer changes S'%&%;tbeigRafﬁgﬁphi¥§§d diagram of a magnetic disk storage

system embodying the present invention;

Figs. 4A and 4B are perspective and air bearing surface
views, not to scale, of the SV sensor of the preferred embodimént
of the present invention;

Fig. 5 is a schematic diagram illustrating a thermai
asperity reduction method and means according to the preferred
embodiment of the present invention;

Figs. 6A, 6B and 6C are graphs illustrating the signais ét
the input teéminals and the output terminal of the differentiél
circuit in the preferred embodiment of the present invention 1ﬁ
the absence of thermal asperity and data signal, in the absence
of thermal asperity and the presence of daté signal and in the
presence of thermal asperity and data signal, respectively; and

Fig. 7 is an air bearing surface view, not to scale, of an

alternative embodiment of the SV sensor of the present invention.

Best Mode for Carrying Out the Invention
The following description is the best mode preéently
contemplated for carrying out the invention. This description.
and the number of alternative embodimenté shown are made for the

purpose of illustrating the general principle of the present



Y
ixs electrically insulated fromthe ACL and the ACL magnetization is fixed
by the AFM | ayer. Therefore, the voltage due to the data witten onto a
di sk woul d be devel oped only across the MR | eads which in turnis fed into
the first input termnal of the differential circuit. Since the therma
asperity signal is present and common at both input termnals of the
differential circuit, it will be canceled by the differential circuit and
only the data signal present at the firsﬂoinput termnal will be detected
and propagated by the differential circuit. Brief Description of the
Drawi ngs For a fuller understandi ng of the nature and advant ages of the
.present invention, as well as the preferred node of use, reference should
be-made to the follow ng detailed description read in conjunction with the
acconpanyi nginvemtigs . and tdendtoldeasitngodidwingshe | ikentaivar econeeptger al s
designate like or simlar parts throughout the drawings. Fig. 1 is a
per spective Glaiped Bexeims art SV sensor: 9

Referring now to Fig. 3, there is shown a disk drive 300
embodying the present invention. As shown in Fig. 3, at least
one rotatable magnetic disk 312 is supported on a spindie 314 and
rotated by a disk drive motor 318. The magnetic recording media
on each disk is in the form of an annular pattern of cqndéntric
data tracks (not shown) on disk 312.

At least one slider 313 is positioned on the disk 312, each
slider 313 supporting one or more magnetic read/write;heaqs 321
where the head 321 incorporates the MR senéor'of the Qresent
invention. As the disks rotate, slider 313 is m;ved ;adially in
and out over disk surface 322 so that heads 321 may access
different portions of the disk where desired data is recorded.
Each slider 313 is attached to an actuator arm 319 by means of a
sqspension 315. The suspension 315 provides a slight spring

" force which biases'slider 313 against the disk surface 322. Each
actuator arm 319 is attached to an actuator means 327. The
actuator means as shown in Fig. 3 may be a voice coil motor
(VCM): The VCM comprises a coil movable within a fixed magnetic
fiéld, the directién and speed of the coil movements being

controlled by the motor current signals supplied by controllier

329.
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£ig. 2 is a graph showng a thermal asperity signal and the data signal
read back froma track; Fig. 3 is a sinplified diagram of a magnetic di sk
storage system enbodyi ng the present invention; Figs. 4A and 4B are
perspective and air bearing surface views, not to scale, of the SV sensor
of the preferred enbodi nent Qf the present invention; Fig. 5is a schematic

diagramillustrating a thermal asperity reduction nethod and neans
according to the preferred enbodi ment of ffhe present invention; Figs. 6A
6B and 6C are graphs illustrating the signals at the input termnals and

the output termnal of the differential circuit in the preferred enbodi nent
of the present invention in the absence of thermal asperity and data
signal, in the absence of thermal asperity and the presence of data signal

and in the presanntimf dowfatibnaskethéydkl siiragel gPakem|, CERE CEovA don HH
Fig. 7 is an air bearing surface view, not to scale, of an alternative
enbodi nent diisk Kl S\germradesofant hérpbeaxing ibetaieenosliBest 308 dand atisk
Carrying Qut the Invention The follow ng description is the best node

present |y CHREART aA%Ad WhdChe 8XEYERGaBURPYIRY | H0FSH PEn11fhki andehe (sidash and

th,e nunber -ﬁ{e aal.:fre rbré%trli\ﬁeg % ugd'cgﬁm:gr-?ga ancaerse t?i%d%fi%imt Qgring force of

suspension 315 and supports slider 313 off and slightly above the
disk surface by a small, substantially constant spacing during
normal operation.

The various components of the disk storage system are
controlled in operation by control signals generated by control
unit 329, such as access control sighals and internal clock
signals. Typically, controi unit 329 comprises logic contrél

ol circuits, storage means and a microprqéessor. The control unit
329 generates control signals to control various system
operations such as drive motor control signals on line 323 and
head position and seek control signals on line 328. The control
signals on line 328 provide the desired current profiles to

'6ptimally move and position slider 313 to the desifed data track
on disk 312. Read and write signals are communicated to and from
read/write heads 321 by means of recording channel 325.

fhe above description of a typical magnetic disk storage
sfstem, and the acéompanying illustration of Fig. 3 are for
representation purposes only. It should be appérent that disk

storage systems may contain a large number of disks and

actuators, and each actuator may support a number of sliders.



Jpurpose of illustrating the general principle of the present 10
‘invention and is not neant to limt the inventive concepts clained herein.
Referring nowto Fig. 3, there is shown a disk drive 300 enbodyi ng the
present invention. As shown in Fig. 3, at |east one rotatable nagnetic disk
312 is supported on a spindle 314 and rotated by a disk drive notor 318.
The magnetic recording nedia on each disk is in the formof an annul ar
pattern of concentric data tracks (not sH8wn) on disk 312. At |east one
slider 313 is positioned on the disk 312, each slider 313 supporting one or
nore magnetic read/wite heads 321 where the head 321 incorporates the MR
sensor of the present invention. As the disks rotate, slider 313 is noved
radially in and out over disk surface 322 so that heads 321 nmay access

different portigpe brebeifigSkonbegs. desididl 483t 8nbse’ £6 WHiRh aEach sl i der
313 is attached to an actuafor arm 319 by nmeans of a suspension 315. The

suspensi on pérspectivec views hnghansair ngedrimee sulrfate v bses it der sdale,
agai nst the disk surface 322. Each
of a spin valve (SV) sensor 400 of the preferred embodiment of
the present invention. SV sensor 400 comprises passive end
regions 410 and 420 separated by a central active region 430. A
magnetic shield layer 460 and a gap layer 458 are preferably,
although not necessarily,'formed on a suitable substrate 462.
Shield layer 460 provides magnetic insulation for the SV sensor
400 and is typically made of NiFe or sendust (TM). Gap layer 458
provides electrical insulatioﬁ for the SV sensor 400 and is
generally made of Al,0, or SiO,. After forming the gap layer 458,
an asperity compensati;n layer (ACL) 456 and an antiferrom;gnetic
(AFM) layer 454 are also formed on the gap layer. AFM layer 454
is used :to fix the magnetization of the ACL 456 in a fixed
direction. AFM layer 454 is preferébly made of NiO which is also
an insulator to ensure thét the thermal coefficient of the AFM
'454 does not effect the shape 6f the thermal asperity signal
detected by the ACL 456. The ACL 456 is preferably made pleiFe
and in the preferred embodiment of the present invention, the ACL
456 mégnetization is fixed to be perpendicular to the air bearing
sufface 466 (ABS réfers to the surface of the magnetic head,
including the SV sénsor, adjacent the magnetic disk surface).

The SV sensor 400 further comprises a free layer 448

separated from a pinned layer 452 by a non-magnetic electrically



gctuator arm 319 is attached to an actuator neans 327. The actuator neans
as shown’in Fig. 3 may be a voice coil nmotor (VCM. The VCM conprises a
coil novable within a fixed magnetic field, the direction and speed of the
coil novenments being controlled by the notor current signals supplied by
control |l er 329. During operation of the disk storage system the
rotation of disk 312 generates an air bearing between slider 313 and di sk
surface 322 which exerts an upward forceigr lift on the slider. The air
beari ng thus counter-bal ances the slight "Spring force of suspension 315 and
supports slider 313 of f and slightly above the disk surface by a snall
substantially constant spacing during normal operation. The various
conponents of the disk storage systemare controlled in operation by

control si qRMGudISIy At 4@3@”t r @heUBkée 3%%3@15 448, aena@c £Yd o

5|gnals and |nternal cl'ock signals. Typi cal control unit 329 conprlses
| ogi ¢ cont rghe Pimed LayHro4s2e areapefented t thepsvceransnt Tdd Gy radl1

unit 329 generates control signals to control various system
formed in the central region 430 over the AFM layer 454. The
free layer 448 magnetization is generally set to be parallel to
the air bearing surface 466 in the absence of an external ﬁield.
The free layer 448 is generally made of soft ferromagnetic
material, such as NiFe or NiFe/Co and preferably made of NiFe.
Pinned layer 452 magnetization is generally fixed to be
perpendiculai to the air bearing surface 466 through exchange
coupling with the AFM layér 454. The pinned layer 452 is
generally made of soft ferromagnetic material, such as NiFe or

et NiFe/Co and preferably made of NiFe/Co.

Hard bias layers 442 and 444 which are formed in the end
regions 410 and 420, respectively, provide a longitudinal bias
field to the free layer 448 to ensure a single magnetic domain
sFate in the free layer. Hard bias layers 442 and 444 are

'ﬁreferably made of CoPtCr although they may also be made of
CoPtCrTa or CoPtCrSiO,. Hard bias layers 442 and 444 further
form contiguous junctions with the SV element (free layer 448,
spgce£ 450 and the pinned layer 452).

SV sensor 400 furfher comprises four electrical leads.
Leads 468 and 470 formed in the end regions 410 and 426,

respectively, are referred to as the first and second ACL leads

and provide electrical connection between the ACL 456 and the ACL
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{operations such as drive notor control signals on |ine 323 and head

> position and seek control signals on line 328. The control signals on |line
328 provide the desired current profiles to optimally nove and position
slider 313 to the desired data track on disk 312. Read and wite signals
are communi cated to and fromread/wite heads 321 by neans of recording
channel 325. The above description of a typical magnetic di sk storage
system and the acconpanying illustrdffion of Fig. 3 are for representation
purposes only. It should be apparent that disk storage systens may contain
a |l arge nunber of disks and actuators, and each actuator nmay support a
nunber of sliders. 12 Now referring to Figs. 4A and 4B, there is shown a
perspective view and an air bearing surface view, not to scale, of a spin

val ve (S\guseentrsdfpcef§stie i &y .ed vaaback, eir&it [diurtets90! priveRbEON-
SV sensor 400 conprises passive end regions 410 and 420 separateg by a:
central aeuryentcgd obhel ACL MM refierred tbdas atles AMBD candrentJapol ayer 458
2%; pref eéggelagiigllxtggg gI;]C nl(;atsg e(cbeiissa)r ivloyl’tafgg ranc‘:er(:jososn terltes lzjlicgi.atzls?i .S ugztazigt ©
478 and 480 formed in the end regions 410 and 420, respectively,
are referred to as the first and second SV leads and provide
electrical connection bétween the SV element and a SV current
source 575 (Fig. 5). SV current source 575 provides the ~
necessary sense curren; to the SV element. to establish the DC
base (bias) voltage across the SV element.
Note that in the SV sensor 400 of the present invention, the
ACL 456 ié elecirically insulated from the SV element and the
SR hard bias layers 442 and 444. The complete electrical insulation
| ensures that the current flowing in the SV element, provided by
the SV current source 575, is not shunted in anyway by the ACL
456. The electrical insulatidn between the ACL 456 and the sV
glement aﬁd the hard bias layers 444 and 442 is achieved by the
'AFM layer 454 made of NiO which is disposed between the ACL 456
and the SV element and the hard bias layers 444 and 442. NiO
being an insulator, it insulates the SV structure including the
ha;d ﬁias layers 442 and 444 and the leads 478 énd 480 from the
ACL 456. |
Now referring to Fig. 5, there is shown a schematic diagram

of a thermal asperity reduction circuitry 500 according to the

preferred embodiment of the present invention. Circuitry 500



ohield |ayer 460 provides magnetic insulation for the SV sensor 400 and is
typically made of NiFe or sendust (TM. Gap | ayer 458 provides el ectrical
i nsulation for the SV sensor 400 and is generally nade of A1203 or Si 2.
After formng the gap |ayer 458, an asperity conpensation |ayer (ACL) 456
and an antiferromagnetic (AFM |ayer 454 are also formed on the gap |ayer.
AFM | ayer 454 is used to fix the magnetization of the ACL 456 in a fixed
direction. AFM |l ayer 454 is preferably de of NNO which is also an
insulator to ensure that -the thermal co€ificient of the AFM 454 does not
effect the shape of the thermal asperity signal detected by the ACL 456.
The ACL 456 is preferably nade of NNFe and in the preferred enbodi nent of
t he present invention the ACL 456 nagnetization is fixed to be

PP o BnkSgbia9, AE. R HRRE AR ARE RELGHE 40 0 i
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.spacer 450sourbe 575¢ AfYRCLAddrréme sqnwy 5490andda differential circuit
580. The differential circuit 580 includes a first ahd second
input terminals 583 and 585, an outpui terminal 588 and a ground
(refereﬁce) terminal 587.

Referring back to Fig. 5, SV leads 478 and 480 are connected
to the SV current source 575 which provides the necessary sehse
current to the SV element (layers 448, 450 and 452) to establish
the DC bias voltage across the SV element. ACL leads 468 and 470
are_conneéted to the ACL current source 570 to progide the

e necessary current to the ACL 456 such that under the bias
condition (no external field present), the product of the SV
element :¥esistance times the current flowing in the SV element
(i.e., the voltage drop across the SV element) is equal to the
product of the ACL 456 resistance times the current flowing in

'ihe ACL 456 (the voltage drop across the ACL).
In the preferred embodiment of the present invention,
SV element strip height = 1 um;
sV element width = 2 um;
SV element thickness = 120 A;

rho of the SV element

22 uQ cm; and

SV element resistance 36 Q.



{he pinned | ayer 452 are referred to the SV elenent and are all formed in
the central region 430 over the AFM | ayer 454. The free | ayer 448
magnetization is generally set to be parallel to the air bearing surface
466 in the absence of an external field. The free |ayer 448 is generally
made of soft ferromagnetic material, such as NiFe or Ni.Fe/Co and preferably
made of N Fe. Pinned | ayer 452 magnetization is generally fixed to be

perpendi cular to the air bearing surfagg 466 t hrough exchange coupling with
the AFM | ayer 454. The pinned | ayer 452" is generally made of soft
ferromagnetic materjal, such as NiFe or N Fe/Co and preferably nade of

Ni Fe/ Co. Hard bias |ayers 442 and 444 which are forned in the end regions
410 and 420, respectively, provide a longitudinal bias field to the free

| ayer 448 to engufrthermbigl cifibghe! pfefifid) enbatiémentt 8 fhi€prenmit Hard
bias | ayers 442 and 444 are preferably made of CoPtCr al t hough they may

al so be nmadaventdoR;,Cr Ta or CoPtCrSi Q2. Hard bias |ayers 442 and 444
further form contiguous junctions with the SV elenment (free | ayer 448,
spacer 450 and the pPﬁﬁegeF89§r=452?P’SV sensor 400 further conprises four

fggctripal | eads. Le?gi iggf%ngéégﬂ ;c4:§§¥in the end regions 410 and 420,
pectively, are re r e f and second ACL | eads
ACL thickness = 40 A; |
rho of the ACL =22 uQ cm; and
ACL resistance = 220 Q.
In the preferred embodiment of fhe present invention, the sense
current provided by the SV current source 575 is 6 mA which means
the ACL current provided by the ACL current source 570 will be
set at about 1.0 mA to ensure that under the bc bias condition:

Rov orement * Isv element = Rac * Iacue

Referring back to Fig. 5, first SV lead 478 is also
connected, via the wire 582,.to_the first input terminal 583 of
the differential circuit 580 and the first ACL lead 468 is

'Eonnected, via the wire 584, to the second input terminai 585 of

- the differential circuit 580. Leads 470 and 480 are preferably
connected to a common wiring pad 577. The common pad 577 in turn
is coﬁnected, via wire 586, to the ground 587 of the differential
cifcuit 580. The 6utput terminal 588 of the differential circuit
580 is then connected to the data recording channel 528 for
further processing of the detected signals according to the

description of Fig. 3. The recording channel 528 and the



and provide el ectrical connection, between the ACL 456 and the ACL 14
current Source 570 (Fig. 5). The ACL current source 570 provides current to
the ACL 456 (referred to as the ACL current) to establish the DC base
(bias) voltage across the ACL 456. Leads 478 and 480 fornmed in the end
regions 410 and 420, respectively, are referred to as the first and second
SV | eads and provide el ectrical connection between the SV el enent and a SV
current source 575 (Fig. 5). SV.current §ource 575 provi des the necessary
sense current to the SV elenent to establish the DC base (bias) voltage
across_the SV elenent. Note that in the SV sensor 400 of the present

I nvention, the ACL 456 is electrically insulated fromthe SV el enent and
the hard bias |ayers 442 and 444. The conplete electrical insulation

ensures t haf EREr&nt &N citoi 0080 LoatRNérelae@EPbrePF&Y IS GD) e SV
current source 575, is not shunted in anyway by the ACL 456. The el ectri cal

i nsul ati on betveding heysim 4560 andifferditdadretrcait s8¢ fmptefedablgyar s
444 and 442 is achieved by the AFM | ayer 454 nade of N O which is disposed
bet ween t hesiticanebased high-speed differential amplifier integrated into

the same silicon chip that ﬁhe data recording channel 528 is
integrated into. Differential circuit 580 further has a-
differentia; gain such that the oﬁtput voltage at node 588 due to
the difference between the voltages applied to its first and

second input terminals 583 and 585 can be expressed in terms of:

Vsgs = A*(Vgg3 — Viggs)
""""" where A is the differential gain of the differential circuit 580.
Now referring to Figs. 6A, 6B, and 6C, there are shown the
voltage :signals present at the first input terminal 583, the
second input terminal 585 and the output terminal 588 of the
differential amplifier 580 under DC bias condition, in the
'bresence of data fields from a magnetic disk, and in thé presence
of a thermal asperlty and data fields from the magnetic disk,
respectively. Now referring to Fig. 5 and 6A-6C, under the DC
bigs condition (no external field is present) the voltage at the
first terminal 583 is a DC voltage 605 which is
Rsy element * Isy erements the voltage at the second terminal 585 is a DC
voltage 610 which is R,y * Iy, and the voltage at the output

terminal 588 is a DC voltage 615.



;and the SV el enent and the hard bias layers 444 and 442. N O being an
-insulator, it insulates the SV structure including the hard bias | ayers 442
and 444 and the | eads 478 and 480 fromthe ACL 456. Now referring to Fig.

5, there is shown a schematic diagramof a thermal asperity reduction
circuitry 500 according to the preferred enbodi nent of the present

I nvention. Crcuitry 500 .15 conprises SV sensor 400 having first and
second SV | eads 478 and 480 and first d second ACL | eads 468 and 470, the
SV current source 575, an ACL current urce 570 and.a differential circuit
580. ‘The differential circuit 580 includes a first and second i nput
termnals 583 and 585, an output termnal 588 and a ground (reference)

term nal 587. Referring back to Fig. 5, SV |eads 478 and 480 are connected

to the SV curremi euipiesenecebirch pieYdfesudhas@caatar ¥i8edSerémlld ent to
the SV elenent (layers 448, 450 and 452) to establish the DC bias voltage
acr oss t hemagyhet ianshitsk ,AChel yadtageésSaandss the 8V e@dementedhanges det@nse
current source 570 to provide the
of the change in the resistance of the free layer 448. The
voltage developed across the SV element as a result of the change
in the resistance of the free layer 448 in the presence of a data
field is represented in a form of an AC signal. Consequently,
the voltage signal at the first input terminal 583 which is
connected to the first SV lead 478 is voltage 620 which has an AC
component 622 and a DC component 605. The AC component, as
mentioned above, is due to the change in the resistance of the
free layer 448 in the presencé of the field from the disk and is:

IsV element * ARSV element

and the DC component, as described above, is:
ISV element * RSV element

suéh that:

V620 = Isv element * A:RSV element + Isv element * RsV element

Referring back to Fig. 5 and Figs. 6A-C, in the presence of

a field from the disk, the. voltage across the ACL 456 does not



fecessary current to the ACL 456 such that under the bias condition (no
external field present), the product of the SV el ement resistance tines the
current flowing in the SV elenent (i.e., the voltage drop across the SV
element) is equal to the product of the ACL 456 resistance tines the
current flowmng in the ACL 456 (the voltage drop across the ACL). In the
preferred enbodi nent of the present invention, SV elenent strip height =1
[err]m SV elenment width = 2 [err]m Sygel enent thickness = 120 A, rho of
the SV elenent = 22 [err] cm and SV elenent resistance = 36 [err]. 16
Furthernore, in the preferred enbodi nent of the present invention, ACL
height = 1 [err]m ACL |layer wwdth = 4 [err]m ACL thickness = 40 A, rho of
the ACL = 22 [err] cm and

change because ACL 456 is insulated from the SV structure and the
hard bias layers 442 and 444 and its magnetization is fixed by
the AFM 454. Consequently, the voltage at the second'input
terminal 585 remains the same as the voltage under the DC bias

condition, that is,
Veio = Xac * Race

In the presence of a field from the disk, the voltage at the
output terminal 588 will be equal to the difference between the

voltage signals at the first and second input terminals 583 and

R !
SR

585 times the differential gain of the-cirCuit 580 as shown

below:'

A*(Vigy — Vigo)

Vggg =
Vezo = BA* (Vg — Veio)
V63o = A*(IS\I element * ARsV element. + ISV element * Rsv element

Ipc, * Raci)
Since the resistance and the current flowing in the ACL 456

are chosen such that Iy qjement * Rsv element = Iact, * Racyr the

contribution from the above two signals cancel each other and:

Vezo = A¥*(Igy crement ¥ DRgy clement)



sACL resjstance = 220 [err]. In the preferred enbodi ment of the present
invention, the sense current provided by the SV current source 575 is 6 mA
whi ch neans the ACL current provided by the ACL current source 570 will be
set at about 1.0 mA to ensure that under the DC bias condition: Rerr] *
I[err] = Rlerr]* I[err]. Referring back to Fig. 5, first SV lead 478 is
al so connected; via the wire 582, to the first input termnal 583 of the
differential circuit 580 and the first2 CL | ead 468 is connected, via the
wire 584, to the second input term nal™585 of the differential circuit 580.
Leads 470 and 480 are preferably connected to a common wiring pad 577. The
common pad 577 in turn is connected, via wire 586, to the ground 587 of the
differential circuit 580. The output term nal 588 of the differential

circuit 580 is Ndweh aunectthat @ thernal caspendny pheabmench déed Yiddy t her
processi ng of the detected signals according to the description of Fig. 3.
The recor diWgle Rgating datan fromea tragk (if faeddski ghusinguthe JH0 sengetrher

are referrfﬁbtééﬁgééggire to increase. Under such condition, the voltage
at the first input terminal 583 would be a voltage 635 which has
an AC component 637 and a DC component 638. The AC component is
due to thé change in the resistance of the free layer 448 in the

presence of the field from the disk and is:

Isv element * ARSV element *

The DC component 638, which is represented by a sudden shift
in the DC voltage followed by an exponential decay in the shifted

DC voltage, is:

1

* f
SV element Rsv element

'éuch that:

V635 = Isv element * ARsv element + Isv element * Rsv elemént

In the presence of the thermal asperity, the bias voltage
across the ACL 456 also changes because of the sudden change of
temperature causing the resistance of the ACL 454 changes. The

change in the bias voltage (thermal asperity signal) is



fFecording system 590. Differential circuit 580 is preferably a

si | i con-based hi gh-speed differential anplifier integrated into the sanme
silicon chip that the data recordi ng channel 528 is integrated into.
Differential circuit 580 further has a differential gain such that the

out put voltage at node 588 due to the difference between the voltages
applied to its first and second input termnals 583 and 585 can be
expressed in terns of: V[err] = A* (V[err] - V[err]) where Ais the
differential gain of the differential ci¥cuit 580. Now referring to Figs.
6A, 6B, and 6C, there are shown the voltage signals present at the first

i nput termnal 583, the second input termnal 585 and the output term nal
588 of the differential anplifier 580 under DC bias condition, in the
presence ofreitasdrttid byl BOBUAdER UL EE i The DOOvoIcddE fY1aowaachbPlan
thermal asperity and data fields fromthe magnetic disk, respectively. Now
referring texponpntiadndetAy6Gf thelcshiftedD@oltagecortiorniseguentdyexthenal
field is present) the voltage at the first termnal 583 is a DC voltage 605
whi ch i s Rwa¥gage |gtetie segendolnpitfe tarmipals&88ntSternminal 585 is a DC
voltage 610 which is Rerr] * I[err], and the voltage at the out put
termnal 588 is a DC vol tage 615.

Veso = Iac, * Raey,

Now, assume that :a thermal asperity phenomenon takes place
while reading data from a track of a disk. Under this condition,
the voltage at the output terminal 588 will be equal to the
difference between the voltage signals at the first and second
input terminals 583 and 585 timgs the differential gain of the

circuit 580 as shown below:

Vegg = A¥ (Vg — Vigs)

2
w
]

A% (Vg - Vu_o)_

&
W
!

A*(Isv element * ARsv element + Isv element * Rsv element

IACL * RACL)

Since the resistance and the current flowing in- the ACL 456
are cimsen such that Ig ciement * Rov etement = Iac ¥ Raq,e @nd since the
free and pinned layers material and the ACL 456 material are
chosen to have the same thermal coefficient, the thermal asperity
signal develﬁped across the SV elemeht and the_ACL layer 456 are

substantially of the same shape, magnitude, and phase.



<

d8 In the presence of a field, such as a data field froma magnetic disk
the vol t'age across the SV el ement changes because of the change in the

resi stance of the free |ayer 448. The vol tage devel oped across the SV

el enent as a result of the change in the resistance of the free |ayer 448
In the presence of a data field is represented in a formof an AC signal.
Consequently, the voltage signal at the first input termnal 583 which is
connected to the first SV lead 478 is vq|tage 620 which has an AC conponent
622 and a DC conponent 605. The AC conpotfent, as nentioned above, is due to
the change in the resistance of the free layer 448 in the presence of the
field fromthe disk and is: I[err] * [err]Rerr] and the DC conponent, as
descri bed above, is: I[err]* Rerr] such that: V[err] =1I[err] *

err] R er r ngrbe8ie) ndledils AG 801/ RACKLY dd)1,g NG, [166 it above)
the presence of a freld fromthé' &rek, the. ftage across the ACL 456 does
not equation cancel each other which means:

Veis = A*(Igy crement * DRgy crement)

Note that, in the actual ipplementation a narrow signal
spike 665 is usually present at the output terminal 588 at the
onset of the sudden shift in the DC voltage due to finite
physical mismatches presént beétween: (1) the resistance of the SV
element and the ACL 456, (2) resistance of the SV and ACL leads,

(3) ACL current source 570 and the SV current source 575, and (4)

internal mismatches of the differential circuit. However, this
spike is generally only a few bits long which does not cause loss
of data.
Referring now to F;g. 7, there is shown an air bearing
gurface ﬁiew, not to scale, of an AMR sensor 700 of an
'élternative embodiment of the present invention. AMR sensor 700
comprises passive end regions 705 and 710 separated from each
other by a central active region 720. The MR sensor- 700 further
comprises an SV elemeht 740 formed in the central region 720. SV
element 740 comprises a free layer 750 separated from a pinned
layer 754 by a non-magnetic electrically conducting spacer 752.
SV element further includes an AFM1l layer 756 which fixes the

magnetization of the pinned léyer 754 perpendicular to the ABS.
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19 change because ACL 456 is insulated fromthe SV structure and the hard
bias | ayers 442 and 444 and its magnetization is fixed by the AFM 454,
Consequently, the voltage at the second input term nal 585 remains the sane
as the voltage under the DC bias condition, that is, Verr] = 1[err] *
Rlerr]. In the presence of a field fromthe disk, the voltage at the output
terminal 588 will be equal to the difference between the voltage signals at
the first and second input term nals 583 d 585 tinmes the differenti al
gain of the circuit 580 as shown below V|err] = A* (Verr] - V[err])
Vlerr] = A*(V[err] - V[err]) Vierr] = A*( I[err] * [err] Rerr]+ I[err]*
Rlerr] - I[err]* Rerr]) Since the resistance and the current flowng in
the ACL 456 are chosen such that I[err] * Rerr] =l[err] * Rerr], the

;g?}[gpgiign[; "¢ R[ggre]@;)axgewesaiaﬂeﬂ.si@%@nee%&mmm@% Yoghtl =
under the presence of an external field is generally made of soft
ferromagnetic material, such as NiFe or NiFe/Co and preferably

.made of NiFe. Magnetization of the free layer 750 is generally
set to be parallel to the air bearing surface 748 in the absence
" of an external field.
Hard bias layers 742 and 744 which are formed in the end
regions.705 and 710, respectively, provide a longitudinal bias
field to the free layer 750 to ensure a single magnetic domain

state for the free layer. Hard bias layers 742 and 744 are

preferably made of CoPtCr although they may also be made of

CoPtCrTa or CoPtCrSiO,. Hard bias layers 742 and 744 further
form contiguous junctions with the SV element 740.

MR ‘sensor 700 further comprises a magnetic shield layer 766
and a gap layer 764 which are génerally, although not '
necessarily, formed on'a suitable substrate 768. Shield layer

'566 provides magnetic insulation for the SV sensor 700 and is
typically made of NiFe or sendust (TM). Gap layer 764 provides
electrical insulation for the SV sensor 700 and is génerally.made
of Al,0, or Si0,. After forming the gap layer 764, an
antiferromagnetic layer (AFM2) 762, an asperity compensation
layer (ACL) 760 and an insulating layer 758 are also formed on
the gap layer. AFM2 layer 762 is used to fix the magnetization

of the ACL 760 in a fixed direction if ACL 760 is made of



20 Now, assume that a thermal asperity phenonenon takes place while reading
«data frdma ‘track of a disk causing the SV sensor 400 tenperature to

i ncrease. Under such condition, the voltage at the first input term nal 583
woul d be a voltage 635 which has an AC conponent 637 and a DC conponent

638. The AC conponent is due to the change in the resistance of the free

| ayer 448 in the presence of the field fromthe disk and is: I[err] *

[err]R[err] The DC conmponent 638, which #f represented by a sudden shift in
the DC voltage foll owed by an exponenti alf decay in the shifted DC voltage,
is: I[err] * Rerr] such that: V[err] =1I[err] * [err]Rerrr] + I[err] *
Rlerr] In the presence of the thermal asperity, the bias voltage across the
ACL 456 al so changes because of the sudden change of tenperature causing

the resist aagﬁeeictmsté\%aﬂﬂ S92 15N prePapss1} hddl® JF RioVeb! dSure

(thermal asp@rity signa 'S
that the thermal coefficient of the AFM2 762 does not effect the
shape of the thermal-asperity signél detected b& the ACL 760.
Alternatively, AFM2 762 may be made of FeMn or NiMn. The
asperity compensation layer (ACL) 760 is preferably made of NiFe
and its magnetization is fixed to be perpendicular to the air
bearing surface 748. Alternatively, the ACL 760 may be made of
non-magnetic electrically conducting material having the same or
similar thermal coefficient as the SV element such as copper or

tantalum. Note that if ACL 760 is made of noh-magnetic

electrically conducting material, there is no longer any need for

AFM layer 762 (AFM2).

'~ MR sensor 700 further comprises four electrical leads.
Leads 728 and 730 formed in the end regions 705 and 710,
respectively, are referred to as the first and second ACL leads
and provide electrical connection betwegn the ACL‘756 and an ACL

'Eurrent source (not shown). The ACL current source provides
current to the ACL 760 (referred to as the ACL current) to
establish the DC base {bias) voltage across the ACL 760. Leads
736 aﬁd 738 formed in'the end regions 705 and 710, respectively,
are referred to as the first and second SV leads and provide
electrical connection between the SV element 740 and an SV

current source (not shown). SV current source provides the



21 represented by a sudden shift in the DC voltage followed by an
exponenti al "decay of the shifted voltage. Consequently, the voltage at the
second input termnal 585 is: V[err] =1I[err] * Rlerr] Now, assunme that a
thermal asperity phenonenon takes place while reading data froma track of
a disk. Under this condition, the voltage at the output termnal 588 wll
be equal ‘'to t'he difference between the voltage signals at the first and
second input termnals 583 and 585 tlnegéthe differential gain of the
circuit 580 as shown bel ow. V588 = A* 83 - V585) V645 = A* (V635 - V640)
V645 = A*(I SV elenent * [err] RSV elenent + ISV elenent * Rsv elenent: |ACL,
* RACL) Since the resistance and the current flomﬁng in the ACL 456 are
chosen such that Isv elenent * Rsv elenent = IACL * RACL, and since the

1 20 B Y BTS00 A RS ol BBt © 12

base (bias) voltage across the SV element.
Note that in the MR sensor 700 of the present invention, the
ACL 760 and the AFM2 762 are electrically insulated from the SV
element 740 and the hard bias layers 742 ‘and 744. The complete
electrical insulation ensures that the current flowing in the sV
element 740, provided by the SV current source, is not shuﬁted in
any way by either the ACL 760 or AFM2 762. The electrical
insulation between the ACL 760 and the SV element 740 and the
ﬁard bias layers 742 and 744 is achieved by a'layér of insulating
. material 758 which is disposed between the ACL 760 and the SV
. element 740 and the hard bias layers 742 and 744. Insulator 758
is typically made of Al,0, or 8102.-

It should be further noted that alternative MR sensor 700
comprises two antiferromagnetic layers 762 and 756. ~ AFM2 layer
762 is utilized to fix the magnetization of the asperity

"Eompensation layer 760 and the AFM1 layer 756 is used to fix the
magnetization of the pinned layer 754.

In the alternative embbdiment of the present invention, SV
sensor 400 in Fig. 5 is replaced by the alternative SV sensor 700
to provide for thermal asperity detection and reduction
utilizing_the thermal asperity reduction circuitry 500.

While the present invention has been particularly shown and

described with reference to the preferred embodiment thereof,



“

signal devel oped across the SV el enent and the ACL |ayer 456 are
-substantially of the same shape, magnitude, and phase. 22 Therefore, the
terms Isv elemen * Rsv elenent and | ACL, * RACL in the above equation
cancel each other which neans: V645 = A*(Isv elenent * [err] Rsv el enment)
Note that, in the actual inplenentation a narrow signal spike 665 is
usual ly present at the output termnal 588 at the onset of the sudden shift
in the DC voltage due to finite physical26m smat ches present between: (1)
the resistance of the SV el enent and the ACL 456, (2) resistance of the SV
and ACL |eads, (3) ACL current source 570 and the SV current source 575,
and (4) internal msmatches of the differential circuit. However, this
spike is generally only a few bits |Iong which does not cause | oss of data.
Ref er ri ngnBgéirtReléds, /it WANE HeS uni@MEt88d%bY DfdYd %@ci&%&aiﬂ VhéWrdI0t to
scale, of an ANR sensor 700 of an alternative embodi ment of the present

i nvent i onthadRvaehows mdili gt ichds mags bevRads dthiegs i swithbutndepdPring

separated from each
from the spirit, scope, and teaching of the present invention.
?or example, although the preferred embodiment of the
present invention was described in terms of an SV sensor having
four leads where two of the leads were shorted together, the
invention is equally applicable to an MR sensor having onl& three
leads where one of the leads is the common lead (ground lead)
between the SV element and the SAL.
Accordingly, it is to be understood that the invention
disclosed herein is not to be limited by the illustrated

embodiment, but only by the scope of the appended claims.



b Y

other by a central active region 720 The MR sensor-700 further conprises
-an SV el enment 740 formed in the central region 720. SV el ement 740

conprises a.free layer 750 separated froma plgﬂgng§¥gL;ﬂi£JLLjL_

non- magneti c electrically conducting spacer 75 el enent further

I ncl udes an AFML | ayer 756 which fixes the nag pinned

| ayer 754 perpendicular to the ABS. 23 The f Mﬂ“‘ﬁml hits
magneti zation free to rotate under the presence o anlexﬁerﬁal*fleld S
general |y made of soft ferromagnetic mate¥h al, such as Ni Fe or Ni Fe/ Co and
preferably made of N Fe. Magnetization of the free layer 750 is generally -
set to be parallel to the air bearing surface 748 in the absence of an
external field. Hard bias |layers 742 and 744 which are forned in the end
regions 705 and 710, respectively, prowgggma | ongitudinal bias field to the
free layer 750 to ensure a single magnetic domain state for the free |ayer.
Hard bi as fyayerLaim42 and 744 are preferably nmade of CoPtCr al though they
may al so be made of CoPtCrTa or CoPtCrSi Q2. Hard bias |layers 742 and 744
further

1. A spin valve (SV) sensor, comprising:
an SV element, said SV element having: |
a free layer;
a pinned layer; and
a spacer layer disposed between said free layer and
said pinned layer;
first and second hard bias layers separated from each other
by said SV element, said first and second hard bias layers

i forming a contiguous junction with said SV element;

an insulating antiferromagnetic (AfM) layer for pinning the
magnetization of said pinned layer;

an asperity compensation layer (ACL) separated from said SV
e}gment and said hard bias layers by said insulating AFM layer;
. first and second SV leads disposed over said first and
second hard bias layers for providing sense current to said SV
elemeht; and

first and second ACL leads in contact with said ACL for

providing ACL current to said ACL.



Iorn1cont|guous junctions with the SV el ement 740. MR sensor 700 further
conprises a magnetic shield | ayer 766 and a gap | ayer 764 which are

general ly, although not necessarily, forned Oqurig%LQQLQ—guhsLLate 768.
Shield | ayer 766 provides magnetic insulation e SV sensor 700 and is
typically nmade of NiFe or sendust (TM. Gap la ““[ﬁﬂ! Iectrlca

I nsul ation for the SV sensor 700 and is general “

After formng the gap |layer 764, an antgﬁerronagnenchlayer (AFNQ) 762
asperity conpensation |layer (ACL) 760 and an insulating | ayer 758 are also
formed on the gap |layer. .AFM2 | ayer 762 is used to fix the nmagnetization of
the ACL 760 in a fixed direction if ACL 760 is nade of 24 magnetic
material. AFM2 762 is preferably nade of NO to ensure that the thernal
coefficient of2the ARMV 7ehsiieash@lecitbdcint SEafhdpahefrelineshar fbde
asperity signal detected by the ACL 760. Alternatively, AFM2 762 may be
made of FdRyeyr i&i fhledted afrom ia grouppefismatenialycansisting7e6 NiFe and
preferabl& nage of NiFe and its nmagnetization is fixed to be perpendicul ar
to the ai e/Co.

3. An SV sensor as recited in claim 1 wherein said
- asperity compensation layer is selected from a group of material

consisting of NiFe, NiFe/Co, NiFe/Cu, copper and tantalum.

4, An SV sensor as recited in claim 1 wherein said

insulating AFM layer comprises NioO.

i 5. An SV sensor as recited in claim 1 wherein said first
and second hard bias layers are selected from a group of material

comprising CoPtCr, CoPtCrTa, and CoPtCrSio,.

6. An SV sensor as recited in claim 1 wherein said ACL is
'églected from a group of material consisting of NiFe and NiFe/Co,
said insulating AFM further pinning the magnetization of said

ACL.



pééring surface 748. Alternatively, the ACL 760 nmay be nmade of non-nmagnetic
electrically conducting material having the sane or simlar thernal
coefficient as the SV el enent such as copper or tantalum Note that if ACL

760 is made of non-magnetic electrically CondUCtIﬂg‘ﬂHfETTf&——f*ﬁﬁf%+S no
| onger any need for AFM | ayer 762 (AFM2). MR sens ri ses
four electrical |eads. Leads 728 and 730 forned | h!“j@ﬂj EE?OS and
710, respectively, are referred to as t#e first an s and
provi de el ectrical connection between the ACL 756 and an ACL current source
(not shown). The ACL current source provides current to the ACL 760

(referred to as the ACL current) to establish the DC base (bias) voltage
across the ACL 760. Leads 736 and 738 forned in the end regions 705 and

710, respectively, o tndgrleRlicedtbPagé & én{,r s;to,@&qsiﬁgpnd SV | eads and
provi de el ectrical connection between t SV el enent 740 and an SV current

source (not srunwmagﬂﬁtﬂnJBmemhgeouetiumwtnm(hecothﬂng daﬁanecessary sense
current to the SV element to establish the DC
. an SV sensor including:
an SV element, said SV element having:
a free layer;
a pinned layer; and
a spacer layer disposed between said free layer
and said pinned layer;
first and second hard bias layers separated from
each other by said SV element, each of said hard bias
layers forming a contiguous junction.with said $V
.element; _ | !
an insulating antiferromagnetic (AFM) layer for
-pinning the magnetization of said pinned layer;
an asperity compensation layer (ACL) separated from
said SV element and said hard bias layers by said
insulating AFM layer;
first and second SV leads disposed over said first
and second hard bias layers for providing sense current
to said sv eiement; and

first and second ACL leads in contact with said

ACL for providing ACL current to said ACL; and



.y

.base (bias) voltage across the SV elenent. Note that in the MR sensor 700
of the present invention, the ACL 760 and theaéfyg_ZQZ_aLe_eLeGLFicalIy
insul ated fromthe SV elenment 740 and the hard bias |ayers 742 and 744.
The conplete electrical insulation ensures th “ﬂ“ﬂ‘“mm M wing in the
SV el enent 740, provided by the SV current soamﬂ ed in any
way by either the ACL 760 or AFM2 762. The el ectri‘cal* i fisul ati on.bet ween
the ACL 760 and the SV el enment 740 and3g he hard bias |ayers 742 and 744 is
achi eved by a layer of insulating material 758 which is di sposed between
the ACL 760 and the SV el enent 740 and the hard bias |ayers 742 and 744.

| nsul ator 758 is typically made of A1203 or SiQerr]. It should be further
noted that alternative MR sensor 700 conprises two antiferromagnetic |ayers

762 and 756. AkMletéy@ing tharnell idoupledt eof said hev gy Zohi detettiheg
asperity conpensation |layer 760 and the APML | ayer 756 is used to fix the
magnet i zaresisbancéechanges im\said/BY elpmeht résponsives docmppdiisdnt of the
present invention, SV.sensor 400 in Fig. 5.is replaced by the alternative

SV sensor™agneticfiglde yeprespntabives of data eecrrdesh mFaidamegnskic

utilizing_ghe_ther asperity reduction circuitry 500. Wile the present
i nventi on® 3§a%%eﬂg€%?TTcularly shown and

8. A magnetic storage system according to claim 7, wherein
said asperity compensation layer is selected from a group of
material consisting of NiFe, NiFe/Co, NiFe/Cu, copper and

tantalum.

9. A magnetic storage system according to claim 7, wherein

BB

said 1nsu1ating AFM layer comprises NiO.

10. A magnetic storage system according to claim 7, wherein
said first and second hard bias layers are selected from a group

of_material comprising CoPtCr, CoPtCrTa, and CoPtCrsioO2.

1ll. A magnetic storage system according to claim 7, wherein
said recording channel further comprises a differential circuit
having'first and second input terminals connected to the first SV
lead and the first ACL lead for detecting resistance changes in
said SV element and said ACL responsive to a thermal asperity

phenomena during reading data in said magnetic storage medium.
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descrlbed wi th reference to the preferred enbodlnent t her eof ,
neverthel ess, it will be understood by those skille

various modifications may be made therein wthout d t he
spirit, scope, and teaching of the present inventio m J“ t hough
the preferred enbodi nent of the present invention was rnms of

an SV sensor having four |eads where_two of the |eads were shorted
together, the invention is equally aa licable to an MR sensor having only
three | eads where one of the leads is the comon | ead (ground | ead) between
the SV el enent and the SAL. Accordingly, it is to be understood that the

I nvention disclosed hereinis not to be limted by the illustrated

enbodi ment, but only by the scope of the appended cl ai ns. 27 CLAI M5

12. A spin valve (SV) sensor, comprising:

an SV element, said SV element having:

a ffee layer;

a pinned layer;

a spacer layer disposed between said free layer and
said pinned layer; and

a first antiferromagnetic (AFM1l) layer for fixiné the
magnetization of said pinned layer, said pinned layer being
disposed on said AFM] layer;
first and second hard bias layers separated from each other

by said SV element, said first and second hard bias layers

forming a contiguous junction with said SV element;

an insulating layer; |

an -asperity compensation layer (ACL) separated from said sV
element and said hard bias layers by said insqlating layer;

' a second antiferromagnetic (AFMZ) layer for fixing the
'hagnetization of said ACL, said ACL disposed on said AFM2 layer;
first and second SV leads disposed over said first and
sedond_hard bias layers for providing sense current to said SV

element; and |
first and second ACL leads in contact with said ACL for

providing current to said ACL.



V% Clalnl 1. A spin valve (SV) sensor, conprising: an SV elenent, said SV
el enent’” having: a free layer; a pinned |ayer; and a spacer |ayer disposed
bet ween said free | ayer and said pinned |ayer; first and
| ayers separated fromeach other by said SV elenent, said first an second
hard bias |ayers forming a contiguous junction with mmwt ﬂi‘\
i nsul ating antiferromagnetic (AEM |ayer for plnnlnL“ on of
said pinned | ayer; an asperity conpensa¥ on | ayer (ACL)°‘se arated fromsaid
SV el enent and said hard bias |layers by said insulating AFM | ayer; first
and second SV | eads di sposed over said first and second hard bias | ayers
for providing sense current to said SV elenent; and first and second ACL
| eads in contact with said ACL for providing ACL current to said ACL.

13. An SV sensor as recited in claim 12 wherein said free

layer is selected from a group of material consisting of NiFe and

NiFe/Co.

14. An SV sensor as recited in claim 12 wherein said
asperity compensation layer is selected from a group of material

consisting of NiFe, NiFe/Co and NiFe/Cu.

15. An SV sensor as recited in claim 12 wherein said AFM1
and AFM2 layers comprise NiO.
e 16. An SV sensor as recited in claim 12 wherein said first
and second hard bias layers are selected from a group of material

comprising CoPtCr, CoPtCrTa, and CoPtCrsSio,.



28 2. An SV sensor as recited in claim1l wherein said free layer is

sel ected froma group of material consisting of Ni Fe and N Fe/ Co An
SV sensor as recited in claim1 wherein said asperfry’ﬁﬁﬁﬁ@ﬁggFraﬁ3rgyer S
selected froma group of material consisting of Ni ' “mmu / Cu,
copper and tantalum 4. An SV sensor as recited “ ¥in sai d

I nsul ating AFM | ayer conprises NN O 5. An SV senser as kectted in claiml
wherein said first and second hard bias |ayers are selected froma group of
material conprising CoPtCr, CoPtCrTa, %hd CoPtCrSi 2. 6. An SV sensor as
recited in claim1l wherein said ACL is selected froma group of materi al
consisting of NiFe and N Fe/ Co, said insulating AFM further pinning the
magneti zati on of said ACL. 29 7. A magnetic storage system

conprising: a mygnet \CnahREEHE SESLAYD 'sYsteRf OEShpHh SARg;
a magnetic storage meﬁium for recording data;
an SV sensor including:
an SV element, said SV element having:
a free layer; |
a pinned layer;
a spacer layer disposed between said free iayer
and said pinned layer; and
a first antiferromagnetic layer (AFM1l) for fixing
the magnetization of said pinned layer, said pinned
layer being disposed on said AFMl-layer;

ol first and second hard bias layers separated from
each other by said SV element, each of said hard bias
.layers forming a contiguous junction with said sV
element;

an insulating layer;

an asperity compensation'layer (ACL) separated
from said SV element and said hard bias layers by said
insulating layer;

a second antiferromagnetic (AFM2) layer for fixing

the magnetization of said ACL, said ACL disposed on

said AFM2 layer;



ah SV sensor including: an SV el enent, said SV el enent having: a free

| ayer; a pinned |ayer; and a spacer |ayer disposed between said free | ayer
and said pinned layer; first and second hard bias | ayers separated erm
each other by said SV elenent, each of said hard bias |layers formng
contiguous junction with said SV elenent; an insulati nngHmnnlﬁﬂumlﬁ
(AFM layer for pinning the nagnetlzatlon gf said pinne ty
conpensation |ayer (ACL) separated fromsaid SV el enent ahd Saitd Mar8 bias
| ayers by said insulating AFM | ayer; first and second SV | eads di sposed
over said first and second hard bias layers for providing sense current to

said SV elenent; and first and second ACL |l eads in contact with said ACL
for providing ACL current to said ACL; and

first and second SV leads disposed over said first

and second hard bias layers for proQiding sense current
to said SV element; and
first and second ACL leads in contact with said
ACL for providing current to said ACL; and
a recording channel coupled to said SV sensor for detecting
resistancé changes in said SV element responsive to applied
magnetic fields representative of data recorded in said magnetic

storage medium.

18. A magnetic storage system according to claim 17,
wherein said free layer is selected from a group of material

consisting of NiFe and NiFe/Co.

19. A magnetic storage system according to claim 17,
wherein said first and second hard bias layers are selected from
" a group of material consisting of CoPtCr, CoPtCrTa, and

CoPtCrsio,.

20. A magnetic storage system according to claim 17,
wherein said asperity compensation layer is selected from a group

of material consisting of NiFe, NiFe/Co and NiFe/Cu.
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30 a recordi.ng channel coupled to said SV sensor for detecting resistance
changes in said SV el ement responsive to applied nagnetic fields
representative of data recorded in said magnetic storage nedium 8.

nmagnetic storage systemaccording to claim?7, mhererﬂ—szwrrzﬁquTTyf———

conpensation layer is selected froma group of mate”n“mﬂ im I'I' m& Ni Fe,

Ni Fe/ Co, Ni Fe/ Cu, copper and tantalum 9. A magnet
according to claim7, wherein said i ns@Sati ng AFM | ayer ccobp

A magnetic storage system according to clain17 mhereln sald flrst and
second hard bias ‘layers are selected froma group of material conprising
CoPtCr, CoPtCrTa, and CoPtCrSi 2. 11. A nmagnetic storage system accordi ng
to claim?7, wherein said recording channel further conprises a differenti al
circuit having 2ifsta asphrsaeane i(BPYt sérsod natomprasaagted to the first SV
| ead and the first ACL |ead for detecting resistance changes in said SV

el ement and saian/8Y ekemsosi weldoSU ehement hastiagi:ty phenomena during

readlng data in said magnetic storage medi um
a free layer;

a pinned layer;

.a spacer layer disposed between said free layer and
said pinned layer; and '

an antiferromagnetic-(AFMI) layer for fixing the
magnetization of said pinned layer, said pinned layer being
disposed on said AFM1 layer;
first and second hard bias layers separéted from each other

by said SV element, said first and second hérd bias layers

[ i
nddaliin

forming a contiguous junction with said SV element;

an insulating layer;

anfasperity compensatiqn layer (ACL) separated from said sv
element and said hard bias layers by said insulating layer;
_ first and second SV leads disposed over-said first and

'Second hard bias layers for providing sense ciurrent to said SV

element; and

f;rst and second ACL leads in contact with said ACL for

providing current to said ACL.

22. An SV sensor as recited in claim 21 wherein said free

layer is selected from a group of material consisting of NiFe and

NiFe/Co.
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81 12. A spin valve (SV) sensor, conprising: an SV elenent, said SV el enent
having: a free |layer; a pinned |ayer; a spacer |ayer disposed between said
free layer and said pinned layer; and a first antiferromagnetic (AFM)
| ayer for fixing the magnetization of said pinned | ayer, said pinned | ayer
bei ng di sposed on said AFML | ayer; first and second—hare—bias Tayers

separated from each other by said SV elenent, said, f] har d
bias | ayers formng a contiguous junction with sai wgﬂgm m “
insulating layer; an asperity conpensatigg |ayer ( armt ed ffrrom said
SV el enent and said hard bias |layers by said insulating |ayer; a second
antiferromagnetic (AFM2) layer for fixing the magnetization of said ACL,
said ACL di sposed on said AFM2 | ayer; first and second SV | eads di sposed

over said first and second hard bias |layers for providing sense current to
said SV

23. An SV sensor as recited in claim 21 wherein said ACL is
selected from a group of material consisting of NiFe, NiFe/Co,
and NiFe/Cu.

24. An SV sensor as recited in claim 23 further comprising
an antiferromagnetic (AFM2) layer for fixing the magnetization of
said ACL, said ACL disposed on said AFM2 layer.

25. An SV sensor as recited in claim 21 wherein said first
and second hard bias layers are selected from a group of material

consisting of CoPtCr, CoPtCrTa, and CoPtCrSio,.

26. An SV sensor as recited in claim 21 wherein said ACL is
selected from a group of material consisting of copper and

tantalum.
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efement; and first and second ACL |leads in contact with said ACL for
providing current to said ACL. 32 13. An SV sensor as recited in claim
12 wherein said free layer is selected froma group of material consisting
of NiFe and Ni Fe/Co. 14. An SV sensor as recited in claim112 wherein said
asperity conpensation |layer is selected jépp1a group of material consisting
of NiFe, NiFe/Co and N Fe/Cu. 15. An SV sensor as recited in claim12

wher ei n sai BISKEMRIVEWITIC Al PERM AL RSPERITY REDICTIRON SYREVITRY @)%IN%N ed

in claim12 wherein said first and second hard bias |ayers are sel ect
froma group of material conprisi BGBINEVAIVE SENRGR Ta, and CoPtCrSierr].

33

ABSTRACT
| A disk drive system having a spin valve (SV) magnetoresistive (MR) sensor (400)

having four leads, two leads for providing sense current to an SV element and two leads
for providing current to an asperity compensation layer (ACL) (456). The SV element
as well as the hard bias layers (442, 444) are electrically insulated from the ACL by an
antiferromagnetic layer (454) made of an insulati_ng material. The voltages developed
across the SV element (voltages due to the presence of thermal asperities and voltages
due to the presence of data fields) and the ACL (456) (voltages due to the presence of
thermal asperities) are applied to the inputs of a differential amplifier for substantial

elimination of the thermal asperity signal.

Fig. 4A



17%. A magneti c storage systen1 conprising: a magnetic storage nedi um for
é’grdlng data; an SV sensor including: an SV el enent, said SV el enent
haV|ng a free layer; a pinned |ayer; a spacer |ayer disposed bet ween sai d
free layer and said pinned l'ayer; and a first antiferromagnetic |ayer
(AFML) for fixing the magnetization of said pinned | ayer, said pinned | ayer
bei ng di sposed on said AFML | ayer; first and second hard bias |ayers
separated from each other by said SV edﬁpe each ofggai d hard .bias |ayers
formng a contiguous.junction with said SV el emen 7 an insulating |layer; an
asperity conpensation |layer (ACL) sepfra omsaid SV el enent and said

hard bias layers by said insulating | ayer econ tic
(AFMR) -l ayer for fixing the nagnetiza |oﬁURREHB|d CL, said ACL di spdsed on
said AFM2 | ayer; '
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34 first and second SV | eads di sposed over said first and second hard bias
Zl'ayers for providing sense current to said SV elenment; and first and second
ACL |l eads in contact with said ACL for providing current to said ACL; and a
recordi ng channel coupled to said SV sensor for detecting resistance
changes in said SV el enent responsive to applied nagnetic fields
representative of data recorded in said nmagnetic storage nedium 18. A
magneti c storage systemaccording to Cé im17, wherein said free |ayer is
selected froma group of material cons in Fe and N Fe/Co. 19. A
magneti c storage systemaccording to clai ein said first and
'second hard bias |layers are selected fro mat eri al consisting of
CoPtCr,. CoPtCrTa, and CoPtCrSiJerr]. 20.f A magnegix storage system
according to claim 17, wherein said aspepity csﬁﬁéegation | ayer is sel ected

froma group - N | =y
_ >

FIG. 2
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of sjmaterial consisting of NiFe, N Fe/Co and N Fe/ Cu. 35 21. A spin valve
(SV) sensor, conprising: an SV elenent, said SV el enent having: a free

| ayer; a pinned |ayer; a spacer |ayer disposed between said free |ayer and
said pinned |layer; and an antiferromagnetic (AFML) | ayer for fixing the
magneti zati on of said pinned | ayer, said pinned | ayer being di sposed on
said AFML | ayer; first and second hard bias |ayers separated from each
other by said SV elenment, said first and 32§ond hard bias |layers form ng a
contiguous junction with said SV el enent; insulating |ayer; an asperity
conpensation | ayer (ACL) separatet m said SV el enen nid hard bi as
| ayers by said insulating Iay‘rr-++4? qads- —$posed over
said first .and second hard o.é%wla A s for providin éégge rent to said
Vi / L el R il £ 1= 7
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el ement; and first and second ACL |eads in contact with said ACL for
providing current to said ACL. 22. An SV sensor as recited in claim?21
wherein said free layer is selected froma group of material consisting of
Ni Fe and Ni Fe/ Co. 23. An SV sensor as recited in claim2l1 wherein said
ACL is selected froma group of material consisting of N Fe, Ni Fe/Co, and
Ni Fe/ Cu. 24. An SV sensor as recited in claim23 further conprising an
antiferromagnetic (AFM2) layer for fixing the nmagnetization of said ACL,
said ACL di sposgd on said AFEM2 | ayer. 25§%An SV sensor as recited in claim
21 wherein sai g3fijrst and second fhard bias |ayers are selected froma group
of material consi gting (ﬁQoPtCr, CoPtCrTa, and CoPtCrSiJerr]. 26. An SV
sensor as recitet4in cl #mE21 whdrein said ACL is selected froma group of
material cogsistirfg ofgcﬁp%r and tantal um
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