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DI Sk-BRrVE W TH THERVAL ASPERI TY REDUCTI ON Cl RCUI TRY USI NG A NAGNETI@“*V“ DI
TUNNEL JUNCTI ON SENSOR BACKGROUND OF THE I NVENTION 1. Field of the

I nvention This invention relates in general to a direct access storage
device (DASD) of the type utilizing nagnetoresistive read sensors for
readi ng signals recorded in a magnetic medi umand, nore particularly, it
relates to a DASD havi ng a novel nagneticltunnel junction (MIJ) sensor for
mnimzing the effect of thermal asperities. 2. Description of Related Art
Conput er s of PEAX; RBEYHe WIFH ITHERY A ASRERATr S50 WRARe CTRGT IR S BNG A
whi.ch data can be witten and fromwhich data can be read for |ater use. A
direct access storage devi MAGEHTAC AUNNEL | RBGTIOMNASENSARot at i ng magnetic
di sks is commonly used for storing data in nmagnetic formon the disk
surfaces. Data is recorded on concentric, radially spaced tracks on the

di sk surfaces. Magnetic heads including read sensors are then used to read
data fromthe tracks on the dBARKGROUEDeS: THz2-IWEhTDbNcapacity disk
drives, magnetoresistive read sensors, comonly referred to as MR heads,
are the prevailing read sensor because of their capability to read data
froma surface of a

1. Field of the Invention

. pe———

This invention relates in general to a direct access storage
device (DASD) of the typé utilizing magnetoresistive read sensors
for reading signals recorded in a magnetic medium and, ﬁ;re
particularly, it relates to a DASD having a novel magnetic tunnel
junction (MTJ) sensor for minimizing the effect of thérmal

asperities.

2. Description of Related 2A-t

Computers often include auxiliary memory storage devices
having media on which data can k= writ:ien and from which data can
be read for later use. A direct access storage device (disk
drive) incorporating rotating magnetic disks is commonly used for
storing data in magnetic form on the disk surfaces. Data is
recorded on concentric, radially spaced tracks on the disk
surfaces. Magnetic heads including rezd sensors are then used to

read data from the tracks on the disk surfaces.
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disk ‘af "greater track and |inear densities than thin filminducti ve heads.
AR MR sensor “detects a magnetic field through the change in the resi stance
of its MR sensing layer (also referred to as an "MR elenment”) as a function
of the strength and direction of the magnetjc flux being sensed by the MR
l'ayer. The conyen on the basis. of.the anisotro

I alalr}égs.no. erates. . i C
magnet or esi sti ve ?"A%%) % é:c%:\?réjvﬁc'#)c Ja‘ﬁ'ﬁ\lRr%?%%%?r‘?%%?%]t‘é%c%e?/%r?%@S%ES'
t he squar he cosine of .the agﬂ{ between the magnetization in t e
el enent a%&gﬁtﬂﬁ%‘léﬁ FECTEHT DB &S f‘h‘raecfﬂ' i TP RO Y HE AR ?ﬂ%ﬁ??
Recorded data_can be read from a nmagnetic nmedium because the externa
magnetic f 8F8u1sﬁoﬁ’1%t fr erlé:c&ad’éag) et TRAA FR (R e ghafurfade)okadses -
a change in the direction of nmagnetization in the MR element, which in turn
causes a EhiKgeTi ATRESESt &F@EK mnchd irea clrini wiRp & han ridsiponi iy change
in the sensed current or voltage. Another type of MR sensor is the giant
magnet or e$PSEgREFS( BRRASIenddy Miarfemeny ripidrt OVR refdraftic 1fiedvR Sensogs,
the resistance of the MR sensing layer varies as a fu‘nctlon of the _
spi n- depehBi@n€hangas ins $hen refs itH@naen dft tiiten MR exsningy Betyweeen( alegmet i
| ayers separated by a non-nmegnetic |ayer (spacer) and the acconpanying
spi n- depeneéarredatoerpisngnwiMeh elsmesitljacs & fundtidie dhttard ateraigtiheand
magneti ¢ and non-nmagnetic |ayers and within

direction of the magnetic flux being sensed by the MR layer.

The conventional MR sensor operates on the basis of the
anisotropic magnetoresistive (AMR) effect in which an MR‘e-lement
resistance varies as the square of the cosine of the angle

- between the magnetization in the MR element and the direction of
sense current flowing through the MR element. Recorded data can
be read from a magnétic medium because the external magnetic
field from the recorded magnetic medium (the signal field) causes
a change in the direction of magnetization in the MR element,
which in turn causes a change in resistance in the MR element and
a corresponding change in the sensed current or voltage.

Another type of MR sensor is the giant magnetoresistance
(GMR) sensor manifesting the GMR effect. In GMR sensors, the
resistance of the MR sensing layer varies as a function of the
spin-dependent transmission of the conduction electrons between

magnetic layers separated by a non-magnetic layer (spacer) and

the accompanying spin-dependent scattering which takes place at

This Sheet Has Been Replaced T T e

AN i

i o

S BEEN




the nﬁﬁﬁeticllayers. GWR sensors using only two | ayers of ferromagnetic
naterial (e.g., Ni-Fe or Co or Ni-Fe-Co of N -Fe/Co) separated by a |ayer
of non-magnetic naterial (e.g., copper) are generally referred to as spin

val ve (SV) sensors nanlfestlng the SV effegt. F|g 1 shows a prior art SV
1 1 tral
Toz. A fi7af PRFSERELCPP ERY. SRS %&3 %% A 4R D v e

its nmagn Jdzatlon, aII fixed (plnned) by exchange coupling mnth an
ntpferrg%agne%?% %%@Nga¥%§3r 125. The magneti zation of a second

ferromagnetic éﬁ% referred to aiﬁa frei | ayer %1% is not fixed and is
free to rotatein TERPIASUFONEhER M gH¥0 daWPEEd O r SREERBOEES de M RgHeR+ ¢
nedlun1(tpe S|gnal field). The free layer 110 is separated fromthe p|nned
| ayer 120‘%yga'th‘F%a@ﬁe??coreNécfﬁl§§IPy @éngﬁéFPﬁgS§B§é@weF%yeﬁ a s e
Hard bias | ayers 130 and 135 fornmed in the end regions 104 and 106,

respect i V&F VIORTRRGRRE 1 @Rt @BLAAI (B 8s . 6PPPRE) f Pse Deperalily. nedmpraiicto
and 145 formed on hard bias |layers 130 and 135, respectively, provide

el ectri ca@s cambecYa by f%V)séﬁSSﬂgStmenaéestuagcehefSNhef$€C§ensor 100.
IBMs U S. Patent No. 5,206,590 granted to Dieny et al., incorporated
herei n by refeEEmcb,Sth@I@spsiarGWRts§HSsensperaDDngomprﬁbénbaemﬁwﬁeginns
SV effect. Another type of nagnetic device currently under devel opnent

104 and 106 separated by a central region 102. A first
ferromagnetic layer, referred to as a pinned layer 120, has its
magnetization typically fixed’(pinned) by exchange coupling with
an antiferromagnetic (AFM) layer 125. The magnetization of a
second ferromagnetic layer, referred to as a free layer 110, is
not fixed and is free to rotate in response to the magnetic field
from the recorded magnetic medium (the signal field). The free
layer 110 is separated from the pinned layer 120 by a non-
magnetic, electrically conducting spacer layer 115. Hard bias
layers 130 and 135 formed in the end regions 104 and 106,
respectively, provide longitudinal bias for the free layer 110.
Leads 140 and 145 formed on hard bias layers 130 and 135,
respectively, provide electrical connections for sensing the
resistance of the SV sensor 100. IBM’s U.S. Patent No. 5,206,590
granted to Dieny et al., incorporated herein by reference,

discloses a GMR sensor operating on the basis of the SV effect.

Another type of magnetic device currently under development

-
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4 is a magnetic tunnel junction (MrJ) device. The MIJ device has potential
applications'as a nenory cell and as a magnetic field sensor. The MIJ
device conprises two ferromagnetic |ayers separated by a thin, electrically
i nsul ating, tunnel barrier Iayer The tunngl barrier layer is sufficiently

thin that ;quan ani eI o] arge carriers rs bet ween
the ferr on%g%e[n“gtnl ayg:r e L{r.%line Jincgng {ypc@ % egﬁt}eoﬁ'fg‘t'(ie\ﬁjeﬁ%nﬁﬁﬁt
whi ch meaps . q the tunnelln current across thbﬁ% ction de ends og

spi n- depefidént ére‘cfallpé‘ﬁl‘c,c%ldpé’r A% HeNHR <G ﬁﬂéaﬁ é i E?taJr% hﬁl?{s
a function _of the rel atJve orientation of the magnetic nonents, or
nagnetizat?Bﬁoarregplons SRS GRS sedifeticE JORAINSt §G, kanemry
sensor, one ferromagnetic |l ayer has its magnetic nonent fixed, or pinned,
and the oFﬁB?rFeFPo%ﬁgﬁeﬂpé“haf@@QEﬁ#QQ%iMnﬁﬂﬁHL%}%ﬁﬁnnﬁuﬁQQiaQiﬁft@éte in
response to an external nagnetic field fromthe recording medium (the

si gnal fi éRYPY-WhEheak-anedt PariicedEayvar iis ausified andtiyedinitthethawo
ferromagnetic | ayers, the sensor resistance is a function of the tunneling

current a@ﬂé@gumh@ephéali&ailn@dnagﬁéﬁrigatcvﬁeematﬁge foeammirrammetdau t sy tsve & nce
the tunneling current that flows perpendicularly through the tunnel barrier
| ayer depthésfenrpmegneltati vavesgnet iThat itomndilie ipoesfs tilse dMectron spin
ferromagnetic | ayers, recorded data can be read froma magnetic nmedi um
because td#epsndent,fwbidhcaeses &haltart@@ afuncield g @mx&fentamﬁ:tdsz@tum of
the free layer, which in turn v. R S .. A
junction depends on the spln-dependent electronic propertles of
the ferromagnetic materials and is a function of the.relatlve
orientation of the magnetic moments, or magnetization directions,
- of the two ferromagnetic layers. In the MTJ sensor,-one
ferromagnetic layer has its magnetic moment fixed; or pinned, and
the other ferromagnetic 1éyer has its magnetic moment free to
~rotate in response to an external magnetic field from the
recording medium (the signal field). When an electric pofential
is applied between the two ferromagnetic layers, the sensor
resistance is a function of the tunneling current across the
insulating layer between the ferromagnetic layers. Since the
tunneling current that flows perpendicularly through the tunnel
barrier layer depends on the relative magnetization directions of
the two ferromagnetic layers, recorded data can be read from a

magnetic medium because the signal field causes a change of

direction of magnetization of the free layer, which in turn
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5 causes a change in resistance of the MIJ sensor and a correspondi ng
change in the sensed current or voltage.- IBMs U 'S. Patent No. 5,650, 958
granted to Gall agher et al., incorporated in its entirety herein by
reference, discloses an MIJ sensor operating on the basis of the magnetic
tunnel jupction effect. Fig. 2 shows a prdqr a J _sensar_ 200 conpri sing
a first e$§EF$8d§ Eg nog %gc0ﬁ315&5%¥¥%65g%@§,&§ d SE & &t ri er 215.
The first el ectrode. 204 conprises pi nned | ayer (pinned ferromagnetic
layer) 2260TERSBADALER: GRABHS! AD EREMPANSFS CBFGCrin T OdEd Toayorl 4G The
magneti zation of the pinned | ayer 220 is fixed through exchange coupling
with the %&ﬁﬂl5?%?“?3@9-Tﬁe6§@e§§§ Sredtegdé G2 ldaghars e @ ¥ree | ayer
(free ferromagnetic |ayer) 210 and a cap |ayer 205. The free layer 210 is
separ at ed*F¢@RPPRetpinpaditay entizethy henedn pagreliesensitecGiissalldses an
insul ating tunnel barrier layer 215. In the absence of an external nagnetic
field, tHéTdregensayepperethag ions timeghetsisaifofher megned iicn tumemeadi riaoidtoion
shown by arrow 212, that is, generally perpendicular to the nagnetization
di recti orebfeche pinned | ayer 220 shown by arrow 222 (tail of the arrow
that is pointing into the plane of the paper). Afirst lead 260 and a
second | ead 26Bigor2edhbwscanpadorwatrit MNITSsealsect R20de cAfgrard reecolirst
el ectrode

electrode 204, a second electrode 202, and a tunnel barrier 215.

The first electrode 204 combrises a pinned layer (pinned
ferromagneﬁic layer) 220, an ;ntiferrqmagnetic (AFM) léyéf 230,.
and a seed layer 240. The magnetization of the pinned layer 220
is fixéd through exchange coupliﬁg with the AFM layer 230. The
N seéond electrode 202 comprises a free layer (free ferromagnetic
layer) 210 and a cap layer 205. The free layer 210 is separated
from the pinned layer 220 by a non-magnetic, electrically
insulating tunnel barrier layer 215. In the absence of an
externél magnetic field, the free layer 210 has its magnetization
oriented in the direction shown by arrow 212, that is, generally
perpendicular to the magnetization direction of the pinned layer
220 shown by arrow 222 (tail of the arrow that is pointing into
the plane of the paper). A first lead 260 and a second lead 265

formed in contact with first electrode 204 and second electrode

202, respectively, provide electrical connections for the flow of
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202, respectively, provide electrical connections for the flow of 6
sensing current I[err] froma current source 270 to the MIJ sensor 200. A
signal detector 280, typically including a recording channel such as a

partial -r

esponse maxi mum | i kel i hood (PRM¢ channel, connected to the first

and second | eads 260 and 265_senses the change in

i nduced i
earlier,

| St t h
RTRGIS RO aYEr 1916°0) T HECERPRFnAPURRRNBIDCE| N, "0 ABAEPEned

an MR sensor exhibits a change in resistance when in the presence

of a chand?fg rbghégnelf fekactoli 280 sitdttdricd lohangd Uds " ansRssti it o a
vol tage signal by passing a constant sense current through the MR el enent.
-The val uechhénndd Bichobtagepfort ialginespo? s aasdr s tike idhodgct ( oM he

const ant
| eads. S
MR sensor

sense current and the total resistance between the MR sensor
clcenhdi, changecikadt he rtael fiaste a-st tseeqprd degeasl 28fomnchi2dd t he
operates, the change in resistance can substantially effect the

per f or mangen oést hige MM aRGE0E nane stibe a@iceK dildl ¥ i01eeRe dnidigddda MRhe
sensor. A phenonena, known as a thernal asperity (TA), can suddenly

inPfease'fP@eNfé§893910t89p€héték@e&%aﬂp&%gh@%ﬂcﬂQQeQngEES C. The cause of
this sudden tenperature rise is a collision or near collision of the MR

sensor w
a track.

th a ﬂ% %éHéiBHe&”ehE&%@&s,ka%UMRa“s%n‘MEJx‘ ¥ AR o g ign from
The coll1sion causes the

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 thé MR element. The
value 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 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 and the disk drive incorporating the MR sensor.

A phenomena, known as a thermal asperity (TA), can suddenly
increase the MR Sensor_femperature by more than 100 degrees C.
The cause of this sudden temperature rise is a collision or near
collision of the MR sensor with a protrusion on the disk surface
while reading information from a track. The collision causes the
DC bése voltage of the MR sensor to shift substantially thus

making the information unreadable.

is Sheet Has Been Replaced '

R

HEPLAGED




DC base voltage of the MR sensor to shift substantially thus making the
isnf or mat i on -unr eadabl e. 7 Fig. 3is agraph illustrating the DC base
(bias) voltage 310, the thernal asperity voltage 320, which is the shift
and decay in the base DC voltage 310, thge data signal 335 read back from

the disk in the, absence of the therma| asperi 32Q,. and e_data_si gnal
540 read back T1om 3 nes df SKERRN L hoL pRLEaRER ofienaC: RaPRal Baaph: oy t995
Note that_the thermal asperity 320 conprises_a sudden shift 325.in the DC
base vol tHfr feMe ovRILTHH ! amSEXpORENYPAF288cA90830N 1 ANt hE BESpa&éfvoPP&ge.
The exponential decay 330 in the DC base voltage continues until the DC
base vol tdgeaB1in i she daededDC| voshaaed3be, nbheddehat siaBadsuddenrshpf Pagks
in the DC base voltage could be several tines larger than the data signal
335 causiifuet hehel 2cski cal tioer sbséngecofinehéethdimatt bgpericgdB2Ect byndt dhe
the MR sensor to saturate leading to the loss of the data. The | oss of the

data, depenth Ngi@ial h®4si 28a@fphbr Ehemneheagpski iy B8RO, peesbdceeny easi |y
be several bytes |ong, each byte being eight bits |long. Known arrangenents

in disk diiygaf Oispe #2898, t NRoeES EEEtOEhéhEﬁEEﬁ't\gi@SBSFEEXE%”sbbe read
data utilize either a separate asperity reduction circuit (ARC) nodul e

whi ch 15 &@%%%%&é 2 S04BLAC8 28 9358 ¢HaPRE! pESHEBe 250 MPabL! 28110wed by

partial-re
an exponential decay 330 in the DC base voltage. The exponential

decay 330 in the DC base voltage continues until the DC ?ase
voltage 310 is reached. It should be noted that tﬁe sudden shift
325 in the DC base voltage could be several.times larger than the
data signal 335 causing the electrical circuitry connéﬁted
directly or indirectly to Fhe MR sensor to saturate leading to
the.loss of the data. The loss of the data, depending on tﬁe
size of the thermal asperity 320, could very easily be several
bytes long, each byte being eight bits long.

Known arrangements in disk drives for minimizing the effect
of thermal asperity on the read data utilize either a separate
asperity reduction circuit (ARC) module which is coétly or a
compliéated data channel (such as modified partial-response
maximum likelihood channel) having a normal operating mode and an
asperity recovery mode.

MR sensors and spin valve sensors with thermal asperity

reduction circuitry to compensate for the effect of thermal

—_—
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maxi mim | i kel i hood channel ) having a normal operating node and an asperity
récovery node. MR sensors and spin valve sensors with thermal asperity
reduction circuitry to conpensate for the effect of thernal 8 asperities
are described in IBMs U S. Patent No. 53793,576 to GIl| and in IBMs U S

Patent No,_5 ZQE 207 _to gill .respecti Eéy, tgF ontents_of Ich are

i ncor por at SR hEFEER BYSr FéFEﬁ%eq ?ﬁegé SplY- at%@ﬁ?nﬁe§%¥iﬁﬁq§5h§%}§ to

havi ng four, | eads, .t &¢ad for providing sense current tqQ the MR or SV

sensor aﬁg‘}ﬁoaPéaﬂgmﬁg Er@v?diﬁ&téﬁﬁré%k o /83 et Piddmpensati on

| ayer. The voltages_devel oped across the MR or SV el enment (voltages due to

the presefRIPeFLiVet¥al tASpEPRERPEESaRE WhIChgesed dacosPoFatede @reas ofbyat a

fields) and_the asperity conpensation |ayer (voltages due to the presence

of thernefSeRpeiret esThafe applieatienshdesggibe sensodist havamg four

anplifier for substantial elimnation of the thermal asperity signal.

Ther mal ab$R4$ 1 i &0 ptesdat fernpravigioll erpskocuMEdnsetsotieadlR ar MY and

SV sensors. The MIJ sensor resistance changes as the spin dependent

t unnel i ngsengeemnd htwogheatis fomnplroadingr chayenti mot ha sepeeitghanges

due to the magnetic field of the data recorded on the disk. The base

resi st anceongensat Mid tapspr dilket vodtagast davebopedvakirage apel MBI REINES

the tunnel barrier '
‘element (voltages due to the presence of thermal asperities and
voltéges due to the presence of data fields) and the asperity
compensation layer (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.

Thermal asperities present similar problems for ﬁTJ sensors

as for MR and SV sensors. The MTJ sensor resistance changes as
the spin dependent tunneling current through the tunnel barrier
layer in the sensor changes due to the magnetic field of the data
récorded on the disk. The base resistance of the MTJ sensor due
to a constant bias voltage applied across the tunnel barrier
layer decreases when a thermal asperity causes an increase of the
temperature of the tunnel barrier layer. The resulting
exponentially decaying thermal asperity signal interferes with
detection of the superimposed data signal.

Therefore, there is a need for an invention that minimizes

the effect of thermal asperities for MTJ sensors without
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| ayer~decreases when a thermal asperity causes an increase of the
tenperature of the tunnel barrier layer. The resulting exponentially
decayi ng thermal asperity signal interferes with detection of the
superinposed data signal. Therefore, thege is a need for an invention that
mnimzesytheiefihgch ebmbherRledasprididier f@andbl $ansorsepdddi@UtARC 9
utilizing a conplicated recordi ng channel or a separate ARC nodul e. SUMVARY
OF THE | NWERILON It is an object of the present invention to disclose a
magneti c tunnel junction (MIJ) sensor for substantially elimnating the

t her mal

asperity phenonena in disk drives utilizing MIJ sensors. It is

anot her object of the present invention to disclose a nethod and neans for
detecting and substantially eIé@}ng%%n@Ft@ertfe¢£3$lg§perity phenonena in
- T 0Dj

di sk drives utilizing MIJ sensors

eSe and ot hér " obj ect s and advant ages

are attained in_accordance wi.th _the principle f present_ jnventjon by
a magnetic tunr?igl g%uﬁt’t P |:\e(“l9ﬂ'?)ft s‘élr?g(?rreﬁzﬁi‘néngrefjittgg’tn J%S}Isadcllibsgé;péar at ed
froma second MIJ stack.by a cqommo ctrode. ectrodes far .providing
sense curTR%Ee thﬁanF}s5u9f§l§Pa3%ﬁgﬁdbeSPﬁé%Q&b&W%ﬁaﬁ?%ﬁ are

provi ded g¥ia_first.sbkeld and

minating the thermS% asperity phenomena in disk drives
utilizing MTJ sensors.

It is another object of the present invention to disclose a
method and means for detecting and substantially eliminazing the
thermal asperity phenomena in disk drives utilizing MTJ sensors.

These and other objects and advantages are attained in
accordance with the principles of the present invention by.a
magnetic tunnel junction (MTJ) sensor having a first MTJ stack
separated from a second MTJ stack by a common electrode.
Electrodes for providing sense current to the first MTJ stack and
to the secend MTJ stack are provided by a first shieid and a-
second shield, respectively.

The first MTJ stack has a free layer separated from a pinned
layer by a tunnel barrier layer. An AFM layer adjacent to the
pinned layer provides an exchange field to fix (pin) the
magnetization of the pinned layer perpendicular to the ABS. The
magnetization of the free layer is oriented parallel to the ABS

and is free to rotate in the presence of a signal magnetic field.

\
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second shield, respectively. The first MIJ stack has a free | ayer separated
fx.om a ‘pi nned | ayer by a tunnel barrier |layer. An AFM | ayer adjacent to the
pi nned | ayer provi des an exchange field to fix (pin) the magnetization of

t he pinned | ayer perpendicular to the AB®. The magnetization of the free

| ayer i's oriensed; paral! elnbosbBEndBRTandthexl hes horiebataykbl LRYLASRNCE
of a signal nagne%i% f%elg. S 10nSiniIarry, t he second NWJystack?ﬁ%s a
free |ay par r pi.pned L.un arrier Y QL. AFM

& r G P2 8‘1&&1%&]0'9%}4%5 'f’g gdcLANER BYr3ibY fiﬁge? S QIE?’O _fayeé“

| ayer adjacent to t yer provides an exchangé fiel "X (pin)

the mgneidzation of Lhe pipped |aver perpendicular tobhe MBS and o

ant i par al 0 The magneti zation I"on prn ay €
first MIJ, stack.. The nagpetization_of the.fre ayer is _oriented paralle
Lo The RS RE s ad MRt E aon P b ne B boER a3y f b8 BRaA kTR 2 e
field. With the magnetizat]ons of the pinned | ayers of the two MIJ stacks
fived porin i ST TR F ALl et n iR PBAPLLFEE LaPt ASFBEhOE 0F Ghen Farad

t he magnet oresi stive signal generated due to an external field fromthe
di sk by t}Rve¥ et Wre Simgk WLV shpfker ThepmageebyzaBdoni oF fBSpddeeo the

magnet oresi stive signal generated due to the sane external field by the
second MRR¥&RCckS oriented parallel to the ABS and is free to rotate in

the presence of a signal magnetic field. _

With the mégnetizatioﬁs of_the-binned layers of the two MTJ
stacks fixed perpendicular té the ABS and antiparallel with
respect to each other, the magnetoresistive signal generatéd dﬁe
to an external field from the disk by the first MTJ stack will
differ in phase by 180" with respect to the magnetoresistive
signal benerated due to the same external field by the second MTJ
stack.

| The free layer of the first MTJ stack and the free layer of
the second MTJ stack are both adjacent to the éommon electrode
that is disposed between the first and second MTJ stacks. A
first current source éonnected to the first shield and the common
electrode provides sense current to the first MTJ stack and a
second current source connected to the second shield and the
commén electrode provides sense current to the second MTJ stack.
Under DC conditions (no signal field), the currents flowing in

each MTJ stack are adjusted so that the product of the current

-_
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The free layer of the first MIJ stack and the free layer of the second MIJ
st-ack are both adjacent to the common el ectrode that is di sposed between
the first and second MIJ stacks. A first current source connected to the
first shield and the common el ectrode prom des sense current to the first

MIJ. st ack raRfhitgs aGPNhE Ui at RN S€aERNNS8St ed tPeéf?téﬁ&%%’fsiﬂﬁgl Qia@ger

the common el ectrode provides sense current to the second stack.~Un

DC condi t s tneysi;gnal ailelég%’t'tr}]@eofgﬁﬁ téff#.yﬂlﬁgrf&@f‘gfc-- .Jgslag ugt®

adjusted so that the product e cturren owng 1n the first MrJ =

stack and.the Jes] e fir MIJ_ stack is equal to the product of
t he curreﬁ%l“ﬂso“\?\:ﬁ%r?g%{tﬁrousg'jha%‘%ear{s%c@%% M LT3R ahid The TES7sTancs Bf'af:%e
second M}, stack. The vol t.age devel oped .across the first MIJ stack is fed
into the Prst’%lir?ﬁ‘&t° E&5V8 ecgfa%r%%f%?%nﬁa?‘ e 12 Qhd ¥ heSYof tagethe
devel oped .across the second J stack,is fed into the second input term nal
of the diF?é?gnﬂﬂﬁaaﬂ9%£m%n£{3952ﬁfq%ﬁﬁﬁﬁ?%ﬁl%ﬁrQﬁﬁ@u¥%r%%@rt%%svgﬁtéﬂﬁput
t erm nal ggd 3 ground (common) termnal. In the presence of a thermal
asperity, SENELPPECS PETOS Sort isot3roamd HEL ket adanie ol brcaudee t peceddr ent s
were adjusted to give equal products of current and resistance across each
MIJ st acklPPHE tREPHRRla&feiny &ifirrentalal ocpartwidy ossThaedffferemriadt ack

and the thermal asperity signal devel oped across the second :
circuit further has an output terminal and a ground (common)

terminal.

In the presence of a thermal asperity, the resistaﬂée of
both MTJ stacks change and because the currents were adjusted to
give equal products of current and resistance across each MTJ
stack, the thermal asperity signal developed across the first MTJ
stack and the. thermal asperity signal developed across the second
MTJ stack are substantially of the same shape, magnitude and
phase. However, in the presence of a data field from the disk,
the magnetoresistive signal generated across the first MTJ stack
differs in phase by 18d'with respect to the magnetoresistive
signal generated across the second MTJ stack.

Since the thermal asperity signal.-is present and common at
both input terminals of the differential circuit, it will be
cancelled by the differential circuit. However the |

magnetoresistive signals due to the data field on the disk differ

in phase by 180" at the two input terminals resulting in an
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M) stack are substantially of the same shape, nmmagnitude and phase.
Mewever, in the presence of a data field fromthe disk, the

magnet or esi stive signal generated across the first MIJ stack differs in
phase by 180 with respect to the nmagnetot2sistive signal generated across

the secondulMbhtStsaglha1Siddfuit e (s MBly asparid v 8l anal dsi HERENL;
comon at bgﬁ% inp(g{tﬁaterm nal s of the cﬁf‘f'e?%nét ia C|'rcrué|é':1,éq{1t W J[&g%ls at
cancel | edihy the dififereatial,Giscuit. However the magnetoresistive signals
due-to thé éata figkﬁ%bﬁgfhgn I'sk differ in phase by 180 at the two input
termnals resukting,in a 2 qut put..signal, equal to the sum of the
magnet or esi st i \I;éesggr?g’les%ast wteljﬁle* t“\L/\éo%ch‘pJU‘I”g:%ai’]m W he o Hs WE T as
addi ti onal, 9th%tss fga%é{es, and .advant ages of. .the present invention wll
become apPareRtadiSt R 08 ShSTe detldi 1Hd W tten RECHSHERIATER B the
DESCRI PTI THE VAN For, .a ful] er understanding of the nature and
advantagegggggwﬁggpBEQ@HGEEHVEHHQﬁR AES Rt t he preferred node of use,
ref erence should be nade to the follow ng detailed description read in
conjunction with the acconpanying drawings. In the follow ng draw ngs, |ike

reference nunerals designate |like or simlar Eparts t hr oughout the draw ngs.
BRIEF DESCRIPTICN OF THE DRAWINGS

For a fuller understanding of the nature and advantages of
the present invention, as well as the preferred mode of use, |
reference should be made to the following detailed description
read in conjunction with the accompanying drawings. 1In the
following drawings, like reference numerals designa£e=like or
similar parts throughout the drawings..

Fig. 1 is an air bearing surface v&ew, ﬁot to scale, of a
prior art SV sensor;

Fig. 2 is an air bearing surface view, not to scale, of a
prior art MTJ sensor;

Fig. 3 is a graph showing a thermal asperity signal and the
data signal read back from a data track;

Fig. 4 is a simplified diagram of a magnetic recording disk
drive system; |

Fig. 5-is a vertical cross-sectica view, not to scale, of an
inductive write/MR read head with the MR read head located

between shields and adjacent to the inductive write head;
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Fig. Tis an air bearing surface view, not to scale, of a prior art SV

sSensor;

Fig. 2 is an air bearing surface view, not to scale, of a prior-art

MIJ sensor; Fig. 3 is a graph showing a thernal asperity. signal and the
data signal read back froma data track; E&g. 4 is a sinplified di agram of

a magnetic recetdi ng dissk_drisve: € 1R s @ vertical cross-section
Vi ew,g not to sgzgi e, go(f%aéni A Gcta%é?l\i\qu t{VWcree‘z;@elwéaE’% tctho t .“ea r%gdan
head Iocagggogetmeen zhields and .adj acent_to thflnductlve wrjte head,

13 Fig. 6775

ATSPF BEarigTar FAdE vidWE NG ISCaISENSH: & dritfodt et of

the magnetic tunnel junction sensor of the present invention; Fig. 7 is a

schemat i c*dY&graff'i 11 ustrating a thermal asperity reduction method and

means according,to the preferred enbodi nent of the present invention; Figs.
Il.

8a, 8b and 8c

- gr apAs?di PEhsTRition G 139 st didius Tartisg ianputs1ea i nal s

and the output termnal of the differential circuit in the preferred
enbodi mren@SPerihE pedvehionnmenhiosh art teensh sevvedihng Her rale gepefd tyednd
data signal, in the absence of thermal asperity and the presence of - data

si gnal

aebodimert of the present invention;

Figé. Ba, 8b and 8¢ are graphs illustrating the signals af
the input terminals and the output terminal of the differential
circuit in the preferred embodiment of the present invention in
the absence of thermal asperity and data signal,-in the ;bsence
of thermal asperity and the presence of data signal, and in the
presence'of thermal asperity and data signal;

Fig. 9 is a graph illustrating amplified portions A, B and C
of the signals from Figs. 8a, 8b and 8c, respectively, in the
presence of thermal asperity and data signal and showing the
phase relationship of the signals; and

Fig. 10 is an air bearing surface view, not to scale, of an
alternate embodiment of the magnetic tunnel junction sensor of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The following description is the best embodiment presently
contemplated for carrying out the present invention. This

description is made for the purpose of illustrating the general
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preserice of thermal asperity and data signal; Fig. 9 is a graph

i l.lustrating anplified portions A, B and C of the signals fromFigs. 8a, 8b
and 8c, respectively, in the presence of thernmal asperity and data signal
and showi ng the phase relationship of the sl4gnals; and Fig. 10 is an air
bearing syctace yiew, chot to scal e, .of an.alternate emhodi ment .of the
magnet i c %%ﬁéﬁpj‘ﬁﬁcpifo SeREEES & tHhe PreSEh Thveh 1%Gn AfED Tmit the
DESCRI PTI ON_OF THE PREFERRED EMBODI MENT The fol l owi ng description is the
best enbodl'KEnt *Bres@RERY -CofténBiest e® 5o :carryi ng out the present
invention. This description is nmade for the purpose of il]ustrating the
gener al 14 PRFREFPPEsNGH ttRe Tgfesdnt S RAFEhtiSoFhaMd ias dictk wEEite t4P0i ni t
the inventive concepts clained herein. Referring nowto Fig. 4, there is
shown a dFBRCEVLIE 208 PHESERLNGNVERAHIGssentAs Vo dm. FAg.sHowat ndast 4,
at | east one rotatable magnetic disk 412 is supported on a spindle 414 and
rotated bgna dosktdpileemagnet i418iskhd Lizadisetsuppoateddiong amegiindie estd and
disk is in the formof an annular pattern of concentric data tracks (not

shown) onrotetdiisby422dibk beave aveod idder. 41he map@sitiiconet il mheka

412, each slider 413 supporting one or nore magnetic read/wite heads 421
on each disk is in the form of an annular pattern of concentric
data tracks (not shown) on the disk 412.

At least one slider 413 is positioned on the disk 412, each

slider 413 supporting one oi more magnetic read/write heads 421
where the head 421 incorporates the MTJ sensor of the present
invention. As the disks rotate, the slider 413 ;s mo;ed radially
in and out over the disk surface 422 so that the heads 421 may
access different portions of the disk where desi;ed data is
recorded. Each slider 413 is attached to an actuator arm 419 by
means of a sgspension 415. The suspension 415 provides a slight
spring force which biases the slider 413 against the disk surface
422. Each actuator arm 419 is attached to an actuator 427. The
actuator as shown in Fig. 4 may be a voice coil motor (VCM). The
VCM comprises a coil movable within a fixed mégnetic field, the
direction and speed of the coil movements being controlled by the

motor current signals supplied by a controller 429.
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wher e ‘the head 421 incorporates the MIJ sensor of the present invention. As
the disks rotate, the slider 413 is noved radially in and out over the disk
surface 422 so that the heads 421 nay access different portions of the disk
where desired data is recorded. Each slidekS 413 is attached to an actuator

ari 419, by reags g 2cBUsaRTlon dide, TS SURSINOD MR I8 8l 0

spring force ases the slider 4 ag ace

actuator a 9.1 ttached.to an actuator .427. The actuator. .as sh '

F oo moBedk oial GBRRTRLES: Svany: DRRS BVPESTEE Gt Hade bl e
within a fixed gaggeth field, the direction_and speed of the coi

movenent sSBEFAGEcBAt Fofl 84161t Ad nithdche ircdndesi fha-deadhAle sy faces
controller 429. 15 During operation of the disk storage system the
rotation BRet RB=dRSR 2f2thendigke412n ia wrepeariedy tivetweem tie Heajuingt13
(the surface of the slider 413 which includes the head 421 and faces the
surface osurbacdi {RB812 msadr ¢her dédk cuafaare 422 Whdchngxewntfsacm LABS)Dd and
the di sk surface 422 which exerts an upward force or lift on-the slider.

The air bfarcegorhlsfeovnt ehe balideses fhe shirgbeaghngn@nu@ ecowaftdhe

suspensi on 415 and supports the slider 413 off and slightly above the disk

surface byadano®sl theUBSiagnti aplrY ngOFerR! oEPRAENGudPendd JROIITR LRer ation.
supports the slider 413 off and slightly above the disk sﬁrface
by a small, substantially cénstant spacing during normal -
operation. .

The various components of the disk storage éystem are
controlled in operation by control signals generated ﬂy the
control unit 429, such as access control signals and internal
clock signals. Typically, the control unit 429 comprises logic
control circuité, storage chips and a microprocessor. The
control unit 429 generates control signals to control various
system operations such as drive motor control signals on line 423
and head position and seek control signals on line 428. The
control signals Bn line 428 provide the desired current profiles
to optimally move and position the slider 413 to the desired data
track on the disk 412. Read and write signals are communicated

to and from the read/write heads 421 by the recording channel

425. Recording channel 425 may be a partial response maximum
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The various conponents of the disk storage systemare controlled in
operati'on by control signals generated by the control unit 429, such as
access control signals and internal clock signals. Typically, the control
unit 429 conprises logic control circuitsléstorage chips and a

mi cr opr 0cesaar 5, I8 GRHEEY! ”'“%e‘izgrge”ﬁ%%aatofsdc SRl natid, © it SR 0%

vari ous systen1operat|0ns sdc drivé I gn | I
and head n% seek cantral nals on i ne 8. e contro Si na s
on {ine 4 @§E8§ & - &8§|Pedt6ﬁ¥% S 1358 6 dptiiRn k 2 i y
position the slider 413.to the desired data track on the disk 412. Read an
wite sighalgeEFBHEOﬁﬁunﬁggtéd £ eaﬁ§tfro$qﬂﬁ?QWﬁﬁﬁﬂﬁQQQ9lﬁ%ﬁﬁg¥ﬁﬂ?%w t he
recording channel 425. Recording channel 425 may be a partial response
maxi mum reﬁﬁraﬁﬁglFﬁéoae@Pﬁﬁé)1@h§nﬁMRRNC%f1%%R detect channel. The
design and i nplenentati on of both channels are well known in the art and to
per sons ski | | eBhenabpgeadescriptienpodt er rtaw imadodiagaet i o edekdistp wanel
425 is a PMRL channel. The above description of a typical nagnetic disk
storage s§¥seeq, adddt hbeascooppanyiga lilusistatitdonob fFiFy.g .4 4aeerd dfor
representation purposes only. It should be apparent that disk storage
syst ens negprestatataochapgeposebeobnafy. dlSKSs@@@l@pb@abgb%reﬁﬂjﬁﬁ§ﬂ1dlsk
actuat or may support a nunber of sliders.
storage systems may contain a large number of disks and
actuators, and each actuator may support a number of sliders.
Fig. 5 shows a cross-sectional schematic view of the
read/write head 500 embodying the present invention which
includes an MTJ read head portion and an inductive write head
portion. The head 500 is lapped to form an ABS. The read head
includes an MTJ sensor 540 disposed between first and second
shield layers S1 and S2. An insulating gap layer Gl is disposed
between the first and second shield layers S1 and S2 in the
region away from the MTJ sensor. The write head includes a coil
layer C and an insulation layer IN2 which are disposed between
insulation layers IN1 and IN3 which are, in turn, disposed
between first and second pole pieces Pl and P2. A gap layer G2
is di;posed between the first and second pole pieces Pl, P2 for
providing a magnetic gap at their pole tips adjacent to the ABS

for providing a write gap . The combined read/write head 500

shown in Fig. 5 is a "merged" head in which the second shield

_—
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Fi-g. "6 -shows a cross-sectional schematic view of the read/wite head 500
enbodying the present invention which includes an MIJ read head portion and
an inductive wite head portion. The head 500 is | apped to forman ABS. The
read head includes an MIJ sensor 540 di ggosed between first and second

shield | ay S 2. An_in I I | t he
first and” §¥80 lzsﬁ|e|ﬁe|£$SF%%§ H%g§%%ﬂﬁ“%%§aﬁé |5ﬁjgﬁh roﬁggﬁ%§§#5
sensor. The wite head include COI| Ia er Cand an.insylation |ayer |N2
which are- arsptl?sefff‘bgﬁ/\égﬁ‘dl nsalgﬁ g PNL P99 YIRS %i/\h%cq"f‘d; Q/%I?
turn, disposed, betyween first and secq e pieces Pl and P2 p Ia er
@ i di spaSedibotheeh the Frconchs J@S@ﬁ 169 Sonas dipreas neatl 1 ¥

providing a magnetic gap at their pole tips adjacent to the' ABS for
provi di ngS&PRFFEE §ap S1PRdNSonBayed fed Wi dayedd g idwokds fiks;: pig
a "merged" head in which the second shield 17 layer S2 of the read head

is enpl oyBdegs &-f ifpst =p6l wrgitecdept.for the wite head. Aternatively, a
"pi ggyback"” head may be used in which the second shield |ayer S2 of the
read head is aFigpafasaocasdagi stimbeariyng srdacehd ABSlevifewt,mingf thee fir st
pole piece P1 for the wite head. Fig. 6 shows an air bearing surface (ABS)
vi ew, not stals¢abd, aof MAT BEhseenSO0 &mmamimmﬂnngth@1pneﬂynﬂawmm®od1ment
enbodi ment
of the present invention. The MTJ sensor 600 comprises passive
end regions 664 and 666 separated from each other by an éctive
central region 662. The active region of the MTJ sensor 600
comprises a first MTJ stack 602 and a second'MTJ stack 604 formed
in the central region 662. A common electrode layer 642 of
electrically conducting material such as gold disposed between
the first MTJ stack 602 and the second MTJ stack 604 is formed in
the central region 662 and in the end regions 664, 666. The
first MTJ stack is formed directly on a first shield (S1) 640 in
the central region 662. The first shield 640 is a layer of soft
ferromagnetic material such as Ni-Fe (permalloy), or
alternatively Al-Fe-Si (Sendust), deposited on a substrate 601
and extending over the central region 662 and the end regions 664
and 666 to provide magnetic shielding of the MTJ sensor 600 from

stray magnetic fields. First insulator layers 650 and 652 of

electrically insulating material such as Al,0; are formed in end

>
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of  t he present invention. The MIJ sensor 600 conprises passive end regions
664 and 666 separated from each other by an active central region 662. The
active region of the MIJ sensor 600 conprises a first MIJ stack 602 and a

second MIJ stack 604 fornmed in the centrdl region 662. A common el ectrode

| ayer 642 t d ri.al jsuchy i sedabetweer
thg first o Jl%srfs;ciéggézﬂdan%@?hgf%é%%%d I\/ﬁ'ﬂ St a?:k 6D?1f| gg# o?ﬁ%%i)langgﬁec"\ﬁeq‘q

tral 664, _666., i gst MEJ.stack_is
comral ! SHEP G LG, RSN oBlo0e 854 P06, Jhe 11 SN RUCk L
f t shi Id 640 f ft f t t I h N - Fe
15U P S840 oy 2 Lvets o sold ersomgnet e ol erl gl suehos N e

601 and extendlng over the central region 662 and the end regions 664 and
666 to prdvide FERynERTRedniel ndgredions fA9 5BASBPE60DCEPORESVRAY  nBgNSisc
fields. First insulator |layers 650 and 652 of electrically insulating

mat eri al $@FAs eAarrddD[Iaydr H42 fandreth i abenting déntagtons 664 andond
666, respectively, on the first shield 640 and in abutting contact- with the
first MrJMiVacktaill.6Becoril secatditsiiidhye(S$2 6584 ansit 656£0f ferechagaatk y
~.insulating material such as Al[err]O[err] are fornmed in end regi ons 664 and

666, respaeitiomlal syt hes Py, e 1esendeyes]l 4R and ¢, abyt fbf:‘ﬂed over
contact to the second MIJ stack 604. A second shield (S2) 644 of soft
f erromagnethieC second insulator layers 654 and 656 in the end regions 664
and 666, respectively, and over the -second MTJ stack 604 in the
central region 662. R
If longitudinal stabilization of the magnetic domain states
of the free layers of the MTJ1l and MTJ2 stacks 602 and 604 is
desired, hard bias layers may be provided within the first
insﬁlator layers 650 and 652 and the second insulator layers 654
and 656 as is known in the art. IBM's U.S. Patent No. 5,720,410
granted to Fontana et al., and incorporated herein by reference,
describes such a longitudinal.biasinglmethod for an MTJ sensor.
The first MTJ stack 602 comprises a ferromagnetic first free
layer 622, a ferromagnetic first pinned layer 618, a first tunnel
barrier layer 620 disposed betﬁeen thé first free layer 622 and
the fifst pinned layer 618, a sead layer 610 and a first

antiferromagnetic layer (AFM1) 612 disposed between the first

pinned layer 618 and the seed layer 610. The AFM1 layer 612 is

—_—
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mat eri al such as Ni-Fe, or alternatively Al-Fe-Si, is formed over the
'second ‘i nsul'ator | ayers 654 and 656 in the end regi ons 664 and 666,
respectively, and over the second MIJ stack 604 in the central region 662.
| f |ongitudinal stabilization of the nd@netic domain states of the free

| ayers Ofeiévf‘ark\érélcﬁu”lg AgJ@?SEﬁék?.lGQ% ?Eﬁn§9415§e9681§eﬁrok}%§n ap layers

may be provided wt i rst 1 nsula | ayers 650 and 652 and the

second | nsplaLoL, | Avels 034,200 R85 ag,Le; a0V, AithecREh oEBMYS Yids:

Pat ent grante ont'arna e Ncor por at herein by
reference,, des bes s a Ion I,t udi nal sin th nsar
et r e R Lerer et far PRl 48R, panERb feST ) Mofle] faghReY %téﬁf
ferromagnetic _first_pinned |ayer 618, a_first tunn h? arrie

ayer
di sposed %%ﬁm%%ﬁ?%h%r$$r%%y?feé2?a§ér°629n5ﬁ8 PRES ttBiﬁhé Aé§yéP i§ a
seed layer 610 and a first antiferromagnetic |ayer (AFML) 612 di sposed

bet ween tfre¢itetrotabedinayee pregsanget fé sesdgnajemaeRoLichd&ipgnt | ayer
612 is 19 exchange coupled to the first pinned | ayer 618 providing an
exchange fi el dThe peconteMTidgatackabDdncdmpeiseenaofetrrombgnetipi seednidayer
618 perpendicular to the ABS. The magnetization of the first free layer 622
is orienteceparayéel 624, t hefédBtonadnesitr eecbadr piahed aly/be BREseaCSeWorrd

signal magnetic field.
tunnel barrier layer 626 disposed between the second free layer
624 and the second pinned layer 628, a cap layer 632 and a second -
aﬁtiferromagnetic layer (AFM2) 630 disposed between the second
pinned layer 628 and the cap layer 632. The AFM2 layer 622 is
exchange coupled to the second pinhed layer 628 proviéing an
exchange field to pin the magnetizatioq direction of the second
pinned layer 628 perpendicular to the ABS. The magnetization of
the second free layer 624 is oriented parallel to the ABS and is
free to rotate in the presence of a signal magnetic field.

The MTJ sensor 600 may be fabricated in a magnetron
sputtering or an ion beam sputtering system to sequentially
deposit the multilayer structure shown in Fig. 6. The first
shield (S1) 640 of Ni~Fe having a thickness in the range of 5000~
10000 A is deposited on the substrate 601. The seed layer 610,
the AFM1 layer 612, the first pinned layer 618, the first tunnel

barrier layer 620, and the first free layer 622 are sequentially
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The second MIJ stack 604 conprises a ferromagnetic second free |ayer 624, a
ferromagnetic second pinned | ayer 628, a second tunnel barrier |ayer 626

di sposed between the second free |layer 624 and the second pinned | ayer 628,
a cap layer 632 and a second antiferrdﬁhgnetic | ayer (AFM2) 630 di sposed
bet ween t second, pi.nned,l ayer 628 and th ap |layer 632. The AFM2 | ayer
622 is exrca%gﬁ&e‘ ESUSSF '?Edn'et é%%%%%ni@l%e&%ﬁ%%%iﬁg an
exchange field to pin the nmagnetization direction of the second pi nned

| ayer 62810805eNd AR arrk & 1S S e TRORrgHetF 1ekd i APHe SecdRdter ee

| ayer 624 is oriented parallel to the ABS and is free to rotate in the
presence OF1&Tsi fi& SFEDh&]S fQfelall THe MErs@mIe 50D Inebe- f abRecaeed
in a magnetron sputtering or an ion beam sputtering systemto sequentially
deposi t tRayedl ®ililayer sthawgurdeptmiied - Finpdely THe feérwitahi eddaplsiy 640
of Ni-Fe having a thickness in the range of 5000- 10000 A is deposited on

t he subst tekEéud@l orThyrasieedsilzy erf Gl dlisseiMint ayayre el 2, andhandy r sot pbaned
| ayer 618, the first tunnel barrier |layer 620, and the first . free |ayer 622
are sequeneedely depe2dlidepasni tidtk avetfet el fof sthe B sbdidht Mayherpr esence
of a longitudinal or transverse magnetic field of about 40 Ce to orient the

easy axesuskdal thehaderl nemgneid e bayestned et seattdaper (10, | 51 BcbAYEh
deposited to nodify the crystall ographic -
(Zr), or mnickel-iron (Ni-Fe) having a thickness of about 30-50

A. The AFM1 layer 612 formed of Mns—Feso, Or alternatively, of

~

Iry0-Mngo, having a thickness of about 100 A is deposited on the
Séed layer 610. The ferromagnetic first pinned layer 618 may be
formed of Ni-Fe having a thickness in the range of about 20-50
A, or alternatively, may be fqrmed of a sub-layer of Ni-Fe
having a thickness in the range of 20-50 A deposited on the AFM1
layer 612 and an interface layer of cobalt (Co) having a
thickness of about 5 A deposited on the Ni-Fe sub-layer. The
first tunnel barrier layer 620 is formed of Al,0; by depositing
and then plasma oxidizing an 8-20 A aluminum (Al) layer on the
first pinned layer 618. The ferromagnetic first free layer 622
may be formed of Ni-Fe having a thickness of 20-50 A, or
alternatively, may be formed of an interfacé 1ayer.of Co having a

thickness of about 5 A deposited on the first tunnel barrier
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texturé or grain size of the subsequent |ayers, and may not. be needed
‘depending oh the material of the subsequent |ayer. If used, the seed | ayer
may be formed of tantalum (Ta), zirconium (Zr), or nickel-iron (Ni-Fe)
havi ng a thickness of about 30-50 A. The FML | ayer 612 formed of

Mhlerr] 'F%)gé%] 628'a bteroapiygly. ofe byl ger Lé%ﬁ%%%r %Lgh?@kin%%sa itrhiglhess

of about s deposited on thé seed | ayer erromagnetic first

pi'nned | ayer 618 ornmed af N -Fe having .a _thickness in the range of
about 20-%%“9@ 3f @5?55% APERP 1 7l Pe W6 8 S -f‘aﬁ}’eﬁr ‘of Ni-Fe
having a thickness _in the range of 20-50 A deposjited on the AFML | ayer 612
and an interfatke| ByEPtMTeoBRRE( €AY RavIERSLASEhilekhBSs Contagureadic - 662
deposited on the N -Fe sub-layer. The first tunnel barrier |layer 620 is

f or med ofoidlepe3Df éng] abyrdeposististg aand usiag phased igkiogiraphy @nd-20n A
alum num (Al') layer on the first pinned |layer 618. The ferromagnetic first
free | ayeni b2Pngeyrbeecbsenededil krokWwa Havithg arthi cEhes£ialst20nsmlatar
alternatively, may be forned of an interface |ayer of Co having a thiekness
of about bavedep650tandoasgheahi nsiv bendelpoddtedeon th2l ekpypsedHimmtd a
sub-layer of N -Fe having a thickness in the range of 20-50 A deposited on

the Co indiérgeshayeh. ti8echr gbglbhssedak 2002 6668, debishedtiivellie cead al

regi on 662 by depositing a photoresist and using photolithography and ion
first insulator layers 650 and 652 are formed of Al,0; by
depositing and then plasma oxidizing an Al layer haVing_?
thickness approximately equal to the total fhickness of the first
MTJ stack 602. The photoresist protecting the first MTJ stack |
602 is then removed and the common electrode 642 of géld (Au)
having a thickness in the range of 200-300 A is deposited on the
exposed first MTJ stack 602 and on the first insulator layers 650
and 652.

The second MTJ stack 604 is formed by sequentially
depositing the ferromagnetic second free layef 624, the second
tunnel barrier layer 626, the ferromagnetic second pinned layer
628, the AFM2 layer 630, and the cap layer 632 over the common
electrode 642 in the presence of a 1ongitudina1 or transverse
magnetic field of about 40 Oe to orient the easy axés of all the

ferromagnetic layers. The second free layer 624 may be formed of

Ni-Fe having a thickness in the range of about 20-50 A, or

_—
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mlling processes well known in the art. The first insulator layers 650 and
652 can now be deposited on the exposed first shield 640 in the end regions
664 and 666, respectively. The first insulator |ayers 650 and 652 are

formed of A1203 by depositing and then pl2&sm oxidizing an Al | ayer having

a thi ckne I teI gual 1o tal _t.h e f hr t_ MIJ

st ack 6023112%@?1 otoré’s'i oe[ ec‘flinﬁieg(?t?i Efisf%tf éta@ Bi-ge aYhed @
renmoved and .t he common ectrode 642 of Au thickness in the
omoetor S ks A T Eg’ﬁos‘iat%if'd?ift o d A catpe i 8NN AS Al eSEBsRand on
the first insulator |ayers 650 and 652. The second MIJ stack 604 is forned
by sequen€il&Ctyodep§dZ iaid aie Fareiremetaves dorfep fhaseingyertisbakness in
second tunnel barrier |layer 626, the ferromagnetic second pinned | ayer 628,

t he AFMR tayema@@@,cah@iﬁnﬁepqsitq@roﬁBﬂh@v@i—E@esumﬂhmyeelecThedeeGéﬂdin
the presence of a longitudinal or transverse nagnetic field of about 40 Ce

to orient thheegappraves dfayrld dde fLrfomaness al,8y by degbeiceagndnéir ee
| ayer 624 may be forned of N -Fe having a thickness in the range of about

ﬁngggAa ?Esgkﬁgégﬁilatn e rang?g ow;tgoﬁ%dep }g%%ed%gﬁj%ﬁ%ﬁéoﬁér%%dlzgree
el ect rodelgsd,(%ra%(iﬂn "I‘Pit ergear%%rda%etlé s%ocg'n%/ pT Nhid qé:)}(enz? Saszé may be
formed of Ni-Fe having a thickness in the range of 20-50 A
deposited on the second tunnel barrier layer 626, or
alternativeiy, may be formed of an interface layer of Co having a
thickness of about 5 A.deposifed on the second tunnel barrier
; layer 626 and a sub-layer of Ni-Fe having a thickness‘in the
- range of 20-50 A.depo§ited on the Co interface layer. The AFM2
layer 630 formed of Nisy~Mns,, or alternatively, of Pt-Mn or Pt-
Pd-Mn, having a thickness of about 100 A is deposited on the
second pinned layer 628. The cap layer 632 formed of tantalum
(Ta) having a thickness in the range of 20-50 A is deposited on
the AFM2 layer 630.
The second MTJ stack 604 is defined ip the central region
662 by depositing a photoresist and using photolithoéraphy and
ion ﬁilling processes well known in the art. The second

insulator layers 654 and 656 can now be deposited on the exposed

common electrode 642 in the end regions 664 and 666,
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the range of 5 A deposited on the Ni-Fe sub-layer. The second tunnel
barrier 'l ayefr 626 is formed of A1203 by depositing and then plasma
oxidizing an 8-20 A Al |ayer on the the second free |ayer 624. The
ferromagneti c second pinned | ayer 628 mag23be forned of N -Fe having a

t hi.ckness fé%ﬁé?%ernﬂfl Tﬁg égcéggegﬁghiggo?nééggﬁg %sﬁdah ngels %% S rmed

| ayer 626, orne ace ayer
having a t 855, 0f gbout 5 A deposited on _the second tunnel rrier

| ayer 626 ang¥p su%ylgyg?st RS- Ethz PRy Pa3CRRCREESS 2R dt Re ﬁ&n SYSE 20- 50
A deposited on 9§}|nterface Iax The AFM2 | ayer 630 forned of
Ni[err]- Mﬁﬁﬁ%ﬁg drt tErnAti 9BPYO sRapelynegpapt sOpRbRNTORaYi kigkness of
t hi ckness about 100 A is deposited on the second p|nned | ayer 628. The
cap Iayerﬁ%ﬁz%%QQRQiMﬁJt%h%aFuﬁP%Ta)Thﬁvpﬂ@t9r€ﬁ+§kn@§§ PA-LRE tamgeesiond
20-50 A is deposited on the AFM2 | ayer 630. The second MIJ stack 604 is
defined i Mihestagi ref4 riyi bheserengvedpasdt thg acpbodosbsedt 488)usiddgof -
photol it hography and ion mlling processes well known in the art. The

second i n3ll-tReorhdwayey sa 6541 aknle $56i s ath8ovahge depospbed1000bhd exposed
common el ectrode 642 in the end regi ons 664 and 666, 23 respectively.

The secondidptsdiltidron awes Seﬁ@ﬁsé(ﬂ'dséégnérﬁl‘j%ﬁggk ogoALLRE" bAL BhEl sBEond
depositing and then plasma oxi di zi ng an | ayer
insulator layers 654 and 656.

Referring again to Fig. 6, the first shield (S1) 640 and the
common electrode 642 provide electrical connections for the flow
of sensing current Il to the first MTJ stack 602. In the first
MTJ stack 602, the flow of the sensing current Il is'in a
- direction perpendicular to the plane of the first tunnel barrier

layer 620 as shown.by arrow 670. First insulator layers 650.and
652 provide electrical insulation in the end regions 664 and 666,
respectively, preventing shunting of the sensing current Il
around the first MTJ stack 602. The second shield (S2) 644 and
the common electrode 642 provide electrical connections for the
flow of sensing current I2 to the second MTJ stack -604. 1In the
second MTJ stack 604, the flow of the sensing current I2 is in a
direction perpendicular to the plane of the second funnel barrier

layer 626 as shown by the arrow 672. Second insulator layers 654

and 656 provide electrical insulation in the end regions 664 and
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having-a thi ckness approxi mately equal to the total thickness of the second
*MIJ stack 604. The photoresist protecting the second MIJ stack 604 is then
renoved and the second shield (S2) 644 of N -Fe having a thickness in the

range of 5000-10000 A is deposited on tB¢ exposed second MIJ stack 604 and

on the s dJj - a Ref er ki ng.agal Q- ' 34
fitst skﬂéﬁ%f(%ﬁ?ﬂég%gg%%Qyﬁ%§Eg§ﬁ%ﬁﬂgIgg??%dé 635 6§%v? h81hg Blzent T
connections for Ehe flow foens%n%}cgbaent 1 to the first MIJ stack 602.
In.the fiF<RUIRTIERT atkC802, T he® FRGW the sensing current 11 is in a
direction perpendicular to_the glane Bf;the,tL[st t unnel barrieg | ayer 620
as shown by ardbvPB76he ATdiSensarablP Fap&isz656nandc658Sphavi geen
electrical insulation in the end regions 664 and 666, respectively,
e g,=ve$th i ngamldeﬁQ. *?lﬂdezrgg?ggﬁizaggégﬁr et the mlauﬁta ﬂg&egzrz §il8w,m:st63@k of
: e second shie an e comon el ectrode provi de
el ectri calheoniest i MBS $backh€02| amdothsensicngdcMi'deatat® 604t he second MIJ
stack 604. In the second MIJ stack 604, the.flow of the sensing current |2

is in a di¢spdcoveeypemdseubar £igetihénphananefipbiralsetondibnnaelopabyi emn
| ayer 626 as shown by the arrow 672. Second insulator |ayers 654 and 656

provide electiaCptat ISH! pkbe8ssN tRetBndheenbgnst864t@aBls of2pitbed layers

respectively, preventing shunting of the sensing current |2 |
618 and 628 fixed perpendicular to the ABS and antiparallel with
respect to each other as shown by arrows 619 and 629 (head and '
tail of arrows pointing out of and inté the plane of the papéf(
respectively), respectively, the magnetoresistive signal

: generated due to an external field from the disk by tﬁé first MTJ-

staék 602 will differ in phase by 180" with respect to the
magnetqresistive signal generated due to the same external field
by the second MTJ stack 604.

The AFM1 layer 612 material is chosen to have a blocking
temperature (the blockiﬁg temperature is the temperaturelat which
the exchange coupling becomes zero) lower than the blocking
temperature of the AFM2 layer 630 material. The AFM2 layer 630
-is first oriented by heating the MTJ sensor 600 above the
blocking temperature, Tg, 0f the AFM2 material (£he'blocking

temperature of Nisc~Mnso is approximately 250° C) and then with an

external magnetic field greater than about 5000 Oe applied
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ar'ound the second MIJ stack 604. After the MIJ sensor 600 fabrication
process has been conpl eted, the magnetizations of the pinned |ayers 618 and
628 of.the first MIJ stack 602 and the second MIJ stack 604, respectively,
must be fixed in an antiparallel orien2®tion by an initialization process.

/1. f . pi I 1 d 628 f rpendi_cul ar
the aBS s BariEbtArcrS, R AEE o BES3 dadh a”tsw:gs' ﬁ&ﬁﬁig@? %ﬂaﬁsr ﬁéf
d hea dt nd intg the p ane o e
SQpe?ZQré%%eﬁPéﬁers%eL By pBbrR oYy Redid Pundher Sebdi SRpe g R Gordiat ed

due to an_ rnal field fromthe disk by the first MIJ stack 602 wi ||
differ in° Eéngyt§§ﬁeﬁFFHrPesB@cttﬁ@tﬁﬂ?Qﬁiﬂ%HQﬁmRﬁﬁﬁqu?sﬂﬁyﬁﬂw Feso is

gener at ed due to the sanme external field by the second MIJ stack 604. The
AFML | aye?beub hdPelG 4l bysaphdyéngt 8 Nalsagebpodisiengcresse theuME Jit ltack
bl ocki ng tenperature is the tenperature at which the exchange coupling

becomes z€02)tboweuseéhassibeibbonkbigngerperatenpeohtiie AbMRel aYemA30
material. The AFM2 | ayer 630 is first oriented by heating the NWJ sensor

600 abovepéhewbrgckhagtheRpaiahuas, elr@rnhil ﬁiaghfé%léF"ﬁelﬁgf[e £ ¥han
bl ocking tenperature of N [err]-Mlferr] is approxinatel C) and

Lhen wi t haisouex86002be TBEpEL L ﬁé%b@n&&%ﬁi%& tBapnabaws Q%Oa??%l@eﬁlalel%l
to the field applled to set the AFM2 layer 630, cooling the
sensor. The external magnetlc fields applied during the\settings
of the AFM1 1a§ef 612 and the AFM2 layer'63b are antiparallel in
order to .set the magnetizations of the first pinned layér 618 and
.the second pinned layer 628 antiparallel with respectgfo each

- ~other.

"Fig. 7 shows a schematic diagram of a thermal asperity

reduction circuitry 700 according to the preferred embodiment of
the present invention. Circuitry 700 comprises MTJ sensor 600
havinglfirst shield (S1) 640 and second shield (S2) 644
electrodes and a common electrode 642, a first current source
710, a second current source 712, and a differential circuit 730.'
The differential circuit 730 includes a first input terminal 733,

~a second input terminal 735, an output terminal 740; and a ground

(reference) terminal 738.

_—
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perpendicul ar to the ABS, cooling the sensor. The AFML | ayer 612 is then
teset by locally heating the AFML materi al above its bl ocking tenperature,
T[err] (the blocking tenperature of Mi[err]-Fe[err] is about 150 C ) by
appl ying a voltage pul se across the MIiJRetack 602 to cause resistive

neat 09, 0,2 LSREEPLpLeLapUEoThEE] Ut e QU0 0d RSB A oo

ext ernal magne gr éat er Ce “appli ed “perpen

the ABS and antiparpallel ta.the field applie o_set the AFM2 | ayer 630,
cool i ng CHRN SRS .g%henéxgéfﬁglshésﬁgtﬁ ‘figﬂhs:agpFPedhﬁuFPW@ e
settings of the AFML | ayer 612 and the AFM2 | ayer 630 are antiparallel_in
order to Se¥CTtFefubhet FeaProNidsf thResenest Corigal Kdyép 618 Fddsthé-J
second pinned | ayer 628 antiparallel with respect to each other. Fig. 7
shows a stireiat$@2di afranseftondt hermahtaspericey 7a8dast conneictedi tioy tTG0
according to the preferred enbodi nent of the present invention. Crcuitry
700 conprssesndlshsehdofSBPO6havang tor shesborindn( 81pct40dand42eeongritieldl
(S2) 644 electrodes and a common el ectrode 642, a first current source 710,

a second ks redissotigeerit212ap8 endi Ekebant Mal sthew 60430. cliR@ents 11
differential circuit 730 includes a first input termnal 733, a second

igfﬁ}ngfﬁgggéi2?§€% é@j@gﬁgHtséefﬂgﬁa%i%ﬁonoa@QtErﬁéguﬂggﬁéﬁﬁ%r%&%QB
(signal field) present, the product of the first MTJ stack
resistance times Il1 (i.e, the voltage drop across the first MTJ
'stack) is equal to the product of the second MTJ sensor
resistance times I2 (the voltage drop across the second MTJ
stack). ‘

The first shield (S1) 640 ié also connected, via the wire
732, to the first input terminal 733 of the differential circuit
730 and the second shiela (S2) 644 is also connected, via the
wire 734, to the second input terminal 735 of the differential
circuit 730. The common electrode is preferably connected to a
common wiring pad 714. The common pad 714 in turn is connected,
via wire 736, to the ground 738 of the differential.circuit 730.
The output terminal 740 of the differential circuit 730 is then
connected to the data recording channel 720 for further

processing of the detected signals according to the description

of Fig. 4. The recording channel 720 and the differential
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Referri'ng back to Fig. 7, the first current source 710 is connected to the
first shield (S1) 640 and to the common el ectrode 642 to provide the sense
current I1 to the first MIJ stack 602. The second current source 712 is

connected to the second shield (S2) 6447and to the common electrode 642 to

pravide the I2 to_the_ second J stack 604, rents a

12 are adjuéﬁﬁg' 6£#%1$ T ext eF %frﬁghgét?ﬁ PR Fe¢RF ﬁ%? ?YﬁLﬁT 9%0,
present, & product, of the rst &WJ stack resistance tines 11 (i.

vol ¢ age dr GO e FHTSY- hmﬁ %k?r?§e€%%%+a%%ytﬁesb¥bﬁgﬁrb6$eﬂh€lgh"
second MIJ sensor resistance tines |2 (the voltage drop across the second
MIJ st ack)SPemsk Fifiarshid F)ibuori tnbegratedntetedthei sambes il ieon32,
to the first input terminal 733 of the differential circuit 730 and the
second shi®@liP (t$At 64% id soecontibny echanhal t 20 W s ei 78dgraved hensecond
input termnal 735 of the differential circuit 730. The conmon el ectrode is

pr ef er abl YDidtfeneotteich It o iar@onnoTBW fanghercthddda Jhefeosmpia Pagha7d4shsht urn
is connected, via wire 736, to the ground 738 of the differential circuit

730.  The Q:lllia:tuttkieerdﬁﬂlﬁit LA gd hee dhdder P40 | @he CE& Cribd J%éfeﬁéén?etﬁeen

connected to the data recordi ng channel 720 for further processing o

d d f
CE; ﬁﬁte e 73%% R ]914 i3 efnétz? ;zft? HesCf{ PLL U@ s&bdhd 4ingle LESRIFLTY 733

and 735 can be expressed in terms of:
Vigo = A* (V33 — Viss)

where A is the differential gain of the differential éircuit 730.
The design of a differential amplifier is known to one of
ordinary skill in the art. |

Now referring to Figs. 8a, 8b, and 8¢, there are shown the
voltage signals present _at the first input terminal 733, the
second input terminal 735, and the output terminal 740,
respectively, of the differential amplifier 730 under DC bias
condition, in the presence of data fields from a magnetic disk,
and in the presence of a thermal asperity and data fields from a
magnetic disk. Now referring to Figs. 7 and 8a-8c, under the DC

bias condition (no external field is present) the voltage at the

first input terminal 733 is a DC voltage 810 which is Rugs * I1,

LT




27 circuit 730 together are referred to as the recording system 750.
Differential ‘circuit 730 is preferentially a silicon-based hi gh- speed
differential anplifier integrated into the sane silicon chip that the data
recordi ng channel 720 is integrated int@g8 5 Differential circuit 730

further h I niial,gaLn h.tha he out pu ol.t age_at _nqde 74
due to t naf rTebeEEE Bt Atndnb BahE o bt aEpERRE Pab e R P VRS,

i nput term.nals 733 and,7 can be expressed in terns of: [err] where Ais
the di ffer8hFaligafneof ﬁe GFF &Nenticditager @i thesQutE desinyimank 40 is
differential_anplifier is known to one of ordinary skill in the art. 15
Now refenﬁrﬁFtYP##@@? 30-8b, and 8c, there are shown the voltage signals
present at the first input termnal 733, the second input term nal 735, and
t he out put termdmathg{oresespectival jiedfl, t becdi seaedatal fappbi firem &30
under DC bias condition, in the presence of data fields froma magnetic

di sk, 20 magmekia dhek presencelodga sbeosel thepeTIt ytaodsdahanbiesl dechiea
a magnetic disk. Now referring to Figs. 7 and 8a-8c, under the DC bias

condi ti on dihctiextatiavedge figl thé Sceseseahgesher vohéagennbl1t Barkibst 1A% 620

termnal 733 is a DC voltage 810 which is Rerr]* 11, 28
and 626. The voltage developed across the first MTJ stack 602 as
a result of the change iﬁ the resistance of the first tunnel
barrier iayer 620 in the presence of a data field is represented
in the form of an AC signal. Consequently, the-voltage.signal at
.fhe first input terminal 733 which is connected to the first
shield 640 is voltage 812 which has an AC component 834 and a DC
component 810. The AC component, as mentioned above, is due to

the change of resistance of the first tunnel barrier layer 620 in

the presence of the field from the disk and is:
I1 * ARaan
and the DC component, as described above is:
- I1 * Run

such that:
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the vel'tage at the second input terminal 735 is a DC voltage 820 which is
Rlerr] * 12,  and the voltage at the output terminal 740 is a DC vol tage
830. In the presence of a field, such as a data field froma magnetic di sk,
the vol tage across the MIJ stacks changes because of the change in the

resi stances of the tunnel barrier |ayergg620 and 626. The voltage devel oped
across the first MIJ stack 602 as a resu?t of the change in the resistance
of " the first t%nneL bargi§J | ayer_620 in the presence of a data field is
represented i n'fHBe formo RﬁﬁlAb'sfgﬁa%FHCDnsequently, t he vol t age signal
at_the first input termnal 733 which is connected to the first shield 640
is voltage 812 which has an AC conponent 814 and a DC conponent 810. The AC
conponent, as nentioned above, is due to the change of resistance of the
first tunnel b&imidradlayertB2070ltdde e esences of - tdus fired sda@m tegdsskck
and is: | [err] and the DC conponent, as described above is: [err] such

t hat : BO4[ esr b Semular lof e oldiggei rlevel opad AUMES dheisecondoMJ
stack 604 as a result of the change in the resistance of the second

tunnel barrier layer 626 in the prazsence of a data field is
represented in a form of an AC sicnal. Consequently, the voltage
signal at the second input terminzl 735 which is connected to the
second shield 644 is voltage 822 which haé an AC componegt 824
and a DC component 850. The AC ccmponént, as mentioned abové,.is
due to the change of resistance of the second tunnel barrier

layer 626 in the presence of the field from the disk gnd is:
I2 * ARwraz

and the PC component, as desc:ibed above is:
I2 * Ruraz

such that:

Veze = I2 * ARurgz + 12 * Ryrsz.

\
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tunneb ‘barrier layer 626 in the presence of a data field is represented in
a.formof an'AC signal. Consequently, the voltage signal at the second

i nput termnal 735 which is connected to the second shield 644 is voltage
822 whi ch has an AC component 824 and a B conponent 820. The AC conponent,

as nmentio Q%%yef | SopUg f | St e . nd tunne
barrier Izrlallsljg’re 6 ilr%£ t%ne pr%gzaénggo%%@?%ga?i%*%s*(?om h%ﬁéd%éQE%?\gglfs: [err]
and t he t e ' e is,.lerr] suc hat : r 30
However, Dicétr(i%hm%u gL lrIe o?l%ttgloé%éﬁ%ule %)%l?%ed#n #%Ja?% Igehré o?ril%n%géi%lfl 5P€t he
magneti zati.on djrections, 6 and 6 f the pinned layers in the two MIJ
stacks 60214R& d’fyerressﬁébtlliaﬁelr%}”’o t%mj)es%%C]égpﬁg%@‘ﬂ?‘f&é?en%%sfa?c‘ihﬁelyf
bet ween the AC conponents 814 and 824 of the voltages 812 and 822,

respect i v&hgre i Ide phassentid ifrende edfl ¥8Gnpehwedinskhet RE compage rdts t&ist

output termnal 740 will be equal to the difference between the voltage
signal s atnth@&24 ot tard waeeRskd AR 40d 82w SrdseditydBp, times the

differential gain of the circuit 730 as shown bel ow
In the presence of a field from the disk, the voltage at the
output terminal 740 will be equal to the difference between the
voltage signals at the first and second input terminals 733 and

735 times the differential gain of the circuit 730 as shown

below:

Viso = A* (V33 — Vias)

Vesz = A¥* (Vs12 — Vgz2)

Vesz = A*(I1 * ARwrar + I1 * Rgm — I2 * ARmraz = I2 * Rurgz) .

Since the currents Il and I2 are chosen such that Il * Rypp = I2
* Rursz, the contributions from the above two signals cancel each

other and:
Veiz = A*¥(I1 * ARwrsr — I2 * ARuro2) .

It should be noted that because the magnetoresistive signal from

the second MTJ stack 604 is 180  out of phase with the

-_—
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[err]. Since the currents |1 and |12 are chosen such that |1 * Rerr] =12 *
Rlerr], "the ¢ontributions fromthe above two signals cancel each other and:
[err] It should be noted that because the. nagnetoresistive signal fromthe
second MIJ stack 604 is 180 out of phasgiwith the 31 magnet oresi stive

signal fr | skagk 560 amg;itudgqrof Lt-he A | t-gge 834 at
t he outpu?ﬂ%%$§$é€f§%z%q?§ %Eg"ggn?gPh?ﬁg“ggﬁfﬁtudg?fof%?heq§%8v61tages 814

and 824 at_1 be. i nput Eerggnﬁ SﬁZ§%a%Qd8§§53+N%Wga&§qu-th@Lmﬁ—LheHH% 5 the
hon Take 3 Wi P Ig dat a i

asperity ﬁ% nonenon kés place réading data from a track of a disk
causing the te e[aturgﬁgt tEgANWJ S Qs%k 60Q.to i ngrease. . er_such .,
condi ti on, SYReCY ot e gRTBEIEHESE PLt tRFpAC @RS woul F4fe % volg agePut

842 which has an AC conmponent 844 and a DC conponent 840. The AC conponent

i s due to tdEEhahge’PA 8AE FéSi-stance of the first tunnel barrier |ayer

. 620 in the presence of the field fromthe disk and is I1 * Rerr]. The DC
conponent 840, New chssgmeephatent sliehypad sedeai tshivheriomerion DS Aad tRlgece

foll owed by an exponential decay in the shifted DC voltage is I1 * Rerr]

such that:while reading data from a track of a disk causing the temperature

of the MTJ sensor 600 to increase. Under such condition, the

voltage at the first input terminal 733 would be a voltage 842

which has an AC component 844 and a DC component 840. The AC

component is due to the change in the resistance of the first

tunnel barrier layer 620 in the presence of the field from the
disk and is Il * ARwrn.
The DC component 840, which is represented by a sudden shift

in the DC voltage followed by an exponential decay in the shifted

DC voltage is Il * Rwyr;n sSuch that:

Veiz = I1 * ARrsr + Il * Rma.
In the presence of the thermal asperity, the voltage at the
second input terminal 735 would be a voltagé 852 which has an AC

component 854 and a DC component 850 such that:

Vesz2 = I2 * ARyrgz + I2 * Ryrge.
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[err]-I'n the presence of the thermal asperity, the voltage at the second
input termnal 735 would be a voltage 852 which has an AC conponent 854 and
a DC conmponent 850 such that: [err] 32 Now, under the condition of a
thermal asperity phenonenon while reading data froma disk, the voltage at
the output termnal 740 will be equal to %?e di fference between the voltage
signals at the first and second input terTiinals 733 and 735 tines the

differential gain of the circujt #3Q as shaq ! - i 9 ]
graph showi ng §6r"t’i f(L)lrl?s“‘“%, “E“al#gtng‘o“fq% (gjosé.n %&hbegom%gnc#%(r:e,rglr& ehc%nll(%/@?@?nt 0
better il ustrate_the phase rel ationships .of the voltages.at the input

t er mi nal s"733“aﬁda%§3a%5%f3h§rlpglslﬂ tqglr‘F ’vothlead’eo agt%fgcoﬁtrkﬁjtoq Y5 nal 740
of the differentia ircyit.730. Since the currents |1 and |2 are chosen
Such ¢ hat “FEFEREer PO i3 L. of AR iy i ch AT IS SehiP b 0tR W Age
stacks 602,and_604 have equival ent structures and the sane thernal '
coeffici eAtINERE Bhethrl Lagsér ang Segead darittopegrmicedss 3% and sI35vgimes
stack 602 and the second MIJ stack 604 are substantially of the sane shape,
magni t udetapddphifesentiadetieria, ofhéheeraisrduti t* R34 s aidwn below:

Vigo = A* (V33 — Va3s)
Vee2 = A* (Vasz — Vasz)

Veez = A* (I1 * A-lRM'r.n + I1 * Ren = I2 * ARwgz = I2 * Ruraz) . |

Fig. 9 is a graph showing portions A, B and C of&Figs. 8a,
8b and 8c, respectively, to ?etter illustrate the phase
relationships of the.voltages at the input terminals 733 and 735
and the resulting voltage at the output terminal 740 of the
differential circuit 730.

Since the currents Il and I2 are chosen such that Il * Rupn
= I2 * Rwig2, and since the first and second MTJ stacks 602.and
604 have equivalent structures and the same thermal coefficient,
the thermal asperity signal developed across the first MTJ stack
602 and the second MTJ stack 604 are substantially 6f the same
shape, magnitude and phase. Therefdre, the terms Il *Rwrsn and

I2 * Ruwroz cancel each other which means:
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| 2 *"R’err] cancel each other which neans: 33 [err] Because the

magnet oresi stive signal fromthe second MIJ stack 604 is 180 out of phase
with the magnetoresistive signal fromthe first MIJ stack 602; the
anpl i dude of the AC voltage 864 at the output termnal 740 is the sum of
the anplitudes of the AC voltages 844 ang 854 at the input termnals 733
and 735, respectively, as shown in curve T of Fig. 9. Note that in the
actual inplenentation a_narrqw signal_spike 870 is usually present at the
output term naV:240 &4f fhe “oASE 6F the” SMdeh-shift in the DC vol tage due
to finite physical m smatches present between: (1) the resistances of the
first and second MIJ stacks 602 and 604, (2) the resistance of the first
and second MIJ stack |eads, (3) the first current source 710 and the second
current soéeceasgl2heamadgn®tdmesarstal ven simmiahefraf the shdded adldastack 604
circuit. However, this spike is generally only a few bits | ong which does

not causeignyghdssutdfoflapRas&efiLeni PReNAGhELEEs130ivENS i EnhS Fhow @ ai r
bearing surface (ABS) view, not to scale, of an sensor 1000 of an

MI'J
bt o SEFSEPRETERE . PNl AYERL 0 M S0 W o
Sensor 1089tip\r.]1%| %%%rsni%afli r'ﬁlto I\J/_I];J t?'}eacsl%lmlooofz ghoer rEFH(I:Ipli:ﬂ:udes of the AC
yoltages 844 and 854 at the input terminals 733 and 735,
réspectively, as shown in curve C of Fig. 9. .
Note that in the actual implementaﬁion'é ﬁarrow signal spike
870 is usually present at the output terminal 740 at the onset of
the sudden shift in the DC voltage due to finite physical
mismatches present between: (1) the resistances of the first and
second MTJ stacks 602 and 604, (2) the resistance of the first
and second MTJ stack leads, (3) the first current source 710 and
the second current source 712, and (4) internal mismatches of the
differential circuit. However, this spike is generally only a
few bits long which does not cause any loss of data.
Referring now to Fig. 10, there is shown an air bearing
surface'(ABS) view, not to scale, of an MTJ sensor 1000 of an
alternative embodiment to the present invention. MfJ sensor 1000

is substantially the same a MTJ sensor 600 described above except

that MTJ sensor 1000 includes a first MTJ stack 1002 formed in
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34 the central region 662 having a | am nated antiparallel (AP) pinned |ayer
1013. The | am nated AP-pinned |ayer 1013 conprises a first ferromagnetic

subl ayer (FML) 1018 of Ni-Fe having a thickness in the range of 20-50 A a
second ferronmagnetic subl ayer (FM) 10148%f Ni - Fe having a thickness in the

range of 2058« rand i 8At bBar ahkekhcouUALiRg C.. I Ixsposed
bet ween the Fhﬁ sﬁbla§g?l?%lgggnga?ﬁégENB&gbgrg§§§ IS&%%gfﬁéqucﬂfgﬁer 1016

i s fornmed,of . a4non;0ARg hC terkal.. preferably ruthenium , that .

al l-ows tﬁ%p%mgdsﬂgygge?6%818ngﬁd %%g‘ﬁ%ﬂggu FayefTo1 aygrbéggbrgﬁ@%flses
coupl ed together antiferro netically. The FM? sublayer 1014 is formed on
t he first°ahTT?ér+%ﬁ§8ﬂ%?ng§gﬁnfpgi é%rGIfmlfhéOAEN&*lBﬁéFeGT?VP§géﬁbhange
coupled to the FM2 subl ayer 1014 provi di ng an exchange field to pin the
magnet i zat?oh APF 2ctPokhSf reRgsFRE §éb5§ygn B0 B4 cpecpdedironiegmetd a he ABS.
The first tunnel barrier l-ayer 620 is fornmed on the FML subl ayer 1018. A
novel feadublkayért hBMRrJ18d4sof N@6Beohavtiagakt ehhakhessetrhodheertanefe dre
i nvention using the | am nated AP-pinned |layer 1013 is that the

initializzo+50 Afograsaneadedpbeallilelt keumaRgt i(AgL) 0N adicreqig1¥ %11y d
t hepi nned | ayers of the first MIJ stack 1%%2 gné thé seggnd MIJ sﬁéé¥x§54

ant i par aldlwdibd Nk ESPRE! shi1 8968 678" ahd EhEPHAL! §0b11D8 Roisd! | 78l Hbc

process for MIJ
layer 1016 is formed of a non-magnetic material, -preferably
ruthenium (Ru), that allows the FM1 sublayer 1018 and the FM2
sublayer 1014 to be strongly coupled tdgether
antiferromagnetically. The FM2 sublayer 1014 is formed on the
first antiferromagnet (AFM1) layer 612. The AFM1 layé; 612 is
exchange couéled to the FM2 sublayer 1014 providing an exchange
field to pin the magnetization direction of the FM2 sublayer 1014
perpendicular to the ABS. The first tunnel barrier layer 620 is
formed on the FM1 sublayer 1018.

A novel feature of the MTJ sensor 1000 of the alternative

embodiment of the inveﬁtion using the laminated AP—piqned layer
1013 is that the initialization process needed to fix the
magnetization directions of the pinned layers of the first MTJ
stack 1002 and the second MTJ stack 604 antiparallei with respect

to each other is simplified. The initialization process for MTJ

sensor 1000 comprises a step in which the magnetization




sensor 1000 conprises a step in which the nagnetization 35 directions of
‘hoth AFML 612 and AFM2 630 are set in the sane direction by heating and
then cooling the entire MIJ sensor 1000 above the bl ocking tenperatures of
both the AFML and the AFM2 materials wdbh a 5000 Ce field applied in the

desired daifsét98nsAB§sebo£HeAwlt Isabl 23l AMvRr @20Shird RRLENR Syl ayer 1014
and the second pinned | ayer 628 wi Il have their magnetization directions

1015 and 623, o espeptifely, nor Lapt e ne casndiual tche 485 A par o4l

to.one ano se 0 ayer & nagnetlzatlon I rection
1019 of the FML sub 1018 wi || _Dbe or d perpe Iar i ABS and
antlparal?E?V?otﬁﬁegﬁéﬁképgzg?iBﬁ 8iré@fi8%tﬁﬁf§ 8?5@2?‘?314
and perpendicular to the nagnetlzatlon di rection 629 of the Seco i nned
| ayer 6280aVpEkatfeihgnet PRAPI Ofs Fof ithéopli eSudifaydf P&F4 T Setdhd
pi nned | a ger 628 fixed perpendicular to the ABS and antlparallel W th
respect tbfe@EntBentpibiadhsaiipp RECGRSSI014Men MBS HeY@ radPihia~ofthe
arrows pointing out of and into the plane of the paper, respectively),.
respectiveé9¢ndhpinagdeiayesi§2va1§ngm@Weg¢m@aat@@qmﬁiuzata@nadxreﬁﬂlons
field fromthe disk by the first MIJ stack 1002 will differ in phase by 180
W th respe0l5t antih628pgrespeesiskilye irgraltege perpieed icwd atro tichéeleaABS and
external field by the second MIJ stack 604. _
parallel to one another. Because of the APC layer 1016, the
magnetization direction 1019 of the FM1 sublayer 1018 will be
- oriented perpendicular to the ABS and antiparallel to the
magnetizatidn_direction 1015 of the FM2 sublayer 1014 and
perpendicular to the magnetization direction 629 of the second
pinned layer 628. With the magnetizations of the FM1 sublayer
1018 and the second pinned layer 628 fixed perpendicular to the
ABS and antiparallel with respect to each other as shown by
arrows 1019 and 629 (head and tail of arrows pointing out of and
into the plane of the paper, respectively), respectively, the
magnetoresistive signal generated due to an external field from

the disk by the first MTJ stack 1002 will differ in phase by 180°

with respect to the magnetoresistive signal generated due to the
same .-external field by the second MTJ stack 604.
In the MTJ sensor 1000 of the alternative embodiment of the

present invention, because both the AFM1 layer 612 and the AFM2
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In the 'MIJ sensor 1000 of the alternative enbodi nent of the present

invention, because both the AEML | ayer 612 and the AFM 36 |l ayer 630 are
initialized by a single heating step, the blocking tenperature of the AFML
material is no |onger reqwred to be Iovve ¢t han the bl ocking tenperature of

f the AFMR ter hg t e_nbodl rrent bot,h th ML
Ioayer6612 an theGBgFIVQ;EI ay equggolé&l l{}g le[{e#;iaef iR a5t ot bho‘f Ttté?e]?f%? ing
t Wh-Fe, N I nd Pt P Nh In the alternative
g(r)rtr;gldlsrr:aggt &Hﬁwgtblr:eﬁ‘sé) tl'hﬁ\/@r"f-M1 ﬁ“aq\ﬂﬁlag]erfs%rq% IR P I%E T4 repl BRed
by. the alternati MIJ.se 1000 .t o provide for thermal asperity =
dgtection iﬂd re%ﬁéfloﬁe g3995%ﬂ?tﬁﬁ?4gﬁﬁqﬁﬂb 3 130g s iomterialitry

700. Wil e_the present inyvention has been partlcularly_§homm and descri bed
with referBhges t‘8rf':'hel|5‘r &her pedeamsd@ msadinantyilg:ihe imdenét obrlvey 6hdse
skilled in the art that various changes in formand detail may be nade

wi t hout depBfit FRg AFYA dRyespi6A0 mayc dise chubaredoima rade ohveiténials
Accordingly, the disclosed invention is to be considered merely as _

i |l ustrati@enahdting bédMnnFegopd-dmnl,y Ias-Mypedt-Md dnd tite- mppanded cl ai ns.

In the alternative embodiment of the present invention, MTJ
sensor 600 in Fig. 7 is replaced by the alternative MTJ sensor
1000 to provide for thermal asperity detection and reduction
utilizing the thermal asperity redﬁcfion circuitry 700.

While the present invention has been particularly shown and
described with reference to the preferred embodiments", it will be
understood by those skilled in the art that wvarious changes in
form and detail may be made without departing from the spirit,
scope and teaching of the invention. Accordingly, the disclosed

invention is to be considered merely as illustrative and limited

in scope only as specified in the appended claims.
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37 CLAIMS | claim 1. A magnetic tunnel junction (MIJ) sensor, conprising:

~a first MIJ-(MIJ1l) stack, said MIJl stack having: a ferroimagnetic free
[ayer; a ferromagnetic pinned layer; a tunnel barrier e

between said free |ayer and said pinned |3yer; and an atﬂﬂlﬂﬂ“@“ WI ml
(AFML) layer in contact with said ferr i c pinned [ayer TOr minsni R

t he ‘magneti zati on of said pinned |ayer; a second MIJ (MIJ2) stack, said
MIJ2 stack having: a ferronagnetic free |layer; a ferromagnetic pinned

| ayer; a tunnel barrier |ayer disposed between said free |layer and said

pi nned | ayer; and an antiferromagnetic (AFM2) layer in contact with said

ferromagnetic pinned |ayer for pinning the nmagnetization of said pinned

| ayer; a common el ectrode di sposed_between said MIJ1 stack and said MIJ2

stack; a firstlshi &l BREBEFirn tEBRLACT URICER O8ai(MINIT) 8888k CONBSHAA hg a

first sense current to said MIJ1 stack; and .
a first MTJ (MTJ1) stack, said MTJl stack having:

a ferromagnetic free layér;
a ferromagnetic pinned layer:;
a tunnel barrier laver disposed between said free layer
. and said pinned layer; and |
an antiférromagnetic (AFM1) layer in contact w;th
said ferromagnetic pinned layer for pinning the
magnetization of said pinned layer; N
a second MTJ (MTJ2) stéck, said MTJ2 stack having:
a ferromagnetic f}ee layers;
é ferromagnetic pinned layer;
a tunnel barrier layer disposed between said free layer
and said pinned léYer; and |
an antiferromagnetic (AFM2) layer in contact with said-
ferromagnetic pinned layer for pinning the
magnetization of said pinned layer;
a common electrode disposed between said MTJl stack and said
MTJZ-Stack;

a first shield (S1) in contact with said MTJl stack for

providing a first sense current to said MTJ1l stack; and

_—
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38 a sécond Shl act with said MIJ2 stack for providing a
‘second sense ¢ !I! BJ E"’ﬁ H}HE’EZ stack. 2. An MIJ sensor as recited in
claim1l mherel rs are selected froma group of materials
consi sting of N|-Fe and N|-Fe/Oo 3. AngMTJ) sensor as recited in claiml

wherein said fre 8 ted f r I s, copsi stlng
of Ni-Fe and N| - %e/cgﬁr }hei en(sjrcljrégm r%’%J "?Jj(‘j'gl |%a£$ﬁf#€ %%? “said
tunnel bagri ers de of A1 Of.er MIJ sensor as
recited i (C:)I%‘;ldr%a1 \ﬁngr %ﬁ,lrga edlsﬁzl\ﬁ lfré Fo§ %%}CZS{[@EZ A5 group of
materials consisting of WMh-Fe and Ir-W. 6. An MIJ sensor as recited in

claim1l wherein said AFM2 | ayer is selected froma group of materials

consi sting of |-|vrg%1 gg;_th and Pt-Pd-M. 7. An MIJ sensor as recited in
claim 1 whereifi*safd EdnmSTS%%c GO FEFEehde G rmyol dhekgin saby Bi-pad
MIJ sensor _as recited in claim1l wherein said first and second shields are
sel ect ed ]E-Pgﬁ‘q@ @r@uﬁe&ﬁ%@fﬂerﬁr&m};a group of materials consisting of :i-Fe

and Ni-Fe/Co.

3. An MTJ sensor as recited in claim 1 wherein said free
layers are selected from a group of materials consisting of Ni-Fe

and Ni-Fe/Co.

4. An MTJ sensor as recited in claim 1 wherein said tunnel

barrier layers are made of Al,0;.

5. An MTJ sensor as recited in claim 1 wherein said AFM1
layer is selected from a group of materials consisting of Mn-Fe

and Ir-Mn.

6. An MTJ sensor as recited in claim 1 wherein said AFM2
layer is selected from a group of materials consisting of Ni-Mn,

Pt-Mn and Pt-Pd-Mn.

7. An MTJ sensor as recited in claim 1 wherein said common

electrode is made from gold (Au).

_
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con5|st|ng of Ni-Fe and Al-Fe-Si. 9. An MIJ sensor as recited-din claiml
‘wherein the magnetization direction of the pinned Iayer aid first M~
stack is antiparallel to the nmagnetization direction of gﬁmg. ﬂﬁ, in
said second MIJ stack. 10. A disk drive system conprisin Eﬁ ’
recordi ng di sk; a magnetic tunnel junction (MIJ) sensor for sen5|ngs
magnetical |y recorded data on said magnedd ¢ recordi ng di sk, said MIJ sensor

conprising: a fgrsta-ME3-{ '\éurgéoist% eéf‘ﬁgdw“?écdf%ﬁﬁkl hv?l){é{' lna?a d flrst

ferromagnetic free |ayer; erromagnetic pinn ayer unne arrier

| ayer dis ¢ et fre d d Y. and. an

an%ll ferrolr%ggjﬁet ¢’ ?;F;\%rl\l/ll')s%l%year"elené%%ﬁ & fl‘sﬁ‘] sa éd&sé ?Pr%g%rh% Jr%lf)l nned

| ayer for pil gqlng t net | zat o} s id pinned | ayer; a second MIJ
(MrJ2) stack S ali g"’ta (%ng €75%0 a ferromagnetic free | ayer; a

ferrcnagnetlc plnned Iayer, a tunnel barrier |layer disposed between said
free

9. An MTJ sensor as.recited in claim 1 wherein the
magnetization direction of the pinned layer in said first MTJ
stack is antiparallel to the magnetization direction of the

pinned layer in said second MTJ stack.

10. A disk drive.system comprising:

a magnetic recording disk; *

a magnetic tunnel junction (MTJ) sensor for sensing'
magnetically recorded data on said magnetic recording digk, said
MTJ sensor comprising:

a first MTJ (MTJ1l) stack, said MTJl stack having:

a ferromagnetic free layér;

a ferromagnetic pinned layer;

a tunnel barrier layer disposed between said free
layer and said pinned laye;; and

an antiferromagnetic (AFM1) layer in contact with
said ferromagnetic pinned layer for pinning the
magnetization of said pinned layer;

a second MTJ (MTJ2) stack, said MTJ2 stack having:

-_—
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l.ayer and sai d pinned : antiferromagnetic (AEM2) layer in
“contact' with said fer”'mgﬂu#'jﬂgmgjum | ayer for pinning the magneti zation
of said pinned |ayer; & conmmory de di sposed between said MIJl stack
and said MrJ2 stack; a first shield (S1) in ggontact with said MIJ1 stack

for providing a first segs%f§;%§§§%§$#%§ngfééW%%§é%gack; and a second shield

(S2) in contact with sai provi di'ng a second sense current

to said MIJ2 stack; an a%t%%%%%'f LdBY ng .salf ML, sensor across the
magneti c recording di sk so"the M "Senso ay access ‘different regions of

magnetically recorded data,on the magnetic recording disk: .and a recordin
channel coupl ed electri cAl Itifnpgq‘t P@L%ﬁfrseﬁé/&r “ort &eéiﬁentd”ec%nansgae c?iiﬂreg
resi stance of the MIJ sensqr caused by rotation aof the magpetization axis
of the free ferromagnetic Hay&Fsard %J\F’e pt-'c?“t%%ﬁyfé?d etization of the
pi nned | ayers in response to magnetic fields fromthe magnetically recorded
dat a. 41 11. A disk dPfve@ndjdeehoeInediiCed ANl didneid Mhe&Urpcaiwth

said ferromagnetic pinned layer for pinning the
magnetization of said pinned layer:;
a common electrode disposed between said MTJ1l stack and
said MTJ2 stack; |
a first shield (S1) in contact with said MTJ1 stack for
-providing a first sense current to said MTJ1 stéck;
and ” ' S
a second shield (82) in contact with said MTJ2 stack
for providing a second sense current to said MTJ2
stack;
an actuator for moving said MTJ sensor across the magnetic
recording disk so the MTJ sehsof may access different regions of
magnetically recorded data on the magnetic recording disk; and
é recording channel coupled electrically to the MTJ sensor
for detecting changes in resistance of the MTJ sensor caused by
rotation of the magnetizétion axis of the free ferromagnetic
layeés relative to the fixed magnetization of the pinned layers
in response to magnetic fields from the magnetically recorded

data.
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pi nhed | ayers are selected froma group of materials consisting of N -Fe
~and Ni-Fe/Co. 12. A disk drive systemas recited in clai I1 m!lflm”mt‘mn
free layers are selected froma group of materials con5|£I Hu d
Ni - Fe/ Co. 13. A disk drive systemas recited in claim10 whefein shid *
tunnel barrier |layers are nmade of Al[err]O[err]. 14. A disk drive system as
recited in claim10 wherein said AFML | ayer is selected froma group of
materials consisting of Mh-Fe and Ir-Wn. 15. A disk drive systemas recited
in claim1l0 wherein said AFM2 |layer is selected froma group of materials
consisting of Ni-Mi, Pt-M and Pt-Pd-Wh. 16. A disk drive systemas recited
in claim10 wherein said conmon el ectrode is4yrade fromgold (Au). 42 17.
A di sk drive system as reC|ted in ququJO wherejn sai.d first and second,
shiel ds are seféct &dft-Fénta -gPody S5 miteriot s oS STy div NIEE Hhgsald
Al -Fe-Si. 18. A disk drive systemas recited in claim 10 wherein t he
magnet i zaPiBRedi LBYErSnase HTéLe}Si Sred 1%y & 5P METQT IR GMFFEing
antlparallel to the na%netlzatlon dlrectlon of the pinned |ayer in said
second MrofsWacke and Ni-Fe/Co

12. A disk drive system as recited in claim 10 wherein said
free layvers are selected from a group of materials consisting of

Ni-Fe and Ni-Fe/Co.

13. A disk drive system as recited in claim 10 wherein said

tunnel barrier layers are made of Al,0s.

14." A disk drive system as recited in claim 10 wherein said
AFM1 layer is selected from a group of materials consisting of

Mn-Fe and Ir-Mn.

15. A disk drive system as recited in claim 10 wherein said
AFM2 layer is selected from a group of materials consisting of

Ni-Mn, Pt-Mn and Pt-Pd-Mn.

16. A disk drive system as recited in claim 10 wherein said

common electrode is made from gold (Au).
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19." Adi sk drive'systenTémrfef+%ed—+n claim 10, wherein said recording

- channel further rential circuit having first and second
input termnals c & Emu) iﬂml stack and to the MIJ2 stack for
detecting and conpen i stance changes in said MIJ1 and MIrJ2

stacks responsive to a thernal asperity phenonena during reading data in
said disk drive systen1 20. A nagnet|c42unnel junction (MIJ) sensor,
conprising: a {f4rst ( i d. st ac )] o~ 2
ferromagnetic %ree I%%%ﬁ &@E% gggﬁ %%trﬁggg%ﬁerq(éﬁ §%ingegﬁﬁgyép Ssalg'd

AP- pi nned, Iayer Eééflaggle{agsgr éégﬁggn tkgogugl§¥§E€g§gP%ﬁagE§%qgnd

ferr omagneﬁ“c‘ s%rb I par al C)r

| ayer dlsposed FML subl ayer and said FM2

subl ayer ;- %Pitﬁﬁmyligﬁr?%Q ﬁgyg? tsposed betmeen sai d free | ayer and
said FML subl aye d an_anptiferromagnetic [ tact W t h
said FM2 subl %ﬁﬁﬁ¥h@etﬁﬁsﬁﬁﬂn@§lEatSBﬁ % ialﬁwg F&?&P tg
second MIJ (NWJZ) stac said MIJ2 stack having; a ferronagnetlc free

| ayer: a MasHieinkgeloR Gl FeREioayef; the pinned layer in sald first MIJ

stack is antiparallel to the magnetization direction of the
pinned layer in said second MTJ stack.

19. A disk drive system as'recited in claim 10, whe;ein said
recording channel further comprises a differential circuit having
first and second input terminals connected to the MTJI stack and
to the MTJ2 stack for detecting and compensating for resistance
changes in said MTJ1 and MTJ2 stacks responsive to a thermal

asperity phenomena during reading data in said disk drive system.

20. A magnetic tunnel junéfion (MTJ) sensor, comprising:
a first MTJ (MTJ1l) stack, said MTJ1l stack having:
a ferromagnetic free layer:;
a laminated antiparallel (AP) pinned layer, said AP-
pinned layer comprising a first ferromagnetic
Subiéyer (FM1), a sécond ferromagnetic éublayer (FM2) and
an antiparallel coupling (APC) layer disposed between

said FM1l sublayer and said FM2 sublayer;
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a‘tunnel barrier layer disposed between said free |ayer an d
‘layer; and an antiferromagnetic (AFM2) |ayer in contact wi Imm I[E"mm””m
ferromagnetic pinned layer for pinning the magnetization of ~sas d°y i

| ayer; a conmon el ectrode di sposed between sai4d MIJ1 stack and said MrJj2

stack; a first shield {Shhehnpaoptact 1% %aisgo%hl t&tﬁgééf C(érgg)l?{ iding. a, .

first sense current to said MIJ1 stack; "and a Second shi i'n cont act

with said MIJ2 stack fgQp4pLqyiidi-fg AuBIaYRY. Sense current to said Mrj2

stack. 21. An MIJ sensor as recited in cfaim 20 wherein said FML and FM

subl ayers are selectgﬁ %&gg&grggﬁggnggiga%;g&ahséﬁggﬁi;@in é&%ﬁ#iégﬁﬁgng : 5

Ni - Fe/ Cc. 44 22. Sénsor as recited’in wher el ad A
| ayer is made of ruthepjym .23 An_MIJ sensor as recited.in claim2(
wherein said free Iaye€¥5a§égEéV8Cté8rfP&RP&“ng&p G IhEr-erical-§ cottsiStihg
of N -Fe and Ni-F@QEb. 24. An MIJ sensor as recited in claim20 wherein
said tunnel barri |%9E}§Y$Fe made of Al[errO[err]. 25. An MIJ sensor as

' in claim?20 wherein sai d_AFML
recited in a second MTJ (MTJ2) stack, said MTJ2 stack having:

a ferromagnetic.ﬁfee layer;
a ferromagnetic pinned layer;
a tunnel barrier layer disposed between said free layer
and said pinned layer; and .
an antiferromagnetic (AFM2) léyer in contact with said
ferromagnetic pinnéd layer for pinning the
magnetization of said pinned layer:;
a common electrode disposed between said MTJ1l stack and said
_MTJ2 stack:;
a first shield (S1) in COntacf with said MTJl stack for
providing a first sense current to said MTJl stack; and
a second shield (52) in contact with said MTJ2 stack for

providing a second sense current to said MTJ2 stack.

21. An MTJ sensor as recited in claim 20 wherein said FM1
and FM2 sublayers are selected from a group of materialis

consisting of Ni-Fe and Ni-Fe/Co.
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and AFM2 Iayer ma group of materials consisting of M-Fe,
Ni - Mh, ‘Ir-M, mm m% . 26. An MIJ sensor as recited in claim?20
‘wherei n said co ectwo e s made fromgold (Au). 27. An MIJ sensor as

recited in cIa|n120 mhereln said first andggecond shields are selected from

a group of ”ﬁtﬁé'a%ﬁmﬁ ﬂsééhbﬁg 9k Mok ednd A glangQO sBerdi nMEL 3RS as
2 erel

recited in clarm e nag netlzatlon I rection of the FML subl ayer

in said fir iérwgg ﬁgggk sraghgg%&gdl to the magnetization direction of

the pinned fayer in $ai g sécon 45 29. A disk drive system
conprising: a magnetic recording disk; a nagnetic tunnel junction (MIJ)
sensor for sensing magnetically recorded data on said nagnetic recordi ng

di sk, said MIJ_sen rising. a fir, MIJ (MId sai d_ M. l.stack
navi g & fer 1 tughe HES BRBSPEy BF: TecibrthaTed LAY fbr RPEEEI RS
| ayer, sajd AP-pinned | ayer conprising a first ferromagneti ¢ sybla %Hﬁ
(FML), a SR¥8ha ?é?réﬁé@ﬁé?ﬁc@&ﬁ‘l gy §roup\Vef MREETdR 18n GopSrat Y EN
(APC) | ayer
and Ni-Fe/Co.
24. An MTJ sensor as recited in claim 20 wherein said tunngl
barrier layers are made of Al,0s.
25. An MTJ sensor as recited in claim 20 wherein said AFM1
and AFM2 layers are selected from a group of materials consisting

r

of Mn-Fe, Ni-Mn, Ir-Mn, Pt-Mn and Pt-~Pd-Mn.

26. An MTJ sensor as recited in claim 20 wherein said

common electrode is made from gold (Au).

27. An MTJ sensor as recited in claim 20 wherein said first
and second shields are selected from a group of materials

consisting of Ni-Fe and Al-Fe-S81i.

28. An MTJ sensor as recited in claim 20 wherein the
magnetization direction of the FM1 sublayer in said first MTJ
stack is antiparallel to the magnetization direction of the

pinned layer in said second MTJ stack.
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di sposed between saj and said FM2 subl ayer; a tunnel barrier
- layer disposed bet m@mmjmﬂ]%mﬂyer and said FML subl ayer; and an
"antiferromagnetic st hxcontact with said FM2 subl ayer for
pi nni ng the magnetization of said FM2 subl ayer; a second MIJ (MIJ2) stack,
said MIJ2 stack having: a ferromagnetic free |layer; a ferromagnetic pinned

| ayer; a tunnel barrier |ayer disposed bejaveen said free | ayer and said
pi nned | ayer; .and A6 an antiferromagnetic (AFM2) layer in contact with
sai d ferromagf ri@*ﬁPﬁﬁé&ﬂPa°|D¥§ﬁeTn P $Hed agnet i zati on of said
pi nned | ayer; a commpn el ectrode di sposed between said MIJ1 stack and said
MIJ2 stack: a3 fMPIeHi%eI*PqeSD-0% Totlfact with said MIJ1 stack for
providing a first sense current to said MIJ1 stack, and a second shield .
(S2) in contaét "EXRLES Fuane: stk ien PHBY SPRSAr sERBNTLBBHRE current
to said MrJ2

magnetically recorded data on said magnetic recording disk, szid

MTJ sensor comprising:
| a first MTJ (MTJl) stack, said MTJl stack having:

a ferromagnetic free layer:;

a laminated antiéarallel (AP) pinned laye?, said
“AP-pinned layer comprising a first ferromagnetic
‘sublayer (FM1), a second ferromagnetic sublayer

(FM2), and an antiparallel coupling (APC) layer
disposed between said FM1 sublayer and said FM2
sublayer;

a tunnel barrier layer disposed between said free

layer and said FM1l sublayer; and

an antiferromagnetic (AFM1) layer in contact with

said FM2 sublayer for pinnihg the magnetization
of said FM2 sublayer:;
a second MTJ (MTJ2) stack, said MTJ2 stack having:

a ferromagnetic free layer;

a ferromagnetic pinned layer;

a tunnel barrier layer disposed between said free

layer and said pinned layer; and
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stack;  an actuator for noving said MIJ sensor across th ng-
* disk so the MIJ sensor may access different regions of gﬁm &nl m)"ﬁ'l
recorded data on the nmagnetic recording disk; and a recoradi ng chamnels =+
coupled electrically to the MIJ sensor f48 detectlng changes in resistance

of the MIJ sensor CaUSEdaHYaﬁGﬁﬁkaBmenbh@c”QﬂFﬁQUZ@by@& anl Todftaldte Wifee
ferronagnetlc | ayers relative to the fixed magneti zati on of the plnned

| ayers in response to nagnghig khekdpabnem:theifpenet bhoald ¥ore r%gq
30. A disk drive system as reC|teg @ a|n12§ &Eere?n9§aldoF ghd

subl ayers are selected fro t-e S stiRg.Qf N -Fe and
Ni - Fe/ Co. 47 31. A dlskqéglgggggggéﬁrgs %égPtggﬁﬂﬁbc g 29 wherei n sald

free | ayers.are selgc;egmghonl Cg&gggrgéﬁgg%gdlg wgggs egg%ﬁ @taF

Ni - Fe/ Co. 32. A disk drive syStem a sai

tunnel barrier |ayers_ar Al[err]O[err]. 33. A disk drive system as
recited in claim?29 mﬁe?g ﬂ@ggiagﬂﬁ%ﬂ and AFM2 | ayers are selected froma -
group of materials cosistin

of -Fe, NN-M, Ir-M, - M) and _Pt - Pd- \h.
34. A disk drive sySt nFﬁE &?}gg(ﬁﬁ)cﬁﬁiﬁPQ@aﬁﬁeWéFEt§§P§ MIJl stack for
' providing a first sense current to said MTJl stack:
and
a second shield (S2) in contact with said MTJ2 stack
for providing a second sense current to said MTJZb
stack;.
an actuator for moving said MTJ sensor across thé magnetic
recording disk so the MTJ sensor may access different.regions of
magnetically recorded data on the magnetic recording disk; and
a recording channel coupled electrically to the MTJ sensor
for detecting changes in resistance of the‘MTJ sensor caused by
rotation of the magnetization axis of the free ferromagnetic
layers relative to the_fixed magnetization of the pinned layers

in response to magnetic fields from the magnetically recorded

data.

30. A disk drive system as recited in claim 29 wherein said
FM1 and FM2 sublayers are selected from a group of materials

consisting of Ni-Fe and Ni-Fe/Co.
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common el ectrode is nmade fromgold (Au). 35. A disk drive systemas recited
- in claim?29 wherein said first and second shields are selected froma group
“of materials c T jmgre and Al -Fe-Si. 36. A disk drive system as
recited in cl aﬂﬁlﬁﬂlﬂfﬂl] I l magneti zation direction of the FML subl ayer
in said first MIJ &Stack® ssantiparallel to the magnetization direction of
the pinned layer in said second MIJ stagk. 37. A disk drive system as
recited in clagm 29, gyber gkRysakgst 053' 0g ghaanel LYLkRen oCQIRASES b o
differenti al c??%ugtdﬁgving ??rs?sagg second i nput t erminal s connecteéﬁ%o
the MIJ1l k o_t.he 1.a or, detecting GQRpe i:ng. .f -
resistandéE%%a%g %r%naégiagiééEaénggﬁ#ﬁf §f§§§s°ﬁe§%§%§r€ggtg§§&% ?ﬁ%ég ©=
asperitytﬁﬁgﬂgqggg ﬁgg%ggcgeading data in said disk drive system

32. A disk drive system as recited in claim 29 wherein said

tunnel barrier layers are made of Al,0s.

33. A disk drive system as recited in claim 29 wherein said
AFM1 and AFM2 layers are selected from a group of materials
cosisting of Mn~Fe, Ni-Mn, Ir-Mn, Pt-Mn and Pt-Pd-Mn.
‘  34. A disk drive system as recited in claim 29 wherein said

common electrode is made from gold (Au).

35. A disk drive system as recited in claim 29 wherein said
first and second shields are selected from a group of materials

consisting of Ni-Fe and Al-Fe-Si.

36. A disk drive system as recited in claim 29 wherein the
magnetization direction of the FM1 sublayer in said first MTJ
stack .is antiparallel to the magnetization direction of the

pinned layer in said second MTJ stack.
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37. E disk drive system as recited in claim 29, wherein said

reccrding channel further comprises-a differentizl circuit having
first and second inpu:z termina s connected to the MTJl stack and
to the MTJ2 stack for detectiﬁg and compensating for resistance
changes in said MTJl and MTJ2 s:tacks responsive to a thermal

asperity phenomena during reading data in said disk drive system.
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