ANLI ARAIQ;EL’ PI NNED SPI' N VALVE W TH READ S| GNAL

SYMVEIRY BACKGROUND OF THE | NVENTI ON 1. Field
of the Invention The present invention relates to an anti paja-l I£I :
pi ined spin val ve read head wherein nagnefic and ani sotropic (P05 PY

magnet oresi stive (AMR) influences on the bias point of the tranSfeﬁgw%m—g—
function of the read head are bal anced so that the read head produces rea
signal symetry. 2. Description of the Related Art A spin val ve
sensor is enployed by a read head for sensing nmagnetic fields from noving
magneti c nedi-a, such as a nmagnetic disk or a nmagnetic tape. The sensor

i ncl udes a nonmagnetic conductive |ayer, hereinafter referred to as a
spacer |ayer, sandw ched between first and second ferromagnetic |ayers,

hereinafter referred to asAlﬂTﬁéﬁéBLE&ym§me‘%EVanej{ First and
second | eads are connected R | e PRINE r conducting a sense
current therethrough. The rragnel?lizlz@?o%%éoﬂl tﬁe pI n'?';g | ayer is pinned
90[err] to the magnetization of the free |layer and the nagnetization of the
free layer is free to resp oh | iel ds. The

magneti zati on of the pi nne%%gpa‘(ﬁﬁéc m@ y exchange coupling
with an antiferromagnetic .l ayer. The thickness of the spacer |ayer
is chosen to pe | t he nmean free path of conduction el ectrons

t hrough the sﬁnsoﬁ'ﬁé‘?\i“gﬁﬂ?kﬂ@nwﬁ‘angemnt, a portion of the conduction

el ectrons are scatphgppcseRYinv&iftioh Fhigfes 3¢ 8% amipatdlel ?iﬁﬁ&?épiﬂ_l%ﬁé rédd! Bealihe

pi nned and free | ayers. Wen the nagnetizations_of the pinned and free

| ayers . are pavhersiemagnetis apdagisatopicanagpetorsisiive§AMR) dnflueapssog hebigineital and
when the mag heZ @RdrlsfP : i g{pﬁ% i el,
scattering i rsb%&r%m m zeg‘.l& ‘téﬁgteﬁg‘u n t agq%c%tia?gﬁ %ﬁéﬁ%ﬁé%gﬂaﬁﬁégﬁét ance
of the spin weddvsignabswgomettyy, proportion to sin [err], where [err] is the

angl e between, t he i.Zat kO f.the pinned and free layers. A spin
val ve 2. ﬂ@c%'p%on(?itfhe%ela(%edéx? 5 sensor has

a very hi gh magnetfosps ivalve sens6iMs)entpleyfellibyi eretd headfot aersingl thagnetig fieldst han an
ani sotropic gjgo%get oy esistive (AMR) sensor. Foc{i this reason it,.is sonetines

referred to mgVing magneficmesia, Sicyas g & gpagnetic tape. The, Sepser o o g

enpl oyi ng a SiilkieY &l AERANPBAGR! conlEvE N@el, SHerdiIfRF FelelrdOtolss @s;'fia%@zi Ry¥al ve
read head") may be conbined wth an inductive wite head to Torm a conbi ned

nmagnet i ¢ headandpriched detyrasa dirshega sedond ferrpmagnsticHaxess, haweinsfterxefared tofs ej t her
d head, ' o i ;
s Shiela ERRic R IR0 P S BEARCIIRHe BoiicBB o o) in 06T 100

A pi ppy back vhlvadensasfor conducting a sense current therethrough. The magnetization of the
pinned layer is pinned 90° to the magnetization of the free layer and the magnetization

of the free layer is free to respond fo external magnetic fields. The magnetization of

the pinned layer is typically pinned by exchange coupling with an antiferromagnetic

layer. )

The thickness of the spacer layer is chosen to be less than the mean free path

_of conduction electrons through the sensor. With this arrangement, a portion of the

" conduction electrons are scattered by the interfaces of the spacer layer with the pinned
and free layers. When the magnetizations of the pinned and free layers are parallel
with respect to one another, scattering is minimal and when the magnetizations of the
pinned and free layers are antiparallel, scattering is maximized. Changes in the
scattering changes the resistance of the spin valve sensor in proportion to sin ¢, where

§ is the angle between the magnetizations of the pinned and free layers. A spin valve



a separate |layer which serves as the first pole piece for the wite head.
In @ maghetic disk drive an air bearing surface (ABS) of a conbined
magneti c head is supported adjacent a rotating disk to wite information on
or, read information fromthe disk. Information is witten to the rotating
di sk by magnetic fields which fringe actoss a gap between the first and
second pole pieces of the wite head. In a read node the resistance of the
spin val ve sensor changes proportionally to -the nmagnitudes of the nagnetic
fields fromthe rotating disk. Wien a sense current is conducted through
the spin val ve sensor, resistance changes cause potential changes that are
detected and processed as pl ayback signals An i nproved spin valve,
which is referred to hereinafter as antiparallel pinned (AP) spin valve, is
descri bed i gemsorin®alverydtgh gﬂgﬁtdﬁesfsu@mmtoemcxeﬁ sﬁﬁﬂaxitﬁﬂyhtghhbﬁmn amd Par ki n
V\:hIChISInCO.I’ orated by refer n .eAPsm valve differs from
the spin vala’é’é %@F@f@%’ ?m)ﬁﬁ’?sc’f hgmd‘Fﬁﬁ%aﬁ% Q%W%ergf e‘irul tiple
thin filns. thea piaih@dgletitesistiva §GMR)QBARENEt i ¢ spacer filmwhich is .

sandw ched between fjrst and second ferromagnetigc thin fil rrs The.first
thin filmis .méonee&wegmlmsn%wmsqﬁ%@sﬂnaﬁwﬁ 9 832rPlthd i s
exchange- CO%‘V@%&%@H’% fhay Bk bdinbinéd WA idGctVRTRE heid' 6 Tortla boimBinkd 1 S!

direction. The second thih Imis imredi ately adjacent to the free | ayer

and is exchmgeemduqadedl'heocthanﬂ megnetiphead maynhaye theostruchireraf eitherckness (in

{1, The mepdtbaboch DY ARk el R ASINERd kbl it sB0G SRR [T

di rection t fiatthe eead headpandads|acfirst pole pxeccjfm'ﬁmmbﬁd tAepxgg@adtheadhsmnt of
the first film

magnetic no ﬁé?ﬂ%a-[%ﬁy?’h‘@h‘f’]? pegyes 25 thedirstiple pipgs for g’ﬁﬂ’ﬁ‘ﬁm dp ¢ AERELS, t 0

provi de a nejsk@rive iah GirBuaEmg s&ﬁc&%@ﬂ%@ﬂ&@oﬁ&ﬂﬂdm&&ﬂe&@@é kippoftéd t he net
pi nning noment is determ hed by t icker of the first..and second thin

filnms. The fHEReeRhaJetatingdisk te virite information op o geadHnformation Wisken so
that the neininkiongs mwioth%ré {hBth gxs%%rbg el tie1nl VRicAGRiREIBGbsseauat es to

a smal |l denmagneti zati.on (denag) e pinned layer. Since the

antiferr onagﬂebawm&znéiﬂg@nd@mnd wolei meqeswéﬁrsevxgpe beash okt 4 readimade théhe net

pi nni ng no | ar ge .
exchange C.gg%fsl n%é]%fglﬁo%ﬁ ﬁvl'ég%ggot er ?,)%g)?g%?@){:%u%% '%%g%ea_gf %en t he
head encounmegseticifighisifioat the ootatirig disks Whmascmelm‘emsccaﬁhaedjﬂmfghltm from an
obj ect, or due _tp contacti. an.asperit e, mgn i, SK he, bl ocki ng
Cenper at ur R VEE SHRPPAEHRENA Fratae P aptoln henen s itk ARG T o

| ose its di m&g@ﬂﬁﬁaﬂaﬁiables;mnt The magnetic nonent of the pi nned | ayer

is then no longer pinned,in t sired direction. In this ard,
si gni fi cant advaﬁ?g‘g Vet s, "@’i“ﬁ‘r}é&f i}%rﬁl&'éﬁ%\?émmalkgm%q singl e

film pi nned(APY&in 2419¢,%s PesAibed i1 ¥GHACHN a@ﬁgﬁ&l' 08, PhhiNaNsl465 | R demag

field, which enhance thermal stability of a spin valve sensor.
the prior a?lsnnﬁﬁféé’aﬂwy@flgdhwecmwteé&mfm&m hTﬁlhl%ﬁ’(ﬁBl@s%VQ)f 50 A

Lo opt M 2eqiRe, b e SROAARLAELSLEL inte i ARIARRII el Bimlsed RELRRI 1 val ve-

It woul d be eS| ra ness coul eln reas ut 100 A
for the pur this&los. é‘hhammcclgaycaﬂnasi agoumagigtiy ispdcer filny IwhieH is sahdmbhai 20%

sacrifice i effl Lent . 1 t hi.ck e r, can

i ncrease angﬁkﬁ ﬁ‘\s@u{ %ongl gfém %ﬂﬁﬁ“‘?s r?g’té{‘?e&f’ffg%d %t(?ﬁ'sl y

af fect s t headjaent totheodntiféreoririgasti Liyei and ist ébeehsige-rtouﬂbd/&hdﬂaa,dwﬁtﬁl idive to
positive and negative r dl;a K signgls detected b pi p val.ve head, the
D55 por nt BRPHC P ATEei & B Apeths ¢ Gfoopt 18 S % SrBTRENd  whi ch
will be dess:djad&ﬁdolthib fied lay st abdislexBeingé-Batipledito thETRstANR fihtgake mEn@aP! oyed in
t he aforene oneg At%g gqee? [ :Agr det ect i %m nals and i s due to a change
in resistan kBFss B g%—” fthectinst andepgeqnddhing
rotating di fims TR ddgRetd %ﬁ%nt'dfﬂ?e SR MRl IS @sﬁa{a&t xhadts%&nh%%cé&lﬁe AMR

effect which nust be dealt with in establishing the bias polnt
that is antiparallel to the direction of the magnetic moment of the first film. The




4 , - The transfer curve (readback signal of the spin val ve head versus
applled sﬁgnal fromthe magnetic disk) for a spin valve is linear and is
defined by sin [err] where [err] is the angle between the directions of

t hee magnetic nonents of the free and pinned |layers. Wth positive and
negative nagnetic fields froma noving nhgnetic disk, which are typically
chosen to be equal in nmagnitude, it is inportant that positive and negative
changes in the GWR of the spin valve read head be equal so that the
positive and negative readback signals are equal. Wen the direction of
the magnetic nonent of the free layer is parallel to the ABS and the
direction of the magnetic nonent of the pinned |ayer is perpendicular to
the ABS in a quiescent state (no signal fromthe magnetic disk) the

posi tive andmiggdicimansriefiibe sgmgmdmmtre@vw@mbw&éﬁpmiaﬁt
positive andam%ﬁ&%%b%@ntf&fethg?l&@@ﬂytepe QP’@ o‘fx cq"tﬁgnet pmmng?ﬁkﬁn&it% poi nt

is influence four najor forces-on t nanel
f erronagnet i detempd:d bugtHe|tbickierH[f6h¢ {usbexxd/\mmdﬁm ﬁf/ cHhe w&nesasrswftthfe free

| ayer, a de yey

sense curre%aﬁégeﬂfg?@f o arlT%s con uc |ve ?%%/Hé% édtiﬁggrg%?n%al ve
except the fseal hetydinigniombst eybat agmeﬁbhtmr(damg) fiehfrémihe The
Lher eon_ and. BERSHEYHe SFFE o ARG ER e g APe R TR vPeD Rarpoarel's o
referred to pegheinet ME%MLEEEE%}SHDQM&WgQ%umgt he AP pi nned spin

valve | have found that, when the sense current_is cond; ctgg in a first

di rection throughAt h@gesﬁschansﬁeﬂovﬂmgea@m?@a@g%éhm%ew fy of thenhead; | s

Herr]and H g %:@J&aaeﬁéoaafeﬁm héapc(sxlaﬁmnsiaa@&taée&oaiuctdwch&g@mﬂ@r r] and
the influence of the AVR EFFE Since Herr] is very lowin the AP pinned

spi n val ve, object/vRuERFEDTacking\an asperity onithe pagngli¢ disk, thedlopkingipmperptugmd

i gnal s, . OP8 St GonBlRc At an bE BRI plile B UG Heled Bl RE DK

obj ect of t hmopieats eTite inagretit mumentofithe|pirmed layenisehar noviongerdiinmed\in mheages of
}?EI%LRE::E(I\)/rEN?r éﬁgﬁéfduectmn In this regard, significant advantages of the AP pinned spin valve
1] Ej  oW@%he typical single film pinned layer are a greater exchange coupling field and a
lower demag field, which enhance thermal stability of a spin valve sensor.
In the prior art, free layers have been constructed with thicknesses of 50 A to

optimize the giant magnetoresistive (GMR) coefficient of the spin valve. It would be

desirable if this thickness could be increased to about 100 A for the purpose of
enhancing manufacturing yield with only about a 20% sacrifice in the GMR
coefficient. A 100 A thick free layer, however, can increase an AMR effect to almost
1%. Unfortunately, the AMR seriously affects the position of the bias point of the
spin valve head relative to positive and negative readback signals detected by the spin
‘valve head, the bias point being a point on a transfer curve of the spin valve head
- which will be described in more detail hereinafter. The AMR effect is employed in
the aforementioned AMR sensor for detecting signals and is due to a change in
resistance of an MR stripe in response to magnetic fields from a rotating disk. The
free layer in a spin valve demonstrates this same AMR effect which must be dealt

with in establishing the bias point.



AQCQrding to one aspect of the present invention there is provided a thin
fil m maghetoresistive (MR) spin valve read sensor which has positive and
negative read signals about a bias point of a transfer curve upon sensing
positive and negative magnetic incursigns froma noving nagnetic nedi um
conprising: a ferromagnetic free layer havin ' which is
free to rotate in first and second directions|THISTSHEE&ASt BEEN Wwhi ch
corresponds to said bias point upon sensing s&i d poRERLAGED and nggati ve
magneti c incursions respectively; an antipar aMet-prmred~Tayer, an
antiferromagnetic |ayer inmedi ately adjacent said antiparallel pinned |ayer
whi ch pins a magnetic nonent of the antiparallel pinned | ayer along a

pi nned direction; an electrically conductive nonmagnetic spacer |ayer

sandwi ched bet weefpd Qﬁléfare&yla maa{jgigﬂah@fta@&ﬂmmé heall VRSB R DY Sikal SO

that, upon sensing said positive and negative nagnetic incursions, the
magnet i ¢ monem the magaetic digld) fory spin velva e lingap andiisdefined by sinf whers fds

directions relaligkPrlifeanind b of he Haehllicohombhie of R Bbe andPiiRGs Of the

pinned | ayer thus causing an increase or decrease In nagnetoresistance
respect i vel yjlaysesnsWith positive apd megativeunagneticofields froth 2 snaving megratic disk

applying a s e o - pie ' ' LQp; upon

t he appli cat i%%ﬁﬁg?g{syéﬁgﬁ§é@?éyguéer@g?@gﬁﬁ%%éﬁﬁ%%r@ﬁéﬁ%ﬁ %%ﬁigk%{r}%'e | ayer
bei ng f or cednépatisaclangesih tiepGRIRGTaheipin eavetead head efeijuat fsb et thefpositive f r ee

| ayer to rotatg in,said_secqnd, directiQp; and,.said. deterni ned direction
prgduci ng a cgative repdback ggnalsare pq a%%&‘?é’é’e"%% ‘ﬁ%ﬁ‘ﬁ%‘%ﬁ“ﬁmﬁt to
rotate in sapfltheiffedilayél iLHrAIRD to B AP indHhEARbELONVS thd ' BapRtic iniotend B

negati ve read signal s about said bias point is _inproved, Accordi ng

to anot her aSisaummedayenis perpendienlar to,tha ARSinta quiescent sitepogignabiromithe £ i | m
magnet oresi s .gﬁ'eti(c'\@k | z r}g_%a?p 11S I f&ﬁfgl? etic
free | ayer hgi\z/l ng a ngaﬁgmo%ﬁ%%‘?ﬁg%@gh 'S r_g%ﬁ%% ro %?’g | nggl and
second di r ecsdnsing pbsitive and megativeaficlgofromi theymagmeticsdisksi ng sai d positive and
negati ve magneti Cod NCUL Si. . Les tively..a.pinned,| havin -
magnet i o moment wRIGHET BOU R IRHERRS By ot dao etk i the oK Levs Bty o,

i IncI udi ngl: I f Ferimagneticeasling feld HoIbegine! I hictineliri]ﬂﬁieﬁléyiei-mlftﬁ?&ealay&;laﬁgﬂsg! Ch .
electrically uctiv acer. fi and the spacer -filr | pg .sandw che
bet ween the ﬁ%ggfhmﬂ?@%?‘gﬁg“yﬂ ?@:&%ﬂ“%ﬁqtmf"ér mﬂmgﬁg;@cﬁm@ iately
adj acent sai gonductive layers of the spin valve except the free layer and the aforementfned i I St
thin filmwhjch pins the nmagnetic nonment of the first thin filmalong said

pi nned di r eBfiugsef thtsMFar dbe influence ofithe AV on theybies peinbiscbe simary y
conduct i Ve SR aged:Hyfiencs HBAh P G HREDH ek Fudghiide AOCHDALRP! 00
| ayer so that upon. sensing positive an negative magreti c 1 ncursions the
magnet i ¢ nmonet isgéferrbd o heyein|za pher AMR EFEECT.n Updmiinvestigatingathel Aftpionell
di T ections T ghaliNe b Rind bl Sthef e Shlctirhs 5 MGndlBANSH b GollUiRRo! the
through the spin valve read head, the direction of the fields-H,,, and Hg are
antiparallel to the direction of the field Hy. and the influence of the AMR EFFECT.
Since Hy,,,, is very low in the AP pinned spin valve, the AMR EFFECT overpowers

- the antiparallel fields H,,,,, and Hp, to displace the bias point, resulting in asymmetry

of the readback signals.

SUMMARY OF THE INVENTION
I have discovered that, by reversing the direction of the sense current, I can
employ the sense current field H. to counterbalance influence of the AMR EFFECT

on the bias point. When the sense current is reversed from the aforementioned first
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pigqed | ayer resulting in an increase or decrease in nagnetoresistance
respectively of the sensor to a sense current; sense.current source nmeans
connected to the sensor for applying said sense current; the direction of
the magnetic noment of the free layer bejfng influenced by a ferronmagnetic
coupling field (Herr]) fromsaid second filmof the. pj ayer, a
demagneti zation field (Herr]) fromthe pin | asg.ﬁg‘f}msaﬁﬂtotropic
magnet or esi stance effect (AVMR EFFECT) and, udponh aﬁgbmkﬁp sai disense
current, a net sense current field (Herr])i_due -et-gs—fTrom

el ectrically conductive layers of the sensor- other than the free |ayer;
and said sense current source neans for applying the sense current in a
predeterm ned direction and of such a nagnitude that a net influyence of

HEC, Hlerr], direpgiomhe dieetion, ofthel influsneq obfhe (MRIBRFEEG R the Sres dfayst dhtial 1 y
Zero. m&iggﬁggﬂ%%@ﬂxﬁu@n&tdﬂ e fiBAL hg(g, F@fﬁ%& }Eff. oh e REECRGHL TRVention

there is provi magnetic head conpri a wite head including: at
| east one coi flir¢ctipe pndithe magnitudsef the isense cermrok Is thivagl dhel spinayalye read hga

enbedded in the,li I ' R sQeon I ' cted
at a back gap ai %3%%%?%%’5%dsﬁv%%e%gglé% %%“ﬁg’;a%ﬁﬁtﬁﬁgﬁn%g Qﬁbgn air
beari ng surf aifluén®B9f thd AMR EFFEGT] thereby positidndngthe diasoint meidwhye (atezero t he
first and secqn ol e pieces; angd a ite .l ayer..-sandwi.ched between the
pol e tips of MP?W@F“B&WS@EEW@“ ?ﬁ?‘&gégﬂﬁ?%‘-flo‘?sw SEPYEH of ¢ he
ABS; a read h@gdwhdhCthe $én3€ curdent i S0 dinéted,® 2658 eRirent feldbfrora ke GeChper AP

| ayers and first and second shield |l ayers; and the spin Vallfillq?vgs nsor being

t

sandwi ched bethifierirnedHayerienbancssa pimning mogiept efathe minned dayere fef

second gap | aYiglsverdd thst WRACHE SRR &g&m@ @otdﬂ%céa,rashnigmr_ apAd #hhal d

|l ayers: the spin valve sensor including: a ferromagnetic free |layer having
a magneti ¢ moensrent ishithehsdmee directiontas thotsense durrenti ¢ant ben priplozed el reet &t | ons
froma positi | C r a ' ' sfier curve
upon sensng Sieldh o TR RAAE SRt Cof The anilcBSuifiche el bR bR
REPLACEMENT Sidfifekromagnetic layer lose its direction due to high temperature conditionaln this

respectively fraqma neti.c nmedium ap. antiparallel pinned | ayer.having a
moneti ¢ 1o ARLCRR he Rber NERLAS Vo] FARE: ik P SRS S | o
pinned | ayer #hBgédse iciddent| for Bévedd] NaSREREs {orescd FROMEFrfoniahdlicl layd¥s and a

nonmagnetic electrically conductive spacer film_ the spacer film being
sandwi ched bet weerA% Rbjeft ¢fsthe prrsentdavanton iy tosprovide ap pptipaslicd pigsdsPie | ayer

i medi ately j thdlz fg E@Ba]t Phﬁh LI mwhi ch pins the magnetic nonent
a@dlﬁ%%ﬂéor%ne (?ayer 5 n segr?'

of the antiparallel pin d pinned direction; a nonmagnetic
Another object is to provide an antiparallel pinned spin valve sensor which has

a zero bias point in a quiescent state and has improved pinning of the pinned layer.

‘A further object is to provide an antiparallel pinned spin valve wherein the
direction of the x'pagnetic moment of an antiferromagnetic layer for pinning a pinned
layer can be reset by a unipolar amplifier upon the occurrence of thermal instability
of said magnetic moment. .

Still another object is to employ a sense current field for counterbalancing the ‘
effect of AMR on the free layer of an antiparallel pinned spin valve sensor so that
positive and negative readback signals are symmetrical about a bias point of a transfer
curve of the sensor.

Still a further object is to provide an efficient antiparallel pinned spin valve
sensor which employs a free layer of increased thickness for increasing manufacturing

yield.

Thi
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electrically conductive spacer |ayer sandw ched between the free | ayer and
the'pinnéd | ayer so that the nagnetic nonent of the free layer rotates in
said first and second directions relative to the pinned direction of the
magneti c nmonment of the pinned | ayer upog sensing said positive and
negative magnetic incursions thus causing an increase or decrease in
magnet or esi stance respectively of the sensor; and sense current source
means connected to the sensor for applying a sense. curcent through the
sensor in a ‘predetermined direction a %@Eﬁmtaﬁﬂ hed magni tude for

inproving read signal symmetry of thejr ﬁ s&mabout Lsai d zero bias

poi nt . According to still ar_QU_l_eL__ggpeek-ef—ﬂ e present
invention there is provided a nagnetic disk drive conprising: a wite head
i ncluding: at | easYet@nthePobjedt /@ prévide @8enst Oftnafikldlin a4 astipardliebpiandéd | ayer
bei ng enbedded_in the insulation stack; first and second ol e pi eces
connect ed at ﬁ’%ﬁﬁﬁ@ﬁ&iﬁéﬂﬂ@%ﬁ?ﬁ%ﬁ@“ﬁ%ﬁc@aﬁe@mf E9¥¥rtion

of ~an air beari “%ﬁg{ 56j6&s AP endhitCadvitiibed bf B MbaRon AN Appctnitéhed
between the first an Second pole pieces;" and a wite gap. | ayer sandw ched

bet ween t he papon redding the follewing description) taken: togethprowith Bi d forning a
portion of the ABS, a read head including: an antiparallel pinned spin

val ve sensor, first and second gap |layers and first and second shield

| ayers; and the anti par a BRAEFIDESERIBETION OF THEDPRAWINGSng sandwi ched
between the . first_.and,second gap Layers gnd the fir.st.and second gap

| ayers .bei ng sand\x‘%h E%E@Vﬂe‘ﬁe‘e&gﬁ?@ﬁaﬁrﬁagg@%ﬁg‘ @Y% d | ayers: the
antiparal | el pi nnefgSPisan\ead viRwedTasHiler vae] a'bgrittic Bead T dIEIOAR S & sédnce

| ayer having a nagnetic nmonment which is free to rotate in first and second
di rections fr’érﬂlﬂmﬂbﬂ;t_i on which corresponds to a zero bias point of a

transfer curve UFigE. PR Q&aﬂ&éW&tﬁ@ﬁa&%@@h&s&W%@%&&W&i&l@gz

respectively froma~ _

.magnet i ¢ di skendamagnaticliedds ey ethployedy a magnetic noment which is pinned in a
B ey St L NG 101 bbb Y Sl S5 B dehblary Bk SRER Grten, for
ferromagneitlc: thinFilns and a nonhmaghetic elec _f’l a conduct1 ve spacer
'film the 'sposmpporfing thestidemamianapuietib head; bet ween the first and second fil ns;

an antiferromagneti.c layer |. di ajel y..adj acent said ,first .thin £jl,mwhich
pi ns the magneti ctﬂﬁ%ngef%a B‘TA’%"W Pf&‘ spﬁ‘fljrfnﬁ eicdirgd a5 pgn R R*?Bﬁf‘)'{’
direction or sfifig/@rallel thereto; a non-magnetic electrically conductive

i nsul ati ve spacer __| ayer sandwi ched between the free | ayer and .t he pi nned
| ayer so that upofiSditjew fken aong plane VI-VI of Fig. S with all material above the

second pole piece removed;
Fig. 7 is a partial ABS view of the slider taken along plane VII-VII to show
the read and write elements of the magnetic head.

Fig. 8 is an enlarged schematic illustration of the antiparallel pinned spin valve
53 of Fig.7 with the sense current I; in a first direction causing asymmetrical readback
signals. |

Fig. 9 is a view taken along plane IX-IX of Fig. rotated 90 degrees clockwise.

Fig. 10 is an enlarged schematic illustration of the antiparallel pinned spin
valve 53 of Fig. 7 with the sense current I directed in a second direction which
causes symmetrical readback signals.

Fig. 11 is a view taken along plane II-II of Fig. 10 rotated 90 degrees
clockwise. '.
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positive and negative magnetic incursions the magnetic nonment of the free
| aydi rotlates in said first and second directions relative to the pinned
direction of the magnetic nonment of the pinned |layer resulting in an

i ncrease or decrease in nagnetoresistancg respectively of the sensor to a
sense current; a sense current source neans connected to the sensor for
appl ying said sense current through the sensor; the direction of the
magneti c nonent of the free layer and thus the bias point being influenced
by a ferromagnetic coupling field (HFC) fromsaid second filmof the

pi nned | ayer, a demagnetization field Herr]) fromthe pinned |ayer, an
ani sotropi ¢ magnet oresi stance effect (AMR EFFECT) and, upon applying said

sense current, a net sense current field (Hsa% due to fields from
el ectrical |y conddigi 121y ayepsfer,purve fors am aufiparlsl pinpeds spip ialve wnder they e

and sai d sensgffdict 8P bnsUtchse ARARPHLIAnARPHYS BFed he sense current in a
[ [ d of I tud

predeterm ned direction”an such a nmagnitude so that a net influence of
Herr], Herr], tHg BV themmosfer eurve fgr qnrdntiparaliel pinned spinayabve ynder the
substanti al | y;,zera. O?TE& v%imh&ae@tand the read head bei ng adj acent one
another to forma conbihe magheti1 ¢ head; a franme; a nmagnetic disk
rotatably support &ig.d# is laahé transfer carve fpar intiparalié¢lqinmed spinevalveomiseré tie
supporting theshead p . a transduci elationship.with t t i.c disk;.
meane. for .+ dnapERg of e Seis orre A enebaeen R inthsi o g AN el T he
support for reamhefret iger oahdtipositveRg RightiveieitadkSighdlstardsyenmesicdliabag Wit h
respect to said ng netj c disk; and neans connected to the conbi ned
nmagneti ¢ head Z¥QORAMEans for rotating the magnetic disk and to the
posi tioning nmeans for exchanging signals with the conbi ned magnetic

6¢c head, for controlling novenent of the nmagnetic disk and for controlling
the position of the ONQETHE BREFE. EMEORIMENT to still

anot her aspect of ?e?m?é .Q}%PH‘QQ’ £ 1 \4'| Q%glfi ic disk
drive conprising: ﬁg Wr | gaﬁg&atcliki nc I ng{r&épﬁf%ﬁ%ﬂ?ﬂ%ne Col ﬁs%‘er ‘i%éﬁd an

i nsul ati on ‘steacstmilarhpartsothroughyar the esemerale wiews dbeteiin itlimstratedsinl Bigs.ob-3shack;
first and second .pal.e. pieces.cqnnect e t ab and havi ole tips
Ty T o S R D IR WL AT T

insul ati on staoapgresit Nhsks andVTehgindle BRES Rotafe Yy & ThotaNde wiSEP M talie

pi eces; and a wite gap |ayer sandw ched between the pole tips of the first

and second p(?P%’_“ﬂ}eéé’é(sa mAwT contrallen 3% Aombined amagnetic head 40 for reading apd)
including:  ar&kding is mounted on a slider 42 which, in turn, is supported by a suspension 43

and actuator arm 44. A plurality of disks, sliders and suspensions may be employed-
in a large capacity direct access storage device (DASD) as shown in Fig. 3. The
suspension 43 and actuator arm 44 position the slider 42 to place the magnetic head
40ina transducing relationship with a surface of the magnetic disk 34. When the
disk 34 is rotated by the motor 36 the slider is supported on a thin (typically, .05 xm)
cushion of air (air bearing) by the air bearing surface (ABS) 46. The magnetic head
40 may then be employed for writing information to multiple circular. tracks on the
surface of the disk 34, as well as for reading information therefrom. Processing
circuitry 48 exchanges signals representing such information with the head 40,
provides motor drive signals, and also provides control signals for moving the slider
to various tracks. In Fig. 4 the slider 42 is shown mounted to a head gimbal assembly
(HGA) 49 which in turn is mounted to the suspension 43. The components described

hereinabove may be mounted on a frame 49.



val ve sensor, first and second gap |layers and first and second shield

| ayers; hnd the spin val ve sensor being sandwi ched between the first and
second gap layers and the first and second gap |ayers being sandw ched

bet ween the first and second shield laygrs: the spin valve sensor
including: a ferromagnetic free |layer having a magnetic nonent which is
free to rotate in first and second directions upon sensing positive and
negative nmagnetic incursions respectively froma magnetic disk; an
antiparallel pinned | ayer having a nagnetic nonent which is pinned in a
third direction; the antiparallel pinned |ayer including first and second
ferromagnetic thin filnms and a nonmagnetic electrically conductive spacer
film the spacer film being sandw ched between the first and second filns;
an antiferronagnetdg 5§ Rualidd (oB%kaioghlelavdiiae oty cFTahéimhgrietic hedd 40 Which Whi ch
pins the magnetic nonment of the antiparallel pinned Iayeéé an_electrically

conductive n weite Bead; pertiem 50\andss gead headyportion Sdntherwead herdvpertiophe free
| dth ' t : [ |
et a0 DR VR e AP BB B 5 e i

rotates in sald ions lative to the nmagnetic
nmoment of t hdnyantiomd RigyyZ2iis epdBS wiewi ofyFigaiSd The MR sensan 3 rie gandwiched

magnet or esi STARKERJTH 8 RN, Bl 31.oBR 38 B B8 ER B G e sendpiged, o,
applygng a seﬂaamﬁwﬁgamgs&ﬁmﬂbﬁkﬁﬁhﬁaﬁSRBgQGODEEda?emﬁ&@eﬁmﬂhrgngma% and or
a predeterm ne gni tude sq that the r sensor has inprov read signal "’
symetry abmﬁe&j%s FS‘%E%WMWF@’@?M%&%S%W %%R!’ﬁﬁ%?;fﬂgebei ng
grng ﬁgteintc to %eﬁoa%%e&qmwfmﬁmawmgga@%r&e@
rotatably suppotentiglthenges jare themprocessedsbip o proaessing eirruisry 4&shopmdnFig.3-
supporting the h L 3.8 apﬁq i rLe i 51[2'!5?" t heof® kg di sk;
means for rotati ngﬁgh%'ﬁten%gne |c&gidgﬁt;~he @rt%@)m ng lier{:al{';fir.l&ss %onnegpgjb?o t he
support for rseadwichetitetweenifirstedd secagd ésnlatiorelagters 66 mnd 68.plActhird dnsulation wi t h

maghet i c. headV J0 TS ChempioYPd FO HnRERG ead e Mabink s SRR 0B

posi ti oni ng rbsbaioh ddyee xahtahby Mg coillagbrs640 The fikst, seodridi adckhird gmwalation head,

for controlling nmovenent of, the magnetic di.sk and for cgntrollin he
position of tlﬂ’g‘s%ﬁﬁf"’ﬁ%lt%’& P‘l’té‘gﬁéaﬂ‘.s‘ﬂamns_t"%c iR Q:}ygrgﬁ,i ?‘1% fiot her
aspect of theirf &6Md and B ihQBitibh $AyRrs 66, 6B Al FO Gréisdnlivithed between first

and second pole piece layers 72 and 74. The first and second pole piece layers 72 and

74 are magnetically coupled at a back gap 76 and have first and second pole tips 78
and 80 which are separated by a gap layer 82 at the ABS. As shown in Figs. 2'and
4 first and second solder connections 84 and 86 connect leads 88 and 90 (see Figs. 8
and 10) from the MR sensor 53 to leads 92 and 94 on the suspension 43 and third and
fourth solder connections 96 and 98 connect leads 100 and 102 from the coil 64 (see
Fig. 6) to leads 104 and 106 on the suspension.

As a result of my investigation I am showing two embodiments of an
antiparallel (AP) pinned spin valve sensor 53, one of these embodiments of the sensor
53a being shown in Figs. 8 and 9 and the other embodiment of the sensor 53b being
shown in Figs. 10 and 11. One of the differences between the embodiments 53a and
53b is that the sense currents I are in opposite directions. In Figs. 8 and 9 it will be
shown how the direction of the sense currént I results in a less efficient AP pinned

spin valve 53a and in Figs. 10 and 11 will be shown how the direction of the sense



film magnetoresistive (M) spin valve read sensor conprising: a
ferromagrietic free |ayer having a magnetic noment which is free to rotate
in first and second directions froma neutral position upon sensing said
positive and negative magnetic incursiong respectively;, a pinned |ayer
havi ng a magnetic nmonent which is pinned in a pinned direction; the pinned
| ayer including: first and second ferromagnetic thin filnms and a
nonmagnetic el ectrically conductive spacer film and the spacer film being
sandwi ched between the first and second filns; an antiferromagnetic |ayer
I medi ately adj acent said first thin filmwhich pins the magnetic nonent
of the first thin filmalong said pinned direction or antiparallel
thereto; a nonmagnetic electrically conductive spacer |ayer sandw ched
bet ween t he fauerent Iaysnltsinch kigidy pffivient APpreved spin tvhlse sensorb3de disicongingly,d

positive and peqati.ve netic incw,siaons th etic nt .of t.he free
| ayer rotates c{hP eégr?ﬁr"é'{"eéﬁﬂf"ggé’o‘ﬁ edweé‘ﬁ?‘?n%ﬂ ePﬁels?ftr{g 1caton. hl%é'g‘bi nned
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sense currents S FLAR HNREQY Rinned spinvalys sensg ted to the sensor for
appl yi ng said Sen%e%&isbﬁﬂia&Bﬁﬂqﬂ?igk.h@miﬁé‘ﬁ&réfeﬁ%ﬁg&ﬁ?gs%ﬁ N@hpsai d

sense current, an ani sotropi c nagnetoresistance effect F.FECT) of the

free |ayer faptiparellc]l pinacdfegremagectiedayeni 12smdainenmpgnetic glpetrically gopgugtivei n sai d
first directigiuer BO& f '.ters%ﬁ%gﬁlag#rlrla%Mcﬁ&%i@ﬁe@ﬂ?&ﬁ'l@%&he

sense current i n a’prede rection
REPLACEMENT S$hitpifined layer 112. The AP pinned layeFi1p differs fsora the typickbspizwalve f or an

antiparallel pinned.spin.valve under ihe i.nfluence of onl ense _current
FTel B on t he Sk WiGHEeEpISSY o Sngl Pifhed er, 8 ik BOCAD Rlop Sl taes 1y 2 SRpfong ) ™
I%lnti pzﬂa! | el mﬁnmﬂ s&ﬁ?ﬂ ﬁﬁbﬂﬂgnutldf' efilnish¢16 mhﬂuﬁllsceTlﬁﬂh afel iepafa.te@\/ﬁyfaif e\t/:\;].
ig. is a the transfer, qurve for an antiparallel_pinned_spin val ve where
the infl uencémB‘Pa&'ﬁEc%l@FE’ﬁaclg’Lﬁ"P@\‘ﬁ“. FRACEF _ eﬂ%ﬁﬁﬁéﬂ@ﬁﬁ_ HFridehice of
the AMR ef f eqéhi@inteMacds ®ith ladsiffaceS OF i tifRrsthdohiif: BPEL R indeteSmgiDack

signals are symmetrical about a zero bias point. DESCRI PTI ON

OF THE PREFERREmaERESiEDlayENpins the magmeticemipinent 12dvof thet figst §lmvinraypionedr ei n

li ke referen ria!ﬁ- | ' LAl he
several Vi e\/\gﬁgﬁiérgg’ IS clh ?st?%g{lgﬁ*ﬁg?ﬁ%es@g gﬁan%hé?%éﬁﬁgg&gﬁéve 30.
The drive 30 ispinledde thindisquiion by ex@Bangeicotipling piithrthesantiferonpigasticdayer 122.

The spacer film 120 is very thin, in the order- of 8 A, which allows an anti-

ferromagnetic exchange coupling between the first and second films 116 and 118.
Accordingly, the magnetic moment 126 of the second film is directed in an opposite
direction to the magnetic moment 124 of the first film 116, namely perpendicular to
and toward the ABS. The thicker of the two films 116 and 118. determines the net
magnetic moment of the AP pinned layer 112. The first film 116 has been selected
to be the thicker of the two films so that the net magnetic moment is directed

.-perpendicular to and away from the ABS. A capping layer 127 may cover the free
layer 110.

The free layer 110 has a magnetic moment 128 which is free to rotate in first
and second directions under the influence of field signals (flux incursions) from the
rotating disk 34, these field signals being positive and negative going signals which
are typically of equal magnitude. First and second leads 88 and 90 are electrically

connected to the sensor 53a with a space therebetween which defines the active region



a Uqgneth disk 34. The spindle 32 is rotated by a notor 36 which in turn
is contrdlled by a notor controller 38. A conbined magnetic head 40 for
readi ng and recording is mounted on a slider 42 which, in turn is supported
by «a suspension 43 and actuator arm44. foplurality of disks, sliders and
suspensi ons may be enployed in a | arge capacity direct access storage
device (DASD) as shown in Fig. 3. The suspension 43 and actuator arm 44
position the slider 42 to place the magnetic head 40 in a transducing
relationship with a surface of the magnetic di sk 34. Wien the disk 34 is
rotated by the notor 36 the slider is supported on a thin (typically, .05
pm) cushion of air (air bearing) by the air bearing surface (ABS) 46. The
magneti ¢ head 40 may then be enpl oyed for witing information to multiple
circular tr a%the@eﬁsbe&%ﬂaeeh@ﬁadldﬂ&dﬂiidfkh@ﬂead&ﬁa&@inblo@ﬁlgfthé séigedi g

information therefrom Proc g gircuitry 48 anges si
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how the direction of the sense current I[err] results in a less efficient
AP pi nned spfresistaars ef tiogensay Thispyaydd be an eppesitel sityation ifghessrsond filanvlie

direction of whlehiSRRIKan the first film 116 causing the net magnetization of the AP pinned
layer 112 to be oriented toward the ABS instead away therefrom. My investigation

shows that when the sense current is directed as shown in Figs. 8 and 9 the transfer



9. current I[err] results in a highly efficient AP pinned spin valve
sensor 58b. Accordingly, the AP pinned spin valve sensor 53b is the

i nvention of the present application. Figs. 12-14 explain why the
appropriately directed sense current I[efr] in Figs. 10 and 11 results in
an inproved AP pinned spin valve sensor 53b. The sensor 53a shown in
Figs. 8 and 9 has a ferromagnetic free |ayer 110, an antiparallel pinned
ferromagnetic layer 112 and a nonmagnetic el ectrically conductive spacer

| ayer 114. The spacer |ayer 114 is sandwi ched between the free |layer 110
and the pinned | ayer 112. The AP pinned |ayer 112 differs fromthe typical
spin val ve sensor, which enploys a single pinned layer, in that the AP

pi nned | ayer 112 enploys first and second ferromagnetic filnms 116 and 118
whi ch are separvetwitl zyshiftedoriztigniet the biak @oint.i This [is/canssddbyc various sfluereesf i | m
120. The firsttLi m 116 ?gg g%ﬁun 3ee mh%q? iqterfaces with a surface of an
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Fig. 3.
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val ve sensor is that the spacer Tayer 114 have a thi ckness whic ess

than t he nmeadiréqtion, ewdvenfthis seldcorly axasketethmproblenwi ng in the free and
pi nned | ayers 110,300,442 nolliPieh SorbherfloRsd LfMlefSe bicohi Bilgnetlifll depends

upon the _
influences except for the AMR EFFECT. While the AMR EFFECT is not 2 magnetic
field its influence is the same as a magnetic field from the standpoint of displacing the

bias point of the transfer curve of the spin valve sensor. The AMR EFFECT changes
the resistance of the free layer 110, shown in Fig. 11, in the same manner that it
changes the resistance of an MR stripe in an AMR sensor. In an AMR sensor the

resistance of an MR stripe is at a maximum when the direction of the magnetic



rel ative angl e between the magneti zation 128 of the free |ayer 110 and the
net' magnetization (difference between the magnetizations 124 and 126 and
which is directed away fromthe ALBS) of the AP pinned | ayer 112,

determ nes the resistance of the sensorjsto the sense current I[err]. The
greatest scattering and the correspondingly greatest increase in resistance
occurs when the magnetization 128 and the net magneti- zation of the AP

pi nned | ayer 112 are antiparallel and the | east scattering and the
correspondi ngly | east resistance change occurs when the nagnetization 128
and the net magnetization of the AP pinned | ayer 112 are parallel with
respect to one anot her. The magneti zation 128 of the free layer 110
is typically oriented parallel to the ABS so that upon receiving positive
and negat i vembimehofsthe MR stripe énpazallebomantiparalisl 46 theldiretiopefid seasd eumrenp s '
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first direction, ereby symmetry of the positive ‘and negative read
si gnal s aboudovgryagdlyisg shas therfransier curve is asymmetrical about a bias point, which will

be described next.

Figs. 12, 13 and 14 are exemplary transfer curves for a spin valve sensor
..Shown for the purpose of explaining the influence of sense current field Hy.. (Fig. 12),
the AMR EFFECT (Fig. 13) and the combination of the AMR EFFECT and Hy, (Fig.
14) on the bias point of the transfer curve. The transfer curve is a plot of H, 44
which is the positive and negative flux incursions from the rotating magnetic disk on
the sensor versus the positive and negative readback signal voltages V, and V,. If
only the sense current field Hy. is considered, as shown in Fig. 12, the positive and

negative read signals V, and V, are asymmetrical with respect to a bias point 142 with



i nproved. 2. A sensor as claimed in claiml including:

16 ° ' a unipolar anplifier connected across the sensor for applying a
reset current through the sensor in the sanme direction as the sense
cusrent for resetting pinning of the myrent of the pinned layer. 3. A
sensor as clainmed in claim2 wherein the reset current is at |least three
times greater than the sense current. 4. A sensor as clainmed in claiml
wherein the direction of the sense current through the free |ayer produces
a field fromthe free |layer which increases the pinning of the nonment of

t he pinned | ayer. 5. A sensor as clainmed in claim1l wherein the sensor
has an air bearing surface (ABS) and is in a quiescent state when no
magneti c |ncur5|on is received fromsaid magnetic nmedjium_ the sensor

conprising: the Posttlﬁe f?ﬁdnﬁé@ﬁldhrmg gicatsethan hropegstive Yol df only thseAMES: and
the magnetic o 8 cdnll d;%%ess AR iRRI15]! 8RS sRARR! VPlank Ov] i ABS

when t he sensor ul escent sta sensor " as clained in

cl ai m 5 i ncl uakympetrical with respeetitp @/ bias MIIMM@MYM&@@SV;W@%%SM

the conse cur PEHE Bap Tl e ATV, BT RoE L ool i R 2,

7. A sensor msamﬁﬂgw@pmmmedmmmmdzwmmmmeast

cl'aim 7 wher ol WL FEFRCT BB e Heiomres be FBIar s sRP UG FIE: Ko DB | ayer

produces a fIﬂﬁeké@ab&&&themw&bﬂ&e@ﬂomwmwmﬁlp}amea%rd he

nmonment of the, pinned | ayer. A thin filmnpmagnetoresistive (MR, spin
val ve read s nﬁhqb%gomwgthpmqumgnmzemaé@anal;éh wdWng a
magneti c nomegt ’bofﬂtr 5 S0l ONs
froma neutra bﬁ\cl)%ﬁ 1 on upon nsi %ﬁgg p05|1ta|g\‘/”e aﬁéﬁ%‘gﬁg&é %rragnet I C

i ncur si ons r eEpiecan \be| accomplished by appropriately directing the sense current I; with 2
predetermined magnitude. This same theory is applied to the mvennon of this
application which is illustratéd in Figs. 10 and 11, which will be described next.

The AP pinned spin valve sensor 53b shown in Figs. 10 and 11 is the same as
the AP pinned spin valve sensor 53a shown in Figs. 8 and 9, except a sense current
source 150 is provided for directing the sense current in an op;;osite direction to that
shown in Fig. 8 and a unipolar amplifier 152 is employed for purposes to be described

* hereinafter. When the sense current is directed, as shown by the arrows in Fig. 10,

the sense current field He 154 is directed opposite to the AMR EFFECT 138 so that

Hge, Hyemsg 2nd Hpc substantially counterbalance the AMR EFFECT and reduce the

aforementioned asymmetry. This is accomplished by directing I from the current

source 150 in the appropriate direction and of a sufficient magnitude to implement the

counterbalancing. In testing the AP pinned valve sensm%{’ 53a ‘iln Figs. 8 and 9 the
-

_ asymmetry was —40% where asymmetry is defined as Z___. Intesting the
- max (V,orV,) .

AP pinned valve sensor 53b the asymmetry was +10%. It should be noted that when
the sense current field Hy. is employed to counterbalance the AMR EFFECT that the
magnetic moment 156 of the free layer 110 may not be parallel to the ABS as
indicated by the open circle in Fig. 11.



a pinned | ayer having a nmagnetic nonent which is pinned in a pinned
direction; 17 t he
pi nned | ayer i ncl udi ng: first and second ferromagnetic thin
filsme and a nonmagnetic electrically 14 conductive spacer film and

t he spacer film being sandw ched between the first and second fil ns;

an antiferromagnetic layer. imedi ately adjacent said first thin filmwhich
pins the magnetic nonment of the first thin filmalong said pinned
direction or antiparallel thereto; a nonmagnetic electrically
conducti ve spacer |ayer sandw ched between the free |ayer and the pinned
| ayer so that upon sensing positive and negative magnetic incursions the
magneti c nonent of the free layer rotates in said first and second
directions rel ati venother édvmtag’maﬁdnedépﬁewhﬁvsrsenﬁor t5Bk isralgn ahé cemservantentof t he

pi nned | ayer resujting i I ncrease or decre neto SISt nce
respectively '%‘f"“lg*’léﬂesg?% Uow’ile‘?‘?'g'?f %Fﬁ“ﬁ%ﬁ‘fmn?ﬁgld &“&% %sour ce

means connect pgrehdds iHendpRbEstreh o@ﬂi&'ﬁlﬁﬂiﬁg ﬁ&héntqgn%ﬁﬂﬁtﬂrstm 116 This the
direction of the magnetic nonen the free layer being influenced by a

f er r omagnet i cWibirpmpigghermal %WW@;E ther sgnsos fom tbeetemqqt ﬂm bxghtt?@emtm@ed

layer, a denggp r

an?/sot ropic rragng%%sfgglé?tgaéndggeg o?}'jg@ ﬁ%ﬂﬁ@‘@%@f and upon p% yi ng sai d
sense curr entglecirostatic dischmegeciom amobjectoiill nog disetien )heeﬂwcmn ¢fi the dwghetiom
electrically ¢ C e l.a t he sensor .ot.h er;
ong Y AARE Dy A e epbBSES RO Reetit, HobRE i BRChiehd Tl

i ][1 ﬁ[ pr e]det a{ﬂempadmreﬁbégedmed) which d$ réfgﬁéd o anghe hloh J‘ hatipesatmet off thel uence
0 err err t he an err t he .S

subst anti al | ag&?flcl\fg? 555'59-";5(5 Vé&hé%""]’ﬂp‘@ I'éfe’r' i# %rﬁsgﬁmg " a

uni pol ar awplmébﬁénmmeane&ﬁeﬁﬁgﬂehemeﬂm by @bndbBfitg/4 Péketfin, @ﬁ&éntcurrent
t hrough the sensor in the sane dlrectlon as the sense_ current resettlng

pi nni ng of t Harough theantifsrromagneticlaves Aya‘hlscumrintw&mrwwé?ﬂ@a
claim 10 whergi eexfsbeu&éﬁ?t afdypRBly WouRbe RS tinled T8 for b VIR shodf ol of! han

t he sense current.
REPLACENMVENT Sl Buch as 30 nanoseconds, to avoid overheating the antiferromégnetic layer 122.
It should be noted that the direction of the reset current I, is in the same direction

as the sense current Ig.

Exemplary materials for the AP pinned layer spin valve sensors 532 and 53b
are NiFe for the free layer 110, Cu for the spacer layer 114, NiFe for the first and
second films 116 and 118, Ru for the spacer layer 12-0, and Ta for the capping layer
123. ’

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such

..-embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



18 . ,12. A sensor as clainmed in claim9 wherein the direction of the fields
Herr], Herr] and Herr] being perpendicular to and toward an air bearing
surface (ABS) _and the direction of the influence of the AMR EFFECT bei ng

perpendi cul ar to and away fromthe ABS. 13. A sensor as clained in claim9
o Mlmmumgmln!ﬁf ‘an influence bh the freé layer which is

equi val e B ileld which is antiparallel to the direction of
the fieldd HEC, Herr] and HSC. 14. A sensor e in claim9 wherein
the first thin filmis thicker than the secon
direction of the magnetic nonent of the firstithinRH s{ the pinned
direction of the pinning nonent of the pinned | ayer: . erfsor as
claimed in claim9 wherein the direction of the sense current through the
free layer produces a field fromthe figIaAIMYyer which increases the pinning
of the nonent @{j%ha.e pinned layer. 16. A sensor as clainmed in claim?9
wherein the seIn as an air bearing surface (ABS) and is in a quiescent
state when no signal is received froma magnetic disk, the sensor

conpri si ng: t he pinned direction bein erpendi cular to the ABS; and
the magnetic noment!- of #¥hthiy filta magpetpresish ) &rin ¥alve aead| sersor twhichhkasABS

when the sensgkitivs ad i | %‘mé : ined in
claim 16 V\herzbr%mt h?ﬁ%ﬁ%ﬁﬁé&? e sgﬁgoogb%%eéﬁtﬁla?%rg%géﬁﬁﬁ%éfﬁg | ayer
produces a fi &ipgnSensingt pesitive aod inggative wirgodtici incursiosesf ¢qual miaguitudg fafm the
noment of the ."?&ﬁlqa LOL | g ; sor as clainmed in claim117 wherein
the direction lgé the éﬁ?&%ﬁ'ﬁbgﬁ 3rr]  and H err] being perpendicul ar
to and toward t he ABSremapnetiefreé laget havingod migrestic nfdmen odichfis fieb@o Afve EFFECT .
bei ng per pendi.c r to an way fromthe ABS. _,19. A sensor as clajpmed in
clai m 18 wher & #"’?ﬁ&aﬁﬁff?"gp‘gﬁeﬁl"%ﬁ%ﬁ M’f‘ﬁ%éﬁ‘&é‘ goFrespondste sald| zep biaghi ch

i s equi val ent pofit GpsrP&nsihjs Saill ip@ﬁiﬂvé"jﬁld?&gh&veaﬂﬁézﬁﬁé fchftion’s PespBiivellyt €Ct 1 On

of the fields HFC, Herr] and Herr].
, an antiparalle] pinned layeér;

an antiferromagnetic layer immediately adjacent said antiparalle] pinned layer

J ' which pins a magnetic moment of the antiparallel pinned layer along a pinned
direction; '

an electrically conductive nonmagnetic spacer layer sandwiched between the

free layer and the antiparaliel pinned layer so that, upon sensing said positive and

negative magnetic incursions, the magnetic moment of the free layer' rotates in said

first and second directions relative to said pinned direction of the magnetic moment

of the pinned layer thus causing an increase or decrease in magnetoresistance

respectively; and .

a sense current source connected to the sensor for applying a sense current in

a predetermined direction and of a predetermined magnitude so that, in response to

.- said increase and decrease in magnetoresistance, the sensor produces positive and

negative read signal symmetry about said zero bias point.

2. A sensor as claimed in claim 1 including:
a unipolar amplifier connected across the sensor for applying a reset current

through the sensor for resetting pinning of the moment of the pinned layer.
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19 20. A se

t hi bker thanthe

nsor as clainmed in claim119 wherein the first thin filmis
second thin filmso that the direction of the nmagnetic

nonent ' gin film defines the pinned direction of the pinning
mofrent lﬁ \“‘ j{m‘i“ “yer. 21. A senSﬂg as clainmed in claim 20 including:
[ |

a unip

current through the sensor

resetting pi
claimed in c
greater than
head i ncl udi
the coil lay
second pol e

formng a po
st ack bei ng

I & connected across the sensor for applying a reset

In the sane direction as the sense current for
nning of the nonment of the pinned |ayer. 22. A sensor as

llaim 21 wherein the reset curriefpg! reast—+firee tines
the sense current. 23. A rrairlgtslczgggd*@oéﬁﬂ ing: a wite
| )

ng: at | east one coil |

pi eceg, ConpeeiRfadliaifed fHaitPDwRGSin B/ tehd cROR id dt feastihicl

LAGED nsul afi on st ack;
er being enbedded in the insulation stack; first and

edges

rtion of an air bearing surface (ABS); the insul ation

simed gragtes thapethoeense eweeoti rst and second pol e pi eces; and

a

wite gap | ayer sandwi ched between the pole tips of the first and second

pol e pi eces

shield | ayer
the first an
sandwi ched b
sensor inclu
nmonment whi ch

and forming a portion of the ABS, a read head incl uding:
a spin val ve sensdr, fArsnsars dameddn gigim hywdereimthe firection afthe sensad

et Do iz B ol BRATRAY € MR MRS aRaG A" LET

pinn@Roftthe nfonieat ofthe pamedtdeshiel d layers: the spin valve

di ng- a ferromagnetic free | ayer having a nmagnetic
is free to rotate in first and second directions from a

posi tion which cosrespangdssot @s dlam@ddnias PRhertinathe Sensbil Ba3nedir beakiug upon

sensi ng posi
magnetic ned

tive and negative magnetic incursions_respecti Vr%l:é(v fdrigorg a
ive

surface (ABS) and is in a quiescent state when no magnetic incursion is
said magnetic medium, the sensor comprising: '
.the pinned direction being perpendicular to the ABS; and
the magnetic moment of the free layer being directed parailel to the ABS when

the sensor is in said quiéscent state.
6. A sensor as claimed in claim 5 including:
a unipolar amplifier connected across the sensor for applying a reset current

through the sensor for resetting pinning of the moment of the pinned layer.

7. . A sensor as claimed in claim 6 wherein the reset current is at least three

times greater than the sense current. ' -

8. A sensor as claimed in claim 7 wherein the direction of the sense

- current through the free layer produces a field from the free layer which increases the

pinning of the moment of the pinned layer.

9. A thin film magnetoresistive (MR) spin valve read sensor which has
positive and negative read signal symmetry about a zero bias point of a transfer curve
upon sensing positive and negative magnetic incursions of equal magnitude from a

moving magnetic medium comprising:

This Sheet Has Been
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20 an antiparallel pinned | ayer having a magnetic nonment which is
pinhhed in a pinned direction; the antiparallel pinned |ayer

i ncluding first and second ferromagnetic thin films and a nonmagnetic
elgctrl ﬂ“"ﬂ spacer film the spacer film being sandw ched

bet ween "ﬂﬁﬂﬂ"ﬂ"ﬁ"ﬂ”cond films; 7 an antlferronaonetic | ayer

i medi at &l y©ad} ac®ents said first th| n fil gneti c nonent
of the antiparallel pinned |layer in said | a
nonmagneti c el ectrically conductive space 2N hed! bet ween t he
free layer and the pinned |ayer so that t Tagneti c nonent ef the free
| ayer rotates in said first and second directions relative to the pinned
direction of the magnetic nonent of the pinned |ayer upon sensing said
positive and negata feﬁ'oﬁﬁgnimibifﬁeeilﬂ;ceulhai/mgla malgnaicaaememgnlﬁc:h isi freer tearstateor

decrease in nagnhetor.esi st.apce.respecti vy sense
current sourc‘&qﬁgﬁg Wedﬁeg%onfs?%gnglgth%gpsw%}fp% %%%s£@ggsﬁg‘ée and ent
t hrough t he s:mgsﬁre 1hilgratie inxthasions véspedivelly) the mewtral positiof cargspauiitigetonsaited
magni t ude for rg)row ng read signal symetry of the read sensor about said
zero bias poﬂ?ﬁls B A magneti c head as clainmed in claim23 including:
the antiferronagnet pinnkd\sgyfer laving 4 mngactizt moyeatdjvhichnis pianed in aspingdd n film
whi ch pins tcge nagnetic nonent of the first thin filmalong said third
direction or W?ﬂgral l el thereto; the direction of the nagnetic
nmonent of the freahd pinaed Riger inbludinghe bi as poi nt bei ng influenced by a
ferromagneti c coupling | el HF from m of
| ayer, a denmgneti zati SF% %iegf’ aB ﬁﬂglamf%\itéé&eaﬁw
ani sotropi ¢ magnebadRtve spucechiin; faagt (AI\/R EFFECT) of the free layer and a
net sense current field (HSC),_.duye.to el ds, frome]e ductive
| ayers of the sensor ofitfctPacsrfilmy L‘?‘Fé“&?*‘éé °€m&h gbsblaﬁ"?ﬁﬁ’%‘g ense
current; and anaﬁ&feelmﬁﬁ Wﬁﬁhemel aémmﬁﬁfﬂlﬂmlhywmhfpﬁlﬁ sense
current in a direction so t i nf.l ueng H " taﬂq AMR
EFFECT, and HbepRpoetis tRefeent o @el’%‘ég"ﬁ%‘m %‘lﬂo’éfdgﬂ’t“?eg paralle
thereto;
a nonmagnetic electrically conductive spacer layer sandwiched between the free

layer and the pinned layer so that upon sensing said positive and negative magnetic
incursions the magnetic moment of the free layer rotates in said first and second
directions relative to the pinned direction of the magnetic moment of the pinned layer
resulting in an increase or decrease in magnetoresistance respectively of the sensor to
a sense current;

a sense current source connected to the sensor for applying said sense current;

the direction of the magnetic moment of the free layer and thus the bias point
being influenced by a ferromagnetic coupling field (Hg.) from said second film of the
pinned layer, a demagnetization field (Hdms)- from the pinned layer, an anisotropic

.~ magnetoresistance effect (AMR EFFECT) and, upon applying said sense current, a net

sense current field (Hy) due to fields from electrically conductive layers of the sensor
other than the free layer; and

said sense current source applying the sense current in a predetermined
direction and of such a magnitude that a net influence of Hyc, Hyemg the AMR
EFFECT, and Hg. on the free layer is substantially zero whereby the sensor has
substantially positive and negative read signal symmetry about said zero bias point.

T?ﬁiiﬂtli‘iirﬁiﬂ“fﬂn



21, 25. A magnetic head as clained in claim24 including: a uni pol ar
arrplrﬁer connected across the sensor for applying a reset current through
the s direction as the sense current for resetting the

pi Ianl ammlmlulmwlllmm of the pinned |ayer. 26. A magnetic head as clai ned
in clai'm 25 whetfeih the reset current i%8at least three tines.greater than

the sense current. 27. A magnetic head as clai npis SREET HAR BENherein the
sensor has an air bearing surface (ABS) and i$ In hppgent sfate when
no signal is received froma magnetic disk, t onpri si ng:

the pinned direction being perpendicular to the ABS; and t he magnetic
nonment of the free layer being directed parallel to the ABS when the
sensor is in said quiescent state. 28. A magnetic head as clained in claim
27 wherein the di rm:ticmserfsoikneclamedénclmnérihcludihg:ough the free Iayer

producesafleldfromthefr | aye ncreases the.pinnin

nmonment of the pi nr%'dn ﬁ% %Peﬁﬁ r?&fos%h]ﬁesgﬁso Or APRY FHc %el%t 28
wherei n the dihfeagh Itl(m”lseﬂfsortfoe:e‘setﬁhglpuﬂxgrdf]the mbieiitrdf therginhfdtaytr. bei ng

per pendi cular to and toward the ABS and the direction of the influence of
t he AMR EFFECT bei ng perpendi cular to and away fromthe ABS. 30. A

magnetic head as ciiai mey sérocaselginmdd znmmim wheeiAht fdsétantirehns dAneast
i nfl uence on,the. free l%ytﬁﬂ&‘?l chis UI valent to a magnetic field which
i s anti paral | Becinesgreat (§ﬁ0581‘°ufr fields HFC, Herr] and Herr].

31. A magnetic head as clained in claim 30 wherein the first thin filmis
thicker than the gecond thin f hat netic
nonent of the firstthithSPFHAS © kj‘é‘FFiE’scLI%’ﬂ‘e?B’F P?Bﬁmﬁp-eef@*‘ﬁi nni ng
nronr:snéI of theI{QMﬂﬁﬁHL@wmlgpaﬁéhdm%%ﬁ&Gﬂﬁdt@aP&agaﬁ%e&E@ ﬁﬁﬂh woABSﬁax]gﬂ 31

i ncl udi ng: a, uni.pol a i e acr oss t sensor for
appl yi ng a retgﬁfl‘r?:‘iﬁ‘PPgﬁﬁ’ mﬁﬁ?ﬂgggh H@'@&EW F‘éﬁ‘f‘fﬁ‘ﬁayas t he
sense currentfdmithd B8 LI ng the pinning of t he m)ment of the pinned

| ayer.

13. A sensor as claimed in claim 9 wherein the AMR EFFECT has an
influence on the free layer which is equivalent to a magnetic field which is antiparallel
to the direction of the fields Hyc, Hyopog and Hge.

14 A sensor as claimed in claim 9 wherein the first thin film is thicker
than the second thin film so that the direction of the magnetic moment of the first thin

film defines the pinned direction of the pinning moment of the pinned layer.

15. A sensor as claimed in claim 9 wherein the direction of the sense
current through the free layer produces a field from the free layer which increases the

pinning of the moment of the pinned layer.

16. A sensor as claimed in claim 9 wherein the sensor has an air bearing
surface (ABS) and is in a quiescent state when no signal is received from a magnetic
disk, the sensor comprising:

the pinned direction being perpendicular to the ABS; and

the magnetic moment of the free layer being directed parallel to the ABS when
the sensor is in said quiescent state.
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33.. A magmetic_head as claimed in claim32 wherein the reset current is at

| east thr ti rn%\g:%\r than the sense current. 34. A magnetic disk

dri've coﬁlwwlmwrit ‘head i ncl udi ng: at |east one coil |ayer and
t

an ensul a !’/‘/ the coil layer being enbedded in the insulation
I /%ond pol e pi ecesaconnected at a back gap and
edg

st ack; fits

havi ng pole tips wit i es formng a portion of an air bearing surface
(ABS) ; t he insul ati on stack bei ng sandwi.ched-bet-ween—the~first and
second pol e pieces; and a wite gap | aysTHISUSHEEE HAS BRRNAEen the pol e
tips of the first and second pole pieces and}{form REPIACEDrti onj of the ABS;
a read head including: an antiparall el prrred-sprmT—Vvarve sensor,

first and second gap | ayers and first and second shield |ayers; and
the antiparallel pilned 4 pémsorad viainsnimoglaibei 6 ohericide ciretidics e tehdre

first and second | ayer nd the firs d second gap |l ayers being
sandwi ched bet ‘i)déf&ﬂ‘q‘?f?élgg ﬁFs@“q%a PIIVETS R éﬂ%‘? &P‘& ¢%§%@r layer which inereassathgl | el
pi nned "spi N VapiM@ns 6N &R mbhédt 6t ithIpinned layer. @ ferronagnetic free |ayer
havi ng a magnetic nmonent which is free to rotate in first and second
directions froma position which corresponds to a zero bias point of a

transfer curve UpOfls.Se”%iééﬁsd?‘%%%;lg(n}(e%iﬁ@f&ixﬂ?g%x%r‘ré]%etggﬁge?glﬁﬂhﬂgﬁ%ﬁ% S

respectively from a magnetic aving a fagnetic
moment whi ch i Beedaj #nddidsci being parpenditubiic te etd torward the ABS tinbthei direetion ofythe

momEnt whi ch Mg werd trvard the ABS bi _
clactrioal |y chadss PEBBHMRIFRITTBE, beibpiciale: of o Do ot A oo

between the first and second fil ns; an antiferronmagnetic | ayer.
i medi ately adj acegf, sai,d first thin filmwhich pins the . magnetic noment
of the first thin ?§1mé|§ﬁ‘f§°rsa§i°i?"ﬁ‘leﬁi\% agm 18 (yhersin e AMR E &ps emer et o;

REPLACEMENT  Slififlubnce on the free layer which is equivalent to a magnetic field which is antiparallel
~ to the direction of the fields Hyc, Hyep, 2nd Hye

20. A sensor as claimed in claim 19 wherein the first thin ‘film is thicker
than the second thin film so that the direction of the magnetic' moment of the first thin
" film defines the pinned direction of the pinning moment of the pinned layer.

21. A sensor as claimed in claim 20 mcludiné:
a unipolar amplifier connected across the sensor for applying a reset current
through the sensor for resetting pinning of the moment of the pinned layer.

22. A sensor as claimed in claim 21 wherein the reset current is at least

three times greater than the sense current.

23. A magnetic head comprising:
a write head including:
at least one coil layer and an insulation stack;
the coil layer being embedded in the insulation stack;
first and second pole pieces connected at a back gap and having pole

tips with edges forming a portion of an air bearing surface (ABS);
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23 a non-magnetic electrically conductive insul ative spacer |ayer
sandwi ¢ched_between the free | ayer and the pinned |ayer so that upon

sensing sai d positive and negative nagnetic incursions the nagnetic nonent
of .t he. fr Iiﬂ ll "ﬂﬁﬁ"Ln said first and second directions relative to
the pi nne magneti ¢ nod®nt of the pi nned |ayer resulting

of the sensor
ted to the

in an increase or decrease i n magnet or esi stance_r
to a sense current; a sense current ﬁesnm‘arﬂﬁ&B
sensor for applying said sense current thrioug h,b_?L,lﬁ(}E'DSOF t he
direction of the magnetic nonment of the fre he bi as point
being influenced by a ferromagnetic coupling field (HFC) from said second
filmof the pinned layer, a demagnetization field (Herr]) fromthe pinned
| ayer, an ani sotropic ﬂmnbnmﬂm@mw&@ﬂt@dtbemﬂﬁfmmﬁsmadwpon
applying said sense current, a net sense current field (HSC) due to fields
fromelectrically PG ive | ayers of the sensor other than the free

| ayer;. and dsal d §®s&geggplﬂdyeﬂ_ﬁmﬁ0ﬁﬂh§¢b?m&$;ﬁeopolam!s)dfgbe fikse aﬁénse
current in a predeter ed, direction and of s ragni tude so that a net
i nfl uence of H[ er o™ %&Fm}weﬁw@ftﬂw 8 BreEop éﬁﬂﬁi@r] on the free |layer
is substantially Ze¢ad head includidpe Wri te head and the read head being

adj acent one another to forma corrbl tic head

a magnetic disk rotatabFfgin ﬁ(fF’ES@H "g‘?‘én@l’ layers an%ﬁgﬁﬁﬁﬁ%ﬁwﬂgﬁnt ed
on the frane for §Hig10 Qdletsp@nd he head |n a transduci ng reI ationship with

the magnetic disk; meaps for rotatln magn dISk

posi ti oni ng neans conn@&lsé’& €{58S08 BEiDg ?heﬁ’&\?f\%@ ﬁﬁ%ﬁﬂﬁi A agnet i ¢
head to multiple pgsiaydroand ﬂetﬁistraearse@ohdtgep foyeld VaBgahdwichédctwesncthe

nmeans connect ed tg the combj glegééﬁy netic head, to the nmeans for rotating

the magnetic dis rst AR 5508 Soni ng means for exchangl ng signals with
t he conbi ned the spin valve sensor including: 24

a ferromagnetic free layer having a magnetic moment which:is free to

rotate in first and second directions from a position which corresponds to a
zero bias point of a transfer curve upon sensing positive and'negative' magnetic
incursions respectively from a magnetic medium;

an antiparallel pinned layer having a magnetic moment which is pinned
in a pinned direction; .

the antiparallel pinned layer including first and second ferromagnetic
thin films and a nonmagnetic electrically conductive spacer film, the spacer
film being sandwiched between the first and second films;

an antiferromagnetic layer immediately adjacent-said first thin film
which pins the magnetic moment of the antiparallel pinned layer in said pinned
direction;

a nonmagnetic electrically conductive spacer layer sandwiched between
the free layer and the pinned layer so that the magnetic moment of the free
layer rotates in said first and second directions relative to the pinned direction
of the magnetic moment of the pinned layer upon sensing said positive and
negative magnetic incursions thus causing an increase or decrease in

magnetoresistance respectively of the sensor to a sense current; and
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magneti c head, for controlling novenent of the magnetic disk and for
controlling the position of the combined magnetic head. 35. A magnetic
disk drive as clainmed in claim 34 including: a uni polar anplifier
copnect ed across the sensor for applying a reset current through the

Sﬁnsor [ }mm"ﬂlmmmlon as the sens® current for resetting Ioi nni Sg of
; . 36. A f 1Y ' '
the nonenul e ayer nmagnet g;mgrggéﬁgﬂ ained in
' 1

claim 34 wherein tMe 8ensor has an air bearin disin a
qui escent State when no signal is received froma ndgReA , the disk
drive conprising: ~ the pinned direction being perpendicular to the
ABS; the magnetic nonent of the free |ayer being directed parallel to
the ABS when the sensor is in said quiescent state; and t he
]gi rect |h on ?f thle sensmcsuﬁ_ hsfefi:ﬂ{:reﬁtf%bﬁﬁgh?{inh&gd t@ﬁekﬁ?&f%@ﬁpﬂ%@d}?eﬁéﬁel d
romthe ree | ayer i ch increases. the pi n t he. ,monent . o e
pi nned | ayer. 37.°u$c%ﬁé’ﬁd6teﬁ’f”§&‘?a‘(??@8nM@%ﬁﬁ%&%@!?ﬁ?&ﬂ%@ ¥ .tri si ng:
said AVR EFFECT hahe regd ashsbihdsuenisgmmd srutetty stout sgié zerotbiashpoints equi val ent
to a magnetic field which is antiparallel to the direction of the fields
HFC, Hdemag and HSC ; the direction of the fields HFC, Herr] and HSC
bei ng perpendicul 24, t@ &8 eﬁ@%&ﬂa&&ﬁnﬁ@&&aﬁnw%&iﬁ%tion of the
i nfl uence of the AVR EFFE bel‘nga per pendi cul ar tg an qvvatgrpfrgmthe ABS;
.and t he fi ithe antiferomagnatic dayen being immedigtelh adjaecab syd  Fhthin filso t hat
the directio s ! Q“M f Ethﬁinfﬁ'{h? s dfhirdafledionsst t he :
direction of W%%%ﬁ%%ﬁ%nt 0 '[Bﬁgﬁ ﬁprl nne a%lgPESB%S. A rragnef‘?c di sk
drive as cl aiantighralisl teadtog 37 i ncl udi ng: : a uni polar anplifier
connected across the.sepsor.for applyin S urren [ h the
sensor f'or resett#&Wﬁ%%&%wﬁ%&@%&#%&ﬁ?@iﬁeﬁﬁ%@%&%@ A
magneti c di slkeigivRuchcsliby Sfefrt@magnetic coupling field (Hyo) from said second film of the

25 t least one coil | ayer. and_an |nsulation stack; . .
pinneg layer, a demagnetg_zaﬁon ﬁgft/i 6-1,,,,,,:5 from the pumneé iayer, an anii<sotropxc
magnetoresistance effect (AMR EFFECT) and a nét sense current field (Ho) due to
fields from electrically conductive layers of the sensor other than the free layer upon

applying said sense current; and

said sense current source applying the sense current in a direction so that a net
influence of Hye, Hyepag the_ AMR EFFECT, and Hg. on the free layer is substantially
zero whereby the sensor has substantially positive and negative read signal symmetry

about said zero bias point.

25. A magnetic head as claimed in claim 24 including:
a unipolar amplifier connected across the sensor for applying a reset current

through the sensor for resetting the pinning of the moment of the pinned layer.

26. A magnetic head as claimed in claim 25 wherein the reset current is at

least three times greater than the sense current.

27. A magnpetic head as claimed in claim 26 wherein the sensor has an air
bearing surface (ABS) and is in a quiescent state when no signal is received from a

magnetic disk, the magnetic head comprising:

i



the coi|l layer being embedded in the insulation stack; first
ant second pole pieces connected at a back gap and having pole tips with

edges formng a portio an air bearing surface (ABS); t he

i ngul ati Mﬁ“‘““ﬁuﬁmﬁﬁdw ched between the first and se ol e

pi eces; - L ! WS wite gap | ayes sand H _ pol e tips
of the first %nd second pol e pieces and ﬂiﬂﬁ@ ' f the ABS;
a read head incl uding: a spin val vg senﬁ,ﬁ, St second
gap layers and first and second shield | ayers; and t he

spin val ve sensor being sandw ched between the first and second gap

| ayers and the first and second gap | ayers being sandw ched between the
first and second shield |ayers: the spin valve sensor including:

a ferromagnetic fr&g&;ﬁ%grdirga}gnr}gh%mgkﬁﬁ,mm%gh is free to rotate
in first and second directions upon ‘sensing posjtive and negative magnetic
i ncur si ons r espect the atagnéticonementafjthefiee laterheing directed parallel toyfpeARS whem | el

pi nned | ayer V] gaﬁfhe I+ rggpt which is pinned in a third
di rection; H’% Sehibr the i‘{rll%r'%ra "el pinned |ayer including first and
second ferromagnetic thin films and a nonmagnetic electrically

conductive spacer film,the s er, filmbeing, sandwi.ched between the
first and second f if.ns;AmagnetPc eadasc(lfﬁn%fﬁttnia%?gnxgbggxp{lge Fﬁ?‘g'r‘mi Ui ately
adj acent sai dsdnisé Shrrédii throujgh the\ifiies ayer producéy #Sidld) frofdhivefree laRpaitiiclof t he
antiparallel pinned |ayer; an electrically conductive
nonmagnet i ¢ | HStsasesithepiaping of hemementof dhs pigacd layer. bet ween the free

| ayer and the pinned | ayer so that the magnetic nonment of the free

| ayer rotates in said first and second directions relative to the nmagnetic
moment of 29. A magnetic head as claimed in claim 28 wherein the digection of thee

pi nned | ayer emsin ¢l . Lt | h Gl | oNns

Phis o AR B o B il Byl AR B RS T e il 2

sensor; and of the influence of the AMR EFFECT being perpendicular to and away from the
ABS.

! i

30. A magnetic head as claimed in claim 29 wherein the AMR effect has
an influence on the free layer which is equivalent to a magnetic field which is
antiparalle] to the direction of the fields He, Hyep and Hgc.

31. A magnetic head as claimed in claim 30 wherein the first thin film is
thicker than the second thin film so that the direction of the magnetic moment of the
first thin film defines the pinned direction of the pinning moment of the pinned layer.

32. A magnetic head as claimed in claim 31 including:
a unipolar amplifier connected across the sensor for applying ‘a reset current

through the sensor for resetting the pinning of the moment of the pinned layer.

33. A magnetic head as claimed in claim 32 wherein the reset current is at

least three times greater than the sense current.
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neans .connected to the sensor for applying a sense current to the sensor in
predeter-ned—direction and of a predeterm ned magnitude so that

the read s as inmproved read signal symetry about a zero bias
poisnt ; m" Mﬂmﬂ ﬂtw he read head being adjacent to one another to
forma COI’TbI* ad a frame;og a magnetic disk rotatably
supported-on the frane; a support nounted on the franme for supporting
the head in a transducing relationship with R j I sk; nmeans
for rotating the magnetic disk; poSi ti %‘- nsfASogrppct ed to the
support for noving the conbined magnetic head to BERLAGE] e poglitions with

respect to said magnetic disk; and means conne e conbi ned
magneti c head, to the neans for rotating the nagnetic disk and to the
posi tioni ng nmeans 3Qr ex gicdisicdfveaddinptising: t he conbi ned nagnetic head,
for controlling nmovenent qf the magnetic disk and for controlling the
position of the c hBFifcheadduiMing head. 40. A magnetic disk drive as

claimed in claim39 whef §datt drd@of Q8ep and a8 idtlafibd sth@Er i ng  surface (ABS)
and is in a quiescent state when no S|gnal is received froma magnetic

di sk, the disk drive cdh%ﬁ?lblaﬁg being embedded in the dnsplatior #agkir ect i on bei ng
per pendl cular to the AR eﬁ:ﬁdsecf'ondrqqle ?&%@s &M%en t r@,gthagf tspgfe free

| ayer being directed para sensor In said

qui escent state. tigh with edggs fariningia pértion iof en abr bedngmuface(ABI) m 40

appl ying a reset curr erdbe SR Pk sl SERRE R P REPRR BB ) o

t he sense current lﬁafes,r@aettl ng pi nni ng of the nonment of the pinned
| ayer. 42 A magnetic dISk drive as cl ai n'ed m 41 wherein

ol ai
the reset current is at® VEis8aP laysrcendyiched brtweansthe pg uﬁ%%lg’@ ¥t @ rent .
43. A magnetic di Sgediid pofe Pioces andl Tithihg'a pbRiollof the'BBEEI N the direction of

t he sense
“a read head including:
. an antiparallel pinned spin valve sensor, first and second gap layers and
' first and second shield layers; and
the antiparallel pinned spin valve sensor being sandwiched between the
first and second gap layers and the first and second gap layers being
sandwiched between the first and second shield layers:
the antiparallel pinned spin valve sensor iacluding:
a 'ferrorhagnetic_free layer having a magnetic moment which is free to
rotate in first and second directions from a position which corresponds to a
zero bias point of a transfer curve upon sensing positive and negative magnetic
incursions respectively from a magnetic disk;
a pinned layer having a magnetic moment which is pinned in a pinned
direction;
the pinned layer including first and second ferromagnetic thin films and
a nonmagnetic electrically conductive spacer film, the spacer film being
sandwiched between the first and second films;
an antiferromagnetic layer immediately adjacent said first thin film
which pins the magnetic moment of the first thin film along said pinned

direction or antiparallel thereto;
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current through the free layer produces a field fromthe free I ayer which

| ncreasesmrrrnﬁﬁg—e#——the nmonent of the pinned layer. 44. Athin film
nagnetore ) val ve read sensor conpri sing: a

f esr omagn m’mm,m#m M{avi ng a magnetic nonment which is free to rotate
in first andcseco ions froma ggutral p05|t|on upon sensing said
positive and negative nmagnetic incursions respectiv a pinned

| ayer having a magnetic nonent Whl ch is pin eﬁi;smﬁﬁmlmtﬁfﬁﬁ ection;

t he pinned | ayer including: I r stpeppACEReCONd ferromagnet i C
thin filnms and a nonmagnetic electrically . cOTTduCtl| ve spacer
film and the spacer filmbeing sandvm ched between the
first and second fil ms; an antiferronmagnetic |ayer imrediately
adj acent said first thim tleticallyi cdonductive pagreticdlly ringplative c spaseenigyasf t he
flrstthlnfllmalo | nn ction or . antiparallel fhereto;

a nonmagnetic el eé'ﬂ’ F?P @Beﬁ‘ag%%f ﬁg?ff@g}hel %{%er% 1%@%56\&%%@85%2?%51& t he
free layer and t ksdpiosifie€ ahd yiegative ntagﬁéucunaﬂsxsmb rmgaedicﬂmmﬁht bf/fheand
negative magnetic _ incursions  the, ;Er%netda nt of t ree Ia rotates

in said first andﬁ?:%rc]'@ﬁa rofgies dp Spig °°tuﬁBs}5‘? g dtodi eSn of

the magnetic nmonegire@fon!dfehdinBgiRfc nithiit of B ?inhbd‘ﬁ eﬁemuﬂgﬂﬁr&am&ege
decrease in nagnetore5|stance respectlvely of the Sensor to a sense

current: or e@%%@@@ﬁ@#ﬁm@em@@ﬁ%&ﬁétb@mww WEEENE ensor
for applying said SeNSg sens cun&iirs&‘i‘r@éfér%grgﬂg ene \Gitfent to the sensor;  UPON
appllcatlon of said sense current an an opl1 C nagnetore3|stance

ef fect (AVR EFFECT) of therdaeétroe@fﬂwaagnEMmomgnttotﬁ&erfm}rig{er&ndmhneﬂmbus t he

free | a er to. e said first directions.

s Y s aPfick B SeliPerdl By o RetoripehciE' f3Pnd B (i) fromide
current in a secpnedﬁmedsﬂnha@inﬂdrleﬁdu @rdembgmﬁ@mohﬂkld;mp fromfthece t he
magneti c nonent of, tg‘g tee Iayer to rotate M 2 Eﬁs ection.
45. A sensor as c PIRRSL Jpyer, at‘}l‘!ﬁﬁ‘?frﬁﬂ FPASPEIPRFSISENGE %féﬁg BTt a‘ﬁ{opl i ed
by said sense upon applying said sense current, a net sense current field (Hg) due to fields '

i from electrically conductive layers of the sensot other than the free layer; and i
said sense current source applying the sense current in a predetermined
direction and of such a magnitude so that a net influence of Hyc, Hyepeg the
AMR EFFECT, and H. on the free layer is substantially zero whereby the
sensor produces substantially positive and negative read signal symmetry about
said zero bias point; |
the write head and the read head being -adjacent one another to form a
combined magnetic head;

a frame;
a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the head in ‘a transducing
relationship with the magnetic disk;

means for rotating the magnetic disk;

positioning means connected to the support for moving the combined magnetic
head to multiple positions with respect to said magnetic disk; and

means connected to the combined magnetic head, to the means for rotating the

magnetic disk and to the positioning means for exchanging signals with the combined

"”ﬁﬁ“iﬁ‘:ﬁiu ml u 7m



current source neans. 46. A sensor as clainmed in claim44 including:

a uan)ﬁl_a*r—a'rrph—H-ef—eeﬂnect ed across the sensor for applying a reset
cu?ren nsor in the sane direction as the sense current for
resett mm mwum nonent of the pinned |ayer. 47. A sensor as
clalrre *II‘\CCLaI rein the reset cpgrent is at least three tines
greater than the sense current. 48. A sensor as clained in claim44
wherein the direction of the sense current through the free |ayer produces

a field fromthe free |layer which increases the pinning of the nonment of
the pinned layer. 49. A magnetic .head conprising: a wite head including:

at |least one coil layer and an insul ati on stack; the coil |ayer
bei ng enbedded in the insulation stack; first and second pol e
pi eces conneah&ghetid headpfe kogailtirg o vementief thomagdetip diskiahd for controltidg e
formng a portion of an air bearing surface (ABS); t he

i nsul ati on stReEiionof s WHRRGdH e%% %8en the first and second pol e

pi eces; and a wite gap layer sandw ched between the pole tips
of the first and second pole pieces _and formng a portion of the ABS;

a read head incl uddng: A magnetic disk driye #pclaimed| ipclampddoincludingst and second
gap |layers and fir %ux?o'i'ﬂ' ﬁﬁqﬁﬂpc&ﬁé&%&]acmss the sén?éf%?apﬁﬁﬂgareset currexét

REPLACEMENT SHEET

t he spi n val ubrosgintherseiser fioy resetithg pitnsing bftheemsomenh of therpitnedddyesecond gap
| ayers and the first and second gap |ayers bei ng sandw ched between the
first and second shield |l ayers: the spin valve sensor including:

a ferromagnetic fnee | Aymagdetyidisy deiveayblained iR 34 Whetinithe béser ke rotate
an air bearing surface (ABS) and is in a quiescent state when no signal is received
from a magnetic disk, the disk drive comprising:
the pinned direction being perpendicular to the ABS; __
the magnetic moment of the free layer being directed parailel to the ABS when
the sensor is in said quiescent state; and /
the direction of the sense current thrdugh the free layer producing a field from

the free layer which increases the piniﬁng of the moment of the pinned layer.

37. A magnetic disk drive as claimed in claim 36 comprising:

said AMR EFFECT having an influence on the free layer which is equivalent
to a magnetic field which is antiparallel to the direction of the fields Hpc, Hyepy, and
Hse;  the direction of the fields Hye, Hgn,, and Hye being perpendicular to and
toward the ABS and the direction of the influence of the AMR EFFECT being
perpendicular to and away from the ABS; and

the first thin film is thicker than the second thin film so that the direction of
the magnetic moment of the first thin film defines the direction of the pinning moment

of the pinned layer.
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in first and second directions froma position which corresponds to a zero

bi*as Wnsfer curve upon sensing positive and negative

magnetl respectively froma magnetic nmedi um

an, ant i q’ ‘mr Hmayer havi ng a magnetic nonent which is pinned in a
pi nned dtrectiwo the anti g allel pinned |ayer including first
and second ferromagnet ic thin films and a nonmagnetic electrically
conductive spacer film the spacer film being sandwi ched between the
first and second fil ns; an antiferromagnetic |ayer i mrediately
adj acent said first.thin filmwhich pins the magnetic nonent of the
antiparallel pinned |ayer in said pinned direction; - a

nonmagnetic el ectrically conductive spacer |ayer sandw ched between the
free Tayer and thespinaededdkeli®arvial chitfedRaniehiz HOMMRL: of the free

| ayer rotates in sal irst and second directions relative to the
pi nned direction afmipolr amplifieneapnected aqrentdha sepsortfheapnlying @ Py 6¥TERion
sensi ng sai d,posi.tive_ an g@h hus causi ng
an increase gf} 55%’?09?@ néé’ruénsl %{r?l;gg&’%én%fﬁl%g %m%'er of the
sensor to a sense current and sense current source means
connected to the §§nsor for app) ,yl ng sai d.sense current through the
sensor ; -t he’%int | PEPIEHRE 5 f SPBPEAS ng i medi atel y adj acent said
first thin fil M WRigile hBddhclubig magnetlc moment of the first thin fi I m

along said third direction or antlparallel thereto
30 upon the appl tdeast ape eqil lajer %’ér?é‘é“%‘lﬁ“ﬁ’%ﬁfac san ani sot r opi ¢

magnet or esi stance eff egl coff MYer g%eﬁedqxh&efmdoﬁmform ng the
magneti c nonent of the free ["ayer rotate in said first direction; and

said sense current soufirsk mdmleamwwm an ppdbaving,pele

direction throug r@g&g&@ 1%5? . the free

| ayer to rotate |€F§‘g§%%8§é mg‘gﬁl;&{ec Fon. %ﬁgne Eg’ad as clainmed
in claima49 wherein sanhelxmalaﬁmﬂaui«&htgsamdvaﬁmﬂbeﬁvehy&eﬁstdn&me@dmlcrent
source means.

pieces; and

a write gap layer sandwiched between the pole tips of the first and
second pole pieces and forming a portion of the ABS;
a read head including:

a spin valve sensor, first and second gap layers and first and second
shield layers; and

the spin valve sensor being sandwiched between the first and second
gap layers and the first and second gap layers being sandwiched between the
first and second shield layers: -
the spin valve sensor including:

a ferromagnetic free layer having a magnetic moment which is free to
rotate in first and second directions upon sensing positive ‘and negative
magnetic incursions respectively from a magnetic disk;

an antiparallel pinned layer having a magnetic moment which is pinned
in a third direction;

the antiparallel pinned layer including first and second ferromagnetic
thin films and a nonmagnetic electri:cally conductive spacer film, the spacer

film being sandwiched between the first and second films;
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51. A magnetic head as claimed in claim49 including: a uni pol ar
affpf i fier co s the sensor for applying a reset current through

t ke sen 1 irection as the senseg ting the
pi nni ngrmm,m W] f the pinned | ayer.
in claintb5le remNs reset current igzat |

gBIS AHEEGHAS BEBNehd as cl ai med
the sense current. 53. A nagnetic head as cl

east REMAEEDtI nesigreater than
i T wherein the
sensor has an air bearing surface (ABS) and is in a qui escent state when
no signal is received froma magnetic disk, the nmagnetic head conprising:
the pinned direction being perpendicular to the ABS; and t he
magneti c nonent of the free layer being directed parallel to the ABS when
the sensor is in said quiescent state. 54. A magnetic head as clained in
clai m 53 wherein the diaeaitifamornignetie layen smmediatelynadjacehtr saidy firstHbinf filse | ayer
produces a f1eld f LRI 08 bl ShehdShotld? dd SHERIAA AllBaRLApI no of  the
antiferromagnetic |ayeraj rej@sviclig! Yomilicaee Honfagbtit | istlative nspatdrmlayer
whi ch pins the magnetic nonent of the antiparallel pinned |ayer, .
an electrically co%ém%bﬂb’ﬁ%ﬁ‘ﬁ&qeéaﬁﬁéﬂffﬁleiwegg%ﬁé@ F*%i{/ﬁ’F magnetic _
sandw ched bet weenythenf §iafe P BleBihnds'|f il B dnd 86hd 8RedtBA reldio IRONCL | C
moment of the free | ayer rotates’In saic Fiv st and second directions :
relative to the hraagnetin ewdmentofishe pied fayep uper gensingesaid, positiee Asd ng

said positive and . ne Y ety S] S '

i ncrease or decr ea¥®* VWP mag%gﬁé i (bne?%r tggugs ancg ir“gsr\%ec |vgﬁcga/&é§£feg%hzlpsensor
to a sense current magitbresistance respectivelyafdiensasario asenseurrenteaidr appl yi ng
said sense current to the sensor . in - 18 Ere eterm nerﬁ d'h{gecti on and of
a predet erm ned magni t (SFOSGCURLE soupee fopapplying said sense, cypren fa the Sefpog i, )

symetry about a zgpdBeAsinetPdifdction and of a pldetéfmihel Me@dtudado tHae thearasl head
bei ng adj acent one another to forma conbi ned magneti ¢ head, a

frane; a neYReiies madsanet smety JepR AR POe frame; a
support mount ed oMk NGridel RAR dnd the UBRP hbdd Beihf AdA8a did holHefRSUYALW
relationship with the nmagnetic disk; neans for rotating the magnetic
di sk; poasbingdomagngtinbsads connected to the support for noving the
conbi ned magnetic hgrg%e,to mul tiple. positions with respect to said magnetic
di sk; and nedns connected to the combi ned magneti c head, to the
means for rotatinga inagnetiegliskt rotatablys supported en thedrapesi t i oni ng neans for

exchanging si gnal Sa Vs\ﬁgprtl)rtt ngurﬁgfg}l Qﬁ'\ed frame for supporting the head in a transducing

relationship with the magnetic disk;
means for rotating the magnetic disk;
positioning means connected to the support for moving the combined magnetic
head to multiple. positions with respect to said magnetic disk; and
means connected to the combined magnetic head, to the means for rotating the
magnetic disk and to the positioning means for exchanging signals with the combined
. magnetic head, for controlling movement of the magnetic disk and for controlling the

position of the combined magnetic head.

40. A magnetic disk drive as claimed in claim 39 wherein the sensor has
an air bearing surface (ABS) and is in a quiescent state when no signal is received
from a magnetic disk, the disk drive comptising:

the pinned direction being perpendicular to the ABS; and
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rrag:netich i ng novenent of the magnetic disk and for
confroll'i Wmhe osi tionof-the combi ned magnetic head. 40. A
Al

magheti c E” m lat med in claim39 wherein the sensor has an air
beafing s I’w S in a quiescent state when no signal is
received froma naghetdc sk, the disk gyive conprising: t he pi nned
direction being perpendicular to the ABS, and t he
magneti c nonent of the free layer being directed parallel to the ABS when
the sensor is in said quiescent state. 41. A magnetic di sk
drive as clainmed in claim40 including: a uni polar anplifier

connected across the sensor for applying a reset current through the
sensor for resetti r}g i nning of the nonent of the pinned | ayer.
42. A magnetic diSkTGPRIHE Mesocat of the fes layaibaingidirécted arglld) 1d e ATRSGhen

current is at thesaisoﬁigrig@aiaiqgﬁgceﬁfg%er than the sense current.
43. A magnetic disk drive ‘as clained in claim43 wherein the direction of

the sense current through the free |l ayer produces a field fromthe free

| ayer which increaggs tt&emgérﬂ:ﬂl: G%k_%frivy;s?c&'inne%né C(I)Jimt‘geingliugirx]lgfi | ayer.

a unipolar amplifier connected across the sensor for applying a reset current
through the sensor for resetting pinning of the moment of the pinned layer.

42. A magnetic disk drive as claimed in claim 41 wherein the reset current

is at least three times greater than the sense current.

. 4. A magnetic disk drive as claimed in claim 43 wherein the direction of
. ¢ sense current through the free layer produces a field from the free layer which
increases the pinning of the moment of the pfnned layer,
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