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(57) Abstract

:l‘he present invention is a magnetoresistive (M32) sensor (100) that combines the advantages of abutted junction structure and regular
overlaid structure. The abutted junction design is used with the soft adjacent layer (SAL) (108) and the overlaid structure is used with
the MR element (120)..1‘he method of making the MR sensor (100) comprises depositing SAL (108) on top of the gap layer (106) and
depositing spacer material (110) on top of the SAL (108). A mask (130) is placed over the central region of the spacer material (110) and
SAL (_108). 'I:he spacer material (110) and SAL (108) are removed in the arcas not covered by the mask (130). An underlayer material
(112) is deposited in the areas where the SAL (108) and spacer material (110) were removed. A hard~-biasing material (114) is deposited on
top_of the_ underlayer (112). The mask (130) is removed and the MR element (120) is deposited on top of the spacer material (110) in the
active region of the sensor (132) and on top of the hard-biasing material (114) in the passive regions of the sensor (134, 136). A cap layer
{122) is deposited on top of the MR element (120) in the active (132) and passive regions (134, 136) of the MR sensor (100). Contacts
(12«_1)_ are placeq on top of the cap layer (122) in the passive regions of the sensor (134, 136). In another embodiment of the method,
addmo.nal material is added to separate the hard-biasing material (114), thus improving the signal to noise ratio. A low resistivity material
(116) is added after the first hard-biasing material (114) and a second hard-biasing material (118) is deposited on top of the low-resistivity

mabsﬁal Q 16): The additional materials are deposited before the mask (130) is removed. Once the mask (130) is removed, the MR sensor
(100) is built in accordance with the first embodiment.




and the SAL‘,""\A,hi ch allows the magnetic |ayers to act as two distinct

| ayers, wo 9/ig@sher than one strongly coupl ed | ayer. Hard- bp@fisek19732
material is pkaced on each 25 end of the MR sensor, to establish

| ongi t udi nal biasing and formtwo passive regi ons of the sensor.
The space between the passive regions nmaintains the transverse
biasing and is referred to as the active region of the sensor. _

MR and SAL el enments can "fracture"” into nultiple magnetic domai ns

when they are exposed { QVERLAT® MR STRICTURE WITH MAGRETOSTATIC 30
stability and output of the MR sensor, it is desirable to maintain the MR

and " SAL elenent in a STAQ%EEBBSQFTt@éACEN'ELAﬁEROds for

mai ntai ni ng the MR - 2-
and SAL elenents in a single doM(ﬁK%%NQr%melpy coupl i ng,
ferromagnetic exchange coupli "Imeaﬂ}éseﬁmﬂvfeﬁﬁérpF&&@Ekb&rﬂl&ﬁf@agﬁaﬁ&ﬁ}bhﬁﬁm '

Magnet ostatic coupling is acconplished by positioning a pernmanent magnet
adj acent to the5MVR @ViIRjrsensor. TM@’etSpp@ﬁQﬂlY,stb&mrbsenamvammm tiosark NRareads

5 abutted junction hange | in acco she eposi ting
ferronmagnetic or anﬁnfs%tr%ﬁ% g’l"fi ;% g’éﬁiﬁ’i tcﬂ’é‘ F‘Eyfgi?’ ?Srf?ﬁ
oné of the ”ﬁﬂﬁ&ﬂ'}&:&ﬁh&hﬁaﬁr@&éﬁrﬁm&%&hﬁe' ayer couples with the

magnetic lattice fthe MR elenment |ayer to preserve the single
domain state of the sensor TMgnetoresxsuvt:)(hﬁ{)oéensdraMImezaﬂ\melmenet@reaﬂd

to-as an overlaid structur In.existin Sensor.s,
al i gnnent tol er ance@a&@qléglz}hewpp%gg‘omauon from a magnetic meglum guc’:\{xR as a disc, by’

10  detecting magnetic flux stored on the magnetic medium. An MR sensor must
contain both longitudinal bias and transverse bias to maintain the sensor in its
optimal -operating range so that it can properly détect the magnetic flux. The
dual biasing is established through various combinations of magnetic exchange
coupling or magnetosta’ac coupling.

15 The three critical layers of an MR sensor are the MR element, a
spacer material and a soft adjacent layer (SAL). The MR element has
magnetoresistive properties and low resistivity and generates an output voltége
when a sense current flows through the layer. The SAL is a magnetic bias layer
with high resistivity. The SAL biases the magnetization of the MR element and

20  establishes transverse biasing. The spacer material has non-magnetic properties
and high resistivity and functions as a spacer between the MR element and SAL.
The spacer material helps break the exchange coupling between the MR element
and the SAL, which allows the magnetic layers to act as two distinct layers,
rather than one strongly coupled layer. Hard-biasing material is placed on each

- 25  end of the MR sensor, to establish longitudinal biasing and form two passive
regions of the sensor. The space between the passive regions maintains the
transverse biasing and is referred to as the active region of the sensor.

MR and SAL elements can “fracture” into multiple magnetic
domains when they are exposed to an external magnetic field. To maximize the

30  stability and output of the MR sensor, it is desirable to maintain the MR and
SAL element in a single domain state. Three methods for m.aintaining the MR



thin filmlayers and MR sensor mask features are critical. The alignnent
tol erances | wopsmeepr i or art MR sensor designs greatly increasgerd®snorsz
conpl exity - of processing because critical geonetries frequently
requi re additional and/or nore difficult processing steps.

Addi ti onal processing steps increase the 15 vari ance and contam nati on of
the various thin filmlayers. 2- For exanpl e, designs
usi ng continuous MR el ement and SAL films in both the active and
passive areas of thfd SSA Oflerbiits SRS | shrigye dbﬁ;aimgtate are mdg‘ﬁgﬁrsiaﬁ%eéod?ﬁ he
film In the passive region of the sensor, the S | ofis as
t he underl ayer for fdmmaagneuslexgh@gbwwplﬁl@mli ahtﬁfe:;toﬁmagmHLc Eehaige- cApling.

based hard-bi asin i are | nh entl i,ve to.the underl ayer crystal
texture ang @“gf%a&ce‘iﬂ‘m Béﬁ Y sPOSfHiquIngcH PRTB#eNt H&Igpﬁy

filminterface. t to the MR &&%S'ﬂﬁs gl SRSt a,lshg
functions as the ungg‘r:enaygr for t fyg eﬁqgﬁ%)nt. %EQ ea]IS v{n
sensitive to VAri oabutte:bgmmosucmmmgeecouphng isu aceorhylished (byysl'epd»sxﬁ@(taur e,

cl eanness and roughness of .the Cppalt-alloy filn MR 25 el enent
interface. The depgﬁﬁfﬂéﬁ‘&gé‘e'@? op ARtietromagnsticilayep adjacent ik the MRdlaysr sedbat one

control inherently of‘ﬂfefrh%}%flc la@néa@%? 'tlﬁ% ﬂlé/?r %@ﬁg)g s v ﬂ?ﬁl@?ﬂ%nﬁuc lattice

In addition, processes | ving reactl v 1on m
often require st oppfthglvmielemenﬁawm’pmmvé thet)duﬁglad@mamfsméloﬂﬂxel’sgns%gSMsOWS

These processes | eave the surface o the filmlayer corrprom sed and affect
the 30 exchange%’&@ﬁlﬂ élzawsa e EhRTATHPV fHUCHreo an adj acent film
makes ghange CO”pl I ngy \ekisting ka's‘é@or?rlﬂgrﬁﬁén%%l%raﬁﬁgs Q&Wegﬁ ]vanous
stability of the MR senso

thin film layers and MR sensor mask features are critical. The alignment

tolerances in many prior art MR sensor designs greatly increases the complexity

of processing becaué,e critical geometries frequently require additional and/or

more difficult processing steps. Additional processing steps increase the
15.  variance and contamination of the Varibus thin film layers.

For example, designs using contimious MR element and SAL
films in both the active and passive afeas of the sensor are sensitive to the
underlayer of the film. In the passive region of the sensor, the SAL film
functions as the underlayer for hard-biasing Cobalt-based alloy films. Cobalt-

20  based hard-biasing films are inherently sensitive to the underlayer crystal texture
and to the cleanness and roughness of the SAL/Cobalt-alloy film interface. Also
in the passive region, the Cobalt-alloy film functions as the underlayer for the
MR element. The MR element is sensitive to various factors such as the
underlayer crystal texture, cleanness and roughness of the Cobalt-alloy film/MR

" 25  element interface. The dependence of one film to the other makes the process
' control inherently difficult in fabricating this type of sensor.

In addition, processes involving reactive ion etching or ion milling
often réquire stopping within a very small tolerance, such as 50 Angstroms.
These processes leave the surface of the film layer compromised and affect the

30  exchange coupling. The dependence of one film to an adjacent film makes
exchange coupling very critical and affects the overall stability of the MR sensor.



- 3- One method for sinplifying the process of making
an MR sensorwo99sieos? S by utilizing an abutting nmagnetoresisti W@gngﬁge
abutted head appears sinple with respect to sensor fabrication.
Essentially, a thin MR | ayer extends over the.central active region
and a hard-magnetic material is fornmed over the 5 passi ve regions. The
reliability of the sensor, however, is affecizd by the abutted

junctions between the passive and active regions, which introduce
conplications . in the Iﬂﬁhﬁ

junctions. nmﬂ@ﬁl"h%?g%rsgﬁ %ﬁ@kg&%ﬁ’dgﬁ%ﬁ %%I\%lggg‘&?

an MR sensor that is by utilizingban abutting magidforesistivnheadhi Tles steritedi liegd tappears

coupl i ng dependence, of adj.acent 10 and el imnating the process of
reactive ion etchi fjnple {;}feﬁchﬂmgnscprrga ncation. ?éﬁﬁnﬂﬁﬁh tgﬁma%“ém ds
needs to stabilize jheysAlonehEifR t he
magneti zation so that 1t caﬁ pr ogéeﬁ%%?rgisi ﬁ#g%pgr%aﬁnal 1srf8hﬂéd 8031.%3

BRI EF SUMVARY GF Tigassive\EgiohsONThe reliability of the sensor, howevef lisafféctédby therabatied on

is a magnetoresistive (M3 sensor that 15 combi nes_the advant ages of
abutted junction sfnFipRY ?R!lth%wﬂa@ angl activeregions, which intraduce cemplipasions

abutted junction d p%n : aid

structure is used 3\? h@me"@g%ﬂ? E@}H}%ﬁé@hgﬁ&%&%ﬁﬁ%\éﬁ%n desi gn uses
nmagnet ostatic coupling to staPphérefore,!there3fla Yhiitinind! Ae2di fof ah/MIR sensor that
magnetization to rotate. The I%netlzatlon must be free to rotate

to provide pr oper tebilizes thedWiBselement vehilepeduringhibewouplingtdependenge of adfacent
el ement. The structure QLOV des .stabiljzation.to

ol oot but 10 a1 B ape ibingiphe protésd O SRkivt 36k plobite fiohupliitey To
junction by Iaying aummlmhs@%a&ﬁ@tstmxé thétssh element, yétiafiswohizh M
whi ch all ows magnetic exchange coupling. The overlaid structure

removes the procesgptagionaf the magnetigation soythatsit can properiywiasthedRadlemnersd
junction 25 design. In add ,199 better
rrEg[\;at gs_t ati ;: cougl i ng ¥ bme%ﬁw @%;gk%iause t he
abutted junction design allOwphe esent%&h@ﬁ‘i??%grﬁ or ) sensor tha

ect errent

magneti zati on, which has a stronger biasing e
15 combines the advantages of abutted junction structure and regular overlaid

structure. The abutted junction design is used with the SAL and the overlaid
- structure is used with the MR element. The abutted junction design uses
magnetostatic coupling to stabilize the SAL while allowing the magnetization to
rotate. The magnetization must be free to rotate to provide proper
20  magnetostatic coupling between the SAL and MR element. The overlaid
structure provides stabilization to the MR element, but it also eliminates the
sensitivity of the abutted junction by laying the MR element adjacent to a hard-
biasing film, which allows magnetic exchange coupling. The overlaid structure
removes the processing variations usually associated with the abutted junction
25 - design. In addition, the combination provides better magnetostatic coupling
between the SAL and MR element because the abutted junction design allows
- more movement of the SAL magnetization, which has a stronger biasing effect

on the MR element.
In a second embodiment of the sensor, the hard-biasing film or
30  permanent magnet is separated, to provide the SAL and MR elements with
separate hard-biasing films for magnetostatic coupling and magnetic exchange



In a second enbodi nent of the sensor, the hard-biasing filmor 30
per manent nadv@eyi@steparated, to provide the SAL and MR el enemrcz/usssho732
separate hard~biasing filns for nagnetostatic coupling and magnetic

exchange -4-

coupling, respectively. The magnetic, properties and strength of each

per manent magnet can be independent!|y-4epti m zed for each of the SAL
and MR el enents. This allows a nore consistent, cleaner and easier

to control process,couplinghrespectively. EThetidghbhspropédtias hed siredigtip6f ¢ueh Peimarrgh et
properties from sensor to sensor. A nmet hod of making an

5
MR sensor in accor deagset Ganbp independently optimized for daply efithe §le and MR elements.

depositing SAL on n depasi ti spacer ..
material on top of L@ﬁ%%‘&ggﬁ%s%?%ﬁ{eﬂﬁé@%&%m ez}shegche Prg} plpocess, Wlf“étbi on
of the spacer mat efelifinatéivatitionsléfpebAent mABA& PrperBEitrorhlseof to sensor.
renoved in the areas not covered by the mask. Then, an underlayer naterial
is 10 deposited in the ar cAsmethed eofimakigp\andvilk sensoein pesordiange with dhe
renoved. A har d- bi.asi mat erJ al ,is depogited on tqp,of th

undér | ayer. The maﬁ{e%eg? -mve.nggn OHBPS Q?RPSH?% Meﬁ_"éﬁ‘%ﬂt"% the gapoEyeraand,,
top of the spacer b&itindlsphétr iddferial on top oﬁﬁk!m.rﬁ%&ﬁi?ﬁla&&?oxfe?@ﬁ@%enﬁﬁﬂ- on
top of the hard-biasing material 1 n the passive regions of the
sensor. A cap | ayermregiondafpthei spaceronaterigl afd SAE. VFhe spavenmaterial laed SAL are
active and passive reqions _of the sensor

cap | ayer i n TERBVESIR e areasnnt gavergd by ntlgc . .reg, B{&I‘fdeeﬁa%} ﬂgﬂ%gﬁﬁfis the

10 deposited in the areas where the SAL and spacer material were removed. A

hard-biasing material is deposited on top of the underlayer. The mask is
removed and the MR element is deposited on top of the spacer material in the
active region of the sensor ahd on top of the hard-biasing material in the passive
regions of the sensor. A cap layer is deposited on top of the MR element in the

15 active and passive regions of the sensor. Contacts are placed on top of the cap
layer in the passive regi.ons' of the sensor.

In a second embodiment of the method, additional material is
added to sepafate the hard-biasing material. A low resistivity material is added
after the first hard-biasing material and a second hard-biasing material is

20  deposited on top of the low-resistivity material. The additional materials are
deposited before the mask is removed. Once the mask removed, the sensor is
built in accordance with the first embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a prior art magnetoresistive read

25  sensor in which the spacer and soft adjacent layers are positioned oniy in the
central active region.

FIGS. 2-11 are sectional views illustrating the process of forming
an MR sensor.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 FIG. 1 is a sectional view of the reader portion of prior art
magnetoresistive (MR) sensor 50. The sectional view shown in FIG. 1 is taken



In a second enbodi ment of the method, additional material is added
to separate tWe 9Baggs7bi asing material. A low resistivity materigbriRo@fdss
after the first hard-biasing material and a second hard-biasing materral Is
20 deposited on top of the lowresistivity material. The additional

materials are deposited before the mask is renmoved. Once the nmask
renoved, the sensor is built in accordagce with the first enbodi nent.
BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a sectional
view of a prior art gﬂngr Y : | i C r
and soft agj acent I%?/Eg% ar ggl%gg??p%rfseﬁﬁoni% I n tﬁ%ﬂés‘%&&@gﬂ%g&g@t%?\ﬁ/%

r egi on. air bearing surfa¢eGE MR-skisoxr50 is parallelrte lthe/plensof the page.at i ng

t he process of formng MR sensor. DETAI LED DESCRI PTI.ON CF

THE PREFERRED EMBODI MENTS 30 sensor 50 1s positionegt pp top of substrateqr gapdeyeriSew

of the reader porti iggm&g&\ﬁiéﬁfn%mlsét, P%a[ggf]ﬂg’alﬁgéﬁiajia&%u@ @‘gﬂnfgé’ﬁ?‘ghe

The sectional view shown I n

paral | el to thes5ai rfilscand segond pérnatent! magietssortod-biasing ahdterialsve0 dad 62h R
air bearing surface of MR sensor 50 is parallel _to the plane of the page.
MR.sensor 50 is posslemgnicdft Bisludep fisst pessen fegion e, gegond passivespegion 54c, aadd

I ncludes MR el ement, e 3BAGYan! Bk i§ Bosiioida ATHAES PhsshB¥ELiokSHh) o8P 548N

Hard-biasing material 60 is positioned at least partially on top of first passive
region 54a of MR element 54. Likewise, hard-biasing material 62 is positioned

10 at ]east partially on top of second passive region 54c of MR element 54.

Active region 64 of MR sensor 50 is formed between hard-biasing
materials 60 and 62 and includes active region 54b of MR element 54, spacer
layer 56, and SAL 58. First passive region 66 of MR sensor 50 is formed above
first passive region 54a of MR element 54. First passive region 66 includes the

15  portion of MR element 54 located in first passive region 54a and first hard-
biasing material 60. Second passive region 68 of MR sensor 50 is formed above
second passive region 54c of MR element 54. Second passive region 68 includes
the portion of MR element 54 located in second passive region 54c and second
hard-biasing material 62.

20 Spacer layer 56 is positioned between hard-biasing materials 60
and 62 and on top of active region 54a of MR element 54. SAL 58 is positioned
on top of spacer layer 56 such that SAL 58 is also located between hard-biasing
materials 60 and 62. Hard-biasing materials 60 and 62 provide the boundaries
of active region 64 and make contact with spacer layer 56 and SAL 58. Hard-

25 biasing materials 60 and 62 also define the boundaries of the active region 54a

- of MR element 54.

During fabrication, prior art MR sensor 50 is subjected to various
process steps which increase the variance and tolerances of each film layer.
Initially, MR element 54, spacer layer 56 and SAL 58 are deposited in all three

30  regions (active region 64 and passive regions 66 and 68) of MR sensor 50.

However, portions of spacer layer 56 and SAL 58 are removed from passive



5 first and second permanent magnets or hard-biasing materials 60 and 62.

MR el syeeodrie047 | ncl udes first passive region 54a, second pasGdes89732
regi on 54c¢, and active region 54b, which is positioned between
passi ve regions 54a and 54c. Har d- bi asing material 60 is positioned
at least partially on top of first passive regi on 54a of MR el enent

54. Likew se, hard-biasing material 62 is pog.tioned 10 at | east
~partially on top of second passive region 54c of MR el ement 54.

Active regi on 64 ofreNEns65%AH 6RO Fitst! SWIESs _*?semgﬁcged;g%% e&‘éﬂ% process to

materials 60 and 62 and includes active region MR e 54, spacer
| ayer 56, and SAL é@move theportiansofiSAL 58 hotrcobéred by hiphstonesist. Dlext, Spicer inger
above first passive region 54a of MR el ement 54. Fjrst passive

regi on 66 includes Séﬁésqfaectecg&ﬂeaﬁﬂvﬁlowm@rgﬁewﬁt%m & ortipns of spacer

passi ve region 54a W hét%ov%l‘@{l)gyf. gh?toresiég,i g@ﬁ&lﬂﬁé}emieﬂm&@%éﬁfé% ons

passi ve region 68 Senso or ne ove seconhd pass

region 54c of MR el5daand S4blare Smaenedtchad s setnoveq spinllGidriicic bfNRSelement 54 fhe
portion of MR elenent 54 |ocated in second passive region 54c and second
har d- bi asi ng nat er joxflerctp. estblish a clean surface or underlgyercfor latay deposgiqnsof hard-

posi ti oned between - hi Asy i, al . :

active region 54a (ﬁ%ﬁ% %ﬁge?rfeajr%t%dg%.;&é%L ’l%g?elogro&%sssll %E‘gsd% c%@&y %%%?%Sqéf
spacer |ayer 56 sudiffichilattoSédntiv? the xﬁhg?rﬁtibq&%gaﬁebtﬁﬂ/m&bia%ﬁ@- Hin®si Mhus,
materials 60 and 62. Hard-biasing materials 60 and 62 provide the

boundari es - dabrigation of aysengop puchas serEorAR és eastly aod mayor may ot be Mathin 56
and SAL 58. rd- 25 bi asi nmaterials 60 and 62 al so define the

boundari es _o?altﬁe ggﬂe&eé’n?%e&rfg}?r@ﬁs. of. MR el enent 54.

Buring fabrication, prior artpFids.seN$Gliudtiité 2 PréRbRCSHE foriing/ MR Néfisor 100

process steps which increase the variance and tol erances of each film
| ayer. | ni t iagtording\iR tiegresent Bxrentinga JAGS. 2yR shays stawetussll 038- 192k at

geposited i1 Ll Yo e o WA BED IS LIRSS U L
SAL 58 are renoved chinlBiRBMR Yéhsor 100, where each figure is a different embodiment of the
157 present invention. The cross-sectional views of FIGS 2-11 are taken from a
" plane parallel to the air bearing surface of the sensor. In other words, as with
~ FIG. 1, the air bearing surface of MR sensor 100 is in a plane parallel to the
plane of the page.
| As shown in FIG. 10, MR sensor 100a is positioned on top of gap
20 - layer 106, which is adjacent to bottom shield 104. MR sensor 100a includes soft
adjacent layer 108, spacer layer 110, underlayer 112 (112a, 112c), first hard-
biasing material 114 (114a, 114c), MR element 120 (120a, 120b, 120c), cap
layer 122 (122a, 122b, 122c¢) and first and second contacts 124a and 124c.
 Active region 132 of MR sensor 100a is defined by SAL 108, spacer layer 110,
25 - and active regions 120b and 122b of MR element and cap layer, respectively.
First passive region 134 of MR sensor 100a is defined by first passive regions
1123, 114a, 120a, and 122a of underlayer 112, first hard-biasing material 114,
MR element 120, and cap layer 122, respectively, and first contact 124a. Second
passive region 136 of MR sensor 100a is defined by second passive regions
30 112¢, 114c, 120c, and 122c of underlayer 112, first hard-biasing material 114,
MR element 120, and cap layer 122, respectively, and second contact 124c In



- 6- " regions 66 and 68. First, SAL 58 is subjected to an ion-nilling
process to wo991ebsmove the portions of SAL 58 not covered bypaT/Us98/19732 .

phot oresi st. Next, spacer |ayer 56 is subjected to a reactive
~ion-etch process to renove the portions of spacer | ayer 56 not
covered by a photoresist. In addition, MR elenent passive regions 5 54a

and 54b are sputter-etched to renove a snall-7portion of MR elenent 54 in
order to establish a clean surface or underlayer for |ater deposition of

har d- ~ bi asi pgdiiay, Gfst alask 690, antdcibidcludbepleotoresise 528 aigl BVGS1 26risusadst | y
and nmake it difficult to control the magnetic properties of
har d- bi asi ng fi | nsto fabrisate MR sensof 380.i cati on of a sensor such as sensor 50

is costly and may or may not be,w thi et ermne .

Flos 2-11 111 ustrate a procdscenom g bnt 1, RAEERG M8 sbRuBhaTGRTon ot
to the present Invgaﬁla 106/ Which % afjaSenp¥s Btfons il $04.ORER 3446r BOO0b includes
various phases of CThe tTabrication of MR sensor 100, while FIGS. 10 and 11

show cofipl eaidhe/Rlementscof 1008, butrisadditian findiudes dewirssistivity matesnl 116
511 are taken 1 okfin T16Eyadsetohd ol Bing g I8 R LS, St
the sensor. 10 OtN&adp 436 aid sebohd hard biasing hieridi 1 1§¥ro fidludidh UL iddCe

of MR sensor 100 is 1 n a plane para | to pl ane of the page.
As shown in FIG 1GecouB passieearegib@d §134s 1p6sofiMBsedsayi00bp of gap 20 | ayer

106, which i dj t to bot hiel d 104 ;.. 10 i.ncl ud ft
adj acen!t CI aIer aljpg’ceg pacgr Fd§§$ﬂ°§@bg Fgﬁdgf$%£/§|0 igégsgtloffg%nllt% ,ggl?s *ag'g’i
2;62; cap bi@Si Nq 0BRSS Blerlfob is pbéiRonet bttweed Bottd R MRkl 10 arkd!iofie senbdPb,

100, where bottom shield 104 and gap layer 106 have varying thicknesses. Gap
layer 104 is preferably made of a non-magnetic, insulating material with good
thermal properties. _ .
SAL 108 is preferably a layer of Sendust-type alloy which is made
15  up of approximately 70 to 90% iron (Fe), up to-15% silicon (Si) and up to 15%
aluminum (Al). Sendust-type alloys can also contain small amounts of additional
elements, in dilute form, such as up to 5% titanium (Ti), chromium (Cr),
vanadium (V), manganese (Mn), and/or zirconium (Zr), to name a few. The
Sendust-type alloy forming SAL 108 can be formed in a variety of sputtering
20  gases such as argon, neon, krypton, xenon and helium. SAL 108 canalsobea
layer of various ferromagnetic materials, for example nickel-iron-rhodium
(NiFeRh), nickel-iron-rhenium (NiFeRe), or nickel-iron-chromium (NiFeCr), to
name an additional few. In preferred embodiments, SAL 108 has a resistivity of
greater than 100 4Q-cm to reduce current flow through the layer. SAL 108 has
25  apreferred thickness of between 25 and 1000 A and a saturation inductance of
at least 3 kilo-Gauss to properly bias MR magnetic layer 120. In preferred
embodiments, SAL 108 is a Sendust-type alloy, which provides a good
underlayer for first hard-biasing material 114. |
As shown in FIG. 3, spacer layer 110 is positioned on top of SAL
30 108. Spacer layer 110 is a non-magnetic layer of high resistivity material which
is positioned between SAL 108 and MR element 120 to prevent magnetic



| ayer 122 (122a, 122b, 122c) and first and second contacts 124a and 124c.
Active regi orwd3816057 VR sensor 100a is defined by SAL 108, spaqgarr/isesan732
110, 25 and active regions 120b and 122b of MR el ement and cap | ayer,

respectively. First passive region 134 of MR sensor 100a is defined
by first passive regions 112a, 114a, 120a, and 122a of underl| ayer
112, first hard-biasing nmaterial 114, MR el enment 120, and cap | ayer
122, respectively, and first contact 124a. Second passi ve region 136

of MR sensor 100a iéchiige@6sbliy beoeantheRAnmi lyRrs. CTHORSistAty of spack? layér 116,
120c, and 122c of underl ayer f?g fi rst.hard-l%?asi ng materiyal 14, s MR
el ement 120, and cag prafesably snbstandialiy higheeithan that! of ddBreleroentt K26t sl gt the
-7- addition, first sk 130, whj.ch i.ncl.udes .ph resi st ,128

PG 126 15 used  Taorof oL aqy sty et i 2208 SEAR! eteiens Y40,

shown in FIG 11, MadmerasesiBedutput %ftﬁ%& B £ MIR eRiment 120. IRPréfeNeEd
106, which is adjacent to bottom shield 104" MR sensor 100b includes 5

all the el ement$ ofenil@diments,spacer laybdill0 isa layer afdatalumiTad badng wiresistivity ef i al
116 (116a, 11 second har d-.bi asi mat erJ al 8:(118a, 118c).
Low resistivity a%gaﬁg?gq P@Fcﬁfﬁﬁﬁlﬂc@%ﬁ’ﬂ&‘ﬁ‘é{?ﬂlﬁ and #ﬂ?'ﬁat erial 118 are
included in the first and S} ' ‘ tRRth

sensor 100b. ' As ﬁ?gg@mﬁ’ %ﬁﬁﬂf E% g%éﬁ%ﬁ%)g 'S p%é? I oned
on top of gap | ayerarédof spaded fayerCGHO tb pyatect thidtcentralposd fromrfathré ptavessingstéisom
shield 104 and MR SI%npSi'g{erred embodiments, mask 130 includes photoresist 128 and PMGI 126,

10 but is not limited to this combination of materials. The combination of PMGI

and photoresist creates a pattern that provides good “lift-off” of photoresist 128
and any other materials above photoresist 128.
InFIG. 5, SAL 108 and spacer layer 110 are removed from the
areas not defined by mask 130.. SAL 108 is subjected to an ion-milling process
15~ to remove those portion of SAL 108 not covered by mask 130. Spacer layer 110
is subjected to a reactive ion-etch process to remove those portions of spacer
layer 110 not covered by mask 130. This defines active region 132 and passive
regions 134, 136 of the sensor as shown in FIGS. 10 and 11.
In FIG. 6, underlayer material 112 is deposited over structure
20  102d, showninFIG. 5. Due to the configuration of structure 102d, underlayer
material 112 forms three distinct sub-materials 112a, 112b and 112c. Underlayer
material 112a and 112c¢ are deposited on top of gap layer 106 and underlayer
material 112b is deposited on top of mask 130, specifically photoresist 128.
Underlayer material is prefe_rably a Sendust-type alloy, which provides a good
25  underlayer for first hard-biasing material 114,
| ' ~ In FIG. 7, first hard-biasing material 114 is deposited over
* structure 102e, shown in FIG. 6. First hard bias material 114 forms three distinct
sub-materials 114a, 114b, 114c. First hard-biasing material 114b is deposited on
top of underlayer 112b, which is deposited on top of mask 130. First hard-
30  biasing materials 114a and 114c are deposited on top of underlayer 112a and
112c, respectively. Hard-biasing material 114 is preferably formed from cobalt-



100, where bottom shield 104 and gap layer 106 have varying thicknesses.
Gap | axworoo/kbes7i s preferably made of a non-magnetic, msui,e&hgg?_,w.%z
material wth -good t hermal properties. AL 108
is preferably a layer of Sendust-type alloqy which is made 15 up of:
approximately 70 to 90%iron (Fe), up to 15%silicon (Si) and up to 15%

al um num (Al'). Sendust-type alloys can also ggntain small anmounts of

addi ti onal elenents indilute form such as upto 5%titanium(Ti)),
chrom um (Cr), based/féafh et MERRRARMGR BiHel Ma aﬂ e Ot 18 A
to name a few. The Sendus -type al 1oy orm Z?Sé an or med

in a variety of spmmhndlmgnts,Othe thickmess sﬁhbrdalnamg;matembbm akihg Wuvét, edgeruin

and helium SAL 108 can r_of varl ous ferromagnetic
materials, for exan??tﬁﬂﬁ]?éag?a?q i}PcrlﬁBeﬁWﬁ?&OO !

kel -iron-rheni um (N FeRe), C
Eiarcre anI addi ti onal ft(aw I n pré@%lﬁ“gd}ﬁﬂrlr(bﬁgl WEW%% oﬁt%r})gestlseghgml ty

of great €5 t hoffi pt@¢ess eemdves photoresisi 18 and PMGI 126.01n hmlﬁa%mﬂdaﬁa yer
| ayer. SAL 108 has ﬁprife‘{ ed thicknpess of between 25 and 1000 ‘A and
a saturation induct ang st igsing mpterial 1dAb ds cemaved: withmeaskr 130. biThe MR

magnetic |ayer 120. |
Sendust -type all oy,c‘va\#l‘fl{gélﬁ%fgf\‘/ﬂglgsl agdgf hogﬂjéﬁﬂ &gﬂundg%é‘ﬁéﬁ@r%qg&good
har d- bi asi ng mat er i “dift-dff4of photoresist 128. As shown in FIG 3, spacer

| ayer 110 is positioned on top of SAL 30 108. Spacer layer 110 is a
non- nagnetic |ayer of high regﬂgﬁ ¥P.ithe figal Bracass sigps ofMR sensor 092 posshovoned

bet ween SAL 10§ angyiReehfRAE fltzo,lgsﬁ) fa?etpﬁfﬁ’ %04 JIRANE % are deposited on top of

structure 102g, shown in FIG. 8. MR element 120 and cap layer 122 are
deposited across the active region 132 of sensor 100a and the first and second
passive regions 134, 136 of sensor 100a.
MR element 120 is deposited first. Active region 120b of MR
15  element 120 is deposited on top of spacer layer 110 and defines the active region
of sensor 100a. .Passive regions 120a and 120c of MR element 120 are
deposited on top of hard-biasing material 114a and 114c, respectively. MR
element 120 is, in preferred embodiments, a layer of permalloy. Permalloy is a
name commonly used to identify any of a large number of highly magnetically
20  permeable alloys containing a combination of nickel (Ni) and iron (Fe). It must
be noted that other magnetoresistive materials can be used instead of permalloy.
In preferred embodiments, MR element 120 has a resistivity of less than 100 2Q-
cm and a thickness in the range of 25 and 400 A.
Cap layer 122 is depositéd on top of MR element 120 in all three
25  regions, thus forming active region 122b of cap layer 122 and first and second
passive regions 122a and 122c of cap layer 122. Cap layer 122 protects MR
- element 120 from future processing steps. In preferred embodiments, cap layer
122 is a layer of tantalum (Ta), but is not limited to this material.
Contacts 124a and 124c are deposited on top of the passive

30  regions 122a and 122c of cap layer 122. The contacts connect MR sensor 100
to external circuitry for current input.



- 8- exchange coupling between these two |ayers. The resistivity 6f

spacer |ayer H{idoonngos7 1S preferably substantially higher thanpihaise@fioAR
el enent 120 so that the majority of the current flows through active

region 120b of MR el enent 120, and increases the output voltage
signal from VMR el ement 120. In preferred 5 enbodi nents, spacer |ayer
110 is a layer of tantalum (Ta) having a resigiivity of at | east 100
[err]-cmand a thickness of between 25 and 50

A
shown in FIG 4, a nmask 130 | R;?él% F&%d%%¥@6&r%n¢ @é(o@kssusedto fo@ntEi@[ROf

spacer | ayer 110 to protect the central area i rocessin

In preferred embodi em¥or, 10068 khowal) THiS e§assbah@a®ﬁtlsmm8e&smmoﬁwﬁovﬁ2ﬁ;
10 but is not limited to this combination of materials. The combi nation

of PM3 and FHGt dd esThs: segprdiembodiment ofitha presant ipventioadsllows the steps

lift-of f" of phot ter] e
phi)torgm stolzg ° Ord%scn ed agovemthrespectq%‘}wgoig ﬁlﬁéqgﬂﬁ@%c@@eﬁ%r
110 are renoved § r Ogehdde 100 has achiedad tiOstnstdirenst102¥, s G, S laddfiRdnks

subjected to an ion-mlling process 15 to renopve those ortlon of SAL
108 not covered by muesdrial Beddgsaduild MR/ sansar 100b. The firptsaddi atgrialgs bow-

h f .
150 not cover ad by TEGRVERGRAT S [BopRAE S dippsled e roittiea 02t ahpyndp FIE”
regions 134, 136 of 4 rﬂe%%%ﬁ?naiﬁnﬁﬁ%@@oﬂdhaﬂ-@ﬁsmé@nﬁ&%lﬂs wh1ch is deposnedd

In FIG 6, underlayer materi a I's deposited ovVer structure
shown in FIG 5. Duemttop ofilove-oesistiyity matemml b6 arossche eutiré Geabor. uhdwﬂeaxymty

Bﬁ&g” derllZ folr ns thr f ti nct b- pat eri al g%%iﬁ\w %eﬁb%%%% eg‘&ffkl %?Sper

106 and underlayer jg stlll Iposx'&‘@ﬁ&fb\?’ér sﬁéc%Pn@m@hemﬁlﬂo%d Whild 18%-REisHRbkmadBial

specifically photoresis derlayer material is preferably a
Sendust -t ype al | oy, l\lﬁlandlsqnomd/haiﬂénm@mteﬁﬂ 118 aneyoafr shayarin FOG. 7 thestesult of
har d- bi asing material 114. In FIG 7, first

har d- bi asi ng materi éFmTi‘&gF%as’HéBBéﬁsth}Yné%gFG 9. structure 102e, shown in
FIG 6. First hard bias materi ¢ |
I%viél S P&ﬁ; ﬁri%_e{l)ﬁ 1§65 mdebri Ehar C?indh():ts electricity

sub-materials 1l4a, 114b, 114c I'asi ng mat er
deposited on 15  more efﬁc:lenﬂy than hard-biasing materials 114 and 118. Hard-biasing materials
' 114 and 118 act as conductors for .a certain length of MR sensor 100, but the
material adds to the resistivity of the circuit and reduces the signal to noise ratio.
The addition of a low-resistivity material between first hard-biasing material 114
and second hard-biasing material 118 reduces the resistance of the conductor and
20 improves the signal to noise ratio. At the same time, the magnetic properties of

hard-biasing materials 114 and 118 are maintained.

Second hard-biasing material 118 is preferably formed from
cobalt-based permanent magnet materials, but other materials can be used. In
preferred embodiments, the thickness of hard-biasing material 110 at the outer

25 édge of materials 110a and 110c is between 200 and 1000 A.
- | In FIG. 11, the process steps of MR sensor 100b are finished.
Once second hard-biasing material is positioned, the finishing steps of sensor
100b are identical to the steps of 100a, as explained above.

In preferred embodiments, transverse biasing is desired in active

30  region 120b of MR element 120 and longitudinal biasing is desired in first and
second passive regions 120a and 120c of MR element 120. MR element 120 is



top of under | ayer 112b, which is deposited on top of mask 130. First hard-
30 bi asi ngvoad/egosal s 114a and 114c are deposited on top of prgesdsage

112a .and - 112c, respectively. Hard-biasing material 114 is prefera
formed from cobalt-
-9- based pernmanent nagnet materials, but other materials can be

used. In preferred

material 110 at the outer edge of

200 and 1000 A
alift-off process

enbodi nents, the thickness of hard-bi asing

transverse t%lased when its ma%n}?t{a'ﬂ& véotor B dtatédUsihg oM Bihs

The lLift- 5 0 rocess renoves photoresist 1

and PM3 126. |n adlint tiasingiotiany ether compatible trahitdyseabids fechuiqué) al ongituakinah

material 114b is r

phot or esi st cr eat eX!3 !t Bt

phot oresi st 128.
of MR sensor 100a

noved, W t sk 130. The .. .conbi_nation of P
ablgh: Hiipe domanagingh berc-bissing. Kitas,; ek gy skt

- . . . f t
platinzm, which suppresg multsfle Borzaip frmatldh i MiCkleRioSS o1 ©

bl y

materials 110a and 110c i s bet ween
ng

g
and

ps

contacts 124 ar% deposited onWhep MR element 120riscdepositeti) 210 wilt havrallyn férings.
8. MR elenment 120 and cap |ayer 122 gﬁ ) deposited across the acti
gdtulong

regi on 132 of sensdRagnsizatgn vesser M

134, 136 of sensor
first. Active regi

¥

across the plane iof ¢he #§Peh

St ety g is fogpedin MR YRl FTRE el adcf PR

spacer |ayer 110 andRdshsdrel0 di@ingUperéation e Cudrent density vedtoS E atdagb&ixation
Passive regions 120a and 120c of MR el enent 120 are

10

15

20

25

30

-vector M initially point in the same direction. When magnetization vector M and
current density vector J form an angle of approximately 45 degrees, the
resistance of MR element 120 will vary nearly linearly with the magnitude of
magnetic flux entering MR element 120. Thus, transve;rse biasing of MR
element 120 is desired to obtain optimal conditions for sensing magnetic flux
from a disc.

Magnetization vector M is rotated by placing SAL 108 in a plane
parallel MR element 120. The magnetic field of SAL 108 causes natural
magnetization vector M of MR element 120 to be rétated approximately 45
degrees with respect to the direction of current density vector J. Spacer layer
110 is deposited between MR element 120 and SAL 108 to prevent magnetic
exchange coupling between the layers, thereby permitting the rotation of
magnetization vector M.

First and second passive regions 126a and 120c of MR element
120 are inhibited from magnetic rotation by the high coercivity, low permeability
of hard-biasing materials through exchange coupling. The exchange coupling

. causes longitudinal biasing or suppression of the magnetic rotation because the

geometries of MR element 120 and first hard-biasing material 114 (or second
hard-biasing material 118 in the second embodiment) align. Inhibiting the
magnetic rotation allows very little magnetic flux into first and second passive
regions 120a and 120c, which establishes a well defined reader track width and
increases the absorption of flux into active region 116b. -

The amount and effectiveness of exchange coupling that exists

ve
S
ed



deposited on top of hard-bi asi ng material 114a and 114c, respectively. MR
el ement 120 wmeoow/rsopT ef erred enbodi-nents, a | ayer of pernall oy pchaisyshday

is a nane commonly used to identify any of a | arge nunber of highly
magnetically 20 perneabl e al |l oys containing a conbination of nickel (Ni)
and iron (Fe). It nust be noted that other magnetoresistive
materials can be used instead of pernalloy. -12- In preferred

enbodi ments, MR el enent 120 has a resistivity of less than 100 [err]-

cm and a thickness betwédiefifsfofsecohd BirdaishinRatdrials 114, 118 and MR element 1262P
| ayer 122 is deposited on top of MR element 120 in all three 25 regi ons,

thus formi ng acti valepengs vpon@mumber of fabricatipnpataaaetensd For instanee) dhematemnidl of

Cramont 120 1rom OB, Bepeai28 1 BatefioF peprisale mitetiisof4 Brd d T8 B

| ayer 122 i shidkhedY 8 MN elemBttl 207 tHe hflicknd¥ of | Brd\Blasiny Mdi&hid P14 Ma
mat eri al . Contacts 124a and 124c are deposited on top

of the passive 80 1l18ewidothe rath® hetwasn 1he thicknessgs dfapateridl@ 21l chntributertathes
comnect VR SensOr 10cvenes i G LIS, - hon ShrB R
b e T S SRR o AL S 1) 1
invention follows tibremillimgar etching also contribute to the effectiveness of exchange coupling.
In addition to thickness and deposition parameters, the underlayer
10 ofeach film affects exchange coupling. Cobalt-based hard-biasing materials are
inherently sensitive to the underléyer crystal texture, cleanness and roughness of
the interfacing films. The dependence of one film to the other makes fabrication
difficult. A desirable underlayer, such as amorphous Sendust or chromium, is
chosen to control the characteristics of hard-biasing materials 114 and 118.
15%  Thus, underlayer material 112 and low-resistivity material 116 are chosen to
provide a proper underlayer for first and second hard-biasing materials, 114 and
118. |
MR and SAL elements can “fracture” into mulitiple magnetic
domains when they are exposed to an external magnetic field. To maximize the
20 MR sensor’s output and stability, it is desirable to maintain the MR and SAL
element in 2 single domain state through exchange coupling or magnetostatic
coupling. The magnetic field of the hard-biasing material should be large enough
to ensure a single domain configuration, yet small enough so as not to change
the linearity and signal amplitude of the resultant MR signal. The present
25  invention combines the advantages of abutted junction structure and regular
overlaid strqcfure to stabilize the SAL and MR elements. |
The abutted junction design is used to stabilize SAL 108. The
abutted junction of SAL 108 and first hard-biasing material 114 produce
'magnetostatic coupling between the materials, which stabilizes SAL 108. The
30 magnetostatic coupling places the SAL in a single magnetic domain structure,
where the SAL is stabilized, but not overly stabilized such that the magnetization



descri bed above with respect to FIGS. 2-7, or structure 102a-102f. After MR
5 sensor w@@ohgysyachi eved the structure of 102f, shown in Fp&pméesnoarsz

addi ti onal . material is added to build MR sensor 100b. The first
additional material is |ow resistivity material 116, which is
deposited over structure 102f, shown in FIG 7. The second materi al
i s second hard-biasing material 118, which jg._deposited on top of

|l owresistivity material 116 across the entire sensor. Lowresistivity 10

terial 116 and s A5 WA ' ) k
Tao- S ot | Db Ao byl BV ARG e ALS oo

| ow-resistivity materi al The oddfaidbsubciee protides siabilizationw the iR iekimehd 8
are not shown in FIG7, the result of .. renpvi r:giugask éSP iq?gatilgovm in
FIG 9. but it also elimingtes the sensiivity; ofitheabuitedyjunetion by lay: AYIRy

t hat conducts el eciij.Cl . 4 Gl - bl asi: lals
114 and 118. Hard- %‘FQ&%‘%“J#%?“& Rt ;ﬁaﬁ{'{’f“%& ﬁﬁ‘ygﬁgaﬂ f@g‘é’gt‘%@%@g%&‘r&g@%
for a certain kengtbuplingVRThe dseraid Suctatd rdnitires the procesiiny valativds aistidllyt he

resistivity ofthe circuit and reduces the signal to noise ratio. The
addition of a | ow psserigted\with/thewbuttedijunefian@asignt i r st har d- bi asi ng materi al

114 and second har d- bi-gsi rial L €S . | of
the conductor and 20 inp_rO\'/lgé Hl}ﬁseeqﬁng%%‘%“[g&f]“ﬁﬁ!gtggejﬁrgg‘f‘?%?g}&g’g?ﬁei’g?g@
time, the magneti ceRARAE120,88cKhs ion milligeércetbhing| THisnsiihfinidtéd the hkéd 896iopl8
ar-e mai ntai ned. - L Second har d- bi asi ngQ material 118 is
preferably fornmed miling or etching-within verysmal] tplerangescand aveifisdeaving theisurface ofyt
other material,s cap, be used. |ln_. ref erored enhodi nent t he, thi gkness
of har d- bt asi 13 mabl PP EapRpmissd. ThBlsforgrsefier SRR ERIRTne cAF Ll g0
110c is between 20fetafeen Idyefk ithout the need for additional procésdinglsteps11l, the
process steps of MR sensor 100b are finished. Once second

hard-bi asing material is posilnithsestond smbpilimenh ofi thesprepant diventinn,othe hard-
100b are identical  to.t st eps_of 100a, .as_expl ai ned, .above.

In preferred enbodPREHg ,“RV&%W%‘??&”BEE??%“F 5¢ g‘f?erdelﬁ% Vo layesd 149118,
region 120b of MR ghpEPRévidesthe SAL SRNIRUéméits Gﬁtﬁ?/%fﬁaﬂe%aﬂﬁﬁia&iﬁgﬂlwr%sféﬁ st

and second passive regions 120a and 120c of el ement 120.
el ement 120 i 45  magnetostatic coupling and magnetic exchange coupling, respectively. The

magnetic properties and strength of each permanent magnet can be
independently optimized for each of the SAL and MR elements. This allows a
more consistent, and easier to control process, which eliminates variations of
permanent magnet properties from sensor to sensor. In addition, the signal to
20  noise ratio is improved by sandwiching low-resistivity material 116 between first
hard-biasing material 114 and second hard-biasing material 118. Low-resistivity
material 116 provides better conduction in the hard-biasing or permanent magnet

area of the sensor, which improveé the signal to noise ratio.
In operation, the air bearing surface of MR sensor 100 is
25  positioned adjacent a magnetic storage medium. The magnetic storage medium
is moved so that the magnetic information located in the storage medium passes
the active region of the MR sensor. A sense current flows through MR element
120. It is desirous to have an appropriate amount of sense current flow through
magnetic layer 120 of MR sensor 100, in order to more effectively read
30  information stored on the magnetic storage medium. Once the sense current has
flowed through MR sensor 100, auxiliary circuitry reads the voltage, which



-11- transverse biased when its nmagnetization vector is rotated

usi ng soft - fwondueasi ng, shunt biasing or any other conpegthjshsi19732
transverse bias technique. Longitudi nal bi asing is established using
| ongi tudi nal hard-biasing filnms, such as cobalt- pl ati num which

suppress multiple domain formation in MR el enents. 5

Wien MR el enent 120 is deposited, it will naggrally form

magneti zati on vector Malong its |long axis across the plane of the paper.
Current density VeCrEﬂ'ésehtsmefd@,fd”@&eH%nl‘d% flaBhdT!stdrafe Medjull r ent passes

t hr ough MR sensor 100 during operation. Current density vector J and
magneti zati on vect or Mlthough ghe present invention hisdbeemdascribedewith rafereiitee n

Appr oxi rat ey 46 ddpRBaTed fbodinietts Sppecikdintin i aRvil hapos et (inges
appr oxi mat el y ( - _ _ \ ary
nearly linearly w tﬂaj%&@&ﬂ'ﬁﬂﬂﬁn@ﬁdaﬂ m&ouﬁ@éiﬁﬂfdgﬁ&h‘ﬂﬁ‘e %%@ifﬂg%gg : rf;ad

el enrent 120. Thus, transverse biasing of enent

to obtain optirfal dbethventtors f or sensing magnetic fl ux froma disc.
15 Magneti zati on vector Mis rotated by placing SAL 108
in a plane paral l el MR elenment 120. The magnetic field of SAL 108
causes natural magneti zati on vector Mof MR elenent 120 to be
rotated approxi nately 45 degrees with respect to the direction of
current density vector J. Spacer |ayer : 110 is deposited between MR
el ement 120 and SAL 108 to prevent magnetic 20 exchange coupling between
the layers, thereby permtting the rotation of magneti zati on vector

M



First and second passive regi ons 120a and 120c of MR el ement 120 are
i nhi bited frowowegessyi c rotati on by the high coercivity, |ow pesdigsdsiiotis
of hard-biasing materials through exchange coupling. The exchange coupling
25 causes | ongi tudi nal biasing or suppression of the magnetic rotation
because the geonetries of MR elenent 120 and first hard-biasing
material 114 (or second har d- bi asi ng mpserial 118 in the second
enbodi ment) align. Inhibiting the magnetic rotation allows very
little magnetic fl yxpamas.first and second passive regi ons 120a and
120c, which establishes a well defined reader track wdth and 30
i ncreases the absorlpti on of fAunagnetopesistive vendrsensovcofipfiking:
The amount and effectiveness of exchange coupling that exists
-12- bet ween first or? ¥ har d- bi asing materials 114, 118 and MR
el enent 120 depends u ' |
I nstance, the material of W%@Rﬁp{h@g%‘gﬁ{onﬂé‘%{eﬂt@ﬁxﬁ;’g?@tégﬁlﬁgg@)ﬁ@n vﬁﬁfe
hard-biasing neterials 114 and 118first had second otthide kegions of thdRgsp iyentarel 20,
the thickness of hard-biasing materials 114 and 5 _ 118 and the ratio
bet ween the thi cknesses of mat eri ajepamrted Ryothe cERfer eegiof; t he :
ef fecti veness of exchange co Wale Yl .S such as

U&’L;{ag&n&a A%he s6H) a@%@@?gagg{

sputtering pressure and ature and padsition fabrication

paraneters such as | orendndedlayer ox the!firhd dhd sebsidl SRGEE HpBR JIfehd S
ef frecti veness of exchange coupling. _ L In addition to
t hi ckness and deposi tion paramet erlgyen Herehydformingefirst and second passive regions

10 | above the underlayer and an active region above the soft

adjacent layer; -
a hard-biasing' region on the underlayer in the first and second
passive regions; _
a magnetoresistive layer on the spacer layer and the hard-biasing
15 _ region such that it extends over the active region and the
first and second passive regions; aﬁd
a cap layer on the magnetoresistive layer in the active region and

the first and second passive regions.

2. The™ magnetoresistive read sensor of claim 1 and further

20 comprising a plurality of contacts on the cap layer in the first and
second passive regions.

3. The magnetoresistive read sensor of claim 1 wherein the

magnetoresistive element is formed from a soft-magnetic material having a
resistivity less than 100 xQ-cm.
25 4 : The magnetoresistive read sensor of claim 1 wherein the spacer
material is formed from a non-magnetic material having a resistivity of at least
- 100 pQ-cm.
5. The magnetoresistive read sensor of claim 1 wherein the soft
adjacent material is formed from a soft-magnetic material having a resistivity of
30 at least 100 uQ-cm.
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10 of each film affects exchange coupling. Cobalt-based hard-biasing
materi al s ar ewo 991160571 nherently sensitive to the underlayer cr s isosnarsz
texture, cleanness and roughness of the interfacing fil ns. T%e
dependence of one filmto the other nakes fabrication difficult. A
desi rabl e underl ayer, such as anorphous Sendust or chromum is

chosen to control the characteristics of hargsbiasing materials 114 and
118. 15 Thus, underlayer material 112 and |owresistivity material 116
are chosen to 6. Provi de PhehaRRfortidRe réded: loflafeS t :

har d- bi asing materials, 114 aﬁ%ﬂ 01_‘ 118. s enddtof clale Meﬁ%ﬁ%gnd
SAL el enents can " fhiasingregibnicomprisest t i pl e magnetic domai ns when they
are exposed to an external nagpetic L_i eld,. To maxinize the 20 VR

sensor's output and stabili tﬁé}ﬁttha}"% igsing filanen theyndeslayenin the fest opd seapndAL

elenment in a single domain state wysﬁyg%gg;ﬁghange coupling or magnetostatic
coupling. The magnetic field of the hard®biasing material should be |arge

enough 50 ensure a si rajhyer dblowi-resistvityingiérinl of fhe Het had®idsir BIHGR SO
as not to change t he Iinearitﬁrand signal anplitude of the Tesultant
MR signal . The present 25 i nventth®Hrst angpecend pasivedeginnsigad of abutted

junction structure and regul )\ g structure taq,stabili t he
SAL and MR el enents.  second hmﬁ)\ﬁ?{s@h@mahagﬁg%df%gp? AWeae‘giz @ s
used to stabilize SAL 108. The r&dsﬁvﬁﬁﬁiaieﬁﬂihﬂﬁ%&t%d@écoﬁ&bukﬁ%@@@nﬁ rst
har d- bi asi ng material 114 produce ~ magnetostatic coupling betWween the

materials, which sfabilizes JHe mpgnetpresisyve read raqnsost of chaitcs cand fuatier
R
second passive regions.
8. The magnetoresistive read sensor of claim 6 wherein the
magnetoresistive element is formed from a soft-magnetic material having a
resistivity less than 100 pQ-cm.
15 o9 The magnetoresistive read sensor of claim 6 wherein the spacer
material is formed from a non-magnetic material baving a resistivity of at least
100 2Q-cm.
10. The magnetoresistive read sensor of claim 6 wherein the soft
adjacent material is formed from a soft-magnetic material having a resistivity of
20 . atleast 100 uQ-cm.
11. A method of making a magnetoresistive read sensor, the method
comprising:
depositing a soft adjacent layer onto a substrate;
depositing a spacer layer onto the soft adjacent layer;
- 25 patterning a mask on a center region of the spacer layer to
expose first and second outside regions;
removing the soft adjacent layer and spacer layer in the outside
regions to form first and second passive régions, where
the first passive region is at one side of the central region
30 and the second passive region is at the opposite side of

central region;

[
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- 13- still causes magnetostatic coupling between the MR el enent and
t he SAL. WO 99/16057 The overlaid structure provi des Sicapisdsasatizon
to the MR el enent, but it also elimnates the sensitivity of the
abutted junction by laying the MR el enent adj acent to a hard- bi asing
film which allows magnetic exchange 5 coupling. The overlaid structure
renoves the processing variations usually -17- associated with the abutted
junction design. The present invention elimnates

post - deposi tion steps of MR depositing! ndiierlaydt matesibl 8ol e fivst lah® Sednd
etching. This elimnates the need to stop, mlling or etching within
very small tol erances and avoi ds |RASSIVOEFZIONS; surface of 10 filmlayers

conprom sed. Therefore, bette nge coupling.can take ce . s

bet ween | ayers without the ne({eegs%igggaggﬁﬁd&%ﬁ%re%?"d‘c%@gi?}ﬁg“&eawmtmﬂ’

In the second enbodi ment of trémoRing IR naslé R EMIthe Bential fegich; d- bi asi ng
filmor permanent nmagnet |ayer is Separated into two |ayers 114, 118,

whi ch providesSthe SAL and MRlepbsitings magrietdresistiva layeroitarthie fifstpassiyefregion, f or

15 magnet ostati ¢ coupling and netic exchange coupling,. respectively.
The, magnetic properties and 2f CEHNEFEION D éheif‘é’f"ﬂ‘gﬁ%ﬂveﬁﬁéﬁ%t“é‘an be

i ndependently optim zed for Bsifhe ke ' a
nore consi stent, and easi er ?gﬁc'ontgr ol ﬁ%r creg@?, t\?ﬁﬂ&t e gl}\tr'r?%egge%%\ll@r:%ng i ons
of per manent magnet proper t iregiohranditisesesond passivenegion. | n addi tion,
the signal to 20 oise rati,Q i s [nmprqved, by sandwi chipng lowresistivity
material 116 bet vveelﬁ first The m?ég@-ogp"&g!"ﬁd‘ magnetoresistive readhiensercof fdpim
har d- bi asi ng- gt er izl ﬁ,ﬁthkp hisd e d Vs ”"?Htﬁ!e ] 0 o RO }
better conduction in ﬂ% ard?%#lglé#%ﬁ(yr p%nrgrgr%n %fn(’gdtut ogtroat\rﬁggl%gq t he
sensor, whi ch i npr diesimgtregioni gnal to noi se ratio. In |
operation, the air hearing sygface of MR sensor 100 is 25 posi ti oned

adj acent a magneti égst or age E@mmﬁﬁodrﬁémﬁhgaetmﬁgngtmwem sgasor of claimg

The active region oftRerhp A8 BFbRRingERE ik ifob i FHSHAREn FREMMALBE. 000

of PMGI and photoresist onto the spacer layer and removing the combination

15 from the first and second outside regions.
14. A method of making a magnetoresistive read sensor according
to claim 11, wherein the step of depositing the hard-biasing
" region comprises:
depositing a first hard-biasing film onto the underlayer
20 material;
depositing a layer of low-resistivity material onto the first
hard-biasing material; and
depositing a second hard-biasing material onto the layer of
low-resistivity material. .

25 15. The method of making a magnetoresistive read sensor of claim
14 and further comprising fabricating a plurality of contacts onto the second
hard-biasing film.

16. The method of making a magnetoresistive read sensor of claim
11 wherein the stép of patterning the mask includes depositing a combination
39 of PMGI and photoresist onto the spacer layer and removing the combination

from the first and second outside regions.
_
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120. It is desirous to have an appropriate anount of sense current flow

t hr ough wopgress? ¢ | ayer 120 of MR sensor 100, in.order topeyns9s/19732
effectively read 30 information stored on the magnetic storage medi um
Once the sense current has fl owed through MR sensor 100, auxiliary
circuitry reads the vol tage, which

- 14- represents the date stored on thejgmgnetic storage nedi um

Al t hough the present invention has been described with reference to
preferred embodi mentrs, wor kerg nialshdtbREistive fea@ séisbr Ybhprigig0gni ze that
changes may be made in formand detail w thout departing fromthe
spirit and scope of 5 t he firshandtsecond passive regions comprising an underlayer and
-15-

a hard-biasing layer positioned on the underlayer; and
an active region separating the first and second passive
5 : regions, the active region including a soft adjacent
layer and a magnetoresistive layer separated by a

spacer layer.
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CLAI M5: 1. : A nagnefdresistive read sensor conpfising:

a gap | ayer, wo 99/16057 a soft adjacent |ayer on a pemrso8M%EG2 0N
of the gap | ayer, where 5 first and second
outside regions of the gap |ayer are

separated by the center region; a spacer |layer on the
soft adj acent |ayer; anunder | ayer on the first and
second .out si de regi ons of the gap - l | ayer,

thereby formng first and second passive regions 10
above the underlayer and an active region above the soft

adj acent | ayer; a hard-biasing region on the
underlayer in the first and second passi ve
regi ons; a magnetoresistive layer on the spacer |ayer
and t he hard-biasing 15 regi on such that it
extends over the active region and the first
and second passive regions; and a cap layer on the
magnet oresi stive layer in the active region and

the.first and second passive regions. 2. The

magnet oresi stive read sensor of claim 1 and further 20.
conprising a plurality of contacts on the cap layer in the first and

second passive regions. 3. The magnet or esi stive read
sensor of claim IlfghereimmtBE £o tgkesi stive el enent |s rrred
froma soft- qg@het%c matseri af ha |ng<5$ restﬁy vity |

[err]-cm 25 (e Th naqngto‘e3| tiwye™r d sensgr of clalmll

wherein the

£ & LWaVal L 1

havi ng a r esi\drvty—ofrat—teest FOO—{gtttem S

The magnetore Sensor o1 crarm I WHerern tne sort
adj acent materfial is formed froma soft-magnetic material having a
resistivity of

acer naterlhIJA;iJﬂJEmLiiEﬁna non- nagnetlc nateq ms

Fig. 1
FRIOR ART



30 .at | east 100 [err]-cm

- 16- WO 99/16057 The magnet oresi stive read sensor of pelraigesiersz
wherein the hard bi asi ng regi on conpri ses: a
first hard-biasing filmon the underlayer in the first and second

passi ve regions; 5 a layer of lowresistivity materi al
on the first hard-biasing filmin the first
and second passive regions; and 2?[%§cond hard-biasing film
positioned on the | ayer of |ow resistivity

material in the first and second passive regions. 7. . The
magnet oresi stive read sensor of claim 6 and further 10
conprising a plurality of contacts on the cap layer in the first and

second passive regions. 8. ' The magnet oresi stive read
sensor of claim 6 wherein the magnet oresi stive elenent is forned
froma soft-magnetic material having a resi gt itxg%ess t han 100
[err]-cm 15 2 22 The magnetoresistiv% nsor of claimé®6
wherein the spacqp material is formed f.rom a noh-nmagnetic materi al
havi ng a resistivi\y of at |east 100 [err]Qcm 10 8
The  magnetoresistive read sensor _of claim®6 wherein the.soft/'/‘7
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adj acent material is formed froma soft-magnetic material having a
resistivitywgooffgosy at least 100 [err]-cm 11. PCT/USOBRITIRd
of making a magnetoresistive read sensor, the nethod conpri si ng:
depositing a soft adjacent |ayer onto a substrate;
depositing a spacer |ayer onto the soft adjacent |ayer; 25
patterning a nmask on a center region og 7?5 spacer |ayer to
expose first and second outside region

soft adjacent |ayer and spacer |layer in the outside

regions to formfirst and second passive regions, where

the first passive region is at one side of the central region 30
and the second passive region is at the opposite side of

renovi ng the

central region; -17-
depositing an underlayer material onto the firstg4nd s i%ﬁ%}?
passi ve regions; depos#ting a hard asi ng region
onto the underlayer naterial - /Z8 enmoving the mask from
the central regig depos] ti ng a nagnetoresistive
| ayer onto the #4 &33h{ paSS|ve region, /24 t he
center region andﬂ\he second passive rggion; i :
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depositing a cap layer onto the first passive region, the center

regi on and t e Sfgesl passi ve region. 12. Thectrisigtoat
maki ng a nagnetoresistive read sensor of claim10 11 and further
conprising fabricating a plurality of contacts onto the hard-

bi asi ng region. 13. The met hod of nmking a

magnet oresi stive read sensor of claim 11 wherein the step of
patterning the mask i ncl udes depositing a conbination of PME and
phot oresi st onto the spacer |ayer and renoving the conbination 15 from
the first and second outside regions. 14. A et hod of
maki ng a nagnet oresi stive read sensor accordi ng to
claim1l, wherein the step of depositing the hard-biasing

regi on conpri ses: depositing a first hard-biasing
filmonto the underlayer 20 terial;
depositing a layer of lowresistivity material ¢ first

har d- bi asi ng naterial; and depositing a second

har d- bi asing material onto the | ayer of

| ow-resistivity terlal 15. The met hod of making a
nagnetoresistl sensor of claim 14 and further conprising
fabricating a aI contacts onto the second har d- in
film ’ Q/J //2'f e

&\ The nethod of @ Hive read
‘ 0 ' rt e Ty pdes

sensor of cl grm

Iayer and reng If si de
regi ons.
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- 18- 17.

A magnet oresi stive read sensor conpri sing:

first and sqoupidhepgssi ve regions conprising an underlayer andpcT/usesn9732

a hard-bi asing layer positioned on the underlayer; and

an active region separating the first and second passive 5

regions, the active region including a soft adjacent
| ayer and a nagnetoresistive | ayer separated by a
spacer | ayer. -
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