e g = o 12 e

_DUAL* CHAMEER ;%___;, tBEAM SPUTTER DEPOSI TION  SYSTEM Vioz(o6-$
" “BACKGROWUND ‘OF~“THE | NVENTI ON .1. Field of the Invemf&pn

This invention relates generally to the fabrication of thin filns by ion
beam sputter deposition and, nore particularly, to an inproved ion beam
sputter deposition systemfor fabrication of nultilayered thin film
structures such as magnetoresistive sensors and an inproved deposition
process with increased throughput. 2. Description of Related
Art It is well-known in the prior art to utilize RF or DC mmgnetron
sputter deposition systens for fabrication of thin film devices such as
magneti c recordi ng sensors and storage nedia. Such sputter deposition
systens are characterized by crossed 9902106 -5

F' DUAL CHAMBER ION BEAM SPUTTER DEPOSITION SYSTEM -

BACKGROUND OF THE INVENTION

1. Field.of the Invention
This:invention relates generally to the fabrication of thin
films 5y ion beam sputter deposition and, more particularly, to
an improved ion beam sputter depﬁsition system for fabrication of
multilayered thin film structures such as magnétoresistive
sensors and an improved deposition process with increased

throughput.

2. Description of Related Art

It is well-known in the prior art to utilize RF or DC
magnetron sputter deposition systems for fabrication of thin film
devices such as magnetic recording sensors and storage media.

Such sputter deposition systems are characterized by crossed




electric and magneti c fields in an evacuated chanmber into which an inert,
gi oni zabl e gas,"Such as argon, is introduced. The gas is ionized by
‘el ectrors accel erated by the electric field, which forns a plasma in
proxinity to'a target structure. The crossed el ectric and magnetic fields
confine the electrons in-a zone between the target and substrate
structures. The gas ions strike the target structure, causing ejection of
atons that are incident on a workpiece, typically a substrate on which it
i s desiredetectriepand tmagnetior fitelés | gy en sevakusteldechastper arget whbtleri al s.
In the prior art conventional sputtering deposition..systens, relatively
hi-gh oper aBPnP§Ftesieitgabas egasn i Brgledsi ACSdets £8E BHEaEn FPPnEhavi ng | ow
i nt ernal stress WhICh results in non- dlrectlonﬁ trrp % rlng flux at the
At od

subst r at e. *Eiot@VE&PT PhiedefbrRns GFF%]cﬁﬁaBﬁ%lbyf Fhfx © i drafii¥ et ur i ng
process di ff'n?smat £s_as evO celgl rren5| 1S egeé:tc%r&gturéncrﬁaem lesg fmal_ | er.
It is knowh T £hi prloﬁ”a‘?f RELGY i Y |ze?§n beam sputt er - deposition in

certai n. anBlL&aLE0Ns (BaAXAIOYIR, 30Mndad e HLLIGY! Liee ggountered wi th

COﬂVEﬂtIOHa ues veral aspects Ion beam sputter

deposi ti Onbegolréefne{:hé "QAPGEL ”a\&ﬁi“shﬁé‘@z.[at%pyéﬁu%'i:ufgsoc eﬁx%eaaéri@ngr ovide

significant advantages. =~ For exanple, (1) the use of low background
pressure refslldargbt $19%8t 864! lcALb NGy @jesivhnt 6f @londahht CA:eS ifleddig the

transit, fromthe target to the substrate;
on a workpiece, typically a substrate on which it is desired to
deposit one or more layers of selected target materials.

In the prior art conventional sputtering deposition..systems,
relatively high operating pressures are utilized in order to
obtain films having low intepnal stress which results in non-
directional sputtering flux at the subsérate. However, this non-
directional flux introduces manufacturing process difficulties as
device dimensions become, increasingly smaller.

It is’known in the prior art to utilize ion beam sputter
deposition in certain applications to overcome some of the
difficulties encountered with conventional RF/DC sputter
techniques. Several aspects of ion beam sputter deposition’
differ from conventional sputter processes and provide

significant advantages. For example, (1) the use of low

background pressure results in less scattering of sputtered

parthLes during the transit, from the target to the subsirate;



(2) cbntrol of the ion beamdirectionality provides a variable angle of
i‘nci dence, of the beamat the target; (3) a nearly nonoenergetic beam
having a.narréw energy distribution provides control of the sputter yield
and deposition process as a function of ion energy and enabl es accurate
beam f o¢usi ng and scanning; and (4) the ign beamis independent of target
and substrate processes which allows changes in target and substrate

materials and Geopple il & RLNYALRI NOLEONILANL, NEBM ANIAGAELALLSLI o5 and

al | owi ng i ndependent control eam ener gy and ‘current . densi ty.

Referring to Fifghgle & S.Ingpéiéﬂ(deegf diR0b&HR Ialtlmetrcakgrag 38) d @BaPgAM Sputter
deposition system 100 of the prior art is shown he ion beam sputter

deposi tion systmodfékrdetel Usket RaviaigUel Mardbandivirgl 20 stpiddtich pfoviiass beam
source 121 is nounted. The ion beam system 100 further cofiprises a

sel ect abl e mul tdopkeol arfgehs spbPBenryiald aindr yedamigbdn puppesst ad2db.funtian.
beam 133 provided by the ion source 121 is directed at the target 123
where the inpa®ft iny $nemgy cangs enapisst agfungtefbashefoqusday anst 8eamlingThe
sputtered atons 126 emtted fromthe target material are directed onto a
deposi tion substfal®) (Fesor ererr&d 1966%?§d8“%\d’rfkb’f”é€t?§) aRd PUbgRLafie ch i s
formed a | ayer of the tar et materi t hi ckness nonitor 137

posi tioned cl od&yatad BhED 35 1P¥R Ch§ﬁ%%st tlat‘éarfﬁ HoFHaRFagrateripls

in-situ noni torl&aggeometgg while malntalnlng constant beam characteristics and

allowing independent control of the beam energy and curpeﬂt
density.

Referring to Fig 1, a simplified diagram illustrating an
ion beam sputter deposition.system 100 of the prior art is shown.
The ion beam sputter deposition system 100 includes a vacuum
chamber 120 in which an ion beam source 121 is mounted. The ion
beam system 100 further comprises a selectable @ultiple targets
123 on a rotary target support 125. An ion beam 133 provided by
the ion source 121 is directed at the target 123 where the
impacting ions cause sputtering of the target material. The
sputtered atoms 126 emitted from the target material are directed
onto a deposition substrate (also referred to as a workpiece) 131
on which is formed a layer of the target material.

A thickness monitor 137 positioned closely adjacent to the

substrate 131 provides real-time, in-situ monitoring of the



4 thicckness of the growing filmduring deposition. The substrate or other
wor kpi ece ,131 is nounted on a novabl e pedestal or support nmenber 141 which
is retrieved ihto a loading port 139 via a gate valve 138 for changing the
wor kpi ece 131. A nagnetic field may also be applied at the workpiece 131
if required for the particular structure being deposited. The pedestal 141
may also be rotated, using a rotaryAlinear notor, during deposition to
rotate the .deposition substrate 131. During operation of the ion beam
sputter %ﬁ&gﬁ?%ﬁfs% SrPWinge fi e (ifieh depesitipn- | Fhepahstastred at

sui table | ow pressure. b vacuum punp 160 via port 135 which can be
cl osed byéraoag?% w\%[‘%e%G%’l 18 mou'%ﬁgg?’ht%g‘o‘éqﬂ}en%?dr?éﬁgl f&r producing a

thin fil i substrate ytilizing, ion beam sputtering are

descri bedrg,ug?ggé “Peeﬁlggrf)laled,l ‘ft'lrhl% § ’iﬁglr.le d lg,t‘ézaS,lS%(gl“tgog%taEQ% a8 al. and in
U S  Pat , o,Pi narbasi, the.contents of i ch are
incorporé%gg@%égggﬁzﬁﬁpig é?@ﬁ%é*’%ﬁFdﬂ§§@é?“%ﬁs?diécﬂa $ifhe use of a

comput e ©anknel adso Henghs AN LI WA 1B AUt 7o RLYSLA! gpnitor to
| s wet1°“a

preoduce deposited fi of arbitrary conposition as soﬁayered

struct ur Qsleo%alagiem,.ars»erwm@ns(@ﬁlg ﬁeg&ei@uht | e Sl s ﬂ&i fhement al

conponents of the desired filnms and layered structures. ﬁ%?basi_
di scl oses1@Btsdiragatdte ubOty REAMR H331 MQUP RotBS Sal A nhEedol 81, Materi al

atomc mass to provide thin filns having densities and physical properties

very to rotate the deposition substrate 131. During operation of the
ion beam sputter deposition system, the vacuum chamber 120 is
maintained at suitable low pressure by a vacuum pump 160 via port
135 which can be closed by a gate valve 162.

Apparatus and methods for producing a thin film deposit on a

substrate utilizing ion beam sputtering are described, for
example, in U.S. Pat. Noj 4,923,585 to Krauss et al. and in U.S.
Pat. No. 5,942,605 to Pinafbasi,‘the contents of which are
incorporated herein by reference. Krauss et al. discloses the
use of a computer controlled, single ion beam with a quartz
crystal monitor to produce deposited films of arbitrary
composition as well as layered structures of arbitrary thickness
from multiple targets. of elemental components of the desired
films and layered structures. Pinarbasi discloses matching the
ion beam gas atomic mass to the target material atomic mass to

provide thin films having dehsities and physical properties very



¢close to their bulk property values. Both the nass of the ion beam
Sputtering gas and the enercy of the ion beamis controlled as a function
of the target:material to provide single-layered and nultilayered
structures wherein selected properties of each layer are optim zed to
provi de specific function for each layer in the resulting structure.

| on beam sputter deposition systens have been utilized in the prior art to
deposit ani sotropic nagnetoresistive (AMR) sensors and gi ant

magnet oresi stive (GWR) sensors for use in- magnetic recording devices. In

the GVR sensokSosd & £RSISHANRG rphriNeHBUNEt BEESILabI NG s( MR rrzesh ng | ayer
varies as a function of the spin-dependent transm ssion. of the conduction

el ectrons betbeeenspgut€e FBENGLE GarlcaYRE Serseparcat esk RynapeanigBgiekbLiddAyer
(spacer) and the acconpanyi ng spi n-dependent scattering which takes place
at the interfaseadfunchtomagnehe caagdt nenentgnedi groviay evisigaadiayerdn t he
magnetic |layers. GVR sensors using only two |ayers of ferromagnetic
materi al (e.gandNpulEdlayertd efrudturefe/h@y}isspieciteddryreatioyat efclGVR,
pronpting non-magnetic metallic material (e.g., copper) are generally
referred to asayspiareyvapiiaigsy)tos@agnrde. specificHuygctpor{eRsesH aryebeari ng
surface view of a prior_art SV sensor 200 conprising end regions 204 and
206 separ at ed By Rf TEENtYNIY PEGHGHT202. A free |ayer (free ferromagnetic

| ayer) 210

Ion beam sputter deposition systems have been utilized in
the prior art to deposit anisotropic magnetoresistive (AMR)
sensors and giant magnetoresistive (GMR) sensors for use in
magnetic recording devices. In trhe GMR sensors, the resistance
of the magnetoresistive (MR) sensing layer varies as a function
of the spin-dependent transmission of the conduction electrons
between the magnetic layers separzted by a non-magnetic layer
(spacer) and the ‘accompanying spir-dependent scattering which
takes place at the interface of the magnetic and non-magnetic
layers and within the magnetic lavers. GMR sensors using only
two 1ayers of ferromagnetic material (e.g., Ni-Fe or Co or Ni-
Fe/Co) separated by a layer of GMZ promoting non-magnetic
metallic material (e.g., copper) are generally referred to as
spin valve (8SV) sensors.

Fig. 2 shows an air bearing surface view of a prior art SV
sensor 200 comprising end regions 204 and 206 separated by a

central region 202. A free layer (free ferromagnetic layer) 210



6 isiseparated froma pinned |ayer (pinned ferromagnetic |ayer) 220

¢which may include a very thin Co interface [ayer 222) by a non- nagnetic,
el ectrical | y-conducting spacer |ayer 215. The nmgnetization of the pinned

| ayer 220 is fixed through exchange coupléng with an antiferronmagnetic
(AFM layer 230 deposited on a substrate 250. The nagnetization of the
free |layer, howeveiparhted fei6@ 4 @ihdéallayen (Hendd esendrghétianlexdgr nap
field. Free |layer 210, spacer |layer 215, pinned | ayer 220 and the AFM

| ayer 230 are (whichf sapeidicinodé leveentthah cednoar-i202. 1dderd22f)aby layens 252
and 254 forned in the end regions 204 and 206, respectively, provide

| ongi t udi nal binagndtdrc, tdiechRidalde-tenduct 246 .spheaddaps 2a6d 268 f or med over
hard bias |ayers 252 and 254, respectively, provide electrical connections
for the flow ofagietigabiinngf cihrer pitndds layeni?RA cufivert thoenghee2dt®noge t he MR
sensor 200. A signal detector 280 which is electricallysconnected to the

| eads 260 and co@Higgneied eheardhifpprecnagnetisi JiBficéaydr 2R Wposerrsbrn290 due
to changes induced by the external magnetic field (e.g., the field.

gener at ed by aStitt@abft2% or Bt BRIRCIZ8kIon of the fRee IgyeBEndBFeRID LA whi ch
the AFM | ayer 230 is formed of N Ois of particular_current interest
because of thefFfgy° E%t?artﬁsF‘bthteegff‘ssce&ﬁéeograBp%’ftteirégl diteM o FERHISYEFon of

such an SV sepgr J0.1N9,L00 ARAM SRULL e, JeRos . lh oS Xk ATy d00¢5 8 11 ed
all formed in the central region 202. Hard bias layers 252 and
254 formed in the end regions 204 and 206, respectively, provide
longitudinal bias for the MR free layer 210. Leads 260 and 265
formed over hard bias layers 252 and 254, respectively, provide
elec#rical connections for the flow of the sensing current I,
from a current source 270 to the MR sensor 200. A signal
detector 280 which is electrically connected to the leads 260 and
265 senses the change in resistance of the SV sensor 200 due to
changes induced by the external magnetic field (e.g., the field
generated by a data bit stored on a disk).

The SV sensor 200 in which the AFM layer 230 is formed of

NiO is of particular current interest because of the high
corrosion resistance properties of NiO. Deposition of such an SV

sensor in the ion beam sputter depositicn system 100 is carried

’



out by a first deposition process in which reactive ion beam sputtering is
uSed to deposit a substrate |ayer 250 formed of Al[err]O[err] and the AFM
| ayer 230.formed of NNO followed by a second deposition process to
deposit- netal |ayers by ion beam sputterl ng in an inert gas atnosphere.
Substrate | ayer 250 is deposited by ion bgam sputtering an aI um num (Al)

target in the ence_of an oxygen-containtn as to form
Al[err]O[err] }ry ATHEF N 5e ﬁqayf-e&m%ﬁ Jlnsgﬂ’g §F?°etcf"8nl?’h8e§ﬂbst rate

| ayer 250 by S #\Séteerrllplgols uﬁe t(el gltt ar \?ﬁﬁslté%tett Egygreez%%” rm%]zi g‘P

oxygen- cont ai ni hg gas 855 At Sired’€xchange

properties are, QAJ%‘(; Ee #M%S%J &38090%%8 b5 ngh%o%éﬁgeeof‘bgoi‘ts%'c% g9 gas

must then be pu?’rﬁ e’ vactuum chanber "and the targets sput

cl eaned bef or e agepaslbh il NS SuRSSRIRBEaLALed BYCIch ndhif sobtADAd  ayer

220 fornmed of N -Fe, spacer |ayer formed of " Cu, "free l[Fayer 210 orrred

of N -Fe, and gapad avert 235 bendBpleol. TRubstAtbhRyeseasENbi @dddopi epesi t ed
over the NNO AFM | ayer 230 in the presence of an inert sputtering gas,

such as argon. ion beaml6p@itedifig GROE1 GMGRANYEL )PEORRIL L @ScHRepy@RACE NeE MnO AFM
| ayer 230 and the pinned ferromagnetic |ayer 220, the ferromagnetic |ayer
shoul d be deposkyeth-enneaifnieghdas dephsint ed MN.Q SaydraceThe NHO ARM L AYER
contam nation. Therefore, it is necessary to minimze the hold tineg,
defined as the28? nks bepomidedcompibet sulkptirhbe Nia@er R§obY tdrghtamidgdeposi ti on
of the subsequent ferromagnetic |ayer

nickel (Ni) target in the presence of an oxygen-containing gas to

the thickness at which the desired exchange properties are -

achieved, typically 200-500 A. The oxygen-containing gaé must

then be pumped out of the vacuum chamber and the targets sputter

cleaned before deposition of the subsequent metal layers. The

pinned layer 220 formed of Ni-Fe, spacer layer 215 formed of Cu,

free layer 210 formed of Ni-Fe, and cap layer 205 formed of Ta

are then sequentially deposited over the NiO AFM layer 230 in the

presence of an inert sputtering gas, such as argon.

To obtain good exchange properties between the NiO AFM layer

230 and the pinned ferromagnetic layer 220, the ferromagnetic

layer should be deposited on a freshly deposited NiO surface with

minimum contamination. Therefore, it is necessary to minimize

the hold time, defined as the time between completing the NiO

deposition and deposition of’the subsequent ferromagnetic layer



on the NNO in order to mininize contanmination of the NNO surface. A
problemwith the prior art ion beam deposition systemis that the hold

ti me between deposition of the NNO |layer and the deposition of the pinned
ferromagnetic layer on the Ni O layer candot be reduced sufficiently to

optimze the exfnanof;oPraPsrid et ifiniRe e iR IRt AHELE W RpY severely

reduci ng the potentia eposition system throughput. The | ow t hroughput of
t he i on beam spytiRe_ deposition systemdue to the |ong processing tine
required for each wafer would result in high manufacturing costs of the

Ni O SV sensors. A prdtieielofie thbep i orSase 16e thehardadsi Oionbepsietepssi ti on _
system and deposition process that mnimzes and controls hold tinme of

the Ni O AFM | ayeat shef baclel pinorbetoecepepoditdnn aff the NiOneer fmd ndsagneti c

| ayer resulting in inproved SV sensor performance and that increases the
deposi ti on systeppsigfien afhtbeghpoediferronametio legence Jsmdfibctaverng cost s.
SUMVARY OF THE | NVENTI ON It is an object of the present invention.to
di scl ose a duafarRataRBerediepdsTuiifdriantdy e RRVIMHGEt We PHFPANEEM sput t er

(1 BS) deposition chanbers connected hy a wafer handl er chanber thgt
provi des the nBEPRCTICP MSTYEER ENRafEt JaVetbat FRUEsTeTSTELY dithetnd the

potential deposition system throughput. The low throughput of
the ion beam sputter deposition system due to the long processing
time required for each wafer would result in high manufacturing
costs of the NiO SV sensors.

Therefore there is a need for an ion beam deposition syftem
and deposition process that minimizes and controls hold time of
the NiO AFM layer éurface prior to deposition oﬁ the pinned
ferromagnetic layer resulting in improved SV sensor performance
and that increases the deposition system wafer throughput in

order to reduce manufacturing costs.

SUMMARY OF THE INVENTION
It is an object of the present invention to disclose a dual
chamber deposition system having two ion beam sputter (IBS)
deposition chambers connected by a wafer handler chamber that

provides the means to introdpce wafers (substrates) into either



9 - IBS deposition chanber and to nove the wafers between | BS deposition
chanbers under vacuum condi ti ons. It is r_obj ect of the

present invention to disclose a dual chanber depos THISTSHESY 1,8 ich
reactive ion beam sputtering depositions an@ netall_| ayeREEQpes can
; ve the

be carried out 'Iﬁssc?e%éﬂleorl %§aﬁ?§$°§n&'t%”mS‘F‘ea'E’RSr&a]f'er BS

properties of spin valve sensor s a furthar obj ect of -

the present invagpdiRibR éila%ﬁla%%xﬁepr%ﬁ:% dRGiiQAsbeam sputter
deposi tion of spin valve sensor |ayers having an AFM | ayer forned of N O

wherein the exchange tsufnldthgr haijeeernt kee AlWsbay ahvantd ohhes RiiBREskd gyer
is increased by depositing the AFM Il ayer in a first |BS deposition chanber
and depositing meédhichhayer depositienAsPpdteaytn whiicia reacond &S bdaposition
chanber . It is yet another object of the present ifhvention to

di scl ose a procé&Rytieging giepoeaionspand aetdepleyet idepositigpbncanbe ecaaensar

| ayers having an AFM | ayer fornmed of N O wherein the throughput of the ion
beam deposi t i on°pF dle§eP3@tenpRY \Aegosition chambags dRdPFRRITy o timprpye dei on
provi des a process f maki ng, spin valv S magnet or esi stive sensors in
a dual chanber HEPSS f?%r?fsﬁgf‘érﬁﬁlﬁﬁﬁﬁi’isﬁg YEf¥st I1BS deposition chanber,

a second | BS deposi tji_ 0 ch a waf.er. handl e sai.d _process
conprising the stepslt ? %n‘gghera gieCt Ofrtehaecf)f?/seengptﬁ‘feg?l%ﬁ(?s?ﬁcﬁﬁsﬁn

anti f erromagnet hcpl(d%EM fc?ry?cf)n Prsth sputter depodPSidhdbe %}?gsﬂl% FLLsd,. BS

deposi ti on chanber; b) novi ng sal d substr under vacuum

conditions f I’Omlsﬂzé havisly bBRAFM layer fod@Q0Sirthidnwhbaihend %xéﬁéﬁesecond
| BS deposition chanber; and

9a- c) coupllsprdt&lIEedeq‘}GS BFM Nghyarfdnasthd @innemgaest G sl axy&reaeedsal d
AFM | ayer in said
by depositing the AFM layer in a first IBS deposition chambeg and
depositing metal layer on the AFM layer in a second IBS
deposition chamber.

It is yet another object of the present invention to
disclose a process for ion beam sputter deposition of spin valve
sensor layers héving an AFM layer formed of NiO wherein the
throughput of the ion beam deposition process is improved.

In accordance with the principles of the present invention,
there ig disclosed a dual chamber deposition system comprising a

- first IBS deposition chamber, a second IBS deposition chamber and

a wafer handler chamber disposed between the first and second IBS

deposition chambers. In the,preferred embodiment of the present



second I BS deposition chanber after a controlled hold tine, said controlled
ol d . tinme being a tinme interval between conpletion of the reactive
sputter. deposition step of said AFM Il ayer in said first IBS
deposi tion chanber and start of the sputter deposition step of
said first ferromagnetic layer in said secgnd | BS deposi tion
chanber. inventhen, mhentinsh ad gepeml 8@ slepopitdorsehalberagREg spin

val ve (SV) nmagnetoresistive sensors in a dual chanber deposition system

i ncludi ng a filt%ePBS depdaaan 6‘?Pr(9‘i‘an¥)eﬁ°taéy §é§‘3ﬁ$dSPES’r&e‘ﬁb@i PrYHiRRanber

and a waf er handl er chanber ai rocess conpri si t he steps of:
a) movi ng = Sab8t raatpgg‘?srt&'jn 8’él N \%’F%ﬁe RSRPSE By aé‘HgYﬁféle Ssai e i r st

| BS dﬁé}% Lé ek Wdfs f192:t and Je%gf{&Ia\/c%egg%tll%ﬁlsl% Ste in

deposi ting an antlferrorragne er on sa

said first |BS,d8postirP urﬁggang fer all%ngr, Q) radlalnﬂb’tl_i%g sl substrate.

under vacuum conditions from sai f| rst deposition chanmber to

sai d second | B&4#@peed: it9Red AR Gtatable turnt@ble forSMidingrtidepositing a
ferromagnetic pinned | ayer on said AFM | ayer in said second IBS

deposi ti on chasiwatratd eana L£aatctah lpatp holtletwater madllec @hbhidd ed

hold tine being a tine interval between conpletion of the reactive sputter
deposi tion st eporakcsed doARM Ifayet and secahdf IBSUepd3Stdepebptbans bhagdter and
start of the sputter deposition step of said ferronmagnetic pinned
| ayer in said %@C’Gﬁd‘“}iﬁg when °Peﬂ Rféﬁb@‘? BcepSc Raffefor the linear

- 9b - sputter ositi 2‘% a spacer | ayer on_ sali

f erromagnetic ﬁarﬂﬁéﬁt‘?ra§8rm‘?vr‘? sOERTRtes 8O B © %BB%l“FPBﬂl‘if‘W&nber

and chamber and when closed provide a vacuum seal between the wafer -

handler chamber and the first and second’ IBS deposition chamber§.
In the preferreq embodiment of the invention, the dual

chamber deposition system is configured for deposition on wafers
of spin valve sensorilayers having an AFM layer formed of NiO.
The first IBS deposition chamber is dedicated to reactive sputter
depositions in an oxygen containing gas of an A;g% éubstrate
layer and an NiO AFM layer. The second IBS deposition chamber is
dedicated to subsequent metal layer sputter depositions in an
inert gas athosphere. This separation of reactive sputter
deposition process and metal layer deposition process improves on
the use of a single chamber by reducing pump down time, reducing

oxygen contamination of the targets, reducing contamination of



f) ' sputter depositing a ferromagnetic free layer on said spacer |ayer
“insaid, - second | BS deposition chanber. The i nvention
further .provi;"des a process for naking spin valve (SV) nagnetoresistive
sensors in a dual chanber deposition system including a first IBS
deposition chanber, a second |IBS depositi ol chanber and a wafer handl er

chanber, said PprOCRSFaéOMHH thé NGOt heyeH, epfd Gbducing cycle 8ime to ORfHo&at i ng

the first I1BS deposition chanber to reactive sputter deposi tions;
b) dedi cat i mgstdre tbeagngut BS deposition chanber to inert gas sputter
deposi tions; c) noving a substrate to the first |BS deposition
chanber; dp contimpgues i MevsPrraséticrepastassngs dlefaned fMaeFoAgNet i c
(AFM layer on the substrate in the first LBS deposition chanber;

e) nmovi ng t herEupefentie ipseatedsanbadiTmss %GsPtfﬁﬁtc%ﬁéPos%ﬁan -

f) i nert gas Sputter_ depositing a ferronmagneti ¢ pi#aneg a spacer

| ayer ferrff%@ﬁ%tt |W89?’fé'€ F‘%‘f/ﬂ' gg%cd& ﬁt?lzflsFyI%sn d§ﬁ?ﬁ’*tAPR/l

| ayer. Q dan th the nci pl es f t he present invention,
there is discl ose a dvﬁ}g %ﬁ \rlwyl’oaCt%i‘ée 8 |he§ngs Qsleho%c?ror?sssl ng & r|lre<2t | BS

deposi tion chanpgr, @nse£qad (| B3r §§F£Qx%htﬂn9xfédcf‘%ﬁp‘éﬁe 3:!1%@ MR gﬁ élﬂ'%%x?r

chamber di sposed between the first and second [BS deposition nbers.

the preferred eghafieens o B PLESARr, aligned for the second IBS
10 invention, the first and second |IBS deposition chanbers each include an

i on beam sour cedepogiataf \chizabge tansuppaidt intd Rhalddcopd eBSt asgatisjom pedest al
or substrate support, and vacuum punps. The wafer handl er chanber
i ncl udes first ahaneacbod metebslvyehadraposition phoaessimgn panpssond. walffegr is

aligner, a radial notion |inear
then inserted, aligned and moved into the first IBS deposition

chamber where reactive sputter deposifion is carried on
simultaneously with the metal layer depositions on the first
wafer in the second IBS deposition chamber. After the metal
layer depositions on the first wafer have been completed, the
first wafer is moved out of the second IBS deposition chamber and
placed in the wafer stack at the access chambef. The second
wafer is then moved from the first IBS deposition chamber to the
aligner and then into the second IBS deposition chamber. A third
wafer is then inserted into the system to continue tﬁe process
flow. During each wafer transport step, the first and second IBS
deposition chambers are isolated from each other by appropriate

gate valve closures. to minimize cross-contamination. The vacuum



_trans‘l ator fixed on a rotatable turntable for noving the substrate, and a
‘'vacuum punp. The wafer handl er chanber is connected to the first and
second IsBS deposition chanbers by gate valves which when open provide
access ports for the linear translator toipove substrates in to or out of
each | BS deposition chanber and when cl osed provide a vacuum seal between
the wafer handPetPScRANSA BATE Chetle B¥Ptehare eS8AdET BSh HRYsoshe jdpsired
chanbers. In the preferred enmbodi nent of the |nvention, the dual

chanber deposi t F8h PEGEFEIR CEETAPRYHEIRT dhedRIRFEPT1Wh S8 RPers  of spin

val ve sensor | ayers havin n. AFM | ayer fornmed. of N O__ The first. |.BS
deposi ti on chanber iTgled%ré’?:gg eq tsgql%%lggt ?t\c/)etggpllﬁ nyam Sg%tseirt fi% SHEROR

an
e acont 15a A0 10Ty BnDHSERA o bAHBECA D oBln Wb AEMAYP!

The second | BS deposition charber Is to subsequent et al

sputter deposithOogseckArdprobReR.t 98 s%ffﬁmhsf@%ramT&r&fS@P?Jﬁ_@tJ;ﬂﬂxi% .
reactive sputter deposition process and netal |ayer deposition procCess .

i nproves on thendisoeing oFi Gitlee vaheashetadiyom pEC bpgraitp, dser tHax@ler
reduci ng oxygen contam nation of the targets, reducing contam nation of
the surface of toreen€nGs |angeion dedmrgoititenglepyeite.oni peoceeseninovylersyst em
t hr oughput . A continuous fl ow deposition process is defined where a
first wafer is Pabdetiedkmedfiticgherrdcerst Heowf irder £IBS dgeprssi ppexatisbanber .
The first wafer is noved into the first |IBS deposition chanber where the
reactive sputtefFOREFASPEi oATPFYCESLXENEY ORI NG properties of the NiO AFM

layer in the SV sensors is achieved by controlling the completion
of the reactive sputter deposition of the NiO layer to .
availability of the second IBS deposition chamber for the
subsequent metal deposition process to minimize the time during
which the NiO surface may be contaminated. | |
The above as well as additional objects, features, and
advantages of the present invention will become apparent in the

following detailed written description.

BRTIEF DESCRIPTION OF THE DRAWINGS
For a fuller understanding of the nature and advantages of
the present invention, as well as the the preferred mode of use,
reference should be made to the following detailed description

read in conjunction with the, accompanying drawings. In the
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out. ‘'The first wafer is then noved fromthe first |IBS deposition chanber
“to the waf'er aligner, aligned for the second I BS deposition chanber and
noved into tHe second | BS deposition chanber for netal |ayer deposition
processing. A second wafer.is then insertgd, aligned and noved into the
first IBS deposition chanber where reactive sputter deposition is carried
on sinul t aneodsliowiinghdrawinget dlikeajeferdeppsunerais designate|kide opafer in
t he second | BS deposition chanber. After the netal |ayer depositions on
the first wafefiR\AE BRERS dhAprEosd, thedrafingst wafer is noved out of the
second | BS depositiqgn chanber %3&1 | aced ipn the wafer stack at the access
chanber. The second *%waf er® Fsbf d Vé‘&mf?%r% PR iafétlolnB ~Heposi tion
chanber to theS a# ner Lgen%stplecp intﬁexﬁ[-he second | BS deposition chanber. A
Py O80Tt §YPhéYsystem t o continue the process

third wafer iS en RS _
flow During each vgalfgerz_tirsagm# p8h e Eﬂgfafc'er§f Ao #8800 BSes o
ate rom eac

deposition chanbers are isol ot her eby appropriate gate valve
closures to m pi-fYZ6e ¢l & SehQhE AN Nation. The vacuum

12 punps in each part of the systemare used to achieve the desired |ow

pressure conditi onsrigur 8 NG bheoPrAERSSH AJp SERUILEL &mbodiment THE HASESSI NY
sequence of the ion beam sputter deposition systemis renotely controlled

by a conputer systiein AepEHiATBR Osydy emdaceirivgy €o pitegpassenthencaftivar e
program controls the opening and closing of gate val ves, vacuum punp
operation, wafer hafigle4 israveeentiewarid therwdfeanhaypdt be rchdepesivoroion
processes in order to
of the dual chamber deposition system; and
Fig. 5 is an air bearing surface view , not to scale, of an

improved SV sensor having a NiO AFM layer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description is the best embodiment presently
contemplated for carrying out the present invention. This
description is made for the purpose of illustrating the general
princibles of the ﬁresent invention and is not meant to limit the
inventive concepts claimed herein.

Referring now to Fig. 3, there is shown a top view of a dual
chamber deposition system 300 of the preferred embodiment of this
invention. The dual chamber deposition system 300 éomprises a

first IBS deposition chamber302, a second IBS deposition chamber
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Jjrai ntain an efficient process flow.under the desired operating conditions.
| mpr oved rexchange. coupl i ng properties of the NNO AFM layer in the SV
sensors ts achi eved by controlling the conpletion of the reactive sputter
deposition of the NNO layer to availability of the second |IBS deposition
chanber for the subsequent netal deposit?‘bn process to mnimze the tine
during which o Nn® swaffaeendmayebechaabhéarfogategosed betwddre aabove as wel |
as additional objects, features, and advantages of the present invention
wi || becone apperemtednd hiee fiolskommdgedetdilBgédepoisition demgreirpt3aM.
BRI EF DESCRI PTI ON OF THE DRAW NGS For a fuller understanding of the
nat ure and advatt dyesatf valihes B08samt 30AVemespectixelwel Inakig.hd, tthe
preferred node of use, reference should be nade to the foll ow ng detail ed
description reEts AncHry gacendABi ddposhblaic chapeny 3ty tirbhvidaegsike ort he
13 following drawings, |ike reference nunerals designate li.ke or simlar
parts througho8i™ilaé ©e MRrRGsin the finstgIBS) degos thppcidambafr30&ndest a prior
art ion beam sputteri ngqydg osition system : n _air bearing
€,

: CFig. 2 is an
surface view, fetioated SfSage PIPSEs ithsy rrdpgppdded. ThepfirstzIpg 5

top view of a Href erred %ranbodi giagt of @ dual dchaé_n‘ggr dg- gsi ion system
according to t REPPrELRNCPRVRN06n20S the sqqoqd 165 geppst S VieRoY )téﬁé waf er
handl i ng Chanb%Ee‘%%%%LéH{ially identical ion beam sputter deposition modules
each comprising an ion beam source 328, a rotary target support
333 suppqrting a plurality of targets 330, and a substrate 332
mounted on a movable substrate stage 336. The substrate stage
336 is fixed to a stage support arm 338.connected to a stage ;
angle drive 340 mounted oﬂ the IBS deposition chamber 302. The
stage angle drive 340 can be rotated approximately 90° to change
the substrate stage.336 orientation to position the substrate 332
from facing the rotary target support 333 (as shown in Fig. 3) to
facing upward (out of the page) for accessibility through the
gate va;ve 308. The substrate stage 336 may also be rotated
durind deposition, using a rotary/linear motor, to rotate the
deposition substrate 332 to improve deposited film uniformity.

The IBS deposition chamber 302 is evacuated and maintained at a

suitable low pressure by a cryogenic vacuum pump 350 and a

,



~of the dual chanber deposition system and Fig. 5is an air bearing
surface view, not to scale, of an inproved SV sensor having a Ni O AFM
layer. [ - . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT

The follow ng description is the best enbodi nent presently contenpl ated
for carrying out the present invention. This description is nade for the
purpose of illustrating the general princijples of the present invention
and is not neantcubGohd ity dNeach i Yk VECONEERLS SJ:RbNBes heteidluitn
Referring nowto Fig. 3, there is shown a top view of a dual chanber
deposi tion syst egna0éhtef vihespsegderred enbodi ment of this invention. The
dual chanber deposition system 300 conprises a first |BS deposition
chanber' 302, a seconrhd BSs depositidncEiERer3o2 also include ion beam etch

14 304, and a wafer handl er chanber 306 di sposed between and connected to
the first and seunasndd2BSodepesntimnashairecsind02, bead04f biyvngaie thal ves 308
and 308', respectively. In Fig. 3, the parts in the second |IBS deposition
chanmber 304 t hatsuafacd iofetlr subsiidtar 332 ipactderi to treaode rcontdrdBadeEosi ti on
chanber 302 are designated by the sanme nunbers with a prine added. The
first 1BS depogiriporeclidlrvaiep88iXizndottive thecodt1aBS. dedpddiickmsschemiior 304
are substantially identical ion beam sputter deposition nodules each
conprising an i AM2oeettionst 1398y adjrreatyte dhgetubstppior 832 3PVidpporti ng
a plurality of targets 330, and a substrate 332 .
real-time, in-situ monitoring of the thickness of the growing
film during deposition. A flux regulator 335 fixed in front of
" the deposition substrate 332 partially blocks the 3puttered atom
flux from the target 330 and is used in conjunction with rotation
of the deposition substrate 332 to improve thickness uniformity ¢
of the deposited layer. A magnetic field may also be applied at
the substrate 332 if required for the particular structure being
@ . deposited. A target shutter (not shown) and a substrate stage
shutter 337 for covering the target 330 and substrate 332
surfaces, respectively, are included for prevention of surface
contamination during sputter cleaning processes.
The wafer handler chamber 306 provides a means for moving
the substrate 332 in to and out of the dual chamber deposition

system 300 and moving the substrate 332 in and out of the first

IBS deposition chamber 302, or in and out of the second IBS

4



mount ed on a novabl e substrate stage 336. The substrate stage 336 is
fixed to a stage support arm 338 connected to a stage angle drive 340
nounted an the | BS deposition chanber 302. The stage angle drive 340 can
be rotated approximately 90 to change the gybstrate stage 336 orientation
to position the substrate 332 fromfacing the rotary target support 333
(as shown in Fi gde®sittdonfcamhgr IAMar or (etiveaf thdefipagednd secaccéBSi bility
through the gate valve 308. The substrate stage 336 may al so be rotated
duri ng deposi ti oA¢Pessitagn schagbarsy /A0 naedt 388t oThetwnpfest kand lehechagbposidsi on
substrate 332-to inprove deposited filmuniformty. The |IBS deposition
chamber 302 is e’ d2 afFurRi FheaPeedodr a figat tagspes |[dampeesdarandy a
cryogeni ¢ vacuum punp 350 and a . 15
t urbonol ecul ar vERERAR BEFPSS34RaRRST Si%e [96r RECRARY Pt PRRPLIAAER (W858 gat e
val ves 348. The _| BS d_egosi_ti on chanbers 302 al so incl-ude i on beam

etch guns 352 f8F3pr 6BcFHgPaHEg ARIYTRYLEY KEaP BT TS (AF Waf&rs s thee
of the substrate_332 in order.to renmove contam nation rior tq fil]m
deposi tion onto Pﬁ%ge§ﬁ8§t‘?’§’[°8.m%1tt)hi clkﬁte%s Wbl‘?iup%rra %4?&6 s%?‘f dﬁeﬂiacqegsel y
adj acent to the substr 332 provides r -tine,. . in-sit nitori of
the thickness of l?ﬁt}eg?%gmstngacc 5 n%lhaur?rnsg g%a’pgs?' ?uélﬁ. PR Fagnrreéi&ﬁ sapcglre 335

fixed in front OPF?%X ey %igt%g&siu%%%ﬁva&%chj@sregi &\l peks,t he

sputtered atom rom-t ar get IS use n conjunction with

rotation of the,depositi Anisubst be 332 LA TBEANE t HLkNRSS WBLLPr M ty

chamber 307 is maintained at a suitable low pressure by &
cryogenic vacuum pump 326 via 'a port and gate valve 324‘aé is
well known in the art. A first wafer.aligner 316 positioned
adjacent to the first access chamber 312 provides the means to
rotate the substrate 332 to align a reference notch on the wafer
circumference to a predetermined position for film depositions in
the first IBS deposition chamber 302 or to another predetermined
position for film depositions in the second IBS deposition
chamber 304. A second wafer aligner 316' positioned adjacent to
the second access chamber 312' may be used to align substrates
inserted into the second access chamber 312', or alternatively, a
single wafer aligner may be used for substrates inserted in both

access chambers by using the moving means of the wafer handler

’



of the deposited |layer. A magnetic field may al so be applied at the
"substrate 332 if required for the particular structure being deposited. A
target shuttér (not shown) and a substrate stage shutter 337 for covering
the target 330 and substrate 332 surfaces, respectively, are included for
prevention of surface contam nation duringlsputter cleaning processes.

The wafer handl gf,gha égg,ﬁow QYL d&s, R ABRRS f1Qr £0Ru ragfef g igaislahat e

332 in to and out of t chanber ep03| tron system 300 and noving the

substrate 332 in anﬂe?é'frlqitg Lhe ol F54. 4l BRALPOsSishbh &Qam&&ai%rt%n' n

and out of the second |BS

deposi tion chanbgy o30¢he HualedRBBr tdiobi £ &n sl eteseNdol Bow alsp@%ettwﬂ
chanbers 302 and 304. The wafer handl er chanmber 306 include-s a vacuum

chanber 307, a &f gk A££8ShasdiamBeshaxbiragehs.a TR wahék AGAEEITHCBRdHIRY 312"
for accepting a substrate (wafer) stack 360 for holdirg a plurality of

substrates (12 sed anslides hetugitabbs raod, eshndamnitixed\fihethd Facsubst r at e
stack 360 is placed in the first access chanbers 312, a vacuum punp 322
reduces the prelssiee 307t seppuxtdss aclmnbmrioanltnrmlaostm&ngaatmn/aow&a&mg
providing isolation fromthe vacuum chanber 307. The vacuum chanber 307 is
mai nt ai ned at aasibisabitee Ihohden d9Fufixedyom ther gigfeni end/@f utthe poaps132érvi a a
port and gate valve 324 as is well known in the art. A first wafer aligner
316 positioned Thkrijtacsambleo4bhanalyi bgtrofateds vehmisero3y poior, des gitbheneans
to rotate the substrate 332 to-align a reference notch on the wafer

a clockwise or a counterclockwise sense as indicated by the arrow

404. The linear translator 406 may be extended or retracted,

using a rotary/linear motor drive, to move the substrate holder

407 in a radial sense relative to the center of the turntable 402

as indicated by the arrow 408 as is well known in the art.

Movement of a substrate (wafer} within the dual chamber
deposition éystem 300 is accomplished by a sequential series of
linear radial translations by the linear translator 406 and
angular rotations by the turntable 402. For example, to move a
substrate on substrate holder 407 in position A from the wafer
alignér 316 to the substrate stage 336, the translator 406 is
retracted to position the substrate at B, then the turntable 402

is rotated clockwise to pdsition the substrate at C, and then the

translator 406 is extended.through the open gate valve 308 to

’



circunference to a predeterm ned position for filmdepositions in the

*first | BS deposition chanber 302 or to another predeterm ned position for
fil m depositirons in the second | BS deposition chanber 304. A second wafer
aligner 316' positioned adjacent to the second access chanber 312" may be
used to align substrates inserted into th# second access chanber 312', or

al ternatively, pacsithgl Su@iefe @l GNLTsuBBYr18 H5RE 530 aBURBHESLELD .| nsert ed
in both -access chanbers by using the noving nmeans of the wafer handl er

17 chanber 306st@i1B39, thR Subsiraal andyOnt heovkiirsta BediRioRld @RLsuGRlZhe
Referring nowto Fig. 4, there is shown the central portion 400 of the

dual chanber dep%ldalt@nvﬂ}ﬂ%t 10 2000 ttheSbovstrate stagaiiss' oft bbeiswaher
handl i ng chanber 306. The wafer handling chanber 306 includes a turntable
402, centrallyihied seGoid1@BY addpoBi t inaahaibe30394 .supporti ng a nechani cal
| i near translator 406 having a substrate hol der 407 fis¢ed on the distal .
end of the transl atiwring Tdyeréuiont ablehed 6Rarechalieerr dédsétiiorusysigema 3001 ar y
notor, in either a clockwi se or a counterclockw se sense as indicated by
the arrow 404 cohiguoinpermrocesarfsiont may HeonaimyabredeRy efidet! loadira @act ed,
using a rotary/linear notor drive, to nove the substrate holder 407 in a
radial sense r&LESS vELen SUsEk 30 ertapithenbinstr #eagsP cchepber A42) s &herd by
the arrow 408 as is well known in the art. Movenent of a substrate
(wafer) withinat ﬁ%CQﬂ‘&aYa?ﬂfaﬁB%?k 3§8hgditei Bif $6SPWNRSERFSi ShagPebniéi shed by a
sequential series of i near radial translations bg t he I|ne transl at or

r

406 and angul 4Fe? Gtlat F%%§u8§t¥a}’i§st’cﬂ Sbt & Sho3cCeg Cr@ﬁ‘ﬁ%l é R enBee” a

processed, the substrates in the second access chamber 312" "are
processed while the substrate stack 360 is replaced by a new
substrate stack in the first access chamﬁer_312.

Using the dual chamber deposition system of the present
invention to deposit a spin valve sensor structure including a
NiO AFM layer has provided a means to fabricate SV sensors with
improved exchange coupling and improved GMR coefficients in a
manufacturable process. The use of NiO for the AFM layer in a SV
sensor is desirable because of the good corrosion resistance of
NiO and its relatively high blocking temperature (blocking
temperature is the temperature at which the pinning field for a
given material reaches zero). However, fabrication of NiO SV
sensors using the prior art single chamber ion beam deposition

systems results in unacceptably low depocsition system throughput



_substrate on substrate holder 407 in position A fromthe wafer aligner 316
to the substrate stage 336, the translator 406 is retracted to position
the substrate at B, then the turntable 402 is rotated clockw se to
position the substrate at C, and then the translator 406 is extended

t hrough the open gate valve 308 to 19

18 place the subst gt &eoaohgecbimbﬁééo%hetétﬁgs,§§6tﬁg BYLL 1A Dning gas

Simlarly, the substrate may be noved via position E through the 0open gate
val ve 310" ont o @ sHbsld atecSitvadspud3Bradedd@st idn@Nafa thNsgdieesanead RS
deposi ti on chanber 304. During operation of the dual chanber

deposi ti on systemgdflOcontafniadtiddousrqateCess shiboajueny nagahulavieal ned by first
|l oading a first wafer stack 360 into the first access chanber 312 and then
a second waf er dar@sktB83.i nInpxoensdc dndtlamogmitc hamtber a@lizved \Wyebhatdd t he
substrates in the first access chanber 312 have been processed, the
substrates in tPrOCegsbIY the crepstivfApsEt Sl ZeppH tippD @Bs 3 et MANGe of he
substrate stack 360 is replaced by a new substrate stack in the first
access chanber .%afegs, howeveyifihegetProcqns | SGIHEMSSr TR PSs 1 i 1079 3Rk 8T t he
present inventi o0 deposit a spin valve sensor structure including a

Ni O AFM | ayer hlbog'r&p&b@?sdgarau}?eﬁﬁgosteg ?h%rsiuég?%essv sensors with inproved
exchange coupling and i nproved GWR coefficients in a nanufacturable
process. The use of NNO for the AFM Il ayer in a SV sensor is desirable
because of the good corrosion resistancepgfg N O and its relatively high

bl ocki ng tenperature (bl ocking '

Effect of NiO hold time in vacuum on SV sensor properties

Hold Time {minutes) H, (Oe) dR/R (%) H., (Oe) H, (Oe)

5-10 15 5.77 250 450
75 19 5.41 150 200
150 35 4.3 15 100

Where H, = ferromagnetic coupling field
dR/R = magnetoresistance coefficient
H.. = exchange field

H, = pinning field

Table 1 shows the resulfs of experiments by the present
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Lenperéture is the tenperature at which the pinning field for a given
materi al reaches zero). However, fabrication of NiO SV sensors using the
prior art® single chanber ion beam deposition systens results in

unaccept ably | ow deposition systemthroughput

19 due to the long tinme needed to punp out tHhe oxygen containing gas used
in the reactive sputter depositions and to sputter clean the oxygen

cont ani nat ed tarﬂgF?t?Bﬁ”bGB%éﬁﬁéﬁY‘ﬁéf%ﬁ1¥%9éFm@d%Bﬁ§FP?dﬁ%we?%provenent
in throughput ca chi eye proce t he.reacti or
deposi tions on dpééqﬁeﬁ%é %fgk?J§%§%¥£pﬁ%V%V8?§§¥? ?f%@?ééﬂgéoge J%née
result in long aé')?x}n arigdy %!(ﬂtfl!arm% Efoathene%pi’r?%d %‘/k&é‘éhizﬁ%% ent .

TABLE 1 ect of N time 1 n vacuum on sensor properties

EOllg Ti me( m nut ephese 'Eﬁsﬁflrt]s(%w th&WtB(c@nsm{:'&ﬁﬁ.g/];(zg%)ace M%Eﬁgcﬁ@e)uth

19 5.41 good éﬁéhange pr%@rtles, alrﬁl.Q_gh priority mus_t be pu35on processt- 3
75 100 Where He = ferromagnetic coupling field dR/' R

= magnet or esi st asepieooed fthat emtintain a constantiefieimd = hexé haimgebéfozkd

Hp = pinning field
pinned layer deposition. Using the prio; art single chamber ion
beam deposition system, the hold time is typieally in the range
of 5-10 minutes for a process run to completion on a-single
wafer. This hold time results in acceptable exchange properties,
however the system throughput is very low (approximately 6
wafers/day). Using improved throughpuﬁ processing sequences
results in hold times exceeding 20 minutes.and unacceptably large
variations in the hold times for the wafers.

Use of the dual chamber deposition system of the present

invention for deposition of NiO SV sensors layers provides a
means of significantly increasing system throughput while
maintaining or improving the SV sensor properties. This
improvement is achieved by dedicating one IBS deposition chamber
of phe'system to the reactive gas sputtering deposition processes
and dédicating the second IBS deposition chamber of the system to

the metal layer inert gas sputter depositions. A continuous flow

process is then used which prioritizes maintaining a constant



_Table 1 shows the results of experinments by the present

20 inventor on the effect of the hold tine el apsing between deposition of
the Ni O.AFM{ayer and the deposition of  the Ni-Fe pinned |ayer onto the
Ni O surface held in a vacuum environnment. These results show that to
consistently produce SV sensors with good @kchange properties, a hi gh

priority nmust bg;pidaiORo R RERS SrorSRAYERGES dRBLadRieBE AN Rafast ant mini nal
hold tinme before- pinned |ayer deposition. Using the prior art single

chanber ion beam deResitingNn&y Mgl B8 Hdd 14 MRoks diyBiCadnsyri sod he
range of 5-10 mnutes for a process run to conpletion on a single wafer.

This hold tine nesiflgt aniAFMACERNE ablie X OhANG® rpéaRar fisi@sg, thd@vaY ethdmper
system t hroughput is very low (approxinately 6 wafers/day). Using inproved
t hr oughput pr ocdspagigisegysnees300r ef Uhespresenol thventesn excéadisng @G m nut es
and unacceptably large variations in the hold tinmes fes the.wafers. .
Use of the dual meHsipber fidepost tihenseysttene of TheShressnt 500 mosetisys for
deposition of N O SV sensors |ayers provides a means of significantly

i ncreasi ng syst ewpstrersaghayer $# Ifermerhioft &kAingn k™M Apyesy PR fareed\oikensor
properties. This inprovenent is achieved by dedicating one |IBS deposition
chanber of theNiYstemined haveedalicrnsdasingaf 12 SrAGPHEEEEIMEAIBAT I GEbsSes
and dedicating the second |BS deposi.tion chanber of the systemto the

metal |ayer inefeyefad*¥pltSRar forasaset Ndnge %dc%n%rﬁao{%rrm%wetlc sub-

layer (FM1l) 522 formed of Co, a spacer layer 515 formed of Cu, a
free layer 510 formed of Ni-Fe, and a cap layer 505 formed of Ta.
A wafer (substrate) 560 was moved into the first IBS dépoéition
chamber 302 of the dual chamber deposition system 300 (Fig. 3)
and the substrate layer 550 was deposited on the wafer 560 by
sputtering an Al target in the pfésence of a reactive oxygen
containing gas to form an Al,0; layer. The AFM layer 530 was
deposited onto the substrate layer 550 by sputtering a Ni target
in the presence of a reactive oxygen contéining gas to form a NiO
layer. The wafer 560 was then moved into the second_IBS
depoéition chamber 304 of the dual chamber deposit%on system 300
for deposition of the remaining layers of the SV sehsor structure
using inert gas to sputter the various metallic targets. The FM2

layer 524, FM1 layer 522, spacer layer 515, free layer 510 and

’
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Jprocess is then used which prioritizes nmintaining a constant

21 mnimal hold time for NiOlayer coverage for all wafers. Referring
nowto Fig. 5, there is shown an SV sensor 500 having an AFM | ayer made of
Ni O fabricated using the dual chanber dep05|t|on system 300 of the present
invention to deposit the multiple filns of % he structure. The SV sensor .
500 conprises acasubybtBoS Wayersehbéhtfian e dicphsAbd03veranhdFEW yeir 5360
formed of N O a pinned | ayer 520 consisting of a second ferronagnetic
sub- layer (FMR) t324sécsnredBDideNbsftcoanchambkicr st ferromagnetic sub- | ayer
(FML) 522 formed of Co, a spacer |ayer 515 formed of Cu, a free layer 510
formed of N -Fe, and@sargdpel egraring@d Flownmwbcess Pascribegadkeave;swbEt rate) 560
was noved into the first |IBS deposition chanber 302 of the dual chanber
deposition syst é?ﬁ%@@%?i‘ﬁ. thy reaffivienhgag APSEFeieg| RIRSESSED ARdsthre posrt ed
on the wafer 560 by utterin an Al targ{épln t he_presence . of a reactive

oxygen contai nfAY “§§§ tlc?YFBr‘?'ﬁ ﬁ“ﬁ?io[“ér r} P3ratyy &S ASRRSIAERR | ayer 530

d ted t th b 50 b ut t t t '
t he prgﬁgﬁteeofgﬁareﬁste.%ui%fﬁ %‘%lg?ﬁ o AP BN g Af 98t In
uafr 560 vas { hen IREA ) L, HensRaRAd LS gkl%emg B, haber, 304,01 the

dual chanber deposition ep osf Payer

of the SV sensoaeﬁgsrltec_swrsgst%Itmoaa@ruft g%et RoRPYEAE": tp@du‘é@ﬁ' &u%h@et allic
targets. The FM2 | ayer 524 | ayer 522, spacer Iayer 515, free | ayer

510 and range of 2-5 minutes from the prior 5-10 minutes, and the
throughput is increased to a range of 40-60 wafers per day from.
the prior approximately 6 wafers per day. These improvements in
SV sensor performance consistency and deposition system
throughput provide a usable -fabrication process for:these NiO SV
sSensors.

While the present invention has been pargicularly shown
and described with reference to the preferred embodiments, it
will be understood by those skilled in the art that wvarious
changes in form and detail may be made without departing from the
spirit, scope and teaching of the invention. Acco}drngly, the
disclosed invention is to be considered merely as illﬁstrative

and limited in scope only as specified in the appended claims.



ey, e e

cap layer 505 were sequentially deposited over the AFM |l ayer 530 in the

second | BS deposition chanber.. Usi ng t he cofij —HOW-pLocess
descri bed above, with separation of the reactiveg ga [ t’"é}si $EENp focesses
and the inert gas netal |ayer depositions into 5 44%EDgepos| ti on

chanbers, resulted in fabrication of SV sensddrs 500 having consistently
good properti-es while achieving significapghydi gher deposition system

t hroughput. The hold tinme is reduced to the range of 2-5 mnutes fromthe
prior 5-10 m nuteslaamd the throughput is increased to a range of 40-60
wafers per day from the prior approximately 6 wafers per day. These

i nprovenents in SV $enorupkrdhanhancepesiisioat eystenancbrge poigigti on- syst em

t hroughput provide a usable fabrication process for these NNO SV sensors.
Wil e the present i neefiistnitmdehresrytderinul(iBsly dehositioanthagesey i bed with
reference to the preferred enbodi ments, it wll be undgrstood by those '
skilled in the art tRatecPaf| B deppaides ¢pmPeFmadfld detail may be nade

wi t hout departing fromthe spirit, scope_and teaching of the jnvention.
Accordingly, the di &cffe&dnfrfiest Faroes wevwgp&%r@aewew agid

| [Tustrative ang, )i B LG BeSG9REoPMy%e 8%, YREGJdeed ddhaiDE RBRENded
disposed between and connected vacuum sealably to said first and

second IBS deposition chambers.

2. A dual chamber deposition system, comprising:

a first ion beam sputtering (IBS).deposition chamber:;

a second IBS deposition chamber; and

a wafer handler chamber for moving substrates within said
dual chamber deposition system, said wafer handler chamber
disposed between and connected vacuum sealably to said first and
second IBS deposition chambers, said wafer handler chamber
comprising:

‘a vacuum chamber;

a turntable, rotatably f&xed to an inside surfaée of said
vacuum chamber;

a linear translator fixed to said turntable, said linear

translator having a substratge holder fixed on the distal end for

L
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-23 - "dains VWhat is clainmed is; 1. " A process for making spin
val ve (SV) nmagnetoresistive sensors in a dual’ charrEL deposition system

including a fi-rst |1BS deposition chanber, a second||TBS S#RISHAS 8BEN dhanber
and a wafer handl er chanber, said process cpnpri si t heRESLAQED of :
a) reactive sputter depositing an antiferromagnetic (AFM Tayer on a
substrate in saheldingssaildBSubepase | £4idChabHi@bte holder raddlly movdBI\ NQ
sai d substrate under vacuum conditions from said first IBS

deposi tion chanbeYatigestd dhseerntdr| &S sdégogirntaslechanber; and c)
sputter depositing a first ferromagnetic |ayer on said AFM | ayer in said
second | BS depositi 8nfEidnBesessf chrmkerc saeyusl bealahdy dcanngeted dbdsaient r ol | ed
hol d tinme beiQ%mg tinme interval between conpletion of the reactive
sputter depositYfuR chamber £or, ingertdngqa maprplityr of substgatesy dntq gid
deposi tion chamgﬁhu%ngﬁ%kart of the . : sputter depesition step of
said first ferronagne

iC nger in said second IBS deposi tion
chanber . 2. The process as recited in claim1, further conprising
the step of depositing a |layer of non-nagnetic, electrically conducting

material on said figst dher sEMBEREHLL h@y@gitiiensgs@em%%CQBQiﬂe%SiQe&i%%ti on
chanber. - 24 - )

The process as 2eehteéin Bagh atafe?, hdndlbhethaBaPriustindr (BRp SRR Ofwarer
depositing a second ferromagnetic |ayer on said non-nmagnetic, electrically
conducti ng | ayexlignesafiad rotatably aligning said substrate, said aligner

disposed between said first access chamber and said vacuum .

chamber.

4. The dual chamber deposition system as recited in claim
2, wherein said wafer handler chamber further comprises a second
access chamber vacuum sealably connected to said vacuum chamber

for inserting a plurality of substrates into said vacuum chamber.

5. A dual chamber deposition system for depositing a
device with an antiferromagnétic (AFM) layer and a‘metal layer,
said dual chamber deposition system comprising:

a first ion beam sputtering (IBS)} deposition chamber for

depositing said AFM layer on a substrate by reactive ion beam

R O A

sputtering;
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second I BS deposi ti on chanber. 4. The process as recited in claiml,

“Wherein said AFM | ayer is made of N QO 5. ecited in
claimi1, wherein said controlled hold time is i nI'HWeSHFé}ﬁ‘gt“fS BEEN 35 i nut es.
6. A process for making spin valve (SV) maghet or 8PAGER: sepgors in a

dual chanber deposition systemincluding &first |BS deposition chanber a
second | BS deposi t'Qrkec%Hé‘ni%%r déﬁ%l%lwf&{ambéﬁ%gfdéﬁa%@ﬁfg aShdtd 1 PY

conprising the steps of novi ng a substrate from sai vvafer
handl er chanberon BLOd ss@bgtjfgtrestaﬂ@s deposi ti on chanber;

b) reactive sputter depositing an antiferronmagnetic (AFM Iayer on said
substrate in said fansifekrBGdieposidambar clvanering said substapte withbwi Nng sai d
substrate under vacuum conditions fromsaid first |IBS deposi tion
chamber to sai caddcdwrd cBSlbapdepasighon rnsben, said wafer hndler chpubemer
depositing a ferromagnetic pinned |ayer on said AFM | ayer in sai d

second | BS depcXisPpesfl drhvessy aad t@anngceshivpetyrededbitdyt torsaidafigstoand ol | ed
hold tinme being a tine interval between conpletion of the reactive sputter

deposi tion stepSGPPS AT BERASiLyer GhATRenY FRIGTAfEs haepts chafPschanber and

start of - 25 -
the sputter depoérPf:i‘%WgStep of said ferromagnetic pinned |ayer in said
second | BS c{%%?ﬁljntéh%gbgpanber e) sputter depositing
a spacer |ayer on sai erronagnetic pinned |ayer in '

a turntable, rotatably fixed to an inside surface of said
vacuum chamber;

a linear translator fixed to said turntable, said linear
translator having a substrate holder fixed on the distal end for
holding said substrate, said substrate holder radially movable
relative to the center of said turntable; and

a first access chamber Qacuum sealably connected to said
vacuum chamber for inserting a plurality of substrates into said

vacuum chamber.

6. The dual chamber deposition system as recited in claim
5, wherein said wafer handler chamber further comprisés a wafer
aligner for rotatably aligning said substrate, said aligner
disposed between sald first access chamber and said vacuum

chamber.

TN O R
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said second LBS deposition chanber; and f) Sputter depositing

a ferromagnetic free layer on said spacer layer in said second | BS
deposi tion chanber. 7. The process recited in claim6, wherein said
AFM | ayer is made of N Q 8. The procesd THISISHERT HAS@ERNN} 6, Wher ei n

sai d ferromagnetic pinned layer consists of ajfirstRERRACBDEgnetd c subl ayer
made of cobalt (Co) and a second ferromagnetsc subl ayer nade of N Fe, said
second ferronagnetic subl ayer disposed between said AFM | ayer and said
first ferromagnetic BubFhgetual chaymber dephsptipwresygstany apmidciged pinnclaine
(SV) negnetoresistive sensors in a dual chanmber _deposition system :
including a first ‘I”%-’edép%ltdc WaFeT RARBERT CRATRECORYHNBS CRIPESPET GnSeedfwhber

and a wafer handl er nber, said process co ISI the steps of:
o B et catl AGC RIS vRaem depter e &% £BL VASRYR GBAWRRR { er

deposi tions; edi.catin cond | B&-depositio hanbe
to inert gas sput %:ernser)cxng a pg\éxb%lsl% 19 Qstr es 1nto S?a depracu §R r%b

substrate to the first IBS deposition chanber;

REPLACEMENT SHEET -26 - d) reactive
sputter depositing &g amtptickOMBNGhkend AEM aayer (st ddetsthiabedbe 10
the first 1BS deposition chanber; e) novi ng the substrate to the

second | BS deposehs®rs Ghashgial atmilbef:)deposllﬂﬂfri sg&sens ik TuRiingep TS irkt NBsa
ferromagnetic pinned | ayer, a spacer layer and a ferromagnetic free |ayer
sequenti al | y ondeposiitAeM tlearder, a second IBS deposition chamber and a wafer
handler chamber, said process comprising the steps of:
a) reactive sputter depositing an antiferromagnetic (AFM)
layer on a substrate in said first IBS deposition chamber;
b) moving said substrate under vacuum cond;tions from said
first IBS deposition chamber to said second IBSldeposition
chamber; and f

c) sputter depositing a first ferromagnetic layer on said

AFM layer in said second IBS deposition chamber.

9. The process as recited in claim 8, furtHer comprising
the step of depositing a layer of non-magnetic, electrically
conducting material on said ferromagnetic layer in said second

IBS deposition chamber.

- Hll\ll\ WO \\l\l 1\ \ll\
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27 " 10. The process as recited in claim9, further conprising the step
of depositing a second ferromagnetic |ayer on said non- magnetic,

el ectrically eonducting layer in said second | BS deposition chamber.

11. The process as recited in claim8, wherein said AFM |ayer is nade of

Ni O 27

10. The process as recited in claim 9, further comprising
the step of depositing a second ferromagnetic layer on said non-
magnetic, electrically conducting'layéi in said second IBS

deposition chamber.

&

11. The process as recited in claim 8, wherein said AFM

laygr is made of NioO.

R




