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TRANSDUCER-SUSPENSIOZ.1 ASSEllBLY 

FOR A HAGNETiC STORAGE DEVICE 

The present invention relates to a t1·ansducer-suspension assembly 

for a magentic storage device. 

Hoving magnetic storage devices, especially magnetic disk dri-:es, 

are the memory device of choice. This l.s due to their expanded non­

volatile memory storage capability together with a relatively low cost. 

Accurate retrieval of the stored information frcm these devices beccrnes 

critical, requ~ring the magnetic transducer to be ~ositionecl as close to 

10 the s:torage media as pcssible. Optimallr. lhe transducer m.1y actuc=.lly 

contact the media. 

at least ene rotatable ~agnetic media disk hav1~~ ccccentri~ data tracks 

defined for storing data. a read/~1·iLe transduce: for reading the data 

15 frcm or writing the data to thP. va!"icus d?.ta tracks, a supJ:'o:"t means, 

generally referred to as a slider, for supporting t!~e transduce1· adjacent 

the data tracks typically in a flyinl.mocle ab~ve t~e storage media, a 

suspension assembly for resiliently 5':pcirting the s!iclet· and the 
'• 

transducer over the data tracks, an·c a pcsiticnim;: a.ctuatcr coupled t:: 

20 the transducer/slider/suspension cc;;:binaticn fer mo-:.:ing the trans<luce: 

a.cross the media to the desired da ::.a track ar:d mai:1tai!l.ing "the transd:.icer 

over the data track ce11ter line during a read er a ~rite cperation. The 

transducer is attached to er is fcr:::ed inte-;Tal!y •..:-ith the slicer which 

supports the transducer above th~ data surface cf t~e storage disk ty a 

25 cushion of air, refe:rec t~ as an air bearing, generated by the rotating 

disk. Alternatively, the tnmsc•Jce:- may cr.erate ii: contact with the 

surface of the disk. 1be suspensicn pre~ices desired slider leading and 

dimensional stability between the slider and an actuator an:i which 

couples the transducer/slider/suspe:1sion asse:i:bl1· tc the actuator. The 

.30 suspension is required to ma.intain the transducer a!ld the slider adja_cent 

the data surface of the disk with as low a leading fc1·ce as possible. 

35 

The actuator positions the transducer over the ccrrect track according to 

the data desired on a read operation or to the corre-:t track for 
~ 

placement of the data during a write operation·. Tf:e actuator.is ,,., 
contro.!J.~d to position the transducer ove1· the cl~~~re·?~da.ta track by 

shift:f:~· th~ c~~.~M!;~ti~ri assembly across th~ su1~fac:.. of ._i~e disk in a 
directfon generally transverse to the q.:i'ta ~,racJ.;;·. · · ·, ~ i ·i !!"-~ 
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In conventional disk drives, the transducer and the slider are 

formed separately and then attached to the suspension in a manual, 

operator controlled precision operation. Typically, these components are 

extremely small and the positioning of ea"c:h relative to the other is 

5 critical and must be exact. During operation of the disk drive, the 

transducer must be exactly positioned relat.ive to the data track, which 

in turn means that the suspension must be e:-:actly positioned onto the 

slider. The suspension must also prnvicle flexibility to pitch and roll 

motion for the slidet· relative to the direction cf motion of the rotating 

10 disk and yet at the same time provide resistance to yaw motion. 

Electrical conduc tc1· leads connected to the transducer signal 

input/output tc1·minals a1·e directed along the suspension anci co?~nectec to 

an amplifier placed on the suspensicn or en lhe actuate!·. The conc::ctor 

leads must net add to the spring stiffness cf the slide1· while I=rc•:i:linc 

15 geed electrical foterccnnection: The cor.do.;ctor leads are gt?nerall::· 

bonded by soldering or ultrasonic bcndin9, fer exa~ple, to both the 

transducer output terminals and the ar::pli!ie!· manually J::t an operate:· . 

. While r::agnetic reco1·ding o&. inform~.ticn is enormously successful, 

there is an ever i~creasing need t\ impro~~ recording density. In the 

20 present state of the art the ~cou!ar methcc cf magnetic recordi~g has 
• • !·. 

been lcngituCinal r'?cording. l!cre· re~entl;·, mac;netic re~crdinc; 

techniques !:ave tun;ed to cc:1sic1?dl;q v~rti::al recorclinc;: as ccr:oparec to 

longitudinal recording as a ~eans for imprc~ing the linear density cf 

recorded information. In V'.!i·ticr..l re::ordinq, the magnetic polarity cf 

25 the recorded bits is oriented ~-erticall;: er peq:endic:ila:-ly .t..-it:1 res;:e::t 

to the reccrcing media surface. The magn-: t.3.c flux frcm a n?ccrcir.g head 

writ:e pole tip passes verticall? ... thrc•;gh the ma~;i~ti'= s!:.~t·a<;~ rr.eCiu:;, 

then downst!"eam {o:-- t:pstream) ~ithin the stni·age disk anC br.ck thrcuqh 

the magnetic medium to a return pole which forms the flu:·: 1·~turn path for 

30 the rnagne tic head. The flux re turn pole has a pole face many times 

larger than the write pole tip so that the flu:-t passing into the flu:< 

return pole is disbursed there along and he::.::e the flu:< C.ensity is le·.;. 

Eecause the density of the flu;-; p.assing through the recorcing medium at 

the return pole is low, there is very little effect by way of reversing 

35 or weakening any magnetic patterns in the ·recording mecit:'!l- downstrea::i of 

the write pole tip. 

'• ~ 
As discussed aboye h:. the transduce!:'". r.:oun~e,,i ~ ~ slid!!!'", is 

supported above the relatively moving reccrdin~ ~edia ~i.irface by an air 

; 
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bearing. The performance of magnetic recording systems improve 

dramatically as the separation between the read/write transducer and the 

recording medium decreases. Additionally, decreasing tl1e separation 

between the read/write transducer and the recording medium provides 

5 improved track densitr, the numbet· of data tracks that can be defined on 

the media surface, as well as the n?corded data linear density in ~!.l 

individual data track. However, as the flying height is reduced, the 

risk of head \.'ear, and in pat·ticula1·, the potential for the transduce1· to 

inadvertently contact the disk surface incurring catastrophic wear 

10 increases greatly. In recording systems cfosi;;ned to or·~rate with tl:e 

read/1o:rite transducer/slider in contact ·.:i ti: the media. the -..;ea1· ·l':!a:: be 

minimized bf the prcFer selection of both slicer and r::cclit:m suz·face 

materials relating tc harcln'?ss, coefficient cf fri-:tion, t:1e:·;;v.1l 

conductivity, etc. 71:; 1."ea1· cet•.:een t·.·o surfaces iz: n.:!:i:i~r; er slici:::.; 

15 contact is also a sii;::i.ficant ftmcticn of t::e .:re<1 c: cc:1t;;c: bet:.··~e:: th·~ 

t~o surfac~s and the a=clied lead and inertial fcrces. ~~ile the act~al 

20 

. . . . . 

area of contact is significantly l~ss than the area c! the s~rfaces 

im·o!ved, actual contact takinq place cnJr at microscopic asperities 1r: 

the surfaces, reduction of the size 'id mass O;f the slide:- e:iables a 

si;nificant reducticn in the local pr~sure greatly recucir:g \:ear bet:.:een 

the surface cf the sli~er and the medium. 
~:.. 

Tc this end t:v~r= haT.:e been d!.sc!csecl a variety cf me~:1an1s:tts ·.:h:.ch 

utilize an integrate:i "REED" a!:'p!·oach to fa:.:dcati?Jq the 

transducer/slider/sus;:ensior. assembly. Stn~ctured tc \.:erk ::.:: a. 

25 perpendicular or vertical magnetic recor·ding envirom:ier.t. these cevi-::s 

permit the head and suspension to be easily nanufactured he~ing: (i) 

precise control cf cc~ponent elements utifizing thi:1 fil~ ~acuum 

deposition techniques, {ii) i;:recise fonna tior: of ai:- l:ea:-i::-:=s to ac'.-lie•/e 

specified flying heights, (iii) bonding of sliders tc saspe!:sions, and, 

30 (iv) easy routing cf conductor leads. 

U.S. Patent Mes. 5,041,932; 5,073,242: and 5,111,351 entitled 

"Integrated Magnetic Read/Nrite Head/flexure/Conductor Structure" granted 

to Harold J. Hamiltc::i disclose an integral magnetic 

transducer/suspension/conductive structure having the forr.i o: ~an elcngate 

35 dielectric flexure er suspension body with a magnetic read/:.1dte 

transducer embedded w-ithin at one end thereof. In a preJerred 
~- ~: 

embodiment, Hamilton discloses an elongate, rlielectdc fle:mre body of 

aluminum oxide having a magnetic pole structure and helical coil 
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integrally formed at one end of ci1e flexure body with embedded. ccpper 

conductor leads running the length of the flexure body to provide 

electrical connectio~ for the transducer. The integral structure is 

fabricated utilizing conventional vapor deposition and photolithogrsphy 

5 techniques. The integral transducer/suspension structure disclosed cy 

Hamilton may be used in a contact reccrd:.ng syste~ or in a system ~here 

the transducer flies above the s tcrnge r.:e;:;iu;:i en a cushier: of air. 

Contact reccrding provides greater reccrdin= density and achie~es 

higher read si;nals anc! great-e: .. resolut.:.c:: u:~regulated t::· -...·-:1riatic:-:s ir. 

10 flyin~ l1eight. i~c~ever, th~ ~~at· assccia~ed witl1 prict· a~t contact 

reccrciing is s:~~e!"'a!ly not ac::~ptable .. ;.;::ile Ha::iiltcn .. cit~d abc·.:-e. 

rr=c·?s.!.:.:-::: . . 

15 problems and c;;reatl:t ccmplic.::~es the ~-~::·.::.:;ctur:.r:;- p·cc·~s:. 

20 

In accc~dance ~ith the present i~~e~tion, tJ~ere is ~c~ pro~i~~~ 

a transducer-suspe;.sion asser::i::ly fer I; ~=-;;:--:et~c stcrac;e C~· .... ice, th~ 

assemply ccm:=rising: an elcngated res11:.e~t r:ter:ibe!'" fcr~ec c: a diel~~~ric 
material anC ha~i~g a first 

shcpeci to have ~ scsp~nsicn !=Crticil 

rna;netic transC:..:ce~ means e;.:=eCCed in sa.:.:: elcr:.;a~eC rne~::-?!" at saiC 

transCucer 1=c:-tic:1 and ha~.:inc; at least a ·:-::·tica~l::· ori-::;ted fi~st 

25 air 1:ea~inq s"..l:-face C'?firH~-= en a:-: ext:!"'.:.-::· surf~c~ cf sai:: t? .. C:1S'·=~c-:: 

porticn of sai~ e:c~gat~d ~e~~~r; an~ ~~ !i~ctrica: cc~~~:~cr havi~; 

access en an extericr surface cf s~i~ ~::::~~ted ~e~be~ a~= ~ag~etic~lly 

comrnunica tinq •,.:i th said magnetic transC:.:~e!· m~ans. 

Vi~~ing the ~resent invention frc~ ~ seccne aspect, t!:~~e is ~:~ 

30 proviCed an i?":.~eqral, unitar1 .. magnetic t?·::isducer and susp:nsicn ass::;:""bly 

comprising: a horizontal first magneti~ FCle pie~e; a slant~~~ ve~ti~ally 

oriented magnetic pole tip, saic pole ::.:.r e;{tenci~g to ar.:: e:-:pcsed a: an 

air tearing s~rface: a second magnetic ~c:e piece magnet.:.cally ccu?li"g 

said first pole piece to said vertically oriented pole tip, said sec:;.c 

35 pole piece jcined magnetically to said •;e~·tically '.<trien~oi pole ti;:: a: an 

upper portion thereof, said first and second pole pieces rnagneticall:· 

conr.ected at a l::ackgap region; a coil ir:~!"c:cti•1ely couple~ to l::ut 

. . 

·:·: 
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electrically isolated from said first and second pole pieces, said ccil 

operatively associated with said pole pieces and said i:ole tip; and 

suspension means including at least one layer of a resilient material 

covering said first and second pole pieces and said coil, said suspension 

5 means electri5ally and magnetically isolated from said magnetic pole 

pieces and pole tip, said resilient material extending beyond said 

backgap region. 

Viewing the pz·esent invention frc::i a third .aspect, there is r:cw 

provided a methcc fc:· fabricating a r.;.;q:1-etic t:·a::sct:ce:·-su:;pensicn 

10 assem~ly comprising the steps cf: fcrmin~: a c;;vity in t:1e surf;;ice cf a 

angle with the plane of the substrate s~rface; fcr=i~; a first wear layer 

of a wea1· resistance material c'.:er saiC ~ubstr.:-:t-?: f=r:.1::.r.·;;; slc:~t~d 

15 cne cf the· slanted si~e~alls cf said ca~~ty, saic sl3~~!d ro~e t:~ 

equal to said sicew;;ill angle; fcrrninc a seccn~ wear layer ever saic 

~ .• agn. eti"c po}<>_ •;c -"..: c-i..: fi"rc:• ··e-'·1--· .. ~. ~f-'Or_;_,.. - i·o~~- ... r:•-1 _~i.~_ .. ~ m L-. "'•'-'-a-u ·-L"'"~=:-•• "'-"~"··•-<.--·~c- __ 

magnetic pole piece cf a magnetic matie:--ial c·.:er said s~ccnC wear ia·/e!'"; 

20 forming en insulation la:·e!· c· . .:er ~~iC f::·st ~cle pie-::e; fcr;iiin9 a co:l cf 

an electrically conductive material in said insulati=~ laye~. said 

insulation layer electrically insulatir.g said ccil frc~ saic first pcle 

piece an~ said pcle tip; forming a seco~~ pcle piece cf a magnetic 

~aterial, sai~ secc~ci ~ol~ piece magn~ti~;!~y cc~pli~; s5id ~er~ical!y 

2: oriented pcle tip tc said horizontal fir~t Fcle piece, saic seccr.c FCie 

piece magneticall~l jcineC to an upi:'?r -::-:~: 9: said ~ .. :~rti-:;.11:,· crie:1t:ci 

1=ole tip, said first a;:C second i:clt: ~i'=~~~ J:ei::; ~a~::::tically c:::::~cted 

at ends remote from said pole t~p at a magnetic bac;:;~a~. said ma';iietic 

backgap extendin~ tt1rou~1 said coil, sa!~ insulatic~ lay~r ele~trically 

30 said second pole piece frcm said coil; a~d formin; a s~spension member of 

35 

a dielectric material, said suspensio11 c~mber inc!~di~g at l~ast one 

layer of dielectri~ ~aterial covering sai.~ secc11~ ~ol~ ~iece, sa!d 

insulation la7er and said coil and exte~ding beyond sa~d magnetic 

backgap. 

The present invention thus prov.ices an e:-.hc:.ncec masnetic mc·1i!:.g 

storage de•lice ha·1ing a integrated transducer/suspensic~_..structure that 

includes an enhanced read/write transducer configuraticn. 

111i1il1~1r 
.: 
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The head-suspension s tructu1·e of the present invention is 

especially suitable for vertical magnetic 1·ecording. 

Also, the structure of the present invention is suitable for use in 

a contact recording environment. 

Still fu1·the rmore the present ir.·:enticn pre•: ices an in teg1·a ted 

transducer/suspension assembly which is suitable for l:atch processin;: in 

planes parallel to the surface cf the i~i.::.ial wafe:- er substrate. 

I!j a preferred e~boCi~!?nt cf the pr'!sent ir.·~·ent!c:i, there ·is 

proviCed an int~grated, unitary sus~..:r:sicn and r.:a;::~~~:.~ t:·a:•::duce: .. 

provice a "ca·1ity therei:i for fc:-1:iatic1~ cf the F.£::::. ass;::-~ly •.:ear i::,;.:: a::c: 

i: ever the subst1·ate and the inci·:icual fri;; :"ib l·~::-:::-s :c~r-l"ising ti:-= 

t • • , - • • A ... ;: ' :O,...l'"!C:;~ ri ••,...,.,:_,... .. :"I, "" ranscucer anc sus~e~s1cn s.c~_cns a c.~w--~e-. ~~---vn~~- cc11 

conductc:--s a~e incit:cti,;e1y cci..:pl~d to the transC~c-?!"' :-:a-;:netic yoke 

structur~ and are conn~cte~ to l~aci t~:-~i::als fc~~~~ ;: tJ~e ~nd c! t~:~ 

suspensicn section ci:;pesit'.! the e;1d a::. ·~·h!ch the t:-a::s::·Jcer is fcr~e·::. 
Z'J Th2 coil leaC cc~Cuc tors anC l'!ad t~ rmi::a ~s a :--e J: la':~:: ;. : the sa:-ne ti;:'ie 

as the coil conductors and a~e enc~psclate~ in t!?e s~s~e~sicn sectio~ 

suspe!1S icn sec ticn !"cj·e rs ar~ Cepos i teC c!"l a precess s·...:;:~crt scbs t~a ~-= 

wafer in rc~s. The substrate is re~c~~~ ~~ dissc!~i~; ~!1e release l;.yer 

fabrica:icn. 

I:-. a partially preferred embocime::t cf the in':.e-;1·ated REED asse~bly 

accor-ci:1g to the present in·1enticn, the t.nmscuce:- sa::ion cf the 

asse:rbl:· c:c:nprises separate re:d and ,,..!·it~ h'!ads, ea::~: h~ad cptimizeC fer 

30 its particular function For- example, th'.! read hea~ is constructed tc 

have a narrc·,, read magnetic pol'.! tip while th'.! write h<:::d has a .. 
relatively wide wdte magnetic pole tip. In th'.! trac:.: ''1idth directicn, 

the write wide, read narr-ow aspect cf the inventic:-. ~i::imizes the e!fect 

of spir.cle runcut and intertrack interfe:·e:ice. I:i. c::o: 4roodiment, the 

35 read head comprises a magnetcresisti·1e se::sor located remote to the AES 

and dispcsed in a gap formed in a mag:.e ti.-: yoke s::.r,..:c-:·..:re ha·;ing the read 
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pole tip adapted to conduct magnetic flux to the I!!\ sensor. The t·er::=te 

MR read sensor location makes track width independent of sensor len;~h 

for narrow track sensoi· optimization. The remote location of the 1:::: 

sensor away from the AES eliminates design and operational problems 

5 associated with corrosien and wear, for example, present at the ABS. 

Since the probe er pole tip of the vertical recording transd~:e~ is 

fabri~ated first, relatively hi~1 temperat~re anne~ling precesses ~~r be 

utilized prio:· to for;:iatien of the remaini1~g tra:1sc·.:cer eler::ents ii~ 

subsequent precess ste;:s. This pe:-n:its U:e use e: ter::perature-c1·i~:::;:;l 

1e materials and r;rccess=:s !r:. subsequent fahricctic:~ steps with~~t Ca:-.·;·=~- cf 

A~ditic::ally, t!~~ 

' ~' . 
.. ;11 ... •p _ ..... .,._._,..o C o ac:o•, .. ; ..... o-•..:,.._ ic: Si..--- cnotn_r c:C.a .. i..u,,._ O.i. th. r--···• -···-··--·" -- t!:·:! use c: ·..:-ea!" 

resistact rnat~~ial i~ t~e t~ansd~c~r st:·::ct~!-~ a:~~ a~ t!1~ n~~. Tl~~s 
-·. 

PreferreC embc~:.:::-:!"lts cf th~ ::r-ese::: i::":-::::::::-. ·.-:i.l.!. ......... !::~ 

Fig. 2 is a cress-sectional view of a~ i~t~;~~ted REED 

transducer/suspensio~ asse~bl7 in ac~cr<la:lce ~!t~: tl:! prese:1t in~e~t.:.~~; 

Fi~. 3 is a cress-sectional vi~~ ill~s~~E:~~; a pref~rred 

::ei e!i.bodiment of en integ!"ated REED t?"ansduc:!"/s-:;s;~!:s.:.on asse;.lbly ir,, 

accordance with the present inventicr:: 

Fig. 4 is a top plan view of the REED asse~~l~ shc~n in Fig. ~: 

Fig. 5 is a cress-sectional view illustrat!n; the prcbe tip ac~ 

· ccntact pad after wea:--ir: fer th~ P.EED as::e::ii::l: s::::;·..;r: in Fies. ,,.. -
-~· 

3 a::C t;; 
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Fig. 6 is a view in perspective of the air bearing surface cf the 

REED assembly sho1.:n in Figs. 3 and 4 adapted for flying above the 

recording media; 

Fig. 7 is a top plan view of a wafer illustrating batch processing 

5 of the. REED assembly shown in Figs. 3 and 4 in accordance with the 

present invention; 

Figs. Sa-Si are cross-sectional views illustrating the processi~g 

steps involved in the manufacture of the preferred embodiment of the 

present invention shewn in Figs. 3, 4, 5 anc E; 

10 Fig. 9 is a cross-sectional view illustra:ing a second preferred 

e::ibodi~ent cf an i~tegrated REED transducer/sus~ensicn assembly -in 

accordance with the present invention; 

Fi<;. 10 is a tcp plan view cf the F.E::D c:sser.:l:ly sho•.,;n in Fig. S: 

Figs. Ila anc J!b are cros~-sectiona! ~~e~s illustrating the cr:~e 

15 tip and contact pad a!ter separaticn a~d a~ter ~e!r-i~. res~ecti~ely. ~=r 

20 

th2 REED isse~bly slic~n in Fig5. 9 a11~ 10: 

Fi~. 12 is a cress-sectional vie~ illus:~a~i~f a tJ1ird p:·eferr~~ 

e::ibodiment of an integrated REED transduc:e:·/s;;s;:ensic:i asse::ibly in 

accordance ...-ith the present invention; 

I.. "· Fig. 13 is a tcp plan view ., the F.EED asse:-::bly shc•.:n in Fi<;. 

and 

12; 

!-, • • 
Figs. ga anc 14b are cross-s-ect1ori<H ·.-:-:·-·;; ilbstrat.ing the ~::-::!::e 

tip an~ ccntact ~ad aft~r s~paraticn a~cl a!~er ~ear-in, resp~cti~ely, f=~ 

another e~bodiment cf the REED assembly s!:c·.,;:: ::-. F:<;s. 12 and 13. 

25 CESCRIPTIGi OF TEE FF.E:'E!U\ED EMBODIME:UT 

for use in high Censit!" dire':t access stcra~e C:·.:-ii:es such as fcund i:: 

large infc::-~aticn stcrase systems as well as .:.~ the single disk files 

t:;pically used in perscnal computers. The ce,i:es, e.g., disk drives er 

30 files, rnay use magnetic memory disks as the n:edia. 

Refe::-ring no~ le Figs. l and 2, a magnetic storage system 10 

including a housing 11 in which is mounted a rctary actuator 13, one c::­

mcre associated magnetic storage disks 15 mc~nted on a spi~Qle 17 anc a 

crive means (not shc·.:n) coupled to spindle 17 fer rctating the disk 15 .:.s 

35 shewn. The rotary actuator 13 moves an inte~::-ated F.EED 

transducer/suspension assembly 19 in acc,1rda~ce wi:I~ £~e present 

irwenticn in an arc•..!ate path across the surface of the storage disk 15. 
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The rotary actuator 13 includes a voice coil motor comprisirig a coil 21 

movable within the magnetic field of a fi;.:ed permanent magnet assembly 

23. An actuator arm 25 having the mO\'ing coil 21 formed on one thereof 

is pivotably mounted on pivot post 27. ; support arm 29 is attached to 

5 the other end of the actuator arm 25 and Frojects across the surface cf 

the disk 15. The support arm 29 supports the integrated REED 

transducer/slider/suspension assembly 19 Frcduced according to the 

procedure set forth herein in cantilever fashion over the surface cf the 

disk 15. The l\E:::O assembly 19 includes a suspension section 31 and a 

10 ttansducer/slider 33 (as sho• .. m in fig. 2) :cr;;;ed at cne end integral ·.:ith 

the suspension section 31. The suspensic:: section 31 supports the 

t1·ansducer/slice:· 33 above the su1·face c: ::::e cisk 15 on a beat·in<; c:­

cushion of air c;e;.e:-ated l:y the rctatic:: c: the cisk 15. ~;hile fer a 

particular application the specific di:r.e::s.:.c::s a::-e chcsen fer ci::ti:::·.;:-

15 performance, i;. ge~eral the REED asse~bly !9 ~ill ha~e an c~erall le::;:~ 

in the ran·ge cf about 5 to 20 millimete:·s ::::::1), a cr:a:nmu:n -.:icth in t::e 

range of about 0.3 to 2.0 mm, a maxi~~~ t~ick::ess of about 20 to SO 

micrometers (~~) in the suspension sectic:: ~! a::d 

the transducer section 33 and a tftal r:ias~~i;. tr.e 

20 micrcgr-ams to 1.5 r:iilligrarns. Alternati·:e::·. the 

abcut 30 to 65 1 .. ::;i 

range cf about 200 

suspension sec tier. 

l~ 

--
ma

1
•• .. th .... _.,.. ,; r-/ 1; ·,. ~- ·- --~- .. .. : .. · ti" :: '· "·: i::. supi:or.. ·- ... c •• s ... uce. S--C-r !~.;, l •• C"- .... ,.c ....... ..i1 l- c ... s .... m_c ... a 

The surface of the slider parallel"to a::c a::jacent the disk surface .:s 

referred to as tl:e a·ir bearing s:Jrface (.!,:S). It includes both 

configurations ·,.·here the slider is c!esi.i;;-:e= to fiy above the disk, 
.. 

25 sometimes refe:-reC to as a ~inch-?ster-t:·;:-: :::-i·.~e 1 anC. whe!*'! the sliC~:- is 

designed to CC:ltac:: the recording media, :::e cisk 15, curing. ope:-atic::. 

As described in r:io:-e detail be lo·..:, in a~ c::::ac:t re-:crding ar;plicatic::, 

the slider may als: be referred to as c ~!a~ er cc11tact pad. 

While o~ly cr.e disk 15 and one act~a::r ar~ ZS are sho~n. it is 

30 uncerstocd that the magnetic storage sys::e~ 10 may comprise a number cf 

magnetic storage disks 15 wherein the act:.;atcr arm 25 includes a 

plurality cf supi:crt arms 29 with each a?·::: 2; S'.!~pct·ting at least one 

integral REED transducer/suspension asse~=i: 19, each REED assembly l; 

associated with a surface of one of the fisks 15. Thus, disk 15 alsc has 

35 a REED assembly 19 mounted to an ar:n 29 c: the a-:tuator arm 25 on the 

underside of the disk 15. Further, othe:- cc~bination assemblies are 

associated with the top and bottom sides c: ether .t;i~s. the transct.:cer 
·• 'r 

access of which is controlled by the act·.;atcr 13. 
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The suspension section 31 of the REED transducer/suspension 

assembly 19 provides a load on the transducer/slider 33 which is 

substantially normal or pe1·pendicular to the surface of the disk 15. 

This perpendicular load maintains the transducer/slider 33 in contact 

S with the data surface of the disk 15 when the disk 15 is not being 

rotated. During operation cf the disk cirh-e 10 a aerodynamic lifting 

force is generated beti..;een the transducer-/slicler 33 i\BS and the rot'a'ting 

disk 15 opposing the perpendicular load applied to the transducer/slider 

33 causing the transducer/slider 33 to fly al:ove the disk surface. 

10 Alternatively, in contact recording, duri~g rotation of the disk 15, the 

transducer/slider 33 remains in contact ..::th the r.:edia for readbc; er 

recording data. 

During cperation, the tra~sduc~1·/s:i~e:· 2~ is ~o~ed t~ t~e ~e~i:·e~ 

track of a plu~a!it: .. · concentric data t:·a:ks C"!fi:i~d c-:1 th~ <!.;;.ta s:Jrface 

15 cf the disk 15 b~ means cf the actuator l~. ~he ~oveable ccil 21 -is 

controlled by i:csiticning sit;::ials tc mc·:e ;.:it!:in ti:e rnac;netic fielc cf 

the magnet asserabl:· 23 and thus pivot th':' actt:atcr arm 25 abcut the pivot 

post 27. Eecause it is desired to&1;rovice {apid access of the 

transducer/slider 33 frcm cne tracJl\to a"ctner track for read er ;.:rite 

20 cperations, it is necessary that the ti·a:;sd<!cer l:e i:roperly pcsitic"ec ·::. 
over the desi:·ed tt·ack and reach that t~ac~~ in a ~i~!~um a~cunt c~ ti~e. 

It should be r.cted that while th~ actuatcr !~. i!l~strated in Fig. ! is a 

rotatcry actuator, ether disk Crive syst:~s ~ay utilize a linear actuator 

such as is knco;.:n in the art. Th~ REED asse~bly 19 =t:st provide radial 

25 stiffness, ar:c have substantial f~e:dbili::;: abet:: t:ie pitch and r~~i a:~es 

as it rid~s a!:cve t:ie data St.:!·:ace cf t;:-: C!sk 15. !f Cesi: .. _ed, c •. 

suspension secticn 31 cf t11~ int~grated 19. 

Referring r.0:.1 also to F.:gs. 3, 4 a:-:d 5, a pre:-:rred embodir.:e;.t cf 

30 the integrated REED transducer/suspension assembly ~O according to the 

principles of the present invention is illustrated. The integrated REED 

transducer/ transducer structure 40 compr i.ses an el-::r.ga teci g?.nerall? 

rectangular body 39 of a dielectric mate:·ial such as aluminum o::tice 

(Al
2
o

3
} or silicon dio::tide (sio2), for example, ha•1ing a re.J.,ativel:_1 

35 uniform thickness along most of its lengt!1 f-:irming a suspension section 

31 and a somewhat greater thickness at cr:e e::d, the left hanc end as 
~-shown, wherein a magnetic read/~rite transcucer or he~ 33 is formed and 

a slicer air bearing surface (AES) is patterned en a lo~er side there~f. 
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As mentioned above, the term ABS refers to the side of the slider which 
is generally parallel to and adjacent the media surface in beth 
winchester-type disk files and contact recording applications. As shown 
in Fig. 2, the ABS comprises a shaped protrusion 37 formed on the lower 

5 side of the REED assembly body 39, preferably forming a wear or contact 
pad for contact recording applications. Alternatively, the shaped 
protrusion 37 can form a slider having an AES patterned to generate a 
lifting force (as sho1-"n in Fig. 6) when relative motion e:dsts be t;.oeen 
the REED assembly 19 and the media disk 15 to allow the slicer to fly 

10 closely above the media surface. The shaped protrusion 37 and its 
surface a:-e formed of a suitable material, s;;ch as diamond-like carbon, 
for e:-:a:-::ple, to minimize wea:- a!id Ca:::ag-: • .. :he~ the F.EED asser:a:;.!.:"' corltac~s 

the media surface. 

Tl~~ read/w-rite transducer 33 is fori.il?C: in~~gral!;.· · .. :itb the 

15 suspensic~ secticn 31 to provide a~ i~tegrated and unitary REED asse~bly 
40. In t!~e preferred embodiment, t::e transd:..:cer is a cual-purpcse 
read/write head 33 and comprisei._a vertif,al prcbe-tyFe magn~tic inducti~e 
head fer perpendicular recordin~a!=plications, but can alternati,:ely 
comprise a dng- type magnetic induc ti •:e head u ti!izec i:: heri::cn tal 

20 recordinc acolicatiens as described ir. co-per,.:::r.q U.S. Fa tent A-.-.::licaticn .. • .. !· -

Serial No. OS/002,290 filed en Jar.~ary S, 195~ and here~y inccrFcrated by 
reference as if fulii· set forth he!'"e.:.::.. The reaC/·.vrite h~aC 33 i~cluCes 

a magnetic circuit ccmprising an UF~er magnetic yoke er pole piece 43 
magnetically coupled to a vertical i:rcl:e or i:cle tip 45 _ .. -

c. ... c. fr;::t stud 
25 5! and tc a lo~er magnetic yeke er pole piece 45 at a cack~gap 47. The 

ve?"tical ~ole tip 49 is formed pc!'"all~! to thf protru~.:c!1 37 •..;al.!. and 
intersects the AES at an acute a~~le ~!t~ resp~=t to a v~rtica! axis 
through t~e AES. The pole tip 45 is generally rectangularly shaped 
having a relatively s~all cross-sectic~al area to ccncentrate ... .... ne 

30 magnetic :1ux and provide a high flux censity ·.;rite sisnd at the 
recording media 15. The width cf the pole ti;:: 49 at the i:.BS is traverse 
to the cata tracks and is selected tc cefine the desired cata track 
width. !he lower magnetic pole 45 fcr~s the return path for the head 
magnetic circuit. The lower magnetic po.i.e 45 is shaped to have a 

35 relatively large surface and cress-sectional area and to provide a low 
flux dens~ty return path. Inductively couo. led to the macnetic yc~e 

;. -
structure is a horizontal spiral coil 41, with th~.e11'ds of the coil 
connecting through lead conductors 53 extending the length cf the 
suspension section 31 to terminal bonding pads 55. Eonding pads s= 
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provide terminals for coupling the transducer 33 to external circuitry, 

such as amplifier 35 (as shown in Fig. 1). 

In a preferred embodiment, the integral REED assembly 40 ccmprises 

a body 39 of Al
2
o

3 
having a length of 12 mm, a width of 0.5 mm and a 

5 thickness of 35 µm for that portion of the bcdy 39 forming suspension 

section 31 and ma:dmum thickness cf 50 µ:n fer the read/write heaci section 

33. ·rhe integral REED assembly 40 is fabricatec utilizing well-known 

"deposition and photolithog1·aphy techniques en a base substrate or wafer. 

as described in greater detail t~lo~. utilizin~ a release layer to 

10 separate the finished REED assembly frcm .the suts~rate. !he upper and 

lo~er r.iac;n-?tic yokes 43 and .i:~S are c: nick'?l-irc~ allc~/ (:iiFe), <;t?:1erally 

referr~d tc as ~ermallcy. o~ ~8~~~~suitable na~~etic ~a~eri~l, suc!1 as 

ircn {Fe), ni~kel (r!i) a.nC ccbal~ (Cc) er t:;~ir alleys,.;:~:: ar·e 

preferabl;" J:l-:!t-eci c1S is '-'""?ll-kn-:~ .. ;n i:? th•! ~:~!:. 5i.==1ilarl;·, 'the Ceil 

15 ..,.indin~s 41. lead conducto1'·s·,~53.-.a:-,d ter;;ii;qh ~r."d'!ito tfa·c:~· 55 ··are alsc 
. ,; . ·. ·; r~.~~ .. • . 

formed cf ccpper (Cu} or gold (r.C!). fer e:~a:.-:;:le. !:ly i:lati;;g tech:-::c;ues. 

Manufacti.:rabilitv cf this er::'bodirnent is c:reatlv simolified in tr.at the 

vertical pole ti~ 49 is first fac\.cated .. ar.d \"~:-iou~ am:ealing i:rccesses 

completed prior to the remaining ~crticns cf ti::e REcD asse~bly 40 being 

20 fabricated in layers parallel to the suppcrt:ng substrate ~~ 

conventicnal, well-kno\.·n techn~qu:s. Once the :::::::::o asse:r!:ly 40 i::as bee:: 

formed a~d separated frcm t!1~ precess su;;crtin~ substrate, a pcrtion cf 

the wear-resistance material coveri::g the lc~er ~crticn c! the i:~ctrusicn 

37 is re;;:o•:ed by a wear-in er post-fabdcaticn lapping i:::-ccess -~c e:-q:cse 

25 the vertical pole tip 49 at the A3S as shc·..:n in ?"ig. c: 

Re!errin~ nc~ also to Fig. e. c plac v1e~ cf the A25 cf the n:~u 

assembly s:.c·~·n in fig. 3 adapted t:> fly a:t:c•:e tiie recordi::g media 15 is 

shown. The AES formed en the bctt·:rr: surface of the 1=rot:-:Jsion 37 

comprises a pair of rails formed alcng opposing sides cf the protrusion 

30 37 substantially parallel to the cirectior. cf t~e air flc~ as indicated 

by arrow Sa generated by the relative metier. bet~een the REED assembly 

and the disk 15. wear pad 59 formed bet~een the rails Si provides 

support and protection from abrasive wear ·fer the vertical pole tip 49 

exposed at the surface thereof. Rails 57 and wear pad 5g ~re fabricated 

35 from a suitable wear ·resistant material s::c:: as C:iamond-!ike careen, for 

example. As cescribed with reference to Fig. 5, i:.t ~ke ccmpleticn cf the 

REED assembly fabrication process, the surf~ce cf.the protrusion 37 is 

subjected to a lapping process which re::io·;es a portion cf the wear 

' . 



.J _; 

···-:. .. 

SA9-93-014 13 

resistant material planarizing the tcps cf the rails 57 and ·the wear pad 

59 and exposing the pole tip 49 

Referring now to Figs. 7 and Sa-Si, Fig. 7 is a plan view of the 

deposition surface of the process supporting substrate wafer 70. 

5 Individual REED asse.mblies 73 are batch fabricated in rows 71 011 the 

surface of the wafer 70, the width of the ro~ 70 being equal to the 

desirC?d length of the completed REED asse::ibly bcdy .39. The entire 

fabrication process, with the exception cf the pest-fabrication lappinc; 

or wear-in precess, comprises a series cf precess steps acccmplished at 

10 the wafer level. Figs. Sa-Ei are crcss-secticr.al vie~s illustrating the 

prccessina stecs involved in the fabrica:icn c~ a preferred embcdime~t cf 

the present ir:vention incc:-;::oratins- the \·e:·tic;! r·e;id/\.-:·ite heac 33 sl:c~:-: 

in Fie;. 3. 

Firit, as seen in Fi~. Sa, a lay~r cf phc~cr~sist (~ot si1c~~} is 

15 deposited ever the entire si.:rface cf the· s;,.:bstrate wafei· 70 am: 

20 

patterned. Ther., for each REED asse:::olr 73 cadt:t 75 l:;n•ing slanted 

s~ce~·alls 77 is fo~med er ~~cheaf( the sUcstra.te 70, l:r laser, icn, 

cnem1cal or ;::echan1cal etcn1ng, for e:-:amFle. T!:e caP . .-ity 75 fcr::is a 

template for the subsequent forma~ic:-: cf 

" or release la;..·er 79 is then depcs.i:tec i:::: 

~·ear pad 37. A separatic~ 

over the sul:strate 70. Th~ release !aye:· i9 ca~ c~ c. single lay!!"' c: a 

suitable material, such as c~. fci- e:-:a::i;:~e. C!" :::ay also incluce 

aC.Citicnal thin film laye?·s {not shc·..:n) c: t!~a~.:.~:n (Ti) er ch::c:niurn (C:-) 

ser1ing as aches ion laye?"s. The release la~·er 7':: allows the cc;:;i::;lete-=:: 

25 REED assembl:;.· 73 to sepa?"a~eci frcm the S'.:l:stra::e 7C at the ccr:clusicn cf 

the batch precessing.. A fi?""st. w~ar !a-j~e~ Sl c: '.:t?a:· r~sist=lnt material 

' is cei;:osited en the substrate 70 eve?" the ?"elease layer 79 and patterr:e:: 

coatir.g the bottom and sla:ited side·,;alls 77 of ca;·ity 75. Alternati-:ely, • 

as shc· .. m in Fi<;. Sb, cavity 75 may J:e fc:-:neci by etching a layer of 

30 suitable material, such as alumina (Al_o_), for example, deposited over 
~ :. 

the surface cf the substrate 70. First, a pat::e!"ned etch stop 75 is 

formed on the substrate 70. The etch stcjj mate:-ial is preferably a thi.!1 

layer cf Cr er tantalum (Ta) formed by sp'.:.tter cepcsition er evaporaticr:.. 
·-

Next, an alumina layer 78 is deposited onto substrate 70 to a thickness 

35 equal to the cesired depth of the ca·1i ty 75. Follcwing the depcsiticn cf 

the alumina layer 78, a via is etched into the alu.miJt.e down to the et-:h 
~ .... 

stop layer i6 creating the cavity 75 and a template for the subsequent 

formation of the wear pad 37. 

. 
/ 
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Next, as seen in Figs. Be and Sd, t.he vertical pole tip 83 is 

patterned and formed ove1- a portion of the ffrst wear layer 81 on the 

cavity sidewall i7. The vertical pole tip 83 is preferably of NiFe, or 

other suitable magnetic material, and mar be sputter-deposited or 

5 electro-plated as is known in the art. A second wear layer 85 is no·..i 

patterned and formed over ~he first wear layer Sl and the vertical pole 

tip 83. Sufficient material is deposited to fill the cavity 75 which 

serves.·as the wear pad in the finished F.EED asseri:!::ly. At this point i:i 

the fabrication process, or immediately after its formation, required 

10 annealing steps ar.d othe1· high temperature precesses for optimi:c::.ing the 

electrical and ~agnetic characteristics of the vertical pole tip 49 ~ay 

be completed. 

Next, as ill~strated in Fig. Se, a first !arer e7 of cielectric 

material, such as Al2o3 . is deposited ever the e~:ire struct~re for~i:ig 

15 the first of se·:eral layers of material ccmprisir.g the R.EED assembly ccdy 

and suspension section. The first cielectric layer 87 for~s a surface 

for the cepositic:i of the lower mag~~ic pole piece 91 and is patterr.ec 
. . 

and etched to c~e:i via 88 exposing t t.:pper;\surface of the vertical pole 

tip 83. As seen in fig. Sf, a laye:r cf photoresist is formed ever the 

20 first dielectric layer 67 and patt~:r!:ecl. The !c~er ~aqnetic FC!e piece 
·.: 

91 and t~e vertical pole tip conne~tion pad er st~c 69 are fo:r~ed by 

plating, for exa~?le, as is known i~ the a~t. 

tle~t, as shc~n in Fi~s. 6g a~~ Ei1, ;~1otcresist is tje~osited ove~ 

the first dielec:ric layer S7 ar.d Fatterned and r.arc baked tc Frovide a 

25 ·first fosulaticn laj·er 95 for for;;iaticn cf· the heac coil. The first 

insulaticn layer ~5 provides a surface fer the 

electrical coil C:'i and electrically insulates the ccil from tJ-:e magnetic 

pole piece 91 and pole tip S3 strccture. The coil c~nductors 97 are then 

plated or othe:rwise deposited on ti:e s:Jrface prcvice:i by the first 

30 insulaticn layer 95. A layer of t=hotoredst is the:-1 deposited over the 

coils 97 and the insulation layer 95, patterned a~c hard bakec to provide 

a second insulat:cn layer 99. The er.d ccil ccnductcr 98 is net covered 

by the second ins,.:lation layer 99b, but i.s left e:!=osed for fcr:nina a . ~- ~ 

connection to a leadout conductor a:ic terminal. A layer of MiFe, or 

35 other suitable magnetic material, is then plated er cthendse deoosited ..... . 
as is known in the art over the frent portion of the setcnd insulation 

layer 99a to for::i the uppe!- magnetic pole piece 101. The upper magnetic 

t 
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pole piece 010 is connected to the vertical pole tip 83 stud ·89 and lower 

magnetic pole piece 91 through vias 96. 

The final series of process steps, as seen in Fig. Si, comprise a 

second layer 103 of dielectric material deposited ovet" the upper magnetic 

5 pole piece 101 and the rear portion of the second dielectric layer 59b 

covering and encapsulating the completed read/write head, and leaving a 

via 104 open to the end coil conductor 9S. This second ~ie!ectric layer 

is about one-half the. remaining desired thickness of the suspension 

section 31. A leadout conductor 105 is then deposited and patterned 

10 electrically connectin; the coil 97 at concuctor SS to a conductor 

terminal 55 (as sho~n in Fig. 3) formed a~ a re~cte end cf the ccndcctor 

105 through \•ia 104. ;., final dielectric la:(er 107 is then ce::osited c·:er 

the second dielectric layer 103 encapsula~ir.~ the leadout c=~ductc~ !GS 

end l:L!ilding u~ t!ie assoe~oly l:cd:t tc th-? C-esi:·e= thic~:-:·'.!·ss. 

15 To separate the cc:np!eted F.EED ass<::::clies /3. the final di-ele-::ri-: 

layer 111 is coated with a photoresist layer i.·hich is patterr.ed to de:ine 

the external c1mensicns of the asse~bly ~cdy 39 (as shown in Fig. 2). 

Th" ·;,.l .. rt ' 1- '" 111 ' th"" ... Lt :.. .. ...; i~ - },-.,; c:: ,.,.: - t" f"-~-- c __ -- r1c c]-r -- is _ .. ,,._"'_ c .. _ ... ~· c: ..,., __ 5 _o __ ..... c.. ~ --·"· 

and separate the individual REED ~fanscuc:::-/sus;:ension ass::::b!ies :::-::::: 

20 each ether en tl1e wafe~ 70 surfac~: Tc se;ara:e t!le cc~plet~~ 

transclucer/suspensicn assemblies frcm tl1~ substrat~ 70, ti1e releas~ !ayer 

79 bet~e~n the substrate 70 an~ tl!~ first ~~~lec~~ic !aye~ S7 is 

dissclved as is known in the art. 

With ccntinuin~ reference tc Fi~s. 7 a~c ca-ci, the ~a:er 

25 subst!'"ate iO ce:! b~ cf an:l suital':l-? mate!·~;:. k:-ic·..:n ~o these i::. the a:-t, 

such as alumina-titaniur::-carbide (AlTiC} er siliccn, for e:-:a:::;:le. r::e 
use o! single-crystal Si is preferred in tha: it prcvides precise c:~trcl 

of the cavity· sidewall 77 angle. Fer eza~;:le, a <100> oriented Si wafe::-

anisotropically etched in a basic sclutic~, KOH, for exampl~, _prov!~es a 

30 si~e~all 77 angle along the <110> plane a! ~4.7 ~egrees wlth respec~ to 

the horizontal plane. 

!he release layer 79 formed on the s~bstrate 70 serves several 

purposes. The release layer 79 is a sacrificial la7er whic!tis 

eventually dissolved to free the finishe~ transduqer/suspens!cn 

35 assemblies 73 from the substrate 70. The release layet.•79 can, for . -~-
instance. be an electrically conducti·1e mate?"ial and thereby serve as a 
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seed or plating base layer for the subsequent layers deposited utilizir.g 

plating techniques, such as the pole pieces of the transducer. Likely 

candidates for the release layer 79 are HiFe or Cu which could be 

deposited through a sputtering or plating process. The release layer 7<; 

5 may also serve as a barrier layer, or alternatively, a separate barrie:­

layer may be formed over the release layer 79. 

The barrier layer {not shown) similarly serves several functic~s i~ 
·-

the production precess. The barrier layer is used to isolate t~e 

subsequently deposited layers from the release laye:· 79. The barrie:-

10 layer se1·ves as an etch step to termi:1.::te the wet etch process utili:e:: 

to separated the i?lcividual F.EED asse:::tlies 73 frcr.i each ether i:1 t!:e 

wafer rc•..:s 71, as cescribed abov<?. The t-a:·rie?· lay·:?r also se:-·:es as :::: 

etch step to prot~ct the vertical ~ale ti~ fz·c~ an1 etch~nt ~l1ici1 ~;y t~ 

1-ater used to dissclve the release l.;·;e:· i~. The l:;:;rl"ier l.1::er r.:a:: a:s.: 

15 be used as· a .... ear- layer to.·-protect the ;:e?·tical pole tii' clurin·g or:er::·:i::n 

in close proximity to a rctating rn~9n~~ic =eclia. If tf1~ ba~~ie~ lay~~ :s 

not to be used as a .... ear layer. 

release layer 79 is dissolved. 

' '· ..• 

to rer:-:ove it tr:.:: 

A thin filr.i Cepositicn precess, s~.l~1: as s~utter Cepcs!.tic~, !s 

20 utili:::ed for fabrication of the vertical r.cle tip el. While Fie. cc 

illustrates the ve:-tical i;cle tip cl sla::ted at the angle fcn::ed t:::· t::e 

cavity 75 slanted sice~alls 77, the slant~~ ~ertical pole tip cl is ~-­......... 

restricted tc the angle sho~n. The slc~e cf the slanted vertical FC!e 

tip can be any acute angle cf 45 to ':0 degrees with respect to the AES 

25 as shewn in Fig. 5. Since the vertical rcle tip 81. is the first 

trar:scuc!!r element to be formed in the fai::'"ic::tion precess, i·elati·:e:::· 

high temperature annealing processes ma::· i:e e!T.ployed to cptimize ti~e 

magnetic char-acteristics cf the pole tip El without danger of ac•1erse 

effects on other transducer- elements to be fabricated in process ste~s 

30 subsequent to the heat treatment processes. Fer example, forming the 

first and seconc insulation layers 95 and 113 after the pole tip E3 heat 

treatment processes allows a polyimide material to be used, such as r.:::c­

baked photoresist which has a maximum e:<pcsur-e temperature of 

approximately 250 cegrees C, rather than an amorphous dielectric 

35 matedal, such as alumina, "for example. It should be noted that, with 

the e:{cepticn cf the wear-in process tc e:q:ose the V7,;tical pcle tip, t:Oe 
.. • • • . ... _',,I.. 

entire REED assembly fabrication process .ts completed' at the wafer- le·1el 

with no mechanical processing steps. For e:-tample, there·are no lapping 
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steps t"equired. The final surface IOC: ot· the final dielectric layer 107 
(as shown in Fig. Bi) of the REED asse:nbly is not lapped, but t"ather 

follows the contours of the transducer components and the leadout 

conductors which the layet" 107 covers. Since the portion of the surface 

S at"ea which deviates frcm being flat ccm~rises only a small percentage of 

the total area of surface 109, the performance of the REED assembly 

suspension is not adversely affected. in addition to t"educticn of the 

number of process steps and process ccmplexit}', the elimination of any ,,,,.,.. 
lapping or other mechanical processing steps minimizes stress ii:duced in 

10 the REED a$sembly during fabrication. 

F.eferrir.i; 1~ow to Fi.gs. C:. 10, lla and !lb, a second preferred 

embodiment of a:i inte~ra:~d F.=:ED tra!":s:::J':er/s~sp'!nsion asse:::bly 120 
formed i:i acccr::anc~ '.:it:~ th~ i:rese:~-:. i~\·e:1ti~~ is shc~.:n. Thie E~e<l 

assembly 120 fc:-wed en a substrate 1:2! c·~·er separaticn lay~·?. 122 

15 cc:nprises ·an elongated rectanq..ilar-s:ia;:ed, resilient bccly 123 forming a 

suspensicn secticn 125 and a transducer secticn 127. In this e~bodi~e~t. 
the tt"ansducer ccmprises separate read a~d ~rite heads. A first vertical 

probe-type write head 12C: and a ,_cc:~c \"'i_t·ti::al prcce-type 1·ead head 13! 

f · d" t •J · ~·.1 =.~A_._;,_. ·\·"-~.~i·cc-_l rc_le t_ips _1<!..-:: .,-.-,r: are ormea a Jacen cne ano .. ~er vir.; _ - r ~ _ 

20 141, respectively, e:<ter.ci.ng i:;arallel t::: t!1e slar.ted side·.:alls cf the 

wear pad 140 i~ cpposed, ~aci~g r~~atic~sl1ip. Th~ t~o heads ar! 
fabricated in a series 6! piccess ste;s similaz· tc t!:at described a~cve 
with respect tc Figs. Ea-2~. Inducti~~:y c:~~led tc tl:e magneti~ vc~~ 
for each head lG'g, !31 is a se::arate i-:c:-i:on~=~ cc:! 1..:.:, 135, _ 

25 resp~ctive!y, cptimized f~r t!:e pu~pcs~ cf the resp~~ti'le l1eads. Th~ 

coils 133, 135 a~e ccnne~~e~ tc pairs c~ ccnnecticn t~r~inals 137 Vla 

lead con~uctors 139. 711~ le;d ccn~uc:~?·~: 13; a!·e Flat~<l durin~ ti:~ REED 
assembly fabricatior1 precess a?1d run t~:e leng~i1 cf ti1e . . . suspension s~c~1on 
125. Similar I:·. the materials used a:.c the ci;::e!1s icr.s cf the reac 

30 magnetic circuit and the ·~·rite magnet.:.c circuit are chosen to cptioriize 

35 

the magnetic characteristics fot" the read or -;.:rite function. 

example, the width and crcss-se-::ticnal a:·ea c: the read head vertical 

pole tip 141 are substantially smaller t~an that cf the write head 
vertical pole t;~ 143. 

'.• 

Figs. !la and !lb illustrate the structut·e of the weat" pac !40 fer 

this preferred embodiment. uudng fact"i.catfon, the vertical pole tios 
~- . 

141, 143 for both the read head 131 and the •.;rite '.he;a 129 are initially 
formed as a sin<;le magnetic layer 149 sar.d~iched bet·..;een the first anc 

. . 
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second wear layers 145 and 147. Dim~nsional and material differences 

between the two pole tips 141, 143 are adjusted at the time of the layer 

deposition using well-known photoresist patterning and etch techniques 

prior to the deposition of the second wear layer 147. As described 

5 above, the second wear layer 147 is etched to open vias 151 to allow 

subsequent forming of studs to couple the read head magnetic yoke and the 

write head magnetic yoke to their respecti\·e vertical pole tip 141 and 

143. Once the fabrication process is complete and the REED assembly 120 

is released from the substrate 121 by dissolution of the r·elease layer 

10 122, the \."ear pad 140 is lightly lapFea Le re~o~e the ~ottc~ horizontal 

portions of the first \."ear la:·er 145 and t!:e r::agnetic layer 149 -to fon;; 

the AES and separate and ex;:cse the read a~~ ~rite pcle tiFs 141 and !~~. 

respecti·Jely. 

Refe~rin~ nc~ to Fi~s. !2 !~, !-;~ a:~d I·;~. a t11irci ~r~f~?·r~d 

15 er.-:bcdim.ent" of an integrated ~EED tra::sC'..!c~~/st:sµ~nsicr. asse~bly 160 

fcrraeC in accorda~ce with t!:e r:reser.t in·.·'!~:ti=t~ is shc· .. ·n.. Th~ Re~cl 

asser::bly 160 formed en a subs t :-ate 16 ! C\'e r s-:;:ara ticn layer 162 

co:::Frises an elongated recta?"i."Jlar-sh4ped, :-esilient bcdy 163 formir.g a 

suspension section 165 and a ~ansduc~~ se::tic:: 157. In this er:ibodir.:e!'lt 

20 the transcucer cc:::pt·ises se;:-a:-a t-:? reac a::c :.::-ite heads - r. ve:-tical 

prcbe-type ..,.rite head 169 a:-:c a ma.c;netc:-esisti•:e (HR) read r.ead 171 

incorporating magr.etic circuit 172 ~i~ich sei--;es as a magnetic ·flu:< guide 

for the MR element ! 75 are fc:-~e1i aCjace:lt c::-? another IHi"' .. rint; vertical 

pole tics 183 and !SI, res?ecti~~ly, exte!:~i~g parallel to tile ~!ante~ 

25 sice·,;alls of the ~ear pad l 2C ir: ci:;i:;c.s::c, f?.ci::q re la tionshi;:. The t•:o 

heads a!"'e fabricated in a s~?"i~s of !='r·~cess ~tce::-s sim.ilaz- tc that 

described above with r~spect tc Fiqs. Ea-~i. :~ductively coupled to the 

maqnetic yoke fer the write l:ead 165 is ?. i:c::-izcntal c::iil 173 optimized 

fer a write only function. !he coil 173 is ccr:nected to a pair of 

30 connection terminals 177 via lead conductcrs 175. The read head 171 

includes a magnetic yoke strt:cture 172 mc;g:ietically coupled to the :·ead 

vertical pole tip 181 by stuc 174 through via 191. The read yoke 

structure 172 conducts magnetic flux to a:: }~;:. se:1sor element located 

remotely from the ABS. The !~~ sensor el~"'ent 175 is preferably positic~ 

35 immediately adjacent a gap 1E2 formed "in the read yoke.structure 172 ar.c 

magnetically conne-::ts the er.c ports of the yoke forming the gap 182. The 

HR element 172 is tyoically a thin film of Ni?"e or other suitable 

magnetic magnetoresi~tive rna~edal. While shown~spaced apart slightly 

from the read yoke 172, the 11a element 172 can alternatively be in 

: 
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contact with the end portions of the i·ead yoke forming the gap 182. The 

HR element 175 is preferably formed on a planariz.ed alumina layer. While 

the MR sensor element 175 is shown as a single layer, it should be noted 

that the HR sensor 175 will typical comprise a multilayered structure 

S including various layers for biasing and stabilizing the MR sensor-. The 

MR sensor element 175 is connected to a pail- of lead terminc.ls 176 by 

lead conductors 178. The lead conductors 178, 179 ;ire plated during the 

REED assembly fabrication process and run the length of the suspension 

section 125. The materials used and the cimensions of the read magnetic 

10 circuit and the write magnetic circuit are chosen to opti~ize the 

magnetic characteristics fer the read er ~:rite function. Fer e:.;a:nple, 

the width and cress-sectional area of the read h'!ad vertical pole ti~ !Sl 

are substantially s:naller than that cf the r,:dte l:ead ":e:·tical pcle tii:; 

lS freecc:n so that i::erfcr:::ance can l;e cptir.d:ed. Fe:· e:{am;')le, ·..:i::h a 

remotely l~cated MR sensor, track ~idth is a fu~ctio11 cf th~ rea~ ~cl~ 

tip ci:nens ions and is independe:l:: C: the ~!;:_ S'!!":SC :· ler:r;th. 

Fias. 14a and I.;b illustra! the st,r::ctu!·e cf the 1.·ear pac ISO for ..• 
this preferred embeci::ient. Dt:::-ir._ fabrication, tl:e ·1:ertical pcle ti;::s 

ZO 181, 183 for beth the read head 171 and L~e ~ri::e head lES are initially 

s~ccnd wear layers 155 and !E7. As sl1c~n in Fi;s. !4a a~~ l~b, the ~R 

sensor element .175 ca:-: a!ter:-:ati·,·ely l::e Jccatec adjacent a r;ap lcZ fc::-:i:ec 

in t::.e read i:cle tip iC! structu!"~.. Si!:ii.:s.:·l:t, as in t!1'! c;:~fi-;r.:~aticn 

25 sho~n in Figs~ 12 and 13, the MR se!lsor ele~ent is locate~ ~emctely f~c~ 

the AES and utilizes t~e read pc!~ tip 12: and r!ad ycke st~ucture 172 to 

concl\!ct the magnetic flu:<. Di~e:lsicna>l a:~:! rr.at~:--:.al Ciff~~-:::&ces Cet·..:~4!:1 

the t·..:o pole tips lCl, 183 are ac_::~~st~a· ;: the ti~'? of th: lav'!r 

deposition using well-:mo.,.;n phct-::resist i:-a:ternirtg and etc:: techniques 

!O prior to the deposition of the sec:nd weal' layer le?. As described 

above, the se-:ond wear layer 187 is e tch~c to cpe!1 vias 1 ~ l to allow 

subsequent forming of studs to c::t:ple th-: read head mag:ie::.ic yoke a.nc the 

write head magnetic yoke to their respect.i·;e ve.rtical pole tip lSl anc 

183. Once the fabrication precess is ccmFlete and the ~E~: assembly 160 

35 is released from the substrate lEl by disscluticn of the ·release layer 

162, the wear pad 180 is lightly lapped to remove the bottcm horizontal 

portions of the first wear layer lcS and t:~e magnetj.~ la7er 189 to for:n 
. ;1. 

the AES and separate and e:<pose the read and !Nt°ite'pole t'"""' 181 and lc3, 

respectively. 
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While the invention has been particularly shown and described with 

r.eference to preferred embodiments thereof. it will be understood by 

those skilled in the art that various changes in form and detail may be 

made therein without departing from the spirit and scope of the 

5 invention. Although the suspension portions of the present invention are 

preferably composed of sputter-deposited alumina, it is recognized that 

other methods of deposition may be employed and that other materials may 

be utilized, including"other ·suitable oxides. nitrides, carbonides, 

glasses, amorphous carbon, diamond-like carbcn or laminated combinations 

10 of suitable conducting and insulating materials. The suspension secticn 

according ~a the preferred embodiments could te a dual layer of~ 

pclyi::iice material <md a metal layer deposited thereon to r-rovide 

sufficient resilie11cy and stiffn~ss as require~ ~y a suspension ass!:~ly. 

It is also ~ell understccd t11at mar1y e!~ct!·ica!ly conducli~e materi~!s 

15 a:·e a•:ailable tc for:n th'! conducti·:e ci:·ct!it:-::· a:-:c the tra:::;ducer le:cs. 

a~ailable as is ~~11 k~c~n in th~ art. 

' 
t ... 

'.• 
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1. A transduce1·-suspension assembly for a magnetic storage device. the 

assemply comprising: 

an elongated resilient member formed cf a dielectric material and 

5 having a first end and a second end, said elongated member shaped to have 

a suspension portion and a transducer portion, said transducer particn 

disposed at the first end of said elongated r.:ember; 

magnetic transducer means embedded in said elongated member at said 

transducer porticr. and having at least a vertic.::illy criented first 

10 magnetic pole tip, said magnetic pole tip e:•tending to and c:-tpcsec at a:: 

air bearing surface defined en a~ exterior s~rface of said tra~s~ucer 

porticn of said elongated r.:embcr; and 

an el~ct1·ical condu~tc1· i1a~in~ acces~ c~ a:1 exte1·ior s~~:ace c~ 

15 transducer means. 

2. An asse~bly as claimed ir. Clai:n 1, i~c1~cir.g at least c~e 

electrical contact pad formed in a surface c: said elongated rae:::l::er "'·-­

electrically cc;r.:nuni~ating ~ith s\d ele-::t~i-:al conductor, saic 

electrical ccntact ~ad disFcsed at the se-:c~c end of said elc~gated 

20 member. 

3. An asse~bly as claimed in Claj:u 1. cc:::!=:·ising a s.gcc1~C i.ia;:.etic 

pole tip exte~dic~ t~ and expcse~ at said a~~ ~~aring surface, -said 

seccnd pole tip ass=ciated ~itl1 a r~acl s~~sc-: for readin9 i:1!c~~atic~ 

stored in a ma<;netic storag!! meCil.!:=t, said fi:--s!. magne~ic !=~1~ ti~ 

25 asscciated with a · .. :rit.~ S':?"lsor f~-: r~cc;dit.:c; :.~formaticr.. i~ saiC r.iagn1?::!.c 

storage medium. 

4. An assembly as in C!ai~ 3 ~herein said ~rite sensor is adapted for 

effe-::ting vertical r.:ac;netic r-ecording of infc:-:nation in said magnetic 

media, and said res~ senscr is a~a~t!ci fer r~acling vertically re~ord~~ 

30 inforwation frcm saic magnetic m~cia. 

5. A assembly cs claimed in Clai:n 3 where!:: said read se!1sc?:"" ccmpris~s 

an ir.ductive r-ead se~sor. 

6. An assembly as claimed in Claim 3 whe?·ein s~·id~eac sensor 

comprises a magnetoresistive read sensor. 

11111111111111 11111 11111111111 
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7. An integ1·al, unitary magnetic transducer and suspension assembl;· 

comprising: 

a horizontal first magnetic pole piece; 

a slanted, vertically oriented magne::ic pole tip, said pole tip 

5 extending to and e:-tposed at an air beadng surface; 

a second magnetic pole piece magneticall:· c~_upling said first pole 

piece to said vertically oriented pole tip, said s~cond pole piece joined 

ma91etically to said vertically oriented i:;cll'? tip at an llpper pcrtion 

thereof, said fit"st and second pole pieces ;::agnetically connected at a 

10 backgap region; 

i :s 

a coil inducti•:ely coi.:pled to b•Jt ~:"::::.rically isolated frc;:: said 

first and second pc!e pieces, said ccil cre~;::.vely associated ~it~ said 

pole pieces and said pole tip; and 

suspensicn i::e~~s including at 1-eas:. c::-? !a::"!:· cf c:: re:i!.li~::t 

material coveri~g sait first nr~d a~:..: c: :.1. 
suspensio~ means electrically and reas~~ti:~:~y isc!at~cl frc~ sa:c 

magnetic pole pieces and pole tip. _s.:iic :·e.::.J.:.-::n: r::at~rial r.:<ter.~i::; 

beyond said backc;~P region. 

s. 
I. ~-

An assembly as claimed in c1'.i~ 1 c:-.·c:ai::: 7 further c:c:::;:r:s:.::.; a 

20 wear pad protru~ir.g frcm an e:'\teric{. pcrt.ic:: cf said transc1:cer pc:-::.icn. 

a lc~er porticn cf sai~ wear pa~ fo~~i~; s;:= a:r ~earing s:!rface. 

9. An assembly as claimed in Claii.l 7 •..:he:·e:.:1 said slant~c: '"..·e~t!call:; 

oriented pole tip ~efines an a11gle ~iti1 t·es~e=: to said hcri=c~~al ~i~st 

pole piece in the ranie of 45 ceqrees tc ;: ~!;:-ees. 

25 10. 

is for:ned substai~tially pa1-allel to s.;;ic i:::::·.:.:::::r.tal first pole pie::e. 

11. An assembly as claimed in Claim 7 ~r.ere:~ air bearing surface is 

adapted for oper~tion in contact with a re:::r~.:.na media surface. 

12. An assembly as claimed in Clai~ 7 ~:le!e:~ air bearing surface is 

30 adapted for opera ti on in a flying mode s;.ispe:-:ced abo·Je and closely 

adjacent a recording media surface. ~-

13. An assembly as claimed in Claim 7 "'::ere::-: trC;~Sd~.cer and suspe!'lsion 

assembly has an overall length in the r;nqe cf abou.t s!•to 20 millimeters, 

l lllllll 11\lll lllll lllll ll llll .. 
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an overall width in the range of about 0.3 to 2.0 millimeters and a 

thickness in the range of about 20 to sixty-five micrometers. 

14. A disk drive assembly comprising: 

a housing; 

at least one magnetic storage media disk mounted in said housi?'?g 

having means for storing data in data tracks provided thereon; 

an ac_tu~tot· arm positioned in said housing in pro:dmity to saic 

media disk; and 

a transci..:cer-suspension assemblr as ciai:::ed in any preceding claim 

10 coupled to said actuatot· at·m. 

15.. A rnethcC for faCricatinq a rr:agn~ti: t?·t-nsducer-susp~:1sion asse:~:l:'. 

cc~?rising the steps cf: 

forming a cavity i?1 tl1~ su~:face c! a s~~s:1·~t~. sai~ ca~ity ha~i~; 

slantec side•..-alls fcrmi:~g a predetermir.e-:! a~g.:.e ·.:ith ti:'? pl;;ne of the 

15 substrate surface; 

forming a first wear layer cf a we:;.r resistance materi•l c~er sa!~ 

form inc; ' ~:. a slantec vertically~rien~e~ magnetic pole ti~ cf a 
substrate; 

magnetic rnate~·ial on at least cr:e cf th~ s!anteC side• ... :all!i c: saiC 

20 cavity, said slanted i:cle tip defin~inc; a:o ar.gle ·.:ith the plane cf tl:e 

sul::strate surface substantially equal t:: s::;i= sice·.:al! a:1gl'?; 

forming a second wear layer o~er sai~ ~ac;netic pole ti? and sai~ 

fi~st·wear layer; 

forrninc; a horizontal first mac;net::: ;:::-.!.e piec~ c: a rr:c;~:1eti.c 

25 ·material ove~ said secocd wear lay~r; 

:;o 

farming a~ insulation layer over iaid !i~st pcle piece; 

forming a coil of an el~ctrically cc~~~c:ive material i~ said 

insulation layer, said insulation layer electrically insulating said c:il • 

frcm said first pole piece and said pole ti~: 

formin~ a second pole piece of a mac;ne:ic material, said secor.c 

pole piece ma~"etical!y couplin~ said ve:-~icall7 oriented pole tip tc 

said horizontal first pole piece, said secc~d pcle piece ma~netically 

joined to an c~per end of said vertically crie~ted pole tip~ said first 

and second pole pieces being magnetically connected at ends· remote fr:~ 

:;5 said pole tip at a magnetic backgap, said r.:a-;.netic backgap e:-:tending 

through said coil, said insulation la7er elect!'"ically,.,said second pol: 
~ .. ~· 

piece from said coil; and 

·---·--------·-· --·-
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forming a suspension member of a dielectric material, said 

su_spension member including at least one layer cf dielectric material 

covering said second pole piece, said insulation layer and said coil and 

extending beyond said magnetic backgap. 

'~-
! . . ·. 

-·. 
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