9 1 MAY 2006 SENSOR STRI PE ENCAPSULATI ON LAYER | N A READ WRI TE HEAD FI ELD OF
THE I NVENTION 5 The present invention relates generally to read/ wite heads,

and nore particularly but not by limtation to a sensor s';aiﬁgmin a

read/ wite head. BACKGROUND OF THE I NVENTION In a comon n#t Yi Qts

manuf acturing magnetic recordi ng heads for use in disk drives, each

magnet oresi stive sensor, or reader, and its associated 10 magnetic witer is
fabricated on a surface of a wafer as one head in an array of heads arranged

in rows and col ums. Af tSHNSORISTRIPEENEAPEETWEfRIN faRERCat i on  process, the

wafers are sawed into bars, w mﬁﬁggmwwﬂ ng one row of heads. Each
bar is then | apped very precisely to nmachine a critical "stripe height”

reader di nension by nechanically renoving one edge of a relatively high

"stripe" 15 feature defined |IHEbDEPRPHEIAIVENTIONhe wafer process. One
problemwi th thisg nmechanical |apping process is that the magnetoresistive
sensor sPripe typreBIPsRidBYRIton relates @gnerally toready wyie beasts, ammeté ¢ materi al

that readi | y Q8289 WHe0LE% e | ed surface. In addition, the
| ayers of tﬁe sens@?o can Bg%téﬁgﬂ?%g%%oﬁlss't%ﬁr‘%gaeaif/c"frﬁf@}]eégped edge. The 20
performance of the magnet oBASKSIROBNSEOSAHE BNVENTIGR! | y dependent on the
stripe's proximty to the |lap or "alir bearing surface" of the head, and

ed,
on the conplia CHMNRB Tagthpeh forappectusingimignetic meqvsdingdicadpéwidsecat i ons.
Thus, any gheg : hani %@getothela ed edge of the stripe
results in dg%%kg?gﬁlgéeg%%r %E)Héglgégrrrmnce. SMECHaf Eﬁgyeﬁaﬁﬁae‘tf’ sassofidtedul arl y

har nf ul 100 tagn@f: weitdras fabnivetedf or h YaARbd BlYa MRAACI Lok ERbSE Ve aRLy YR sensors
because suc sensors rely on a exceedingly thin, and easily danaged
i nsul ati ng AIANEed i &P H g sphimas. Aflereompdetiondobiheawafen fataicetineeded t hat

provide a pﬁz%@és'é,emé wnks old 8dved into bars, with each bar containing one row of
heads. Each bar is then lapped very precisely to machine a critical "stripe height"

reader dimension by mechanically removing one edge of a relatively high "stripe"
15 feature defined lithographically in the wafer process.

One problem with this mechanical lapping process is that the
magnetoresistive sensor stripe typically consist of several thin layers of magnetic
material that readily oxidize when exposed at the lapped surface. In addition, the
layers of the sensor can be mechanically disturbed at the lapped edge. The

20  performance of the magnetoresistive sensor is critically dependent on the stripe's
proximity to the lapped, or "air bearing surface" of the head, and on the
cqmp]jance of the stripe height to tight dimensional specifications. Thus, any
chemical or mechanical damage to the lapped edge of the stripe results in
degraded sensor performance. Mechanical damage is particularly harmful to the

25  performance of "tunneling magneto resistive" or TMR sensors because such
sensors rely on a exceedingly thin, and easily damaged insulating quantum
tunneling barrier.

A method and apparatus are needed that provide a precisely controlled

stripe height and that provide freedom from chemical and mechanical damage



stripe height and that provide freedom fromchem cal and nechani cal damage 3
1 MAY 2006 -2 due to | apping. Enbodi nents of the present invention provide
solutions to these and other problens, and offer other advantages over the
prior art. SUMVARY OF THE INVENTION 5 Disclosed is a nagnet drepayt ?Wﬁ read
head that conprises read head |ayers that are shaped to forman air bearing
surface and a sensor stripe cavity between the read head | ayers. The sensor
stripe cavity has an open side at the ai_zr_ bearing surface. A sensor stripe
is deposited in a location that will |at'er become the sensor to stripe
cavity. The sensor stripe has a top side surface and an opposite bottom side
surface. Thelweandappisg Mleodimensrd tisdipleaat snantion phagke seitiBseidthale are
encapsul ated by the read head | ayers. The sensor stripe also has a front
surface t haterdoteprahlepss anshefferothgradvpatageseyes the pier arb def i ne an

encapsul ation cavity extending fromthe front surface |Is to the air bearing
surface. An encapsul ation layer is disposed in the encapsulation cavity. The
encapsul ation | ayer encapsul SUEBIARY GF THE ISVENTION Al so di sclosed is a read
head el ectrical |ap guide that includes a shape wth a periodic feature.

Ot her fedtures aRéclogerbis a magnetoresissive ceast heasl habodnprisesgead hedblayemssent 20

i nvention w I . ding the fol]low ng detail ed,description
and revi ewﬂ!(l)+c a? (ﬁseﬁag)gggg?&oﬁnggg %fr;}%gﬁa %uﬁ%eé@ %Pgﬁ”@% C@‘—“W’IQ@WV\FNGS
FIG 1 is athd fee&&teaa@y&gWh@fseﬂsodisﬁzped@vﬁ?;ha&n%p@n A SLN@EBk KAkin

i

illustrates a read/wite head for a disc drive. FIG 3 illustrates prior
art nethod 8%f%pping that exposes a sensor stripe at 3(A) in comparison to

a presently dischqosed, @E&&OQ &Lo&%rdt 3 io%atlioarp&xiap Vit Y become the sensor

10 stripe cavity. The sensor stripe has a top side surface and an opposite bottom side

surface. The sensor stripe has end surfaces and a back surface that are
encapsulated by the read head layers.
The sensor stripe also has a front surface that is set back from the air
bearing surface to define an encapsulation cavity extending from the front surface
15 to the air bearing surface. An encapsulation layer is disposed in the encapsulation
cavity. The encapsulation layer encapsulates the front surface.
Also disclosed is a read head electrical lap guide that includes a shape with
a periodic feature.
Other features and benefits that characterize embodiments of the present
20  invention will be apparent upon reading the following detailed description and

review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a disc drive.
25 FIG. 2 schematically illustrates a read /write head for a disc drive.
FIG. 3 illustrates a prior art method of lapping that exposes a sensor stripe
at 3(A) in comparison to a presently disclosed method of partially lapping away

an encapsulation layer so as not to expose a sensor stripe at 3(B).



an encapsul ation |layer so as not to expose a sensor stripe at 3(B). 3 1 MAY
2006 -3 FIG 4 illustrates exenplary process steps used to form an

encapsul ation |layer protecting a sensor stripe. FIG 5 illustrates
positioning of an electrical |ap guide (ELG relative to a ? r ripe. 5
FIG 6 illustrates ELG characteristics as a function of | aépl mﬂg@i ess.
FIG 7 illustrates exanples of spatially encoded electrical |ap guides. FIG
8 illustrate electrical characteristics pof the spatially encoded el ectrical

| ap guides illustrated at 7Ain FIG 7. FIG 9 illustrate electrical
characteristics of spatially encoded electrical lap i o guides illustrated
at 7B in FIG 7. FEGG! illdbtiatdsusiergil@s prapgsRepdsishd 8 fSRAtIndddMpansaded
electrical lap guide. FIG 11 illustrates positioning of an eFectri cal lap
gui de (ELQ) RHra¥pipetinga senseesi&i®e: stripe | ayer at a | apped surface of a head.

DETAI LED DESCRI P TRATI VI | NENTS 15 1. esent day read/wite
head processing, Flig\# gﬁétljlateg%co%%n %%f?lgdiap%@q E]J?:Le@ ”é“‘iartivﬁetoﬁei ght in
the range ofseddagtripe. 100nm Present | apping techniques pernmt |apping the
stripe to the specified target wth a standard deviation of |less than 2nm

when stri‘pe di nefis-Srillpsirates BlG shameigristidses elfenttionadlappisg stagres. of t he
sensor. Subseque cﬂﬂg | ensor, el egirical si.stance indicate the
presence of 20 ogllt%atl o%%%st%g%agné)g%%d()s?a%%%r%y?ﬂﬁigﬁm %q?ﬁﬁﬂd $n t he | apped
ai r bearing surfBi®,8 illusatedlRridal cRarh@sSsth &%H@Qﬁatﬁﬁ?;eﬂg SlectiPhiS

exposed, potentially danmaged edge of the sensor that osest to the disc
i s expect edlapguidesillypirated ap7 dduEEGt/he | argest portion of the

Thi's edge has & Tekarpart e Shstel Sasienafth o et e e igeidyes ™
per f or manceguides illustrated at 7B in FIG. 7.
FIG. 10 illustrates lapping using a spatially encoded electrical lap guide.
FIG. 11 illustrates positioning of an electrical lap guide (ELG) relative to a
sensor stripe layer at a lapped surface of a head.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

15 In present day read/write head processing, it is quite common to require a
specified stripe height in the range of 50nm to 100nm. Present lapping techniques
permit lapping the stripe to the specified target with a standard deviation of less
than 2nm, when stripe dimension is inferred from the electrical resistance of the
sensor. Subsequent changes in sensor electrical resistance indicate the presence of

20 oxidation to a depth of approximately 10 nm from the lapped air bearing surface,
resulting in a loss of sensor performance. This exposed, potentially damaged edge
of the sensor that is closest to the disc is expected, by design, to produce the
largest portion of the magnetoresistive signal. Thus oxidation, corrosion, or
mechanical damage of this edge has a disproportionately adverse effect on the

25  sensor performance.
In the embodiments described below, one or both edges of the
magnetoresistive sensor are finished to comply with the precise final stripe height
dimension during the wafer process. The sensor stripe is not lapped, and the

stripe height is independent of the lapping process. During the wafer process, a



In the enbodi nents descri bed bel ow, one or both edges of the

magnet oresi stive sensor are finished to conply wiwth the precise final stripe
hei ght di mension during the wafer process. The sensor stripe is not |apped,
and the stripe height is independent of the |apping process. During the

waf er process, a 3 1 MAY 2006 -4 thin, nechanically strong e@&ctzg' al
i nsul at or and oxi dation barrier (also called an encapsul at’i I gér) IS
deposited to protect, or "passivate" one or both edges of the sensor stripe-
Concurrently, an electronic |apping guié‘é, or ELG is patterned in such a
way as to permt precise determ nation of nmechanical |apping endpoint. 5

Instead of shiappictigartifely RRREYBROE 8581 MMEIhd BEISEHS Bt {(Jeh&?cﬁl%h%t s
reduced to the sEeC|f|ed value, in the presently disclosed arrangenent,

| apping is en Hoadayarpis deplopited thprotedieopiissbivatel’ one loayeth pdgdsestt i ng t he
sensor. In manuf act uri.n rogess, .the target for. remaining passivation
| ayer thi ck%éesssensc\gllr\osu § b Or%fl%ieggg’tﬂ ﬂ?&éont“f _i?g’m%]%méﬁamaé Aattsinedn of the
| appi ng pr ogesEhtowaPEp el pérmiibpaRLsk MtetARBRIN Jf¥ne h&ﬁ%&lﬁgﬁﬁigg%pgg&agcess

S

using patterned el ectrical |ap guides, standard deviati han 6 run
can be aéhi bwéad dfstepping aalagpievpratésoiwhen the sendonatripenieeiglnimreduneged edge

zone often _segn using.th ast process ,of ] apping the sensor stripe. Heads

manuf act ur eff %ﬁ? I'Fpeflﬁgdp?{%f} s &Y FoB@é?tB'el‘*‘ﬁfﬁcﬁngeﬁré?g&%}? daRpBg fiabr i cat ed

Wi th the pagimpiRe®SredflPashitetHeNsas3RR86R IE?e@PfotQ&ﬁtr f}&h%HSBPCﬁ\T%' stance
e

is smaller, and the sensor's nechanical integrity I's o ar nmed.
processes am@npi@gtiring peodesmdhe ataegetdies crenipmgningn pasivatidat hiykr hkickressn

i ch enbodl TR B¢ G R DECeEiee PRARSH SPGTRLOLIe SRRnaTPE00 |
(v 100 furEner T Reuie a Y e e R e B R AR R an VG e
nmot or (not SHeewytapdany diviatian ofiiess 1g8) 6 Minsengeekhieded. i ncl udes a plurality of
I ndividual di scsy,; WLch, ar SR & eésotrhagothgz Olt()g}r{ 8arllmiag£r]ecf1 edge zone often
seen using the past process of lapping the sensor stripe. Heads manufactured with
the proposed process perform better than those fabricated with the past process
15 because the sensor to air bearing surface distance is smaller, and the sensor's
mechanical integrity is not harmed. The processes and read/write heads are
described in more detail below in connection with FIGS. 2-10.
FIG. 1 is an oblique view of a disc drive 100 in which embodiments of the
present invention are useful. Disc drive 100 includes a housing with a base 102 and a
20 top cover (not shown). Disc drive 100 further includes a disc pack 106, which is
mounted on a spindle motor (not shown) by a disc clamp 108. Disc pack 106
includes a plurality of individual discs, which are mounted for co-rotation in a
direction indicated by arrow 107 about central axis 109. Each disc surface has an
associated disc read/write head slider 110 which is mounted to disc drive 100 for
25 communication with the disc surface. In the example shown in FIG. 1, sliders 110 are
supported by suspensions 112 which are in turn attached to track accessing arms 114
of an actuator 116. The actuator shown in FIG. 1 is of the type known as a rotary
moving coil actuator and includes a voice coil motor (VCM), shown generally at 118.

Voice coil motor 118 rotates actuator 116 with its attached read/write heads 110



direction indicated by arrow 107 about central axis 109. Each disc surface
has an associated disc read/wite head slider 110 which is nmounted to disc
drive 100 for 25 communication with the disc surface. In the exanple shown in
FIG 1, sliders 110 are supported by suspensions 112 which are in turn
attached to track accessing arms 114 of an actuator 116. Jhe vyt g@éor shown
in FIG 1 is of the type known as a rotary noving coil actuator i ncl udes
a voice coil notor (VCM, shown generally at 118. Voice coil notor 118
rotates actuator 116 with its attached read/wite heads 110 3 1 MAY 2006 -5
about a pivot shaft 120 to position read/wite heads 110 over a desired data

track al ongatsut arvatsBaPabi tdl 3sitet Waanwitd hefisiAnS, o di r nd a disc
outer dianeter 15?3. Voi ce coil notor 1?8 IS drisven b?péeﬁggg%e?o%#%éa 0 based

on signal s ¥ergeataendy padad?wetweeheadisc Itteradidmetdndt aonpulier oot
shown). 5 FI S t.i cal. il lustrates ortion of a read/wite head
150. 2I'he re‘%?i \%trei‘r '([:1 ggﬁ%{&e ‘i%%koé?f g@ ﬁs‘ia‘?jvepta)b}gﬁlr@%%%mﬁa%@ based ogi signals a di sc
drive such agnesitaTbytichd Awkhehlil MRl drat-Aehst &bn'fﬁ&%@% %]Hét G 2, the

a

read/ wite head 150 i ncludes a slider substrate as a slider
trailingsedge suffG., 2 stiBmativdllnnllastiadeseatpoation lbéariead/ euitd heal 156.ThHEhe 10

substrate 1‘:}% (1%/5 t.gpl%c I lé forbrred (gf sili can or AITIC. The slider trailing
edge surfacé 154'E eﬁ‘%llé Iy D5 PR MY AEEFSFAtR Py 3 diss df aclipt dEiYe stdiaas ng
surface 156.didd@ive ®06HviiakR aad 150 i ncl udes el ectrical |eads 140, 141 that
connect to a wite coil (hidden fromviewin FIGS. 2), a top coat insulating

| ayer 142 and a Vi FiCe 2pidleaeadyousitead 160 mretludes amslidet sitbspateel Rithatihd o The

read/ wite hfﬁd éS&[nal SP incIFhude]rﬂ 15 read _head that s recessed relative to

the air bealty FAFPEcESsEIEnE tradfsh 2P, dliecept &l boaving swdadsetad- iThel udes a

sensor sbri pebdthad 162Ss &fiEARt foreiasesilibat ok SAlFRt. TRAGKS rg@ikglee[ l.r bearing
ro

surface 156 to define an‘encapsul ation cavity that extends e sensor
stripe to t Harfagerl58datyipicplly (et prraliaBs: toTthe adjacaptsuit bedrng suefavé 156. Thef i | | ed

with an encopaiflalh Rlad TP ARl bk SPRIBS RSP ol Sohtllo S Sen
(hidden from view in FIGS. 2), a top coat insulating layer 142 and a write pole
body 143 joined to a write pole tip 144. The read/write head 150 also include a
15 read head that is recessed relative to the air bearing surface 156 and hidden from
view. The read head includes a sensor stripe that has a front surface that is set
back from the air bearing surface 156 to define an encapsulation cavity that
extends from the sensor stripe to the air bearing surface 156. The encapsulation
cavity is filled with an encapsulation layer 158 that encapsulates the front surface
20 of the sensor stripe. The arrangement of the read head and the encapsulation layer
is described in more detail below in connection with FIGS. 3(B), 4.
FIG. 3 illustrates a method of lapping that exposes a sensor stripe at 3(A)
PRIOR ART in comparison to a presently disclosed method of lapping that does
not expose a sensor stripe illustrated at 3(B).
25 At 3(A) PRIOR ART, a wafer lithographic process is used to define or
deposit a magnetoresistive sensor stripe 162 and read head electrical contacts 164,
166 along with other layers on a substrate of a head such as the substrate 152 in
FIG. 2. The magnetoresistive sensor stripe 162 is initially deposited with a height

that is larger than needed, and then the head is lapped to remove excess material.



20 of the sensor stripe. The arrangenent of the read head and the

encapsul ation layer is described in nore detail below in connection with
FIGS. 3(B), 4. FIG 3 illustrates a nmethod of |apping that exposes a sensor
stripe at 3(A) PRIOR ART in conparison to a presently di S(;I[ ?segx net hod of

| appi ng that does not expose a sensor stripe illustrated SM 2085 At 3(A)
PRI OR ART, a wafer |ithographic process is used to define or deposit a
magnet oresi stive sensor stripe 162 and read head el ectrical contacts 164,

166 along with other layers on a substrate of a head such as the substrate
152 in FIG 2. The nmagnetoresistive sensor stripe 162 is initially deposited

with a hei ghidepokitiah ofs tHeargesust Ih@zersn%eg@caﬂé}'naoﬁ@%ﬂ ddaepIbRadatess iapped to
renove excess material. 3 1 MAY 2006 - Degositi on of t'he various layers is
typi cal | y dSABIreRmepnisrbisevagtaied and comtacs peiwesnthesertshastrips 16X andaired, and

contact bet 1 or stripe 162.and air. i.s avoided before a protective

oxi dati on bg‘r%?cenrd Q?a;g/eg(pls% g %8%65{3%?7 ed .ld%fﬁpg%l,er Iﬂ%%we&?pqsge%of‘@’mﬂg'bar s of

heads in th&opleesensaod ofilars dhBed BPRI 1M FrefRVE of éirnﬁhgﬁi;?mééﬁ’eﬁevﬁ line 168
I'S used t

whi ch defines the air beari n% surface. The |apping proce o]
preci sel y cHntedal whdo st EnpdoRevhish ddfinendhe exis bearsitg spdack6 The Thppingappi ng

process, ho . chani cal | angges .t he exposed edge of th sensor
stripe 162 ﬁé(;c%%%lg%!esg%égggxlegf ecqngyoélglé%s lﬁﬁjh&&?‘t f% cqEtn %ﬁp%ﬁ@l (ﬁ‘ﬁ‘er
COrrosi on plappags pfocass, hokesa, talddf mielRarliGPR dnSiRnhe 'EQﬁoé%B' Q%epﬁ-rthgr ocess at

io 3(A) achieves the result of a narrow stripe height, but at the expense of
edge danmg&erant seier B3 ond dhe expased dxlgeois eflfcesuliject |ty axidationhands eftsirt i ve

parts of th > .stripe 162 a fromthe ai i_n urface at line
155, “he ovariToH BhoseReb P el ke 1rdibs el phe 280K ARTghrere Aredi a s
thus reduces(Ayndhsivealhy result 6the nRFEHE Blrigel RGERS biut bt $hd @kﬁe_%ﬁél_tof%ﬁgé, a waf er

l'ithographic process is is used to define, Preferably by mlling, “a
magnet or esi 44198 Yuchegrosien whech tepda el effeeitiesheue dhesansitval pactsnifabe s 174,

176 (which glsg. §§{p\é616§8 ax%%q r}?(grfci)thgl aF goe%l}'lg surface at line 168. The overall

sensitivity of the sensor stripe 162 to magnetic media is thus reduced undesirably.

In the present process illustrated at 3(B), a wafer lithographic process is

15 used to define, preferably by milling, a magnetoresistive sensor stripe 172 and
read head electrical contacts 174, 176 (which also serve as magnets) along with
other layers on a substrate of a head such as the substrate 152 in FIG. 2. In
particular, an encapsulation layer 180 (also called a feature layer) is deposited to
encapsulate a front surface 182 of the sensor stripe 172. The magnetoresistive

20 sensor stripe 162 is initially deposited with a stripe height that is the desired stripe
height, and there is no need to lap the sensor stripe 172 to remove excess material.
Deposition of the various layers, including the encapsulation layer 180 is done on
complete wafers in an environment that is evacuated, and the sensor stripe 172 is
effectively sealed to prevent future contact with the air. Lapping, is done on bars

25 of heads in the presence of air. The lapping removes material up to a line 178
which defines the air bearing surface. The lapping process is used to precisely
define a thickness of the encapsulation layer 180. The lapping process, however,
does not come in contact with the front surface 182 of the sensor stripe 172 and the

front surface 182 of sensor stripe 172 is not subject to corrosion or mechanical



other layers on a substrate of a head such as the substrate 152 in FIG 2. In
particul ar, an encapsul ation |layer 180 (also called a feature layer) is
deposited to encapsulate a front surface 182 of the sensor stripe 172. The

magnet oresi stive 20 sensor stripe 162 is initially deposi geﬂﬂ# E@% stripe
hei ght that is the desired stripe height, and there is n | ap the
sensor stripe 172 to renove excess material. Deposition of the various

| ayers, including the encapsul ation Iaye; 180 is done on conplete wafers in
an environnment that is evacuated, and the sensor stripe 172 is effectively
sealed to prevent future contact with the air. Lapping, is done on bars 25 of

heads in t hedpfisanaSohe Ripbing ProckBPHdEESTRYGRIRIRE) AhitiRs b Asdit ne 178
whi ch defines the air bearing surface. e lapping process is used to
preci sely deffd merew shipadréghd, bt whbowhibapspdrae iob ndgeagenags8and ddreodi@ppi ng

rocess, however 0es n ne i n.,.cont.ac. ith the front. _surface 182 of the
gensor stri E@tﬁ%ﬁenag%ﬁ%_‘ﬁ%%%ﬁ[g‘ﬁtovgﬁlnfsgﬁség‘i‘g?g% e§8‘?§§’6?”§%€r]i7gé° PRENEUC ot

subj ect to caediash ARud enhBEBANKGAinGnda Y 120N8odd HRARRERHME 140 of Bg. | appi ng
process. The present process at 3(B) achieves the result of a narrow stripe

hei ght, bBut sghsdicitipe h& eanpln s clobe pagemitirtaghe amdlic by posiidna High tdvel sensor
stripe 172. r‘ggg iovglrall sensitivity of the sensor stripe 172 to nagnetic
medi a is thd§*effaficed. An undamaged, uncorroded front surface 182 of the 5

sensor stri pe 17%n (‘Iﬁ-@fefﬂe}d maﬁé%tgr%dgj tlﬁfhég}aﬁﬂ{f dﬂ?&h@legso E&Visﬁ?tha hi gh

| evel read s;ﬁgnal. In preferred arrangenents,” optical |ithography chronel ess
phase shi ft Mapks ks elsrtren bearn dithdgraphy atehogd dpipyeciely defa: the spipchaghty defi ne
the stripe height of r stripe.172. The sensor stripe i osi tioned so
that its fr@ﬁf"g}ssﬁ? ?télggﬁﬁis!s[z‘eisgwor%mﬁéﬁB% e Sy 9@tﬁ‘{ﬁ%‘?q%‘ﬁ%§‘glséiéwbeari ng
surface @t haBomElets albvelthdiappad 85 vex@RPhLafde RE PRESSES 4A-4F used to form an
encapsul ation layer 200 (also called a feature layer) that protects or

passivates a senEbr 4givnstppsesmpemplary processesdAadl prasictedsrmn eficapubttiont t he
sensor stri E)a%l'er E&f" (a%rc])%gﬁg&j a|1 ?etalﬁ(l)rré Ié}?esf)etrhag grootects or passivates a sensor stripe 202

illustrated at process 4F. To protect the sensor stripe, the encapsulation layer 200
(also called an oxidation barrier layer 200) is deposited over the sensor stripe 202

15 after the sensor stripe 202 is patterned and etched, to provide good mechanical
properties for immunity to lapping damage. Encapsulation layer 200 preferably
comprises Tantalum (Ta), TaN or diamond-like-carbon (DLC). The encapsulation
layer 200 is preferably deposited while the substrate is still in an air-free or
vacuum environment to avoid oxidation of the sensor stripe 202 before the

20 encapsulation layer 200 is in place. While only a single sensor stripe edge is
illustrated in FIG. 4, it is understood that the process of FIG. 4 can be performed
on both the top and bottom edges of sensor stripe 202 and that the process of FIG.
4 is performed on multiple sensor stripes 202 on a wafer of substrate material such
as AITiC or silicon.

25 Processing starts at process 4A. A “first half gap” layer 204 is deposited
under the sensor stripe 202. The first half gap layer 204 preferably comprises
alumina. Next, the sensor stripe 202 is deposited on the first half gap layer 204,
and then patterned and etched. The sensor stripe 202 can comprise a giant

magnetoresistor (GMR), a tunneling magnetoresistive (TMR) stack or other



(al so called an oxidation barrier |ayer 200) is deposited over the sensor
stripe 202 15 after the sensor stripe 202 is patterned and etched, to provide
good nechani cal properties for imunity to | appi ng danmage. Encapsul ation
| ayer 200 preferably conprises Tantalum (Ta), TaN or dianond-|i ke-carbon

(DLC). The encapsulation |ayer 200 is preferably deposited juyi W’th
substrate is still in an air-free or vacuum environnent to avol d oXl gati on

of the sensor stripe 202 before the 20 gncapsul ation |ayer 200 is in place.
Wiile only a single sensor stripe edge is illustrated in FIG 4, it is
understood that the process of FIG 4 can be perforned on both the top and

bot t om edgesaofviseagastotskistipe st3e eRntbnt. MAéxt! HBft RIFOSATSR indth&ne Aab S
performed on nultjple sensor stripes 202 on a wafer of substrate terial

such as Al € 3 ajlryeod8 25 Perrsitedi ougr sharseasaat styipe c¥2s Tha layer" 206r st hal f
ap" |ayer I e [ under the sensor stri 2, The fi hal f ga
Igaf/)er 2%4 p%géfg%%gy?y&gﬁ 1J;ls’r%gs%sp 913’ i A l@éx??ﬁytdﬁé‘g@é{fgg%anﬁl ?pg{géﬁ i's Jap

deposi t ed omvhilsblé iffost Shfléy dampadyeh KAAborcaMdAl MBA 1RALtRBNShA0ds gt ched.
The sensor stripe 202 czl:ll%J cyorrpriﬂsagya i ant magnet or e@iaegt or (@%&152

tunnel i n§ nEYREt Bladegiadtsugh sTVRpitea rregisth €W/V36) 1 akilabR0 Gfbm 8SHipkeyn
magnet or esi $t | ensg, el enpent,. xt lLift off structure .inclyding a |ayer
206 and a I%@/pe ai‘§f8{@1a1r?/lear %8{)0034 éég% (‘3\/Pe1\r/1€l;tI H%Yegeﬁ)éo?nitﬂﬁ ﬁ%gmﬁd?}.’er'l%g 8yer 206
preferably Gewgrhsiasa] SYRERT irSeelr &5 teRorshiRldmnkol adsath i, fig )

avai | abl e from Shliﬂgl el?; Iﬁ(fmc!;{rrpan in Nfarl begg;o, I\/X.E(!The Iayser 208 ((::eg)rrp Ises a 5
resi st mat efd a¢cesigch tedppEsy tlwainB\Viayes 2 of e\ddired\shapatih e §utsayGhitpl ey

Conpany in gpcfcl ?sozﬁé)’ MA. The PM3d | ayer 206 and the resist |ayer 208 are
| i t hogr aphi €a Iey patterned in order to tenporarily define a desired surface

shape 1@ recei VAt procepB, @e/tead poFnyealhAnel 1agd0210f is @eﬁ@ﬁe"d@% SRk @
subsequent _process 4B. 10 At process 4B, the tenporary alumna |ayer 210 is
deposi t ed blEyeh depesifien process, or a comparable process that provides conformal
dielectric coverage. At process 4B, the sensor stripe 202 is therefore temporarily
sealed between the first half gap layer 204 and the temporary alumina layer 210.
At process 4C, the arrangement is shown after an ion millihg stripe etch
15 process. The ion milling stripe etch process defines a front surface 214 of the
sensor stripe 220 Also, A layer of undesired redeposited resist material 212 is
selectively deposited as illustrated. The layer of resist material 212 is deposited on
the temporary alumina layer 202.
At process 4D, the encapsulation layer 200 is deposited. The encapsulation
20 layer 200 covers the front surface 214 és illustrated at process 4D. The
encapsulation layer 200 is preferably deposited using a collimated deposition
source, leaving a portion 216 of the temporary alumina layer 210 that is left
unprotected by the encapsulation layer 200.
At process 4E, a wet etch process is performed, removing the unprotected
25  portion 216 of temporary alumina layer 210. |
At process 4F, the lift off layers 206, 208 are sfripped off and dry carbon
dioxide cleaning particles (Eco-snow) are preferably used to clean any residual
redeposited material 212 from the wafer in preparation for deposition of

subsequent layers of the head.



| ayer deposition process, or a conparable process that provides conformnal
dielectric coverage. At process 4B, the sensor stripe 202 is therefore
tenporarily sealed between the first half gap | ayer 204 and the tenporary

al um na | ayer 210. At process 4C, the arrangenent is shown after an ion
mlling stripe etch 15 process. The ion mlling stripe etch3pfagg 2 fines
a front surface 214 of the sensor stripe 220 Also, A |layer of unde P ed
redeposited resist material 212 is selegctively deposited as illustrated. The
| ayer of resist material 212 is depositéd on the tenmporary alum na | ayer

202. At process 4D, the encapsulation |ayer 200 is deposited. The

encapsul ation 2@1Gay 8lus@8Rs PRYELAINE b iSH Héfra%gfié %ﬁ‘é‘)széo' rleféﬁ% gl ed at

process 4D. The encapsulation |ayer 200 is pref eposited using a
col I i mated degosetitdpe 28barclapped awifang 284 b nthiead 224 Eleftranhelappirpguadey al umi na

ordcess 4, BHGE ATt BN st He Ay ey BRBYRL g Heclitier bremoed 25

portion 216 RfioheMBohal YurkbidAt A al AWeIbI2 1&istAlce HeRGHSSId%Er lofd oOf T
| ayers 206, 208 are stripped off aand dry cg’r boﬁ eﬁ?%x@&@%?%&ﬁ?#sgspgfti cles

(Eco- snov) drepipg ef lepabd yurised3t.ol e rearpvansgioe 838t placed edeiposiht edgarat er i al

212 fromthe, wafer in pr ratjon for.deposition of subsequent |ayers of the
head. 3 1 NAY BY0BY-SelRARH rprtR e el larperiath R EoTorie 2berel ol | ap

gui de (ELG eaggbélg{vati ve to a sensor stripe 232 at a | apped surface 234 of a
head 236. El ectronic |apping guide (ELG 230 is formed of an electrically
resi stive mat eri BIG. &sdhématically sllisstmasesretaotricad gharact238ick bAELGB0 i BIG 5as a

230, Tho naft oW TEGPb JPTE IPATEH AUeRra ottt e bR Ty Po o0l on
238 is aloveokdiRtdricBahd ARPROdAHedRER 29M0inditatR 08 @ 3istBRY. ANforifideq bel ow.
axis 254 indicates lapping progress. When lapping is performed at a steady rate
over time, then horizontal axis 252 can also be interpreted as a time axis. As
illustrated in FIG. 6, as lapping progresses, the ELG conductance (solid line 256)
decreases and the ELG resistance (dashed line 258) increases. The electrical

15 conductance 256 of the ELG 230 decreases as the lapping process removes
conductive material from the lower edge of the narrowed region 238. The lapping
endpoint is reasonably well determined from data of the sheet resistance and
feature size variations determined from one or more auxiliary resistors (not
illustrated) patterned with the same process but different length to width ratios.

20 Lapping surface 234 is stopped when an encapsulation layer 240 (covering
a front surface of the sensor stripe 232) is at a desired thickness as indicated by the
resistance of the electrical lap guide 230. Process variations in the bulk resistivity
of the ELG material, the deposited thickness of the ELG material and thé
alignment of the narrow region 238 with the sensor stripe 232 can introduce

25  undesired variations in the relationship between measured resistance and the
finished lapped thickness of the encapsulation layer 240 (also called a feature
layer). As lapping proceeds, the electrical conductance 256 decreases at a uniform
rate. To stop lapping at a precise location relative to a front edge of the stripe 232,
the ELG must be precisely calibrated for the desired lapping endpoint. While



FIG 6 schematically illustrates electrical characteristics of ELG 230 in
FIG 5 as a function of |apping progress. A left solid vertical axis 250

i ndicates ELG 10 conductance and a right dashed axis 252 igd,i mef EL

resi stance. A horizontal axis 254 indicates |apping progress. 10 pping is
performed at a steady rate over tinme, then horizontal axis 252 can al so be

interpreted as a tine axis. As iIIustrated in FIG 6, as |apping progresses,
t he ELG conductance (solid |ine 256) reases and the ELG resistance
(dashed line 258) increases. The el ectr 15 conductance 256 of the ELG 230

decreases as the | appi ng process renoves conductive material fromthe | ower

edge of the cambba¥RIbd-edioARaR3Bed S bARRE fwaucﬁﬂaﬂ]@%ﬂfbe relid PES ANGRLY, vel |
determ ned fromdata of the sheet resistance and feature size variations

det erm ned feasanahle pnodnoian Fieldd, i there isesi desirestq meducei tHeusamaiced) Asat t er ned
with the sa but different wi dth ratios. appi ng

sur f ace 234%1E%°9‘§’F§S°§Z‘8”\Aﬂéﬂn3?f%8ﬁc‘%{ﬁéfﬁf{i% 7'rtﬁ(s)'l SRE Eﬁ%er(lg&@PF RISt r ont
surface of hb&iﬁﬁmbv§&a{]jbp@1&§;})1albpqn§gngpgﬁ§l red thickness as indicated by
the resistance of the electrical Tap guide 230. Process variations in the

bul k respsti vi tyFIbe7 Hlpstr@eGexrmnples 2R, andnéB dfepleetntddap utdasehst obludee. ELG
mat erial and_th al i t, of rrowre 38.with the sensor stripe
232 can intf a(ﬂ?@g %Ogﬁge LS @‘ﬁ? agﬁl o SPF R %é‘ftéﬁrl Gh §h? PrRESHEdn
neasured reg e&ags&m@onlfay@ﬂ @B@ﬂlu%é%@%ﬁﬁ@?”ess of the encapsul ation

| ayer 240 (also cal led”a feature layer). As |apping proceeds, the electrical

conduct ance 256 ldeeraegdedAatancelentiiéadriap guidee2’/0Tochtdep relapipelygwidte, owr eci se
t he ELG nust be

| ocation relatjve front edge tri e232
oo Loy ciilaree beRonhebn GRES 22 A Sn R Riuisat st reeiora b, WA 2006 - 10
cal i br ajy ongaP&Hed r@ok 2VEHARY Q@aﬂ%@t ﬁ@luﬁ'@? streﬁg Qgi 988 MsR. AaRidik W ' ed on to

obtain reasonable production yiélds, there is a désire to reduce t
vari at i ons. thagarvpeeest fegean 2l dong a lapping dine A8 wharigeF xG8bript Bespsspahe aI

patterning (ae}r)]ﬁ%dfmeg}noves tovsvgrq‘l gc%maﬁgpoYme CZ%b Rr at£e ?npp%}clg lp%g Iegs(‘:]es,ea?rgi point.
electrical conductance (and its inverse, electrical resistance, described below in
connection with FIG. 8) of the electrical lap guide 270 has a rate of change that
15 changes abruptly at points 290, 292, 294 (FIG. 8) as each additional step 282, 284,
286 (FIG. 7) is reached by the moving lap line 278. A lapping progress interval 298
and a conductance change interval 300 between points 290, 292, for example,
provide a calibration factor for calibrating a rate of conductance (or resistance)
change to a rate of distance covered in the progress of the lapping. The steps 282,
20 284, 286 are precisely located with respect to a front surface of a sensor stripe (not
illustrated in FIG. 7). As lapping progresses, the measurement circuitry attached
to the lap gauge can automatically calibrate itself based on the calibration factor of
the electrical lap guide 270. Using the calibration, the measurement circuitry (not
illustrated) connected to the electrical lap guide 270 can then control the lapping
25  to stop a precise distance in front of the front surface of the sensor stripe, leaving
an encapsulation layer of the desired thickness in place. The electrical lap guide
270 includes a spatially periodic pattern of steps 282, 284, 286 that non-uniformly
change resistance in a spatially periodic manner to provide calibration data for

precisely setting a lapping endpoint at final lap line 280. The electrical lap guide



5 FIG 7 illustrates exanples 7A and 7B of electrical |ap guides that include
spatially encoded features that allow inproved calibration of the process of
| appi ng an encapsul ation layer (not illustrated in FIG 7). In exanple 7A, an

electrical lap guide 270 includes relatively wide, low resj qt gggez
i nterconnection pads 272, 274 and a narrowed stairstep region . U%e lo
narrowed region 276 has a shape that includes steps 282, 284, 286. Awdth W

of the narrowed region 276 along a Iappiqg | ine 278 changes in abrupt steps
as the Ilapping Iine noves toward a fin§1'lap i ne 280. As the | apping
progresses, an electrical conductance (and its inverse, electrical

resi stance, #B®GhiHRet RSk ki &L ' f e.el rical |ap
gui de 270 has a rate g‘% ﬁcé%ﬁzlggttﬁgt 15{%%2‘3%‘%%{661@? %?lﬁi/logatte%%s&%%s 0, 292,
294 (FI G 8)284s2%arshetandht ifomaledge ep tR82ns@Bdripe 2B frbhCeddl of Serst@shed by
t he novi ng Itsg }i ne 278. A l.appi nfg egrogr ess interval 298 and a conductance

§ 1258 ke TR BB iSHT IS Gonotreeposed o exisdaira, dugipetagesive

change inter

calibrati onlgﬁﬁhg@agtqheggglgﬁ%gg@.a rate of conductance (or resistance)
change to a rate of distance covered in the progress of the |apping. The

steps 282, 20 28Iy e28Bpkr BB, preclesteicyl lapcaiidel 30 tifclh @spatitively avillgaply surface
of a sensor stripe (not illustrated in FIG 7). As_|apping _pro%resses, t he
measur ement BRI NATSRINSE Ry PadH Ot e 14 éﬁd@a%@@%%laé&%émp%é $.yTheal i br at e

i'tsel f basedhQRweAgesRhNEaLE a%ﬂa%@ﬁﬁ? EncR{des to??x;/ﬁ % %{ gl'o?s]a}fﬂls?frﬁa?%éd %‘e 270.

Using the calibration, the measurenent circui u connect ed
to the el eclapiping pragregies dthe2dlectcieal donelnctaned tidngehas| tpphoeingSap dirst 0p a

preci se distance .in éﬁ?nt of the front surface of the sensor stripe, |eaving
qpeh lagr syide mpteial et lappEieregTessesfhequgh onieeof hedotsi cal | ap

an_encapsul _EF?SSﬁﬂF _ et t
gui de 340 bpclasdesod xpadven! {h &g&fi@aq'&ntaﬁ&%%e”dé?és ﬁ&te%aﬁﬁgpér?egarﬁfgsi Lhat

non-uni formy change resistance In a spatla periodi €
cal i br at i onabiaup4 sfeps bepyeenichehge sgidrisrpdaplhtap. ig thatpiing pedgrédsaahnal ap | ine
TR AR e G
connection with FIG. 9) of the electrical lap guide 310 has a rate of change that
plateaus along lines 330, 332, 334 as the lap line 318 moves through each
15 additional opening 282, 284, 286. A lapping progress interval 338 and a
conductance change interval 340 between plateaus 330, 332, for example, provide
a calibration factor for calibrating a rate of conductance (or resistance) change to a
rate of distance covered in the progress of the lapping. The openings or slots 322,
324, 326 are precisely located with respect to a front surface of a sensor stripe (not
20  illustrated in FIG. 7). As lapping progresses, the measurement circuitry attached
to the lap gauge can automatically calibrate itself based on the calibration factor of
the electrical lap guide 310. Using the calibration, the measurement circuitry (not
illustrated) connected to the electrical lap guide 310 can then control the lapping
to stop a precise distance in front of the front surface of the sensor stripe, leaving
25 an encapsulation layer of the desired thickness in place. The electrical lap guide
310 includes a spatially periodic pattern of slots 322, 324, 326 that provide non-
uniform conductance (and resistance) change in a spatially periodic manner to
provide calibration data for precisely setting a lapping endpoint at final lap line
320. The electrical lap guide 310 can be deposited using thin film techniques to



284, 286 relative the front edge of the sensor stripe. The front edge of the
stripe that faces the air bearing surface is not exposed to oxidation due to
excessive lapping past the final lap Iine 280. 5 In exanple 713, an
electrical lap guide 310 includes relatively wide, low resistance

i nterconnection pads 312, 314 and a narrowed | adder region 3§q.M}geﬂmgarromed
region 316 has a shape that includes openings or slots 322, 324, 326. As

| appi ng progresses, the electrical condygtance changes as the nmoving lap |ine
passes through | ap guide material. As |apping progresses through one of the
slots 40 322, 324, 326, however, the electrical conductance does not change.
There are abedply bapshbetepes??, G4B96 relagiotie: 2ot digat@asserdsr ithige! appi ng
progresses, .an electrical conductance (or its inverse, electrical

resi stance, 1d8$ERIOBEAITIREAHIE PRriacesisige at Nofrexmosed 1o exid®joroflug treexspssivter i cal | ap

gui de 310 hgﬁgﬁﬁéﬁ%ﬁgﬁi?ﬁﬂgﬂgﬁééiﬁy pl at eaus al ong lines 330, 332, 334 as

the lap lin each 15 additional opening 282, 284, 286. A

| appi ng pr ogr essFidBetiwahat?3By dndtateseagiual anegt&harger ipakany aheo3t@ bet ween
pl ateaus 330, 332, for exanple, provide a calibration factor” for calibrating
a rate of céisaiceblae@uidy illpsaated indEy. Thahgelid defh vertisalends 3H) xepaasertscover ed
in the prog . of NG, ] or_ sl at 22 324, . 326 are
precisely | %%gt'?lecgl C\/c\)/}ﬂtIa ﬁcgﬁg(gegéé@?\etl:‘yagla%ﬁ)g‘ﬁfi © %Z?’faéléiza g?aﬁe%sr ot A (not 20

i || ustrat ed3¥2rebtdsents plechiial @pigtange of D@RSERS] laFf%xid@@ﬁqu{H%%nFél R try
attached to the |lap gauge can automatically calibrate itself based on the

cal i br at i on3faieperserys lapmheg pregEessiip shistings unitsda Be@asesfi nlgpping rratdshr at i on,

th . ' L) t ' t to t | ectrical |
gui do 510 car® PRAAAEAPARLTRE ol W FAEAL £ 0F Facktloa B tnlEndn 8o n Tront

of the o onin elapsedicttmeobcald) The eoBA1ins BY6 PRlicakeaddifcad oRduicaRaldeathion | ayer
of the desired thickness in place. The electrical lap guide 310 includes a
spatial |y p@eilsaPEgpeiogesssesornd| thedashed 1me37830aliqaest elpetrigaldresistamee uni f or m

conductancevlgg;sqgg%g%g@ﬁ%%gﬁgggge in a spatially periodic manner to

provi de cal 1 bration precisely setting a | apping endpoint at fina

lap line 320. T@ ®ichemnticaly illagraged electiid) chancheisdenIsphediyugico@ed hin film

techni ques etlgctrical lap guide illustrated in FIG. 7B. A solid left vertical axis 380 represents

15 electrical conductance of the ELG lap guide 310, and a dashed right vertical axis
382 represents electrical resistance of the electrical lap guide 310. A horizontal axis
384 represents lapping progress in distance units. In the case of a lapping process
that provides a constant lap rate, the horizontal axis 384 can also be interpreted as
an elapsed time scale. The solid line 386 indicates electrical conductance values as

20 the lapping progresses, and the dashed line 388 indicates electrical resistance
values as the lapping progresses.

In comparison with the stepped ELG illustrated at 7A, the ladder ELG
illustrated at 7B gives more dramatic differences in rate of conductance increase
with lapping progress as illustrated in FIG. 9. In a preferred case where lapping

25  progresses at a nearly constant rate, the ladder ELG can give information about
both lower edge and upper edge positions of ELG (and by extension, stripe)

features. Flat zones or plateaus in FIG. 9, result when the lapping surface is

located between ladder "rungs".



3l MAY 2006 _12 precisely locate the steps 322, 324, 326 relative the front
edge of the sensor stripe. The sensor's air bearing surface edge is not
exposed to oxidation due to excessive |apping past the final lap |line 320.
FIG 8 schematically illustrates electrical characteristics o'fm;?am Iy
encoded 5 electrical lap guide illustrated in FIG 7A. A s%l i e verti cal
axis 370 represents electrical conductance of the ELG | ap guide 270, and a
dashed right vertical axis 372 represents el ectrical resistance of the

el ectrical lap guide 270. A horizontal axis 374 represents |apping progress
in distance units. In the case of a | apping process that provides a constant
lap rate, the hofiGomn #lusastes Bi7éblafte GesOobRpbiHELHANLLEARI enédudd apsed

ti me scal e. elhe,s lid Iine 376 indicates electrical conductance val ues as
t he | appi ng ?C&gqais@és guided 408 ethatisise dinnilate ta718pi guidsates of dGritald

resi stance . ! r.esses, . Fl 9 schennti.cal l
illustrates ﬁé cﬁr F%gtll‘;egﬁglrig%?%??%?élggno rgeﬁ)%PF Cﬁé\}'erén@g’d%’ @%g?ﬁecal | ap
gui de i | | ustshapetitol forthl 43 ai7 BeargSQirtate 468 I Therehd Badd Byess B804 Tempesents 15

el ectrical conductance of the ELG | ap gui de 310, and a dashed right vertical
axi s 382 Jr ePareshioddesing @tsensqr| stipas¢ayityfide betweenghe resch hdaddhydrag22jubgie 310. A

hori zontal gxj 3 eny: . in rogr.ess,Ln, di stance. units. In the
case of a I%p%?%gE%é%%éﬁéggﬁﬂéﬁf%ﬁgg?Hééggmggﬁggg%Ptg&bmfg?@?%iW@iﬁﬁrizonta
axis 384 cad0&al so be interpreted as an elapsed tine scale. The solid line
386 indicates electrical conductance values as 20 the | appi ng progresses, and

the dashed |ine 388N diérs €4 isdepositeddn the s¢nspnpicipe covity d30. Thetshesdrappi ng
progr esses. i Wt e,stepped ELG.illystrated at 7A,. the | adder
ELG illust FQ'% 8%92?‘%/%%%?81?% Snn{)f%% %iariaarra %O%ﬁ’(fsft&b8ﬁ8lé’ss$€r’1s‘frgetcé (@Iddéﬁnduct ance
i ncreaseao Wibh ViappinfIGPLOYTRS Serdsr btripdsiDl aheend BuffAGs 4%, 48 2AqRMGERT red case
where | apping 25 progresses at a nearly constant rate, the | adder ELG can

gi ve i nf or nB{YR5K 4ABBGE arerscAPIUbated be depread dead oerse@getosltt i ons of ELG (and
by extension, St"fﬂeps%}nsor stripe 404 also has a front surface 442 that is set back from the

air bearing surface 408 to define an encapsulation cavity extending from the front
surface 442 to the air bearing surface 408. An encapsulation layer 406 (also called a

15 feature layer) is disposed in the encapsulation cavity. The encapsulation layer 406
encapsulates the front surface 432. The encapsulation layer preferably fills the
encapsulation cavity between the front surface and the final air bearing surface.
The encapsulation layer 406 preferably has a thickness between the front surface
442 and the final air lapped bearing surface 408 of less than 6 nanometers. The

20 encapsulation layer 406 is preferably formed of a nonmagnetic material such as
tantalum (Ta), TaN or diamond-like carbon.

The sensor stripe 404 preferably has a final stripe height defined by a
spacing between the back surface 440 and the front surface 442. The final stripe
height is independent of a lapping depth of the air bearing surface 408.

25 The lap guide 400 is arranged on a substrate 402 alongside a sensor stripe
404 and an encapsulation layer 406. Lapping progresses in a direction indicated
by arrow 411 and the electrical lap guide 400 and the encapsulation layer 406 are
lapped to a final lap line (air bearing surface) 408. A portion 410 (marked with
dashed lines) of the electrical lap guide 400 is lapped away. A portion 412



features. Flat zones or plateaus in FIG 9, result when the |apping surface
is l|ocated between | adder "rungs". 3 1 MAY 2006 -13 FIG 10 illustrates an
obl i que view of | apping using a spatially encoded electrical |ap guide 400
that is simlar to |ap guide 310 of FIG 7. A magnhetoresistive read head 420

conprises read head | ayers 422, 424, 426 that are shaped tg {Mz@ﬁ?l r
bearing surface 408. The read head | ayers 422, 424, 426 arev5 p o]
define a sensor stripe cavity 430 betwegp the read head |ayers 422, 424,

426. The sensor stripe cavity 430 has an open side 432 at the air bearing
surface 408. A sensor stripe 404 is deposited in the sensor stripe cavity
430. The sensorkedwittpéashed lines) af thepershplen]stibf zer 43 isaRgpad aRPOThd € bottom
side surface (hidden io framviewin FIG 10) e sensor stripe 404 has end
sur f aces 436r,8§’¥$§8“%rRPrBO%a%fkt heg gn¢apsalaiion Itaﬁ%ﬁ 486 dap e sprliilit edntyglleche r ead

head 1 ayer s fgknedad ih2BoinfBr2 B8R iR Ab5 8RR T LA S f ace 442

that is set back ?rom earl ng sur ace sul ation
cavity ext erte ippfing by trhenitarty elemél&mdﬁéﬁn&é)(dr@ec&héal @@ﬁéthﬁ& spiface 408.
An encapsul a on I yer 406 (also called a 15 feature |ayer) is d| sposed in
t he encapsul® 1‘&‘/9""1" & BABKYEN sirqurildalkes desisd faat mpyed adegsoft he front

surface 4324, r full$.1 be, encaps ation
cavity bet vveengﬁthggl?]ront 013%3'1%&?%03;@' O%ﬁ% ¥eaS|ISP M P‘ﬁg‘eseﬂ‘?;%gég 2P The
encapsul at i gidea408rrad(6 tI}iHrei sloalthis digsineent Bhakaesst Hﬂztré\ﬁa\ﬁll Hefhecﬂahgﬁg surface
442 and the finpal air |apped bearing surface 408 of |ess than neters.

The 20 encaﬁ%ﬁﬁ%ﬁtfiftﬁfﬁ r?ﬂéi}lég uﬁ%th%ﬂfﬁﬁéh@aﬁﬁlfsg if Snaltscistopped. Byrfittignbneas mat eri al
such as carbo sen ri pe 404
preferably Eéa@l\&{%l ng%e gtlﬁ%ﬁ elagﬁgﬁ%mlﬁl ned Ses E‘e 83% fg&ev%é he back

sur f ace 1440sanfietetlelntifve oo theslomfeacelgd4@catibhe of thalEL(S tckh PR cah@a@éﬁi "drSthe

| ndependent flolc marxloafgt%mg c?recg;[thﬂ?lf b}E ?gal%e lCJOeI?IIr)IIJ’CrE]l%OI‘SI uorfft?lg emt{lleocion points
between conductance line segments.

FIG. 11 illustrates positioning of an electrical lap guide (ELG) 500 relative

to a sensor stripe layer 502 at a lapped surface 506 of a head 508. The head 508

15 does not include an encapsulation layer 240 as illustrated in FIG. 5. Electronic

lapping guide (ELG) 500 is formed of an electrically resistive material and

includes a periodic ladder region 510 that functions as a variable resistance sensor

indicating progress of lapping at lapped surface 506. The periodic ladder region

510 is placed so that one edge 512 of a rung or solid region 514 lies above the

20  final lapped air bearing surface 506, and one edge 516 lies below the final lapped

air bearing surface. FIG. 11 illustrates that an electrical lap guide 500 with a

periodic feature can be used to lap not only an encapsulation layer in some

applications, but also the sensor stripe layer 502 or other feature layer in the head

508 that requires lapping in other applications. While electrical lap guide 500 is

25 illustrated with a ladder periodic feature, other periodic features such as a
stairstep feature can be used as well.

In summary, a magnetoresistive read head (such as 420) comprises read

head layers (such as 422, 424, 426) that are shaped to form an air bearing surface
(such as 408). The read head layers are shaped to define a sensor stripe cavity



25 The | ap guide 400 is arranged on a substrate 402 al ongsi de a sensor stripe
404 and an encapsul ation | ayer 406. Lapping progresses in a direction
indicated by arrow 411 and the electrical |lap guide 400 and the
encapsul ation | ayer 406 are lapped to a final lap line (air ieﬁﬂﬁqmn§urface)
408. A portion 410 (rmarked with dashed lines) of the el ectri ap guide
400 is | apped away. A portion 412 3 1 NMAY 2006 -14 (marked with dashed |ines)
of the encapsul ation layer 406 is |appegsaway. The remaining portion of the
encapsul ation | ayer 406 has a carefully controlled thickness in the |apping
direction 411 that is controlled by nonitoring progress of the |apping by
moni toring dbwhtasi4S8) batordu thearrad Head lgteec tTHeaahsdrasiipd ana8) hafart &eend

| apped

electrical |a uide with nonitoring circuit 414. The desired final

edge of théld%r{g‘émlélgh%ﬁﬁ?%gﬁarms‘%%acél igned to fall on a resistive bar of
the electrical | apsengdH 46,40Q:chak - t hi L.annen sures that
there will be a ch§nging pcgnéuctgﬁg%kpggggﬁ%igit(%§¥%%f%qlec?¥%¥ﬁ§ﬁbing i's
finally stoppedr sBipe had & mop lsidecarfacs ¢graniss43) ahtiearC oppbitieaERNASideaPPi NY
progresses, the lgcation of the lapping to surface relative to the | ower edge
| ocati ons of UiHE ELESERAT BEIPCAF IsPdtegace(sugoas 436,438 anebaibeds surfacei r cui t
414 by real é&ﬂg_@gﬂmwh L gn. ' [ Ints between conductance
line segnen%s. F?G. 11 ?% usfgégégaggg%%ﬁ%ﬁﬂﬁgd%%kg% el ectrical |ap guide
(ELG 500 rel at i Tie seheorestspaslon hss & et bayee (GQR Bt442) fhapped: sakfAaR 506 of a
head 508. The head 508 5 does_ not include_an encapsul ation |ayer 240 as

i 11 ust r at ed ePIEPRETING supfage {4 GFine Ia@ PR lginrde vitriesersiing frony thefeuntof an

el ectrical | y, kR8s tHeEr PBEE Aktaf A n é&géﬂﬂﬁorﬁa?gﬁsfzﬁi s iﬂ%ggse isproegcllon 510
that functions as a variabl € resistance sensor ndi cating rogre§ of

| appi ng 1@t irappednsapshbktion5667ityTHEhep endapditiatibaddeer eagimnlat&léhd $rapkaced so
t hat one edge 512 of a rung or solid region 514 |ies above the 20 final

| apped air Fng surface 506, and one edge 516 lies below the final |apped

3\; { hbgar ing surfiage +o MeGundersidbliUght 463 thgﬁéh Mineh66 chERktel BRIY de 500
advantages of various embodiments of the invention have been set forth in the
foregoing description, together with details of the structure and function of

15 various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and
arrangement of parts within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, the particular elements may vary

20 depending on the particular application for the read/write head while
maintaining substantially the same functionality without departing from the
scope of the present invention. In addition, although the preferred embodiment
described herein is directed to a disc drive, it will be appreciated by those skilled
in the art that the teachings of the present invention can be applied to other

25 magnetic storage media, without departing from the scope of the present

invention.



periodic feature can be used to lap not only an encapsul ation | ayer in sone
applications, but also the sensor stripe |ayer 502 or other feature |ayer in
the head 508 that requires |apping in other applications. Wile electrical

| ap guide 500 is 25 illustrated with a | adder periodic feg}grmoﬁagr
periodic features such as a stairstep feature can be use S

sunmary, a nmagnetoresistive read head (such as 420) conprises read head

| ayers (such as 422, 424, 426) that are ghaped to forman air bearing surface
(such as 408). The read head | ayers are shaped to define a sensor stripe
cavity 3 1 MAY 2006 -15 (such as 430) between the read head | ayers. The
sensor stri p@¢AVIS YLARYEENSopen side (such as 432) at the air bearing
surface. A sensor stripe (such as 404) is deposited in the sensor stripe
cavity. The lg%ﬁﬁgim%'ﬁpﬁénﬁé§¥a top side surface (such as 434) and an

opposite bottom sgj e spr._stri. has end surfaces (such as
436, 438) and a Egc ‘?ﬁ#?ﬁ%ﬁ@%§gﬂ%ﬂsgégﬁﬁﬁgn&%5?P§§gugﬁ%g §u aHﬁBVEthe r ead
head |ayers. The sensdftapstito fefimd Senbasstapé ANty SHEAC Brek:SMFReRBaf42) that is
set back from the air bearing surface to define an encapsul ation cavity
extending from the frigtsenser plame ayiyhbaving aseappmgiderunf doe airAbearing

encapsul ation layer (gygh.as 406) is disposed 1o in the encapsulation cavity.
The encapsul ati on | ayer encapsul ates the front surface. It is to be

under stood that ewensdrisotiph imWhesassr Shafeacdvelyl ihd 6ensaPdriRIVAMMAIRE Of
various enbodi nents of the invention have been set forth in the ~foregoing
description, togetherSUfiaces, GBe srrfacesfandme baek siefanecthainarefanmapsubatedby15

vari ous enbodi nents i j this disclosure is illustrative only,
and changes nay be %%%ggﬁ%hgéfgﬁkggé§%%%ngFéqﬁﬁﬁﬁg BRg %ot Fé%r e and
arrangenent of parts thkit Hi nset hbadks iffuzh RS a8f BeBAng' ASERE tdVRIMN0dLt O the

full extent indicated by the broad general mnmeaning of the ternms in which the
encapsulation cavity extending from the front surface to the air

bearing surface; and
an encapsulation layer disposed in the encapsulation cavity, the

encapsulation layer encapsulating the front surface.

2. The magnetoresistive read head of Claim 1 wherein the encapsulation layer fills

the encapsulation cavity between the front surface and the air bearing surface.

3. The magnetoresistive read head of Claim 1 wherein the sensor stripe has a
stripe height defined by a spacing between the back surface and the front surface
and the stripe height is independent of a lapping depth of the air bearing surface.

4. The magnetoresistive read head of Claim 1 wherein the encapsulation layer has
a thickness between the front surface and the final air béaring surface of less than

6 nanometers.

5. The magnetoresistive read head of Claim 1 wherein the encapsulation layer is

formed of a nonmagnetic material.



appended cl ai ns are expressed. For exanple, the particular elenments may vary
20 depending on the particular application for the read/wite head while

mai nt ai ni ng substantially the same functionality w thout departing fromthe
scope of the present invention. In addition, although the preferred

enbodi nent described herein is directed to a disc drive, it ﬁjtuﬁﬂﬁ
appreci ated by those skilled in the art that the teachings o pgg@%nt

i nvention can be applied to other 25 nq_gptic storage nedia, wthout
departing fromthe scope of the present " invention. 3 1 MAY 2006 -16 WHAT IS
CLAIMED IS: 1. A read head, conprising: read head | ayers that are shaped to
forman air eb@eimagsisiesicevaRead balClane 5 whaRed thond@hhfteR SER$AT ;ST pe
cavity between the read head | ayers, the sensor stripe Cavity having an open
si de at t he sgieftedefipinghe grrupa ok lappabim sortedals i ipduidingt kentalems oFalétaridpe
cavity, the ek havi ng side surfaces, end surfaces and a back
surface thafﬁﬁgéﬁéggéggﬁﬁgted by the read head | ayers, the sensor stripe

al so having a front surface that is set back fromthe air bearing surface to
define an encapsul ation cavity extending fromthe front surface to the air
beari ng surVaé@#ﬂéﬁaﬂﬂdae@@Hﬁ%éﬁ&ﬁ?dﬂ1ﬁmm@gEdﬁ@pusédwrnﬁuhamgndap&mﬂation
cavity, theh_gp%gg§%ﬂﬁtl0n | ayer encapsulating the front surface. 2. The
nagnetoresisF|Ve fead ead of Claim 1 wherein the encapsul ation | ayer fills

the encapsul ati ofs@itiaty/ et Yaeporiihg the Rtus UsfaGH A86bdhee Biybr BeaLdng
surface. 3. The magnetoresistive read head of Claim1 wherein the sensor

stripe has a stripe theliigherpgadicalag thgn air bpadngenteeseh t he back surface and

the front surf acg pattern of conductive material on the substrate layer, the pattern of

conductive material including first and second electrical
interconnection pads and a lapping region conductively joining the
first and second electrical interconnection pads, the lapping region
having a shape with a periodic feature to provide an electrical
conductance at the first and second electrical connections that varies

periodically as the air bearing surface is lapped.

8. The electrical lap guide of Claim 7 wherein the feature layer comprises an

encapsulation layer.

9. The electrical lap guide of Claim 7 wherein the feature layer comprises a sensor

stripe layer.

10. The electrical lap guide of Claim 7 wherein the feature layer has a front
surface that is aligned along the air bearing surface with the periodic feature so
that a correspondingly periodic electrical conductance change is indicative of a

thickness of the feature layer.

11. The electrical lap guide of Claim 7 wherein the periodic feature comprises a

stairstep region.



and the stripe height is independent of a |apping depth of the air bearing
surface. 4. The nmagnetoresistive read head of Claim1l wherein the

encapsul ation | ayer has a thickness between the front surface and the final
air bearing surface of less than 6 nanoneters. 5. The magned dr MAYs200ge read
head of Claiml wherein the encapsulation layer is forned of a nonmagnetic
material. 3 1 MAY 2006 -17 6. The magnetoresistive head of Caim5 wherein
the nonmagnetic material is selected frgmthe group of |appable materials

i ncluding tantalum TaN and dianond-1ike carbon. 7. An electrical |ap guide
for use in lapping a feature |layer of a magnetic read head, conprising: a
substrate. |ayer supporting the feature |ayer on a substrate |ayer surface

that is perpendicular.tp, an air rin urface; and_a pattern of conductive
nat eri al onq?hih%ﬁ%§%F3€@PN§93$PP?ﬁEHbaﬁagﬁﬁnéheP@%ﬂ@%é?@Vgeﬁﬁﬁéﬁﬁﬁm
i ncl udi ng fn&gkﬂaggoﬁecond el ectrical interconnection pads and a | apping

regi on conductively joining the first and second el ectrical interconnection
pads, the lapping region having a shape with a periodic feature to provide

Ehat var| eo 1o BET Gl st 55 014080 S19imob ATeRn S0p FlreEmLcopptc o The
el ectrical kap oguhdgeafit %gmsZM?%ﬁ}g'}F\wﬁn%? el ayer conprises an
a

encapsul ation | ayer.” 9. e electr ap guide of Claim?7 wherein the
feature | ayer conprises a sensor stripe |layer. 10. The electrical |ap guide

of Claim7 ein the feature er has a front surface that is aligned
al ong the a},l\?'e%@aﬁl‘?cﬁ?écaé %ﬁ‘éeﬁ% g ﬁé"’a]b%@in&a? glesfgigal ogdygtance provides
a calibration factor for calibrating a rate of conductance change to a rate of

distance covered in the progress of the lapping.

15. The electrical lap guide of Claim 14 wherein the electrical conductance is
measured to stop the lapping a precise distance relative to the feature layer,

leaving a feature layer of a desired thickness in place.

16. The electrical lap guide of Claim 7 wherein the lapping region includes a
spatially periodic pattern that non-uniformly changes the electrical conductance
in a spatially periodic manner to provide calibration data for precisely setting a

lapping endpoint at final lap line.

17. A method of making a magnetic read head, comprising:

depositing a sensor stripe on a read head layer and lithographically
patterning and etching the sensor stripe;

depositing a lift off structure over the sensor stripe and lithographically
patterning the lift off structure to temporarily define a desired
surface shape;

applying a temporary alumina layer to the desired surface shape to
temporarily seal the sensor stripe;

ion milling the sensor stripe to define a sensor stripe front surface;



that a correspondingly periodic electrical conductance change is indicative
of a thickness of the feature layer. 11. The electrical lap guide of Caim?7
wherein the periodic feature conprises a stairstep region. 3 1 MAY 2006 -18
12. The electrical lap guide of Claim7 wherein the periodic feature
conprises a |adder region. 13. The electrical |ap guide of CJa mq? Y(m%r ein
the el ectrical conductance has a rate of change with progress in |applng
that is not constant. 14. The el ectricahgl ap guide of Claim7 wherein the

el ectrical conductance provides a calibration factor for calibrating a rate
of conductance change to a rate of distance covered in the progress of the

| appi ng. 15. Thedepesiting ementapsulgtioddaysh o@kathe stdsavmripe fironheuicecind cal

conductance is nmeasured to stop.the | [ a precise distance relative to
the feature |ayer, I%‘S&FW@’OEFW AR ?%g’ér}g%‘fmg Jyeetiomgot Hieclerwssayn pl ace.

16. The electrical | apuitdgy&fufdraictted Whas ehdtiebARRIAY region includes a
spatially periodic pattern t%at non-uni formy cﬁanges tHe’el ectri cal

conductance in webgakingltd yerpevd theiunpratacted poriopraftérdporal hlungihh iyegat a f or
precisely setting a I%ppi ng endpoint at final lap line. 17. A nethod of
meki ng a magnetic redd“head, conprising: depositing a sensor stripe on a read

head | ayer and Igt{:ig?g{ga(gpﬂ@qﬂfddﬂstpgg&fe{ ning and etching the sensor stripe;
depositing a lift off 'structure over the sensor stripe and |ithographically

patterning the lift off structure to tenporarily define a desired surface

shape; applying, a te ra alunjna | ayer to the desired surface shape to
i emg or ar Iplpyil% e etrﬁgtnhggng{)?/dm inye];whergm the sensor stack comprises a giantp

magnetoresistor stack.

19. The method of Claim 17 wherein the lift off structure comprises a layer of

polydimethylglutarimide (PMGI) and a layer of resist material.

20. The method of Claim 17 wherein the encapsulation layer is deposited using a
collimated deposition source to select the portion of the temporary alumina layer

that is left unprotected by the encapsulation layer.

21. The method of Claim 17 wherein dry carbon dioxide cleaning particles are
used to clean the wafer in preparation for deposition of subsequent layers of the

magnetic read head.

22. The method of Claim 17 further comprising lapping an air bear surface in the

encapsulation layer.

23. The method of Claim 17 further comprising forming the encapsulation layer
from a material selected from a group of passivating materials Tantalum (Ta),

TaN or diamond-like-carbon (DLC).



ion mlling the sensor stripe to define a sensor stripe front surface; 3 1
MAY 2006 -19 depositing an encapsul ation | ayer over the sensor stripe front
surface and the tenporary alum na |layer, leaving a portion of the tenporary
al um na | ayer unprotected by the encapsul ation | ayer; wet etchin MQX'Z ve
the unprotected portion of tenporary alum na |ayer; and stripping off the
lift off structure. 18. The nmethod of C aim 17 wherein the sensor stack
conprises a giant nmagrietoresistor staclk. 19. The nmethod of Caim 17 wherein
the lift off structure conprises a |ayer of polydinethylglutarimde (PM3)
and a layer of resist material. 20. The nmethod of Caim 17 wherein the
encapsul at i o [Tag enethad @é pdaim Eowhsieinythe maghdticred deatd poshinitained quate t o

sel ect the p ji.on . the temporary, alymna layer . that is leff unprotected
by the encaﬁ%%%% igﬁQFé§%§?t2 tilry “ﬁeﬁﬁ%deB?WéP “ﬁpliqﬁﬁeﬂéi @P§itsdar bon

di oxi de cleaning particles are used to clean the wafer in preparation for
deposition of subsequent |ayers of the nagnetic read head. 22. The nethod of
Claim 17 further conprising lapping an air bear surface in the encapsul ation
| ayer. 23. The method of Claim17 further conprising formng the

encapsul ation layer froma material selected froma group of passivating
materials Tantalum (Ta), TaN or dianond-Ilike-carbon (DLC). 3 1 MAY 2006 -20
24. The nmethod of Claim 17 wherein the magnetic read head is maintained in an
air-free environnent until after the encapsul ation |ayer is deposited.



SENSOR STRI PE ENCAPSULATI ON LAYER | N A READ WRI TE HEAD ABSTRACT OF THE

DI SCLOSURE A magnetoresi stive read head has read head | ayers that are shaped
to form an air bearing surface and a sensor stripe cavity with an open side
at the air bearing surface. A sensor stripe is deposited in the sensor
stripe cavity. The sensor stripe has a front surface that isBs]etMAYangﬁfrom
the air bearing surface to define an encapsulation cavity extending fromthe
front surface to the air bearing surface;. An encapsulation layer is
deposited in the encapsul ation cavity. The encapsul ation |ayer encapsul ates

the front surface. FlIGURE 4
SENSOR STRIPE ENCAPSULATION LAYER

IN A READ/WRITE HEAD

ABSTRACT OF THE DISCLOSURE

5 A magnetoresistive read head has read head layers that are shaped to form
an air bearing surface and a sensor stripe cavity with an open side at the air
bearing surface. A sensor stripe is deposited in the sensor stripe cavity. The sensor
stripe has a front surface that is set back from the air bearing surface to define an
encapsulation cavity extending from the front surface to the air bearing surface.

10 An encapsulation layer is deposited in the encapsulation cavity. The

encapsulation layer encapsulates the front surface.

FIGURE 4



