SENSOR STRI.PE ENCAPSULATI ON.:LAYER I N A READ/.WRI TE HEAD FI ELD. OF THE
| NVENTI ON' 5 The present invention relates generally to read/write heads,
and nore particularly but not by limtation to a sensor stripe in a
read/ wite head. BACKGROUND OF THE I NVENTION In a common net hod for
manuf act uri ng magnetic recording heads for use in disk drives, each -
magnet oresi stive sensor, or reader, and its associated 10. nagnetic
witer is fabricated on a surface of a wafer. as one head in an array of
heads arranged in rows and columms. After conpletion of the wafer
fabrication process, t@MﬁO&RSTRHBEMAPBUL%’PﬁbNdX‘Y  each bar
cont ai ni ng one row of heads WQRERTZWRF%E very. precisely to
de I TTens|

machine. a critical "stripe height' on by mechanically
renmovi ng one edge of. a relatively high "stripe" 15 feature defined

l'i thographically in t he waf er m&rﬁm’&m\nh t hi s nmechani cal

| appi ng process is that the nmagnetoresis e-sensor stripe typically
consi st Sof severkhe prgsent Iayemt;omfelalteggehemllyﬁa&@dd,&brﬁé‘ﬁéadseé'ﬂc?Eﬁ{ gxi di ze
~when eXposﬁ%f%% h‘;ba%g{)q%g@urface In addition, the 1layers o t%e sensor
can be nec ulerly by gt l?fh@iié@‘&@as’@qmnérmad;l@vmrlfeednance of
the magnetoresistive sensmB on the stripe's
proxinmty to the |apped, ; ] head, and on the

conpl i ance of tﬂﬁa%dlhﬂ@nhﬁbﬂﬂfdf&rﬁéﬂ%ﬁﬂk{%& gﬂg%g B RLLNS YIS

any chem cal -or nechani cal damage to t
resul ts i ninddigkadeigesensdy Ipeglietoraitive h@@b@,nloﬁafea%imgﬁ ' &ﬁgg&%fﬂ y

harm‘ul oto t he %gdgerfor ce of "tunneling magneto resistiv
sensor £%be EAENETS Jtergs fa %a’f%w @ﬁu@fa@céedm@rpstdnenheaahm eAirtay of

damaged i ngdhad St b | er met hod and apparatus are
needed that pr O\h/ﬂgngé’&gfr\gg}% eql-{’lf gglﬁpgqﬂ I comp ehon of the wafer fabrication
_process, the wafers are sawed into bars, with each bar contalmng one row of

heads. Each bar is then lapped very prec1se1y to machine a critical "stripe height"
reader d1mens1on by mechanically removing one edge of a relatively high "stripe"
15 feature defined lithographically in the wafer process.

‘One  problem with this mechanical lapping proc'ese is that the
magnetoresistive sensor s’cr1pe typlcally 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 crmcally dependent on the stripe's

proximity to the lapped, or "air bearmg surface" of the head, and on the.

'comphance of the stripe helght to tight dimensional spec1f1cat10ns Thus, any |
chermcal or mechanical damage to the lapped edge of the stripe results in .
degraded sensor performance Mechanical damage is par’acularly 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 ‘;hat provide freedom from chemical and mechanical damage



stripe height and that provide freedomfrom chem cal and nechani cal damage -
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 I NVENTION 5 Disclosed is a magnetoresistive read head that

conprises read head |layers 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. air bearing surface. A sensor
stripe is deposited in a |location that w3l |ater become the sensor 10
stripe cavity. The sensor stripe has a top side surface and an opposite

bottom si de surface. é’_g{e} . .sensor trilpe has end surfaces and a back
surface t haflugfelappieg Fambodimenss of Hie presentipyrention prayideprlusions & thesei pe
al so has a : [ romithe.air. bearing surface to
define an e%%%%&%g{r{)g%%é%\glﬁ ;(/)ﬂ%(? g%n%%?ggﬁragg? Pk%r Wé’ﬁforsﬂ ‘face 15 to the
air bearing surface. An encapsul ation layer is disposed in the .
encapsul ation cavity. The encapsul ation | ayer encapsul ates the front
surface. Also disclosed is aSEMMARYORTER INVENTIGN gui de that incl udes
‘a shape with a perjodic feature. O her features and benefits that

charact et i ze enbBificlasad ds armegnetpresisine read head dhati compiises 1ead dwadrlayers

upon readin h ol | owi n et al | description.and_ review of .
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| appi ng t hagurfaqeoses a sensor stripe at 3(A) in conparison to a presently

di scl osed nethod of partially |apping away an encapsul ation |layer so as
not to expose a A<9BBPT tipeje dgpositag)in a location that will later become ‘the sensor

10 stripe cavity. The sensor stripe has a top side surface and an opposite bottom side
surface. The sensor sfripe has end surfaces . and a b_aclz 'surf'ac‘e"":"chét' are a
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 encapsﬁlation
cavity. The encapsulation layer encapsulateé the front surface. |

Also disclosed is a read head electrical lap guide that includes a shape with
a periodic feature.
Other features and benéfits 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 niethod 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).



-3 FIG 4 illustrates exenplary process steps used to form an I
-encapsul ation |layer protecting a sensor stripe. FIG 5 illustrates -~
positioning of an electrical lap guide (ELG relative to a sensor stripe.
5 FIG 6 illustrates ELG characteristics as a function of |apping _
progress. FIG 7 illustrates exanples of spatially encoded electrical ‘| ap
guides. FIG 8 illustrate -electrical characteristics of the spatially
encoded electrical lap guides illustrated at 7Ain FIG 7. FIG 9
illustrate electrical characteristics of -3patially encoded electrical |ap
.10 guides illustrated at 7Bin FIG 7. FIG 10 illustrates |apping using
a spatially encoded electrical lap guide. FIG 11 illustrates positioning
of an el ectri cal FlGp4 dlusteatesiempmplarst progessosteps weerd 6o fatm i greehaapsnladiona

|l apped surface of a gﬁad. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
15 I n preseffYeIROCEHRS RSFRIPTREER pr ocessing, it is quite common to

require a speci fi@eds sripa height i T f nn nm.,..Present
| appi ng t echni quie:ts@' %?ﬁ%@?igg&%&%&;%iepegﬁ%ﬁtlﬁé%lg%%m%grépg?‘é%go\ﬁ th
a standard g@woagﬁqpb,of | ess than 2nm when stripe dinension is inferred

fromthe electrical resistance of the sensor. Subsequent changes in
sensor e} ect ri caFlG gsilkistrates Elifdichataeteristicpases fnwtionfof ppixggadgmsst 0 a.

dept h of approxi 10 nm from.the | appged air_ bearing surface,
resulting in a | g&-e}oﬁh’égﬁ%rexﬁg‘rﬂl%? ﬂfaﬁP@gﬁﬁYﬁP@ §%t§l,calpléP@1t1§%ﬂ-l y
damaged edge of # . fogs e di sc .S ex ted, .b
design; to prod ug%@.ﬁ}gﬁf%faéc%tse{@%%#ag icglhloagfeisﬁég ﬁggﬁeeg%%éayys?ﬁ?@‘agi Eg?. 1513/1
Thus oxi datj icles Naguted 8f 7ATREI@GN7 cal damage of this edge has a

di sproportionately adverse effect on the 25 sensor performance. In the
enbodi ment s descFlGetilbeitmte ebnéricnl chatactertities obpatirdly encoded electrical lap

10  guides 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 deviétion of less

_than 2nm, when stripe dimension is inferred from the electrical resistance of the

sensor. Subsequent changes in sensor electrical resistahce indicate the presence of

20  oxidation to a depth of approximately 10 nm from the lapped air beaﬁng surface,

resulting in a loss of sensor performance. This exposed, potenﬁally-damaiged edge

of the sensor that is closest to the disc is expected, by design, to prodﬁce the

largest portion of the magnetoresiétive signal. Thus oxidation, corrosion, or
fn_eéhanicql damage of this edge has a disproportionately adverse effect on the

25  sensor perf(;rﬁlance. | ' '

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 indevendent of the lapbping nrocess. NDurine the wafer nrarece a



magnet or esi stive sensor are finished to conply with the precise final .
stripe height dinension during the wafer process.: The sensor stripe is -
not | apped, and the stripe height is independent of the |apping- procesc.
Thirina the thin, nmechanically strong electrical insulator and oxidation
barrier (also called an encapsulation layer) is deposited to protect, or
"passivate" one or both edges of the sensor stripe. Concurrently, an

el ectronic | apping guide, or ELG is patterned in such a way as to permt
preci se determ nati on of nechanical | apptig endpoint. 5 Instead of
stoppi ng the | appi ng process when the sensor stripe height is reduced to
the specified value, in the presently disclosed arrangenment, lapping is "
terni nat ed PBrBcmeehgnigaliystong Gleﬁﬁ'é,@ﬁ/ ngulagar padaxigatinrebairiey (alse caled an.

| ' fact uring. h t f i ni, i vati .
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damaged edge zone often seen using the past process of |apping the sensor
stripe. Healhsteadnef teppingdthei lappinghprosesspaben the sewss spripé beighb és rextucetian

th fabricated with.t t, 15 b h t [
boar | ng- sur Eadhe ecaih Yo i | B8 PRerimi o dichees Sengemant lapping i
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i nvention are useful. sc _drive 100 includes a housing -with a base 102

and a 20 twpubber af esst shoeenfimesi the dirinderd Gleviatidrhexf theclapgéisg eprotess

pack 106, whigh.is nounted on. a Sﬁ”if dl e notor (not shown%t by a_disc clanp

108. Di ¥c ofplstargeing crRabAlity: 1t 1S REPSHH RUQQPSH uhing Pattemed elegteiraldap

nount ed for_ Q- | § Q..a. . di | i.ndi row 107 about
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central axi _ ~di'sc surface has an "assocla disc read/wite -
head slider 110 This Gharidard0deiSGonk @ WMss Ghahh ithe 108t damaged 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 ih 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 ac’aiator 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 heade 110



25 comuni cation wth 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. The actuator shown in
FIG 1 is of the type known as a rotary noving. coil actuator and includes
a voice coil motor (VCM', shown generally at 118. Voice coil notor 118
rotates actuator 116 wth its attached read /wite hParic 1 1 in -5 about.
a pivot shaft 120 to position read/ wite heads 110 over a desired data
track along an arcuate path 122 between -&- di sc i nner dianeter 124 and a
disc outer dianeter 126. Voice coil notor 118 is driven by el ectronics
130 based on signals generated by read/wite heads 110 and a host

conput er ( n@ﬂooggémyc?t 120 t» positiomtdadd{Mmjteiliends fll@ower a desired dateofrack

d/wite head 150. T ite head, 150 b g, t : data
on a di sc. i MO ERD PG P CHZACe el oh e, BIiED GUFELTS: 124 SRr ndiee uter
In FIG 2, ' hegd i | ; 152 th
hgs a sli dé?ﬁ?r%??ﬁ{zﬁgvggﬁe suﬁog%eﬂlggifugﬁgergr@aé&%g%%rﬁ&b?i’dr g%%gr W@l tals

surface_ 156 gefibated By saddyiwritethed 8211 (Farld/Phost coinp e et SHovehy, i con or
AITiC. The slider trailing edge surface 154 is typically perpendicular to

‘the adj aéent air Heari sthematically ilg8ratThe powda of at ealgaditd Iekadntiou dBise
el ectri cal Iea&lf 140 143[ éhat connect to aziMi te cail . (hidden fromview
in FIGS. 2) readigfitebead 1nd grm bediser o dccass datn @naa disciia sdise drisasuchyas
joined to aqgad fec PP EilisBa meeqread/wite head 150 al so include a 15
read head that 1S recessed relative to the air bearing surface 156 and

hi dden from vi el FIGE2, rihadedttadritd e4EIESD ACRRILE A slitfef sRBstEdt@H 5D fSathals PNt

surface that is set back fromthe air bearing surface 156 to define an
encapsul at i sidenwailing tedige sxfardts4 aod athadjmesnbrais beapag tsurfdee 6 The

encapsulat | SHONERIEr 558 DIRMGABh it £F SAleoRLof AVHCs §he iider aeailing alse
PereOr oL B ORI e o 005 5O SEHEI LB REEPALTS0e ,
read/write head 150 includes electrical leads 140, 141 that connect to a write coil
(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 ;chat 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 -fhé read head and the enéapsulaﬁon layer
is described in more detail below in connection with FIGS. 3(B), 4.
FIG. 3 illustrates a method of lapping that exposes a se_nspf stripe at 3(A)
PRIOR ART in comparison to a presently disclosed methéd of lapping that doés 4
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_sﬁch as the substraté 152 in
FIG. 2. The magnetoresistive sensor stripe 162 is initialiy deposited with a height

that is larger than needed. and theh the head is Tanned tn remaove evrece matorial



FIG 3 illustrates a nethod of |apping that exposes a sensor stripe at.

3(A) PRIOR ART. in conparison to a presently disclosed method of | appi ngx"-f"‘f""

t hat 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
magnet or esi stive sensor stripe 162 and read head el ectrical contacts 164,
166 along wwth other |ayers on a substrate of a head. such as the
substrate 152 in FIG 2. The nagnetoresistive sensor stripe 162 is
initially deposited with a height that i%-1arger than needed. and then
the head is lapped is to renmove excess material. -6 Deposition of the
various layers is typically done on conplete wafers in an environnment -
that is evacud® Q%ﬁﬁ’@@nY%@@“%é@%ﬁéﬂSﬂﬁ@ugﬁﬁsdonsunlpen@ﬁ&eawdﬁmsnn a1S
avoi ded befq{ at,i on bar |s dep05|ted Lappi ng,

however, is Egzr@r%r\ tecé? I%eer"%ﬁ‘é%laé ?Ii’ldf:ﬂ’é‘ &% Vren. the sgnsor siripe (163 gndpir
5 b i
removes’ 5 e aioied bStelal biecti Bl ;E/ioﬂef)%ﬂfe? e 4 RRLAS S ace.

The | apping process Is used to precisely con

sensor stri fowidzr, Bhdond spbairg ofteads in thewrsaince HfShr. ”H@mgé(mgves .

damages t he exposed edge of the sensor stripe 162 and the ge is
al so subJ5ectm@’f6r1él< upate ¢nlinadl6st which definesithe ir deeringssiatace. Mheulap
t he | appi ng _ste roce at |o 3(A) achi eves the resuFt of

a narrow st H rB% SHdf Bﬁ?CFBCbBFe%?RIX RenizQ heigle of thawgesaariripe A63sTlm

whi ch tendsg f el rt t he ns ripe
162 away f ro%r‘ms?lﬁg ]?;R)E é%ez?rb F%\éguélp gc@%‘%ﬁh‘& @%aéesngh o%??;ﬁeﬁ c?ge of e
sensi ti vi ty sefisdrhéripentsy and rtheexpdded @AFRUB IS sHBfébtatd %xicf&é?; nf 844 CRfler
undesirably. In the present proceSs illustrated at ,

lithogr aph| @orrpgmé\ssrchssewsw sesulipofigli¢ teppipg estep. al’.iieyPRyORI ARTngrocass at
rragnetor ead el ectrical contacts 174,

176 (whi! §k‘§ ‘r}ésorgées %%ﬁ%?é;zﬁ‘%ggﬁ’ \;ﬁ%f??d? ﬂ%‘ﬁh&rbqta@feﬂ!ﬁ @*P%BSS usedge e
chgpgﬁ?gt ;So 1@%’1‘?3?{31&3/9@5 é’&a%@eﬁf‘%tr%’eeﬂf yo‘Pa }]tesgeg‘_:g'gﬂifi E’a§66 phthe
sensor _s.tr1pe 162 away from the air bearing 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 e-hcapsulation layer 180 (also called a feature layer) is deposited to
encapsulate a front surface 182 of the’ sensor strlpe 172. The magnetoresistive
20  sensor stripe 162 is 1mt1ally depos1ted with a stripe height that is the desn'ed stripe
~ height, and there is no need to lap the sensor stripe 172 to remove excess material.
Deposition of the various layers, mcludlng 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 pi:esence of eir. The lapping removes material up to a line 178
which defines the air bearing surface. The lapping process is used to preeieely
define a thickness of the encapsulation laye: 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 subiect to corrosion or mechanical



encapsul ate a front. surface 182 of ‘the: sensor stripe.172. The o
magnet or esi stive 20 sensor stripe 162 is initially deposited with a stripe"
height that is the desired stripe. height, -and thereis no need to |lap the
sensor stripe 172 to renove excess material. Deposition of the various
| ayers, including the encapsul ation |ayer 180 is done on conplete wafers
I n 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 the presence 4% air. The | apping renoves
material up to a line 178 which defines the air bearing surface. The:
| appi ng process is used to precisely define a thickness of the
encapsul at i oRamagedue igthe nppingpracass ghe peesent poogese at 3(By eckiewes thegiesultn
contact with the front surfa 82 of t sensor stri.pe 172 and the front
Surface 180 9 DeiienrSwpFhsiEit Bif uingut B Pse of OBF caftpetgind cOrrosibs
mer hgni.rgl - pazTal= I ] : e ;
3(B) achi evetg) t?‘%e resr%iﬁﬁpé gp'gmﬁaﬁwgﬁrﬁtgﬁ%ﬁgﬁ %%{%%“ECE}%%@?%%Z%% Eg tic
expense of eggdidandus aflthreed! ¢gi andatragticusengodedtfibmesirface T8E of the
overall sensitivity of the sensor stripe 172 to magnetic nedia is thus
enhanced.5 Arsemsdnstiped]72ucreofly ddedoser proxingity ftadbe m8edisftot provides ardgh level
stripe 172 can fly in close proximty to the nmedia to provide a high |evel
r ead signalﬁfﬁﬁsﬁéggerred arrangenents, optical |ithography chronel ess
phase shift mask t ] It S ec} Vit
BB, ARy | JHEAE B HoRe B2 IR PG, Yttt

define the stripe sor str ensor s

posi tioned s@ablabr élestrbh @aélnslﬂtht)gf%ﬂésaﬁ dsed to fediselgriirRieSthakenpe bagght
| apped air bearing surface at 178. FI 4 il|lustrates exenplary processes

4A-4F used tof sepson siripe AZApkhd sensomnstripayeposiion¢dibs thatdts| feontsuirfaae ig @ few
| ayer) that protects qr passivates a sensor stripe_202 illustrated at

process YWF. TPRYEEARLPAVELNE adr bpaging swéaceftdgSul ation | ayer 200

I |1 ed an. opxj-dgt.i | &l ' i t
(el 50 ool ed o0, Otak B Hatbhp Y oG LEfSRER bRl lpengion
provi de gooda4BCIiylaldl called a feature layer) that protects or passivates a sensor stripe 202

illustrated at process 4F. To protect the sensor stripe, the encapsulation layer 200
(aiso 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 démage. Encapsulation layer 200 preferably
compfises 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 béfore the

20 encépsulétion layer 200 is in place. While oniy 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 @d that the process of FIG.
4is pérformed on multiple sensor stripes 202 on a wafer of suBsfrate material such
as AITiC or silicon. | ‘ |

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

maenetoresistor (GMR). a tunneline maenetoresistive (TMR) stack or other




properties for imunity to | apping danmage. Encapsul-ation |layer 200 - o
preferably conprises Tantalum (Ta), TaN or dianmond-like-carbon (DLC). " The
encapsul ation layer 200 is preferably deposited while the substrate is

still in an air-free or vacuum environnent to avoid oxi dation of the
sensor stripe 202 before the 20 encapsul ation |ayer 200 is in place. Wile
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 andgthat the process of FIG 4 is
performed on multiple sensor stripes 202 on a wafer of substrate materi al
such - as AITiC or silicon. 25 Processing starts at’ process 4A. A "first

hal f gap" | d&y@wpomgnetategisidye sehse ehrivent; hNext enift rofﬁstmh@&f]e?ﬁﬁludlihg af layet
half gap la 20 eferghly c ri.ses alumna. Next, the sensor stripe
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(GR . a1 Baearialye chhfifises?s “BONTEP i, fa T b e eorE e a e viMoD
magnet or esi aivailgblectis® Shipldn Conteatly irf MardBore! MA! The! & b lcng'Iggge$ a

| ayer 206 and a | ayer 208 are deposyi ted over the sensor’stripe .. The
| ayer 206 pesistemadieyiak suphi sespasitped \DEV sesift §V-§olayailabiehitosh LBIﬁglé?i de
(PM3) available fro @S_g pl ey Conpany in Marlboro, MA The |ayer 20

conpri ses a I?B%‘i%tmgsé LP’E‘B/ M{é\:ﬁp}% Plsl layes 206y ardithe revistJayev 208attee
from Shi pl ey; X )l boro .. the PMA.. | ayer 206 .and the resist
ljaygar _(2108 afgh éli ﬁj%lrl%%w%%ﬁ%S{C%tﬁgan‘iloﬁrﬁfﬁlﬁfeﬁw Zgﬁ%ﬁz? g aARte a
esired suriaGecaivaRet 128 Sl fia 1 ¥f 3! YeBiRd i :

desi red shape i% a subese}g%eaﬁf pr oces?égB_. 10" At pr oces%, thseﬂsgﬁ%%rrltary
al um na | aypro@s84Bs deposited by an atomic |ayer deposition process, or

a conparabl e process that provides confornal diel ectric coverage. At )
process 1B, the Sdrigeressi4B fee taypperary plurains leyerAdisadépasited by an atomic

layer deposition 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 tempofary alumina layer 210.
At process 4C, the arrangement is shown after an ion mlllmg 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 ldeposited using a collimated deposition
source, leaving a portion 216 of thie temporary alumina layér 210 that is left
unprotected by the encapsulation layer 200. |
- ‘ At process 4E, a wet efch prc')‘cess is performed, removing the unprotected
25 portion 216 of temporary alumina layer 210.
Ai:-proce'ss 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 depositioh of

| subseaquent lavers of the head.



seal ed between the first half gap |ayer 204 and the tenporary alumna

| ayer 210. At process 4C, the arrangenment is shown after an ion mlting
stripe etch 15 process. The ion mlling stripe etch process defines a
front. surface 214 of the sensor stripe 220 Also, A |ayer of undesired
redeposited resist material 212 is selectively deposited as illustrated.
The | ayer of resist material 212 is deposited on the tenporary al um na

| ayer 202. At process 4D, the encapsul ation | ayer 200 is deposited. The
encapsul ation 20 layer 200 covers the frgnt surface 214 as illustrated at
process 4D. The encapsulation |ayer 200 is preferably deposited using a
col li mated deposition source, leaving a portion 216 of the tenporary

al um na | ayer 21FIGaatillisstrates positioping eCareelebiricahpegaidp(ELE) 260 rélages to
200. At process 4E, a wetr etch prqocess is perforned, renoving_ the .
unpr ot ect ed 2 51585 ??’rﬁ@l@ aolﬁppéaﬁBFf;F‘ilz%ff oh? hgad 236 EleatmonindappingeuddeF,
the lift off ; 8 |- d_off. and dry.carbon | oxi de

cl eani ng par(Fltg2%%(%%%??%gvﬁpérr?ee§%rﬁel§) a ‘?Siﬁ%ela‘a?%}/a&%% Bt PatwW
redeposi t ed @By D38 Rk ' ' : é&ﬁ%ﬁ f.Ld
subsequent | avers of the hggg%&[&g %@éﬁ%ﬂe?eﬁs?gﬁ%@%ﬁé& %gislftl ?%%é-rggb g%
el ectrical lappipg atdagpeddudae 234l The nerrow regised3®is pacdds adLoas edge of

| apped surface 234 of a head 236. El ectronic |apping guide (EL% 230 is
fornmed of arfh@maEtaw segiop 2384s abpve thefiapl ppsdrir hertiag surfape?3brend exg on
238 t hat funcqti nZ as a variabl e resistance sensor indicating progress of
5 | appi ng at® gg%’ﬁ MV'surface 234. The narrow region 238 is placed so that
one edge of the r i j . ' P I i

U face 234, and aas S e ol Chne R B O 20 S RIGIY
el ectrical cbaa duahetiors of dappihgEpfogzads. iA 1&ft Golid vertical axis 250 indicates ELG

10 cohductance and a right dashed axis 252 indicates ELG resistance. A horizontal
axis 254 indicates lapping progress. When lapping is performed at a steady rate
over time, then horizontal axis 252 can also be interpreted as é time axis. As
illustrated in FIG. 6, as lapping progresses, the ELG conductance (solid line 256)

_decreases and the ELG resistance (dashed Iiné 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
i]lﬁstrated) 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
rgsisténce 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, tﬁe electrical conductance 256 decreases at a uniform

- rate. To stop 1apping at a precise location relative to a front edge of the stripe 232,

the ELG must be vreciselv calibrated for the desgired lannino endnnint Whila



as a function of |apping progress.- Aleft solid vertical axis 250

indi cates ELG 1o conductance and a-right dashed axis 252 indicates ELG. -
resi stance. A horizontal axis 254 indicates |apping progress. \Wen | apping
is perforned at .a steady rate over time, then horizontal axis 252 can
also be interpreted as a tine axis. As illustrated in FIG 6, ‘as | apping
proogresses, the ELG conductance (solid Iine 256) decreases and.the ELG
resi stance (dashed line 258) increases. The electrical 15 conductance 256
of the ELG 230 decreases as the | apping pfgocess renoves conductive
material fromthe | ower edge of the narrowed region 238. The | apping
endpoint is reasonably well_ determned fromdata of the sheet resistance
and f eat ur ealibmdionaiiastd onsaldatatedidatoord thevelarehip@irebatbliedi @ 46 obtain
resistors (not i||lustrated) patterned with the sane process but different
| ength to wir8R3PnaRte pEodueiany yigldes thare adsea 2dpsinesta redpenl theevarigtions. As

535, s at SexeliEeli 1 REB0dEn Rutt Bl Tl eeRl asreranadipronnel %
el ectri cal I‘@'Qd%mﬁr‘?‘?@“ﬁﬁ%ﬁ%@??@éﬂ%ﬁet he bulk resistivity -of

the ELG material, the deposited , ELG material and the

al i gnnens of t he Fi@r 7 dlbusteges exanPlesi 1A ahtie7Bs ef elettrivhl idpegdities ¥Rt include
i ntroduce 25 undesired variations in the relationship bétween neasured

resi stance &Ratialle encpded Heatures fhat alpwkimprowsd talébrationpelithe ipocésayef
240 (al so c?l | ed a feat Uéﬁ .la er%. Iaiggi aqfr%i(gc eds, the electrical
conduct ance eERENg AR, Ngepalation Iayer {Rot{lustzatec tOp | apping at a precise
| ocation relativ t ' : .

precisely cali br grtlteega%g:lé ? %é ag{ejglﬁffe}I af-gﬁ”p%‘ﬁédeﬁg%"g?'ﬁﬁh?d%?‘ﬂgﬁ%lwdg%w
cal i brat i ongeditanck PreeahfiedtRineshdb272, 074 &h¢ alrilridvwOd SR téARedien DP6. Mgk ON
to obtain reasonable production yields, there is a desire to reduce the

vari at i dhs. nagowsrskragionr d7dbhow shape thatdotliudes wieps 282G284, 2860A wixkthi A of
patterning (;encodi n iS. U o inmprove calihbration of |apping endpqint.
B @ 711 PR RIPREH ek 0 TR0 TARR o Lp b heREes HyR GHIRIGIeRIRA the

i ncl ude

lapping line moves toward a final lap line 280. As the lapping progresses, an
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 calfbraﬁng 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 réspect to a front surface of a sensor st'ripe (not |
illustrated in FIG. 7). As lapping iorogrésses, the measurement circuitry attached
to the lap gauge can automatiéally calibrate itself based on the calibration factor of
the electrical lap guide 270. Using the calibration, the measurement cﬁcuiﬁy (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 eléctriéal lap guide
270 includes a spatially periodic pattern of steps 282, 284, 286 thaf non-uniformly
change resistance in a spatially periodic manner to provide calibration data for

preciselv setting a lannine endnoint at final lan line 280 The slectriral 1an onida



spatially encoded features that allow i-nproved calibration of the process
of “ lapping an encapsul ation layer (not-illustrated in:FIG 7). I'n exanple
7A,. an electrical |lap guide 270 includes relatively wide, |ow resistance

I nt erconnection pads 272, 274 and a narrowed stairstep region 276. The 16
narrowed region 276 has a shape that includes steps 282, 284, 286. A wdth-
Wof the narrowed region 276 along a | apping |ine 278 changes in abrupt
steps as the lapping line noves toward a final lap |ine 280. As the

| appi ng progresses, an electrical conductjgnce (and its inverse,

el ectrical resistance, described belowin connection with FIG 8) of the
electrical lap guide 270 has a rate of change that 1s changes abruptly at

points 290, 282cardé depioGited sy tan Hiladrichhiomab +6 pReriddy lodRé th G
7) is reacheg by the npving lap |ine 278. A |appi ntg@prl%‘gfeoss intee%gfég%8
and a conduct&hcdodielatie thetlsevhedgoof the srrsor poipe ThedBonedge bbthe stripe
le, ' L brat | factor, f | i brati t f
conduct ance. [ el B IR Bli MEe R, st PR fos pABEOB A tol cxeeseive
progress of {heih@PRNGe fi 2, 20 284, 286 are precisely |ocated
W th respect A@? agPront egﬁgﬁﬁgﬁszﬁﬁsensor stripe (not illustrated in
FIG 7). #s | appi hyepawgiesBean dbariomasyr ?fﬁﬁ@@ml@i {rﬁ}udésyre%{i@%f%det o€
|

| ap gauge can automatically calibrate itself based on the ca atioh
factor of t¥RSIsEARGet intergpnnegtiogupaits 312) 314isindga nherovadd hidater agionlB16. The

measur enent circuitr no, | | lustrated) .connected to the electrical |ap
gui de 270 caﬂartrﬂg'ﬁdc%ﬁ{%‘%’lq #’n%s ?ﬁ%‘?ﬁ%@‘%@éj‘é‘i@tmﬁrﬁn&? et slots 3% BIRA6I As
front of th t S i pe, 4 eaving ,an, . .
encapsul at i i P abP o Pre das i TEs I AndReblRE e BBE %8,1580naring lap tng
gui de 270 i padsesitmonghiap gaide/macii0dAS1MRe ?mgess%mﬁfo ond5fthex¥ts
that non-uniformy change resistance in a'spatiafly periodlc manner to

provi de ¥al i 3#at¥28n33at however, -the dadricalncdrelwemeei des nst abangdy. THerk Hre
284, 286 _relative the front
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electrical conductance (or its inverse, electrical resistance, described below in
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 laiaping progresses, the measurement circuiti'y attaéhed
to the lap gauge can automatically calibrate itself based on the calibration factor of

the electrical lap guide 310. Using 'the caiibration, the meésurement 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 eﬁcapsulaﬁon 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 setﬁng a lapping endpoint at final lap line

320. The electrical 1an omide 310 can he denncited 1icina +hin film tarhniqean ta



that -faces the air bearing surface is not exposed to oxidation due to .. .
excessive |apping past the final lapline 280. 5 In exanple 7B, an '
electrical lap guide 310 includes relatively wide, low resistance

I nterconnection pads 312, 314 and a narrowed | adder region 316. The
narrowed region 316 has a shape that includes openings or slots 322, 324,
326. As | apping progresses, the electrical conductance changes as the
noving lap |ine passes through |ap guide material. As |apping progresses
through one of the slots 10 322, 324, 3282-however, the electrical

conduct ance does not change. There are abrupt steps between change

regi ons and pl at As the Ia rogresses, an electrical
conduct ance P 6?15€§Y io‘iaﬁ‘?/ thesgtepg ﬁggtgﬁﬁcg% relatiq thedzontyedge phide ssesenstripe.

ti 9 | t
change t hat TSPt plate FrBefEliad Tt Bald ® SRR dhelB aBsivns
t hrough eacma%}ﬁnggﬁggﬂ@qﬁ{alpﬁﬂ%@gzgw 284, 286. A | apping progress
i nterval 338 conduct ance change interval 340 between pl at eaus 330,

332, for exanpl e FIGr®wildenativaliplillistedteoeletmichbtharatteristidsufaphtiglipeneddedof
conduct ance (or resi stanc é change to a rate of distance covered in the

progr ess5 of Qﬁ‘-@?lqaéé%? gyiderilusptad ingElGe 7 A5 1 Adselid deft vegtion] agBa378rrgpresents

o BB TSR g SRl
circuitry a@?@?&}ﬁ@seﬂt@ elebBidaPRoSRMIR Fahe @}ékﬁ'f@“ ¥e%3D dR }gwtir%oh@%&is

based on the caliibration factor of the electrica ap gul I ng

t he cal i br aBVéneprebentsbgsping peogress irc distance (urdts. In thel&tseaifad)appmgrmcesb to
the el ectrical Iaphigw de 310 can then control the |appin to stop a
preci se di sthatqe reogenstamt dagerate.che hoyizoated agis 3dec be mtﬁlrmeted as

| 25 | at d.thick | . Th
cl oot db PASERY Slﬁ%i%??%%ﬁ%ﬁ%ﬂ%%@éa&gwﬁf%ﬁﬁ Eibiclidredt %?so%sg
222, 324, 3 % EfEesBONardichO IO UE! 3PP 5 R0beT ASIHEANE S

in a spatia manner to provide calibration ata preci se y
setting a | &ahie@gsehi@h@pEIigpfogremb lap |ine

FIG. 9 schematically illustrates electrical characteristics of spatially encoded
electrical 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 progfesses. |

In comparison with .the‘ stepped ELG illustrated at 7A, the ladder ELG
illust‘rated Aat 7B gives more drama.tic' differences in rate of conductance increase
‘with lappihg 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 edgé and upper edge positions of ELG (and by extension, stripe)
features. Flat z'on_es or plateaus in FIG. 9, result when the lapping surface is

located between ladder "rungs".



-12 precisely Iocate t.he. 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 lapping past the final lap Iine 320. FIG 8
schematically illustrates electrical characteristics of spatially encoded
5 electrical lap guide illustrated in FIG 7A A solid left vertical axis
‘370 represents electrical conductance of the ELG | ap guide 270, and a
dashed right vertical axis 372 represents electrical resistance of the

el ectrical lap guide 270. A horizontal axl® 374 represents | apping
progress in distance units. In the case of .a I apping process that

provides a const I ate the r|zontal Is, 374 can al so be
interpreted as i aﬁtaﬁ%eﬂg‘ﬁgétfst% ga¢ diewH g@pmg UBRE %?Baﬁﬂéﬁ' @@F@éed

el ectrical a S h a d e gdashed
line. 378 in eﬁ?éggigél q%}?eéﬁ'{r C%O@ |st?%m‘l@§'810 %ut‘ r% 5&& 9
progresses. rhhénetSr&idtRidiehd | 241 of
spatially enco e% reI ectri caqr{ebgp@glfﬁﬁeﬂﬁgegﬁgﬁ glgée%ﬂﬁﬁk?:@@ 4?% ﬂg Sg{t%?e

| eft verti cahaped o 38finraepaie beatisg stiffact 408. Theatead diedddapere @20f 4240426 ke

| ap gui de 3(153% and a gpshed right. vertical axis 382 represents electri cal
resi st ande Shapae tedesneasensenyirigaicasity 180 batwiesr therread herildayezg 422, 424,

represents | app ress in ce units a.lap
process @8 :Tg gre%oqas BESCFX&Y 4?@ %%Op?mgliéo% IM%LF ﬁﬁaﬁﬁe
al so be |nt elrogret ed as an elapsed tinme scale. The solid |ine 386

I ndi cates el ectrical conductance values as 20 the | apping progresses, and
the dashed |ine ¥88ensutistripedleiedepisitel indhe stasoratriyatandsy 48011 dediBpi NY
progresses. In coggarl son with. the stepped ELG. illustrated at 7A, the

| adder ELG istiipe#pahasiagep mlegsw:é@erﬁ@fl@r@r@hﬁpp@smﬁ battorarside suniacenfhadden
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The sensor 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 dispbsed in the encapsulation cavity. The éncapsulation 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 lay-erv406. Lapping progresses in a direction indicated
by arrow 411 ahd 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 lab cuide 400 is lapved awav. A nortion 412



features. Flat zones or plateaus in FIG 9, result when the. |apping
surface is |ocated between | adder "rungs". -13 FIG 10 illustrates an
obl i que view of |apping using a spatially encoded electrical |ap guide
400 that is simlar to lap guide 310 of FIG 7. A nmgnetoresistive read
head 420 conprises read head |layers 422, 424, 426 that are shaped to form
an air bearing surface 408. The read head |ayers 422, 424, 426 are shaped
to define a sensor stripe cavity 430 between the read head | ayers 422,

424, 426. The sensor stripe cavity 430 RS an .open side 432 at the air
bearing surface 408. A sensor stripe 404 is deposited in the sensor
stripe cavity 430, The sensor  stripe 404 has a top side surface 434 and
an opposi t e (Barkewith dlashed dines) pf Hreancapsulasionviager 106 i Lpped) awaneThe

sensor stripe 404 has end suyrfaces 436, .438.and ck surface 440 that
are encapsul St &yEe PR&%&P ﬁ?a&nf%gﬁé’#@%é?yﬁzgqg)}%. a TeeEeliidlys genizellede

404 al so ha i : t 4 ..al.l . hearin

Surtace 40s TRKHER Y1 R0Re Mifectb 411030k URROILE MY hORiBlihe HPEIS of

surface 442 the lapsingi by Beatiiorthg slebatal é@ﬁdu&an@ﬁﬁra&tﬁkm%sis@éﬁ &) 60%he
e psul ation cavity.

(also called a 15 feature layer) is disposed int enca
The encapsulelatdenllay @Ithrmwmwlﬂrm desirdcafinaldapped bédge of
encapsul at i | ayer pr.ef erabl I1l.s the encapsul ation cavity between_the
front surfa egﬂgaRsHanqn%ye %((,)5 Iscalfens fé’f?ﬁé’é’ea resyHy eeb?é'éﬁs?ﬁ? slacsiral faper
406 prefera ] e e f 4 and,t he.
final air | Foadd 0 Bathdt BERCT SICHIERRgh Aol bOthe® M M FAT L8 Mot ine
encapsul at i anﬂﬁ&@hcéf&dﬁﬁ%\lﬁpﬁtb ehakbine fHeMEBPingak fi%aﬂ?_@f@gﬂﬁt. B fﬁﬁﬁg Tin@hy
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such as tantalum (Ta), TaN or di anond-1i ke carbon. Th ensof strrpe 404

preferably agments trathe sondyntanesi ghiapeing rprdgiesses, tisp dmdatignbeft theclappirez

back surface 4f40 a%d .t he I‘]@Ort sur?t{acia 442. The final stripe_hei gh"tI 'S

i ndepend@nt SBFace PRy &° dapidrver edsr locriions of ey Eb{n ¢agc ke gaidbrated "on the
fly" in monitoring circuit 414 by real-time computation of the inflection 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 lappéd 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 encaﬁsulation layer in some
applicaﬁOns, but also the sensor stripe layer 502 or other feature layer in the head
'508 that requires lapping in other applications. While electrical lap gﬁide 500 is
25 ‘ﬂlustrated with a ladder periodic feature, other periodic features such as a

. .stairstep feé.ture 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 bearihg surface

(such as 408). The read head lavers are shaved to define a sensor strine cavitv



:25 The. lap guide 400 is arranged on a substrate 402 al ongside a sensor
stripe 404 and an encapsul ation | ayer ‘406. Lapping progresses ina - . °
direction indicated by arrow 411 and the electrical |ap guide 400 and the
encapsul ation layer 406 are |apped to a final lap line (air bearing
surface) 408. A portion 410 (marked with dashed lines) of the electrical

| ap wi de 400 is |lanned away. A nortion 412 -14 (marked wi th dashed |.i nes)
of the encapsulation |ayer 406 is | apped away. The remmining portion of

t he encapsul ation | ayer 406 has a carefullby controlled thickness in the

| apping direction 411 that is controlled by nonitoring progress of the

| appi ng by njtorj el ectrical c¢ondyctance (or electrical resistance) of
the 5 el ect giouﬁhlaslgafjb%r’vﬁlhﬁﬁeﬁg %@ﬁaﬁ‘iﬁqrﬁg’n& PRIFPE SiRe cavily Hasan open
final |appe 0 capsulation.l ayer 406 is aligned to fall on a
resistive b%ggggfctlhgég4@?2%%%0&3?8?%:1% f’:‘fg' 400 rather than a slot. this

al i gnnent ensur eg denabr tRBIC(svth | 4 ; H ; v : I to
the tinme the | apping irs fgjnaﬁsl y safggpghs?a%&h@a m%@%%@p%?gg&d’%‘?gipg

fitting |1inear me

t he conduct sexser atripeapps mgtopr sije ensfare (sich hodad) and ein bppositpboREMILside
surface relative to the | ower edge |locations of the ELG can be calibrated
"on the 5 f|§erface. AhAisensqrrRiripe hegiendsustfasps (sawh as 436, d8Bpande backoturface
inflection points t n_conduct.an | hne segnments. FIG ™11 illustrates
posi ti oni ngggwcﬂgﬂ%@etﬁ?fg@aqm?ﬁsdﬂ%ﬁ?f@gg %@E@?&gﬁﬁiaﬁeﬁ'i ve to a sensor
stripe layer 502TRL séhsbRRR K5 1358 ik : :

does not include anseﬁc’caps I aiﬁi ongfgyer fjﬁl fages@ﬁ%ﬁlf‘g?"?‘%l @%ﬁ?@%@?@:&ﬁ

El ectroni c tHeagipbearing badadeHoGefit0an endapstubdionf cavityeheendingdtdnt thegiditi ve
material and includes a periodic |adder region 510 that functions as a

vari abl e r esfiréacgrie dhe aiydwaringsurfase iy epeangttasionday enfsprh gs 406) igghsppsed
surface, 506. e periodi | adder region 51Q i.s placed so that ope edge
210 of W7 oy F BERPHTsfion ey, TR Sheagtilatid B5eF ek fordlaa e N
bearing sur§aege506, and one edge 516 lies below the final [apped air,

bearing surface. FIG 11 illustrates that an electrical lap guide 500 with
a It is to be understood that even though numerous characteristics and

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 madé 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 éxample, 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 thel
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 présent invention can be applied to other
25 mégnetic storage media, without departihg 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 lap guide 500 is 25 illustrated with a | adder periodic feature,
other periodic features such as a stairstep feature can be used as well. .
In sunmmary, a nmagnetoresistive read head (such as 420) conprises read

head | ayers (such as 422, 424, 426) that are shaped to forman air bearing
surface (such as -408). The read head | a¥vH-s are shaved to define a sensor
- 15 (such as 430) between the read head | ayers. The sensor stripe cavity

has an open _ side (such as 432) at the air bearing surface. A sensor
stripe (suc i ited in the sensor stripe cavity. The sensor

stripe has t,0 i.de surface. (such as 434) and an opposite bottomside 5
surf ace. Th?'&ﬁ?@rh“é‘éﬁ%@l’ﬁﬁg‘ nd surfaces. (such as 436, 438) and a back

surface (such as ; t ad_layers. .. The
sensor stripe al slgéﬁgg&gﬁyreg%%ag%??%e?stﬁgﬂﬂésa&lﬁﬁ%gﬁﬁnaél g?rga%ee%({)% S om
the air bearing surfaghaped eetiefige aBesos 3REHE @éﬂiﬁz%&ﬁ)éhﬁ%h@i‘éa@%aﬁqa &RM
the front surface to the air bearing surface. Al encapsul ation |aye

(such as 406) is di spdbedenson stripee cavitydwving iam opani digle aththe air bearing
encapsul ation | ayer encapsulates the front surface. It is to be

under st ood that even tng%Eﬁ’i numer ous characteristics and advantages of

vari ous enbodi nent ' [ een.set, forth in.the foregoing
description, jtoge%t %eégggmtspﬁpédgﬁ{gﬁ% ggﬂ%‘#}a%/tﬁlggsiarvbt& &]}P% Sg?fsc?rfs&ﬁgﬁi o ° %e
various embodi ments okuifiees, BMENHUrites bl BASCLRFHEELHAE ard leHsd s%?ét}é& by
only, and changes may be made in detail, especially in natters o 4
structure and arrangéhencadhepdrlagers) thei semh:esnipma]spllwzim$ at fienpsegasns
invention to the full , extent i%di ca%red bt¥1 t he hroad general neani ng of
the terms in which t h&hat is set back from the air bearing surface to define an

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 ‘épacing 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 particul ar el ements may
vary 20 depending on the particular application for the read/wite head:
while maintaining substantially the sanme functionality w thout departlng
fromthe scope of the present invention. In addition, although the
preferred enmbodi nent 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 nedia,

wi t hout departing fromthe scope of the gfesent invention. -16 WHAT IS
CLAIMED IS: 1. A read head, conprising: read head | ayers that are shaped
to forman air_bearing surface and that are shaped to define ,'a sensor
*stripe cavitdy Tﬁ@tW@sﬁetqtésm@éﬁj hped of |@l¢gn35 whereus@m@pnmagnpac angferial is

havi ng an op i.d he arr b surfac ensor strl pe in_the
sensor stri ﬁgféf:%\(;i? ?3? WIS %llﬁ uding rtaptadume JpN and
surfaces an%&’tn@ﬁﬁl‘iﬂél{{afr@&ﬁ that are encapsul ated by the read head

| ayers, the sensor stripe also 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 bearing surface; and an encapsul ation
| ayer di spodedn alecticadlamguidenfaronse iy lapping hefeatiresleyet af aamagagtic read -
encapsul at i he front surface. 2. The magnetoresistive read head of
Claim1 whe?’g? GAPEHEEpsul ation |ayer fills the encapsul ation cavity

oo e, 1110 SHGERS300 ol BEHIRS MR8 oelhR s g
ELHggehel ght def i ned iyt idpeRReidnaleloweil: bBgihg strfasy; hade and the front
a 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 reg10n.

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 per10d1c 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 magnetoresistive read head of Caim1l wherein the

encapsul ation | ayer has a thickness between the front surface and the
final air bearing surface of less than 6 manoneters.. 5. The

magnet oresi stive read head of Caim1 wherein the encapsul ation |layer is
formed of a nonmagnetic material. -17 6. The magnetoresistive head of
Claim5 wherein the nonmagnetic material is selected fromthe group of

| appabl e materials including tantalum Td8and dianond-1ike carbon. .7.
An el ectrical lap guide for use in lapping a feature |ayer of "a nagnetic
read head, conprising: a substrate. |ayer supporting the feature | ayer on
a substrate |ayer surface that is perpendicular to an air bearing

At torn of | ZonlacCya e B bk Gl r o eif g HEG SR Rig coPties <

i nt er connecfladdergegidbnand a | apping region conductively joining the first
and second el ectrical interconnection pads, the | apping region having a
shape with a periodic feature to provide an electrical conductance at the
first and s«igo?ﬁ eLeectri jal conneg%ho,ns that varies periodically as the
air bearing sutheglecircal Jap exide of flaim Vawhereim the glecticad sonfluciaarenhas a

wh inth j i, | at | I . 9. Th
ol cctrical Fas Srahansd il BRRRES IR lulthne piFBEH R, cr”compr i ses
sensor stripe layer. 10. The electrical |lap guide of Claim7 wherein the

feature layer has a front surface that is aligned along the air bearing
surface wi t B4t Tee gectrivd lapfgradeofCleim 7 wherein the electrical conductance 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 réad‘ head layer and lithographically
patterning and etching the sensor stripe;

depositing a lift off structure over the sensor stripe and Iithographicélly‘
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. -18 12. The electrical lap guide of Claim?7 wherein the periodic
feature conprises a |adder region. 13. The electrical lap guide of Claim
7 wherein the electrical conductance has a rate of change with progress
in lapping that is not constant. 14. The electrical lap guide of daim?7
wherein the electrical conductance providds a , calibration factor for
calibrating a rate of conductance change to a rate of di stance covered in

the progress of the I. ing. 15 ge %Iectrrca guide of Claim1i14
wherein the el ecfiFPE%tﬁip‘g ﬁlé]@ PR layfrQVfred eﬁ@%qroiﬁlpﬁéfql‘éﬂf@@e@nd

reci se distance rel ajjy a re |laye
8f a desired thi cknesgﬁr gelﬁp?%%ag? aﬁgﬁﬁfﬁt }%ae? M, I(21 ¥g1[p}ﬂ)§1uf)%§ﬁ%#e@8f

wherein the | apping I’Qmmallaﬁéruﬂq&oﬁectépwﬂ{ﬂéﬂéapg(ﬂbﬁghqa ttern that
non-uni formy changes the electrical conductance "in a spdt ially periodic

manner to provi dweg atqtmatq mm@eﬁmprpteetﬂdsmmoneﬁttempoaaryl apireglayer;
endpoi nt at final Iap | ine. 17. A nethod of meking a magnetic read head,
conpri si ng: deposi ti n§*% sensor stripe on a read head l'ayer and

l'i t hographi cal |y, fbgﬁfgbﬁ'tﬂgh?tr&f%ﬁﬁgg t he sensor stripe; depositing a

lift off structure he~Sensor "stripe and |ithographically patterning
the lift off structure to tenporarily define a desired surface shape;

appl ying a tenmporary ‘al umna |layer to the desired surface shape to

t enpor ari | yl&edhet frethechsofr (Jaimpl] wherein the sensor stack comprises a giant

magnetoresistor stack.

19. The method of Claim 17 wherein the lift off structure compnses 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; -19.
depositing an encapsul ation | ayer over the sensor stripe front surface and
the tenporary alum na | ayer, leaving a portion of the tenmporary . alum na

| ayer unprotected by the encapsul ation |ayer; wet etching to renove the
unprotected portion of tenporary alum na |layer; and stripping off the lift
off structure. 18. The nethod of Claim17 wherein the sensor stack
conprises a giant nagnetoresistor stack. 19. The net hod of Claim?17
wherein the lift off structure conprises %p'layer o] :

pol ydi methyl glutarimde (PM3) and a |ayer of resist material. 20. The

met hod of O3 myl7 wasreldn~Lh 01972%(% Sul %‘Leon Ia%/lgﬁeé;h?wgom ted usi ng a

col I i mat ed deposition Source

al um na | ayedir-fleBatenivsr u te t n lay

The method of Claim 17 dI\/\]%iéérnél nq%t?y %g{i‘go@édl%%aﬁ éﬁnlal%ggpa?’st @?%%séfie
used to clean the wafer in preparation for deposi t| on of subsequent | ayers
of .the magnetic read head. 22. The method of Claim 17 further conprising
| apping an air bear surface in the encapsulation layer. 23. The nethod of
Claim17 further conprising form ng the encapsul ation layer froma

materi al selected froma group of passivating materials Tantal um (Ta),

TaN or di-anond-1i ke-carbon (DLC). -20 24. The nethod of Claim 17 wherein
the magnetic read head is maintained in an air-free environnent until
after the encapsul ation |layer is deposited. o o





