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- 1 *@0002* TITLE OF THE | NVENTI ON METHOD OF LAPPI NG
ROW BAR | N WHI CH PERPENDI CULAR MAGNETI C HEADS AR%

FORMED AND LAPPI NG MACHI NE BACKGROUND OF THE mmmmlumnwmm
| N\VENTI ON 5 The present invention relates to a method, ;s

for |lapping a row bar in which perpendicul ar nagnetle\

Eggdfetghfe agm:hpgclldo:‘r:]; Egdgﬁ;“gfper pend cJﬂlﬂ#ﬂﬂ"ﬂlﬂﬂ!"ﬂl"ﬂ”ﬂ”ﬂ! |

whi ch perpendi cul ar magneti c heads each |nclud|ng a
read el ement as wel ITIES.Ea OMAITHEDAINYENTACGN return yoke
are fornmed, is carried out. In this | apping nmethod, a
romMEEHOPSOEréﬁﬁféHGiROWwﬁABhINaﬂHﬁﬁ@ GHRFEHDICULAR
(resistive el AéEare formed 15 close to a read

eIeWﬁﬁNE?Sccgﬁﬁpél | EPPMEG ABBt RARRING MARHINE ng
ol o oo EZ?B%%?&UN&&%P?%S%WE&?iéﬁeNOL‘”
2004-470%%Fa e%%%% %%@%% ong%ngt rln% th nﬁg&gvéﬁpce

*G00002*

val ues o Iapplng gu
R e - e e ggkgﬁem“% sl

| appkBassHrbagsrmBacangetenky 18ppaht fhchapri.ng gundes
is formed on both sides of the read elenent in the

prior artn Aanb@aR¥elindeW akiadn silA dedPRind BRI a

beconmes greater in proportion to a distance fromthe

r eagdeependntulilumagnetic head, a process of lapping a
row bar, in which perpendicular magnetic heads each
including a read element as well as a main pole and a
return yoke are formed, is carried out.

In this lapping method, a row bar is prepared in
which lapping guides (resistive elements) are formed
close to a read element to control a lapping depth
while monitoring resistance values of the lapping
guides (see, for example, Jpn. Pat. Appln. KOKAI
Publication Nos. 2004-47079 and 2001-14617).
Monitoring the resistance values of the lapping guides
enables to improve processing accuracy of a stripe
height of the read element, i.e., a height of the read
element from the lapping surface.

Because only a pair of lapping guides is formed
on both sides of the read element in the prior art,
however, deviation in lapping depth becomes greater in
proportion to a distance from the read element. Thus,

it is difficult to carry out even lapping of the
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it is difficult to carry out even |apping of the 2
entire | apping surface. In particular, when an
inclination is brought about on the |apping surface
between the read el enment and the main pole (or the
return yoke), it is difficult to control the 5

di mensi ons of the main pole and the return yoke which
are the nost inportant paranet@rs-contributing to
wite performance, |eading to a problem of dispersion
in the wite performance. BRI EF SUMVARY OF THE

| NVENTLON leppam@r@MEQat@ .an Ias pentt iafultdrg prheserdn
invention, there is provided a nethod of |apping a

r owiBgR inatihi dis peoyandi edlcart wagrtdte d apgbidyy eavtface
including a read elenent as well as a main pole and a

retHﬁﬁw?éﬁethﬁréeﬁérﬁé@mﬁpﬁeﬁmﬁlﬂh?(ﬂﬁﬁﬂlﬁﬂ#ﬁ) or the

P RRE S Sorate B e Akt e iy %m‘?' des
ool Adpd LA o %&%ﬁei aﬁ%é%xg"nc&na?ﬁ% 3icKe, which
al | gweath@p& %Q; phis ar%%n%f ef%wgo%'ont%l\ﬁilcﬁ%nag to

| appl ng pl at e; carr out

confyi-@kkl ﬁgrﬁbmwc% a@.’é'a'd"i@lgt ¢d he ﬂr%le@@%@'ﬁfé%ﬁers:.on
basis of resistance values of the first and second

| apphngheuiviiese PeeFdimagdeq anot her aspect of the
present invention, there is provided a nethod of

| appi ng a row ZRIEF SUMMARY OPperyE miNvENEION|agnet i c

heads each including a read elenent as well as a main

pol e andAgcording to an aspect of the present invention,
there is provided a method of lapping a row bar in
which perpendicular magnetic heads each including a
read element as well as a main pole and a return yoke
are formed, the method comprising: preparing a row bar
in which first lapping guides are formed close to the
read element and second lapping guides are formed
close to the main pole; mounting the row bar on a
lapping machine so as to allow a lapping surface of
the row bar to face a lapping plate; and carrying out
lapping while controlling pressure applied to the row
bar on the basis of resistance values of the first and
second lapping guides.

According to another aspect of the present

invention, there is provided a method of lapping a row
bar in which perpendicular magnetic heads each

including a read element as well as a main pole and a

return yoke are formed, the method comprising:



10

15

20

25

return yoke are fornmed, the nethod conpri sing:

preparing a row bar in which first |apping guides are
formed close to the read el enent and third | appi ng
guides are formed on a trailing side of the return

yoke; nounting the row bar on a | appi ng machi ne so as
5to allow a | apping surface of the row bar to face a

| appi ng plate; and carryi ng-ouB | apping while
controlling pressure applied to the row bar on the

basi s of resistance values of the first and third

| appiregagdindes. ro¥ Aegorddi mipitch Stiiddt dregidiery appetds are
of the present invention, there is provided a nethod

of FE&pPrAg caosewtbahe raas e spentemdic diharr el ing
heads ,each including a read elenent as well as a main

pol 8UdfigSaarfet@riegord & &rpdindd, sk @t Hdie return
conprising: 15 .preparing a,row bar in which first

| apPHE g HCHEE e ThEo R PO S8 Fo 1ARP e das RSO s
secqnd .l i ng i.des are _far | ose tq th i n

ol 60 28R A 4 BRSBTSk b i Tabe @

traihipgng g8 a0k ;t heq %%wa,qsr%;ols%:t oy | iié%g é} 8 d oW

bar on a I"appi ng machi ne 2 as to appi ng

surtaeerefl 1ihg pewsharet @plaed ad apRl NBHWPIRALL orfiNde
carrying out lapping while <controlling pressure

appbbaedst oft ke sicwabhake @@ lilee odfasihe &fidRASiafiARGE rd

val ues of the first, second, and third | apping

gui deppring Auddedi.ng to yet another aspect of the

present invention, there is provided a |apping

machi ne PEFSInegnda tcowtiadrl iamaitiiesh asmemendift tiee present

magneti c heads each _
invention, there is provided a method of lapping a row
bar in which perpendicular magnetic heads each
including a read element as well as a main pole and a
return yoke are formed, the method comprising:
preparing a row bar in which first lapping guides are
formed close to the read element, second lapping
guides are formed close to the main pole, and third
lapping guides are formed on a trailing side of the
return yoke; mounting the row bar on a lapping machine
so as to allow a lapping surface of the row bar to
face a lapping plate; and carrying out lapping while
controlling pressure applied to the row bar on the
basis of resistance values of the first, second, and
third lapping guides.

According to yet another aspect of the present

invention, there is provided a lapping machine lapping

a row bar in which perpendicular magnetic heads each



including a read elenment as well as a main pole and a

return yoke, first |apping guides close to the read

el enent, and at | east ones of second | apping guides

close to the main pole and third | apping guides on a 5

trailing side of the return yoke are forned,

conprising: a lapping plate; a jig which holds the row

bar with a | apping surface thedeoft facing to the

| appi ng pl ate; pistons which press the row bar through

the jig; and a controller connected to the first 10

| appined ugliirdes, mafad edsmeortesaOfwdlile seconthimpREng and a

gui des and the third | appi ng gui des, and the pistons,

whi &leteiamt velke ,ofarstt dreprofing piiplest arlo s thecHeasiesad

of resistance values of the first |apping guides, and

r esCIEHFES v ANFe R toflaps Y qgs (ﬂfesﬁecﬁort%%mimm queides
and the third des. BRI EF

Egg%kg%??%iﬁd%%erﬁ@m a\ﬂ%}%pjiagig ﬁ?%iﬂéwmedqﬂ Qn a
appirBieriprade 5yt S RS i Gada 20

ot BoRBr Yt e ettt lats G 1R LR AGaTH & rou
or e o e e 2T SRR £dling g0 ghe,

vaf eapbohqugtaite; 23 ST aslivie dfe st MANELC i8adhrough

FIG 5 is a schematic diagramof a |apping machine

accahei fdgt;o aanl eneditreil «af ddieduteseo ighee iy
lapping guides, at least ones of the second lapping
guides and the third lapping guides, and the pistons,
which controls operations of the pistons on the basis
of resistance values of the first lapping guides, and
resistance values of at least ones of the second
lapping guides and the third lapping guides.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a perspective view showing a magnetic
disk apparatus;

FIG. 2 is a cross-sectional view of a
perpendicular write head;

FIG. 3A is a front view of a main pole of the
perpendicular write head, and FIG. 3B is a side view
of a return yoke of the perpendicular write head;

FIG. 4 is a plan view of a wafer for use in
manufacture of a magnetic head;

FIG. 5 is a schematic diagram of a lapping

machine according to an embodiment of the present
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FIG 6 is a schematic diagram for explanation of a
conventional |apping nethod; FIG 7A is a graph

showi ng variations of MMWwi th 5 respect to NH using

TH as a paraneter, and FIG 7B is a graph show ng
variations of ONwith respect to NH using TH as a
paraneter; FIG 8 is a schenmatic diagram for

expl anation of a |apping nmethéd n a first enbodi nment

of the present 10 invention; FIG 9 is a flowhart of

a | apping nmethod according to an enbodi nent of the
presenknitdwantion; FIG 10 is a schematic diagram for
expl anation of a lapping nethod in a second enbodi nment

of the piEg$entc ik5 a madmniadn;c ahiddHaB flir iexalanation of
schemati c di agram for explanation of a |apping method

in & ERNVENEMeO@ilmisPrdna Hethaskent i nventi on.

DETAI LED DESCRI PTION OF THE INVENTION 20 FIG 1 is a_ .
per spect itVE -vi'dwishWIFGRE mdEnE Vadiiskt paradt J4W avith

L sk 1. d t at abl t |.ndl .
ot 585k Lo MHador T 4 2 & HERGF S 8 Py B ie

: ; vicinity of th . .
Sushencran sPeS ey vay o e B TR S
heagsshipder; 65 3 PURRALQS by the suspension 5. A

per pendi"cul ar magnetic head including a read el ement
as vell ag@ maiiy ROl RAGE d &I iHgY 0K Sef@rdmee 8dn of

the tip of the head slider 6 so as to face the
magaeliappdingk mkthddgnal & foiamd Rénbodiment of the present
invention;
FIG. 9 is a flowchart of a lapping method
according to an embodiment of the present invention;
FIG. 10 is a schematic diagram for explanation of
a lapping method in a second embodiment of the present
invention; and
FIG. 11 is a schematic diagram for explanation of
a lapping method in a third embodiment of the present
invention.
DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 is a perspective view showing a magnetic
disk apparatus. A magnetic disk 1 is mounted
rotatably onto a spindle motor 2. An actuator arm 4
is fitted to a pivot 3 provided in the vicinity of the
magnetic disk 1, a suspension 5 is fitted to the
actuator arm 4, and a head slider 6 is supported by

the suspension 5. A perpendicular magnetic head

including a read element as well as a main pole and a
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magneti ¢ head are processed by a built-in signal
processing unit. 5 FIG 2 shows a cross-sectional view
of an exanple of a perpendicular wite head. Note

that, in some figures shown hereinafter, x, y, and z
denote the circunferential direction (downtrack
direction) of the magnetic disk, the radial direction

of the magnetic 10 di sk, and €he-hei ght direction
viewed fromthe nagnetic disk, respectively. FIG 2
shows a read head 20 and a wite head 30 which
constttinheyoke per femdiecular thegnedtl ofthehd Headlledider 6
read head 20 has a structure in which a read el enent

( GVRoehentnt Yaze thei sagaedwiccdéd kbdt-wedignadai rfagim the
shields 21 and 23. The wite head 30 includes a main

pol Bagneticr feafdn argol&ogessgAd Ly @ouidd-ithe Wiale

head 30 shown here is a type that the return yoke 32

i s PESFEPSAEd YRithe traiiing side with respect to

the main @ e 3L, whi ch 20 igﬁ%%:erally referred to as
a shield pol e)S. &+°°%3 0 (ﬂnea-]t yvplee"(/vrcf ehed "P-°
i n Wi gh %rg%%ri%u1%@‘%&%%%5@.0”%%%” ttglféet | %gad'é&le
side wthr Spect  to  thée main pole, may be uUsed.

Furtthghred GRRLINIWERLI10R Fi@fr tBe GOI land3B MeRR e the
different fromthat in FIG 2. 25°I'n FIG 2, reference

syneglrcumgenehes alihe ilrappiing (ntteck d.redth®mi lof the
bearing surface (ABS). The height of the read el enent

22 mpamethe lddpm, ngheurfaade li slirefotrioed dfo tAe tynetic
stripe height (SH). FIG 3Ais a front viewof a film
sur flasé, ofanthéhemhied ghdl ei3kctiioe nhievesblie @l tdhes a
flare yoke 3la
magnetic disk, respectively. FIG. 2 shows a read head
20 and a write head 30 which constitutes a
perpendicular magnetic head 10. The read head 20 has
a structure in which a read element (GMR element) 22
is sandwiched between a pair of shields 21 and 23.
The write head 30 includes a main pole 31, a return
yoke 32, and a coill 33. The write head 30 shown here
is a type that the return yoke 32 is positioned on the
trailing side with respect to the main pole 31 (which
is generally referred to as a shielded pole).
However, a monopole-type write head, in which a return
yoke is positioned on the leading side with respect to
the main pole, may be used. Further, a configuration
of the coil 33 may be different from that in FIG. 2.
In FIG. 2, reference symbol L denotes the lapping

surface, i1i.e., the air bearing surface (ABS). The

height of the read element 22 from the lapping surface
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and a tip portion 31b fromthe narrowed portion of the

5 flare yoke 31a to the tip end. The height of the tip
portion 31b is referred to as the neck height (NH),

and the width of the tip portion 31b is referred to as
the track wwdth (TW. FIG 3B is a side view of only

the return yoke 32 10 viewed fromthe sane direction

as in FIG 2. The return yeke732-has a return yoke

mai n body 32a and a protruded portion 32b which

defines the gap with the main pole 31. The hei ght of

t heipr ekefededdparnt iagn thab stirs peefrerirgrt t(ESHS. t he

throat height (TH). is Next, a |apping nethod

accordi ng'lico &% drbcedifmemtt wifew hef pr eSielm suw@ate ot the
will be described. As showmn in FIG 4, first, the

st rietor @ode tHe Tded Maridh Waltee Heddhs i Flanreddse 31a
depositing thin filns of various materials on the

sur fREe 2of- 1B W& O30 4B dﬁ@“br%@e%%%% RMitiqn 196 the
|nt a_desired attern. Regions, 41 j.ncl udlg}% an. anre ytlp

griét Yok hg& & &Moried Bt h }Wafheer
Bar-l lﬁﬁgf‘e'ﬁ? %reefe[}rrr%\ﬁ dced bsy t%%tt |9, Qi %l-pce NH)

reg ofis Sar— 17 Ke e is et erre
row,Bar chd S8G %fOfth%5 57 JMRAT 31t ) referred t
corFespon s to Fhe Iapplnégiﬁffagé SVm'ﬁiliﬁ%g 2,O as

i s kappedackl Gidkrshaws .a schematic d|agran1of a
| appi ng 8 nmachi ne according to an embodi ment of the

present FHIG/EMEB GIs d sidd sri@pmhprBeghitne Sdtubn | ygke 32

52 which holds a row bar 45 is arranged above a

| appiirgepl &trem the same direction as in FIG. 2. The
return yoke 32 has a return yoke main body 32a and a
protruded portion 32b which defines the gap with the
main pole 31. The height of the protruded portion 32b
is referred to as the throat height (TH).

Next, a lapping method according to an embodiment
of the present invention will be described.

As shown in FIG. 4, first, the structure of the
read and write heads is formed by depositing thin
films of various materials on the surface of a wafer
40 and processing the thin films into a desired
pattern. Regions 41 including an array of magnetic
heads are formed on the wafer 40. Bar-like members
are provided by cutting out the regions 41. The bar-
like member is referred to as a row bar. A section of
the row bar, which corresponds to the lapping surface

L shown in FIG. 2, is lapped.

FIG. 5 shows a schematic diagram of a lapping



51, and pistons 53 are brought into contact with the 5
upper portion of the jig 52. The pistons 53 are
preferably arranged above the respective el enents
included in the row bar 45. The operation of each
piston 53 is controlled by a controller 55. The

pi ston 53 has a nechanismthat allows a position of 10
pressure application surface t® freely change with
respect to the row bar 45. The row bar 45 is arranged
such that the | apping surface is positioned

subsikahtinal by cpadanigeltot ant leebioaii nfeande odf tthee dragyEmiy
plate 51. Lapping is carried out with supplying 15

abr asiveatieneri dn shéls depgilangoma ofiimer Y &,0 detigedy which
the row bar 45 and the |apping plate 51. In this

| appPRESseFovl BpFi B9 il$ @arana@oFeaMs % Tfgmingt iigte
resistances of resistive elenents referred to as .,

el eCtroffe PASHORG ééi G&€ PECEHNY N1 &GOS SdjHisth e
20 stripe_he of .t.he read. gl enent,.

i.gh 6
SchERREFCRIE) LoMoRE F78 acd Chat 4N OWBEO™ i Rihg
el ogl L0016, 30010G Gl S LEL Gal. 15 el 0.2 o ARl g

machi ne ‘according to a prior ar I'gure  shows a

casenefl uli@rPiiRg tA e PUWOHL A M swhi el A i ldedh 2F each
pol e-type perpendicular wite head is fornmed. In this

caspisthe mBi AspeloatIblard the o idNtrlaks 35 arerhe
arranged on the trailing side of the read el enent 22,

andplieads 23 a&we @omeetised sho tihae kdilbwends mfsithieon of

read el ement 22. Two ELGs 61 are fornmed close to the

bot preisgageokpiie cegddrelsergrtce22,0 dhkdleadshatigareith

connected to the respective ELGs 61. The respective
respect to the row bar 45. The row bar 45 is arranged
such that the lapping surface is positioned
substantially parallel to the top face of the lapping
plate 51. .Lapping is carried out with supplying
abrasive material such as diamond slurry to between
the row bar 45 and the lapping plate 51. 1In this
lapping step, lapping is carried out while monitoring
resistances of resistive elements referred to as
electronic lapping guides (ELGs) in order to adjust a
stripe height (SH) of the read element.

FIG. 6 schematically shows a state that a row bar
including electronic lapping guides (ELGs) 1s set to a
lapping machine according to a prior art. This figure
sﬁows a case of lapping a row bar in which a shielded
pole-type perpendicular write head is formed. In this

case, the main pole 31 and the return yoke 32 are

arranged on the trailing side of the read element 22,
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5 leads 71 are connected to the controller 55. The
controller 55 nonitors the resistance val ues of the
ELGs 61 and adjusts SH of the read el ement 22 by
carrying out |apping control. In the conventiona

met hod shown in FIG 6, SH of 10 the read el enent 22
can be precisely processed by |[|apping. Because the
ELGs 61 are only provided cltose ¢to0 the read el enent

22, however, there is a possibility that deviation in

| appi ng depth becones greater in proportion to a

di stadceebdemtha reeadnhe tleeimeat th2 H¥ateleynds tofi $he
difficult to carry out even |apping of the entire

| append slefieoé. 2Pn pdmio ElGeEr 61 whren farnmedc|dlests ¢rp the
i s brought about on the | apping surface between the

r ealoshepdAes22fafdret Feashicd speing 231 oD tis@dset/dr Rre
yoke 32), it is difficult tqg control 20 NH of the nai,n
pol §081e5REATH O Nen & SSRETt T Rro ke CE2 6 lnhi difCarréSRfetive

i t t tributi t it
Dor GARENdD Gl OIS thed e RAN T A S a5 Ser S
in the whbe pgrs.f %’9’1%%%5 e r %Tssc%% NG & the
assum ng %%ag i S a distance fromthe center of

thegpead c§l %%mad%ésgt% ts*gﬁ gffch@l%frr(c)a%ﬂcd RN 0N, 31

(or the return yo I's an I nclinati"on

angkg rok ithe JaPRiapd ity ek Hl .in the x direction
nmeasured at the center of the main pole 31 (or the

return yake t3%) ddrivertEisfiect taxHdwe s em afig hes, SH of

read el ement 22, where the sign of the inclination

angltiael seaet ctlenents 2therar e |eEuiegliys processed by
lapping. Because fhe ELGs 61 are only provided close
to the read element 22, however, there is a
possibility that deviation in lapping depth becomes
greater in proportion to a distance from the read
element 22. Namely, it is difficult to carry out even
lapping of the entire lapping surface. In particular,
when an inclination is brought about on the lapping
surface between the read element 22 and the main pole
31 (or the return yoke 32), it is difficult to control
NH of the main pole 31 and TH of the return yoke 32
which are the most important parameters contributing
to write performance_of the write head, leading to
dispersion in the write performance.

Here, as shown in FIG. 2, assuming that S is a

distance from the center of the read element 22 to the

center of the main pole 31 (or the return yoke 32) and

that 6 is an inclination angle of the lapping surface
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5 made deeper in the former position than in the read

el ement 22, the deviation of NH (or TH) is represented

by the formula: S X tanO. For exanple, given that Sis

7 pn, if only the |Ilapping surface is inclined by 10

in the x-direction, 10 NH (or TH) is deviated as nuch

as 0.12 ~Lm Because NH of the nmain pole 31 and TH of

the return yoke 32 are destgred i-h an order of 0.1 to
0.3 ~tm even dispersion of only several tens of nm
exerts an extrenely profound effect on the wite

per fior mec ex. dlifrelRedamdimeg tureal retgnetd ccahitskr icsf the main
carried out using each of various magnetic heads

whi ®lolgr 81f dlori ddteed e tiunrowmyrke 2)l apidimgrssimget to the
according to the conventional nethod, and a nmagnetic

wr i Cenkiedt PTG r&fd Glamanitt €2 chdrere difstsidh (gythe
are ,evaluated for each magnetic 20 head. Here,  ONjs
eval st ed BdL8d 389 e md Mty B8 gH-US MEfiferdie shapraRg is
when | owf r equenc ignals are overwitten ont

i GRAFPOATEREY Srhiaice lGET PRGOS VeidThe i brdrread
MAN Wi respect .o - [ ter

P G oo 5 e A e o (i RDnaet e Nppented

usi By tHeASTAmRA ANEtRer cafhe transverse axes of the
respective graphs denote neasured values of NH - 11

As shown Fgy R:Gmple) afidreiB,thidt cani ey ypslerst oy the
that, when NH or TH is varied, a profound effect is

br ougp iako wu rdta dMNWsanith QAredBnacti8ri shi ehe Recdusetion,
in the conventional nethod, dispersion is brought
NH (or TH) is deviated as much as 0.12 um. Because NH
of the main pole 31 and TH of the return yoke 32 are
designed in an order of 0.1 to 0.3 um, even dispersion
of only several tens of nm exerts an extremely
profound effect on the write performance.

Recording to a magﬁetic disk is carried out using
each of various magnetic heads which are fabricated
through the lapping step according to the conventional
method, and a magnetic write width (MWW) and overwrite
characteristics (OW) are evaluated for each magnetic
head. Here, OW is evaluated based on remaining high-
frequency signals when low-frequency signals are
overwritten onto high-frequency signals.

FIG. 7A shows variations of MWW with respect to
NH using TH as a parameter, and FIG. 7B shows
variations of OW with respect to NH using TH as a
parameter. The transverse axes of the respective

graphs denote measured values of NH.
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5 about in NH or TH due to an inclination of the

| apping surface, there is a possibility that desired

MAW and OW characteristics cannot be obtained. If

| apping of the main pole and the return yoke is too
deeper than that of the read elenent, NH and TH

becone shorter, 10 and if |apping of the main pole and
the return yoke is too shalldw NH and TH becone

| onger. When NH and TH becone shorter, OW
characteristics are inproved, but MWIis nade

br oader . As shows: dasd,IGhe Thagmet i18,f iidl dcan mensidgrstood
beconmes hi gher as NH and TH becone shorter, 15 which

bri g8 tabylerudflagsr &5 & Marge bhar ancdaunid @ffect is
Therefore, there is a possibility that the fabrlcated
rmgll?éﬂu@hﬁeé@oﬂ:ll&e§nn “%é’tridsﬂw 3 Sadistte ¢S Because,

f tood that the above fact
S redf Ir§ 5 %Qéltvfnlttaé’%% o 5P @awﬁgﬁ%@oﬁgaﬁ%%

20089808 D NARLOYS, SRS RGNS (UGN B ¢ PY Bping

characteri St I CS, nSI I near

dengiyt¥a @ SRek eorls' R ng%q ﬁ\élys hawd d%elffer@ﬂww b g

kept at 5 nmor less an B or I'ess, respective

N oldehatrd RlraW kg dispeSSiven Jut MAand @Nﬂéga;fﬁ{d of
25 wthin the above ranges, the dispersion nust be

contthel adnsyweh et hald diHd eretnges Yadanden ddie dseddriMhan
and m ni mum val ues of NH and TH are nade to be 30 nm

12 toetl s the tdeadbadiementt ,t Al rmexuITis afcdrleGShoiAer,
and 7B. Accordingly, the follow ng condition should

pr ePadaBify leepdag S gdre Dain &g e aaBENenmeturn yoke is

too shallow, NH and TH become longer. When NH and TH
become shorter, OW characteristics are improved, but
MWW is made broader. 1In this case, the magnetic field
intensity becomes higher as NH and TH become shorter,
which brings about unfavorable fringe characteristics.
Therefore, there is a possibility that the fabricated
magnetic head does not satisfy desired write
performance. It is understood that the above fact
greatly affects the yield of the magnetic head.

In accordance with various specifications such as
media characteristics, a track density and a linear
density, dispersion in MWW and OW should preferably be
kept at 5 nm or less and 5 dB or less, respectively.
In order to allow the dispersion in MWW and OW to fall
within the above ranges, the dispersion must be
controlled such that differences between the maximum

and minimum values of NH and TH are made to be 30 nm
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5 where the distance S and inclination angle 0 are as
defined with reference to FIG 2. Hereinafter

enbodi ments of the present invention wll be
described wth reference to the acconpanyi ng

draw ngs. 10 FIG 8 schematically shows a state that a
row bar including first and second ELGs is set to a

| appi ng nachine in a first- eridi+rent of the present
invention. This figure shows a case of |apping a row
bar in which a shielded pole-type perpendicular wite
15 beadeiss oor mie bDasitshicE case,rdshd tmidf [ IGS 317 Aanchd
the return yoke 32 are arranged on the trailing side
of f/Be r &adogiddmgity,22hearfd lleatdn@ S and tdamedtadld o
the both ends of the read el ement 22. A pair of first
ELGPrefeirabilyr fed s@ltdsd itaslt he both sides of the read
20 el enent, 22, and | eads 71 are connected to the
respect i vel £AP8tl Ef. G0 64M)x pair of second ELGs 62 is

f d cl tq the bot i f. the i | 31
st 35 Hedhcd ard ShalinAls s dhdR & e s
EL ) he . i 72 t ed
256?8§t%ﬁ§-&cg&[tigﬁﬁgelr\%éé?ﬁ:%sfﬁy#s'? LG A angete
second Elfas 52 A& el d dGnSEITRE Soh N & fnt invention

preferably el enments having the sane structure as that

13 waflit be ead AR t32 rdfier@®nddad aads ddcshriding

are preferably nade of the sane material as that of

t hedrheadags25 for the read el ement. The wi dths of the

first ELGs 61 and the second ELGs 62 are preferably as

FIG. 8 schematically shows a state that a row bar

including first and second ELGs is set to a lapping
machine in a first embodiment of the present
invention. This figure shows a case of lapping a row
bar in which a shielded pole-type perpendicular write
head is formed. 1In this case, the main pole 31 and
the return yoke 32 are arranged on the trailing side
of the read element 22, and leads 25 are connected to
the both ends of the read element 22. A pair of first
ELGs 61 is formed close to the both sides of the read
element 22, and leads 71 are connected to the
respective first ELGs 61. A pair of second ELGs 62 is
formed close to the both sides of the main pole 31,
and leads 72 are connected to the respective second
ELGs 62. The respective leads 71 and 72 are connected
to the controller 55. The first ELGs 61 and the

second ELGs 62 are resistive elements, and are

preferably elements having the same structure as that
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5 broad as possible with respect to TWof the read

el emrent 22 at a level at which it is possible to
suppress dispersion to a mnimum Because the w dths

of the first ELGs 61 and the second ELGs 62 are given,
t he | apping depth can be cal cul ated on the basis of 10
the resistance values of the first ELGs 61 and the
second ELGs 62, which are moniltored by the controller
55. The controller 55 adjusts SH of the read el enent

22 by carrying out |apping control while nonitoring

t heofeshst anad wakuesntol2t.he Mlisist thleGd ealls The athd 72 are
controller 55 also nonitors the resistance val ues of

t hepirefstraBl@ métecand the seoendaEle@s a82.asWidrata of the

di fference occurs between the resistance val ues of the

bot Aeadhe 28ohProlther read sdjctremtTH Ghe me didish Poltdhr 31

by carr ing out Iappin% control_ in such a manner that
B&E g

20 AirEEdBaGR Gilr abCt the SSEWGhELSS &2 359 LufsuARlY as
t heDrPaaBSy Boss EIE MaTThgesReRt deuil i Hbmard

o oPoRTelt 220 3 & 13T, BEIRINh Xr J DA so
ShonnEPReRl FigR sl '3 LHIEMGET I i PRicns

resiost anee rYalskesrels v114nd hed asRefld W.dd-@ A’ given,
nmeasured at any tinme (S2). A deviation of a

r esikpeanegpialgualeBthf cam dedesiied aterl wh ROd asis of

cal cul ated for each ELG (S3) to judge whether a

desithed reedissbacee wadhes iof dbteaifieatt FOGs 61 and the
second ELGs 62, which are monitored by the controller
55. The controller 55 adjusts SH of the read element
22 by carrying out lapping control while monitoring
the resistance values of the first ELGs 61. The
controller 55 also monitors the resistance values of
the first ELGs 61 and the second ELGs 62. When a
difference occurs between the resistance values of the
bdth, the controller can adjust TH of the main pole 31
by carrying out lapping control in such a manner that
a feedback circuit in the controller 55 is brought
into an operation to apply pressure onto a portion of
the jig above an ELG having great deviation from a
desired resistance value by means of a particular
piston 53 (see FIG. 5).

An outlined process flow of the lapping method in

the present embodiment will be shown in FIG. 9. After

starting the lapping (S1), the resistance values of



5 When the desired resistance val ue has been obtai ned,
the process is conpleted. Wien the desired resistance
val ue has not been obtai ned, |apping control is
carried out by applying pressure intensively onto a
portion of the jig above an ELG having a great 10
devi ation by neans of a particular piston 53 (S5).
Necessary steps are repeated uttil-a desired
resi stance value is obtained finally. In accordance
with the above process, the final inclination of the
| appheg regpkace vef Eiite mow bh@astared B eymadeesas®s . A
to satisfy the condition: Sltan6l < 10 (nnm). It can be
easdeyietnbinr wfd aby e ictesses etliven®, 3B er delse. dadke
whet her the inclination of the |apping surface
satN§ﬂP§sRDhéSa§@@§w&ﬂﬂ9Q|ﬁ9¥ Rl E1¢ sEendc dardge
state that a row, 20 bar including first and

th| o eEEé§ Ps 9sSL red FASAFHANGE Wadfche S wPEaddEshd 54) -

present i nventi,on

oo el Ehed aelg o Sx3lles e Vattit Sk Fars e agted,
Sh'%k@egre%h%stX%ecfgpﬂ%gede'%qgﬁ ﬂﬂéaﬁ %&ﬂe fé%ggg{ance

cl ose to the both S of read
and Leadsnal ag b%%@xn%%tt%‘inte‘a t ﬁ%pfg%%%e@dn\‘cerofl' s
ELGs 61. Further, a pair of third ELGS 63 i s formed

on therteal bwgbsyl @R phY i ref ptrlé%sﬁ_ﬁteurlrﬂxt\é‘?l’s@.v%aal FMto a

| eads 73 are connected to the respective third ELGs

63. phiette ohhalf the thig dbtve 203 brmy Heeriavg angedaanl y

one on the center line in the downtrack direction

wi t Hervéspeon by meansead e gmeriticular piston 53 (S5).
Necessary steps are repeated until a desired
resiétance value is obtained finally.

In accordance with the above process, the final
inclination of the lapping surface of the row bar can
be made so as to satisfy the condition: S |tan6| < 10
(nm). It can be easily confirmed by a cross-sectional
SEM or the like whether the inclination of the lapping
surface satisfies the above condition.

FIG. 10 schematically shows a state that a row
bar including first and third ELGs is set to-a lapping
machine in a second embodiment of the present
invention. 1In the same way as in FIG. 8, the
perpendicular write head is of a shielded pole type.

A pair of first ELGs 61 is formed close to the both
sides of the read element 22, and leads 71 are

.connected to the respective first ELGs 61. Further, a

pair of third ELGs 63 is formed on the trailing side
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5 22 and the main pole 31. This enbodinment is
different fromthe first enbodiment in that the
manuf acturing processes are nade easier than the case
where the ELGs are arranged close to the both sides
of the main pole 31. The respective leads 71 and 73
are connected to 10 the controller 55. For the third
ELGs 63 and the |eads 73, thelstructure and materi al
same as those of the first ELGs 61 and the |eads 71
as well as the second ELGs 62 and the leads 72 in the
firstt theboditmemt voke BE,usedl 1Hasiscort raald erorbtected to
adjusts SH 15 of the read el enent 22 by carryi ng out
| apfheg respecsii vewthie dmbdiGsorGidng tNed e ddiadt diiee third ELG
values of the first ELGs 61. The controller 55 also
nonPBoF§Yt RE ar&singesnealvaonss ogf thge gantar Alige 6 the
and the third ELGs ,63. \Wen adlfference occurs
bet RGYRT Fﬁ&kzﬁllrrgﬁtéf’&né’é FFEPL ST U tﬁ?cﬁ Heqtheglement
control_ | er an NH .t he ret oke

55 n% tg% ain ﬁ lco%trol%%ﬁ sﬁﬂ? [éiggérent

car i A ou appi

feedbagk nel EGUist g Hllbto'&%m%%t G 8l 5% HeS nfél[non L tL{Zﬂfr‘Pg

an operation to apply pressure onto a por

j 1 gp2Bcabave arcEhEdRaviaRg «3 daieHAld QR fvfl’fé‘?é‘ the ELGs
desired resistance value by neans of a particul ar

pi skee adrahged kllGsedSko the Poatess ddowoOftHdenain pole
| appi ng nethod - 16 in the present enbodinent is
si nBlar fThet hatspelctEve 1@addeddr idned 71 ddee ddrmredcted to

enbodi nent. In the present enbodinent as well, the
santhef feotrad lien e fiFlogt thentiddinveLGmarbheand the
obt ai ned.

leads 73, the structure and material same as those of
the first ELGs 61 and the leads 71 as well as the
second ELGs 62 and the leads 72 in the first
embodiment can be used. The controller 55 adjusts SH
of the read element 22 by carrying out lapping control
while monitoring the resistance values of the first
ELGs 61. The controller 55 also monitors the
resistance values of the first ELGs 61 and the third
ELGs 63. When a difference occurs between the
resistance values of the both, the controller 55 can
adjust NH of the return yoke 32 by carrying out
lapping control in such a manner that a feedback
circuit in the controller 55 is brought into an
operation to apply pressure onto a portion of the jig
above an ELG having great deviation from a desired
resistance.value by means of a particular piston 53

(see FIG. 5). The process flow of the lapping method
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5 FIG 11 schematically shows a state that a row bar
including first, second and third ELGs is set to a

| appi ng machine in a third enbodi nent of the present
invention. In the sane way as in FIG 8, the

per pendi cular wite head is of a shielded pole type.
10 A pair of first ELGs 61 is forned close to the both
sides of the read el ement 22, land 4 eads 71 are
connected to the respective first ELGs 61. Further, a
pair of second ELGs 62 is fornmed close to the both

si dea ahet beegent pabed3henand s edds 182 aie tt@nedt &iG.

15 to the respective second ELGs 62. Furthernore, a

pai descfribkidr dnEtGe @3 riss feoboeldmemtt.he Iir aille pgresiate

of the return yoke 32, and |l eads 73 are connected to

t heempesidaenity @ st Wieldd ,EtBe 6ameTied fiegdpact iive theadsirst
71, 72 and 73 are connected to the controller 55. The
20 EBRPAGMEBL S8nadeusPsadnest the read el ement 22 by

carryi 0,84 LPRA S M6 TSP o o
conkd LB U 93 e 5

t he t he 'secon

resi s val ues, e contro ust

t he jhekriAooke 132 thy Gy RG QW ilnaRRid1g sconteol in
17 such a nmanner that a feedback circuit in the

conbeeblkerdizhlias Rratghtheaal a sam foResafilcdiddd AR type.

pressure onto a portion of the jig above an ELG havi ng
gr eat pdevi atfi digsftr alGa désiised orasidstcdree val whebypoth

9

S 00 8 o s
25 63, i ff
EE?E&@? ms &nd ?L' aert%'l%‘?ﬁ l‘%grg:lérg@n%ﬁng) (ﬁt hese Qyesent

sides of the read element 22, and leads 71 are
connected to the respective first ELGs 61. Further, a
pair of second ELGs 62 is formed close to the both
sides of the main pole 31, and leads 72 are connected
to the respective second ELGs 62. Furthermore, a pair
of third ELGs 63 is formed on the trailing side of the
return yoke 32, and leads 73 are connected to the
respective third ELGs 63. The respective leads 71, 72
and 73 are connected to the controller 55. The
controller 55 adjusts SH of the read element 22 by
carrying out lapping control while monitoring the
resistance values of the first ELGs 61. The
controller 55 also monitors the resistance values of
the first ELGs 61, the second ELGs 62, and the third
ELGs 63. When a difference occurs among these
resistance values, the controller 55 can adjust NH of

the return yoke 32 by carrying out lapping control in
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5 neans of a particular piston 53 (see FIG 5). This
process flow of the |apping nethod in the present
enbodi ment is simlar to that of FIG 9 described in
the first enbodinment. In the present enbodi nent as
well, the same effect as in the first and second 10
enbodi nents can be obtained. In the above first to
third enbodi nents, the case- wiiere- SH of the read

el enent is adjusted by nonitoring the resistance

val ues of the ELGs are described. However, SH of the

r eadueherenianc@y bt aadjadlfteadidaye Kl o icatuiti nigh dilie

| appi ng control while nonitoring a resistance val ue

of rhetreddeel &vents Wdchaghtt usitng arEld@srariahitie apply
nmoni toring both of the resistance values of the ELGs
and Pirieé suggd osit@menteo tAddin iadndiheadMantadyesse s ELG having
nodi fications will 20 readily occur to those skilled

i n BRE3&r deVHRGAONGT &rom e daRicitd difSiPianchrodde by

aspects is not limtedq to the specific details and |,
pTBSET B o PRI e &1 e AP edtlq bes) - This
her glr%.'c eé%c %rl Iwn %l fy t h\{aa rlI a%urgsltn‘;rqgo Ir%stf hI oco'[El tio ncsnreng%lroegsge rbt%

made "W thout “departing fr splr%q 0

t he lale penventd. faned dy . .
 he sEReNBr UL e pnespieias, defingd Plddisived on
CLALMED i s t1 ey ddREROE Of ARG A JaW Rabd i i€ s
per pendi cul ar magneti c heads each including a read

el enenll ,agheeldands o fRI d0lig afik ar Idtrdhy tkcdi® 5

fornmed, the nethod conpri sing:
embodiments can be obtained.

In the above first to third embodiments, the case
where SH of the read element is adjusted by monitoring
the resistance values of the ELGs are described.
However, SH of the read element can be adjusted by
carrying out lapping control while monitoring a
resistance value of the read element without using
ELGs, or while monitoring both of the resistance
values of the ELGs and the read element.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, wvarious
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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preparing a row bar in which first |apping guides are
formed close to the read el enent and second | appi ng
gui des are forned close to the nmain pole; nounting the
row bar on a |apping machine so as 10 to allow a

| appi ng surface of the row bar to face a | apping

pl ate; and carrying out |apping while controlling
pressure applied to the rew @& on the basis of

resi stance values of the first and second | appi ng
guides. 15 2. The nethod according to claim1l, wherein
the follow ng condi tweaTi sssaLtAsfEpdIsS | tanO | < 30
(nm) , where Sis a distance fromthe center of the
read el énenf rmethiod odntleppding e nmad papolien avidi ¢hhat
O is 20 an inclination angle of the |apping surface
meabaregndt cuharcepgaetdt figadsmien Oholieadiui ndespargad

to the center of the read elenent. 3. The net hod

accBrEMRG L 8SclEilmh 85 fhBPénPORE gl [Powst ke Gree

tisf Ol <.10 4. A nmet hod of
:Zp Sﬁléglegaﬁb§F§Pﬁ an@ﬁrlﬁépﬁéggrlular nggneglco

e S R0 38 83, LI 5 A e
COMPLLSiFRYmeRr BRRLENY o thaW Rak él%@@ &h @kf%&x%ﬁﬂﬁ'ng

guides are forned close to the rea enent an ird
| apphpging guiides akre frorARd @Nodel td Ithag rilide i1 dne

return mounting the row_bar on a lapping machine so as

to allow a lapping surface of the row bar to face a
lapping plate; and

carrying out lapping while controlling pressure
applied to the row bar on the basis of resistance
values of the first and second lapping guides.

2. The method according to claim 1, wherein the
following condition is satisfied:

S|tan®| < 30 (nm),
where S is a distance from the center of the read
element to the center of the main pole and that 0 is
an inclination angle of the lapping surface measured
at the center of the main pole with respect to the
center of the read element.

3. The method according to claim 2, wherein the
following condition is satisfied: |

S|tan®| < 10 (nm).

4., A method of.lapping a row bar in which

perpendicular magnetic heads each including a read
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yoke; nounting the row bar on a | appi ng machi ne so as

to allow a | apping surface of the row bar to face a

| appi ng plate; and 10 carrying out |apping while

controlling pressure applied to the row bar on the

basis of resistance values of the first and third

| appi ng guides. 5. The nethod according to claim 4,

wherein the followi ng conditildh is satisfied: 15 S |

tanO I < 30 (nm , where Sis a distance fromthe

center of the read elenent to the center of the

r et eflempake asndetlllatas0 a snaian pold iamat i0reangdre yafkd ere

| appi ng surface neasured at the center of the return

yok&ovwinell, r ésygeoe thod lnemp2@ séevst:ier of the read

el ement. 6. The method according to claimb5, wherein

t he f ol mm«?gﬂmmﬁ t%h Ray st iWHidy: fig et tlampinak quides
od of lapping a rqow bar in which

25
perﬁéﬁd.feﬁrnﬁrd ﬁﬁ@ﬁ@t it© ﬁéﬁdge@&ﬁ%%%.w athrjé%éjd lappmg

For AEa ot e CRET ol s HG300 prssaimd & Fow

in g@kgp first | apping guides are forned close to the
read el enment, second |lapping guides are fornmed cl ose

to the mapogunRalgy ward AdW Whr |RPRI %p%irfbe%aaérﬁrfé)@@das
on a trailing side of the 5 return yoke

to allow a lapping surface of the row bar to face a
lapping plate; and

carrying out lapping while contrdlling pressure
applied to the row bar on thé basis Qf resistance
values of the first and third lapping guides.

5. The method according to claim 4, wherein the
following condition is satisfied:

S| tan®| < 30 (nm),
where S is a distance from the center of the read
element to the center of the return yoke and that 06 is
an inclination angle of the lapping surface measured
at the center of the return yoke with respect to the
center of the read element.

6. The method according to claim 5, wherein the
following condition is satisfied:

S|tanb| < 10 (nm).

7. A method of lapping a row bar in which
perpendicular magnetic heads each including a read
element as well as a main pole and a return yoke are

formed, the method comprising:
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nmounting the row bar on a I apping machine so as to
allow a | apping surface of the row bar to face a

| appi ng pl ate; and carrying out |apping while
controlling pressure 10 applied to the row bar on the
basi s of resistance values of the first, second, and
third | appi ng guides. 8. The nethod according to claim
7, wherein the following conddQion is satisfied: S|
tan6 I < 30 (nm , 15 where S is a distance fromthe
center of the read elenent to the center of the main
pol e or tHReRaEtiyrn a yoke e irhathich sf anst ntdppitd oguides
angl e of the |apping surface neasured at the center

of tRE hRATHSSoIE asre thise theetngad yolemaitth sespettlapping
the center of the read 20 elenent. 9. The nethod

accPIERS B citarhes Glnsiseit? the Main d%?]ﬁ? oM thrd
' isfied: .S1 t <1 . 10., A ppi
mcreRE S HHGE AR BT T O E175 LR e (f frthe

magneti.¢heads .each including a read element as well
as a main pole’‘and a return yoke, first |apping

gui des chRsgtidd hed 824, %C?g:”%}f '3 to&%rh% Bach Phd g?c?etas

ones of second ["apping gui des close he main p
and tbhbﬁdohaﬁpllﬁ?pﬁ%lgd%%@&c% JraidHd G- 3 Pft o e a

return yoke are forned, conprising: a |lapping plate;

lapping plate; and

carrying out lapping while controlling pressure
applied to the row bar on the basis of resistance
values of the first, second, and third lapping guides.

8. The method according to claim 7, wherein the
following condition is satisfied:

S|tan®| < 30 (nm),
where S is a distance from the center of the read
element to the center of the main pole or the return
yoke and that 0 is an inclination angle of the lapping
surface measured at the center of the main pole or the
return yoke with respect to the center of the read
element.

9. The method according to claim 8, wherein the
following condition is satisfied:

s|tan®| < 10 (nm).

10. A lapping machine lapping a row bar in which
perpendicular magnetic heads each including a read

element as well as a main pole and a return yoke,

first lapping guides close to the read element, and at
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a jig which holds the row bar with a |l apping surface
thereof facing to the |apping plate; pistons which
press the row bar through the jig; and a controller
connected to the first |apping 10 guides, at | east
ones of the second | apping guides and the third

| appi ng gui des, and the pistons, which controls
operations of the pistons on tdie basis of resistance
val ues of the first |apping guides, and resistance
val ues of at |east ones of the second 15 | apping

gui dessandnilse difhiseddnappiapg i des.dekl.clthe tappiig main
machi ne according to claim 10, wherein the pistons
ar epaleaaged thhiove liape ings gedidese onl apiineg lguigdeside of
included in the row bar.
the return yoke are formed, comprising:
a lapping plate;
a jig which holds the row bar with a lapping
surface thereof facing to the lapping plate;
pistons which press the row bar through the jig;
and
a controller connected to the first lapping
guides, at least ones of the second lapping guides and
the third lapping guides, and the pistons, which
controls operations of the pistons on the basis of
resistance values of the first lapping guides, and
resistance values of at least ones of the second
lapping guidgs and the third lapping guides.
11. The lapping machine according to claim 10,

wherein the pistons are arranged above the respective

lapping guides included in the row bar.



