8 O CT 200(r) SPECIFICATION Title of the invention Lapping oil conposition
for finish-grinding Field of the invention The present inventiﬁ% 6@+§ﬂﬁs
to a lapping oil conposition which is advantageously used in
finish-grinding of a material to provide a high-quality grinding surface.
The present invention particularly relates to a | apping oil conposition
whi ch i s advant ageously used in finish-grinding in which a conposite
mat eri al conposed of a plurali j.als having different hardness
fromeach other is uniformy gr%%%@ﬁgggkﬁégvide a high-quality grinding
sur face, Tﬁkﬁﬂ@&aﬁ@&&hﬂg difference in the grinding anount between soft
materials and rigid materials, i.e. selective grinding, which is generally
caused during | appilagpiagdilpRempsditicigfop iabsesRdiyf the conposite material .
The present invention further relates to a lapping oil conposition which is
advant agebBisdd ¢f thetnventiort j ni sh-grinding in which a conposite material is
uni formy round to provide high-qualit rindi.ng surface, w thout causing
i 11 or ente T REFRERt VFWW?%%'?% IHgping,ol sompRFEERbIChi Bivpafgeoyels,
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abr asi ve ar ailns nv\/nigch in'gsjg%on[guct gd Ig Cer t ée (g'}a?lﬁ%?’ﬁlé&%gg{égg%i ngﬁ%f a
surface opreseitiihventioh pareglaly eldteatd 4 dppidgail campositiaiwhieg isur f ace, usi ng
free abrasive slurry. Prior art Recently, higher performance and higher
functi on PAdXARtageewslyBsed igdaishogrindinginawbickl acompeniteinatpriplaomposed afet r oni ¢
parts, pregision.machine parts..or e like, and L de. range of materials
have beonS SRy REmatctial pi7ee Tetrot havhiset tpfeect #heXia PR ispaid & o,
ceram Cs, plvaR% hibh-484lity SrARtheSRrfatl, Witholf c AR UifrlrARc THE B865h4ILENT
processes of such parts, grinding or polishing of a conposite materi al
conposed amoantetwedni foft mdterialsemnt algsd havdrinds, dief debcand gitadidgedsicd isom each
other is frequently jntroduced. Recited as exanples of grinding processing
of  conpo8tesalhptagpeddwing lapping apd gokishingprepessesaf therompesite materialng of N - P
plating o . dj sk ra unifor.m wer ki ng.of wrjng netal |ayers
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and insula yer i ayer Wiring process

of LSI; apévanbadeb@sly uddtn FnishPdritdEing S Whidh AGoRposttedBatelid] i Q@ Formly

ground to provide high-quality grinding surface, without causing difference in the

7 grinding amount between different materials, i.e. selective grinding, said
finish-grinding using a lap liquid containing no abrasive grains which is conducted
after the grinding procéssing of a surface of a thin film magnetic head to be an air
bearing surface, using free abrasive slurry.

Prior art

Recently, higher performance and higher function have been more and more
demanded for optical parts, electronic parts, precision machine parts or the like, and
wide range of materials have been used for such parts, such as metallic crystalline
materials, ceramics, glass, plastics and so forth.

As one of the manufacturing processes of such parts, grinding or polishing of a
composite material composed of a plurality of materials having different hardness from
each other is frequently introduced. Recited as examples of grinding processing of
composite materials are: in the field of electronics, texturing of Ni-P plating of a hard
disk substrate, uniform working of wiring metal layers and insulation films between

the layers in multiple layer wiring process of LSI; and in the field of optics, grinding of



the connector end faces of optical fibers consisting of a conposite

mat eri al conposed of zirconia ceramcs (so called "ferrule"), quartz gl ass
(so called "core" of fiber) and fluoroplastics (so called "cla@8)qC
respect to a hard disk drive (i.e. a recording nediumof conputer), the
packi ng density has been increased year by year. As neans to attain a

hi gher packing density, the gap or spacing between the hard disk and a
magneti ¢ head has been reduced. In other words, reduction of the sPaCing
of the rathesqanareiey enddagss ehorticaldihsreepnsisting ght eqrepostia matesial cepesad &1 har d
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exanpl es of ype are of an | uctive conpl ex

type wher ghdropRsticsagd@llledeghdy.ance) is used as a recording/reproducing
el enent, and a type using GVR (G ant MR). These thin filmtype magnetic

heads are JWitiposspectdd adacddisbdrive (ivat e¢corling owpgivins eftbompiitea), shebystckatge such
as Altic éAIZCB-TiC),,a ceram c_protective/insulation filmsuch as, alum na

(A1203), SensHy peF PRET INCEPRARM YoRY PE Yeprnedhmenes tosttain aﬂli%laéﬂa%g&epfrﬁvp oy
Fe- Ni (Fe-Al - Sj the like, F | hip filmt
manet i o AP 15 et Forkarine 130 bR nl i SaprcBl LELPIRIRen Bl b, 7 1VP2,

al um na i pehet FbidRNrddiubtidnlof the BHcin@ o SHY Rliddd fhehdhads hee@R@idsdpted €Al Si |
permal l oy: Fe-Ni or the like), an alumna film4, an MR elenment 5, an

al umi na fi |Ameégnedic head dnosiniegl ah o hdrchdisk drévena gbmpraldy oftathin fikedypean al umi na
film8, a wite pole tip ermal | oy or the like), an alum na protective
film 10, EAGMSHsAR t}%aﬁ@f’g@ﬁn@f of thhdmP AR FEAR iu&fﬁlarw% 8& abr asive slurry
is used fQm. Gyl Rci A?g o DRRY f . in filmtype
magneti c g% Fh?%%%%??’%a %%ﬁ?%éppedh%%ngg%éﬁaﬁﬁéfg%gﬁj%gguIts due to

sel ect i verdgbiditk/Fepraiuciilcdahan, £ifd atypeusnkiGMRI(GIMBOD. of soft material s
such as pernall oy and Sendust, due to difference in hardness between the
mat er i al s. Thase thin &&mtype mpgnesicihsads gye otrmeesed of 2 ramposite madarigl coraprisedm (such
as nmagnet i I ortion)..is re ed fram ABS copposed ceram cs, which
s Call eaviarRbeRaRcrrh 3t At QU Septarib e S A e SERGF ng to
recor di ngRBdhy A1k, SRl MnfyBich % a mhBELEMatekiGAAYs E)anﬂlﬁ?t(ﬁélf\]‘l)al
increase in raised or floating distance of the head. In order to avoid the
above- nenthdfedlwe(RcAl-Sipagd thedikeg or danage, Japanese Patent Application

Kokai Nos. _3-92264 and 9-245333 proposed that finish-grinding using a lap 2
0 8 OCT 200%rrrafopls 2 thindilmitrre masnebichsnd &2 ghoyymin Igs. (FCBPrisef 42y ABS

grindi ng Kﬁgcnsglbggrg% 1, an alumina insulation film 2, a bottom shield film 3 (Sendust: FeAlS;,
permalloy: Fe-Ni or the like), an alumina film 4, an MR element 5, an alumina film 6, a
head shield film 7 (permalloy or the like), an alumina film 8, a write pole tip 9
(permalloy or the like), an alumina protective film 10, and a coil conductor 11.

When conventional free abrasive slurry is used for grinding of ABS (Air Bearing
Surface) of a thin film type magnetic head, in most cases, stepped or rough surface
results due to selective grinding or abrasion of a metallic film made of soft materials
such as permalloy and Sendust, due to difference in hardness between the materials.
As a result, there is a problem in that the metallic film (su_ch as magnetic pole portion)
is recessed from ABS composed of ceramics, which is called PTR (Pole Tip Recession),
increasing the magnetic spacing to a recording medium (as shown in Fig. 2), thereby
leading to substantial increase in raised or floating distance of the head.

In order to avoid the above-mentioned selective grinding or damage, Japanese Patent

Application Kokai Nos. 3-92264 and 9-245333 proposed that finish-grinding using a lap



abrasive slurry. Introduction of such finish-grinding has remarkabl e effect
on solving the above-nentioned problens, in other words, by conﬁ%cﬁd-ln%ﬂs
grinding processing using a lap liquid containing no abrasive grains,

sel ective grinding or rough surface caused by ABS grinding using free
abrasive slurry can be recovered. In addition, an invention which provides
free abrasive slurry itself with an ability to avoid selective grinding
has been {mdg For .exanpl e,. Japanese Patent Application No. 10-113327

di scl oseslfHgcontaHiverhehrasixg prdnsbasopdecied altgef iR erigfingosing % 000 and
having 1 ;. 6 ydroxide functional groups, obtained by addition reaction of
propyl ene oxide, or optionally ethylene oxide, is added as an

anti - sel ectlhM8d@tiod dF SiEhIZRH-grirtlihg BEs redkrRSH1Y Bt b Edlvink RS €by avoi di ng
sel ective grinding caused during |apping processing of ABS of a thin film
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grindi ng . GUR i rictional heat generated
during gr?‘%ggktﬁgldg%se55|%;ﬁg%%%%@%\g’%gg???%nop%me{'hout causi ng any reaction
wi th the mihalddBishf acBivediitt whichphdsddsFrelaBy AR LGy HSdIEWRNh WaRbAItH té he

| ayers are nmainly conposed of nol ybdenum di sul fide (MdS2) and bonded to
each ot heavdy salegtivd grindimalbas besrcmadti dor exarapleckhianese Sabmitdpplieationor ce.
Friction ] act area is replaced by interlayer [ction in
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selective grinding of soft matertrals is e Ive avol wever,

r educt i onoxifle,tol eptgaadly Rthyddnetdilel Biagided hea antidelb@ive igrindipf agehetoHdd8 val ue
has been further demanded, while inproving the quality of grinding surface.
Ther ef or eabragive glurppethgreby @ivpidingrselagevegrinding eavspd dyringlappingpreppesivgef, and

at the sa [ t di fference (so cal l.ed "shqul der,.st di fference")
Formed at RS BORmArPrh BeRBe M o8 el R BT Rra ARet i f e ing
i nsul ati ogudfidem during grinding processing using free abrasive slurry
shoul d be | essened. In other words, further lowering of the 3 0 8 0 CT 2003
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organic molybdenum compound as an anti-selective grinding agent. The compound is

decomposed by frictional heat generated during grinding processing and forms a film

without causing any reaction with the metal surface. The film has the layered

structure wherein the layers are mainly composed of molybdenum disulfide (MoS2) and

bonded to each other by Van der Waals force which is a weak intermolecular force.

Friction at the contact area is replaced by interlayer friction in molybdenum disulfide

and is lowered. As a result, the difference in the grinding amount between materials

of various hardness is reduced and selective grinding of soft materials is effectively

avoided.

However, reduction of the spacing of the raised head and lowering of the PTR value

has been further demanded, while improving the quality of grinding surface.

Therefore, selective grinding of the metallic film should be avoided, and at the same

time, step difference (so called “shoulder step difference”) formed at the boundary

between Altic (a substrate) and alumina (an insulation film) during grinding processing

using free abrasive slurry should be lessened. In other words, further lowering of the



Probl ens to be sol ved by the present invention The present invention

relates to a |lapping oil conposition which is advantageously ﬁ qg%#ag@
finish-grinding of a material to provide a high-quality grindi 3 e
The present invention particularly relates to a |apping oil conposition
which is advantageously used in finish-grinding in which a conposite

mat eri al conposed of a plurality of materials having different hardness
fromeach_other is uniformy ground to provide a high-quality grinding
surface, RIRI8IHe adibe Hgpwvingaroding unfacheuality helioms dlﬁng‘@ wsinget ween soft
materials and riqgid materials, i.e. selective grinding, which is generally
caused duFTﬂﬁn?%%%Fﬁgﬁgﬁd pol i shing processes of the conposite nateri al

The pr eseptoyidieRticBIvbdby BRI preSlifRntign @ apping oi | conposition which is
advant ageously used in finish-grinding in which a conposite material is

uni formy Theqguagnt mvphiten cidaths thhe Bppinigtoll compoddiifigwhith ivgdvantsigkdialt causi ng
difference in the grinding anmount between different materials, i.e.

sel ect i veuspdiindinidygrinding offd mptepialitd pravidg adighguality gpnding siufaceontheé ni ng no
abrasive grains which is.conducted afier.th rindj.ng processing of a
surface og’_feﬁelf Pﬁe’?}oprﬂaﬁ%ﬂﬁ%‘% ’&etl?letg%ﬁ)at pB’_élgé’ﬁc PPOSI%%‘gWF’r?B Burface, using
free abragiwtsledhdly usGaH G Nding HewRRh @CbmBbsite1RatRFiRE@Rpokdavat i On 1S
to provide a lapping oil composition and nmethod for finish-grinding method
whi ch ovepboality of hataixdy baviegdiffersad hapdrebd from.caGuothar is wiifoihly grovwelntoi on The
present invention provides a_lapping oil conposition for finish-grinding
conpri si namé(lq?cﬁwhlég'ﬂééh"é’ dinggurfage, withoyt cypingdiffprencein the gripdise gl ycol
conmpounds optionall vy at. | east .one nemher. of osphot.i c est.er
corrpounds.z’lrlj$ﬁlgt lbe?vé’éeenn?(’ftl ﬁr%?/téeﬁl #Soarll1 d b%‘(gzl |mr"’litecrg{i f’)}'epsre(l)e\?:lﬁﬁeegrl?ﬁgg’%olshel-srre nti oned

| appi Ng OkénerSIBRRSED d @ ing MWPFInGIand $olichiAE FiaktREErThy EdthposREBRIEhII S
represented by the foll ow ng ormula W
R C( R2) ( dlee pies¢itOnvedtonCuaheX @lidnto,d 1@ppibp o3y RYositidrewhickach of R, R2, R3
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grim.iing amount between different materials, i.e. selective grinding, said
finish-grinding using a lap liquid containing no abrasive grains which is conducted
after the grinding processing of a surface of a thin film magnetic head to be an air
bearing surface, using free abrasive slurry.
Accordingly, the object of the present invention is to provide a lapping oil composition
and method for finish-grinding method which overcomes the above-mentioned
problems.
Summary of the invention
The present invention provides a lapping oil composition for finish-grinding
comprising a non-aqueous solvent, at least one member of acetylene glycol compounds
and optionally at least one member of phosphoric ester compounds.
The present invention specifically provides the above-mentioned lapping oil
composition, wherein said acetylene glycol compound is represented by the following
formula (I):

R1IC(RH(O(CuH2nr10)mH)C=C-C(O(CuH2n+10)uH) (RHR4 @

where each of R}, R2, R3 and R4 independently represents an alkyl or alkylaryl group,



[R-O (CnH2n+10).]. (OM 3-.P=0O (1) where R represents a C8 - Cl18 al kyl,

al kenyl , al kynyl, aryl or alkylaryl group, n=2 - 4, mO- 4, x=1 - 2 and M
represents H, Na, K Ba, an am ne, such as NH4, or an al kanol aBiBn@CT 23 h
as NH( C2H40H) 3; and the above-nentioned | apping oil conposition, which is
advant ageously used in finish-grinding using a lap liquid containing no
abrasive grains which is conducted after the grinding processing of a thin
filmmagnetic head using free abrasive slurry. Due to the conbination of

t he car bor=¢adisesd m¥0 fe bond which | ocates at the center of acetylene

gl ycol co nd.to be used.in.the present inyention d hydr oxyl or
al koxyl g%ﬁ ef&f&%@ﬁ?t%qu?@%%\%E?P?mﬁitw@r 8%?%66}#%3@?8?5041 et rrar kabl y

enhanced: o@itbunhier bt 8 AERIKLERTGhyiE o: MOl ecul e shous strong

polarity. Therefore, during finis ocessing, pi electrons of the triple

bond and t dRrO-(GHzn:19)0M)s-BEOUPSI( pol ar groups) of the acetyl ene glycol
conpound are oriented to the netallic filmof the magnetic head, and
sel ect i verhereds prosesgnts CreChsialkyl. alkenydmlkyrybamyloy alkylarst grotp.we2fi4 m  whi ch

“prevents the netalljc filmsurfa E)\Hﬁ scrat chi ng., Ac ding to

cl assifi cﬁi‘ﬁog?ﬁgllse%ar&{]ﬁﬁ?’if-sﬁnﬁif gg?f‘y%n HEOS cgﬁﬁﬁf mal loy is

cl assi fi egi@folaffide, 8¢dnths NHIRGA,HRAR; Phenonenon of adsorption is one type of
aci d-base interaction, it Is knowmn that the simlar type of acid and base

tend t o reatthevibote mantionedtlhgiing Bid s@tlp@itidnnwhichnis Adiaptazeosddyf tisdddse has hi gh
adsorption ability to nmetal (soft acid), and this mechanismis believed to
be the reHash grizdingsings laptianid containingingribersiveresaing athjeheig condyictedo|
conmpound havi | el ectron to. the tallic.surf,ace. On the.other hand,

new y for ?rr@%f tglgrgglélglélgé)ﬁ?cﬁfsﬁ%%ofb@t &Eﬁﬁﬂ?&nﬁ ¢ eé‘fiéﬂﬁn@sffees%%s“é?ssquwhti ¢ and
al um na, | DUNBYRIcAMnAAYE thOcHBYERBdErip1d B dNGhith Idcgile8t tiicahRe Of
activities fromeach other (see Masayuki Mori: Tribol ogist 36-2 (1991)

130- 134) . of acetydeneedlicelethpbinad tqireospt dn the esdent inventioumet hagdaxflwnct i on of
reduci ng tﬂ(g sltep between the Altic¢c and alum na ow n% to the fact that
phosphor i BkeElgrowAdRsaRitoithe sanbom nhelestrom densily ipremarkakle sphansedyandct i ve

i f ] , h h b w
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ue to Its's ng atidity, and fornms a film

I'n other Wor@gefors| M&end MIIEE plREstings pPAEdRIHs BEtHe thipleRAN ahBeeligaE on the
surface of the ceram cs such as netal oxide and the crystalline surface is
cover ed V\hy(h‘ogdma@q@épplar groups) of the acetylene glycol compound are oriented to the

metallic film of the magnetic head, and selectively adsorbed to the film, thereby
forming a protective film, which prevents the metallic film surface from scratching.

According to classification based on acid-base property, metals such as permalloy is
classified as soft acid. Since the phenomenon of adsorption is one type of acid-base
interaction, it is known that the similar type of acid and base tend to react with each
other.

Based on this principle, soft base has high adsorption ability to metal (soft acid), and
this mechanism is believed to be the reason for the selective adsorption of the acetylene
glycol compound having pi electron to the metallic surface.

On the other hand, newly formed surface obtained by grinding of ceramics, such as
Altic and alumina, is uneven and known to have points having different degree of
activities from each other (see Masayuki Mori: Tribologist 36-2 (1991) 130-134).

It is believed that phosphoric ester compound has a function of reducing the step

between the Altic and alumina owing to the fact that phosphoric ester compound is



oxygen atons having | arger dianmeter than that of cations such as netal

ions, it is expected that the acidic phosphoric ester conpound, which is
ionic, is easily adsorbed by the surface of the ceramics. In tthé OLIS@00Bf
the | apping oil of the present invention which contains an acetyl ene

gl ycol compound, nore preferably an acetyl ene gl ycol compound and a
phosphoric ester conpound, it is expected that selective grinding of
nmetallic filmbe | owered, because the acetylene glycol nolecule is

sel ect i vebtyongle addorhpdihy active anfsameth@ilewbtfaltmetbsufrfalcmf the rqreméd, withgrer mal | oy

or the Ii due to.the co rd| ion fect t he pij electron 0 t he
triple bohlfnalﬁ’dlet f(’é’fnfaézé?r "? ’P%tta flus "r@%‘i’tWIac’(j’f AT fores aa{ﬂ"@groups)

present iy ofhBEwaGE! ¥h&NS 6ol lbx&ﬂ 7 dBRHAS: beg? em% Aagsro %qu hdd&s

phosphoric ester conpoun trostatic {6 the ceranic

surface due defamics smlrasmgetamx@uet ahd Mawstalhﬁdw@rfaae ﬁet dv&ee withyobiriz@mpound
is selectively adsorbed to the nmetallic fil mconposed of pernalloy or the
| i ke, andoxigen phxyssdmymgclam éranmtemfban dhatcpflc#eon@@rldm&:msﬂai foasdt isconposed of
Altic, alumna

ereb av0|d|n ctive grin et ween
81t O ar uFFaRAREhat BF atpiomos R AR Dl ¥ hish B 1 e EeHOtt or |
resul ti nnghe L8l bant calldilt y to attain |ow PTR val ue and hi gh gri ndi ng
surface quality. Brief descrlptlon of the drawings. Fig. 1 (a) shows a

waf er to bdncehé casaiof theilgppidg 6id pf thl Pesent BvEntidnwkichtortainbbn atdtylend ype
magneti c head cut out fromthe wafer. Fig. 2 is a cross-sectional view of
a thin fi Blrelyprepernghaorepiefaably Pn@cetsleing ghycplepmpeiend ansd aphogphoriogistesh a bar

cut out |s atta h dto 0 S tur ers ctive
Uew ol atumtaEl i oRefeP IR R ety Srseablri b8 BRREL pREL L as  ve
slurry angceftilghéélﬁ«gﬂ b@icnR iy §é15@1vle@%'SMe@td thefsutl& FRISNEL alAvention. Fig.
5 shows a graph that shows the relationship between PTR (pole tip

recessi onyompmdd ofperinaticy orcie like, dafe to blee dedidimatibnsaffebidgethe paélecttybnl afpr over
contained in the | appi t he present invention. 6 0 3 0 CT 2003
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phosphoric ester conpounds and (3) non-aqueous solvent. The present
i nvent i onagstyoneiglycod compound is selectively adsorbed to the metallic film composed of
permalloy or the like, and the phosphoric ester compound to the ceramic surface
composed of Altic, alumina or the like, thereby avoiding selective grinding between
altic/alumina/metallic film, having different hardness from each other, resulting in
excellent ability to attain low PTR value and high grinding surface quality.
Brief description of the drawings.
Fig. 1 (a) shows a wafer to be cut out.
Fig. 1 (b) shows a structure of a thin film type magnetic head cut out from the wafer.
Fig. 2 is a cross-sectional view of a thin film type magnetic head.
Fig. 3 is a perspective view in which a bar cut out is attached to a processing fixture.
Fig. 4 shows a perspective view of a device which is used in lapping processing using
free abrasive slurry and finish-grinding using lapping oil of the present invention.
Fig. 5 shows a graph that shows the relationship between PTR (pole tip recession)
and the total amount of the PTR and surface quality improver contained in the lapping

oil of the present invention.



| apping oi | conposition which is advantageously used in oil lap process
which is conducted after the grinding processing of ABS of a thlqug | m
magneti c head using free abrasive slurry, which requires | ow A

The present inventors made intensive and extensive studies with the V|ew
toward solving the problens of selective grinding between
Altic/alumna/netallic fil mcaused during the ABS grinding processing, and
attaining |ow PTR value. As a result, they found that the use of a Iapping
oi | corrpBqu‘trif%m@dﬁﬁtf@H ngn%feutltbaslve@h@n nmenber of acetyl ene gl ycol

conpounds ona at Ieas one nber .of phosphor| ter conpounds
2o BUPTR anldeeerPaLBeridh ey P laspuie Aornedbes FRRRRDEE () AbEPHgTEaused
during t hgeghbPeH 8y RLEERISH c@ﬁp@'ﬁ%s AL ]{*1‘%29(1 L%cgﬁﬁéﬂt@lﬂﬁ rovbP@r BLEr i al s

to be used in the present I nvention Wi l e descri be etal’l’ below. The

acet yl enelegbtyme|lmentbiep ofia@dtyldye glpcobeonmisrds find MHeqit 96 e mbBy &pho§ihokis
represented by the following fornula W
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R3 and R4 |ndep ndent |. sen an al r n=2 - 4
ond” o - gPrE i ERteier ek 15 Adragtrkepuay bartin By ip Blokesg et

2, 5-di et Eﬁﬁldug’te@ ﬁﬁypﬁle%réldﬁigcﬂrowsﬁﬁg by Q%Y 6F LMif Bfin SidbREtic head using free

3, 6-di net hyl - 4- oct yne- ol ,

nmet hhdasife slutpynehidh Geqliitds 1w PBI wabney e Thy peRentdhi@itors made intensive

met hy| - 5- decyne 4, 7-diol,

met A e@%ﬁé&ﬁ% igs yithithe VisHSpBRIAselEnsheaneblemp of selective grinding

7-tet.rane

r BRI G AR i aBhed during the ABS erindingeragegEipe. and
met Qﬁﬁﬁmﬁtg@@ﬂm@e 8-Adi0desult, they found that the use of a lapping oil

nmet hyl - 6- dodecyne- 5, 8-di ol - blspolyoxyethylene et her,

t edmpossionycbntairdeg yhbaﬂ one ginemhher of acetylene glycol compounds and

9-
th 4, 7 di o] - bi | t hyl th

2 tce)}%tliq%)é ﬁé{eﬁgﬁl ocrilg(irefgzee @ B (Lpgh?rbc; essrt)eor c%géxgndsyas%nI?ngande gurface

6

gl WSOl i Pl Ao T 2008 oo o
i met hythinéd 1ot PER@ahBe- 6, 9- di ol - bi spol yoxyet hyl ene et her, 7,

0- di et hyl - 8- hexadecyne-7, 10-di ol,
7, 10- di net ﬁlihelaathmlad@beyn@d‘fm the megﬁantbnw@ioyml}ée Hodceihed it drgail below.

8,11-d t -9- t dec 8, 11-
La et oy s g T R S mBadu ) b B theopnt inyeptivi rRSIEVE!  ther o
i's no by the following formula (I):

RIC(RZ) (O (CnH2n+ IO)mH) C=C- C(O (CnH2n+ IO)mH) (R3)R4 (I)

‘cowwN~NoooooQon

3
4
4
2
2
5 8 di
5’ 8- di
2
2
2
2
7-
6
1

@D.I\)NALOOOOOOOO\I\ICD
o

where each of R, R2, R3 and R4 independently represents an alkyl or alkylaryl group,
n=2 -4 and m=0-6. Examples include 2,5-dimethyl-3-hexyne-2,5-diol,
2,5-dimethyl-3-hexyne-2,5-diol-bispolyoxyethylene ether, 3,6-dimethyl-4-octyne-3,6-diol,
3,6-dimethyl-4-octyne-3,6-diol-bispolyoxyethylene ether, 4,7-dimethyl-5-decyne-4,7-diol,
4,7-dimethyl-5-decyne-4,7-diol-bispolyoxyethylene ether,
2,3,6,7-tetramethyl-4-octyne-3,6-diol,
2,3,6,7-tetramethyl-4-octyne-3,6-diol-bispolyoxyethylene ether,
5,8-dimethyl-6-dodecyne-5,8-diol, 5,8-dimethyl-6-dodecyne-5,8-diol-bispolyoxyethylene
ether, 2,4,7,9-tetramethyl-5-decyne-4,7-diol,
2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyoxyethylene ether,
2,2,3,6,7,7-hexamethyl-4-octyne-3,7-diol, 2,2,3,6,7,7-hexamethyl-4-octyne-3,7-diol,



limtation with respect to the acetylene glycol conmpound to be used in the
present invention. The acidic phosphoric ester conpound (2) to be used in
the present invention is represented by the foll ow ng fornulaﬁdﬂﬂﬁ

[ R-0-(CnH2. 110). h(OM 3-.P=0 (I1) where R represents a C8 - C18 al kyl,

al kenyl, al kynyl, aryl or alkylaryl group, n=2 - 4, MmO - 4, x=1 - 2 and M
represents H Na, K, Ba, an am ne such as NH4, or an al kanol am ne such as
NH( C2H40H) 3. Exanpl es i nclude octyl phosphate, polyoxyethylene octyl ether
phosphat e 7-difil bispglyoxsiethyderset esherh$,9 (dpmethyk eetigdeeyre-®©8did, et her) phosphat e,

2-et hyl hexyl..phgsphat e, . pol yoxyet hyl ene 2-et hyl hexyl ether phosphate,
di 2- et hyl ﬁé@ﬁgeﬁ’ﬁgg amw%#ém@m pryptirienerthehy| hexyl

et her) phosphak eﬂﬂpgﬁkx%ﬂ baiRa;0p0! Yoxyet hyl ene nonyl ether phosphate,
di nonyl phosphat e, bi's(po yoiyet%Ylene nonyl et her)phosphate, decyl

phosphat e7,10/dohy byl &hbyd e Dy dioEbibgdly sXpompleat @thedi decyl phosphat e,
bi s(pol yoxyet hyl ene decyl ether)phosphate, |auryl phosphate,

pol yoxyet Byl diraethgh9-petadecsine 8dhdsphad 8, dil auryl phosphate,

bi s(pol yoxyet h ne lLauryl ether)phosphate, tridecyl phosphateg,

pol yoxyet ﬁif ﬁﬁe\éi‘ﬁhe&%%%cy%ﬁ ﬁif 319?1 B@bﬁg?la?ﬁa#%%eieg@ewwﬁﬁ%ﬁﬁm {g no

bi s( pol yox ] j

POl Yoy ot L g SR oMo B s aEe Py BCAHRL fund Bk nal AR BheRnt

bi s( pol yoiwehtigti.ene cetyl ether)phosphate, stearyl phosphate,

pol yoxyet hyl ene stearyl ether phosphate, distearyl phosphate,
bi s( pol yoxywengiddgehosghaerig apterapmpeynsH8histhetused il thelpredent nventéon is

pol yoxyet hyl ene, al.e er osphaj.e, dioleyl phosphate,
bis(polyo?%%?ﬁ?P &3*@?§§EWEF§§P?€%3§§hate, nonyl phenyl phosphat e,
pol yoxyet hyl eng-gramyd.phenylogbnecophggphat e, di (nonyl phenyl ) phosphate,

bi s(pol yoxyet hyl ene nonyl phenyl et her) phosphate, (dinonyl)phenyl phosphate,

8 080CT20&Beprpd yepryentyd Ene Cdi aibylydlpheiydlkgiyherrydiradiphiadybgroup, n=2 - 4,
bi s(di nonyl phenyl ) phosphat e and bis(%flyoxyethylene di nonyl phenyl
et her ) pho&pRatteX= ‘o%\éng reprrsprtsits Neo K, Bai ahambie sugh enNHesi@®t to t he

oSN | G5y SRR By BRSBTS P
acet yl enep@hysgethytaietiteihat fResphite! ABctPT pKBRp B tERIIHBSIS odye PR bhyRicet yI ene
gl ycol conmpound and phosphoric ester conpound are used, can avoid
sel ect i veetiernbosphated2rethydheyy] picispbptprrobessithglené 2atlpdingsgbéther mat eri al
conposed 8Losp ;[).t%f (iii%!e%h}lﬁg)iytpghosphate, bis(polyoxyethylene 2-ethylhexyl
ether)phosphate, nonyl phosphate, polyoxyethylene nonyl ether phosphate, dinonyl
phosphate, bis(polyoxyethylene nonyl ether)phosphate, decyl phosphate,
polyoxyethylene decyl ether phosphate, didecyl phosphate, bis(polyoxyethylene decyl
ether)phosphate, lauryl phosphate, polyoxyethylene lauryl ether phosphate, dilauryl
phosphate, bis(polyoxyethylene lauryl ether)phosphate, tridecyl phosphate,
polyoxyethylene tridecyl ether phosphate, ditridecyl phosphate, bis(polyoxyethylene
tridecyl ether)phosphate, cetyl phosphate, polyoxyethylene cetyl ether phosphate,
dicetyl phosphate, bis(polyoxyethylene cetyl ether)phosphate, stearyl phosphate,
polyoxyethylene stearyl ether phosphate, distearyl phosphate, bis(polyoxyethylene
stearyl ether)phosphate, oleyl phosphate, polyoxyethylene oleyl ether phosphate,
dioleyl phosphate, bis(polyoxyethylene oleyl ether)phosphate, nonylphenyl phosphate,
polyoxyethylene nonylphenyl ether phosphate, di(nonylphenyl)phosphate,

bis(polyoxyethylene nonylphenyl ether)phosphate, (dinonyl)phenyl phosphate,



di fferent hardness from each other, and can evenly di mnish the step
difference between netals and ceram cs caused by processing, wthout

| owering grinding efficiency (grinding rate). Boiling point ofg©8h&T 2003
above-nenti oned acetyl ene glycol conpound and phosphoric ester conpound to
be used in the present inventionis 80 'C or nore, preferably 100C or

nore. Such boiling points are selected since an additive having higher

evaporation rate may be evaporated during grinding operation and thus

gri ndi ng pelvewstiviane dinonylpbenyhetharathashate, birédinenyipitenpPphdsphate ang| ene

gl ycol co und or.the anmount of the. acetyl ene glycal conpound.and the
phosphor | BEEEBERaBAERR HEoRY VLo afephabaty therg ) RGO 1 -
20. 0 Wt % Wit &L 1ROl O p R B2 BmpBRh ReRfiodTOr €, NMOre
preferably 2.0§{e 10.0 5¢§% re{gggien?gyfﬁgggﬁ%%%?p%%I%ﬁ%nrgg%?%ﬂpgiI
conposi t i orTHed#ppihg il sdinEysitival fagfiniVkrgrintiing, ANMMER tHefabbhemagdbdddves i s
small, the formation of adsorbed protective filmon the grinding surface

i s .not suffeatylpemglycod penpdvnd alasiede two er morerdembers fiep knth acetyiheslyedle anount

i S excessive ng fyrther eff%ct is observed. It is desired that the sol vent
(3) to beCURMNTA R RbOhIBE ATt ARG A=T Lol BATBUI B EAAE i nce
netal lic filigs Friﬁm’ﬁﬁ@ pﬂﬁ:eé%ilié df@cﬁﬁﬁi@si&; mBPRETR & of BEGHS hafhg COMPonents

of the thin filfmtype magnetic head are generally susceptible to water and
may be r udiffedent Haedrdees frompatiasthey aall csbwaiit dindimish thestop differghcwhi ch i s
generally used, and neans properties based on dipole generated in a

nol ecul e RefeRn getadp and esramips sawrgd byprecppeng, gfithenblerrering ghiadingl vent
”DleCU|eSe&£%n£h@H5§Pes &# bondi ng of the atons, atom c groups and

st er eochefi StFY ther €6 2**The magni tude of the polarity is determ ned

rel ativel y BuliddioiRQdfahd 486v&mchBiBnddY RiyAGHe ghtolRhRoHhEand JRRpAGiAtdrY Of
the 9 0 OCTzoéébgglvent iquualitgtively ré%?gsehﬁéd byHGJvaFue [$ofubility

par anet er cqmpound|to ey uedd inlthé phebertridyentibhas 8QAY er ntone poeferblyel00C orhe | ar ger
the polarity b%fon%s, and vice versa., The 6 _value is classified into
several cHOEyoriuER beilipe RefntRpTe selaged sineg ar pdditiye haying Hghpyevagpragion

Py ogon Basciigl evER Rty BR kel E FREH i chlf EiBhY PRRCSEHETY: 1y of
t he sol veBécondeQudsti®lezompound, i.e., which conpound is dissolved easily in
the solvent. As the organic solvent which is suitable for the |apping oi
for fini sh-1eianagung obtthetabetylene gbynel compywnt ¢rahe ammentefrhaacetylend gyeod val ue
R egdmll)gungig%déh(\e/ gllmo%ghci)gc ens é[r clogl\{)vburu] 1% be used in the present invention is 0.1

— 20.0 wt%, preferably 0.5wt% or more, more preferably 1.0 wt% or more, more

preferably 2.0 — 10.0 wt%, relative to the amount of the lapping oil composition for

finish-grinding. When the amount of the additives is small, the formation of adsorbed

protective film on the grinding surface is not sufficient, and thus selective grinding

may occur. When the amount is excessive, no further effect is observed.

It is desired that the solvent (3) to be used in the present invention is a non-polar

solvent, since metallic films, such as a film made of permalloy or Sendust, as

components of the thin film type magnetic head are generally susceptible to water and

may be rusted. The term “polarity of solvent” has the meaning which is generally

used, and means properties based on dipole generated in a molecule which generation

depends on types of atoms in the solvent molecules and the types of bonding of the

atoms, atomic groups and stereochemistry thereof. The magnitude of the polarity is

determined relatively by the polarity of the interacting molecules. The polarity of the



anount of polar conponents increases and odor is generated fromthe
solvent, or the solvent itself may harm human body and the SUbQS‘E@,%'eZUBSO be
ground. Moreover, in the present invention, a solvent having a¥%
evaporation rate is suitable in order to avoid evaporation of the |apping
oil during grinding processing thereby perform ng stable grinding
processing. If the solvent has a high evaporation rate, solvent will be
evaporated during the grinding operation and thus the grinding processing
may becomneolvand isdtaditativedinrephesenied byod nvalne solubisy pabvanater Ghealselofent to be

sed int resent i nyention preferably has: a boi]i oint of 100 C or

more. pr E%‘BP@-] 13be Yfrg?rtﬁsrg;vaéu%w'i%ilﬁgﬁvhﬁgpﬁﬁmfggcogvfa P4 iE) of 10.0
| ess, | i i i Gt | ess,

or less, pLefergply VﬁuP sOJlaésﬁE'%g n%ﬁ%ggv&aif’c%!g%%hgsgd%%h@%go}ﬂ nl(aa(c)jlgy Gpor |ess

nore preferably 2.0 or [ess. 0 ol'vent "i nc an odorl ess

i sopar af f iaghiphdemnit aldos@ieatatmary@he péRdtyddhd iawredReulaP aibiabeans (s@h\went
(EXXSOL series), manufactured by Exxon Chemical, Co.; an n-paraffin

sol vent ( Wdroserebonding), i the melug defermiines thedissolutismaselectivity ofdhe solvanth as
Pegasol , ge awhi te and Seht ex, manuf act redg bﬁ Mohi | Chemi %al The | appi ng
oi I conpold Be AP {61 WHICHCPRBPHY 1B sepEedaste it thesoaRT oASéhh be
applied t g..aQ¥% EROROShitE i BLE &k ! Ay ' surface
properti es,gﬁ ansd exan%%eé%%?fgérg%I%I%{ﬂllégg%?fo?;ﬁ%gs’rﬂe%gnnnec?ﬁgrﬂ%b%gént

sem conduitventiel, efehiving théNiowh éadaluaixtesiréd. oipshehéadhalud kendp @G eid | nventi on
is described belowin reference to the processing of a thin filmtype
magnet i ¢ A@aunt ofpelar gompenentiinetcheesiaad @domsis gemaratedtftpne thei selvehk of Biel owi ng
steps: 1. tti.ng.out .a bar. A bar 12 js cut out froma,wafer 1 in which a
nunber of B SR RTE LT B ABA A 1o tege b 1 i X (Fig 1
(a), (b)). M6resNt2VA th&lpAled iflvdhtioh, ggﬁ‘?bn'f'h_gvinéga 16W eFaR@tionfrall idr al i ty of
sliders are arranged in rows. 2. As shown in Fig. 3, the bar 12 is fixed

wi t h gl uestitabde pr erdesteiavgidfevaparation & thad lappapiihduridgogrésingiprocédsinghown i n

Fig. 4, grinding Progessi ng of ABS of the slider is conducted by: placing
a subst r atherely RstogmingiaRle geinding processing d Ihthe solvert hassclusR pyaporationt ure 13)

on a surf %? S%i‘%hgwﬁﬁbmag%)%tgcp 5@1‘51‘1 St;:hﬁn %rl;[n:dﬁl’g o]li)glta%ltoinrz]i%dttﬂ s telle%;iﬁlglzji%i e 15

suppl yi ng ’r_ee abrasi ve urry an I'ke Troma supplyrn
under a Cegfdcadsingih@FBbatomie nstablid €Frdrh ehe¥ibwstiMOm PR SbHE, e dolRnARS,

finish grinding using a lap liquid containing no abrasive grains is

conduct edbe nsedRatbe Pregentinvandion pReferably hasea poibioe peinhgf 100Xt GremdS:,
preferably 120° C or more; a solubility parameter (sp value) of 10.0 or less, preferably
8.0 or less; and a relative velocity of 5.0 or less, more preferably 2.0 or less. Examples
of such solvent include an odorless isoparaffin solvent (Isopar series) and an low-odor
naphthene solvent (EXXSOL series), manufactured by Exxon Chemical, Co.; an
n-paraffin solvent (Whiterex series), and an industrial aliphatic solvent, such as
Pegasol, Pegawhite and Sertrex, manufactured by Mobil Chemical.

The lapping oil composition for finish-grinding of the present invention can be
applied to any composite material of various hardness and various surface properties,
and examples include an optical fiber connector, a semiconductor element, a VIR head
and a floppy head. The present invention is described below in reference to the
processing of a thin film type magnetic head.

The raised magnetic head is manufactured in the following steps:

1. Cutting out a bar. Abar 12 is cut out from a wafer 1 in which a number of

magnetic conversion elements 16 are arranged in matrix (Fig 1 (a), (b)). As shown in

10



5. Conducting rail etching processing. 6. Cutting the bar 12 into sliders.
Anong these steps, the present invention relates to the grinding processing
during the |apping processing of the bar (step 3). The convent0 2003
grinding processing of ABS of slider is conducted using free abrasive
slurry with controlled throat height and MR height. The term "t hroat

hei ght (THY neans one of the factors determning the recording property of
athin filmtype magnetic head, and is defined as a distance at magnetic
pol e port Fiznlbstateen AB&ldndf diders se armngedin moiwe. i nsul at or whi ch
electrically isoJates _a filJmcoil (indicated as THin Fig. 2). Athin film
type magnetdh cAf& ?Y’Ihﬁ\/ﬁ‘lﬁg?”é{“h}éﬁrﬂ@tlﬁgx?‘gg’}t (i arpéﬁ‘ieé%ﬁ%ﬁﬁtg‘“’eﬁ%nent is
called an - § ' ogl eadp. i :

VR | nducti vo AEE bEeSRIECAL bR A0 Ratin) oL GSREH o g e clider

r epr oduci fgofd@h@IBy: bRcRige RibsiriR to bagtamna (tMaibah 18l 6k&T sHtH €e processing
recordi ng/ reproduci ng property and this is called MRheight (MR-h). The

MR- hei ght fikisire 13)emgt durtaice plate Mamastly compssiing timovtatingrtbelplatd b sepymmat

whose terpginus i s exposed at . ABS, wherein the asurenment is made from ABS
(i ndi cat egle%lgbli@?%-"ﬁ Sﬁﬁ”ﬁ%.tﬁg)hﬁe %?%F‘E’pg}@ P?ﬁierﬂé‘ﬁfdﬁbér"f’?a’&fpr?ﬁérq ppi ng
oi | conpogit.i taj Nl . t . gl . QF phori c
cster comacnd Bt Bldsp RSN AR iding SR AR T
the anti - aehpebiverdids RREXIREA3 grinding effect of the | apping oil

cont ai ni ngcﬁ?oRabr asi ;ﬁ grains onlvgwt hin fiﬁletm tg/lge magneti c head conpri sing
Al tic (2500, Remauins thq Broo2 frome threpneedshing fixhooY3during fi ni sh-gri ndi ng,
whi ch was nggc eg. aftiir ﬂri ndi ng .Brocessi ng using free abrasive slurry
(the par entheSsPIEEHREABEFEERRNEER % cker s hardness). In addition,

grinding gy opgkdihLtheWar ¢2 StaGhidied. i n the case of grinding processing
using free abrasive slurry; and in the case of finish-grinding using a

| appi ng oi |IAmary thiesd sigpsneHetgresent inveatibly rediares tahy gaind hgmrodessng duriag
phosphoric ester compound, which was _conducted after the grindin

pr ocessi nihalappige presessing dhe bardpigp3). Thesewventional axinding rreepsai@e chnpar at i ve
sl es. A8 JLRRAPLANNE Btk eo UBELole o i BB SR VAN YRR O 1Y
MR height.
The term “throat height (TH)” means one of the factors determining the recording
property of a thin film type magnetic head, and is defined as a distance at magnetic
pole portion between ABS and the terminus of the insulator which electrically isolates
a film coil (indicated as TH in Fig. 2).
A thin film type magnetic head having a magnetic resistance reproducing element is
called an MR-inductive composite head, and with respect to this MR-inductive
composite head, the height of the magnetic resistance reproducing element is one of the
factors which determines recording/reproducing property and this is called MR-height
(MR-h). The MR-height is a length of the magnetic resistance reproduction element
whose terminus is exposed at ABS, wherein the measurement is made from ABS
(indicated as MR-h in Fig. 2).

Example 1

Grinding property of the lapping oil composition containing an acetylene glycol

compound or an phosphoric ester compound

In the present Example, studies were made with respect to the anti-selective

11



having a dianeter of 1/8 u m The lapping oil contained a solvent and a PTR
and surface quality inprover. As a non-aqueous solvent, |Isopar Mwhich is
a non-pol ar solvent was used. The conposition of the | apping o}l i_'sz@%’uovm
in Table 1. Table 1 Material Wight ratio (wt% PTR and surf acd %u%l
i nprover5.0 Sol vent (lsopar M95.0 Total 100.0 For grinding test, an
automati c precision | appi ng nmachi ne HYPREZ nodel EJ-3801N (rmanufactured by
Ni ppon Engis KK) was used. Follow ngs are the finish-grinding conditions
conduct edgwipding efiect bhiheilapping dil edntainingmegibragivegiaimg onsi thip filnetypabr asi ve
slurry: a tin/lead surface at s, used as .a | apping plate; the rotation
rate gf t Frasnehgy e&éé‘”ﬁ?’&flég%gtéc @55@’(1?9“@?'}? @PQ) agdingEmalon 2e0lidyriRgs suppl i ed
by sprayi gg; 3. ! Of . i | oad was
7300 gt oo BrainRe PR Rond DAL P S SRR P BRE EBALER | T g
properti eslungT(EhePsaéntdbaeednyuniRas ididag Bickérs QafdREHNCH LRiReBriMingC  and
the netallic filmof the thin-filmtype magnetic head after grinding
pr ocessi nproperties weppexamingd, ie theswisoof ariding {rPFRsina ugag fregsbragiva shuayrini ng
robe mcroscope (AFM.. . \Wen ..the PTR value of a.thin filmtype magnetic
head was 37! 9655% 03%9,18 §rincingyeing a dapgingoil coginiging DeheR HAGPMTat | on of
scratchin r , ﬁ-?ﬁ ) l i ence
m croscopgly\;agg%ﬁgglfe@%{fwg% S%I\%S@%:om gﬁ’r‘glsuﬁ S‘{sagg{’ﬂt Cteéd%trftggfé}%[ Exanpl e,
it was fogriadiaparocedstny hdifg frap pbragive slurryC OTIRGS cdded etDidediaBiOdghparatdeet yl ene
gl ycol conmpound or a phosphoric ester conpound was used in oil grinding,
the PTR vapmelesf the ground thin filmtype magnetic head was |ower than

t hat nmeasurgd in the.case of the grindi rocessin sing free abrasive
slurry and ’]ﬁﬁéj{eeﬁéﬁ%sﬁee%uﬁrﬁ“f mctgggre(??&gﬂ e’\‘%roﬁiv%ar?p :ér‘ﬁﬂ‘%tjl ¥ hg a | appi ng
oi | cont ahnihPd diehdtbess 178 ARCt YhERBp Bk ¥ARbnaHIAAUWIH RPAnda PIRSRROr i C ester
conpound, which was conducted after the grinding processing using free

abr asi ve shnfaceyualitgompaset. \As Sacsph@epys siént,Heopalh Miwhidhris h wpepolagnet i ¢
head conposed of a conposite material conprising materials of various

har dness SM¥enifiapdeed-y Thesamaositiop ofdhe lapgine oil is shepen folatde Lhat when the

| appi ng oi lp gont ai ning ei ther of polyoxyethylene [auryl ether

Material Weight ratio (wt%)
PTR and surface quality improver 5.0

Solvent (Isopar M) 95.0

Total 100.0

For grinding test, an automatic precision lapping machine HYPREZ model EJ-3801N
(manufactured by Nippon Engis KK) was used. Followings are the finish-grinding
conditions conducted with the lapping oil after rough grinding using free abrasive
slurry: a tin/lead surface plate was used as a lapping plate; the rotation rate of the
surface plate was 5 rpm; the oil grinding liquid was supplied by spraying for 3 seconds
at intervals of 30 seconds; processing load was 1,300 g/cm?; and the processing was
conducted for 10 minutes.

The grinding properties were evaluated by measuring step difference between Altic
and the metallic film of the thin-film type magnetic head after grinding processing, i.e.
pole tip recession value (PTR value), using a scanning probe microscope (AFM). When
the PTR value of a thin film type magnetic head was 3.0 nm or less, it is evaluated as
“good”. For the evaluation of scratching and surface roughness, AFM and a

differential interference microscope were used.
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phosphat e, pol yoxyet hyl ene ol eyl ether phosphate, or pol yoxyethyl ene

nonyl phenyl ether phosphate was used, the PTR val ue was notablé |l ow. Wth
respect to the grinding surface, the case of the |apping oil cﬂ)tQﬁBQW@ an
acetyl ene gl ycol conpound showed better result as conpared with the case of
the grinding processing using free abrasive slurry and the case of the

| apping oil containing neither an acetyl ene glycol conpound nor a
phosphoric ester conPound. In the case that one kind of additive al one was
added to tAaomagpprasyltepf the noesenk Examplefit wes found shalysemtbel lapping athe anount

exceeded 5 Wt % . The results of .the Sanples and rati ve Sanpl es are
Shoun i afosttish BRGNS &7 AGORISTE e ER BA8 A PO T SRRBAI a0 ng

f n . ~ the u . un . ic S d
bne. ot ner o e BRIl et Bt ongehmd R Pl AIBNE e 000 ,

eth |ene kiveetadFiBht Bleasiryd inhoepkhart e Hisiing brosessnicahisy, el dyhsive
phosphat e2. 55ditt o 5pol yoxyet hyl ene | auryl ether phosphate (4EO) 2.47ditto
60f o et hsluereandghatmeasupged indhe egsie of the(friely grindige nsine 2gdanpjes9ibt hyl ene
nonyl phen

I St her ezt os%hat . 42%5; oornqufEO) Conggr at i weng | appi ng,
of | 3. 50s b ERAHIE L AL Reh Srurapd 200R PR iPPE bRy,
oi | 3.47r e%ﬁi&%@s&o%&f@%@g%ﬂﬁbfbc@ssﬁg Bilg 0 ARGk Qﬁrxﬁonb' nrng
acetyl ene gl ycol conpound and phosphorc ester Tconpound In the present
Exanpl e, QontiaestivecSanptedcand thh thiafimcypé magheticdrhd ecanpred bfecomposite
material comprising materials of various hardness was uniformly ground. In addition,
it was found that when the lapping oil containing either of polyoxyethylene lauryl ether
phosphate, polyoxyethylene oleyl ether phosphate, or polyoxyethylene nonylphenyl
ether phosphate was used, the PTR value was notably low.

With respect to the grinding surface, the case of the lapping oil containing an
acetylene glycol compound showed better result as compared with the case of the
grinding processing using free abrasive slurry and the case of the lapping oil
containing neither an acetylene glycol compound nor a phosphoric ester compound. In
the case that one kind of additive alone was added to the lapping oil, no further effect

was observed when the amount exceeded 5 wt%. The results of the Samples and

Comparative Samples are shown in Table 2 below.
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results Oglygcﬂ comipasysl angcp phosphoric ester compound on a thin film type magnetic head

comprising Altic (2500), Sendust (500) and permalloy (200) during finish-grinding,

which was conducted after grinding processing using free abrasive slurry (the

parenthesized numbers indicate Vickers hardness).

In addition, grinding properties

were examined, in the case of grinding processing using free abrasive slurry; in the

case of finish-grinding using a lapping oil containing neither an acetylene glycol

compound nor a phosphoric ester compound, which was conducted after the grinding

The

processing using free abrasive slurry; and in the case of finish-grinding using a lapping

oil containing other additives.

These cases were used as Comparative Samples.

With respect to the composition of the lapping oil used in the present Samples and

Comparative Samples, the same amount was used as in Example 1 except that the

amount of a PTR and surface quality improver was fixed to 5 wt%, the weight ratio of

the acetylene glycol compound and that of the phosphoric ester compound were varied.

The grinding test and the evaluation of grinding properties were made in the same
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Conpar ative Sanples are shown in Table 3 below. 15 000CT2003 Table 3 Sanple
NoMat eri al PTRG i ndi ng (nm) surface 7pol yoxyet hyl ene nonyl phenyl et her
phosphat e2. 42scratch (4EOQ 82,4,7,9-tetranet hyl -5-decyne-4, 08 0CT 200
7-di ol - bi spol yo2. 42smal | xyet hyl ene ether (4EO 1.0 w %crat ches

pol yoxyet hyl ene nonyl phenyl ether phosphate 4.0 w %

92,4,7,9-tetranet hyl -5-decyne-4, 7-di ol - bi spol yorel ati vely xyet hyl ene_et her
_(4EO 2.5 wt % good pol yoxyet hyl ene nonyi phenyl et her
phosphat em2ngersiinHx@mbleé/1.9- t et r anet hyl - 5- decyne- 4, 7- di ol - bi spol yo2. 46good
xyethyl ene_ether (4EO -4.0 W% -- - - - - - -------m-omooo-o

pol yoxyet hyiTeRehageapits REhyipresertExample it aag found thatyhen the lapping oil

)](';Il'g,’[ ﬁﬂ/réggﬁﬁgﬁzﬁé@%ﬂg E&\%K%%;a%gt}_le%e%llicgf_c%%%lo LDy %fxyspggx%j ester

pol yoxyet bythad RYised 8 grétdifg, tROPFRAALR 2t WhiAd thin film type
22,4,7,9-tetranet hyl -5-decyne- 4, 7-di ol - bi spol yo2. 76very goodypx eth | ene
et her (4E@pgBeti: gadhis lower than that measured in the case of the grinding processing using

122, 4,7, 9-tet£amst h}{llr- 5- de%yne-4, 7-di ol - bi spal yo2. 45ver Xi good xyet hyl ene

free abrasive slurry and that measured in the case of the finish-grinding using d

lapping oil containing neither an acetylene glycol compound nor a phosphoric ester
compound, which was conducted after the grinding processing using free abrasive
slurry (Comparative Samples), and the thin film type magnetic head composed of a
composite material comprising materials of various hardness was uniformly ground.
With respect to the grinding surface, the case of the lapping oil containing an
acetylene glycol compound and a phosphoric ester compound in the weight ratio of
4.0:1.0 — 50.0:1.0, preferably 5:1 or more, showed better result as compared with the
case of the grinding processing using free abrasive slurry, the case of the lapping oil
containing neither.an acetylene glycol compound nor a phosphoric ester compound, and
the case of the lapping oil containing other additives. The results of the Cases and

Comparative Samples are shown in Table 3 below.
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ether 4.5 wt% (4E 0) R
pol yoxyet hyl ene ol eyl ether phosphate (4EOQ 0.25 wt %
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 08 OCT 2003
pol yoxyet hyl ene nonyl phenyl et her phosphate (4EO 0.25 w %

133, 6-di net hyl - 4- oct yne- 3, 6-di ol - bi spol yoxyet hyl 2. 44very good ene et her
(4EOQ 2.25 wt %
2,4, 7,9-tetranethyl-5-decyne-4, 7-diol-bispolyo xyethylene ether (4EO

2.25 W% -- - - c-meemmeeiaaaao--- Table 3 pol yoxyet hyl ene nonyl phenyl et her
phosphate [EhNe W RQF0ar ati veno rappi ng of T3 S0STRf  [iRdife
1scrat ches v (nm) | surface
7 polyoxyethylene nonylphenyl ether phosphate | 2.42 | scratch
(4E0)
8 2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 2.42 | small
| xyethylene ether 4EO) 1.0wt% scratches
polyoxyethylene nonylphenyl ether phosphate
4.0 wt%
9 2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 2.45 | relatively
 xyethylene ether YEQ) 2.5wt% . good
polyoxyethylene nonylphenyl ether phosphate
2.5 wt%
10 2,4,'7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 2.46 | good
| xyethylene ether UEQ) 4.0wt%
polyoxyethylene nonylphenyl ether phosphate
1.0 wt%
11 2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 2.50 | very good
| xyethylene ether YEQ) 4.5wt%
polyoxyethylene nonylphenyl ether phosphate
0.5 wt%
2 2,4,'7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 2.76 | very good
xyethylene ether (4EOQ) 5.0 wt%
12 2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 2.45 | very good
| xyethylene ether UEO) 4.5 wt% |
polyoxyethylene oleyl ether phosphate (4EO)
1025 W%
polyoxyethylene nonylphenyl ether phosphate
(4EQ) 0.25 wt%
13 3,6-dimethyl-4-octyne-3,6-diol-bispolyoxyethyl | 2.44 | very good
ene ether (4E0) 2.25wt% |
2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo
 xyethylene ether 4EQ) 2.25wt%_
polyoxyethylene nonylphenyl ether phosphate
(4EO0) 0.5 wt%
Comparative | no lapping oil 3.50 | small
Sample 1 scratches
Comparative | additive-free lapping oil 3.47 | relatively
Sample 2 good
Comparative | 2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 3.42 | good
Sample 3 | xyethylene ether UEO) 4.5 wt% . |
oleyl amine 0.5 wt%
Comparative | 2,4,7,9-tetramethyl-5-decyne-4,7-diol-bispolyo | 3.62 | good
Sample 4  xyethylene ether UEO) 4.5 wt%
oleic acid 0.5 wt%
Comparative |oleicacid | 3.41 | small
Sample 5 polyoxyethylene nonylphenyl ether phosphate scratches
(4E0) 0.5 wt%
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Conparativeadditive-free |l apping oil 3. 47rel atively Sanpl e 2good
Conparative2,4,7,9-tetranet hyl -5-decyne-4, 7-diol -bispol yo3. 42good Sanpl e
3x th _lene ether (4EOQ 4.5 W% Y! y- - --------- 08 0CT 2003
----------------------------- oleyl amne 0.5 wt%

Conparative2, 4,7,9-tetramet hyl - 5-decyne- 4, 7-di ol - bi spol yo3. 62good Sanpl e
4xyet hyl ene_ether (4EOQ -4.5- % --- ------------
---------------------------- oleic acid 0.5 w % Conparati veol ei c

----------:------: ------ _-----------1--;1 -------------------- scrat ches
pol yoxyet Hyt efre Aoy phe six . Sgpo P ISPI8BET2003
Exanpl e Segﬁggﬁﬁmggyendlng on the anDunt of an acetylene glyco conmpound
and a phosphoric ester conpound In the present Exanple, studies were nade
Wi th respedh thopiekent Hxhfiple) stuidiep svede iade WithtrBspeatto whié reddtiduskipk dpiesgy Oi |
contai ning no abrasive grains but both an acetylene glycol conpound and a
phosphor i eeasnmmte%ﬁhpéammg eh@néalﬂ%tnqabeasetﬁgremsaut both amjacetylemppe magneti ¢

head conpr|S|n 2500 Sendyus e during
i she oFF R FitaPo i ol Ao releg ot BPY peh 0t IR gt r ee
abrasive gk, e1(1$ H&d%&%ﬁ%ﬂ%%ﬁ@@sﬁmgﬁﬁxst BRbrAdEpeYmalicy @obpddnRss) - The
wei ght ratio o acetyl ene gl ycol conpound to the phosphoric ester
conpound ﬁmshfgrmddmgaWhﬁh&za@ condweted aftedrgrindRg\pabasesiagndsihf éregnbiadivag sur f ace
wer e eval uated when the concentration of the PTR qgﬁmd surface quality

i mprover HAEY thbﬁlm@eaﬁ@dwtwwewerE dﬂ?hj weight ratig oft'ql?e

eval uati Och(Bf “19(%;1( oung%%h}e %tsge/tforlc este r(gom oun was ﬁxgg pir 085S | n Exanpl e

1. In the pr esen% ene g ycol ‘conmpoun
the PTR value and the grinding surface were evaluated when the concentration of the

PTR and surface quality improver was changed between 0 and 50 wt%.

The grinding test and the evaluation of grinding property were made in the same
manner as in Example 1. In the present Example, the acetylene glycol compound was
2,4,7,9-tetramethyl-5-decyn-4,7-diol-bispolyoxyethlene ether (4EQ), and the phosphoric
ester compound was polyoxyethylene nonylphenyl ether phosphate (4EQ).

From the results of the present Example, it was found that when the total amount of
the PTR and surface quality imporver was 0.5 wt% or more, the PTR value became
small, and the selective grinding of the thin film type magnetic head composed of the
composite material was avoided. When the amount is 1.0 wt% or more, more
preferably 2.0 — 10.0 wt%, excellent surface was obtained with no scratches and
roughness. When the amount was above 20.0 wt%, no further improvement in effect
was observed. As compared with the case of no additives (Comparative Samples), the
condition of the grinding surface was excellent. The results of the present Samples

and Comparative Samples are shown in Table 4 and Fig. 5.
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2,4,7,9-tetranet hyl - 5-decyn-4, 7-di ol - bi spol yoxyet hl ene ether (4EOQ), and the
phosphoric ester conpound was pol yoxyet hyl ene nonyl phenyl ether phosphate
(4EOQ). Fromthe results of the present Exanple, it was found tpdt 00Nhap3t he
total anmount of the PTR and surface quality inporver was 0.5 wt % or nore,

t he PTR val ue became small, and the selective grinding of the thin film
type nagneti c head conposed of the conposite material was avoi ded. \Wen

the amount is 1.0 % or nore, nore preferably 2.0 - 10.0 wt% excellent
surface wi@PleBt ai ned with no scratches and roughness. \WWen the ampunt was
above 20. O] ®4&ple™® T UT THAT am5PQAY SKEPTR bid Shifeel | PAEE(2DS §G¢RMing S| conpar ed
with the cpase of no addidiityespidvedparative Sanplgs), the |gemgliet oh of the
grindi ng siifface was ¢gqellent. The results of tNgpresent sgpl es| and
Conpar at i vejg5anpl €S al g sgShown in Table 4—and FI g 5g 17 uu%ﬁ@?ﬁB—Table 4
Sanpl e NoTpyal —aroumnt gk the PTR and surface PTR C}in'hﬂquuai ty
| nprover sury Ce_l40.131ﬁlguuu 15032 68drtto 160'?2ik5d'tt9q¢ﬁ$b92 S51lvery
good 183. 0pyp2drtto 1.§xp2 50ditto 1910.02.46d|tthEQJ20.Ozdﬁﬂyuud 1
30. 02. 44di lf — 22t 505\02 A4 ditto Ounpou ativenot "‘:’ ol R1®) uidlit 5 50smal |
Sarrpl e 1sc Fg cnes wllprﬁLl VA 2.46 ditto

20 20.0 2.43 good

21 30.0 2.44 ditto

22 50.0 2.44 ditto

Comparative | no lapping oil 3.50 small

Sample 1 scratches

Comparative | additive-free lapping oil 3.47 relatively

Sample 2 good

As is apparent from Example above, by finish-grinding using a lapping oil containing

at least one member of acetylene glycol compounds and optionally at least one member

of phosphoric ester compounds, which is conducted after grinding processing using free

abrasive slurry, it becomes possible to uniformly grind a composite material composed

of materials having different hardness from each other, without causing selective

grinding.

The lapping oil for finish-grinding of the present invention can be used regardless of

the kind of the free abrasive slurry used in grinding processing conducted before the

finish-grinding. In addition, by conducting finish-grinding using the lapping oil of the

present invention, improved (i.e. low) PTR value and improved surface quality can be

obtained as compared with those obtained by the grinding processing.
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additive-free lapping oil 3.47rel atively Sanple 2good As is apparent from
Exanpl e above, by finish-grinding using a |apping oil containing at |east
one nmenber of acetylene glycol conpounds and optionally at |eagj$@oT pyber
of phosphoric ester conpounds, which is conducted after grinding processing
using free abrasive slurry, it becones possible to uniformy grind a
conposite material conposed of materials having different hardness from
each other, w thout causing selective grinding. The lapping oil for

fini sh- gwhaidkeRBinOk :t he present invention can be used regardl ess of the
kind of the free abrasive slurry used in grinding processing conducted
before the finish- grinding. In addition, by conducting finish-grinding
usi ng t h@laimalppi methai for Hist-grmding neeipdsite muteridl | amprising sepatatel nfaterigls Whaw) PTR

val ue an u . _opt.al . C £ h those
ot ai nod By TREER, Bl LEREGBL oty Bk PERRE S APELC Btk |
daim 1. Wlﬂ@ me*@m ¢1bP°mHOﬁII<§hC<{§rPFIﬁGH A gonsaquesnpibientanda leat prg acetdensiglysdlng

separ at ecoppbgl al s which differ in hardness fromeach other, the nethod
conprising finish-grinding said conposite material wth a Iapplng oi
conposition conprising a non-aqueous solvent and at | east one acetyl ene

Igl ycol  Clainq®0 unehethed aicﬁﬂd?ﬁg td\ﬁmﬁ hedersia ed Bppigk TiDcc@lpa&imnIunﬁmehﬁises gai d

appi ng si.tion furt conpri ses at east one phosphoric ester
corrpoundl%skflm% ﬁggghmﬁes BCAOT "accor di ng to claim1, wherein said at | east one
acetyl ene glycol conpound is represented by the following formula (1):

R C(R2) €16l HR Rifckrioh rﬁt@ogmgQOQ(l&%lCﬂ H%Heﬂlp)SMt(lﬁt) 5t £Jeayleyx\é]§§cgl budl R,
R2, R3 and R4 independentl epresents an al kyl or alkylaryl group, n=2-4
and O Eepreggniesl by efoﬁ!"W@ﬁ%ﬂ‘i’B“‘é@bor ding to claim2, wherein said at |east
one acetylene gl ycol compound is represented by the following formula (I):

@) CnH2n+1 RI)R4 (1) wh h of R, R2
, gg and Ri‘?%d@ﬁgﬁégﬁaﬁ%Lrgcﬁe PQ%EHR ﬂt@f oaahlﬁy?ary?rgrgﬁg, ﬁ =2-4 and

mF0-6. Claim5. A nethod according to Caim2, wherein said at |east one
phosphor hlerESEELE GOROE gndl X independently represents an alkyl or alkylaryl group, n=2-4 and
m=0-6.

Claim 4. A method according to claim 2, wherein said at least one acetylene glycol compound is

represented by the following formula (I):

R'C(R?) (O(C Hzn410)mH)C= C-C(O(CoHant10)mH)(R*)R? )

where each of R, R, R’ and R*independently represents an alky! or alkylaryl group, n=2-4 and
m=0-6.

Claim 5. A method according to Claim 2, wherein said at least one phosphoric ester compound is

represented by the following formula (1)
[R-O~(CyH2p+10)1m [x(OM)3 xP=0 (I
where R represents a Cg -Cy5 alkyl, alkenyl, alkynyl, aryl or alkylaryl group, n=2-.4, m=0-4, x=1-2 and

M represents H, Na, K, Ba, an amine or an alkanolamine.
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represented by the following formula (I1) [R-0-(CnH2n+i O m x(OM 3_xP=0 (11)
where R represents a C8 -C18 al kyl, al kenyl, al kynyl, aryl or ah@ybgfgtm
group, n=2-.4, mrO-4, x=1-2 and Mrepresents H Na, K, Ba, an i he

al kanolam ne. 19 (c) 8 OCT 2003 Claim6. A nethod according to d aim 4,
wherein said at | east one phosphoric ester conpound is represented by the
followng formula (11): [RO-(CnH2N+1O M x(OM 3 _xP=0O (I1) where R
represents a C8 -C18 al kyl, al kenyl, al kynyl, aryl or alkylaryl group,
n=2-_4, m=0-4, x 1-2 and Mrepresents H Na, K Ba, an anine or an
alkanolanlne m 7. A, nmethod accordln to Claim1 or 3, wherein the
amount  oPRgH dAa?:e&PWéﬁ?éd“@ PeGm AorlsEima sl ahlea¥ e RIPSPRNS epterspPPRYNG |
CONPOSi trepresented bynhd fidowid foenubf(IIP. 1- 20. 0 % C aim 8. A nmethod according to
any one of Clains 2, 4, 5 and 6, wherein the total ampunt of both said at
| east one acetyl ene glycol conpound and said at | east one phosphoric ester
conpound  pri8E@tH:i@)4@Mb-EpPi Ng oi | conposition i dlin the range of
0.1-20.0 wm % Clain19 A nmet hod according to any one of Clains 2, 4, 5 and

6, wherein the mel ratio sai t | east one acet Ien |y conmpound
Vo and Sufer REFERSs cort iR asrh plivel el S3sel falt 82k TorE e of

4.0: 1: 0 M r&fesénts H,. N, KBagamaniife orAn afkdnblaginaccording to C al m 8, wherein the
weight ratio of said at |east one acetylene glycol conpound to said at

| east one phosphoric ester conpound is in the range of 4.0:1:0 - 50.0
:1.0. O@rim7114 nxthed eeredingdeslem hey 3t whereinthepmeun pf seidagefiieng glycofcomppiendei n t he

CoONMPOoSi t GeddMeiht RbpiMYIICbmpbsitidn| RirSthe ARLRWRE 1200R4%ses a thin filmtype
magneti ¢ head. 20
Claim 8. A method according to any one of Claims 2, 4, 5 and 6, wherein the total amount of both
said at least one acetylene glycol compound and said at least one phosphoric ester compound

present in the lapping oil composition is in the range of 0.1 —20.0 wt%.

Claim 9. A method according to any one of Claims 2, 4, 5 and 6, wherein the weight ratio of said
at least one acetylene glycol compound to and said at least one phosphoric ester compound is in
the range of 4.0:1:0 - 50.0 :1.0.

Claim 10. A method according to Claim 8, wherein the weight ratio of said at least one
acetylene glycol compound to said at least one phosphoric ester compound is in the range of

4.0:1:0 - 50.0 :1.0.

Claim 11. A method according to any one of claims 1 -6, whereinthe composite material which

is finish-ground comprises a thin film type magnetic head.
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