CLEANI NG TAPE AND METHOD OF PRODUCI NG SAME 5 This application clains
priority on Japanese Patent Application 2007-260594 10 filed Cctober 4,
2007. Background of the Invention This invention relates to a cleaning tape
for renoving unwanted protrusions formed on the surface of a target object
for cleaning (or a device substrate) such as a 15 magnetic hard disk, a
magneti ¢ head, a sem conductor wafer, a liquid crystal panel or an optical
| ens, foreign objects such as oily natters attached to the surface of a
work piece or stains like oily matters attached to the surface of a target
obj ect of cleaning, @EEMBINGANRE ANES ROL HASD PIFOdUSHOgISERK GEC! eani ng t ape.
In particular, the invention relates to a burnishing and w pi ng technol ogy
suitable for renoving dust attached to the surface of a 20 magnetic di sk or
a liquid crystal panel or abnormal protrusions formed in a thin-film
process. Devices such as conputers, television sets, caneras and tel ephones
are consfantly being required to inprove their functional properties (such
as increased capacity for recording data such as sounds and i mages and

i mproved snoot hness and cl eanliness in 25 the case of an inage screen (such
as a liquid crystal panel) and a canera lens). Wth such apparatus, it is
essential to progusenfrel : | gpgﬂ i 3 rat us
exactly as designed %% é@ﬁﬁgmggﬁpgﬁt t Eﬁ% gég%%g?% tF%gﬁf%@Zgge at the
desi gn &t agléled Elstobex4B908, nagnetic hard di sks are widely being used as a
medi um for recording data, Such magnetic hard di sks are produced by
carrying out a series of surface 30 processing processes such as | apping,

pol i shi ng k dof thg lorenlomon- magneti ¢ substrate such as an al um num
substrate, a gl a sil.icon substrate having a N -P plating

aﬂﬁ substraHe or ?

filmformed on tHe® SUFHRELSGAEP 7 pleindng 1B 10 S7RTHES WIHHERERIPE T @or di ng 1

layer and dothah®indle kilteeeah ROt GBIt fok blcMiRS (R aREPLE SisUEte! k.08 this

magneti c recording Igier. After the protective filmis fornmed in the

sequence ofMigetippHd diskexmasncticihped 2 samispadudiaravaser & Heeidicsystdl pamsbdr ém or der

to renmove the:Anuan ' . face Qf 1th .

prot ecti ve T ang Ther oy 2ieBas ol iR Yfacndf o P SHILATT e BinkRes ot ne
stains like oily matters attached to the surface of a target object of cleaning, as well as a

method of producing such a cleaning tape. In particular, the invention relates to a
burnishing and wiping technology suitable for removing dust attached to the surface of a

20 magnetic disk or a liquid crystal panel or abnormal protrusions formed in a thin-film
process. _

Devices such as computers, television sets, cameras and telephones are constantly
being required to improve their functional properties (such as increased capacity for
recording data such as sounds and images and improved smoothness and cleanliness in

25  the case of an image screen (such as a liquid crystal panel) and a camera lens). With such
apparatus, it is essential to produce each of the components that comprise the apparatus
exactly as designed so as to exhibit the characteristics intended at the design stage.

For example, magnetic hard disks are widely being used as a mediuvm for
recording data. Such magnetic hard disks are produced by carrying out a series of surface

30 processing processes such as lapping, polishing and texturing on a non-magnetic
substrate such as an aluminum substrate, a glass substrate or a silicon substrate having a

Ni-P plating film formed on the surface, and thereafter forming a magnetic recording



surface of the protective film This cleaning process is generally carried
out by using a polishing tape with fixed abrading particles. After this
cl eani ng process, the surface of the protective filmis coated with a

| ubri cant of perfluoropolyester type to forma lubricating film and

anot her 10 cl eaning process is carried out for renoving attached objects
such as dust which have cone to becone attached to the surface of the

| ubricating film The cleaning process which is carried out for the
lubricating filmis also carried out by using a polishing tape with fixed

abradi ng paryet kb diamohdiké bab&! @AM WmPLQGRSR i WANE Indhiskhignpiot ective
film These cl eaning processes may be carried out each after the 15

formation ofPHENGEFEective filmor only at the final stage (after the
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descri bed ahowe, i.t. has heen.,.kno (as.disclosed, for exanple, in Japanese
Patent 2 ng‘ e %1]&%0"?‘%12’1?3”{’mélﬁ\é\@’fe‘@ht}g@-%%%%&sﬁmwwta% t9®e114837) to
use | appi ngstrépesf theavstbdivaang. particles such as alum na (A1203) particles,

SiC particles and di amond particles fastened to the surface of a base tape
made of a synt het D¢ cleasing prigess ingencprdlyyeatrivglonnky vereppelshlngttepeanith fieddyani de
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on the film surt@(r: due to the particles that fall off the polishing
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sheet for dhbagiingfilm).

As a polishing tape with fixed abrading particles (or a cleaning tape) for removing
unwanted protrusions and foreign objects like dust particles attached to the surface, as
described above, it has been known (as disclosed, for example, in Japanese Patent

20 Publications Tokkai 8-267364, 9-85628, 10-71572 and 10-114837) to use lapping tapes
having hard particles such as alumina (A1,03) particles, SiC particles and diamond
particles fastened to the surface of a base tape made of a synthetic resin such as
polyethylene terephthalate and polyamide with a resin material.

Although the relatively hard abrading particles for such polishing tapes with fixed

25  abrading particles (or lapping tapes) which have been in use are capable of removing
unwanted protrusions from the surface of a film after the film-forming process, there is a
problem in that they cannot sufficiently remove the particles which become attached to
the surface of the film after being formed and may even cause scratches on the film
surface due to the particles that fall off the polishing layer, In other words, they cannot

30 satisfy the requirement for high degrees of cleanliness and high quality imposed on

magnetic hard disks,



5 Although these nethods are effective in reducing scratches, they are not
sufficient for the renoval of small protrusions and attached objects, and
there renmai ned the problem of poor cleaning effect. It is in particular to’
be noted that extrenely small protrusions (inclusive of foreign objects
that are strongly attached to the surface of a substrate) and scratches

whi ch have been ignored as being within the range of design error are
comng 10 to be not negligible in the production of high-capability devices
in the field of high- density recording (and in particular in the field of
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produci ng such cl eani tape. A cl eaning tape accordin

in view of the g%ﬁcﬁ%gf Ogﬁ'gcﬂ‘?%%ﬁ in Hisfabricaon iepralessand thinsiin aglmotmgadont a
synthetic rkspdadibnadfala@asticthd &¥RY tJefmeediR : iddfjebdl § base
tape, wherein the cl eani%g Icayclar .corrprg?.ses g’ @%ﬁﬁ@ﬂé@éﬁﬁ%r%ﬁ’de% lzlr ge
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With a conventional cleaning tape, however, it was not possible to carry out
highly efficient clearing or to remove very small particles because the whole of the
20 abrading particles of the cleaning layer does not effectively contact the surface of the

target object to be cleaned when it was applied to it (or its abrading particles do not
effectively function).

Summary of the Invention

25 It is therefore an object of this invention in view of the problem as described
above to provide a cleaning tape capable of effectively removing unwanted fine
protrusions and particles from the surface of a target object to be cleaned so as to clean
the surface of the target object, as well as a method of producing such a cleaning tape.

A cleaning tape according to this invention in view of the object described above

30 comprises a base tape made of a synthetic resin and a cleaning layer formed on a surface



beconme uniform and hence the contact to the target object for cleaning
becones nore effective. It was initially feared that bond between the

bi ndi ng agent (the binder resin) and the spherical particles mght be too
weak in the single layer and the particles mght drop off but it has
becone clear that the binding agent gathers around the spherical 10
particles due to the surface tension of the binding agent such that the
bond becones rather stronger. Since the particles that are used are
spherical, furthernore, it becomes easier to reduce the generation of

minut e scr aloriis baadedeowairbAhe Meliind BIRBHHAN EinPAOKE HR PBRaNd excess

oil conponents. 15 n the target object t cl ean I's a magnhetic hard
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in asingle _|ayer neans to be distributed on the surface of ‘the base t ape
wi t hout ovefffegiyend wrsdnitialdy fearedithngibendbetiviee! the bndere, agont (Gediimigh esindyer, i s

formed. It | l.e. ; ingle particle layer jn the cleaning

| ayer to co%@a@%gé}gem%éﬁ f:tgﬁq)cfseﬂéi@gto{%k%g Y54 {nst%% Elgglteé?’%ljal? th&Bf@é%sHﬂ ers,
these pockedropaftisitigiangequard deankiar GerttndisPhent aherpablndiheSpikgaicont ai ned
and for] d ba.er& en g%rées%aﬁﬂes of, sgg_«ﬁrigﬁl particles. These pocket parts
surrounded BY %Ssg?‘éf%‘t SSUGECRISHNPT hiPe BHIineaeRt sugh et e bprhbesores he

ef ficiency miHedstdtiggh unwanted protrusions and particles can be renoved. It

is also preferable that the spherical particles have an areal density of
50% or 30 nore andcBBPaticles st aig userbars gplfcaisel, Hithetmeorbdtkecompe easiek t¢ he

ar eal -densileifudeind B8%cd AR Ae s SARNGE % BRINGED LAG ARULLELES becore too

| arge and the cleaning efficiency becones 4 'S ove|Sj 80% the
pocket partoBetionsandekesspail comp@rnisecone too few and the tape tends to
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unwanted protrusions and particles from the surface of the lubricating film without
forming micro-scratches (micro-defects) on the surface of the lubricating film but also to
remove excess oil components on the surface of the Jubricating film.

20 These spherical particles need not be completely spherical but may include
approximately spherical ones and oblate ones. In the above, to be dispersed in a single
layer means to be distributed on the surface of the base tape without overlapping because
a single particle layer, or a single layer, is formed.

It is preferable for the single particle layer in the cleaning layer to contain so-

25 called pocket parts scattered in dotted manners, these pocket parts being parts where no
spherical particles are contained and formed between aggregates of spherical particles.
These pocket parts surrounded by aggregates of spherical particles serve to improve the
efficiency with which unwanted protrusions and particles can be removed.

It is also preferable that the spherical particles have an areal density of 50% or
30 more and 80% or less on the surface of the base tape. If the areal density is less than 50%,

distances between the particles become too large and the cleaning efficiency becomes



5 or less the average dianeter of the spherical particles. If it is |less
than 1.05 tinmes the average dianeter of the spherical particles, the
adhesive force between the spherical particles and the binding agent
beconmes too weak and the spherical particles begin to drop off, increasing
t he amount of particles to be renoved. If it exceeds 1.3 tines the average
di aneter of the spherical particles, on the other hand, the spherical
particles tend 10 to overlap to formtwo |ayers or nore, increasing the

| evel differences in the unevenness such that the efficiency in the

cleaning is kavef#ds gveaBiBctieobiet parsebetinennbinieticlef beosht eft fevanaantasd i ng
abr adi ng par{eingsl e} decre[asea when, the surface of the cleaning tape
contacts t he 80 PREEH ClpgRe tt%‘f‘@i’é‘cly'oﬁj“éét"ef HS%le thy mabler of fiecbiadingetast s of

the spheri cabftpatlehthehyarRcRhRbaiadey. i n the range of 0.1mor 15 nore and
200m or less. For_the cleaning of the surface of a nmagnetic hard disk, the
practical range i Seithighkiess ohbe eleaminls Roen isiprdfeskly 115 tire alirametet 53 gres| ess
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t he cl eani ng3 becgorrea ugaev(ﬁn. 20 e)n t he cl eani ng | ayer containing the
spherical p TS0 Brpipdine BTG ™aE Kot veakiad theghbericebparpielet bagine® ar e
cont ai ned praxbeoabhyreddingdht afnbntQr %cl@@k%re%’o@éd.ﬁfﬁx% s%? tinfRlght % or
less. If this ratio is less than 58 wei ght % the cleaning efficiency
drops. |f idveiage digaelesof fieipftsricahpattivdespotihetosheb baulrthetspierfcelpaatides thed

cl 0ggi ng;ghbeqi BSed . [ such that .i.t becones inpossible to
continue the cl eal itﬁg&wl\/%aﬁrog%(%r(?rqﬁﬁggtgkr\)/é\naﬁlﬁ’g%g leé"ﬁt‘)%lgff‘”eﬂﬁ?sén T gg‘ﬁ’éleﬁﬁhere

t he parti cl suclotherthapfficientpimnnht vearong ivexieerkdy affscisdisdtatidaake mtmbapol | no

| onger be a _g4 e particle layer. The size distribution of the spherical
particles isei;ﬂsggjfe eclggtt%mp %.?éaﬁfnf “EI?FE‘%F%F@F% fen t@l%‘rfté?ﬁj"fﬁ%cwfﬂﬁg %ﬁ%pect to
t he aver age cditastethersufadd dfsheldadlt SjedieBd kanedhese spherical particles may

be organic and/or_inorganic ﬁarti cles. The use of 30 organic and inorganic
particles can be TAppiesisianeiehs spherien pedicks eurpiefepbisointtheraogeafi. hign oaccur acy

be 5 Tenpved o1 i 200Ra! 1GR, rBPhEClent Re pEnG Rt e el PR W e Tor
or gani ¢ par piacties rangd & Loem ek 859 AdkRghnass Mls. T B BamEeRSSd 8K&Gh 0.1um
pol ystyrene resins, nelanine resins, phenol resins, epoxy resins, Uréa
resins and BEINEReheeebmened priicesinbrsasds aod gaerangatitiicolt éshave a single
layer arranged while, if the diameters are greater than 200um, the pitch between the
particles becomes too large and the cleaning becomes uneven.
20 In the cleaning layer containing the spherical particles and the binding agent, the
spherical particles are contained preferably at a ratio of 50 weight % or more and 80
weight % or less. If this ratio is less than 50 weight %, the cleaning efficiency drops. If
it is over 80 weight %, the pockets become too few and the clogging begins to oceur too
frequently such that it becomes impossible to continue the cleaning. Moreover, there will
25 appear more portions where the particles overlap to form two or more layers such that it
will no fonger be a single particle layer.
The size distribution of the spherical particles is preferably such that the ratio of
D10 and D90 with respect to the average diameter D50 is 1/10 or greater.
These spherical particles may be organic and/or inorganic particles. The use of
30 organic and inorganic particles can be appropriately selected according to the cleaning

accuracy of the surface of the target object to be cleaned, the foreign objects to be



i nclude ceram cs, glass and carbon. 5 The sel ection of the size
distribution and the range of dianeters of the spherical particles, the
rati o between the spherical particles and the binding agent, the thickness
of the cleaning layer and the material of the spherical particles nust be
made such that the effective contact surface of the spherical particles
wll be 70% or over when the cleaning tape is in contact with the surface
of the target object for cleaning such that the cleaning 10 accuracy can
be maintained at a desired |level. The surface of a target object to be

cl eaned suctreamgved, fiegoeditionhalisdeldiosdign abjkétgid MEENAS 8 oBAAR! paRicid
sen conduct or nd. surface of optical fibers is cleaned
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a cl eani ng draReuGMRE Lkl out by rotating the magnetic hard disk, pressing the surface of the
cleaning layer of the cleaning tape of this invention on the surface of this magnetic hard
disk and running this cleaning tape in the direction opposite to the direction of rotation of

20 the magnetic hard disk.

According to the invention, the surface of a magnetic hard disk substrate and the
surfaces of the films formed sequentially on the surface of this substrate (the magnetic
film, the protective film and the lubricating film) can be cleaned during the production
process of the magnetic hard disk.

25 The cleaning tape of this invention can be used also in the intermediate processes
of the production process. When the magretic film and the protective film formed by a
thin-film technology are cleaned, for example, the tape can be used for the process called
burnishing for removing abnormal protrusions which appear at the time of forming a thin
film or substances that have become attached. It can also be used for the process of

30 wiping off unwanted particles that have accumulated on the surface of the substrate. It



a base tape nmade of a synthetic resin and a cleaning |ayer forned on a
surface of this base 5 tape. The nethod of this invention conprises the
steps of formng a cleaning |ayer by coating a base tape with a coating
solution containing an organi c solvent and a |arge nunber of spherical
particles in a binding agent such that the spherical particles are
dispersed to forma single particle |layer and hardening the fornmed cl eani ng
| ayer. The step of hardening the cleaning |ayer in the nethod of this
invention is 10 characterized as including the step of causing the
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sum of the_Dbi di.n%]tﬂagent and the sPherj cal particles in the coating

sol ution maPeIRICkSElRATBYes bsropisingA Bt a4atiged §A dveiaht §non hercrapd 80 acighih & erar get
obj ect 1 DRsEHABNAM of B8l ChShARLRA] 276-a3 HASEL LRFMAROKS ingmgeﬂ&r esent
invention has the effect of Dbei'ng capabl'e o Permw ng unwant e rotrusi ons
and parti cl@sl the sphetipal petictes deveos togal comegetiabféStwdight % belasd inghsuatings a
magneti c halg,fi;sk and to clean the surface of the

If the concentration of the coating solution becomes 25 weight % or greater, its
surface tension becomes too great in the hardening process, the spherical particles
20 agglomerate in two or more layers at the time of their convection. Even when the
conceniration of the coating solution is 25 weight % or less, if the spherical particles are
55 weight % or more with respect to the sum of the binding agent and the spherical
particles, cohesion takes place similarly and it becomes difficult for the spherical
particles fo disperse in a single particle layer. If the concentration is 80 weight % or over,
25 the spherical particles disperse in a single layer but number of pockets among the
aggregates of the particles becomes small.
The concentration with respect to the binding agent and the spherical particles
may be 50 weight % or greater and 70 weight % or less and the concentration of the sum
of the binding agent and the spherical particles in the coating solution may be about 20

30 weight %, depending on the type of the target obiect to be cleaned.



target object without form ng scratches on the surface of the target
object. 5 Another effect of the invention for cleaning the surface of a
magneti c hard disk having a lubricating filmformed on its surface is that
it is possible not only to renove unwanted protrusions and particles from
the surface of the lubricating filmwthout form ng any scratches (or

m cro-defects) on the surface of the lubricating filmbut also to renove
excess oil conmponents fromthe surface of the lubricating film 10 The
effects of the invention described above can be realized by the production

met hod descri bed Hsé gharaTiedze asatesaiped ab@zeamG@redemgmtsﬁubrhha% thWfet bon 1 s
obt ai ned by ace of m materjal wth spheri cal

h
particles w %ﬁ%téa@ ‘% tere%%lgﬁfmgﬁntﬁ%P‘t(’&“f}%nscﬁ‘@rj’éﬁl%“é fromn dhe surfprgid 3 ayer

and the sphesrgetadbjqafd clehsifg WhGR adh nshaned 48R .38 tdkcr&anttf?e 9&@‘3% éhlfﬁ
scrat ches 12@%@?@&%0” fluidity and can be dispersed in a single [ayer

easily as t S1vithous forpres scedielies ny theogfbort thstaagﬁppb]pm atel y adj usted.
| f spherkcal partigligs ; furth re, the
surface of the CrggﬁlﬂMnggggxﬁggg&fﬁ gé@“%ﬁ%ﬁ?%f eéﬁ%ﬁ?@@?@ &H singl e
| ayer can b&aviage lybri mtmg e formed o tts surfaee 3uhdrer is @hssetle actiony athbed es

contacting ce .of t ect. for, 20 cl eaning can be

i ncr eased shgﬁ %ﬁé Pm s qn@gag g‘lﬁﬁ%}g%?eé’ff fhedpliigatipg fi fﬂBW@P“

Descri pti Onf@fnlﬁ@ﬂly@tﬁwheg@aa iigro- defdc%) 3n %Q%E@éé &ftﬁt,eﬁxtbhﬁ’aﬂﬁil ﬂ{fn%glt fso

cl eani ng taFe enbogl%é?lﬁ this invention. Fig IS a sche [ agr am for

showi ng a clEaRICTY RIMBICHE (Eome theanifars @510& lapécagingtfiins i nvention. Fig.
3 is anigxanpl e 9fe éﬂf@%&eof@lge BRORIh &Rl B8RS %ﬁoQJe%gn g2 Fe(zji]rr%e ba/qgg lereéé O%Ft ape of

this invention, observed by a scanning electron mtc ig. 4
is an SEM |W§§@ddﬁ50§b¢rbbq1@\al part| cl es having random di ameters with snall

and large partic 0 , s, an i.mage of urface of

a cl eani ng tape Jgfeé&%%@%%ﬁ X %ggli . 18%13 @Vgn“ql’aﬂﬁéhmwd&y%%ﬁ‘r&t#\ﬁs‘g 388 ef on

ni cr oscope. a $fFfipn mBtetis! with SEVbATBERI0k viihe &idf;ﬁ% E%n%oé’st@ 'bf@%tryﬁ&ge& ﬁh}g&e f
i mage o e surface o

gr g?g;ﬁ?nlgns[n% %%bg?fg%‘ﬂ %%%ql%\%hmgageihgpgd S0 as not to generate scratches
15 have good fluidity and can be dispersed in a single layer easily as the viscosity of the
coating solution is appropriately adjusted.
If spherical particles which are uniform in size are used, furthermore, the surface
of the cleaning layer having these particles dispersed in a single layer can be made flat.
As aresult, the number of abrading particles contacting the surface of the target object for

20 cleaning can be increased such that particles can be removed efficiently.

Brief Description of the Drawings

Fig. 1is a schematic sectional view of a cleaning tape embodying this invention.
Fig. 2 is a schematic diagram for showing a cleaning method using a cleaning
25 tape of this invention.
Fig. 3 is an example of image of spherical particles used for a cleaning tape of this
invention, observed by a scanning electron microscope (SEM).
Fig. 4 is an SEM image of spherical particles having random diameters with small
and large particles mixed together.
30 Fig. 5 is an image of the surface of a cleaning tape produced in Test Example 1

taken by a scanning electron microscope.



Example 3. 5 Fig. 8 is a schematic sectional view of a cleaning tape with
spherical particles not dispersed in a single layer. Fig. 9Ais a
schematic sectional view of a cleaning tape of Conparison Exanple 2, and
Fig. 9B is a schematic sectional view of a cleaning tape of Conparison
Exanple 3. 10 Detail ed Description of the Invention Fig. 1 is a schematic
sectional view of a cleaning tape 10 enbodying this invention, conprising
a base tape 11 made of a synthetic resin material and a cleaning |ayer (or
polishing layer) 14 forned on the surface of this base tape 11. The

cleaning |ayer ¥ lidasaspherinegd oﬂﬁé%iu‘?dc@%fagleﬁrﬁlﬁ@&?@glddﬂc@ xﬁ'(ﬂ) 11 Fyer,
havi ng thes%txs%P rical 15 particles 12 fastened to posi ti o y a

bi ndi ng age n) 13. The spherical particles 12, arranged |n a single

aver, orm o Bl wialid s i ager S 5 PYLALTA, BEL YRS 5%, pagrsoar e

so- called pockets 18 (herei erre
cont ai ni ng &A9mple 3 hese spherical particles 12. These pockets 18 are

generated when a ting,solution co spherical particles 12, 20
the bi nd| ng agent Fglglsa%hgﬁatb SgsHeTE %W\szﬁtcg‘?agmﬁﬁ civaith sphexi¢pk PEEles Rolpe 11
and is theréapmﬁﬂhnhan@ﬁﬂayﬁto the cleaning | ayer 14 through drying and

har deni ng procesg as the spherical particles 12 formthese aggregates
by the surface t ’rgs%rﬁsaqeﬁ@nﬁféfcfi@éti%naiSlewaﬁm@é%nmameerfé@mmxlaom&arqueform

A plastic fplmimdepot a%clﬁ:)’rﬁ%@@éc‘t%nﬁl%év{ﬂ El@gnu%taﬂé 9%%%%{?8% éﬁﬁ&a%e tape

11 25 because it is require Be"resi St ARt A
deformation due to a nechanical force which may act thereon during its use

(by havgdﬁg BLd eEHLERGLN, and. eat- resistance) and also to be flexible.
anpl e —ﬁvperréFhgori%hg—§¥§@¥¥b fil minclude polyester resins such as

polyethylene tenghIha&m&@maﬁ@bahmkvheﬂ%fb%k@ﬂhgh@kQD%n%BQwBQHMﬁthy|ene

napht hal at e o] Efl(?‘:h resins such as polyethylene and pol ypropyl ene,

pol ystyr enelhv?ﬂ?i'l‘?i}i BiSIngEmass faae | 1 sy pf ¢ syitiesic mesin mgtepial apdiargjdaniigcohol  or
met hacryl akgsehel pcﬂﬁh:ﬂ?ﬁd}ef)q(érf’@imrﬂn tﬂ@gurl?a%k %F@n @? a$§ 11 A%h@c Qﬁlﬂlﬁ%' cal

matter, however, it is erable to use a plastic m of yl ene

terephthald@ﬁ“d§}@ﬁﬁﬁﬁa§ép@@@@8bé@aasgﬁohammgkdaﬁaImmmghmﬁdbpmgwam t he

15 particles 12 fastened to their positions by a binding agent (resin) 13.

The spherical particles 12, arranged in a single layer, form a plurality of
aggregates, providing between these aggregates so-called pockets 18 (hereinafter also
referred to as pocket parts) not containing any of these spherical particles 12. These
pockets 18 are generated when a coating solution comprising the spherical particles 12,

20 the binding agent 13 and an organic solvent is applied to the base tape 11 and is thereafter
formed into the cleaning layer 14 through drying and hardening processes, as the
spherical particles 12 form these aggregates by the surface tension. The pockets 18
appear scattered in a dotted form.

A plastic film made of a synthetic resin material is used for the base tape 11

25 because it is required to be resistant against breakage and deformation due to a
mechanical force which may act thereon during its use (by having high strength and heat-
resistance) and also to be flexible.

Examples of material for the plastic film include polyester resins such as
polyethylene terephthalate, polybutylene terephthalate and polyethylene naphthalate,

30 polyolefin resins such as polyethylene and polypropylene, polystyrene, vinyl



5 production of the cleaning sheet. Fromthe point of view of the
mechani cal characteristics, it is preferable to use as the base tape a
plastic film having bending elasticity of 500kg/ Mm®2 or nore and 2000kg/ mm®
or less by using test piece of Immin thickness by a test nethod according
to JI SK6911 (Japanese Industrial Standard). 10 These is no particul ar
limtation on the thickness of the base tape 11 but it is preferably 5m or
nore and 100m or |less, or nore preferably 10mor nore and 75m or |ess.
According to this invention, spherical particles are used as abradi ng

particles fopolyabdridegacoyl résdiiscaging)yeaiys ajostth] eXsR8Sc9] AicARMBOAGHL S att ached
to the surface of a tgg}g@t 15 object and al so very small unwant ed

protrusions e of the target object in order to renove
i FBRABERIGR] PRl bIRiEe of th bj i d

such foreign obj egd $pARetaEXGRE Sh@ldvel ' Ly, small
protrusions (by tri rr?ﬁ ng Fit he shrfaggf’ggpﬁﬁgé?%bg?g)g’{s ol%haésgﬁ‘lﬁl\?\nofhout _
generating Rdyendenederdprthalge as ti darel tape lpcaces§its Esaiiplhesdlofg isdeh spheri cal

particles t%rp&c%fgf@gg%%%%%e%tgst his invention 20 include organic

particles of crosslin a ins, crosslinked polystyrene resins,

nel ami ne resins, Hbemid poigsi Rew ERBXYctiRBicASchakicRAst@Sit RSpraffhble to use as
pol ycar bona and inorgapi¢c particles of ceram cs, glass and carbon.

tes, ) ) . .
Spheri cal péﬁ? basp tape gplastic Bhn having bradineshustivily ofcd¥kenmy aranaraisd i nvent i on
for reduci mgob RRSS R ) t f of the
target object aHr%mZS%iltet@éa}%:}'h‘%r%nn%)Eegg 2 %@e@ggﬁgiﬁ%%ﬁ%?gé t%(r?g%g{r?dga??mg&t}fg i ng
t he cl eani n§® Pré68ELJapantssrloileptriadSianders). onto the surface of the target

obj ect. ;The sel egi. L0 . i.c_and i norganic pacticles is de, .

appr opr ilgt ely acg%!rasgiqsngg peﬁ%gﬁ%elmrllgagi?flroggh%ﬁéckﬂ?sﬁﬁ%Qfg’ﬁﬁeatég/e bﬁ‘ftﬁfe’ssur face
of the targetefabplocint @ e ah@ a0 of RS, of AbRI BEFABI LTS bOmbBR /H8meNad and
the condition, of such foreign objects. 30 Exanpl es of the binding agent

(resin) 13 Shish in Fi g. 1 and serving as the <coating agent for fastening

e e DARELERD 1 hid Myl SRS G AYCLc OO L3l AR GAVEL) 14

include thernoplastic resins that are generally use i'ng tape
with fixedaginesdifogigraabidctd and extdse pitosmpdrient attedtieiso theaadhiewd art@gbns,

o ot o8 SRS 08, 55 Doy IR A TSR S B 11
object in order to remove such foreign objects and excess oil components as well as very
small protrusions (by trimming the surface of the target object) without generating
scratches during a cleaning process.

Examples of such spherical particles to be used according to this invention

20 include organic particles of crosslinked acryl resins, crosslinked polystyrene resins,
melamine resins, phenol resins, epoxy resins, urea resins and polycarbonates, and
inorganic particles of ceramics, glass and carbon.

Spherical particles are used for the cleaning according to this invention for
reducing the possibility of forming scratches on the surface of the target object and

25 attachment of pieces of particles broken off during the cleaning process as foreign objects
onto the surface of the target object.

The selection of organic and inorganic particles is made appropriately according
to the required cleaning accuracy of the surface of the target object to be cleaned, the
foreign objects to be removed and the condition of such foreign objects.

30 Examples of the binding agent (resin) 13 shown in Fig. 1 and serving as the

coating agent for fastening the spherical particles 12 in the cleaning layer (polishing

10



resins. 5 The cleaning tape of this invention can be produced by using a
coating solution conprising the aforenentioned spherical particles and

bi ndi ng agent (resin) and an organic solvent and coating the surface of
the base tape in a single |layer. The spherical particles are suited al so
for the coating to apply the abrading particles in a single |ayer.

Spherical particles with average dianmeter of 0.1 mor nore and 200m or |ess
are 10 used but those with average dianmeter of 0.5mor nore and 10m or

| ess are preferable. |If the average dianeter is less than 0.1m the

particl es ddayse} Ihavkdaisuhbpiedientsirdhasty nei_faﬂgf‘ﬁged fhia bﬂ%%}%gﬁﬁtgﬁgg' amet er

is greater ;thag@sOOm on the other hand, the intervals
unevenness ahtfiBaIdBERattistesphiptaspsg ssinshisagive fresirs, decttondeahdardeniggl ayer

becone too | a§8€ fRd. [ - ticl: ot, be renoved. .|t al has
the effect of f:%gii ncr&élg%}%(%lgl%%lggg%%é\%51§% i reﬁﬁéalf(ﬂﬁn%wg%gﬁg?set he
cleaning | ayeynd.s preferably 1.05 tinmes or nore and 1.3 tines or less the
aver age qi amaterr;g{ Ehe sEheri_,aI. Barti cles. If it is |ess than 1.05 tines
the average di amet &R ELwE oéﬁwi EylonsaR P Broducediyaispgresping sobiios

bet ween t he cpmptisial €% Andmekitcs Rt R I ik leient, the
spheri cal partsp(;l eg begi nmteq dreogﬁoflf a}tﬁglcggﬁeaggBpﬁg%bn%?nté&é%;%alc% es cones
to i ncr ease Or§AIG i enIdiGrating the syrbice of Herbage Bp¢ inresnglhlyav dhaggherdhlamet er
of the spheri,ggl [ : the..of her d,, the spherical .particles cone
to overl apliji n te\?\gp%#h?r%?go Fog;?heer%,%u%w% a@ﬁ@\a} fAzadng REss e sivgle Wik e t he

nunber of ef f ect Splericabyasidilexgwipas teraeabataers of undechersad vhem bhessuef ace
of the cl eani%gté%ﬂ{)e contacts the surface of the target object to be
I

cl eaned,'’t h&® ORGWER RYEREEYMPET el aem oF §noad drdcOpeh ordsss Ase froferbie
met hod of a | ti tion having the heri cal .particles
di spersed tﬁfglr%%l‘%agtghﬁaﬁgﬁg 1(!3:26% g](rall %'al ”glgonr’ébletﬁagwg%saci}’erfo,% B%lvelﬁﬁ % é‘fi% Ve

reverse rol forcoalf éfe,avarag€ aine@@af @taterhkil 360hPloh KORh& han@ (BPMAYvASater, a
curtain coater, an electrostatic powder coater, and electric depositing

coating mayPHEeHsEE Ungirancsaayd betwesretie pasicles ds thessunlerdof thhdeariimglasét y of

t he coati Ngh&BhMlib®RrdeS: | : hat, The viscaosi t f.the
coating solution is [r)ér efnﬁ%g@?ﬂﬁ P%ﬂtlmﬁgs?{?g%trbgﬁgde]g%efj ' Et-aﬂ%?ol%:aﬁs efeg?(ec (Flfe

pur poseldf ErspEngtheguiiber siemtéheal particles in a single layer. 11 If a

ised, the bi ndi n ot el e RPE s §haliePbal b Mo feoage 4 T iesor dor
t o obtai n aomlesubd average diameter of the spherical particles. Ifit is less than 1.05 times the

average diameter of the spherical particles, the adhesive force between the particles and

the coating solution becomes insufficient, the spherical particles begin to drop off and the

20 number of particles comes to increase. If the thickness is more than 1.3 times the average
diameter of the spherical particles, on the other hand, the spherical particles come to
overlap in two or more layers, the unevenness increases and since the number of effective
abrading particles comes to decrease when the surface of the cleaning tape contacts the
surface of the target object to be cleaned, the cleaning efficiency is adversely affected.

25 As for the method of applying the coating solution having the spherical particles
dispersed therein, a blade coater, a gravure coater, a knife coater, a reverse roll coater, a
cast coater, a kiss roll coater, a spray coater, a curtain coater, an electrostatic powder
coater, and electric depositing coating may be used.

When any of these methods is used, the viscosity of the coating solution is

30 adjusted appropriately. The viscosity of the coating solution is preferably within the

range of 5-200cps for the purpose of dispersing the spherical particles in a single layer.

11



simlar to that obtainable by using a coating solution as descri bed above.
When this nethod is used, spherical particles with diameters within the
sanme range as described 5 above may be used but this nmethod is particularly
preferabl e when particles with average dianeter of 50m or nore are used.
The cl eaning tape 10 shown in Fig. | can be produced by a nmethod as
described below To start, the binding agent and the spherical particles
are m xed together and after 10 this mxture is stirred, an organic
solvent is added to this m xture of the binding agent and the spherical
particles to obt difnceatingsbtisolvithispieraMiaRildsheixsPRAR a ®aldimaddhGk 88t

di sper sed. uFie(g.t 3, g an exarrgl e.of image of spherical particles observed
by a scanni ngceithebipding 2gnt max be jutiplsepliedshe base fidp in pidsr tocblain s eisult i on
is filteredsimilhabdenbhgn ki ki ' &S ion is
being stirred, and an or gg%@g?g%ﬁ%%ﬁ?ﬁﬁg‘@?ﬁk:%%ﬁ%gﬁ%& at%?)%él?t@ﬁ%xﬁ]?s a
desired | evisthes isyped srietigal ipartickea stitidigroct el tvaithin the soat fange sodastrited. Next

t hi i L Q. ied to the surf f the base filmIl (sh
in CF g 1) o e Bl ol TRkl afieiy B e iRy RO vt at

to produce d@imbeanifBQumtoaper®irctubés i nvention as shown at 10 in Fig. |. 20
I n the above, any copventionally known binding agents may be used as the
har deni ng agent ﬁ@@ﬁleg@ng free B pharst indligelstande pravicerblaes miethgd me désasbed
reactive regeps, Violet |ight-hardening resins, electron beam hardening

resins, visible light-hardening resins and their m xtures. Exanples of the
organi ¢ sol vent {Thatartctin bielingsadnd andlthdlephketad pasiclsieh mise@R@EBHENd afbr
al coh ch as net hanol, ethanol,

hyl | . cyc) oh |
or opanol’”” . B BRGNS e By tEn b Drdlrecwanangh as

met hyl acet titeepheidalpartideero absin Dbl sofeRh AbGnANL shEQREOPHicIBCAERAL& . et hers
such as di ?r%'%éet her, tgﬁrahydrofuran and gl ycol dinethylether, tars
(aromatic & Britamy rd genge dfeherins! prstidenebseved beaecanaing ekaglreme, and
their m xt um@goscape{%h@)r_ der that the spherical particles can be easily

di spersed in a single layer after the coating solution is applied, the
coating sol uti onNgHorfied thieresinshiutinats filkeed pherdeniak agéht poadded kvbdlc atie

contai ned Wit sﬁﬁﬁeﬁ?stbegn% s&ipx%d,salﬂg]agforéa%?c s%ilv%gg is s Qéde%%j ittu%?il asl ct,]s?lregj cal
level of viscosity is reached to obtain a coating solution.
Next, this coating solution is applied to the surface of the base film 11 (shown in
Fig. 1) and is dried to be hardened. This is slit into a desired width to produce a cleaning
tape of this invention as shown at 10 in Fig. 1.

20 In the above, any conventionally known binding agents may be used as the
hardening agent such as thermoplastic resins, thermosetting resins, reactive resins, violet
light-hardening resins, electron beam-hardening resins, visible light-hardening resins and
their mixtures,

Examples of the organic solvent that can be used include ketones such as acetone,

25 methylethyl ketone and cyclohexane, alcohols such as methanol, ethanol, propanol,
butanol, isobutyl alcohol and isopropy] alcohol, esters such as methyl acetate, ethyl
acetate, butyl acetate and isopropyl acetate, ethers such as diethylether, tetrahydrofuran
and glycol dimethylether, tars (aromatic monovalent hydrogen} such as benzene, toluene
and xylene, and their mixtures.

30 In order that the spherical particles can be easily dispersed in a single layer after

the coating solution is applied, the coating solution should be such that the spherical

12



particles at a ratio of 55 weight % or nore and 80 weight % or |less and the
organic solvent is added to this m xture of spherical particles and the

bi ndi ng agent (a solid resin) such that the concentration of this m xture
is 25 weight %or less. 5 Wth the mxing ratios thus adjusted, the
spherical particles in the applied cleaning |ayer can nove within the

| ayer during the hardening process (by heat, wultraviolet irradiation,

etc.) to becone solid while form ng aggregates. During the hardening
process, furthernore, the surface tension of the binding agent operates

such that t perthlesdingnagedtvitheBsdcto tgaduRess ths BubBgbent sph el s?Héric@lar ticles
to and the sgh.e{i cal ‘r‘ﬁ?arti ¢l es form not onl(%/ ag%réagat es but also a single
particle | aP&tclepachifRgT 8¢ MEHg! Yo drdaare Aad3d wetshe o fes and theer®aice tape. In

this processelvéiligs mg&]g& Bis rﬁ&aﬁ-@bf@pﬂgﬁ&@ gﬁebﬁé hisBhe Bgﬁﬁﬁg@ﬁ (& VR qegan)exi st

di spersed in a dotted form between the ggregates o e spherica
particles. Ppichithe thegdneersfatioph&thisonixtpaistAScoheghtWi bhicsespect to the sum of

t he bi nding agent. t he. spheri.cal rticl.es or. the concentration with
respect tko t he ‘o%gﬁg%mé%fl%éaﬁ - |81§‘S ﬁ%gte%ﬁﬁ%fpﬁw? p?rg\(}%? Hbﬁ%%aijﬁae descri bed
above, the clpheng katr amidvelvdthil®eflldiel dithgths PEH&EnSProc@s (B Phda@r m a singl e

particle layer, and portions with overlapping |ayers cone to be m xed, as
shown in Fi é&ra‘SIQ?eltH‘aélﬂfélﬁnaet%? WPIB?I,SOEFH@E%%PBW AREEAlehe target object to
be cl eaned becoﬁﬁn%ﬁéﬁaﬁgﬁﬂgkﬁﬁ@és; eSO L AP h bR ofﬁ)\é%mdli)rg]’ the
surfaces of target objects such as a magnetic arc"i1 oﬁsk, Its su rate, a
magnet i ¢ hed$nt eerieisubhtesthobinging agsht tkidsgo gathar wewiddbashletionl padickss  and a

liquid yst al . ar ed. . The surface,of .a target object is cleaned
by pr s el hodl PERelicAT AR SHIG ho IO, SIS ROl HEPabEl ¥ o e
surface of bdvemimy Pehglybheatedanthefowm otht besettayegdi thi2prookys et pedidtst he

cl eani ng ta(r%e relative to each other. If the target object go be cleaned is
a magnet i ¢ WAFIEE B ShgUcaPdtclssIsPIE &R PHE Finered B dqtsddenm between Ge

exanpl e, i tfpghdghieaethdishibrichiepakitdéd cating film may be cl eaned, as shown
schematically in Fig. 2, %l:% rotating the magnetic hard disk 30 in the
direction of  ar rlbthematio pf spserisagpartieles with aespedtio theeuml of i bigdinayemt 2ud of t he

e pon 1 | a5l A PRI D 30 LB LR T o

runni ng t hivitlgh derfangallape gt descnbedhebaties e plrnical ipavizldoyl 2 it awdidpepeposi te to

the as to form a single particle layer, and portions with overlapping layers come to be mixed,
as shown in Fig. 8. In such a situation, the contact with the target object to be cleaned
becomes less than ideal,

20 According to this invention, the surfaces of target objects such as a magnetic hard
disk, its substrate, a magnetic head, end surfaces of optical fibers, a semiconductor wafer
and a liquid crystal panel are cleaned.

The surface of a target object is cleaned by pressing a cleaning tape of this
invention described above onto the surface of the target object and moving the target

25 object and the cleaning tape relative to each other.

If the target object to be cleaned is a magnetic hard disk having a lubricating film
on its surface, for example, its surface with the lubricating film may be cleaned, as shown
schematically in Fig. 2, by rotating the magnetic hard disk 30 in the direction of arrow R,
pressing the surface of the cleaning layer 14 of the cleaning tape 10 of this invention onto

30 the surface of the lubrication film of this magnetic hard disk 30 through a contact roller
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direction of rotation of the magnetic hard disk 30 showmn by arrow R A

cl eani ng tape enbodying this invention was produced as follows by using
materials shown in Table 1 below. 5 Table I Miin conponent Content (weight
% Abrading particles Crosslinked acryl spherical particles 70.0 Bin din
agent A 22.5 Resins Bindin a ent B 3.0 Binding agent C 4.5 (Coating
solution is obtained by m xing the abrading particles and Bi ndi ng agents A,
B and Cwth an organic solvent.) (Abrading particles) 10 (Average

di aneter = 10m Product nanme: MBX-LOSS produced by Sekisui Kasei hin Kogyo
Kabushi ki K&ils@ﬁxuﬁxﬂu@ﬂm&eaﬁh@@p@m in tﬁdﬂirdﬁfi&d!ﬂﬁﬁvnﬂ?@fo%n iiRkpguced by
Soken Kagak Kabus Kai sha (Average di aneter = m 15 Product nane:
MBX- 2H prodé&gﬁloﬂ @Rﬁlwfﬂi’@a@é@fﬁ‘ﬁh #egh IsbowhibkiarrgiBha  (Bi ndi ng agent

A) (Mol ecul ar weij L0 r Toyo
Brsokr Rabuahi K A%a{faé]ﬁlag% Bt ndﬂdgﬁ’%%gEn%%@b‘ﬁ%y%@“’g&)?a&@g’g%ﬁqs‘% 17, 000)
Pr oduct nanﬁlatﬁBWS(th‘ﬂem "ﬁ@td@lh(be!dwby Toyo Boseki Kabushi ki Kai sha (B| ndi ng

agent C) .Product nane: | BarnockD750 produced by Dai N ppon | nki Kagaku
Kogyo Kagushl ki Kaisha 25 (Organic solvent): Conmercially avail able

met hyl et hyl Thlgedne. Test Exanple 1 (single |laver of spherical particles
W t h aver age—di-areter—10m

Main component Content
(weight %)
Abrading particles Crosslinked acryl spherical particles 70.0
Binding agent A 22.5
Resins Binding agent B 3.0
Binding agent C 4.5

(Coating solution is obtained by mixing the abrading particles and Binding agents A, B
and C with an organic solvent.)
(Abrading particles)
10 (Average diameter = [ Opum)
Product name: MBX-10SS produced by Sekisui Kaseihin Kogyo Kabushiki Kaisha
(Average diameter = Sum)
Product name: MX-500 produced by Soken Kagaku Kabushiki Kaisha
(Average diameter = 1pum)
15 Product name: MBX-2H produced by Sekisui Kaseihin Kogyo Kabushiki Kaisha
(Binding agent A)
(Molecular weight = 23,000)
Product name: Byron 300 produced by Toyo Bosceki Kabushiki Kaisha
(Binding agent B)
20 (Molecular weight = 17,000)
Product name: Byron 200 produced by Toyo Boseki Kabushiki Kaisha
(Binding agent C)
Ilzrc;clluct name: [BarnockDD750 produced by Dai Nippon Inki Kagaku Kogyo Kabushiki
aisha
25 (Organic solvent): Commercially available methylethyl ketone.

Test Example 1 (single laver of spherical particles with average diameter 10um)

Cleaning tapes of Test Example | were produced as follows.
To start, specified amounts of Binding agents A and B and the organic solvent
3¢ were prepared and placed in a tank. While Binding agents A and B were stirred,
spherical particles (crosslinked acryl particles with average diameter 10pm) were added
as abrading particles and stirred for about 30 minutes to produce a resin solution

containing spherical particles. Fig. 3 shows an image of spherical particles by a scanning



Cl eani ng tapes of Test Exanple | were produced as follows. To start,

speci fied anobunts of Binding agents A and B and the organic solvent 30
were prepared and placed in a tank. While Binding agents A and B were
stirred, spherical particles (crosslinked acryl particles with average

di aneter 10m) were added as abrading particles and stirred for about 30

m nutes to produce a resin solution containing spherical particles. Fig. 3
shows an i mage of spherical particles by a scanning 14 el ectron m croscope
(SEM . Crosslinked acryl particles with average di aneter D50 of 10m were
used as the dpmmmnmaios@@ret(SEM?SCﬁtﬂﬁinﬂ(@@h& ﬁ;ba%@cléi‘@ﬁ:ﬁé@k%b%hrﬁ@ér IS40Gjp that
the ratios D 10 and D90 with respect gloDB wer e Next, after a

di sper ser vvag gﬂretlﬁeds%ﬁth?é@f@ﬁﬁﬂrlwa@i@p@n@é&enhezeslpshMMJamaparchltl@dtﬁss 5
inside this i ed to renove foreign objects
fromthis r%ggn&s%yuétﬁpg?\%@iegpeo ﬁ&?@éﬁ?rﬁg gent (Binding agent C) was

added while this Nexgiaftesobispdren wawa&ds:b lsuﬂﬁ@léntlﬁﬂ‘@p@s&tﬁ@&ﬂf@ﬁczﬁ%'aﬁﬂcle@n was
produced by ad(g ?san organl c solvent (nethylethyl ketone) until a

speci fi ed coRBEHIFAFTBRCIIEYM R 38rmafpiter s upasde rseoveThrsignadjdetsiom orit ent i n
t hi s coati ngegpkditidi@n was the sanme as shown in Table 1. The concentration
and m xing ratios of this coating solution are shown in Table 2 bel ow

;I'abl e I2 C(lznt ent (I‘Wéf,@ﬁtaldﬁélm@(ag@rm@mﬁmlaghg C%wasﬁbdie’ﬁidhﬁl& tH@rr&déigbcﬁ@t:on g
crossl i nke r rticles) .7 Bi ndi ng agent A 5 Bindin
agent B 3. O%fgggnéﬁB??\éd]lg %ﬁlélééﬁﬁm@] WasPeYcediby @P%éﬁf)f%ﬁm(?o”%t Next, a

reverse coat(mathmmylu}sadnd)Qmﬁpzii&petnfﬁ@d ShitckACRIAMeR] HPiOV/?hQXLe% dt %@&)&Ema' ate
(PET) fi i.ckness 25mw.th this coating solution I ckness of

m of
this COébl n§° o R fhipepating solptprowacise same asrbowodn Talde € ot h) was about 40m

The concentration and mixing ratios of this coating solution are shown in Table 2

below.
Table 2
Content (weight %) Content (weight %)
Abrading particles
(crosslinked acryl spherical particles) 70
Binding agent A 22.5
Binding agent B 3.0 20.0
Binding agent C 4.5
Organic solvent 80.0

15

Next, a reverse coater was used to coat the surface of a polyethylene terephthalate
(PET) film of thickness 25pum with this coating solution. The thickness of this coating
solution (the thickness of the coating cloth) was about 40um.

Next, a drying furnace was used to dry and harden the coating solution which had

20 been applied to the surface of the PET film so as to form a cleaning layer on the surface

of the PET film. The thickness of the cleaning layer after the drying process was about
11pm.

Lastly, the cleaning film with the cleaning layer formed on its surface was cut (o a
specified width to obtain the cleaning tape of Test Example I. Fig. 5 shows an image of

25 the surface of this cleaning tape of Test Example [ taken by a scanning electron

microscope.

15



Next, a drying furnace was used to dry and harden the coating sol ution
whi ch had 20 been applied to the surface of the PET filmso as to forma
cl eaning layer on the surface of the PET film The thickness of the

cl eaning | ayer after the drying process was about 11m Lastly, the
cleaning filmwth the cleaning |layer fornmed on its surface was cut to a
specified wwdth to obtain the cleaning tape of Test Exanple 1. Fig. 5 shows
an imge of 25 the surface of this cleaning tape of Test Exanple | taken
by a scanning el ectron m croscope. 15 Test Exanple 2 (single |ayer of
spherical particles with average dianeter 54m C eani ng tapes of Test
Exanple 2 were -roduced Cleanlng tapes of Test Exanple 2 were produced

i dentical | y & ! pLITEAY psicalfpadivisevith svecepidianteatr Sbm3pheri cal

particl es of ve were .used as th pheri cal rticles and
the coated thi ckneggl%ogpngﬁﬁ&gsg%ﬁ‘mlﬁ zp“é‘?r??”&:ld@%em %&ﬁﬁp@ém&ﬁe $he

thi ckness ofExbingleCl eaniprgiucddieriticall fF cléahtodhydsg TREIGESBlVBScARUE 6m
Test Exanpl Si ngl e laver of spherical particles with average di aneter

14m 10 €& eéPﬁeﬁ‘éa lipgiistes of avesage discasipl BUB Waky wep pothespltricd reamlesgnd dpes  of

Test Exanpl r tdentl al eani pe est Exampl e
| except thgt gﬁp rl%sglo‘ﬁgllé E "Ig@?t A’Yfé;ﬁé&‘éﬁg %éﬂ%l’tﬁak'}ﬁs%\%ﬁ%e&l%‘ﬂn%s t he
spherical paiyti dfteethealtfing PocefalRdboltbugkness of the abrading particles was
about 4m The thickness of the cleani ng | ayer after the drying process was

about 1.2m 15 Corrparl son Exanple 1 (conventional tapes with nulti-layer of

AVWA with average. _ . . anpl e |
were produced. ¢ i St PESHH AT i BPdduced
identicatly t O CCbatﬂhglgapbﬁ@EBesOExa ¢ 35)é@6ﬁﬁl0§ucjed @Qaﬁiig%@&s et E’)Eadﬁﬂ@r y
(non- spherl %? éAlZOB articles with aver ag di anet er m-wer e
used as abr EC%IHGOP anipg peagot Fest Ryseple fexwméthab?pémm@

particles c;@g’@f Q&g@@g; ( t cal rticles
wWithr andorrlly%?arret ear S) e EF%BW%IEU&d ’J}fﬂ é?helg‘%/a? g%c r?{)t:h%c’ t\/\G/{gr e
pr oduced. Fbrcmseaﬁtlmgbtadp%qaaﬁicles was about 4pum. The thlckness of the cleaning layer

after the drying process was about 1.2um.
15

Comparison Example 1 (conventional tapes with multi-layer of AWA with average

digmeter 1pum)

Cleaning tapes of Comparison Example 1 were produced. Cleaning tapes of

Comparison Example 1 were produced identically to cleaning tapes of Test Example 1
20 except that ordinary (non-spherical) alumina (Al,03) particles with average diameter
Tum were used as abrading particles and the coated thickness of the abrading particles

was 6um.

Comparison Example 2 (multi-layered spherical particles with random diameters)

25 Cleaning tapes of Comparison Example 2 were produced. For Cleaning tapes of
Comparison Example 2, the average diameter D50 of the abrading particles was 2um and
the ratios of D10 and D90 with respect to D50 were about 1/5, the diameters having a
broader distribution. In other words, as shown in Fig. 4, small and large spherical
abrading particles were randomly distributed. Cleaning tapes of Comparison Example 2

30 were produced identically to cleaning tapes of Test Example 1 except that the coated

16



Conmpari son Exanple 2, the average dianeter D50 of the abrading particles
was 2mand the ratios of DLO and D90 with respect to D50 were about 1/5,
the dianmeters having a broader distribution. In other words, as shown in
Fig. 4, small and | arge spherical abrading particles were randomy

di stributed. C eaning tapes of Conparison Exanple 2 30 were produced
identically to cleaning tapes of Test Exanple | except that the coated 16
t hi ckness of the coating solution was about 80m The thickness of the
cleaning layer after the drying process was about 20m Fig. 6 is an SEM

i mage of thehiskiekas®hOEoin s@lﬁﬁéx{‘ga&ﬁ)‘aﬁ%w ucﬁge thidk SREPAGL § Ehm%ﬁ?'gﬁpl e 2.
Fig. 9A is a schematic sectional view o cl eani ng tape pro uce

Conpari son Eﬁamfbbélymgm‘awsmgrasat&iummd I arge particles m xed together.
Conpari son Exarrpie %%rru i -I a spherl particles with average

di aneter 5n) O edniPiy? a‘ﬁf%ﬁ Eseiéﬁw&tagew&décegrus@@wauson

d eani ng tamampfez @Q%TEW is%@@he@‘a@%!e&mﬁal"@év@ of"é Qfgﬂﬁﬁgtaggg lihy to

cl eani ng tapes of Test Exanple 0 except that t arreter D50 of
the abradii n&opwREise empls?, @ﬁvlagémﬁlfh@nd:b&elmgIGIGtShmakqhwgsth@f the coati ng
sol ution was about 40m The thickness of the cleaning |ayer after the
drying process was about 11 m Fig. 7 is an SEMinage of the surface of a
cl eani ng t afgempagaundddmiple TonpalaweR raifl pardeleSiith aldtiRIighett gl eani ng
| ayers of the cI anj ng tapes of Test and Conparison Exanples are shown in
Table 3. Fig. 9BCfegnizg @ege%@mai@ogéé@mblﬁélwwéwd@f»eda Clearing tges efpe of

Conpari son a ity of
| ayers. Tablézesr%1 [I]S%Q%é(t e?f&d38 ‘Fsa%&r%l (EO?I:C %dnj%1 ﬁ%@%ﬁ%lg&]ﬁl De@%%lgg?t%{gh’%l ckness
of coat éd eisepidhaighparctdgeldesnefqrd)sicdfohdatigithg péﬁﬁslbs Exafph end thtQodifdp0 1/ 50

11 Test Exa}th le 2 1/50.1/50 5 Test Exanple 3 1 1/50 1/50 1.2 Corrparl son
Exanpl e 1 1F1KEeSSH %%atlrtﬁﬁ?g‘éwpéw aE%&rﬁQH@ Jlhy thicknesy of the clegstipalayeion

Exanpl e 3 5} ﬁlc]dr@né %)ﬁcgcgss%&aa@bﬁ'lgl Itp?npﬁg‘ ofis Jr?§ﬁl\ﬂﬂ%gg8%@ L9 Jgyanpl es

were used to conpafe
cleaning tape produced in Comparison Example 3. Structures of the cleaning layers of

the cleaning tapes of Test and Comparison Examples are shown in Table 3. Fig. 9B isa
15 schematic sectional view of a cleaning tape of Comparison Example 3 with spherical

particles dispersed in a plurality of layers.

Table 3
Diameter distribution of D50 D10/D50 D90/D50 | Thickness of coated
abrading particles (um) cloth (um)

Test Example 1 10 1/50 1/50 11

Test Example 2 5 1/50 1/50 ]

Test Example 3 1 1/50 1/50 1.2
Comparison Example 1 1 1/50 1/50 6
Comparison Example 2 2 1/5 1/5 5
Comparison Example 3 5 1/5 1/5 11

20 Cleaning tapes of Test and Comparison Examples were used to compare the

surface conditions of magnetic disks (removal of protrusions and particles and presence
or absence of scratches). Glass substrates of 2.5 inches in diameter with a ground (base)
layer, a magnetic layer, a protective film and a lubricating film formed sequentially

thereon were used as the magnetic hard disks.

17



surface conditions of magnetic disks (renoval of protrusions and particles
and presence or absence of scratches). G ass substrates of 2.5 inches in
dianeter with a ground (base) I|ayer, a nmagnetic |ayer, a protective film
and a lubricating filmformed sequentially thereon were used as the
magneti c hard disks. 17 As the conparison test, five of such nmagnetic hard
di sks were cleaned by using cleaning tapes each of Test and Conpari son
Exanpl es under the conditions shown in Table 4 below. The surfaces of the
magneti c hard disks (or their lubricating filnms) were cleaned by using a
cl eani ng devi ce as ithh@MipatiBorFedt, five & 2M8d di 3 | ape
Bur ni sh; Product nunbcenrM:ip | ALTB- | OOT%ﬂhg?%hg%%éggrﬁglf ﬁ]ﬁﬁ?ﬁlgﬁgh %5? I|ﬂgg
Kabushi ki K&8NAS faptagica of Trgend Comanrisopdixdmples dhdk He00AdmOnPstesatine by

contact rol lradR2Qg,eiddar I er. 25. degrees . Feedin ed of tae
200mmi mi nute_ O eani ng ?%%%ggéggglﬁﬁg#ggﬁ%ggﬁgﬁ&fi%'t?H ]8?” gﬂ% BERSIGHT he

sur f ace of ;Wéijrqﬂrlb’dumlditcchtae?lgidﬁgicb a@ﬂao@dﬂﬁia%:tz (PRUGS Iﬁﬁaeam\;@d&-@%ﬂagr L i cles)
i s expl akne res S. 0 e rison test are shown in Table 5.
Table 5 E’art PR %@ngg’r%Pglﬁcé§u'?hffel’®g’%§9mc(9f8%?PSEﬂ*h%@)cr‘é hoatier / sur f ace)
area (% THEasbuskkamkpls@a)l 10 20 75-85 Test Exanple 2 5 10 70-80 Test
Exanple 3 5 8 70-80 Conparison Examle 1 148 175 60-70 Conparison Examle
2 45 58 40-50 Conparison Exanple 3 50 106 50-60 15 As shown in Table 5,
cl eani ng t apgge @f Test Exanples 1-3 have significantly

Rotational speed of disk 600rpm
Pressure by contact roll 120g
Hardness of roll rubber 25 degrees
Feeding speed of tape 200mm/minute
Cleaning time 3 seconds
10 The condition of contact on the surface of the produced cleaning tape (contact

area of abrading particles) is explained.

The results of the comparison test are shown in Table 5.

Table 5
Particles Scratches Tape contact
(number/surface) (number/surface) area (%)

Test Example | 10 20 75-85
Test Example 2 5 10 70-80
Test Example 3 5 8 70-80
Comparison Example 1 148 175 60-70
Comparison Example 2 45 58 40-50
Comparison Example 3 50 106 50-60

15

As shown in Table 5, cleaning tapes of Test Examples 1-3 have significantly
different effects compared to cleaning tapes of Comparison Examples 1-3 regarding the
remaining number of particles and the number of scratches. Even regarding the contact

area of the tape, cleaning tapes of Test Examples are seen as having larger contact areas

20 than those of Comparison Examples.



different effects conpared to cleaning tapes of Conparison Exanples 1-3
regardi ng the remaining nunber of particles and the nunber of scratches.
Even regarding the contact area of the tape, cleaning tapes of Test
.Exanpl es are seen as having larger contact areas 20 than those of
Conpari son Exanples. 18 What is clainmed is: 1. A cleaning tape conprising a
base tape nade of a synthetic resin and a cleaning |ayer forned on a
surface of said base tape, said cleaning |layer conprising a 5 binding agent
and spherical particles dispersed in said binding agent in a single
particle | ayveitis daimkRg:Cl eaning tape of claim| wherein said single
particle layer in said cleaning |ayer containing pocket parts scattered in
dotted manners, said pocket parts 10 containing none of said spherical
herical particles

particles. 3. Thg cle h f cl ai m |

have an ar eal den5| tg% egg%lé?)?pec MBFSng f e eo‘f“a‘ipe ?%H?‘g‘é‘fﬁsgﬁpﬁdgce of
sai d base t alpening hyd: foihﬁ:l@i:eﬁmfabgof aeb Rk 1k ajam clea\M}%fIQj/dﬂ cS@dbdsifd gani ng

| ayer has at |ckness V\@& is 1.05 times or nore and 1.3 times or |ess of
the averagePd Wﬁ%‘?t apft sRierigel papsiclssidisgersprhingspid bindingagerhi atinglnpaticleape of
claim1 whepgen said spherical particles are 0.1mor 20 nore and 2001i m or
|l ess in dianmeter. 6. The cleaning tape of claim1l wherein said cleaning

| ayer, containing said spherical particles and sai d binding agent,

contains said spheri % ar re and 80
wei ght % or Iess‘ @4 (ﬁr)%e nglcfaaen? i}a agp‘gltl%‘f’mé?lﬂlsfﬁg}eRﬁﬁg‘il]%laﬁmslalsggspher| cal
particl es hdeming Isyezreontdin&tgpdnhétlp@ﬂs saatibretl alottel @ndn@bis Osa@f pddketGapnd D90

wi th respect othe av edla ter D50 is 1/10 or greater 0 8. The
cleanlngJD ?ﬁm%P%FH?Sa&ﬁ@@%wﬁl§§?ﬁe%pherlcal particles are organic
and/or inorganic particles. 19 9. A nethod of producing a cleaning tape

conprising a base tape nade of a
3. The cleaning tape of claim 1 wherein said spherical particles have an areal

density of 50% or more and 80% or less on said surface of said base tape.

15 4, The cleaning tape of claim 1 wherein said cleaning layer has a thickness
which is 1.05 times or more and 1.3 times or less of the average diameter of said

spherical particles.

5. The cleaning tape of claim 1 wherein said spherical particles are 0.1um or

20 more and 200um or less in diameter.

6. The cleaning tape of claim 1 wherein said cleaning fayer, containing said
spherical particles and said binding agent, contains said spherical particles at a ratio of 50

weight % or more and 80 weight % or less.

25
7. The cleaning tape of claim 1 wherein said spherical particles have a size
distribution such that the ratio of D10 and D90 with respect to the average diameter D50
is 1/10 or greater.
30 8. The cleaning tape of claim 1 wherein said spherical particles are organic

and/or inorganic particles



synthetic resin and a cleaning |layer formed on a surface of said base tape,
said nethod conprising the steps of: 5 formng said cleaning | ayer by
coating said base tape with a coating solution containing an organic

sol vent and spherical particles in a binding agent such that said

spherical particles are dispersed to forma single particle |ayer; and
causi ng said spherical particles to nove inside said coating solution to
formand to harden aggregates. 10 10. The nethod of claim9 wherein said
spherical particles are contained at a ratio of 55 weight %or nore and 80
wei ght % or |ess of the sumof said binding agent and said spheri cal
particles, and said binding agent and said spherical particles have a

total concentrati%n ofA 2Ethadioghtoddsiog a blessing faps addpiiiag a baye saplewtddornf a 20

synthetic resin and a cleaning layer formed on a surface of said base tape, said method
comprising the steps of:

5 forming said cleaning Jayer by coating said base tape with a coating solution
containing an organic solvent and spherical particles in a binding agent such that said
spherical particles are dispersed to form a single particle layer; and

causing said spherical particles to move inside said coating solution to form and
to harden aggregates.
10
10.  The method of claim 9 wherein said spherical particles are contained at a
ratio of 55 weight % or more and 80 weight % or less of the sum of said binding agent
and said spherical particles, and said binding agent and said spherical particles have a

total concentration of 25 weight % or less in said coating solution.

20



