"METHOD OF MANUFACTURI NG A POLI SHI NG ELEMENT" - 2 - This invention
relates to a method of manufacturing a polishing elenent, and particularly
to 5 a' met hod of manufacturing an essentially all-netallic p |hsbgdbﬁ_
el enent useful for finishing surfaces of both nmetal and nonnetal objects.
Polishing tools such as files or sandpapers have traditionally been used to
poli sh the surfaces of 10 nonnmet al objects (like wood, banboo, or _
syﬁ?ﬁetlc resin, for exanple,) or to polish the surfaces of metal obj ect s
(such as alunlnun1 brass, copper, steel, or the like). Files are poli '§§
tools made fromnetallic 15  stocks which, when finished, have teet )
formed on one or nore surfaces thereaf. 1The teeth have custonarlly be
formed on the files by punching the surfaces of the netallic stock with a
chisel. Unfortunately, this nmethod is not easily adaptable to efficient
mass- 20 productive techni ques. Furthernore, neither the tops of the
teeth nor the finished sides of the teeth on the files forned by this

met hod. are flat -and snooth. In this regard, files having teeth whose tops
and sides are not flat and snooth are susceptible to a clogging 25
phenonena whi ch occurs in the recessed parts of the file. C oggi ng becones
even nore apparent when a flle i's used on nonnetal objects. In addition,
due to the :
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extreme difficulty in narrowi ng the gaps between teeth, files have not
general |y been considered suitable tools for the final steps required for
fine finishing or polishing. Sandpapers are nade by stfcking abrasive
particles onto a paper or a cloth. Sandpapers can be used for final
fini'shi ngntyuches since their faces have very fine neshes. However, during

the polifghin - 3 - operation abrashve particles adhered to sandpapeh&f
tend to 3\ k | oose. Not only does™tfe™det achnent of the abrasive

particl es orten the life of the. sandpaper, but the particles which cone
of f are potential cause of further problens. Whil e the
pliability of sandpaper permts it to be used with a holder, particle

det achnment -occurs even.mhen a holder |s ol oyed. Whenever a file or
sandpaper is utilized, 1d0fhis inyeption %aﬁ'fp R mekhodPh surface

bei ng pol i shed. mmﬁﬁm@wt @ixéh’fﬁiﬁ: d1léménte, Care ﬁ:@iéﬁi@ﬁwrté he

arrangene of abrasiv essent | un a eth |h'

t he cgse o san%ld%\aéﬁ‘fciﬁ “"béa%{‘ﬁjb'fq ya‘? e%ﬁﬁ a"ejdy%ri?ﬁ ?lg‘u "c%’rif‘? bute to .
15 the fi rpokishiingcslémént ossetul f for shionil sl g heuic Sacdsoaf Bothl e
foil is dlscloqﬁghéilégﬁnggﬁﬁbéggeggjéggglcatlon No. 42-21329 (Publication -

No. Polxshinq tools such as files or sandpapers
have traditionally been used to polish the surfaces of:
10 nonmetal objecté (like wood, bamboo, or synthetic o
resin, for example,) or to polish the surfaces of metal e
- "objects (such as aluminum,'brass,'copper, steel, or the

like).
Files are polishing ‘tools made from metallic
15 stocks which, when finished, have teeth formed on one
or more surfaces thereof. The teeth have customarily
been formed on the files by punching the surfaces of
- the metg}lic stock with a chisel. Unfortunately, this
-method is not easily adaptable to efficient mass-
20 productive techniques. Furthermore, neither the tops
" of the teeth nor the finished sides of the teeth on the
files formed by this method. are flat and smooth, In
this regard, files having teeth whose tops and sides \;)
are not flat and smooth are susceptible to a clogging
25 phenomena which occurs in the recessed parts of the
file. Clogging becomes even more apparent when a file

is used on nonmetal objects. 1In addition, due to ‘the
extreme difficulty in narrowing the gaps between teeth,
files'have'not_generally been considered -suitable tools
for the final steps required for fine finishing or
polishing. _ .

Sandpapers are made by sticking abrasive
particles onto a paper or a cloth. Sandpapers can be
used for final finishing touches since their faces have
very fine meshes. However, during the polishing



§ .

51-9958) for .overconing probl ens such as those 20 descri bed above
which attend existing pol.ishing tools. (This Japanese Patent Application
has a corresponding. British Patent which is No. 1161924). The file -fai
made of metal but is unlike ordinary files which have metal recesses at (L
points where the file teeth 25 interdett. That is, on the file fof&%/
SUrface. 1N additi oo e o e arers Joft TLaTed Sdlidsed o BRRTPRTEES [
sur f ace. In additio he arrangepent o e teeth on [ Ol
strictly regul ated. YEF"%hg"%*'%&?of‘?%s%‘re t*ﬂ‘?'ﬁ g%‘?éélifydﬁééﬁg%“t of
rigidity. Consequenfhe, abnasive cpdrticles shouren tthebd ifamegetheSome -
enbodi nents of the fikgnh 5§§:di53£°§ﬁg .£#éﬁ£ﬂﬁfﬁﬁuﬁﬁ%%%hepﬂgg'99%'9” No.
51-9958 are agapted to mate wth a hol der for use. However, 35 when
the teeth on Phe fil cPPEPREIA} ccapp-QtiifuttheRiqblams-1 | Whiidei S§eboth
the file foil and thepmﬂhﬂﬁﬁiayeoffﬁéﬂﬂpéﬁiﬁhperﬂiﬁﬁﬂ¥ﬁﬂtdoteth%g%?b&&ﬁ En:;
I.S neither econom cal V, ‘ S 1S} € Ci ous sgQci ety |
foils adhered to a horgje?éee'_?%%@gggga%é%%bﬁ%iorfgcq{}oole?gpew &t 8 M}geés
durabl e as desired orisrempheyedahbl e for |ong periods of ‘use. In %hls
respect, the non-rigid file foil &gk el gU

cerltoai n conditions gf S adh%eﬁsl on éoira %gﬁtéégﬂggggl é’ﬁl Egg\ﬁlx'/cj)'rzﬁd'
The enbodi nent? of t hEiRe| §c¥3t¢hes can be left on a surface being polished.

- _ ‘The arrangement of teeth'(in the case of a file) or
the arrangement of abrasive particles (which
I\ essentially function as teeth in the case of sandpaper)
| cannot be strictly regulated and hence contribute to
15 the fine scratches left on the finished bolished
surface. |

_ - A file foil is disclosed in Japanese
Patent Application No. 42-21329 (Publication No.
.. 51-9958) for overcoming problems such as those
20 described above which attend existing polishing tools.
(Tﬁis'Japanese Patent Applicition has a corresponding.
British Patent which is No. 1161924). The file foil is
made of metal but is unlike ordinary files which have
metal recesses at points where the file teeth _
25 intersect. That is, on the file foils of Patent
 Publication No. 51-9958 the teeth run without a break
on the'filg_surface.' In addition, the arranéement of
_the teeth on the file foils is strictly regulated.
Yet the_filé foils are thin ahd generally lack
30 'rigidity. -'Consequently, the file foils are prone to
. be damaged. '
| ~ Some embodiments of the file foils
disclosed in Japanese Patent Publication No. 51-9958
are adapted to mate with a holdér.for use. However,
35 when the teeth on the file foils are worn-out, the
entire unit including both the file foil and the
holder are thrown away. Disposal of the entire unit
is néither economical nor advantageous in a waste
conscious society. File foils adhered to a holder



di scl osed in Japanese Patent Publication No. 51-9958 have a cutting action
angle (an angle between a top face of a tooth and a side of the tooth)

whi ch becomes 10 ~ .wider than [err] (i.e. becomes an obt use angl e). A -
cutting action angle w der than 900 results in a | ess than optimm

pol i shi ngps fornance In fact, in croés=-section the teeth of the file .-
foils di Jed | nes a o) Q%ﬁg af*
essenti dl{l(y gem - gl gr 38 E h§f%3§q&' %l?@% é]':és\lﬁnam?]a]'f a%seldjea‘étagéteh V
result fXomfthe ehscﬂesﬁyedCOAndreeuneuhgﬁhbghﬁv% perindd of W&eh t he

file foil and a '&é‘sl : Ige&bereﬁerﬁon-zim mﬁéeﬁnq,te}@%%ese

Publication No. 5 cor porated herein reference,

particularly the §F§§§hlﬁéPﬂdéd Pn Fﬁeuﬂ@§¥uﬁF?ﬁg;ﬂnﬁﬁﬁﬂﬂqhqqﬁ; ch file
foils. W th respdnkesiont be veepssetessfel nedhishindiavddie foil teeth nust

‘be fornmed in essentially sem gi.rgul-ak.s | 0 ve the file
foil fromits associ at ed netaFﬁchﬁégéligggg of fgéi ﬁ& ﬂﬁ%%%5|derable
difficulty woul d diiscdosiedninedapangsehBatent Publication B @l-9983us,

file foils produc naa c qnggﬁgg
Publ i cati on No. 5%(151555 %g\%qggt tgf‘r%’éagc%a?hgg‘n%?gasﬂigﬁee} ter t Q&’gand

teeth which tend £3c800f 2 tpgtR anpd Acsideof|
foregoi ng 1¢ef i ci enqigex Qhaﬁxsef’l .80 bebomegs e&:erwwse |atng].e)a.n om ect of

o) SratiT) o ot AR e BRESLEhdf A ShFER e
durablllty An adwannag@témuthOéﬂéb ng pevformances In fact, in
cross section the teeth of the file foils disclosed in
_ Japanese Patent Publication No. 51-9958 are
15 essentially semi-circular. The semi-circular shape ..
of the f11e teeth result from the electrolytic and
reducing methods used in making both the file foil and
a metallic mold therefore. In this respect, Japanese
Publication No. 51-9958 is incorporated herein by
20 reference, particularly the steps included in the method
of manufacturing such file foils. With respect to
the steps of this method, the file foil teeth must be
formed in essentially semi-circular shape 1n ‘order to
remove the file foil from its associated metallic mold.
25 Otherwise, oons1derable_d1ff1cu1ty would arise when i;}
' removing the file foil from the mold. Thus, file
foils produced in accordarice with Ehe method of
' Japanese Patent Publication No. 51 -9958 have cuttlng
action angles greater than 90° and teeth which tend to
30 lack the desired r1gid1ty.

In view of the foregoing def1c1enc1es of
existing pollshlng elements, it is an object of this
invention to provide a method of manufacturing an

‘essentially all-metallic polishing'element having
35 superb rldlglty and durabllxty. |

An advantage of the present invention is

the provision of a method of manufacturlng a polishing

Q .



the provision of a nmethod of manufacturing a polishing el ement which is
easily and econonical |y mass-produced. A further advantage of the present
invention is the provision of a nmethod of 5 manuf act uri ng i'shi ng
-el enent whose utilization results in snmooth, long-lasting finis eé aces
yet=whi ch requires |ess expenditure of effort. According to the\pres

i nwention, there is provided a met hod. o4 4raking a polishing ele 10
conprising the steps of : depositing a photoresist filmon a surface of
met al stock having a coarse surface; using a photomask to sel ectively cover .
portions of said phelemestswhichnis ldasily and economicalgyposing the
uncover ed pOFtiOnS'ﬁLSQDFrgggéﬁj?SiSt filmto actinic radiation; removing
portions of the photoresist fifTmin such a manner that patterned portions
of the metal stock surface are Aefyrehgiodyantage: o€ sbet possent 20

elohing T ecgsses | nosa inorar e e e O oo K st face b
2ppl v ng andet chant T et EEFHR F AOTAR0R%. peBlns WheRanELiLorhion
physi cal notion rel ae$ebts olrasmoatttherl ongrdrasitinjoifiintghedt sungacest fet
having teeth tops |Wh¥h requires less expenditure of effort.

' ' According to the present invention, there

is provided a method of making a polishing element
10 comprising the steps of : | ,
depositing a photoresist film on:a.surface

of metal stock having a coarse surface;
' using a photomask to selectively cover
portions of said photoresist film;

15 _ exposing the uncovered portions of the

' photoresist film to actinic radiation;
| removing'portions of the photoresist film

in such a manner that patterned portions of the metal
stock surface are left exposed, and the portions of

20 ~ the film left unremoved correspond to the teeth of the
polishing element;

etching recesses in said uncovered

portions of said metal stock surface by applying an

. etchant while said metal stock and said etchant are in

25 physical motion relative to each other, thereby
forming cutting teeth having teeth tops lying
essentially in the'plane of said metal stock surface
and teeth sides which at least partially define said
recess, the interior angle between said teeth top and

30 _ teeth side being an acute angle; and
| removing remaining portions of said
photoresist film from said metal stock; and

_ 'quenching (or hardening) the raised

cutting teeth alone. ' '

35 In a preferred method of making a
polishing element, in accordance with the inventioh, a



essentially in the plane of said netal stock surface and teeth sides which
at least partially define said recess, the interior angle between said
teeth top and 30 teeth side belng an acute angle; ‘and renDV|ng

remai ning portions of said photoresist filmfromsaid netal stock; and
guenchi ng har deni ng) the raised cuttlng teeth alone. 35

“In a pref d method of making a_pel,ishing elenment, in accordance w.th the
inventio . 5A- phot or esi st flﬁhtnay be first deposited on a surface
of metal stock; phqﬂuﬁasna&kfmaw maynbee fiss4 depesibedson asiekace ey
portions of the‘gf éyggtore5|st film-for exposure subsequently of

t he uncovered por |ons]there Thereafter OLtIOﬂS o t he ot or esi st
fil mwhich are not covered ByPFH °Bﬁ5§oﬁﬁ§k 8 thsgd °°V€€osed
portions of the filmare renoved in order to Ieave exposed patterned
portions_of the netal stock surface. @l f'-shaped recesses are then etched
into the5exposed portions of the netal stock surface. The formation of

gul f - shaped recesses results frontthe



10 application of an etchant while the netal stock and the etchant are
I n physical notion rel ati.ve to one anot her. After etching, remaining ~~
portions of the photoresist filmare renoved fromthe netal stock. A
pol i shing el ement conprising cutting teeth having 15 acute cuttlngigzb
action angles results. Following is a descrigtd on by way of exanple only

ol o T ec: | OablEcRERRIP I bril Y W YpoBILE° pRbeiests R0} IR
are schematic cross-s8eri exposuievanhigguantly wiodbes uncoyeredi pabkéohsr

the manufacture of a Eﬂal‘é@fr e'ﬁf@f&aﬁc&mgﬂo‘&ﬂo?zsao@@ﬁ EREPS gygption;

25 . IS a pers ectivé View of a enent
having a plurality offbg%eMk+%9I%FQAﬂqquﬁqWﬁﬂ byh&be PgeépnaSFug e9 theg
perspective vgew of aeﬁpbtﬁﬂepoﬁifoﬁsﬁoﬁﬂfﬂe snuuperaheaadvbeeah oﬁ@er to

Fi 10 t i sher, el eqent _w a

Lesth interaect ng I b erey) tofted S4ESskhe TokFions "ok " shn pBRaT SESFK, ca
el evation of a polisheurfacerent Gulfrshaped zlecesses axeehhealbycﬁéd into
ylindrical ly: shaped Lt bxpédics Rl Sffls YRR’ mdEa10 stbbROUGTERGR2  The

h | der; Fi 12 is a bottomvie
ol de '9 formation of gulf-shaped recesses results from the

10 application of an etchant while the metal stock and
the etchant are in physical motion relative to one
- | _ another. After etching, remaining portions of the
photoresist film are removed from the metal stock.
A polishing element compiising cutting teeth having
15 - acute cuttxng action angles results.

Following is a descriptxon by way of
example only and with reference to the accompanying
drawings of methods of carrying the example into

~ effect. _
20 In the drawxngs $-
' Flgs. 1l - 7 are schematic cross-sectlonal :
vzews depzcting p:ocess steps suitable for the
_ manufacture of a polisher element according to a mode
| of the invention; | "
A 25 Fig. 8 is a perspective view of a pollsher
' element having a plurality of essent1ally
cylindrically-shaped teeth. '
Fig. 9 is a perspective view of a polxsher
'element with str1pe—shaped teeth;

30 ' Fig. 10 is a perspective view of a
polisher element with stripeésnaped teeth intersecting
laterally and vertxcally,

Pig. 11 is a partlal, vertical elevation
_ of a polisher. element with a plutalxty of essentially
_'35. _ cylzndrically-shaped teeth, the polisher element being
attached to a holder-
' F1g. 12 is a bottom view of Fig. 11;



- 7 - Fig. 13 is an elevational view of a polisher elenent attached to

anot her type holder to be used as a polishing tool; Fig. 14 is a bottom
view of Fig. 13; 5 Fig. 15 is a schendatic séctional view
of a piece_of netal stock having a coarse face; and Fig. 16 is a schematic
secti onal ﬁ}'MlOf a polisher elenent formed by utilizing the piece of netal<
stock. of(‘B'¢. 15. 10 : - = 7 According to the nodes of -the ~
present “o¥ention a polishing element is manufactured by initially

selecting a piece of metal stqck 1.as.,a starting,.patetial from anong
various suitable netals of théﬁﬁ&p@' _fcﬁ“cﬁheggté?ﬁﬁédv&fvhoghaetchant. As
15 expl ai ned pel Eshned telemen theatdlachiedc koi snethect tdpeaboibden toabse

surface. The shapeuggqtggagﬁ%&ﬁiégfya<tgcqgn-be, for exanple, either that of

a plate or a bl ock. n the case of_ "a bl.ock-shaped stock the stock may be
either square or round. In aFiGeadf dSsRoRRttAMogiew ofFig.1135 steel

~plate is sglected as a et al a::?tkﬂs A phechenatst BekEidnali ¢bewsof a
t

resistant to corrosjon is,co: vqgﬁ%ps sgrfaoe of fhecmetal stock 1 as
shown in Fig. 2. Pieceifmetal #resksPaYdnsha PRESREAFRANt 288 asi ve

wor ki ng portion of the polishefi516 is meschematiecsecaivhalbeievmofea to
one i de of the StRCLAHEr slenttle EMimed pYRLITL2ING LRETBISPE TELC (0 The
exanpl es of the metal stock of igf_ls. ' | ' .
10 ' - According to the modes of ‘the present
invention a polishing element is manufactured by | W
ihitially seléctinq a piéce of metal stock 1 as a
starting material from among va;idus suitable metals.
of the type which can be_etéhed'bith an etchant. As
15 explained hereinafter, a metal stock is selected
having a coarse surface. The shape of the metal stock
1 can be, for example, either that of a plate or a
block. 1In the_case'of a block-shaped stock the stock
may be either'squaré or round. In an example shown in
20 Fig. 1, a steel plate is selected as a metal stock 1.
o A photoreSist:film 2 which is resistant to
corrosién is coated on the surface of the metal stock
1 as shown in PFig. 2. It should be understood that B
the resdltant_ab;asive wd:king portion of the polisher W/
25 need not'necessafily bellimited to one side of the
metal stock llsﬁt can} if desired, be formed on more
than one side of the stock 1. To simplify the
discussion'with refe:ehce_to'the examples of the
. illﬁstratiohs, the abrasive working surface is formed
30 on the front side_(dﬁpet'Side) of the steel plate.
However,,the_revérsé side (battom side) can also be
fabricated to have an abrasive face.
' ‘Next, a "pre-baking® treatment is given to
the photoresist film 2. Thereafter a pattern of
35 teeth to be formed in a stock 1 is made with a device
such as a micro-plotter or the like, which is



i | lustrations, the abrasive WDrking surface is forned 30 on th_;L&?nt_
side (upper side) of the .steel plate. However, the reverse side (

side) can also be fabricated to have an abrasive face. Next, a "p i ng"
treatnent is given to the photoresist film 2. Thereafter a patte 35
teeth to be fornmed in a stock 1 is nade gnth a device such as a

n1éLo plotter or the |ike, which is - contracted to produce a

preci si on phot o- pl at ecatrpétedmeskpdoducdha phétﬂﬂﬁ@*‘ﬁh&&ﬁipiaﬁﬂtdﬁ’n of

solid portions corre tqQ teekf t t tock _.
as vacant portions b?’%rlgh‘g?ﬁegfeet #,‘e Bhg&ﬁgﬁﬁmg }#]? J&iﬁ fﬁesr?\fg d
over the photoresi st poritirast gochespanding bnst%th hto rbﬁ)tﬁvrmdstlnf ithe

during an exposure a@Qo@ﬁVQ|QB”&QilSSSPV&QEﬁe'?oé%&%ﬁ%“%t&¥eeﬂ Ghe lekm?
photoresist fjlm2 a otores] st .filmwhich renained on

10
the metal stock .1 thF§E Hgﬁgmﬂébeg gﬁeﬁ?eﬁrbié§s°Y§Ftqﬂﬁ1HHQ£% isgy £ilm
post - baki ng. In the moshhhekdngostﬁona ofuthelpbbtﬁréxﬁﬁﬁIﬁlim4ddﬁuﬁg an

Dot ok 5 ar o oo aobhES hAS BBELELBROh: Y2EED BRI Whadarel . | ,
Fig. 4 to forn1expos§9=#éPaFIP§ bhet Bhgtoresist ofilm chiarng rEmovedove stated

enbodi ment makes use of a so- Ca'tﬁé Bﬂét6t¥§xéEﬁ@Eﬁﬁd@Kﬁéﬂ“%&ﬁdld%d on
photore5|st

10 the metal stock 1 through the development process is
. then treated for post-baking. In the post-baking -
W _ ~ step a plurality of openings 4 ﬁhich positionally

correspond with the pattern of vacant portions of the
| photomask 3 are made on the photoresist film 2 as
.15 -~ 1llustrated in Fig. 4 to form exposed metallic parts 5
' ready for etchinq. .' | |

The above stated embodiment makes use of a
so-called positive image type wherein a photoresist
film which has its exposed portions removed after

20 development process is used together with a
corresponding photomask.

During etching, éxposed parts 5 of the
metal stock 1 are chemically corroded by application
of an etchant. In the etching process relative

N2 : 25 physical motion occurs between the stock 1 and the
etchant. The relative physical motion of the stock 1
and the etchant causes the etchant to corrode more
deeply into the metal stock 1 and facilitates lateral
etching. That ' |



filmwhich has its exposed portions renoved after 20 devel opnment.

process I s used together with a correspondi ng phot omask. During etching,

expogeq\parts 5 of the netal stock 1 are chemically corroded by application «
®xdhant. In the etching process relative 25 physi cal notion -

occu 2t ween the stock 1 and the etchant. The rel ative physical notiom,
of the=Stock 1 and the etchant causes8ghe etchant to corrode nore deeply -
into the netal stock 1 and facilitates |ateral etching. That is, the

relative physical notion facilitates the undercutting of portions of the

metal stock whi ch i8se-thehgelative,physicslsmotion facthdtatesi #heresults in
the formation of andercHtin fofg ofrﬁhmedtr ebes@etal stochewhiehl 188ock i

as illustrated in Fi s an or X e. | f ed rece Is_an
arc-1ike recess ( éiﬁn? ﬁigqgﬁ 355e%¥1 Piﬁﬁgﬁﬁlre893%ssﬁ§ped
recess) forned bettlzearfdﬁmﬁ:mt to:tl ia pAurallidyt oft gulifrshepeli yecessesach
O Fe SoBtnacr 1) the Medali® JUAY 1o/ 290, erled 13! #iks! 37fnl"e

arc-1ike corntours he a recesses tan ent

recess are near tﬁb riﬂmtewprlé)essi |&ﬂleﬁ-§é1@@|e@n1\ﬁ|°ﬁ$5t A8 G-E-pérceﬂ-ékéd
surface of the Nelroddddfank 1H You¥- lentidMineatisiad Yssehtidlng sthi-

stock 1 at an |nt%£h£{ éhéped T ceséi fgﬂdg&Mge h |s I ss th % _QL
' illustrated in the Figures, each tooth 11 ‘is bordered
10 b»y the upper“surtace of metal stock 1 and the arc-like
‘contours of the adjacent recesses 6. A'tangent to
the etched recess ‘are near ‘the point of recess -
'intersection with the upper etched surtace of the
metal stock 1 intersects the surface of the metal -
15 stock 1 at an interior angle alpha (a) which is

less than 90 ~

20



20 The rel-ative physical notion of the netal stock. 1 and the etchant
can be effected.in a nunber of ways. For exanple, in one enbodinent the
netal stock 1 with its exposed part 5 is deposited into a tupfidled with
et chant and soaked while the nmetal stock is noved both |at

vertically. In another enbodinent, etchant is sprayed ont/o al stock |

wi tbits exposed parts 5. In Fig. 6, fov-ékanplg, stock 1\with its exposed
parts S5_rotates about its axis A while etchant is sprayed ma fixed
nozzle B onto the exposed parts 5. The etchant is evenly sprayed onto the
exposed parts 5 while the Wbeareiacdkelphysich%;mogioneawlthz??buauPe
formation of gul 3IRped ah@c e t e e3s. ernatiyely,
t he netal stogk Etﬁgf %Bagﬁqgﬁgréggggéfngﬁp,B?i%gge§%gﬁei§o?ngm eﬁo?és.
As anot her alter H3¥Bye, FABt RXEMRLR0z ARcORCagMDOAimeBLtakhet mekal s&bakel | n

an even furtheL althrmakiéﬁpoeea|p&§hi5¥iﬁfdéﬁbﬁgﬁﬂﬁ Tﬂféféegﬂﬁfggglgp t he
rovided and the a _Lenaips fi so, that en i

ﬁetal stock 1 ingsghi%&ébﬁﬁgeéﬂeséﬁagﬁﬁtwgggg §Bfa988?;AﬁF§¢kcéﬁpﬂ@??dn of

the etching prockoth iaterskdynand peotbeatlyt fIThmAothetcanBedif¥nt,

conventi onal " cCuskuRE. (3"EpR9Ua ShEB°aChellE SL3EKoTo0:LF: Led

exposed parts 5. In Pig. 6, for example, stock 1 with

its exposed parts 5 rotates about its axis A while

etchant is sprayed from a fixed nozzle B onto the

exposed parts 5. The etchant is evenly sprayed onto

" the exposed parts 5 while the metal stock 1 is

rotating, resulting in the formation of gulf-shaped

recesses.6 .by the etching process. :
| Alternatively, the metal stock 1 is, in

another embodiment, fixed while nozzle B moves. As

another alternative, both the nozzle B and the metal

stock 1 rotate. 1In an even further alternative, a

plurality of rotating nozzzles B are provided and the

metal stock 1 remains fixed so that entire surface of
the metal stock 1‘1nc1uding the exposed part 5 is
sprayed. ' '

] ' : ' | After:cgmpleiion of the etching process, the
remaining phdtoresist £ilm 2 is removed by conventional
techniques.

| The above stéps of the disclosed method
result in the formation of a raised tooth 11 between
the adjacent'gu1£43ha§ed recesses 6 as illustrated in

-~ Pig. 7. Thus, a metallic polisher 10 having a
plurality of teeth 1l is obtained. |

- The teeth 11 on the polisher 10 have flat
tops, but the teeth side faces are curved like an arc
as described above. The blade 12 ‘is formed at the
boundary line or the intersection between the top face
and its side face. The cutting angle o{ between the
top face and the side face is an acute angle. That is,

»



result in the formation of a raised tooth 11 between the adjacent.
gul f-shaped recesses 6 as illustrated in Fig. 7. Thus, a netallic polisher

10 having-/Arplurality of teeth 11 is obtained. The teeth 11 on'the polisher
10 have fla/ tops, but the teeth side faces are curved |ike an arc as _
descri bed“ebove. The blade 12-is formed atl@he boundary line or the -

i ntersection betweqe haglapsipea @8dnatsowetletimseaoThe pidicratiyitae o
[err] between the top.f.ace and the s'hde {aﬁ;eFst an gcute aneqlcfﬁ m‘ t0 IS,

-10- the angl e al pFYStINgaACKHOR ARERS oBLPHA 110 IS T39S SF 3 action
angl e alpha is in tihe poldshihgieléfentecpenl $ehfoxm Iﬁemgﬁ:ts%mln t he
subj ect matter of rcopending:appli Lops No. %?:W‘ ﬁ'%g '
been di vi ded out f(r&?mogi%e%% eeggﬁﬁaasgﬁ?%%??lbﬁp ﬁ'e ee ornle on st he

pol i sher cdn be ar besgedividednonsusrenapee RERSent tappkleatinng red. Figs.

7 and 8 illustrate an essenti alphk 8kethefSiméd 0! tivd o LlisHEY iddh be
essentially circular-s

using a phot omask I?&\Fiﬁg%%;d&}rﬁ?‘ép‘#guﬁf 313?%%?' e?%?fﬁéfgﬁg%’h%tlal%\égﬁ%ﬁ{eg’?g?sby
to cover a netal strdge.l7ofansk 8elilbastrgte amiessestidllyl aduraidtalgie S .
L L, | BRATRR Ty Sablnd] SOELEEL ALY LTI il Nt 15

10 11. The teeth 11 were formed by using a photomask
having a plurality of circles arranged at set _
intervals to cover a metal stock 1 of steel having a -~ _
thickness T (T equalling 0.5mm). In this example, N\
the maximum tooth.diameter D is 0.13mm; tooth height |

15 - H is 0.13mm; and, the cutting_action at angle alpha is
709. | | | )

Fig. 9_illustrateé an essentially
all-metallic polisher 20 méde from a metal platé-with
 teeth 21 in the shape of raised stripes.

20 .  An essentially all-metal polisher 30
illustrated in Fig. 10 is also made from a steel
plate. The polisher of Fig. 10 has teeth 31 which
are formed with raised stripes running bdth_laterally
and vertically to intersect one another. Like an

25 ‘embodiment of a file foil disclosed in Japanese Patent
Publiqation No. 51f9958, the top face of the raised
teeth stripes intersect each other. Unlike ordihary
files, however, no recesses occur at points where the
stripeg intersect. _ _

30 ' . It should be understood that many patterns
of teeth can be formed in the metal stock 1 and the
number and types of such patterns should not be

~limited to those mentioned herein. Fdrthermore, the
- metal stock need not necessaiily be of a plate shape;

35 Square, round, or block shaped stocks caﬁ be employed.
In some embodiments, the teeth are even formed on a
surface of a block-shaped metal stock which is grasped



‘Fig. 9 i|lustrates an essentially all-netallic polisher 20 nmade from a
netal plate with teeth 21 in the shape of raised stripes.- 20 \
An essentially all-netal polisher 30 illustrated in Fig. 10 is a(ffZ%?de

froma steel plate. The polisher of Fig. 10 has teeth 31 whichlare’forned
~with raised stripes running both laterally. apgd vertically to interséct one
angs her . Li ke an 25 . . enbodi pent of file foil di.sclosed in Japanese
Patent Publication NBY 8%-83ted Yﬂght%mpq ©of the raised teeth stripes

-intersect each other. . Unlike obepevding idpem itsvaatdickness,c@epdatesccur

inder stood that many ShaPRE; RRTLFESE ey feve, suesictene, rigidfel B0 ¢\ °)

and the nunber and tbgeused imch patterns should not be linited to those

menti oned herein. Furthernore, the netal stock need not -necessarily be of
a plate shape. 35 Square, round, or block shaped stocks can be

enpl oyed. In some enbodinents, the teeth are even forned on a surface of a
- bl ock-shaped netal stock which is grasped - 10°A - by or mated with a

hol der. Dependi ng upon its thickness, a plate- shaped polisher may have
sufficient rigidity to be used in = '



pol i shing operation wi thout the need of a supporter or holder. A polisher
can, of course, be attached to a holder even if it were to have suffi.cient

rigidity in its own ri.ght. The shapes of the holders can very depending on =
the type/qfi N he work or the place of the work. When it is to be used in

conj ucti@M th a hol der, the polisher is cut to an appropriate size and .x
pressed- pd so that it can be easil f1art ached to the hol der. Attachmentw*-

may be acconplished by various nethods. For exanple, Figs. 11 and 12 show a
pol i shing tool 40 in which a plate-shaped polisher 10 is attached to a
hol der 41 usingokisbing opepationj witheur the peedspfng SURPQStEranMs. Figs.

13 and 14 showygy aek' Shhngowﬁheiiocuaef 13 &telﬁzaarre&v attaghsa fecardingly,

t he polisher trian go I sher is bent so
that it can behaiéaéhéﬁeﬂoiﬁ ﬁBoK°52 se PﬂgehsvaéﬁcSEn TRAGABALYpARt of the

po:ISEer 'f quuéedwnn&mgatnutrﬁa sﬁapéﬂgaﬁst?d BBQEé:stBﬁnSbéﬁ?S of thg
ol i shing tool can on 0S€.0 or
Pnstanceg a cyPPREP &59 ﬁ8|§gP ggﬁebeggﬁﬁ pH@EEwPE E pBFPgﬁeP% %850|I8h |

the inside of wol&lke. In various enbodi nents pl ate-shaped polishers are

secured to hol ders “h'ChwﬂéxeIEUELaESSb&hLSQda&ﬁ gbhﬁs&taghs%qtgr recessed.

The polishers can al so be
holder, the polisher is cut to an appropriate size and

pressed- -formed so that it can be easily attached to the
holder. Attachment may be accomplished by various . e
methods. For example, Figs. 11 and 12 show a polishing
tool 40 in which a riate-shaped polisher 10 is attached
to a holder 41 using nuts 42. Tool'40_£s ideal for .
polishing a wide plane. '

Pigs. 13 »:d 14 show a polishing tool 50
useful for narrow corners. Accordingly, the polisher
10 i{s triangle-shaped and the tip of the polisher is
bent so that it can be attached to a hook 52 of the
holder 51. The rear part of the polisher is secured
with a nut 53.

As suggested above: the shapes of the
polishing tool can be altered depending upon the
purpose of the tool. 'For instance, a cylindrical \;;
holder can be wrapped with a polisher to polish the '
inside of a hole. .

In various embodiments plate-shaped polishers
are secured to holders which have surfaces which are
either raised or recessed. The polishers can alsv be
préss-formed to form raises or recesses facilitating

- easier polishing work on curved surfaces.
_ Furthermore, for coarse polishing a polisher

can be secured to a holder having either raised or
recessed surfaces or both; or, the plate-shaped
polisher can be pressed-formed to make a raised or
recessed surface,



press-fornmed.to formraises or recesses facilitating easier polishing work
on curved surfaces. Furthernore, for coarse polishing a polisher can be
secured to a holder having either 'raised or recessed surfaces. or bgFR, -
or, the plate-shaped polisher can be pressed-forned to neke a raiseg
regessed surface. -12- I n accordance Wth the invention, the top\ e/ of
each tooth is coarse-and this is attaifietd as previously nentioned, by
maki ng the polisher froma piece of metal stock 1'- having a coarse surface

as 5 - particularly illustrated.in Fi : isn Fi 16,..t he
top face of the tooth 11' renui ﬁé %%%%{%&%é&e?se"?ﬁ }%%\gg‘.éﬁ?-“ﬁeggﬁ ?gp
pol i sher 10' facilitface afreadk| teetk i®|¢eansey and thyig \lisr agsadnedy sas

coarse surface. 10 i ] tidhed G Kdind0 e ilsheeniceen hhe
rigidity of the.teetﬁtgr opaty Tenher is?éﬁﬁanced 6¥ rge?dinﬂga heat

th ol |
treatnent for the suPi&€E 82 aﬁFE $¥RCK cbt haglog @rse gHhAACI2B oot h
rigidity assdres |ongactlichtanby brlastragsd iiry Rifg.t 165.15 As shpehi $her.

R
f or med. In as nuchThe gssenhially salibrretalilic @alishes: l4ce fagidisatene
polisher, no difficuhb¥ed@e¢eate polishing work by virtue of its coarse
_ ~ surface. ' | _ .
_ 10 ' ' Also, according to the invention the
\y} _ " rigidity of the teeth of the polisher is enhanced by
' - providing a heat treatment for the surface on which
the teeth are formed. Enhanced tooth rigidity
assures longer life and better quality of the
15 ~ 'polisher. Furthermore, as a quench-hardening
operation, a heat treatment is given'oniy to the
surface part of the metal stock upon'which the teeth
are formed. Inasmuch as quenching is done only to
the surface part of the poiisher, no difficulty arises
20  when the polisher is bent to conform to a holder as
shown in Pigs. 11~-14. Thus, the polisher can ssume
various shapes and undergo deformation after
o quenching. '
N As described above, the present invention
25 ptovides-é method of producing a highly effective
- polisher. The modes of the method of the present
invention have various advantages: _
_ The method'advantageously employs metal
_ stock and a particular photo-etching process step to
30 form a polisher. Depending upén the selection of the
' appropriate metal stock, a rigid essentially
all-metallic polisher can be made which need not be
used with a support. If desired, however, the
polisher can be attached to an appropriate holder.
35 A photo-etching process step of the
invention includes the impartation of physical,



20 ~when the polisher is bent to conformto a holder as shown.in Figs.

11-14. Thus, the polisher can ssune various shapes and under
def or mati on_af t er guenchi ng. As descri bed above, the present invention 25
provi des et hod of producing a highly effective polisher. The nodes of

advant agesusl y enpl oys netal stock and a particul ar photo-etchin [ OCESS' (W
step to 30 - f orpkakivg imgtdon t°D§ﬁ€n@Fﬁ51u§6H°fhé"§eFEit?ﬁﬂ°%? t he
appropriate metal gdo0K with irdisphedts ot iadl lechlantmebakbis poétks heitisasn be

po sher can-be aitat AU doBidsrchpragrs, (Bt Flct L

phot o- et chi ng procianssa muﬁ. uind fiormd gt fdnishedunccking supfacatupon of

" physical, g - 13 gp %ﬁh%thﬁnlkgstQ%fG%Eal stock.and its exposed
parts with respect to an formteeth with an acute cuttlng angl e.

Mor eover, the process resultnghP5°§ﬁ§§tﬁf GRer dPHEHEEPR| SPRRCEDr KRt
surface- upon 5 timd hregudipiedatfioan c?&rb@i&neﬂher to the pevsebse Qﬁothﬁn
i nvention reduces N I wr r

. ac}é‘ert&é Heta q‘éto%‘ii a ‘% %?«bSQteﬁ ab® &{‘E‘zg F%ggéélfcham

noti on of the net ock an ose es ec
t her eby shortenirmFQtﬂ#enﬁhﬂhanﬁurﬁhgreby ;hortening the manufacturing

10 time. o
By employing in the process of the

the present invention_hase.various advantages: The nethod .

invention a metal stock having a coarse face, the top T

face of teeth formed on the.metal-stock_remains
coarse. Polishing perférmance is imbroved for many
15 jobs by. the provision of a coarse face.

- A polisher with teeth of enhanced hardness
is formed in the mode of the 1nvention_where1n a heat
treatment is applied only to the working surface on

_ which the teeth are formed. Hardened teeth assure
20 ‘the longer life and sﬁperior quality of the polisher.
Theﬁpolisher'may be bent or conformed to a desired
shape after the heat treatment.



10 time. By enployihg in the p ss of the invention a netal stock
havi ng a coarse, face, the top face of teet on the nmetal stock

-Lemai ns coar se. Pol i shi ng perforna ved for nmany 15 | obs
by the provision of a coarse face. W eth of enhanced '
hagdness is forned in the node of the |dVemt |n a heat treat/#eny is

applied only to the working surface on which the téeth are forned.

Har dened teeth assure 20 the longer life and superior quality of t he
polisher. The polisher may be bent or ddnfornmed to a desired shape after

t he heat treatnent. - 14 - CLAI M5 1. A met hod of making a
polishing el ement conprising the steps-of : depositing a photoresist film
on a surface 5 of netal stock having a coarse surface; using a

phaot omask to sel ectively cover portions d photoresist film exposing
t he uncovered portions of the photoresi st f| mto_act n|c rad tio 10
removi ng portions of° the photoﬁe |PﬁtPﬁ ipgna P eRLRRY er ned

portions of the net & ef,t exposed, and the portions of
the filmleft unrerr%%/epcsftcorrgzls%{)n%%teg’r lg feeth of the

. deposi;ing a photoresist film on a surface
5 of metal stock having a coarse surface;
usxng a photomask to selectively cover
\,{ ' o portxons of said photoresist £ilm;
exposing the uncovered portions of the
photcteslst £ilm to actinic radiation;

10 ‘ removing portions of the" photoresist film
in such a.hanner that patterned portions of the metal
stock surfaee are left exposed, and the portions of
the.film left unremoved correspond to the teeth of the
polishing element;

15 . etching recesses in said uncovered
portions of said metal'steck surface by applying an
etchant while said metal stock and said etchant are in
physical.motion :eiative to each other, thereby-
forming cutting teeth having teeth tops lying

20 esseptially in the plane of said metal stock surface
and teeth-sides_which at least partially define said
recess, the interior angle_between said teeth top and
teeth'side being an acute angle; and

removing remaining portions of said



polishing el ement; 15 etching_recesses‘infsaid uncover ed
portions of said netal stock surface by applying an etchant whjle said

?ﬁé?'ebit@ ong cot 1 na v oo ARV ope' 57necse v eusanti ot s ¢
| v

in the RIG of said netal stock gurfacd ahd teeth sides which at least ..
partial | yY~define said recess, the interior angle between said teeth top aﬁq}
teeth side being an acute angle; and renoving remaining portions of said

- 15 - photoresist filmfromsaid +et&l-stock; and quenching (or hardening)

t he raised cuttlng teeth al one.. 2. : A nethod as clainmed in claiml1,
wherein 5 sai Bhphecesbst afilm mw%aleﬁﬁleeﬁﬂ?%p and teeth side is
in the range of [err] to [err] A method as clained in any’

pr ecedi ng cla|n1conpr|5|ng t%%e%ﬁﬁﬁﬁﬁﬁ(?ﬁxﬂﬁqqﬁf%qﬂﬁ ﬁ&@l§ﬁ#ﬁ§delenent to a
hol der. 10 thod as clained in claim1l and
substantially ascHEFéPﬂ E%%E?I ge SMth reference to the acconpanyi ng

drawi ngs. 2. A method as claimed in claim 1, wherein

S ' said interior angle between said teeth top and teeth
‘'side is in the range of 400. to. 700..
3. g A method as claimed in any preceding claim.
comprising the step of securing the polishing element \~J_
to a holder.

10 4. A method as claimed in claim 1 and
‘substantially as herein described with reference to

the accompanying drawings.
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