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DESCRI PTI ON DI AMOND COATED TOOL AND METHOD OF
MANUFACTURI NG THE SAME 5 Techni cal Field The present
invention relates to dianond coated tools used as
cutting tools, wear-resistant tools,
adhesi on-resistant tools, etc. and a nethod of
manuf acturing such tools. Mire specifically, the too
of the 10 present invention is used in such fields of
application as worki n@BSCRIPTHOMNIM al | oys or
magnesi um al l oys involving difficult machinability and
requiring |Iower roughness of work surfaces, drilling
of glass- reinforced epoxy resins or |ike materials
DIMEIBINDNCOATHIP eSO LAAN RNETHOD [GBIMANTGEACITURBNG THE
cutting edges, sem -dry cutting, or tools for I1C or
Iz packages 15 fabrication including bending or
cutting of outer leads in sem conductor equipnent.
Background Art Heretofore, are known cutting tools,
wear -resistant tools and the 20 |ike enploying as

T Eel r trate a cenented, carbide or ceram cs such
4 mcg n nitride or silicon carbide and havi ng
their substrates coat ed th a i anmon rder

to i fheoPECTad Asntioas relatpie 4o fin HOR s‘FO@r‘i 'tools used as
resi stance. Generally, such a dianond coating. is
cutGngethody wealwebichant veplsr atdsyinresistent atooigeete. and a
process, and grains constituting the dianond film 25
méthod af shaeufmaityengt hach dicolss More cpenEicelly, thp. tdddbvel the
the crystal grows in a 1 coating process of such a
prés@mmitvéntion ok ubed phi euchr fields shawplicatibhgas3working of
According to the prior art method, when a substrate 5

alimiffiln hNofs &VRageruiniRNloy Sflﬁfrolei(ﬁ?g'rﬂifﬁcuhﬁﬂaéﬂu@@l@ﬁmy and
under predeterm ned condi t| ons, dianond nuclei 1 wll

reRBiPALAGRY A8 Wil %@koéuﬁaééépsdﬂmtn% 8f AfsShAWrced
epoxy resins or like materials requiring sharpness and adhesion resistance
of major cutting edges, semi-dry cutting, or tools for IC or LSI packages
fabrication including bsnding or cutting of outer leads in semiconductor

equipment.

Background Art

Heretofore, are known cutting tools, wear-resistant tools and the
like employing as their substrate a cemented carbide or ceramics such as
gilicon nitride or silicon carbide and having their substrates coated with a
diamond film in order to improve the wear resistance and adhesion
resistance. Generally, such a diamond coating is formed by a chemical
vapor deposition or a like process, and grains constituting the diamond film

have a size larger than about 4 micrometers (). How the crystal grows in a
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5in Fig. 3 (a). Then if the conditions setting is

changed to grow the nuclei 1, they will devel op

principally in a direction perpendicular to the

surface of the substrate 5 to growinto grains 2, as

shown in Fig. 3 (b), and these grown grains 2 wll

join together so as to forma dianond film6. If the

di anond has a larger grain size Was illustrated
coatingqyrocd® eftfwdeatdigmaindsfilh aftbediaomart {9 shovénwnlFig. 3.

formgenerally sharp V-shaped recesses on the order
Ambrdingr onthe prive st heetBodowHeat at hiebstidtm 5 wi ddt fnaueCVD

unevenness in its surface to make the surface
equiSheht egsr SWThHIR! . aNieplack§i QddbRepidabdasinedalchiditions,

for cutting tools and the |ike, the above-nentioned

. .4 r f
AR RIS, | Sl PRl o eSS I CHPERR, Py shown
. trangferr rlq- 1. er. h :
in, S5y Bkt BB, Sereiihie SGulRR BB R bl 1

su a,.t ool has bl tica

and hol.d chips.fi.r - h pr e
thEg ridp g RRinciid in oh SihaPting ResPerafola i e Strtde of
resultant | oss in performance. To_solve ch_probl e
th SwhsEEHP Lo do 2BBVIDtR SR 2c.08F HOFBLIR Figo SHb ﬁagihese
di anmond coating or filmconprising fine grains of
grayasugrains giverbioin spgethen s aote forgn & dlamonsl Al 6.
proposed recently. As a typical exanple, a patent
docudfrtheld{ahapahdses Br tazigsi ogralin PatedV Rabiliusttdted dlifove,
A H11-58106, pp. 3-5, and Figs. 5, 6 and 7) discloses
addacirmtnpadns oAthd diambondi filnvé el tthemdganmraty cdatrp g shaped
has a 3 mcroneters or smaller grain size 25 and a

reSéisba®R fIRUERNESS @icrdn MnCHRNBLEES 96 thes thd HlBBXvill have
subject to JIS B 2 0601. Anot her patent docunent 2

urelRRARES &n RO \GusFRB, Rafi@Nthe BUPtacs Alusf ek, Aurther, when
2002- 79406, pp. 2, 4-7) discloses a dianond coated

ool i . ‘h . . . .
o0 B, Sfihd N MR SBRA0 Bs S dod” BAETEAE] ® the
.ent ydocunent 2. provides

P RRDERT h AT R GrGh Bt G2l 4B8 BefRp o ReRery of sueh
toi) s? agidat[ﬁ%ngnecv%%tniegg will partially be transferred to a work to further
the roughness of the work surface. Besides, since the unevenness capture
and hold chips firmly, such a tool has problematically tended to cause
adhesion during working with a resultant loss in performance.

To solve such problems as described above, diamond coated tools
having a diamond coating or film comprising fine grains of about 1
micrometer or below in grain size are proposed recently. As a typical
example, a patent document 1 (Japanese Provisional Patent Publication JP
A H11-58106, pp. 3-5, and Figs. 5, 6 and 7) discloses a diamond coated tool

in which the diamond coating has a 3 micrometers or smaller grain size

and a surface roughness of 3 micrometers or less in Rmax subject to JIS B
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to have a grain size of 2 mcroneters or bel ow. How
the dianmond grows in this nethod of the prior art is
shown in Fig. 4. According to this method of
manuf acturing a di anond coated tool of the prior art,
di anond nuclei 1 is 10 first produced on the surface
of a substrate 5 as shown in Fig. 4 (a), and the
nuclei 1 are grown until the grain size Win the
O6§owt h directions reaches approximtely 1 nicroneter
as shown in Fig. 4 (b), whereupon the growth is
st oppewthdhematast s dovwmient Fi 2. (JagaresecoRmivtisionsl arRatent
set again to produce nuclei 1 so that they energe on
PubiationsI B r202002H799060p e & 4+9) dischiids kbdidieeed Bexted tool in
nuclei 1 are grown to dianond grains 2 on the forner

wisicBriR HiatH @ D& adindRas ﬁoﬂ\ﬁnicﬁolﬁbﬂers%r\@méﬂext Ei'aincs'ﬁ@ The
al so, the gromh is stopped he grain siIze

1n{f§1?ﬁ5&‘?5d1§clg%&f AL a{:é’i{tt H?&MEﬁ‘t i'cﬁrlg@stf QF% %f%leht&ﬁi of

prior _art SO propo es totorma
kSN 3 PN SED SIPEAAA fpin

|dthatthes Ier nmond qgr ize.is,effective .
todgive 4 SERD g SRR OF feforE liwf%@edlam grows in
dlannﬂ ?ahéng 6 to i nprove work surfages
thispphhed BEIOBATE d° SROVRAY Rigerd #‘@ﬁogbngﬁaéb& method of
spite of such reduction in grain size, a problemmy 3
manu&@tmﬂngwadlamowh@pa@WE of (the Ao axfgirmmendgrucei 1 is
wor ki ng precision is inproved significantly. In this
finse gaodizcedtori theaswnfaedof haubstirates ehdivanonmBig. clo@t)i amyd the
gives a roundness to the cutting edge of a tool Ilike
nudhel Tase gpdwnonaikthggrainssiandV iakhe dgroerthdtieeivfsam@ches
itself too smooth, the tool may 5 have an inadequate

appReRiGeNTRIN 1t:01drBemceeF Ks sBoAUSETid. st m)abvtlﬁrre oﬂ tBe growth
unexpected di sengagenent or relie Besi des

is %&mpeﬁr Theu! b %Ho%%' 1@19F1g°'31 ?16) %Yﬁﬁﬂoﬁé hid §et°é’@£h' tbxbfaauce

cool ant during wor ki ng, ough it |s necessary t

L?flél' f's%nﬂlu% lﬁﬁe?‘ (}% @H\/\% thﬁs exer ?z{smlbﬁg é:r%?lks 2. And

acting or |ng ere |

th%gé In%@v }18019:[] 7 4R th‘ovsFlrliq %o %i%%ln%ﬂtd gvfnallrlls 2 on the former dlamond

grains 2, as shown in Fig. 4 (d). In this case also, the growth is stopped
when the grain size W reaches 1 micrometer. Furthermore, this method of
the prior art also proposes to form a diamond film 6 by repeating the
process steps shown in Figs. 4(c) and 4(d). According to the prior art
inventions, it is said that the smaller diamond grain size is effective for
reducing the unevenness in the surface of the diamond coating 6 to improve

work surfaces in roughness.

Disclosure of the Invention

However, in spite of such reduction in grain size, a problem may
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10 not be retained adequately due to a too snooth too

or edge surface and thus will not be supplied to the
wor ki ng spot, causing a problemin that the working
precision is lowered and the tool life is shorted

significantly. Moreover, for bending or cutting outer
| eads of sem conductor packages, for exanple, any
sharp V-shaped recesses in the tool surface wll
arthet ¥y thatanelther ahworiksusiacn noughsesmuer of wotkinggatecisgon is
sol der covering the surface of the outer |eads even
imipfrotvék spmaficastly d nathisiregandd il & assduseldtiad ssneethe diamond
extent. In view of the above-described probl ens, the

coftiagegives v abuihAnedaso ther cuttimgobigs toft© tbnﬁlollilkdetlﬂa case of
di anond coated tool significantly iInproved in ki ng

coRFRCEFIAE AN AR {Hef @déé‘ ghrfadd 1868 f00fs06th, the tool may
engagerrent to works 20 and secure an effi CI ent supply

haQb g{ﬁ 014 Qtea e%ﬁ%% § 'tB S HeY %ﬁk NoS 85[;.'18 R a#tt%f 39 its

and urlng such a dlanDn
ff t t
u%eﬁpﬁ%ﬁe# g??%n%ﬁg%’%%sé%ﬁﬁﬁ%ﬁf B R Behl iy o B Whing

hat a d coa g [ erior es ca
B oo JUTISy SRARLEY Pk Fop; SHBRG StgRugh: alshogeh Tt is
under predeterm.ned conditions and then devel opi_n .
negeSRry gk eHHuLRLLY THIPY 4 soplanddp atspoti of i ded g'wmn@ or
successfully fabricate a dianond coated tool which _
workdng spot) rw%*%:@mb aetts|ibs edttingactipmintid werkr dwerolant will
a snooth coating surface and which can still have a
nofedporetuned mgleqigelexdud tmg oo goodtlengagemedte durfaeg and
wor ki ng and effectively retain a coolant in 5

thaemilldiyt leabtppiged torthd & ookt cagine Céaudiig apebliih in that the
i nvention provides a dianond coated tool conprising a

welkRas I RiAng R HiwdRAdag@athdGobPNiTEdis0BhéRed Séi&ﬁﬁ?c%mtly
of the substrate, wherein the substrate is nmade of

MEFIRBE Ser %@ﬁﬁhfée?loéu&nag%f@ ead 8f é@nﬁé&ﬂ%bﬁo‘f%ﬁd&a@es for

grow h surface o armn coating has an

ex%ﬂg{lgggngrsq{arf SV]sﬁa %d 30 c%‘se& in e o%[r%h?fa%e %11P8F96W10rate

ness rangi ng

the ac?hesmn r]és{é]tgrgc%rrg{’ Ghe too?%o solder covering the surface of the

outer leads even if the grain size of diamond is reduced to some extent.

In view of the above-described problems, the present invention has
for 1ts object to provide a diamond coated tool significantly improved in
working precision and tool life that can exert a good engagement to works
and secure an efficient supply of coolant to a working site even in semi-dry
cutting and a method of manufacturing such a diamond coated tool.

In an effort to cover a substrate with a diamond film in an
improved manner, the inventors found out that a diamond coating having
superior properties can be produced by first forming diamond aggregates

under predetermined conditions and then developing such aggregates. That
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m croneters and an average surface roughness Ra
ranging fromabout 0.01 mcroneter to 0.2 mcroneter.
The "growth surface" herein referred to neans
typically a surface of coating as it is forned in
produci ng the 15 di anond coating by vapor-phase
synthesis. Also, it includes a polished surface of
the coating after it is produced by vapor-phase
1s $¢ rvabie She ingorp oduldheutcessfnlly fabiecate s dippiaal cgatad tool
surface polished to such a extent that unevenness
wltchahed ©ythih aliandngdr &ilms of dive gradrt Bidet pbeichginge BOY@Goth
by polishing. The average grain size is given based

cogfinghaafyat had Whichodr Belll BAvS W fidges Cﬁ%iﬁ’% RABE Xerting a
el ectron m croscope (SEM. The cenented carbi de or

5068! BREadhBhN W d8s SWBskina! Al fRAVER BaliANeS$of%t in

iy
a high strength to provide a very excel'lent cutting

i coated wi th di anond under proper conditions.
Se#ﬁghyg%ﬁg%'éd carbide" herein referred to represents

a sintered caonpact .conprisi,ng_a hard phase 25.nai nl,y
conpaRal §7E AP iy BEPREAPH B a e BTG difimoae coated
onsi st.i ng of an iron gr.ou tal .sugh as cobalt,

tol GhopRSITcH UPSCIRAE SRt o UBNIESER AR ting LTHeet o tho fipalace of
conprising a hard phase consisting of at |east. one of

the jsubsitatenmtherend el subpigatess ards gk a sememiod eprhide or a

titani um carbide and a binding phase consisting of an
cefmeh ghasupconstiiusing e igremtl sbulace ohtlbk digmend costihg has an
preferred that the substrate surface for dianond
aveoagd ggahnsereaol ahdet)ual entovoglebassor Deisw,i sndebheudemond
the surface condition of the substrate is reflected

co@tinghéssursd ateclaiessheadpmporfdowoatbong 001 i méewetbheto 20
engagenent to a work material. Such an adequate

mRYSIBEE s LUDEARIBrade §1@HacAEiiAUREs Ra PAiABIFREN dbdut 0.01
achi eved by grinding the substrate. 10 According to

micPEnBE&S %@to.bngﬁ@oir@&er.t @‘ﬁed*%g?"ﬂﬂ Qﬁﬁ‘"h{szs gwﬁgareferred to

grain size of out 1.5 mcro ers or

bR 0, U LR LS e
digul?l%n ' ggzﬁ%g ibnyv %Qtpk%ha'ég esy‘ij{tﬁgsqg.d Aﬁg(% t {tn g’lctfg&esa a polished
surface of the coating after it is produced by vapor-phase synthesis. The
polished surface denotes typically a surface polished to such a extent that
unevenness created by diamond grains remain without being removed by
polishing. The average grain size is given based an observation of coating
surfaces by scanning electron microscope (SEM).

The cemented carbide or cermet forming the substrate has a high
hardness and a high strength to provide a very excellent cutting tool if
coated with diamond under proper conditions. The "cemented carbide"
herein referred to represents a sintered compact comprising a hard phase

mainly composed of a tungsten carbide and a binding phase consisting of
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thi ckness in the range of about 0.1 mcroneter to 20
m croneters. This 15 thickness of 0.1 mcroneters or
above is required for the dianond coating to nmaintain
a sufficient strength as a cutting tool or a
wear -resi stant tool. Meanwhile, the coating thickness
has the above-nentioned upper Iimt of 20 mcroneters
because if the thickness exceeds this upper linmt the
ary gondgepupsmeéskssich apeobinlinand Gwatdenmels her¢incrergesents a
so that the coating 20 tends to peel fromthe
sisteved reanegp ot cenprisied aahbrdebase ceammidting tofi st bamsé one of
preferred that the coating thickness range from about
titAniiner wnEde nhd tink2teit&dbode L1e b ditot tdhEtaniaee eafiidg and a
to the present invention, the dianond coating has an

bi ﬁ&ﬁfﬁaﬂl@as%%éxﬁ%ﬂ SO SRS Boui lobRls R3H e 0f PO Wickel, et
' 25 m crorr:etg(;rs to O. gﬂ) pP:Il?aorretsers Ot HOREL ete

It %ﬁl‘%@@ﬂ%ﬂr fipgetid léﬂ%@ﬁ%n‘?%' s%wk%b\efef r6diaﬁiﬁ‘5]n& moﬁﬁm%wﬁﬁve an

econes i npossibl'e to ful'l y éexpect

adt%ﬁa?‘“%ﬁ%ﬁ fhndsf! ThiL B 6 Cf'“%‘ P%ES@E@C%L%P@%%%I% i#ﬁ? ﬁ&ﬁstmte
s SRt o0 ﬂ?eraﬁiﬁﬂu[ﬁ*fa %ﬁgna%aﬁﬂe o td prove the

orce or resistance and a reduction in adhesiaqn _
engégﬁ@te&ﬁ e 2 Werkematerial. a%m}l ap pdeguatatieriaes rapghness is not
roughness Ra ranges from about 0.05 mcroneters to
achiersdrhepelidiingsbui achipved by grtndisgdbe subhrage.esent
i nvention provides a dianond coated tool, wherein the
di andwdorcbagi tvg thenmiesenbdfinfemzomyr she linbicohl aragins have a
di sposed as el ongated fine grains extending
grhimgize wdiabalit ¥.5 miaopravatholksd Be dbimmingfhd dentbahentding
coating in cross-section thereof and have a m nor

frexi sticHifaiek@ling NtHe® atid@eca9f hahol bnthRR buffaeeoneter to

0.1 mcroneter. Here, the dianond grains are

ag9r edRbRAnef td ARe f pi8eflt "JIH%‘HtlSﬁa'tHé dlaEn&hd aiB8%has a

coating of Coarse gralns ormed by ordinary

PP ALT 00 R L
@a}?ng Ioﬁ% 1 IIEli%l'(%]la{;erI]‘g ol%a&\llbeov%l 1rsmrsétqugrh%{ é}%%e c%a%} coatlng
to maintain a sufficient strength as a cutting tool or a wear-resistant tool.
Meanwhile, the coating thickness has the above-mentioned upper limit of
20 micrometers because if the thickness exceeds this upper limit the
residual stress in the diamond coating will increase so that the coating
tends to peel from the substrate of cemented carbide or cermet. It is more
preferred that the coating thickness range from about 3 micrometers to 12
micrometers.
Further, according to the present invention, the diamond coating

has an average surface roughmess Ra in the range of about 0.01

micrometers to 0.2 micrometers. If the average surface roughness is lower



10

15

20

25

cross-section. Meanwhile, it is assumed that according

to the present invention the elongated fine grains

are produced by repeating a process of first grow ng

the fine dianond grains to stop the growh before the

fine grains reach 1 mcroneter in |length and then

i kewi se growing the fine 20 di anond grains on the

thus grown fine grains. Consequently, the mnor axis
thah s dowes lianigo1tl bedomees Hmpekssllei tsefillbbevesct Shehcamting to

internal state of the dianond coating may be observed
retainpolcbslanh gutam dvatkdihg mgot b the rtoslsdaedbi anakcessifeasarface

as Wi ll be described herein later. In this connection,
snidb@hhedie of itAB At RI AR AFRabe SedatedeshidifndRE i deyding the

grains, while 25 aggregates of the primary grains

up‘ia@?%ﬂait‘ﬁvﬂlﬁ@@uﬂ' 1@1”’9ﬂqn9féﬂsﬁsm Mtﬁﬂg fBYe 6rRRsIRIRCAGH] a
as secondary grains, as wl be al so described herein

F anp g
re?gét?ﬁgltl elrn t :é{g?lggigr ai ns&%ln% ts th éfegétﬁ%ggchg e&‘g?gse
nvent i [ QV d coa t he

rol PR B gy Tl A N ET P i A e, @%@@ﬂgﬁma%%&
5 ratio.ran fro ut 2 to 20. For the
R Tt o A ermeﬁnfaﬂlgelaﬁlmr@?fﬁ% anﬁlwaleond
axi s d| angter, of a _fine di armnd grai n,
copfesk tpodprdergin thy diamend gaating @W@l&ta}fg@lwrmuwhm are
to 2. If the aspect ratio is too large, the fine
digpasedsasialongateiibfine agrasne rextendings ongitudinaly uin angrowth
susceptibility to wear. 10 In its fourth aspect, the
dipretmanet fhevéiamiard peabimglés caosh-sartiod theoadfexhd thalve a minor
wherein at |east a part of the elongated fine dianond

It‘face

ax@s alimhet@r én fthentdel bKkabbaeaes) bimitapasasetc @dhmiciometer.

shape. What causes such an observed result is not

HéregWhe dli@londeiyaiRy tark tadFe SseH T heOfiRE ddiibhA @@h@ If a

to twns of such fine dianond grai ns 15 1Inits

dléﬁﬁﬁﬂtcoahtﬁ% A Rasy gfaﬁﬁ@ %1‘119@(1 Bﬁf%\f‘ ‘%a‘*ﬂ)'o?'?q’ﬁge Synthe51s

coated tool, whereln the di anoh coat ng ha
PR, S AT, PR S g o

present invention, its grains have almost the same length and width in
cross-section. Meanwhile, it is assumed that according to the present
invention the elongated fine grains are produced by repeating a process of
first growing the fine diamond grains to stop the growth before the fine
grains reach 1 micrometer in length and then likewise growing the fine
diamond grains on the thus grown fine grains. Consequently, the minor
axis diameter is also limited as described above. Such an internal state of
the diamond coating may be observed by polishing and etching its
cross-sectional surface, as will be described herein later. In this connection,
the fine diamond grains may be regarded as primary grains, while

aggregates of the primary grains constitute the diamond grains, which may
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anor phous carbon in a Raman spectroscopi ¢ anal ysi s.
Specifically, the ratio of DGfalls within the range
of about 0.5 to 5, according to the present 20
invention. Wth the ratio within this range, the
di anond crystals wll not growto a large grain size
and can forma coating filmof fine grains. In this
regard, a peak D appearing in the vicinity of 1333
bec pegerdad saRspeandaspegrainscapiwilhhal §ispsdessrihegehgrein later,
resulting froman sp3 hybridized orbital of dianond,
Fatiben theskdBrappk graing aggredetetadgan dbrtiafboraihfcm 1
is a peak 25 resulting froman sp2 hybridized orbital
t hat Igxtstlard asge@pbhd pre@a®inv@itsod provlbon, diehond coated
Therefore, it can be said that the higher the DG is,

tobl Qv Eretn tRE'Hf6fdsatl TG |ﬂneb&1eﬁﬁéﬁ&%raiﬂ% hﬁﬁe §hxz§§bect
aspect t he pr esent invention provi des a di anond

rafidd %q?é)m teb ol H§ aE%lﬁ?H@ % BQ@I i‘t\[;ﬁ ) F@&I{%% at i‘&w of

1220 ot smaller than

BRI A0 AT S SR AGR 00
m%%éﬁ?eﬁéaa%ﬁ ! 5 ’coqh%?%aa%@oq%eﬁa% ra%E?w&?’%?%iw 2. If the

coati ng. espeti@rfgf crystal ori atl on,
asppel ?é%tafbﬂ%tqoe rgecthss ng graingwHy ex %w&wé@@ss with
according to_the present invention that the growth
repulinat sueceptibiliey Wi wABhd coating i nvol ves the
above-describe orientation. In its seventh aspect, the
pr esént itsnfoawth cxspectv thike praseitamvention giredidesoh, diamond
wherei n the dianond coating has a hydrogen content in
cobbral todngdeatinnboléastoa tparbyf e atlongatedafin® diam¥hd grains
Wth | at% or higher hydrogen content, since the

ardi formRd BRANLAGEVb Jahavescacd dameine sh8hd SWitat Iau¥Bd WudE an
to becone resistant to cracking and thus its peeling

obk8Frdiere sﬁﬂ@ﬁﬂ&@ﬁguﬁ@ﬁﬂﬁ‘b Lhe b ittiB eas@ﬁﬁfe‘agﬁ)nb& ARt 2N table

exceeds its S5at% upper limt, the dianond coating

Wlhs B?g&cmﬁsgﬂl’lgﬁ%gqa%g{ggﬁess cannot exhi bit an

equat per or mance di anond coat ed tooI
Usual I LY fihcult t0 uch
o o iis DL fortch iesh it S AR dilfignd conted

tool, wherein the diamond coating has a specific relationship between the
peak height D for diamond and the peak height G for graphite or an
amorphous carbon in a Raman spectroscopic analysis. Specifically, the ratio
of D/G falls within the range of about 0.5 to 5, according to the present
invention. With the ratio within this range, the diamond crystals will not
grow to a large grain size and can form a coating film of fine grains. In this
regard, a peak D appearing in the vicinity of 1333 ecm in a Raman
spectroscopic analysis is a peak resulting from an sp3 hybridized orbital of
diamond, and a peak G appearing in the range of 1,550 £150cm! is a peak

resulting from an sp2 hybridized orbital that exists in graphite, amorphous



10

15

20

25

20 quantity of hydrogen. According to the present

i nvention, the dianond coating has a dianond crystal
structure in spite of a high hydrogen content as
above, the dianond coating has a peak of dianond in
XRD (X-ray diffraction) analysis. Here, a neasurenent
nmet hod of hydrogen content of the dianond 25 coating
wi Il be described in greater detail. For a di anond

cagben,i ¢ig. dherefores ubsanshcesaifl Biatghe kighsr 4heddXudh the more

an Si substrate, the hydrogen content can be neasured
pelpfecadiambndved] xbsexrtpdi on spectrophotoneter (IR), but
it is difficult to measure the hydrogen content with a

hi gh Iddey sietlohspedc tii@pyedent ifeetiGe pedvidesnaliBfftbnd coated
coating on a nulti-elenent substrate 5 such as a

to§19 rmmlcﬁl ¢1%¢ RiARond Baﬁnmé Qfastahﬁaﬂ% ESHM nbtYARANEPBhatk |?1%out
y rogen content of the di anond coati ng on a cenment ed

0. ﬁ%ﬁbij@lz%(g g@ k 1hﬁens%gh$qh%l;otﬁds &Eﬁa‘i'f&&} 220) and I; is

accuracy Ining a“hy roge or wa scat

P%a’%ﬁé@“ thaa AR EHSERT BRES Oy (3P, éﬁr o0
Itdﬁf§§f23§§0b%35e%fn§>§a"§o‘f%§¥ %@5@5?%5? e Giamorid, Spaténg. In

ght h, aspect, the present invention provides a
reaP%ﬁ#o% crysat @al%%qmnme Ebian Preferablantonduen afithg figmond

formed as a single layer in a cross-sectional zone of
cogbiagt produgsd pceardingie khe psesgndviaventon dbet the €rawth plane
surface. Since the growmh rate of dianond coati ng
of ubealidmondrcoatingiintolaes she ghtvetidbf@iBnedentation.
conditions, growmh of the dianond coating is suspended
t o mdasits esdveath hispagsthewpedkeint i@sntibawrdvadés a diamond
t hi ckness al nost exceeding 70% of its schedul ed

cohPd & kS svHdreih €hPREMDH dAESHATKE Mast ® HydRoPhie$6Atent in the
i nvention. Then, the thickness of the coating to be

raﬁg@ 5 BBl V1o ofgTed; by AQodied %E@on@&%)a%&y ALedl bY higher

such an additional coating I's grown under the sane

hygﬁﬂgéﬁ'c%ﬁexﬁs sinbe o N%e RISRGANNDEY Wi BERPa el Selastic

sincé

modulus to become resistant to cracking and thus its peeling can be
prevented. Meanwhile, if the hydrogen content exceeds its 5at% upper limit,
the diamond coating will have a decreased hardness cannot exhibit an
adequate performance as a diamond coated tool. Usually, it is difficult to
make a diamond, such a highly crystalline substance, contain such a large
guantity of hydrogen. According to the present invention, the diamond
coating has a diamond crystal structure in spite of a high hydrogen content
as above, the diamond coating has a peak of diamond in XRD (X-ray
diffraction) analysis.

Here, a measurement method of hydrogen content of the diamond

coating will be described in greater detail. For a diamond coating on a
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boundary |l ayer is fornmed in the coating at a position
where the coating process was suspended, and such
boundary | ayers are fornmed at the sane nunber of
positions as the nunmber of tines the coating was
suspended. 25 Thus, the dianond coating is forned as a
single layer in a cross-sectional 10 zone of at |east
about 70 % of its thickness above the substrate

subgtrade eof Fhaplaisahstahceosuémpsran B8 fabstedte, nthe dgideogen

or multiple layers for a remaining zone of the
codiartorch koatdasgred byidmsinfrated sspeption tspectpopbapimeter (IR),
invention provides a dianond 5 coated tool, wherein
buthie isudisfifdt @ocasRsRetha hgeraithecoriahbiveieh GO high Mefdee of
about 0.1 mass %to 6 mass % of Co. The cobalt content
act8rddyMd @He l@s6 of RIBattioBd bdatittPBAr a | ihTlfi-cRGRBHE Gubktrate
adversely affects the formati on of dianond coati ng,

. R i ¢ 1 o : L
o8 chmchudd Babfile” Shile oERDS HieBont Liveni, thi Hodrogen
' t Lo . tj f 10 th t ed .bide., |f .
cob RS Phe ARS8l B T PRI M8 ol i
tially bstituted with A i nt d, th
mBeised WHDREGInt, RETatgs PEncRPHIEE BoBgoresss graerd
hard phase_is inhibhited and a _high-strength cenented .
scatiehinge anAYT§ SHFPhemethed pAad e ac Sntberisrddbads. sqaftering

its tenth aspect, the present invention provides a
angilgsionRBSAt methad Ik, messreemenhemetbed rist alosagbed, for

magni t ude of saturation nmagnetization not smaller
exinge 10T B TRE ANE WS, dlasd, Ooht 2002, gfp. 8134, TdrpyRsarch

%) 1100 (G cnB/g) but not greater than 2,023 x
Cdittendi ng phase content of alloy (by nmass %) / 100

(G cnBlg). Usually, cobalt contained in a cenented

car birfleits hgighsh @it Ubiee Prebattibd o Baaeidesahi @mond
in the range of 1,600-2,023 20 (G cnB/g). However, for

coh 8l BSRS @ MordiVEN URnohd cbﬁtiﬂ%@%%fﬁgdteﬁa% %@%&t layer in a

saturation magnetization be In"the range o :
crc&ssgge%ti%ngtﬁ?koglg 81??“0%211: 7f03% lt')rf%{té %ﬂ%dm@.@ t;ﬂ%ﬁtel 8{11 ststrate
enotest_e magni u_eo ma_gnelzalonln e State
sﬁ%ﬁa&rﬁ?%ﬁ%ﬁ{éhg %trgwgv%ltllr%@e ? ddilafc’noen ug{l)atl‘il?g tuhS%afltyr%Q ttesh V\%fch a
slight difference in conditions, growth of the diamond coating is suspended
to measure its thickness when it has grown to a thickness almost exceeding
70% of its scheduled thickness in the process according to the present
invention. Then, the thickness of the coating to be additionally formed is
determined, and typically such an additional coating is grown under the
same conditions as in the preceding coating step. In this course, since the
boundary layer is formed in the coating at a position where the coating
process was suspended, and such boundary layers are formed at the same

number of positions as the number of times the coating was suspended.

Thus, the diamond coating is formed as a single layer in a cross-sectional
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magneti zation in ferromagnetic substances such as

cobalt. 25 The magni tude of saturation magnetization

i s dependent on the Co 11 content of the cenented

car bi de, the content of substances dissolved as solid

solution in cobalt and the carbon content of the

alloy. If the carbon content of an alloy increases,

t he magni tude of saturation nagnetization of Co wll
zohe of ebsendbabaut d 0t%hof dsrithecknast abongshe suipidnts shinface. The

as solid 5 solution in Co decreases as it separates
diambnds:odingThey dkdbemed fintshegle magnultiyse lafersdbrinatnotining

magneti zation of the cenented carbide is snmaller than
zohBef klevdiahbill togligagr i bed above, the carbon content

will run short in the cenented carbide, and the

de Inls ThYit@f nfAMRRHe AUGHRI pPERHCREARiohD %roﬁfl@§f & aai%mond

be reduced en formng the coating film
cowsfoggrvg%%r%ﬁ.tﬁ%g@gggé:g P b e
t di
SBREAAT B ) AR afifufitthe flilfied v o

subgstrate and is .suppgosed ta yield ee s on
m?ﬁﬁ:l s ey LEUR besthie Tn A nEsedl i be abpmasion of
is preferred that a proper extent of carburization
dl%mmﬁec%w rehdeé 18dampied 105 Osh mass & gp afedewepdimit in
dianond turned into free carbon to diffuse into the
consigenataon cdrbingimimAye detielngermitéing ent imdaspuak production of
present invention provides a dianond coated tool,
thehemeemietlheadubest Hatiecdraviteg cahide wonintiopdidviagliys Co
substituted with Cy has a magni tude of saturation

cofregigidzalllyosulnaitudéd st Oerort Vian sint9R xhe Rrpstabgrowth of
phase content of alloy (by mass %)/100 (G cnB/g) X

the. %ngstbnnehrmaeabsﬁstmﬁmg #2Baxd (Phash ng E}'ill@ﬁ)@ted and a
content of alloy (by mass 0/100 (G cnB/g). If the

hlgh%%eﬂ%ﬁﬁ%ﬁfenq{ad Lheniag m%ﬁgﬁ fﬁ?erﬂéﬂﬁ L &ld'Be gfroduced

Itude of saturatio gnetlzat on decreases

abo “ﬁ%ﬁt@ tenith! arégbtt:ts tflg\ﬁ%éerﬁé #RP&EHion i)pgvlﬁgg 8hmond coated

i nventi on provi

tool, wherein the substrate has a magnitude of saturation magnetization
not smaller than 1,900 X (binding phase content of alloy (by mass %)) / 100
(G-cm3/g) but not greater than 2,023 x (binding phase content of alloy (by
mass %)) / 100 (G-cm?3/g). Usually, cobalt contained in a cemented carbide
has a magnitude of saturation magnetization in the range of 1,600-2,023
(G-ecm?®/g). However, for the present invention, it is preferred that the
saturation magnetization be in the range of about 1,900-2,023 (G-cm3/g).
Saturation magnetization denotes the magnitude of magnetization in the
state of magnetic saturation and is equal to the strength of spontaneous
magnetization in ferromagnetic substances such as cobalt.

The magnitude of saturation magnetization is dependent on the Co

11
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12 coated tool, wherein the dianond coating is forned
partially on the substrate surface, and the substrate
has a magnitude of saturation nagnetization M
satisfying the follow ng condition Ain its area that
is at |east about 5 mn apart outside fromthe outer
border of the dianond 5 coating along the substrate
surface: A: 1,900 X (binding content of alloy (nass
contrnt( of Ave/egmented Marbidey Xhexcqnsientliadfgswwtanens dfssolved as
alloy (mass 100 (G cnB/g). If the substrate surface is
sobdbjadutied inocamlbandztdtel carbonl goritant 0§ tharadiyt &f ke carbon
di anond coated, the carburization will not be
cofitdifti ofi anhllay ihér2asdd) the eRaieidndé be saaiacidhbdaBiedzation of
area even if the former is in its carburized area,

Cd Riifl Ragshtd heeals MBe RBALIMIoPiuhbeted ANPNHsEAREd RS solid
therefrom Thus, according to the present invention,
sobitidi? B SCeE Lhala e Reh AR E0AINYST WO ! THlfofore, if the
ded th be ' ex ed td

partially provi e carburization téen

oAl PN A i
i | . : B ) .
A e it g B ot omEY (LR GATBRP feaEigral Fut Short in

filament of a. depositio system.when a fil anent
the sapanged cag w@gl thsy 5@!@%&7 ﬁg digaopd uclegt pradycedgm the
alternatively any heating devices other than filament
subgirape Witldep reslugseovhere femeingatheuedating Bimt I thechpper limit
extended area at |east 5mn apart 20 outside fromthe
sapukadrorh onggnetafatidre inregacedpdhdred aavuh codlt bd sparated out
above. In its thirteenth aspect, the present invention
inpy the clemean tlidacarbitle toddeedadconk stisnetki AcdoréirgttistHeap@sent
has its Co content partially substituted wth C, the
intlé@#iBRda clahiond isSapslidtedo RRE thdkttatOdd R supsdsedl® yield
surface, and the substrate has a nagnitude of

ses@d BhalhRMh ABAREhEZ %EBhé’r%té@. Sthcedd FisbYdiaghd¥eis applied, it is

follow ng condition inits area that is at |eas
i , ) ¢ ¢
prBRANLA P (lrBpBP %%feé)l? ;b;fgiagﬁléﬁagﬁbﬁ % AU GBI Pe Qlured

s0 as to prevent the diamond turned into free carbon to diffuse into the
cemented carbide.

According to eleventh aspect, the present invention provides a
diamond coated tool, wherein the substrate having its Co content partially
substituted with Cr has a magnitude of saturation magnetization not
smaller than 1,900 x (binding phase content of alloy (by mass %))/100
(G-cm3/g) x 0.93 but not greater than 2,023 x (binding phase content of
alloy (by mass %))/100 (G-cm?3/g). If the binding phase of the cemented
carbide contains Cr, its magnitude of saturation magnetization decreases
about 7%.

In its twelfth aspect, the present invention provides a diamond

12
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substrate surface: B: 1,900 x (binding content of
alloy (mass W 100 x 0.93 (Gecm3/g) M :-~~ 2,023 X
(bi nding content of alloy (mass W 100 (GCM3/g). 5
Thi s aspect specifies the magni tude of saturation
magneti zation of a substrate when it has its Co
content substituted with C. Also in this case, by
extendi ng the carburization to an area at |east 5nmm
coajsdl ttoplit wihgeeitr she diseneond egoabimeas Hrmelde partiallyopn the
di anond coating and Iimting the nmagnitude of
subatratat swrfacggaetli the | swbssambdas, at heapewhidegobfsatheation
10 di anond coating can be effectively inhibited. In
magsetigitidredd fataspant thd Rdlopriagenhditive A irohts Rrox itHeB is at
a dianond coated tool, wherein the dianond coating

le RS aBeHif FC eMNEYLANBEEIAD A8 KA boRBA LS khe "ManPond
200 nmin RM5S (root nean square) value as neasured by

coéﬁngtﬂﬂﬁétﬁé’%ﬁﬁstﬁfé ore (AFM . The RMS (or root
mean 15 3qu

are average) value is a typical form of
XQr LOAL: Ofi- AV I t d f < <
S ST FRgRe $E 65 s YLD P = M =
idude, for exanple. US el n, ver, the
2’%L<r(bfréfﬁ§géﬁoﬁﬁl§ qr%lﬁ’gf@%#@ ggdgﬁﬂ)gd(gﬁmg% RVB scal e
of an_atom c_ force m groscope representi.ng. surface . .
Oneveknbae Subpiaty s cBaisatiipsted| fo, cyiprizagipn only in its
i ndication of the 20 brightness and the dispersion of
arpaftioele ddainpghtcoaped,hthenearvsizadions milll et be wafficignhait its
but not greater than 200 nm the resultant dianond
arepated theohonwakbuhzed amed evahyif dheifopmeyad iouits icagburized
performance and cool ant retention but also an
arexCtlUsepissiiflpeanaitgepeditigeohditel dinabdnd cddtén RderedngesThus,
from about 15 nmto 100 nm 25 In its fifteenth

acaSiRBEE tolthe eSseNinveRYRRAL IOl Praivhd@Shat HiPtkk ddating is
coated tool, wherein the substrate has in its outer

to4p B aﬂi&%ﬁ prbPidelStRUES @Rizai FOAP Ak h Y BRYLAY 2B area of

bi ndi ng ase content lower than that In its inner

th?rﬁﬁjsit%.g ?sqthJL% ﬁfgtefs P ust A gnﬁahgp E?Rt SiltsfR frohP THE Juter

roma

border of the area for diamond coating. By way of example, the
carburization may be accomplished by heating a filament of a deposition
system when a filament process is employed for growing the coating film,
or alternatively any heating devices other than filament may be used to
provide the carburization to such an extended area at least 5mm apart
outside from the outer border of the area to be diamond coated as above.

In its thirteenth aspect, the present invention provide a diamond
coated tool, wherein the substrate has its Co content partially substituted
with Cr, the diamond coating 1s formed partially on the substrate surface,
and the substrate has a magnitude of saturation magnetization Ms

satisfying the following condition B in its area that is at least about 5 mm

13
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m crometer to 20 mcroneters in depth. The binding
phase herein referred 5 conprises iron group netal s
such as Co and nickel. By providing the
above-descri bed outer zone having a conposition
containing a lower quantity of binding phase to a
depth of at |east about 1 mcroneter from the
substrate surface, the binding phases of the substrate
ansgh Gusileebeom e prtem Jerdaraf e sdiement icagtivgarlong the
and consequently the dianond coating 10 can be
subgfrade edrfaneadhesi on. Meanwhi l e, the substrate can
mai ntain an adequate strength in the outer zone
& dse00 to(lihdiguedaeat by alloyi tmag %hchlad x OfE(Graitty) =<
having a | ower bindi ng phase content up to 20

Mgl £r oI 3ex thinding ephient A€ albdi(AGisk 96)) @oprEsant/g).
i nvention, since the dianond coat i ng conprises fine

gr ai N$;ias sPeat éﬁﬂ%ﬁ?esaﬁﬁvﬁla%?ﬂtﬁeogpéaﬁgﬁﬁﬂh' rﬁQgﬂéthzatlon of

coolant is 15 ensured even'in sem-dry cutting,

%éﬂ'eﬂ% V(/HE h§8 fi gr@&&ﬁﬁe}ﬂﬁ st&‘i‘HltEd WIIHL@I" Alfyo in this case,

m ng suc an outer” zoneé havi ng
ntainin ower .quantit hase
P#bl}%%ﬁ@&%ﬂ@éﬂ)%’%b@n&rea.QSAFW 91)%%%@@@ from
cont ent .of .the di ng p se netal that, | ower
theoatlreﬁg R, o tBRAARafLSF AR G e SR .fﬁrgf Jimiting the
have nuch i nproved 20 adhesi on, but tool breakage or a
mpgniguda; pfirsatiratiomomagagtivagen| 8agabewe, otherrecling dfsthe
limted in depth UF to 20 microneters fromthe
digmiesdrepasing eaindlee etfedtivaljienhibatasior di ng to the present
invention, it is preferred that the substrate surface
cont dinnss ﬁNI'tm:nm bdyeecabidid pfesens Sndemtfion heckidadiangiamond
phase netal. The bi ndi ng phase content nay be zero in
cohtdl setlstwlairein 2be UisfReE cAltiMOUER durfH@®Sufbfenness in the
preferable in the past to reduce the content of 15 the

raBbBdMEALANAIE ABL 8b 20D Lhe BURMS alk6otS WdAL %qﬁQreg Ve as

%conS| dering the strength of substrate in

é@ata{y o hicinRu ofr?e%?x% ﬁ&geb g%@@gnﬁﬁ&&mé o[r I}%o’lc mean

ng phase neta ace does not na

sqtugﬁe 8{;8? §% :IIFVanzti t§$ ical for e {" h§ Iﬂelsgnglng“ agv%g%ig%?falues and

nprise ns SoO

uttln force is encountered ?nd t E si ngce t ool
%Pee}-kgg all'bOllS parameters O oscilatory phenomena SllCh as

amplitude, for example. As used herein, however, the RMS refers simply to
of the reading on an RMS scale of an atomic force microscope representing
surface unevenness. This value parametrically gives an indication of the
brightness and the dispersion of reflected light. With the RMS not smaller
than 15 nm but not greater than 200 nm, the resultant diamond coated tool
will have not only an improved cutting performance and coolant retention
but also an excellent appearance. More preferably, the RMS ranges from
about 15 nm to 100 nm.

In 1its fifteenth aspect, the present invention provides a diamond
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breakage of the substrate itself will not occur.
Particularly, if the outer zone having a |ower
content of binding phase netal is limted in depth up
to 20 mcroneters fromthe substrate surface as
descri bed above, tool breakage w Il not occur, as
wel | . For the above-described outer zone of having a
| oner 10 content of binding phase netal, a
cogtedksot ewhemin dhe tsubstode das Sulist pater zuvay cliverdoses wedace
by polishing and subjecting it to a |line analysis of
a tdepdiitidnngaviphas birdhgl phise ngnésn tEld¢-csEUaetierio its inner
di spersive X-ray spectroscopy- scanning electron
ar8h CIRSEORRk BBEIOGond N ainlds thé X5 @Rt LorRS RERkLes tH6m about 1
present invention provides a dianond 15 coated tool,
mi@?&g%té]: &ﬁﬁ?] %i%{’%ﬂgte‘ie%' thSTRE ‘B‘{hﬁﬁ% é‘ﬁaéet hérein referred
produced through a vapor-phase synthesis process. e
' d..coat | eseng i nyent. | -
o PR SRR Bt s BRURE000 RUEHREL TBY OVIEGY the
Wi t hout .any further prpcessing. Cutting tools.coated
abgvbReribe ol hEond BRERE i cohasiith oFRsiGRR. 8 lower
grains provjde an inferior 20 cutting face_involving
TURSEY o Rigidang, wbpen e s dgnth ehahdeasieaeidql fBicromsiets from
such as sem -dry cutting that may encounter severe
tha smbsitate sunfagevidie inding phasercoldihenprhsteasatcand opraveated
tool according to the present invention has a snooth
fram@emierptingsoot duneng doatingeand scrscmieniclygthtcodianverichcosting
grow h plane as produced. Since the tool will exhibit
caanbé nmgeouad én 2hihesgagdieahwhilet ke wbktmmé eanamaiifitain an
its surface is too snmooth, the substrate 16 is ground

adef@henstrehgtieimthdohicsRde ciitdr th ey fRdRbiltiting such an
dianond on its surface having grinding traces so that

oultB€ z&8E Thaesn qumgsﬁnﬁfn% BﬁaseS Egﬁ*ﬁe'iﬁt@p W 9o micrometers in -
positively atfect the surtace configuration of the

deg) tiﬂ&ofcﬁﬁgéicc?lt gaggg&%teﬂ%%%ﬁ%?t sinBe Iﬂlegggalgtciﬁﬁ%oating

t he net resent | nventron provi
hod .of facturi dj d ted t Lt .
B R T T T O GO

carbjde or._a cerpet tool having. :
ensured even in seml't{[rgr cutglng, tﬁe cugtmg force is rendered very small.

Thus, by forming such an outer zone having a composition containing a
lower quantity of binding phase, the substrate surface can have a
significantly reduced content of the binding phase metal that lowers the
coating adhesion and thus the diamond coating will have much improved
adhesion, but tool breakage or a like failure will not occur so long the outer
zone 1s limited in depth up to 20 micrometers from the substrate surface.
Further, according to the present invention, it is preferred that the
substrate surface contains not more the about 6 mass % of the binding
phase metal. The binding phase content may be zero in the substrate

surface. Although it was not preferable in the past to reduce the content of
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substantially a shape of the intended tool,
carburizing the substrate, and coating the substrate
with dianond in an atnosphere of a 10 hydro ge n
- hydrocarbon m xed gas under pressure of about
0.13-6.5kPa. Here, the substrate conprises a cenented
carbide or a cernet. Cobalt, nickel, or alike is
used as a_ binding phase netal of the substrate, as.
thedyadingphpsewmatakb Ly tha spbetraty suaface e Yinzarsn¥ considering
aggregate can be formed wth a high density by
the attangthi ofpudstiata is ubstwiaingtybyf e atirface atndntzednebriltbnt of
then grow ng di anond crystals thereon under specific
the dichidih®rsh:se Aet4l0in adat sitfecs dost najtemsitidy th alBNgresent
Preferably, the carburization is acconplished for 3-9

InhOktiSn | indd th@UIRABHE %saﬁhg%o&gﬁ%e\é@maﬂeﬁgmﬁg %o that only
-hydrogen m xed gas at 800-1, 100 'C under pressure of

a g?ggg}%u%ﬁg ofc@’i C&ﬁbhﬂgeljeﬁealﬁﬁpﬁﬁé ev\éobpb%%r?%%ddue to

IS preferred to process the substrate In

brgég%#mﬁ{]h%egbs%ﬁ% %Fs\éa?% ?ril(g?n?g_gt%c.r{%p E%’c@éﬂr&%&eﬁa{:@exo%%r ZOne

pressu
fil f 1,800-2,200.'C .whj
byl B Ao oD stdenr e bbase Risabi iinited pt depth up to 20
preferably, this djianond coating process is

migRBRHTSSHRE thyy subsisater suipehas cvpcriiefbose. tool breakage
nmcrowave plasma_CVD nethod froma 25 viewpoi nt of

wiby gefueachyi asywelioley ehe aboyd-desrriljest outer mode ofihaving a lower
di scharge 17 plasma CVD net hod or high frequency

copteagnd lavdingephast mepabe creaphestéch bf Kewbsstedistbsetitate may
causi ng any technical problens. According to the

bepstesendd bpvyehishong ahdeubidatingy it tal 4 lite DSh£BRODE the binding
aggregate forned on the carburized substrate features

pHaRat gasfaldi apE BnagWBEBENMCONeRehSy @ dispersive  X-ray
significantly |larger nunmber of fine grains as conpared

sptbtrBs@pFarhhAthd eregﬁgnqgi(ﬁlogh%?épgfe%ﬁa_z ed substrate.

Consequéently, a dianond coating wth an average grain

Si ZeIﬁfiBQQBHE?I)}/t.l??g% Jt?@ﬁé %'raseq{t irR/% glp élcg*gbvk‘fges a diamond

produced easl Se’ two "process’s _
S TN R R RS R P—
through a vapor-phase synthesis process. The diamond coating of the
present invention may be used as it is formed through a vapor-phase
synthesis without any further processing. Cutting tools coated with the
prior art diamond films comprising coarse grains provide an inferior
cutting face involving considerable unevenness and cannot be used for
works such as semi-dry cutting that may encounter severe adhesion.
Meanwhile, since the diamond coating'of the tool according to the present
invention has a smooth growth plane, it may be used as a cutting tool with
a growth plane as produced. Since the 1:001. will exhibit an inadequate

engagement to the work material if its surface is too smooth, the substrate
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10 nmet hod of the present invention, and no satisfiable
result will be achieved if one or the other process
is omtted. Moreover, the above-nentioned two
processes can al so grow hard phase grains or particles
of the substrate. The hard phase grains herein
referred to denote hard carbide grains including
those of WC, TaC, NbC, VC, Cr3C2, TiC, and Md2C. The
1s grownéh inéteadr of héinghpdshydaiamd grematéatedtwishgdihenmd be its
adhesi on of the dianond coating. For carburization, a
sunBichotladirar | msedingn ttdwsJ apatiege tRat entfaddo . rodghdded oir the
anot her nmet hod proposed in the Japanese Patent

suBE@¥its iveiliap odivivklsE atfe the! Buffale . codi@ardf08eA theYcd®ing to
enpl oyed effectively. In a second aspect of the

yi@ﬁtehggodgﬂgaéglﬁmt invention provides a 20 nethod of
manufacturing a di anond coated tool, further

G P ThebRg Apcth HIPfHb MBI 80 pRGs e RRREY pl%ifes a

di anond hot " T"ar ger out
era rai ize to,the surface, of t carpurjzed . .
m i FE pitleRefintFe SCaliBoRd woRtd el dhe gt SSitprising
density of generat d nucl ei, .so hgt it becones ea;y )
PTEBAGBEaRnSWDLRRY O RrSHEREt Fﬁ}l ¢ OF $naprmaet gpel having
size. 25 Although it is preferred that the di anond
subgiantiily aeshang ef the imlemdeddaprh crgbyrizinmshe substypte, and
a currently available mnimmagrain size is
coapipegoxtimat efupstiade A Y2bnmdiamhedapipl | edh disdmosghéizs af  a
average grain size of not greater than 500 A (50 nm

hyalsogdrs hydpemarbominixed eaauaslerheesamel dfabbut 0l H6EkPa.
aggregate will becone too large as the grains grow if

the a@eaghe Sulgdteate SbmOrRXseedenidredPRabidd Mrta ddimet.
a third aspect of the nethod, the present invention

CdVaQV i fleBeld or HELROGs Rfse BIRUL %Qﬁ&iﬁligggghf?sedﬁl%mn& Rl @ktrate,
tool, wherein the applied dianond conprises a

B PR DI 00 s
o, ST LS S SR, YRR Bl
thtgﬁré{())g!ﬂgadiggllo)ﬁ%r rsﬁzts .eltllsitrfl(:é‘ered(i)riJl rlrl%r?:l%r rs%telgl 1rc (t:olgl 1tigns so as to
coat the substrate with diamoﬁd.

Preferably, the carburization is accomplished for 3-9 hours in an
atmosphere of a 1-99 vol. % methane-hydrogen mixed gas at 800-1,100 °C
under pressure of 0.65-13.3kPa. For coating the substrate with diamond, it
is preferred to process the substrate in an atmosphere of a 1-5 vol. %
methane-hydrogen mixed gas of under pressure of 0.13-6.5 kPa and at a
filament temperature of 1,800-2,200 °C, while maintaining the substrate at
720-900 °C. Most preferably, this diamond coating process 1s accomplished

by a hot-filament CVD method or microwave plasma CVD method from a

viewpoint of productivity. However, a plasma jet method, arc discharge

17



10

15

20

25

crystal dianond with a view to obtaining fine di anond
crystal. In other words, by providing a
pol ycrystal |l i ne di anond as the nuclei before
undergoing growth, the nuclei tend to growinto a
pol ycrystal line dianond 15 aggregate. Preferably, the
di anond is applied to the carburized substrate by
means of an ultrasonic wave. This allows the di anond
plagmbe CAdp| inethoh athdigh ubrsqneney milashg GVIh miethod may be
density. In its fourth aspect.of the nethod, the
enppleged ikicmisn tvi thoytreavistiesany t@hnietlhodbhims.
manuf acturing a di anond coated tool, further
compicebMBngntehd pidsent MBMENELRP the rpdlfr&%taﬂﬁnbh&iamond
substrate surface wwth an acid to partially renove
adePEe NPk R APRRSRe WBIRhrizd D SuBSrid FRRLFRN ! @&rlllb&idiﬁond

I'nterposed between the carburization step and the
i | j 1.0 ' ' reeat nee
e ETRR o BeR s R SRRy LafRes pBflitr drFR fRthe gp ompared
rface . to 5 inpprove adhesi,on.of, the di anopd _coat i
with' phEarii (Pt 98 Bt Carariruparafiy Copghiontt, o
.met had of . manuf.acturing the di anond oat ed _t 00
EREBRIT TCHS 45t BYETRES RUSR, T6h Mo Micrometers or
conbi nation of the partial renoval of the binding
bedew seamdies Pragacad, eagilandhase 499 PEeessnStaBs dis eppperents,
above. That is, this preferred nethod of the 5 present
namekyncadnizaton surl sobjivet bragesses, caebbeily edsential for the
substrate surface to the acid treatnent to partially
medmovef theeplhisedt ngveitase aed ab,saapfilaplepesnlt ditHpendchieved
powder on the substrate surface, placing the substrate
if iofe drothef bilRrgRocé D seomipa®dnkloradiehrp t1d dbb g ned it el two
di anond aggregates which in turn forns a di anond

pref@dsb8dah Rado bfow hadd phaké g&éiﬁswrr@ti&iésnﬁbt&le&bstrate. The

subjecting to polishing. By partially renoving the

heg"ghnlgliéﬁi%n@(?ﬁg HE%RL réffexareﬁhi% SMORERhA &HEE%{: Erafng Sncluding

the dianond coating to the s ate can

S AT GRILRRECS A 5, AYEPRIY] gl TG BONESY of Bard

: surface “d pretrea
p}faos%térggn£ rglgé:a%ff Strteplgtllde%r]sstl}}ey a&flesgoeﬂ] % %g %iamond coating. For

carburization, a method disclosed in the Japanese Patent No. 2772494 or

another method proposed in the Japanese Patent Provisional Publication
JP A No. 2003-160866 may be employed effectively.

In a second aspect of the method, the present invention provides a
method of manufacturing a diamond coated tool, further comprising a
diamond application step for applying a diamond not larger than about 500
A (50 nm) in average grain size to the surface of the carburized substrate.
This is effective for increasing the density of generated nuclei, so that it
becomes easy to obtain a small diamond coating of a smaller grain size.

Although it 1s preferred that the diamond thus applied have a smaller gain
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di anond nucl ei can be increased during coating. 15 As
wi || be understood fromthe foregoing description, the
di anond coated tool of the present invention is hard
to undergo adhesion to its dianond coating surface
and all ows working to achieve an inproved work
surface roughness. Besides, a longer tool life can be
achi eved because the di anond coating is hard to pee
sifa ahpesrebleubaursandly Fuathkle mimeumigrain efze29 approximately
manuf acturing the di anond coated tool of the present
201 dver® i mm) c dihef applied diaaromd hesathngveriaizh gresnesizerof not
grain size can produce, and can readily manufacture a
greh@rntithe GUERA (60! ngapadlits afpphi ghinit,PheGi e WY kibdltant
Even a tool such as a tap can be nmade less liable to

d@%ﬁﬁl ﬁgregaw@m %b&&nbttoﬁ\"léxkgB e A ehd AR SQzaff'tﬁe orage

he presen i nvention. 25 20 Brief Description of e

or @Hz@%%g é:é(ﬂthléd ish)eleﬁﬁﬂss sectional conceptual

agraln ey nap owing a dianond coated tool of the

L It f. ig. 2
o a0 R R b P ROB G ek biadith REhuCh Bameies o
m%%z) \gts f# (I}Btﬁﬂg&sﬁ ?ghgagn agasrilg]gg P ese@ f&ﬂf elrgﬂl 1;¥Ylet Qpplied

respectlvely Fig. 3 is a_schemtic |IIustrat|ve Vi ew
NGOWBISES A aﬁh’ﬁ@’ﬁﬁﬂw i Hampndeetldgugh the diamond

prlor art, with (a) through (b) showing steps of

apgiedt bo thes peduivaddy subbatel yislds swhkeraforcdiamond growth,
illustrative view showing how a dianond grows in

podyoy stedline tthedeiofentlhie pradorce arlso anwpolesasrall meodigimdid, and
(d) showi ng steps of growth, respectively. Fig. 5 (a)

thius ity AFderiddcoaidy egpap brisholinegdibhtorlrdthee than a single
condition of a dianond coating of the present

criStue b RdndaRethFhOvie® (@obtSindis ARY HILHERE %r?&ra@f’ﬂl other
showi ng the surface condition of another di anond

Ql | ﬁ’ltovti@l%gp £ ngcx‘gzﬁt’aﬁﬁhboﬂlalﬁbﬂd a8 Wi S}fqﬁaeio":%fore

m'cro tograph "sho e surface condition o

ungi ?%ﬂ% g’lr%w%gaul@ %.u%fei 58 ’{Bagfr%l o %8‘855@ F}fs’cgﬁlne d%mond

/S~ an

aggregate.

Preferably, the diamond is applied to the carburized substrate by
means of an ultrasonic wave. This allows the diamond to be applied on the
substrate firmly with high density.

In its fourth aspect.of the method, the present invention provides a
method of manufacturing a diamond coated tool, further comprising an acid
treatment step for treating the substrate surface with an acid to partially
remove the binding phase metal, the acid treatment step being interposed
between the carburization step and the diamond application step. This acid
treatment decreases the binding phase metal in the substrate surface to

improve adhesion of the diamond coating to the substrate.
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m cr ophot ogr aph show ng the surface condition of a
di anond coating of the present invention. Figs. 7 (a)
and (b) each are a m crophot ograph show ng a
cross-section of a dianond coating obtained by the
present invention. Fig. 8 1is a m crophotograph
showi ng a cross-section of a dianond coating of a 20
conparative exanple is shown. Fig. 9 is a graph
showtagtiguleatuprefetalilytine nsybotrafsvepitacansngsile difanzond
di anond coating obtained by the present invention.

coktegl tdd acgomligg aphthehmwisant anvasidi compiizes Bas@Abination of
spectroscopi ¢ anal ysis of another dianond coating

thebpairfal Rmbhe RIFesRAt bidMapt p®Ase Fitbtal ldnd aihé Sdfmond
front view of a tap obtained by the nmethod of the

apPlRaAGBh 29 ALNEETHeHO ﬁbo@é‘dTﬁl@; &N dthﬁ@p&ff@rrbasmetlz%(% of the

Sectional views, respectively. Figs

pr@@é‘h %ﬁtﬁ'}ﬁhc%ﬁﬂg&ﬂtl Sﬁ,}_]b&'?%tﬁb %\é@lﬁﬁké{ﬁgﬁ%ﬂrg% surface to

opera I ONS usIin

e PR B o SAeEABLIE R i Eﬁ?ﬁ%mﬁ% ghplying a

i nvention Il be descyribed in greate deta|I based
digRopfle nGPEleEr PBd thibBBPHERES THIASe! DIECHE 1ihes sybstrate in
cross-sectional conceptual diagrani key map showi ng a
hogifament ¥ Peenwipmentt andaryeodase glohidan diganend aggraaates
near its surface, and Fig. 2 schematically
whichusttuandernew disgnenrd nektgmehbat s usml avithisdoometlveithout
10 present invention. Figs. 3 and 4 schematically
subjdatistg &t psliblowga Rli pavmally gemasing thédingingophade ntegal of
prior art, and Figs. 5 and 6 are m crophotographs of

ths Wilbatese ehirfdcanheda digaiomgs thaVlidinbh@goating @) th8dubstrate
(b) showi ng AFM (atom c force m croscope) and SEM

caﬁ%‘@@ﬁbﬁﬁt@rﬁﬁt 195, BY 5HFBERLS) dilintd PPk AsF %’lﬁﬁe %tlbstrate
di anond coati ngs of the preséent invention, 15 Fig.

Ty T R g R B
dlg}n%lh(aq\?clgg({._aaﬂolpe %70 ? %cﬁﬁ%&ngg S9atLhg of the present

Inventi ) arggnlcrophotographs of

Sr g;%ﬁc’ ﬁia}gh{%ﬂ%%stc%dd i"r%rrrnogge gl%tglo{] 24 32&&'1;)'}?(911 b e Elamond
coated tool of the present invention is hard to undergo adhesion to its
diamond coating surface and allows working to achieve an improved work
surface roughness. Besides, a longer tool life can be achieved because the
diamond coating is hard to peel from the substrate. Further, the method of
manufacturing the diamond coated tool of the present invention can form a
diamond coating with a smaller grain size can produce, and can readily
manufacture a diamond coated tool capable of highly precise working. Even

a tool such as a tap can be made less liable to adhesion by providing it with

the diamond coating of the present invention.

20



10

15

20

25

observed on SEM after having the cross-section

pol i shed and etched with a 20 hydrogen plasma. Wile

Fig. 8 is a mcrophotograph of a dianond coating of

the prior art, after having its cross-section |ikew se

pol i shed and etched. Figs. 9 and 10 are graphs each

showi ng the result of Raman spectroscopic analysis of

a di anond coati ng obtai ned by the present invention.
BrgfgDescrigtzgn of theaDfawimgsvi ew of a tap obtai ned by the

met hod of the present invention, 25 and N and (c) are

its degtilanak wbmctimaab&onbemhyl damghafrh sy m2p (shbwing a

(b), and 22 (c) are schematic sectional views
didnlowdtobatdebod PEEiad berenl Shehtiew s afAhelfeardts bitface. Fig.

package fabrications in a production process. The

2 m AN Nt QHuéﬁQﬁv@fvﬁ;Gﬁsﬁéﬁﬁf‘g“‘ho'wn&e&fdrﬂéhd %réagvm the

for a zone near its surface in cross-sectional

e [ I
m{tHORCH YAe S ERE HEhRE Sl é%né%% 39 Pl steps of
bstrate 5 an a, di.anond et
erf§Uctespft rePrE 3 FoR B R O RS PE e AR 1 B o
-numher of .di nDnd et o fo )
dl@aangg‘ﬁpgsgn h@%@ £t atd %wttﬂff%h}rmlﬁﬁ% showing
gether to formthe _dianpnd coating.6. In
St‘ﬁ?ﬁ fgft FRWtYr iespectvely; Eig. dgischseheanalas § &e%rfea*qu@lqm ghowing
di anond coating 6 are shown, but those grains inside
homha dipmendderascain aAgothearsmethad efitherprihert, withvia) thieugh
described in detail later herein, these dianond
(dyr shoveing gﬁepseoﬁrgmdwmhnedesﬁednmahrdﬁmgodﬂ fd)nas gnai AFM
getting together (not shown in Figs. 1 and 2). A

mgiroshiodrdph fleswitg e surfidacan ditionafadfiaeeiid coating of the
aggregates 3 join, and the distance between the 15

progait! sk ationf ahHeF@g gr @Y as nSARM hiRSoPtb A shf®in ng the

groove 4 gives the height h of unevenness or ups an

sugf&\ﬁ‘@%oﬁfhﬁ&}? ofjhﬁmq GBI PECh PrdsBht tion. Fig.

pl ace, a nodel of the growth process of this dianopn
RAMAADP Ui s Bl oo
colfee oLt 25l S5l CaE. ikt TR SHD, et
microphotograph showing the surface condition of a diamond coating of the
present invention. Figs. 7 (a) and (b) each are a microphotograph showing a
cross-section of a diamond coating obtained by the present invention. Fig. 8
18 a microphotograph showing a cross-section of a diamond coating of a
comparative example is shown. Fig. 9 is a graph showing a result of Raman
spectroscopic analysis of a diamond coating obtained by the present
invention. Fig. 10 is a graph showing a result of the Raman spectroscopic
analysis of another diamond coating obtained by the present invention. Fig.
11 (a) is a. front view of a tap obtained by the method of the present

invention, and (b) and (c) are its sectional views, respectively. Figs. 12 (a),
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condi tions including tenperature, pressure, and
at nosphere for generating dianond nuclei 1 on the
surface of the substrate 5, as shown in Fig. 2 (a).
The nuclei 1 each consists of single crystals of
di anond or an aggregation of such single crystals,
and are left as they grow under the sane conditions 25
as those for nuclei generation until they growto
(bylagtsliich are gghergatiesedtional vigws HBwatriating eperatiphy usitgtools
gl obul ar aggregate 3 conprise an aggregation of the
fodl i @roricSIgp adkage Fabiibetionsviren gredtucign graswss.he di anond
grains 2 constituting the aggregate 3 as shown in
Fig. 2 (c), they will grow principally in a direction
5 perpendicular to the surface of substrate 5 and at

BéAME@EBor! C B mgrauﬂm@me%oq}ar allel with the surface
of substrate g i's, the grains grow

SUb.St ?‘ﬂ%‘bﬂtby th@ r@géﬁ/t n hﬁoﬂr@‘ﬁ og'&%ﬁ&@@éd Q‘ngeater detail

unti | acert "aggregate ] Oi n er an
coa ches, a red term ned thickness,
ba%& ‘%ﬁ gd e?hﬂ%”ﬂg%ﬁ’ "0 the present
i nve ﬁ the aver a ze 10 of the di aprond ralns 2
whi GHAE s 9 C&’B?%F‘% tqﬂr@ca?tm% TRgrABEeY gpap (ghowing a
di anond coatin m croneters or | ess as its

diamendrcoateq gﬁooléﬁdyhﬁ ﬂ)rgw InyeRtipn AR & ZoNe peaLits surface, and
wear -resi stant dianond coating is obtained. In this

Figr 8vichepradvadly, ilkuseradies iowda ghaines d zrpwscionider nethod of the
gTai ns) each consists of an aggregate of the di anond

preseret greint®n dfigens yargh di stheofatichhlyllistrates derw aThmmond
phot ographs of Fig. 7 show that these grains each

groomsiiat shef astlagor edaticonp@dr dasyoncdl i Mgsgrai Red 6 are
Figs. 7 (a) and Weach are a m crophotograph show ng

mitr6p RSt sHsHd @H‘sﬁ&’a@sdﬂf@ﬁ@ﬁ@n&%hﬁﬂ@s whharieds By) 4h@ 5 (b)
present invention. Furthernore, di anond grains 2

sh%@vtlﬁ r Ama(’atﬁﬂﬂﬁe Le I%l&%ﬁ&)? ed uéﬁ(‘i‘ ISRM efbhBh re"ilé&ron

havi ng a di aneter 20 sev m croneters to a

m}cggggog Hﬁ&r%i)?ﬁt@gqggﬁ?{g)?%%gh iﬁg %18)% d%gg Bf 91% sﬁ?s%ng 11Cl)vent10n
F1%r %ch5 g‘wrllgg Jnhh%li\r/l mlcrophotograph of a diamond coating of the
prior art, and Fig. 6 (d) showing an SEM microphotograph of a diamond
coating of the present invention. Figs. 7 (a) and (b) are microphotographs of
a cross-section of a diamond coating obtained by the present invention
observed on SEM after having the cross-section polished and etched with a
hydrogen plasma. While Fig. 8 is a microphotograph of a diamond coating
of the prior art, after having its cross-section likewise polished and etched.
Figs. 9 and 10 are graphs each showing the result of Raman spectroscopic
analysis of a diamond coating obtained by the present invention. Fig. 11 (a)

is a front view of a tap obtained by the method of the present invention,

and (b) and (¢) are its sectional views, respectively, and Figs. 12 (a), (b), and
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It is supposed fromthe above-descri bed nodel of
coating process that the nunber of aggregates 3 is
proportional to the density of nuclei 25 generated.
If the density of nuclei generated is small, the
aggregates grow 24 |arge. However, if the density of
nucl ei generated is high, the aggregate 3 cannot grow
| arge, and the dianond grains 2 constituting one
(g echamatic speipomplsvewsclbwseating aneasdionsausing| tookefor IC
descri bed | ater. Mreover, the grooves 4 produced
ordet hpack sad| fabenatiagy e gatredudiion prodeesone shal | ow, so
5that it will become difficult to differentiate such
adj acfhd daggoedaboassd tésinstchieprbysntaisentiondid shéka for a
present invention, the average grain size of dianond
2096 dS 1€ S@Tadd f1Hh ichdsst R tiBhaAMESh @B ACHagtatREy map of Fig.
di anond coating fornmed beconmes as fine as 1.5
fr: be : :
LR 2 e B STRE tnBhd Cubiley oo eete =
e .Javent] S Vv | chib ' .
@ §RORRERE Bophl F BB oGO0 ol Rt BBy Stutale of ehis
onpari so ith the.di ampnd coati ng.obtained in.a
SuEHBAP 4t e RRHBRELCE, . HETiad QRIS ZngergEe i form
are m crophot ographs show ng unevenness of _the
28ZEPECe Sof 2 a'i%ﬁ?ﬁa REHCBALE BB eF WY I8P dAsetber JEOathJFﬁﬂc the
force mcroscope). The AFM (atom c force m croscope)
dipmond epating &sdopéiewdi onlshe erginsop sgasiphg on thegesriaee of
t he unevenness in the surface of a specinen by
thepdizandmd) caapingb@ awei blokeepubghosestrams thade athenilmmond
force acting between the probe and the specinen
coatinfzat dsvwheittédh eFuhebeas svillr beglekaibed ant dethilelater herein,
speci nen surface. The AFM can neasure the unevenness

theke \tﬁamdﬁidn%faﬁngtz et Weeaf fordhad of ehbhg aliadididefigBCerains
cannot be 20 determ ned wth high precision by SEM

gdtBnghiddingedl® SHIWARAGR FRYIANESS 2) JAUGRovEr 4 9P GAREd at a

interference three-dinensional surface roughness
Tha. f oF]
PR ] RRARN SRR T, Byl g Bifeon e
t hod of. th t o iop.. .Int .
pigOR Hne R ERaNs A Alflci<CRpull T iBG grootp chgipge the

t.h urface and as . :
helgﬁt i of unevenness or ups and downs of the diamond coating surface.

In the next place, a model of the growth process of this diamond
coating i1s shown in Fig. 2. As a first step, after passing through
carburization or like pretreatment, the substrate 5 is placed in
hot-filament CVD equipment or like and exposed to predetermined process
conditions including temperature, pressure, and atmosphere for generating
diamond nuclei 1 on the surface of the substrate 5, as shown in Fig. 2 (a).
The nuclei 1 each consists of single crystals of diamond or an aggregation
of such single crystals, and are left as they grow under the same conditions

as those for nuclei generation until they grow to globular aggregates 3, as
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25 the brightness approaches fromgray to black the
altitude of the surface 25 unevenness decreases. In
Fig. 5 (a), fine grains gather together to form
gl obul ar di anond aggregates. This bears a strong
resenbl ance to the states shown in Fig. 2 (b) - (c)
schematically. The photograph of Fig. 5 (b) shows the
surface_conqltlon of another 5 dianond coating
shgwpaim &g by (bhellhy elentar ageregadn 3 ppmpsisgan pggregation of
phot ograph as a whol e appears blurred as conpared wth
theidgamendagraing 2. shows that a flat and snmooth di anond
coati ng al nost w thout unevenness was observed.
Besi Géen, twkewrlottreg rgroni nthe adibanind grafe & ddiseitatiog the
iIs a grinding trace produced when the substrate was

aggtorttd Pef ehewadat Fipd 21@), ihe¢essl E@a@&ﬁichp/au th bhBrection

case of a flat dianmond coati ng, tends to

pegﬁf&i(ﬁbﬁla‘rn?{g RHK LG5I @9 %%Qﬁ'aq:@ g Beanaf kthga%%ﬁl{’lb 3ime in a
uri

ng cutting. Then, Dby enlargi ng the grinding trace

dngafctﬁ)ﬂﬁ%ﬁl%kfﬁeﬁ%ﬁ tBE faccgr]cgfsq{bls't hadcegs Elté(%/ ?efiemtshgerow

e caropuri ze rat

Sugﬁ%ﬁéﬂﬂ% AN B?Spér%&etbcl%gc gﬁé\%&ﬁn 8&?1??’@%99ﬁt aegsqeate 3

. the dj.anpond, coatin ocess. |If the substrate.is
BdoreHEd, TR LN eoating § 1enehed A Arpfeteamined, shickgess,

m rror surface and the resultant tool wll exh| bit an
asishogt 8t FéngaBmdseonddng fe the presant innendpnethenarrrage size
Fig. 6 (c) is a photograph of a dianmond coating of
of ¢hardamgndi grsigh Bvimhioh Angbyanstitute heagnomah Sinifsce of the
conparative 20 exanple typically shows a case in
diadniond gvatingj isgkhemitrethaersondessohsl insanpgpralimst, kotchif ased
the longitudinal direction and in the | ateral

folidod€ hilaghlyaw e shoadistiamt igmodd ®atinkdk oBehiasgnt
col umar grains grow and join together to finally

f or MTAGtAs B8R0 <RAEd, Nhe ARMSondIrhid Q‘A&ec&‘i’d’fﬁ&' gfhins)

di anond grai ns can be observed. A scale on the

oobRENS 3l s TIBLOBHCR Ly e i) o
100 nm order. The photographs of Fig. 7 show that these grains each
consists of an aggregation of diamond fine grains. Figs. 7 (a) and (b) each
are a microphotograph showing a cross-section of a diamond coating
obtained by the present invention. Furthermore, the diamond grains 2
gather as an aggregate 3 constituting a tertiary grain having a diameter of
several micrometers to about 10 micrometers, and adjacent such
aggregates 3 grow and join together to form a diamond coating of a
predetermined thickness.

It is supposed from the above-described model of coating process

that the number of aggregates 3 is proportional to the density of nuclei

generated. If the density of nuclei generated is small, the aggregates grow
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difference or vertical interval in surface unevenness,
and it is possible thereby to determ ne the hei ght
di fference of surface unevenness by conparing the
col or shades at a specified position and ot her
positions. Here, Figs. 5 (a) and 6 (c) are photographs
obt ai ned by observing 5 test specinens 35 and 36
produced in the preferred enbodinment 7 to be
lacges doweehél Biendémgity of Mealemyeleratedeispnigho ghaplggoégate 3
Fig. 5 (b) shows a dianond synthesized under pressure
caahofl gdow Rar®) smdceiddidrdend suhsisr atcenstifutitsgiahe aggregate 3
cement ed carbi de used for the preferred enbodi nent 1

miP 4180 dRsEIdebBH NBABEY) AAHATNL béQie%@ﬁbB&rlaté:ﬂ Mofedd), the

i's an SEM phot ogr aph showi ng the surface condition of

gr@oxq:,l afi’?@@dﬁ&@ bé%e%ﬁogﬂﬁ%@éinp%%%l@géi?@;stpﬁ %épﬁecto%g—} shallow, so

pr ese I nventi on hi's I anon gral ns
ol U, T 3y S R e

Cavera rain ze |@1theﬁg n sSi eoftthe di anon ¢
‘%‘}Sﬁﬂug’?ﬁ rCpLfiRe torBe LY P@"b"reéﬁ Wé‘ Rhiayepit gﬁarlﬁ‘p‘ﬂze ©
sho a di anond copatjng of test spe 35..produced .
diamonHestBs o FUPLENBIGH HhshBrom thy SH 290 98 tha dHiAmang) gating

later. Fig. 7 (a) and (b) are m crophoto graphs
forrnedibsgomas ap dine e tH BicrametowPrdeelovnas shewadadtigh§ (d)..

the nethod of the present invention. These

phot ddreaphamwerle codtting metidy vobs egrewvmg biyhéhe method of the

cross-section of the dianond 20 coating on SEM after
prhgantntvieeionr as absee twibihbe aesalibed andsrettdredetailt based on a

hydrogen plasma. The general conditions for the

mRBOYEotBRIE P10 N8 (e AN iSith Witk hleOgRISbID cbﬁ!tﬁg%lﬁbm €n a
CVD equi pnent in a hydrogen atnosphere at 600-1000

coliShtiRE ESSHhELOTFiO: B3a 3(H5PandTn% ¢ arond £9abpASKeraphs
P

shomn inthis figure 7 their Cross-sections etche

Wm%%ﬂ&@ﬂhg &tthég’squ%:e o@ CHQ ondHoGPi %roq)sgi‘ve]dgbf Pﬁ AFM

hot ogr ap (a) OWs a cross secC

ol O A FEESALE Y0 porop) = o
mlsclggg\(%pg v% 1C > d%%%telsot%p%gretlp 1csl?nages of the unevenness in the
surface of a specimen by operating a probe while keeping constant the
atomic force acting between the probe and the specimen surface when the
probe is brought close to the specimen surface. The AFM can measure the
unevenness of very minute structure of which vertical difference cannot be
determined with high precision by SEM, touching needle surface roughness
gauge, or optical interference three-dimensional surface roughness gauge.

The photographs of Fig. 5 (a) and (b) each shows two kinds of
diamond coatings obtained by the method of the present invention. In these

photographs, white portions represent higher areas of the surface and as

the brightness approaches from gray to black the altitude of the surface
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di anond coating at a position about 6 mcroneters from

the substrate. Fig. 7 (b) shows columar grains |like

| eaves of Japanese cedar in shape which 5 are |arger

those shown in Fig. 7 (a). Fig. 8 is a m crophotograph

of a conparative exanple in which a cross-section of

t he di anond coating of the patent docunents 2

nmenti oned previously was processed by the sane nethod
urgyenhesedaopiasss.ofn Hig. 57(paéncﬂimbgmineogathearto§ﬁjherlm form

Fig. 8 a boundary layer of nultilayer structure
glapplaardsamont| agitegdtas AURIst haais aFdt@ong tdbemiflahc@bsl tidptates

show a test specinens 34 of the preferred enbodi nent 7

shgenbﬁl Filesct) béd DReRiaRidafyer, and Fig. 8 shows a

i anond coating of a test specinen 24 of the

pr ef queeﬁS’hﬁc%E%BH‘Bf‘Fi%ﬁ BHAUR v %4&%1%22&@901{&&&%&' Mother

observati on, I S under st oo di anon
. isn cQording. to t esent _jnpvention hasjt .
ERAIREHY, SR " B GRsehEu el anhigueh chis
rai ns., Accordj to the present inventian, .nucl.ei .
DA RN 8F oF PO AROIF STl A sRDER S drigad G, it
aggregatign of _ such_single ¢rystals. is generated and
shops Iaeﬁaéﬁé‘dgﬁlé%}hfha&‘ho@g@%m% @é@os’gwwlﬁéwcwweﬁl@ess
process to_form gl obul ar aggregates of polycrystalline
waf ghegrvedABesidesgthe growfe porniogyaslant inghdi midHe apeavis a
further, the 20 aggregates al so grow so that the
gratfliage titacagoprodlgaed swhen nidet eglkttnate woasf gronnd before coating
filmlike coating. It is assuned that the above-said
provels. Gfergti-aliy,hin theatddd 6fla dhltediagnoridheodtbhd, oblentpol tends to
grow h mechani sm of di anond coating. As clearly

extiisie i 55 80guatal Sgalb Aol ite The A i) maerib D furinBecudtidgD rIElen,

fine grains grow in a shape 25 elongated in the growt

bﬁmiel&l%atgiiﬂg @fg bh& ddh &N At Gubddid Ifh% ggg%r?r@gg the

be Stopped when the major axis or |eng

. . b . 5 .
deds tﬁl%adggﬁﬁ)n%l és’éﬁsltlea(f ?IQ thé S aSE gﬁl?]st?%q%dﬁégglgbfﬁlsgmond

ne I'anond grai n to grow on suc
col' this gﬁgfcpg_q{omﬁh isﬁgeschbed in teggs of m nor
4Ps A P e W aRBFLden EUGREPWENL | REFquse  Proper
rowmh wll stop when e mnor . .
urevenness remain a@ter t%e (tilpantlon(i1 coating process. If the substrate is
polished, the diamond coating therein will also have a mirror surface and
the resultant tool will exhibit an inferior engagement to the work.

On the other hand, Fig. 6 (¢) is a photograph of a diamond coating
of coarse grains shown as a comparative example. This comparative
example typically shows a case in which nuclei generated grow as
columnar grains both in the longitudinal direction and in the lateral
direction, as shown in Fig. 3, so that adjacent columnar grains grow and
join together to finally forming a diamond coating. Thus, well-grown

squarish diamond grains can be observed. A scale on the right-hand side of

the photograph is a shade or gray scale of color representing the height
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5 axis dianmeter reaches about 0.001-0.1 m croneter,

and the succeeding new fine grains of dianmond wll

start to grow. This shows that dianond fine grains

with an aspect ratio (major axis dianmeter/mnor axis

di aneter) of about 2-20 are forned. Further, it is

assuned that such thin and short columar grains 10

ather into a shape of | eaves of Japanese cedar to

differamcdi emyedtigalainterval eseirtienundvenrdsss agak fieis tpossible

form aggregates of dianond grains. Such a special
thdieoyortd detdrnnigei shgriesichy difffeeched dfystifacoressiwenaecsd by

an atnosphere used for the dianond coating process

cofiRe e @the/coldP shadad®ngl speafibll RosRiord AL BEESEHdsitions.
i nvention can be obtained specifically in the pressure

15 range, @fl%ébsﬂéé) Ond 3% €)5adtPah t; é‘%ﬁéi%gzgﬁe&fw BBserving

di anond coatl ng IS MmCroscopl ca serv

te§te gﬁécﬂﬁ(‘eﬁst 36 % E)ﬁn c o Eﬁ'hg I%férq')ad MB&%}%&&{P i dco be

ns exl s e groo exi 'St
de%‘%ﬁl}'ﬁ%‘iﬁ é&re?%&?f 550 R 4 Fig %Qfé’)aﬁﬂ%s

of aqggr tes nsi sti ng di anond, gr.ai nd
n}% ERZH ‘B’r El@rﬁﬁ%‘”teh‘i’gwl %ﬁﬁ’%%ﬁé{f?’ﬂﬂ? substrate
boundarl es between such aggregates. As for th
of sl gepreentedepshidagusatl o tglerlf’%ﬁ:f@rl‘@fl @W@Odubgmdt go be
5of Fig. 1, it is preferred that undul ation
desepbed bareid lpterhei ght difference h be formed so as to
draw non- st eep noder ate unevenness. The undul ation 25
r epr &sathag Big. 6 ddg isuist 3BM giHofogephe lshbwing che surface
average surface roughness 29 Ra. Thus, by limting the

cofditeit offa ulidtloald emting prolacédnge tl@é Babeidd 9P theMpieRent
900 nm the engagenent to a work will be inproved, and

1n{r@1‘1‘t§0n Chathrr Mt@gfa}ﬂ{ Qﬁﬁﬁﬁhﬂﬁgﬂimké W@%H%{ %%rage grain size
di sengagenent” or relief of the tool wl

of ILSUENt §%1cy§ﬁmbf%ers%r Bd &aRbb %%éeﬂfedﬁqfh%' Mérq&mémf the

smoot h 5 sur a view to Inproving a
o USRI L0 R R g S A ety
primary grains. This photograph shows a diamond coating of test specimen
35 produced in the preferred embodiment 7 to be described herein later.
Fig. 7 (a) and (b) are microphotographs showing in cross-section
diamond coatings produced by the method of the present invention. These
photographs were obtained by observing the cross-section of the diamond
coating on SEM after having the cross-section polished and etched with a
hydrogen plasma. The general conditions for the above-mentioned etching
are processing in a microwave CVD equipment in a hydrogen atmosphere
at 600-1000 °C under pressure of 0.13-13 kPa. The diamond coatings

shown in this figure 7 had their cross-sections etched for 30 minutes at

870 °C under pressure of 13 kPa. The photograph of Fig. 7 (a) shows a
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further inproving the above-nenti oned desirable

effects, it is nore preferable tolimt the

undul ation in the range of about 50 nmto 700 nm

Besi des, to reduce the undul ation by increasing the

nucl eation 10 density, it is preferred to apply a

di anond with an average grain size not greater than

500 A on the carburized substrate 5 before faorm ng
cralisasvehon afchbidigmendAsationy dthe psidion alyowdfl diiermmeter apart

thus applied, it is preferred, for exanple, that the
fraqpathd tynbissratel ammplHigr 7t ian sBowi04 &MR-sketictirdfeth®fsame

di anonds. Since the nunber of dianonds and the nunber

dlﬁ’ﬁloﬁagfoﬁgﬁktgeﬁ ;@b%sl%ﬁ)ns;&mﬁt@ﬁl@fdrﬂe&% Tﬁ:’n‘i‘ttﬁg sWbkrate. Fig.
each other, an increase in the nunber of aggregates

7 QJ)'s‘HH%v &lﬁﬁm?rﬂﬂr &%%@%];;eoltelﬁ%é‘ of Qﬁﬁéﬁg Eé%laroirn”él?ape which

anDn coatlng even | e grow aggregates
. manners: it i o ble t 0. praod
af?“i%ﬁg%ﬁ st Silsgﬂ i3 Figh 7 D PR Hh e aticRERPEER b of
rai ns. Nban becones SSI o control .the
A stexen@ en%%k?e AnERES 8ﬁ Ejf}vedﬁ}aaﬁ%éagmnwf the

controlllng t he nunber of aggre ates Moreover, it is
Pabenats idocuments ngrimprtioned cprpidendyit Wap prssestsgl by the same
utilizing the rinding trace of the substrate
mejidivenas ema@y%esqucF@pﬁl ppdtobsasvedsogpan dreMl dni Big. 8, a
can be correctly nmeasured by AFM Fig. 9 and Fig. 10
bosindary ypyaradt! wxditiyes stfudRamaapppact mubkchf 1h lkelditién, Figs.
di anond coati ngs obtained by the present invention. In

7 @) and(handioki g tedtlspedinthe aasfi therjeleraxd snle@ieantisto be
Raman Shift (cm 1) and the vertical axis represents

degBEBod Ul'i@l'eikﬁ el'&%élt Yand\CRi@! 08 Nfhok® bheidhes&Noating of a test
i nventi on, is preferred that the ratio of DG Db

Spgéilnﬁ 2?8 5e§?éﬂ?ré?feﬁﬁ@&ﬁn81@65 where D is a peak

hei ght nond at a 1,330 cm1 p05|t|on on the

base @f@ﬁ% %rggg’?gsretsp?tsmf%%%%va%orp 3@ E%'dgﬁgtﬁo@ﬁ:hgt the

1,55 or grap
b Lf th t |
o b RS B it o
. bond |Ie ceed 5 the . t oughness._of di anond
m@oﬁ’t‘:ﬁ%ﬁg) PW%@E%@ ng ST AHCox agﬁaﬁyecﬂraﬁ%tﬁdmventwn

nuclei each consisting of single crystals of diamond or an aggregation of
such single crystals 1s generated and the nuclei are grown at an early stage
of the coating process to form globular aggregates of polycrystalline
diamond. As the grains of polycrystalline diamond grow further, the
aggregates also grow so that the adjacent aggregates joins together to form
a film-like coating.

It is assumed that the above-said mode of growth is attributable to
the following growth mechanism of diamond coating. As clearly understood
also from Figs. 7 (a) and (b), the diamond fine grains grow in a shape

elongated in the growth direction of the diamond coating, and the growth
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bonds. Fig. 9 shows that the value of DDG Is 0.78.
Fig. 10 shows that the 10 DGratio is 1.43. Fig. 9
and Fig. 10 represents specinmens 37 and 35 of the
preferred enbodi nent 7 to be described herein later.
(Enbodinent 1) In order to validate the effectiveness
of conditions for generation of 15 polycrystalline
di anond aggregate 3 which is requisite constituent
wigl bershunpedt whis theavejur axisemtleogth af she igpanfs wewbas about
carbide (10xIOxlt (mm) containing 5 mass % of Co was
0.pr-dpmicdnases, mubshémdeendw dinthanl gexiperdtarinto wedw on such
conducted to coat the substrate with dianmond film The

ol@r &iaan £ dI5 Ulist ididesod grdretivdg disariddhi AL deSHPSHT AlifSr axis
and non-carburized 20 ones. For the carburization, the

digiHReds @ﬂ&e%%n%rﬁpﬁﬁﬁ B HRL 1Hdik %ﬁ‘%&h MR stgﬂ WM e minor

and processed for 6 hours in a . % nethane

g DUEOER 855 B3R SRRl AP Bl nw
B R R T

non- car.buri zed substrate had .a .25 saturation, .
SrAHEN BTt a0 3FPest rablosIRRioRErYs dameheimingkggis diameter) of

substrates were coated with di anond by grow ng the
abguadpdateiogmad. ckness of 10 nicroneters under five

vari ed magni tudes of synthesizing pressure of 1.3

kPa( $Yurtlzer9 ik Pa assudekdPehatos @ik Pain and diprtkedimpar grains

respectively, to check to see if any polycrystalline
gathamimid 5 dggpeedfalcasewelf el dpamere cel¥ieno domhi digmdiik grains,

substrates had a tenperature of about 850 C. The test

the€s Qldmbsd PO gathéahd forln aBe8drAbe %S dAMmbhE grains. Such a
synt hesi zi ng pressure, no di anond aggregate was forned

Ba®NfiBhohde coi@ie CAF biehzigd SHedd abgsthd Uﬁfd’étgltf]lge of an

spe
pWhen the dianmond filmform nhg pressure was in

at?ﬁéﬁggfg uwed tPeh LRI ARGYE ’nggﬂg%%_ E;ﬁ’qB{j ﬁ‘%l\#gc;ig}gond

even on a carburi ze
CO%@%%;% é:hg Ip\ail?%e%gii?g!aﬁ 1 ﬂ%gﬂ?}%;(grgg%rfesd \s’\ﬁerc?ﬁgacﬂyn{sndtlrpeagreasgure
range of abouf 0.13-6.5 kPa.

If a surface of the diamond coating is microscopically observed with
reference to Figs. 5 (a) and Fig. 6 (d), many diamond grains exist there.
Minute grooves exist in the boundary areas of these diamond grains, i.e.,
grain boundaries. The surface of a diamond coating is formed of aggregates
consisting of many diamond grains and stripes looking black and thin
which constitute boundaries between such aggregates.

As for the aggregates 3 existing in the surface of the substrate 5 of
Fig. 1, it 1s preferred that undulation represented by height difference h be

formed so as to draw non-steep moderate unevenness. The undulation

represented by h are substantially correlated to average surface roughness
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aboutl-1.5 mcroneters and an average surface
roughness Ra in the range of about 0.07-0.15
m croneters. In addition, when the above-described
cenmented carbide having its Co content of 5 mass %
partially substituted 15 with 0.5 mass % of C for its
bi ndi ng phase conposition was carburized under the
same conditions as above and coated wi th di anond under
ReprBssyriey biniting #Raextealt yd ipshdhtibneh dn ahoncinge of about 50
aggregates were forned in the coating. In this case
nial 80 9001 k&, ofHee engeedrhBgs th Na Wab:kh weilla e Nen gh@gedJ A s thus
were forned, the average dianond grain size was about

chat&rmxm&%eés%lﬁg o@%e%}é@éﬁéﬁ‘%h%é&ﬁ%@éé@né&u&h{’ﬁ%f IFthe _tool
about 0.1 mcroneters. Further its magnltueof

w1ﬂatb\ér?fé\%?1t5@gﬁ Fl éaﬂi QHOIQ({ C%Q@H% coaﬁ%@ g]éa gh@ %?moth

substtate was a ave a goo

su%‘f ;te ﬁVg%gtl ngglte&rgftg n%;lr%% %aaggﬁorr%S %agtg%é( 5@% hness, adhesion

car buri zedxxxxx 0 Pol ycrystallipe dlannn
re%@&%ﬁaﬁaé A Bp eaion, 10 SOg{, Cpbing ety thneidition to
gregates were _not forned. 5 (Enbodinent 2) In order

fu#gleaeﬂ@mw&gt fkBe dipbpes @fmstthn@dt glsiadle opMeise by 1y Haore

extent of undulation h of the surface of a dianond
pretsaablegto(lgmét thegundylation incihe rrrige afiableus 58i e H00ofm.

8 mMm was nmade and its performance was evaluated. A

ceneBlestflezartoi dedwenthe nimduls tivas byYarafre Songatha sedlestion

a 10 substrate. This substrate was placed in

defeityf it @ngrifercv te quipiyrentisancnd pvick ess adetdyer @idin fedfe not
carburization for 6 hours in a 1 vol. %

grggﬁr;clgg{h??ﬂ?(g@ g?@ﬁ thleX@@h UASc AlDERRRE & Béfofd fAMRIENdiamond
coating 6. As for the quantity of diamond thus applied, it is preferred, for
example, that the quantity is not smaller than 2 x104 /mm? in number of
diamonds. Since the number of diamonds and the number of aggregates are
substantially correlated with each other, an increase in the number of
aggregates allows such aggregates to join together to form a diamond
coating even if the growth of aggregates is small. In this manner, it is
possible to produce a thin diamond coating formed of smaller diamond
grains. Meanwhile, it becomes possible to control the extent of the
above-mentioned undulation easily by controlling the number of aggregates.
Moreover, it is possible to improve the engagement of tool by utilizing the
grinding trace of the substrate depending on specific applications. Such
undulation can be correctly measured by AFM.

Fig. 9 and Fig. 10 show typical examples of Raman spectrums of the

diamond coatings obtained by the present invention. In Fig. 9 and Fig. 10,
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- about 900 C under pressure of 13-0 kPa. Then, the
substrate was coated wth dianond so that the di anond
coating grew to about 20 microneters in 15 thickness.

The coating was forned of dianond aggregates and the
average grain size of dianond was in the range of
about 1.0-1.5 microneters in all specinens. The grain
boundari es of dianond forned grooves. The di anond

the danizmtabsixioraptksesinRaoanf Shiftden TVvdd eheiwreionl axis
with its process conditions including a hydrogen flow

repidsentd spa€triiny Qteamitn Acbhdhing td aherpicgenf iAbetdom) it is
synt hesi zi ng pressure of 3.9 kPa, filanment tenperature

préferfedlhtGrRNG tRHOBDIGDHR thBFRAMREWaRgelof 4pduf-0 5FBewhere D
hydr ogen content was adjusted to 1.5 at% (atom c %)

is Q%aﬁ{r}?el y&ac%lh P dgNSidy (:Ig(at X %bﬁ%%@b%&hﬂ@ and G

t he quan |t amond app strate

s Eﬁé %g(%@%rffpegkxl?eqkﬁ eLenty g@é’ ﬂ%dckﬁ‘l Q%Xﬁi&% %) agq:gﬂﬂlte and

coa dlaﬁon grain
made and

different ext of ,.undul at

ATfFP IS CPHP ol iR dEHB S ST &ﬁnsv*? b v apsiptce will
al | oy (al um nu S % Si.) ing,caonditio
eefﬁassygacwe gst%ffm lamepi ?Dﬂgff é@ﬁlev it seereniln 5 the
Nunmber of revolutions N 15,923 rpm Feed speed (F&

touglyrpassnel diamorrh eep ting avifledewages 5ﬁ9= oitoenynagy. diangond
Radi al depth of cut (Rd): 0.05 nmm AXi aI dept h of cut

bopdd) Fig® showedblbarthe wdtierofdolGuhs 6. Bnifigi d@ shivavs that the
result of cutting tests perforned under above

D/Coratiid iobstd. Fighdwmd Fig. Tdteprasdigk eypyecihienta®T end 35 of the
Aver age surfaceUndul ati onWwrk surface

preferred embodiment 7 to be described herein later.

(Embodiment 1)

In order to validate the effectiveness of conditions for generation of
polycrystalline diamond aggregate 3 which is requisite constituent
elements of the present invention, a strip of cemented carbide (10x10x1t
(mm)) containing 5 mass % of Co was prepared as a substrate 5, and an
experiment was conducted to coat the substrate with diamond film. The
prepared substrates 5 included carburized substrates and non-carburized
ones. For the carburization, the substrate was placed in hot-filament CVD
equipment and processed for 6 hours in a 1 vol. % methane-hydrogen mixed
gas atmosphere at an ambient temperature of about 900 °C under pressure
of 13.0 kPa. The magnitude of saturation magnetization of the carburized
substrate was 97.5-98.5 G-cm?3/g, while the non-carburized substrate had a

saturation magnetization of 80-83G-cm?/g.
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Speci mens No. roughness of h (nm roughnessTool life
coati ngRmax (,u n) Ra(u m 1 (conparativeO 307 3,000
in or 00585 exanple)..nore 2 (preferred0 503 3,000 m
or 0121 enbodinent)..nore 3 preferred0 3001 3,000 in
or 0771 enbodinent)..nore 4 (preferred b
0.189003.513,000 mor di t) em o

Then, these substrates were coated with diamond by growing the
diamond to a thickness of 10 micrometers under five varied magnitudes of
synthesizing pressure of 1.3 kPa(s), 3.9 kPa, 6.5 kPa, 9.8 kPa, and 13
kPa(s), respectively, to check to see if any polycrystalline diamond
aggregates were formed. When coating, the substrates had a temperature
of about 850 °C. The test result is shown in Table 1. Regardless of the
synthesizing pressure, no diamond aggregate was formed on any of the
non-carburized substrates. Further, when the diamond film forming
pressure was in the range of 9.8 kPa or above, no diamond aggregate was
formed even on a carburized substrate. Thus, diamond grains in which
diamond aggregates were formed had an average grain size in the range of
aboutl-1.5 micrometers and an average surface roughness Ra in the range
of about 0.07-0.15 micrometers. In addition, when the above-described
cemented carbide having its Co content of 5 mass % partially substituted
with 0.5 mass % of Cr for its binding phase composition was carburized
under the same conditions as above and coated with diamond under
pressure of 1.3 kPa, polycrystalline diamond aggregates were formed in the
coating. In this case also, like other coatings in which diamond aggregates
were formed, the average diamond grain size was about 1.3 micrometers
and average surface roughness was about 0.1 micrometers. Further, with
its magnitude of saturation magnetization of about 94 G-cm3/g, this

substrate was able to have a good coating.
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nore men 5 (conparative0. 281, 2008. 203, 000 m or

exanpl e)nore 6 (conparative exam 0.351,50011.553, 000
inor le) pnore 34 As can be understood fromthe
result shown in Table 2 above, when the average
surface roughness was in the range of 0.01-0.2

m croneters, the undulation h were in the range of
50-900 nmto show excellent work surface roughness,
whi | e when the average sufdkled 5 roughness was as

s e 0005 metet Tt et yehHaton
| ERRTERIES O i v eq qury Bl GRS ot B Alar
sUr f aB &P S nness Iwdr dendd?  Meabdhi lle, When|t hd3.0
syr f &abueizglness exceeded 0.2 mgronetexs W th the
l”l@@frc‘el?ﬁ&'f‘i?éd T Q ['i: %ney-nm;?b T thetpot
H-f-ace—-Rei-easbd—al-so—and

sSu he wor lkk icur P2 Tak ] rnllr‘ﬁ'\nnc
~J

worseae@a%gtﬁénﬂi&digkg{ﬁpygggweg&t&% fé)%ﬂleﬁped men 4

was taken oOut” froma deposition system ore di anond

coar oga 2T Se PR, AR AERTes e A BEmeg

al so coincided with the nunmber of dianond aggregates
after coating within a tol erance. 15 (Enbodi nent 3) In
ordey, to determne the difference in tool performance
(EE‘}}) ey ues observed on the surface of di anond
coating, an end mll with a diameter of 8mm was nmade
and ilnsonsiertr datrganinasthey dilfereage im tool performance by the

extent of undulation h of the surface of a diamond coating (See Fig. 1), an
end mill with a diameter of 8 mm was made and its performance was
evaluated. A cemented carbide containing 5 mass % of Co was used as a

substrate. This substrate was placed in hot-filament CVD equipment and

processed therein for carburization for 6 hours in a 1 vol %

methane-hydrogen mixed gas atmosphere at an ambient temperature of
about 900 °C under pressure of 13.0 kPa. Then, the substrate was coated
with diamond so that the diamond coating grew to about 20 micrometers in
thickness. The coating was formed of diamond aggregates and the average
grain size of diamond was in the range of about 1.0-1.5 micrometers in all
specimens. The grain boundaries of diamond formed grooves.

The diamond coating was formed using hot-filament CVD
equipment with its process conditions including a hydrogen flow rate of
1,700 scem, methane flow rate of 45 scem, synthesizing pressure of 3.9 kPa,
filament temperature of 2,120 °C and substrate temperature of 760 °C. The

hydrogen content was adjusted to 1.5 at% (atomic %) and the nucleation
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cenmented carbi de containing 5 mass % of Co was used as
a substrate. This 20 substrate was placed in
hot -fil ament CVD equi pnent and processed therein for
carburization for 6 hours in a 1 vol. %
nmet hane- hydrogen m xed gas atnosphere at an anbi ent
tenperature of about 900 C under pressure of 13.0
kPa. Then, the substrate was coated w th dianond so
depisy wae vamiadorid veasinah gherewantityale diapendi epphed etosthe
in thickness. 25 The resultant coating was fornmed of
substraberdlra s eganper, i diffieredd cadanade hgvaighdsinendtoatings
di anond was in the range of about 0.7-1.0 mcroneters
of idifferdntsfiaed omingraihhgzd nadodiffeeoad bxt@nbs WASNHAIAE®Sh h were
using hot-filament CVD equi pnent with its process

m&EAN Al 98 FiICtUPidi0c Ram WAL QY8R of 11{%{ EAcBn Hluhih®Pm alloy

sccm nethane flowrate of 45 sccm synt hesi zi ng

(af;ﬁ:ﬁﬁﬁ%el?fnaés 9, kba cJ&ﬁg%ﬂp@@g@%@%ahv%re%s%%%s:

substrate tenperatiure o rogen

gﬁy‘;ﬁnﬂéﬁﬁgﬁdwa%t f%nitno 1.5 at% and six different

avi ng diranond coatings of different RVS
val u e e by v [ t he density of dianond
aﬁ%?ﬁéﬂﬂﬁgﬂygggugﬁﬁgtiéégggWHlused for cutting
ega‘ﬁrﬂqgati of a high silicon alum num 10 all oy
(aPemth ' Aes® WIEMIN. The same cutting conditions
as those of the preferred enbodi ment 2 were used, and
t Feed vatginersideend: B mmyreest is shown in Table 3
bel ow. Tabl e 3 Average surfaceRVSndul ati on surface
Reddaddiepth 8hewti (RH50.05 mm
No. roughness(nm h(nn}roughnessTool |ife of coati ngRmax
(4xiz) depflpod cut (Ad):18 mm

Coolant: Water-soluble emulsion

The result of cutting tests performed under above conditions is shown in

Table 2 below.
Table 2
Average
surface . Work surface
Specimens No. |roughness of Undulation roughness Tool life
. h (nm)
coating Rmax (z m)
Ra(;m)
1 (comparative 0.005 30 7 85 3,000 m or
example) more
2 (preferred 3,000 m or
embodiment) 0.01 50 _ 8.21 more
3 (preferred 3,000 m or
embodiment) 0.07 300 1.71 more
4 (preferred 3,000 m or
embodiment) 0.18 900 3.51 more
5 (comparative 3,000 m or
example) 0.28 1,200 8.20 more
6 {comparative 0.35 1,500 1155 3,000 m or
example) more
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7 (preferred0 106113 3,000 mor 013 enbodi nent)..nore
8 preferred b 0.0115622.803,000 mor di t) em o
nore nmen 9 (preferred)0 1005401 3,000 m or 1380

enbodi nent)..nore 10 (preferred b 0.182008922. 953, 000
in or di

As can be understood from the result shown in Table 2 above,
when the average surface roughness was in the range of .0.01-0.2
micrometers, the undulation h were in the range of 50-900 nm to show
excellent work surface roughness, while when the average surface
roughness was as small as 0.005 micrometers with too small undulation h,
chatter occurred during working and the work surface roughness worsened.
Meanwhile, when the surface roughness exceeded 0.2 micrometers with the
larger undulation h, the unevenness in the tool surface increased also and
the work surface roughness worsened accordingly. Moreover, when the
specimen 4 was taken out from a deposition system before diamond coating
was formed and the number of diamond aggregates was counted to be
5x104%mm?2. This count also coincided with the number of diamond

aggregates after coating within a tolerance.

(Embodiment 3)

In order to determine the difference in tool performance by RMS
values observed on the surface of diamond coating, an end mill with a
diameter of 8mm was made and its performance was evaluated. A
cemented carbide containing 5 mass % of Co was used as a substrate. This
substrate was placed in hot-filament CVD equipment and processed
therein for carburization for 6 hours in a 1 vol. % methane-hydrogen mixed
gas atmosphere at an ambient temperature of about 900 °C under pressure
of 13.0 kPa. Then, the substrate was coated with diamond so that the
diamond coating grew to about 20 micrometers in thickness.

The resultant coating was formed of diamond aggregates and the
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15

t) em o nore nmen 11 (preferred0 3008973 3,000 in or

1945 enbodi nent)..nore 15 As can be understood from

the result shown in Table 3 above, even when the

aver age surface roughness was fell in a specified

range according 36 to the present invention and the

undul ation h were in the range of 50-900 nm the

surface roughness of work tended to beconme hi gher when
avenegRMyaigalsiee vid's daampoud aasiGnnrther rahgh eheabout 0.7-1.0

undul ation were as large as 300 nm Therefore it
micuometersuin tiblaspddmmeRVEThal dirvnvas] poefing ablvweas fornived using

range of 5 about 15-200 nm Besides, the dianond
htdibinigs CWDNgqapord iwithhéts pabgSs0todditikde MRlvaIfy a

superior to others in gloss. (Enbodinent 4) In order
hﬁd@o?&i eflfwNGatdCofi f 760 €868n | PRI MBRECrBE of 45 scem,

difference in 10 hydrogen content of a di anond

nq. ” . : o

Syglglgéélﬁglgpg%s%ﬂge 'f é.SV\k].E’Q, ﬁ}%g?gg&gﬁpggaﬁlreg@ %ﬁgrgg and

| FS_ ormance was €eva cenent car
st BplPe R B2 Mof (e d ey 3R e RPafhl W Bted to 15
TS R ST e o SEUB Aok,
values were made by varying the density of diamond applied to the
substrate and used for cutting examination of a high silicon aluminum
alloy (aluminum-12 mass % Si). The same cutting conditions as those of the
preferred embodiment 2 were used, and the result of the cutting test is

shown in Table 3 below.

Table 3
Average
surface . Work surface
Specimens No. |roughness ﬁlhrjls Un}?&l ;Slon roughness Tool life
of coating Rmax (x m)
Ra (um)
7 (preferred 3,000 m or
embodiment) 0.01 10 61 3.13 more
8 (preferyed 0.01 15 62 92.80 3,000 m or
embodiment) more
9 (prefer:?ed) 0.13 100 540 1.80 3,000 m or
embodiment) more
10 (preferred 0.18 200 899 295 3,000 m or
embodiment) more
11 (preferred 019 300 897 3 45 3,000 m or
embodiment) more

As can be understood from the result shown in Table 3 above, even

when the average surface roughness was fell in a specified range according
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15 atnosphere at an anbient tenperature of about 900 C
under pressure of 13.0 kPa. This carburization
covered an area which is at |east about 5 nm apart
outside fromthe outer border of the dianond coating
along the substrate surface. Then, the substrate was
coated with dianond so that the dianond coating grew
to about 0.5 micrometer in thickness. 20 The di anond
togbatimegest wventionnaed dbe ngpdwdation hawene ICVbe ragge piiedr 900
with its process conditions including a hydrogen flow
nmatle sirfade ¥Omeemof syorkhesdzd g becessdrighef whe® t#igaRMS
filament tenperature of 2,120 C and substrate
vallespeisaid ot 88 1760n Gr witeit tlengadulReidly #eegasd 1aGRMU L300 nm.
the nmethane flow rate was selectively set to 90 sccm

TH eI Rure £ o0 Bt 116 BV vHlue $RAsSHeREBIALL RS range of

content: 5.0 at%, 40 sccm (hydrogen 37 content: 1.

atRLY E@QHQ 20mS SR 4dY 40 9RA Nk o?@%ﬁi%%%%lél@g% an' RMS in the

resultan coat1 ng was forne regates

d in si di d inth
roflJ8 o8 B PAERBP 6 Buert i B BerhEIRASl T cpoci mans.

Al t hough the average surface roughness Ra of each
specimen was in the 5 range of about 0.16-0.18
mcronmeter, since it was difficult to make all

( ems ¥n a nanoneter order toget her so long as the
val ues of undul ation h and RMS were concerned, such
end dhldrdepée daterminertbe diffeyrmcedniperippranderst differance in
used for test. The resultant different end mlls

hhlxrugen canthirdnefnal déampind geodtofg, dinf éed antll kwith agdmmeter of 8
contents were 10 subjected to cutting test of a high

mal v 0 o £l U Binkd uits ahd rdyrnf ah ¢aTwrsTe A uab@d SA%ctidnted carbide
Cutting conditions enployed were as follows: Cutting

coBPERnY'5 AHEsNYNON COUFRS usell 4£UOLHJtPNR. Whid BuBeBrat® Was
Feed speed (F): 1,275 mmmin. 15 Feed rate per edge

plhfdd OiP4nBtHlSYent RRUTR! deRiReRf SHA [RH2ess@d OFhBMin for

carburization for 6 hours in a 1 vol. % methane-hydrogen mixed gas
atmosphere at an ambient temperature of about 900 °C under pressure of
13.0 kPa. This carburization covered an area which is at least about 5 mm
apart outside from the outer border of the diamond coating along the
substrate surface. Then, the substrate was coated with diamond so that the
diamond coating grew to about 0.5 micrometer in thickness.

The diamond coating 6 was formed using hot-filament CVD
equipment with its process conditions including a hydrogen flow rate of
1,700 sccm, synthesizing pressure of 3.9 kPa, filament temperature of
2,120 °C and substrate temperature of 760 °C. To change the hydrogen
content, the methane flow rate was selectively set to 90 scem (hydrogen

content: 6.0 at %), 70 scem (hydrogen content: 5.0 at%), 40 sccm (hydrogen
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Axi al depth of cut (Ad):18 mm Coolant : Water-sol uble

emul sion The result of cutting tests perforned under

above conditions is shown in 20 Table 4 bel ow. 25 38

Tabl e 4 HydrogenWor k Speci nens

No. cont ent Undul ati onRMSsur f aceState after (at%h

(nm (nmM roughness3, 000 in use Rmax(p m 12

(preferredChi ppi ng enbodi ment) 0. 2683993. 8occurred at 1
contangt ildh at%) (emdei’gracem dntsodgen sontends OB 8%ENBhe resultant

probl em 14 preferred 5.0674952. 8No probl em enbodi nent)
codingpwas dormd@adtdinmeenb aggregatds a0 6he53vaagd egnadmtsize of

slight wear As will be clearly understood fromthe

dis®oudt wag ihafHeerahgeSpLabHRING.2-0aY igroinsteds N1l specimens.
containing 1-5 at% (atomc ratio % of hydrogen showed

AlthSigleXEE ! dvRRAg P 8L RIFBREEhhBsd RAPECEad spRLRRING BN the
wear, while specinens having a | ower hydrogen content

RS AT BB AT AL (BB e
Spgglélﬁe?en%seo% ae ggngnelg%esrt AWs& %Bgegh%lil's s f’onlgi aabsI %h(te Ovalues of
undulation h and RMS were concerned, such end mill specimens were
prepared in approximation and used for test. The resultant different end
mills having a diamond coating 6 of different hydrogen contents were
subjected to cutting test of a high silicon aluminum alloy (aluminum-12
mass % Si). Cutting conditions employed were as follows:

Cutting speed V: 400 m/min

Number of revolutions N: 15,923 rpm

Feed speed (F): 1,275 mm/min.

Feed rate per edge (f): 0.04 mm/rev.

Radial depth of cut (Rd): 0.05 mm

Axial depth of cut (Ad):18 mm

Coolant : Water-soluble emulsion
The result of cutting tests performed under above conditions is shown in

Tabhle 4 helow.
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10 (Enbodi nent 5) Using a drill substrate having a
conposition in which a binding phase content is
reduced in its surface layer, a drill with a dianeter
of 0.8 mmwas nmade in order to determine a liability
to peeling of dianond coating and substrate breakage
based on difference in thickness of such 15 surface

| ayer, and the drill was evaluated for its
performance. A cenented Eahlbidde contalnlng 5 mass %

bhot v ot o Ik o ot o r\+ a
—e-f—ee—w&s—us-ed—as—a—srum ete— s ——ES
pl aced in hot [Hydap@&nt Dl equi t :%‘)r rog

e
t ahend 6. Eabhient zZat FORAAIGR %LF?HF%C% siﬂte affpr
n%ﬁ?ane- hydr opetpi)xed dh@“@g att pIErEhngss ; arv M ise
fprmpr::n‘urp of abhout 900 C under prf: %UFH) 13 0

I?Rgrefg e%l carpuri zatiion covered an area which i(hipping

Qtinep| MP-Zapart di#tsi dg B t he-fout er dsownred

r( da eld?m)nj coating along the suUbstrate sutfldesation
1’3 pradaftesr , the strat had i sur e tir

wi tedmBodiintarite aci§ fo$6m7%a Iaye8tr85t herg%’ﬁ hdvllsgﬁlet%lem

Fh T O G R

t r eahbedimdrithe, di f fer tir at

gffe ent th| Fkness of the Iayer of jreduced b ndbighg
1pr{pEge i we6® prepagesd, andsdijanppd coat hadkrwast
fo_r%}ao H&H¢h such substrate 5 to a thi cknesgighi wodr

M Cronet ers. Besi des, subsiraies unsubj ected 10 acid

10 treatnment of the substrate surface were prepared

and | i kewi se coated with dianond. The di anond coati ng
was fAsr wild besilearlpatndeirbtaod froGMibe mguitpo®Tablei 4,hsfecBnens
process conditions including a hydrogen flow rate of

hakid8Q deemdndedttangnkl DS hed EatimASrBHCW) of hydbegziingred
pressure of 3.9 kPa, 15 filanent tenperature of 2,120

arCeRMlenl Qﬁ&fo@hﬁadc@ nRefeab bkt AthiffheCand Mear! ﬁrfhlﬂet Heimens

coating was formed of di anond aggregates and t

hag)é%% ag govgélahgdm%'eﬁeccﬁfteﬂt 2oR %%ah@e 'i:ﬁga 135 9 Eu‘i’{her with

m—croneters 1 n Specl

ar} eXCERTve YyiRSEd QHIRNRS Schgadl%ﬁno%f o3RRS FHLYRS dbleased

wear resistance and thus was liable to wear.

(Embodiment 5)

Using a drill substrate having a composition in which a binding
phase content is reduced in its surface layer, a drill with a diameter of 0.8
mm was made in order to determine a liability to peeling of diamond
coating and substrate breakage based on difference in thickness of such
surface layer, and the drill was evaluated for its performance. A cemented
carbide containing 5 mass % of Co was used as a substrate. This substrate
was placed in hot-filament CVD equipment and processed therein for

carburization for 6 hours in a 1 vol. % methane-hydrogen mixed gas
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range of about 0.14-0.15 mcroneter, and since it was
difficult to nake all 20 specinens on a nanoneter
order together so long as the values of undulation h
and RVS were concerned, such drill specinens were
prepared in approximtion and used for test. The
hydr ogen content was adjusted to be 1.5 at% The
resultant five drills were used for drilling test of a
atgrospherd at mpdabbintofenga@at@repal abo @@ Ci wyder pressure of
condi tions enpl oyed were as shown bel ow. 40 Nunber of
13t @ kdau flhas sariurhiGigoeovered aspesch which i o lpasCabbut§ mm
depth: 1.6mm The result of the cutting test is shown

aplafit TaRkRled fldeh e ButabberderThf ¢ka e&%nﬁimﬂé@&tlﬁgn:ilong the
No. zone with Undul ati on RMS Tool life | ower ndi ngh

su()QﬂM:@ i8S The AR (K& sThsthitd Brgl® Etsrﬁﬂ‘face treated with
odlnent)0550120500 bores or nore 17 (preferred

m 91 Id@ﬂ c%ébgégg%tgggegggg ?ﬁvﬁf& g‘%&uée% Eﬂ{dﬁ‘ﬁg rp'il%ge content.

By varying the acid treatment time, four different substrates having a
different thickness of the layer of reduced binding phase content were
prepared, and diamond coating was formed on each such substrate 5 to a
thickness of 20 micrometers. Besides, substrates unsubjected to acid
treatment of the substrate surface were prepared and likewise coated with
diamond.

The diamond coating was formed wusing hot-filament CVD
equipment with its process conditions including a hydrogen flow rate of
1,700 sccm, methane flow rate of 45 scem, synthesizing pressure of 3.9 kPa,
filament temperature of 2,120 °C and substrate temperature of 760 °C. The
resultant coating was formed of diamond aggregates and the average grain
size of diamond was in the range of about 0.5-0.8 micrometers in all
specimens. The average surface roughness Ra of each specimen was in the
range of about 0.14-0.15 micrometer, and since it was difficult to make all
specimens on a nanometer order together so long as the wvalues of
undulation h and RMS were concerned, such drill specimens were prepared
in approximation and used for test. The hydrogen content was adjusted to
be 1.5 at%. The resultant five drills were used for drilling test of a green
formed body of SiC compact.

Cutting conditions employed were as shown below:
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19 (preferred500 bores or nore
enbodi nent ) 30544118( Chi ppi ng occurred at 1 | ocation)
20 (preferred500 bores or nore
enbodi nment ) 40540114( Chi ppi ng occurred at 3 | ocations)

It
to the

IS possible to increase adhesi on of dianond coati ng
substrate by providing in the substrate
surface a | ayer having a 10 conposition of

reduced

bi ndi ngNphalye deavelmtionarid it 9dSOepmout t hat
speci mens having such a layer of 20 m croneters or

| ess i nFédd gharelss With a 1Qompagiti on of

r educed

bi ndi ng phase content exhibit particularly inproved

perforngﬁﬂﬁﬂ
m croneters

de er,
thllgﬁy

bi ndi ngel,@%K1 FRE %ﬁEmné eSREE L

substrate st

rengt was O

bservegﬁ%?¥m(g#§%§

wth gmeh a | ayer 30 and 40
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tap 11 coated with a dianond according to the present

i nvention
front view o
are parti al

was fabri cat ed. Fig

f the tap 11,
secti onal vi
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s a schematic
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T U1 CcT™Aa

camtiedes o hbre

UUV ucT

1?25%@ T

prae nrenarad 2o
o T O Pl erMI A~ A | A4

embodiment)

5% ts cuapting |edgesgor med 128 A F(od@eed Hem
ho#mbg 1113139(}_11) ake_face and the flank aslshown in Fi 21'6
1@1p1(e@rr@pd apot her tap having a chanf er %@WQS’F%‘H gre
embodiment) 30 44 118 Chipping occurred

: at 1 location)
500 bores or more
20 (preferred 40 540 114 | (Chipping occurred

at 3 locations)

It 1s possible to increase adhesion of diamond coating to the
substrate by providing in the substrate surface a layer having a
composition of reduced binding phase content, and it turned out that
specimens having such a layer of 20 micrometers or less in thickness with a
composition of reduced binding phase content exhibit particularly improved
performance. However, with such a layer 30 and 40 micrometers thick
having a composition of reduced binding layer content, respectively, a

reduced substrate strength was observed.
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grinding away the ridgeline of cutting edge as shown
in Fig. 11 W 15 Regarding the cross-section of the
| ead 12a and full thread portion 12b, a comonly-used
tap has a configuration free of the chanfer 17 (see
Fig. 11 (c)), as shown in Fig. 11 (b). In this
exanple, a tap coated with the dianond according to
the present invention and a tap having a di anond
(Eodatdimgno®)t he prior art were 20 fabricated and
conpared each other for evaluation of performance.
Bot h Al &dys 1 Wvebatedowitdda Wik oddaameeding @ eaprdignt invention
t hi ckness of 10 microneters and used to drill an M

wRCLOW a0 & (BRPan€gris Ndusdmhat ffmndawdf-thEh@p 11, and Figs.
speci mens 21-23 representing the present invention and

¢ . . : ‘i
11 BT oSROEL BT paf el S0iAal YAk OBt B VREAL ChFFAIR Codeo of
[ - th f FlLg, , RN S I EN .
thi s hishaos 8 o ufle HhenE0: T3S AT g § ShiRE portion

chanfered cross-secti as,shown in Fi 11 . .(Cly .
12 §REGETS 4B RS ald 1848 B0 n e iBentslh epraiabs Thib Hhread
substra&gﬁ}4 §$thout chanf or, was fsed, for which a
porfight 1% heyy 2 deathddd havipggan incqyplety;qepey thrgadiang a full
cross-section shown in Filg. 11 (b), 5 A cenented
theeadbpoeiendhikivige 3 ¢rmepleds sereen thepaduenntigipusetioettiealead.
of the substrate 14. For the specinens 21-25, a rake
THiat¢krdsbl padidot Zresicironnfiermntmlly divgdes by aGpdtalas lshenantool
in Fig. 11 (b), and further a chanifer 17 was forned

grbowmlBhdrid theothsuaidt pagicadde Hbrihg igs thafake roaadtibadoated
it had a chainfer angle of (1=-200 as shown in Fig.

with the)abotReddsbabardidmordstilfl. Herb She@d prepgatadl 4 t8p having

surface roughness Ra cane to 0.2 mcroneters, and the

it COMES edde VRSN AF TPiAFIMAbBHwONEnd Rakd Qacelénéfvth%_r}fank

specimen 26 differed fromthe specinens 21-25 in tha
N L T A N
e Y-S AR . AR e O A R
Repgra?' 1ensgsﬁlde cross-section of the lead 12a and full thread portion 12b, a
commonly-used tap has a configuration free of the chamfer 17 (see Fig. 11
(c)), as shown in Fig. 11 (b).

In this example, a tap coated with the diamond according to the
present invention and a tap having a diamond coating of the prior art were
fabricated and compared each other for evaluation of performance. Both
taps were coated with diamond to a coating thickness of 10 micrometers
and used to drill an M3 screw hole(Japanese Industrial Standard). The
specimens 21-23 representing the present invention and the specimens 24

and 25 of the comparative example are of four cutting edges as shown in

the front view of the tap of Fig. 11 (a), and these specimens employed a
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therein for, carburization for 6 hours in a 10 vol. %
nmet hane - hydrogen m xed gas at nosphere at an anbi ent
tenperature of about 900 ' C under pressure of 13.0
kPa. This carburization was acconplished by heating a
surface to be coated with dianond including an area at
| east about 5 mn 20 apart outside fromthe outer
border of the dianond coating along the substrate
subgtifade d 4 Iroring repapidneim @ fredereonsictiont amshewn in Fig. 11
bi ndi ng phase of the cemented carbide substrate was
(cx ehpVied the bpedireng 26t awid konipgarativacéthmpld ef substrate 14
carburization to a depth of about 20 microneters from

with6ub YhAREEr wath@icdffbeiwhitne feRstviakes Howden Fig. 11 ()
speci mens 21-26 were imersed in a 25 solution

WRB%Poaﬁ%dclﬂ cirgéssge‘?cﬁzﬁ)'éxlnsguﬁvﬂ ig E?%' negparticle

pol ycrystalline 43 anond | n organi c solvent and

ul tr v 4
ul rzi?%*é@ EIER (AL F B LhE e SRR igerial
i d ultr i c.wave. .Except.far th eci pen 24,
of e § Frl}hs Hhitky PRV C F Shesim By » Bk Thore formed
at i process. under the co |t| 0 Tabl e
Wlfﬁ@ ralies fnglernt biSa s avta i A lerh. 4 ﬁﬁgaﬂ@rf adpla%#hr 17
regates and the di anond gral ns constituting such
W%ﬁg ragpd Eonmdhe dipaf gusting esgeshbim 8 Hankali go that it had a
order to obtain 10 mcroneters thickness of the
chaoafer mpglayefr =020° talseskpeni med$g21128).0The hehgmbegehT was
i nvention and conparative exanples 25 10 and 26, the
figsbwd ko shatliemurtheaatighgeva Rasuspend &k andraaéisas, and the
coating thickness was neasured when the thickness was

chaxpeetietwiae Daveni dacketth Shdderianeier bl (dthme gdecimen 26
turned out that all had a thickness of 8.

'dlﬁbﬁécpﬁ%h?&ﬁe %eawﬁs deza ﬁ?tﬁé@@p@mg%%lm AVEI1& ¥ace 15

formed in single layer for a 70% or larger range o

wifie Fald 820 JHBLEBDERAThal0 FLELATHLSI R, 15 A Lrace
0 ser ve

Interru grovvt was o remaining in

o 05088 6, A e LR e
substrates 14 were placed in hot-filament CVD equipment and processed
therein for carburization for 6 hours in a 10 vol. % methane-hydrogen
mixed gas atmosphere at an ambient temperature of about 900 °C under
pressure of 13.0 kPa. This carburization was accomplished by heating a
surface to be coated with diamond including an area at least about 5 mm
apart outside from the outer border of the diamond coating along the
substrate surface. For the specimen 23, Co constituting a binding phase of
the cemented carbide substrate was removed by treating it with nitric acid
after carburization to a depth of about 20 micrometers from its surface.
Thereafter, the substrates of the specimens 21-26 were immersed in a

solution prepared by dispersing a ultrafine particle polycrystalline
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in the patent docunents 2. For this specinmen, no

carburization was perforned, but its substrate

surface was treated by sandbl ast. Mreover, 20 the

speci men 24 was coated with dianond using a m crowave

equi pment instead of hot-filanont CVD equi pnent. For

the specinen 24, the process conditions for nucl eus

deposition and for devel opi ng nuclei to dianond
digmaindsinnen ergdahicerodventf ambudirakomicveave srag irhwedidiairtingeto

coating was formed by repeating those conditions.
toSpady f ihealiltyafihé phabkk Giadited ttoprhiensithgrdtew with2the aid of

speci men 24 represents process conditions of nucleus
uleeResidwate. While the 44 bottomin the same row

representing conditions for growng nuclei. In the

ﬂ}gf t Eg&ff gsui taﬂt ¢ glgg%kﬁé lér algnsh\?ggzbl ]m @rﬁlg?rlg:“ﬁ&used
bel : : S y
fof giru?ﬁgﬂ}ﬁ’ éorétﬁ'lqz gif/%c%g Stﬁﬂ#ég' \t{héay %orlg%tlghgns&ml%tgvﬁlc gr?g'f;ag)?% 6. The

( of "ten cou _ uce

rodiiinE iBoBgL T O BEET VBERER Hect o B RE R i gnd the
dig%fpé\h? éﬁgs %fp;pgtrl’?%?lpg %ﬁﬁ%i%%gg%g g%;g;%g as shown in
Ta(i]rlg %sag g;&rg&;gtg{rgiéamiﬂi&g%gﬁ gigzrfglleisss rc])te 1C:lhe 3(?acjtir$gt i:ar;f%gs of
Coati ngCoati ngCoating S eci gas( stemtenperature( O
the spiecymens 21-23 of the present invention and comparative examples 25
and 26, the growth of diamond coating was suspended and actual coating
thickness was measured when the thickness was expected to have reached
9 micrometers. Then, it turned out that all had a thickness of 8.5
micrometers or above and the diamond coatings were formed in single
layer for a 70% or larger range of their finish thickness of 10 micrometers.
A trace of interrupted growth was observed remaining in cross-section of
the diamond coating.

The specimen 24 represents a replication of the technique disclosed
in the patent documents 2. For this specimen, no carburization was
performed, but its substrate surface was treated by sandblast. Moreover,
the specimen 24 was coated with diamond using a microwave equipment
instead of hot-filament CVD equipment. For the specimen 24, the process
conditions for nucleus deposition and for developing nuclei to diamond
grains were different from each other, and the diamond coating was formed

by repeating those conditions. Specifically, in Table 6, the top in the row of

specimen 24 represents process conditions of nucleus deposition, while the
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m pressure n O.

13.31000122150760 ) exanp. (. . .
boitpnz in0he2arse 760 repaeqsiningTpenditiane Jonrewing ppeldi. In the

(kPa)w CH4 fl owFi | ament Substrate H2
fl erate 21 (preferred enbodi nent) 3.91700202120760 22
(preferred enbodi nent) 3. 91700452120760 23 (preferred
enbodi nment ) 3, 91700452120760 24
(conpar ati vel500100M cr owave800
exanpl e) 3. 950010M cr owave850 25 (conparati ve

e 26 (conparative

di anond coatings are summari zed for each

and etched with a hydrogen plasma.

process of growing nuclei, processing time was set so that the resultant
diamond grains were 1 micrometer or below in size. Consequently, a
diamond coating formed of ten layers could be produced with a grain size
not greater than 1 micrometer, but no undulation could be observed since
the diamond was not formed of grain aggregates like the present invention.

Fig. 8 A shows a photograph of a cross-section of this specimen as polished

Table 6
. Coating Coating
t
Specimen No. I?TZZslunri gas( scem) temperature( °C)
(kPa) Hz flow | CHa flow Filament | Substrate
rate rate

21 (preferred 3.9 1700 20 2120 760
embodiment)

22 (preferred 3.9 1700 45 2120 760
embodiment)

23 (preferred 3.9 1700 45 2120 760
embodiment)

24 (comparative 1 500 100 Microwave 800
example) 3.9 500 10 Microwave 850

25 (comparative 13.3 1000 12 2150 760
example)

26 (comparative 13.3 1000 12 2150 760
example)

The states of developed diamond coatings are summarized for each

45

specimen in Table 7 below. The specimens 21-23 had an average surface
roughness Ra in the range of 0.16-0.18 micrometer. Other specimens had

an average surface roughness Ra smaller than 0.01 micrometer.
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specinmen in Table 7 below. The specinens 21-23 had an

aver age surface
0.16-0.18 m croneter.

45 Table 7

roughness Ra in the range of
O her specinmens had 15 an
aver age surface roughness Ra smaller than 0.01

m cronet er.

Undul at i onG ai nH2ZRVSCut t i ngAdhesi on Speci nens _
No. (nm si zecont ent (nm f or cenunber) thi ckness (nunber)

(um(atB(N)(,um 21 (preflabled

erboctment 6800568629761 0—22—(referred -
enbodi nent YEFRR5{ 0 BAR595680 2 apMarr' et lethegpines | Adhesion

FATRRIE REnt ) 68Q9. 5-0.(%21'3 51@%6@9 2k (|c O%Pfar |at i @gNot | thickness
exanpl e) opser vedO. 5.(@mg0] 28880 | 25 (lcodParlati veNot | (uxm)
2Epafpdde) opser,yed10- 1203961041 26_( donpar at i veNot
e)@;ﬁamainfex)tbJselﬁé(gdl()-(ggébfil The reg‘g;ective ap 0
ospefeirdiens| haying there surfaces | eflt unpdlished fwere
sulpeskad] t 0%7est | TR Ohi chl-holl e flor fed |in MVC (J - 0
ofResrde S ©) 5 wer¢ worked using these taps, wth
wWenk@ashehin] es?0t alli hg 0t | 70 pérlflgp it nunmder. For 0
2EVahHakk o, N3g adnesi on Thi ckmess,[ cuttijng forceland
ttggd%npﬁﬂrrb o1 pofvdieel @80 anoAd ¢d&Pingd were obseryed

L UptT of Tthe —adheston thrickness, easur enent

25@%% Lé 3tobg£xt%d5i t a0dA t heOr ake39Bgce 10f 4 1
26 (comparative Not .

example) observed 10-12 0 405 16 8 5

The respective tap specimens having there surfaces left unpolished
were subjected to test, in which holes formed in MMC (Al-30 mass % SiC)
were worked using these taps, with worked holes totaling to 700 per tap in
number. For evaluation, the adhesion thickness, cutting force and the
number of peeled diamond coatings were observed. For evaluation of the
adhesion thickness, measurement was made at one site on the rake face of
the thread portion lead. For cutting force evaluation, were measured and
averaged the cutting forces encountered in the direction of Y-axis (rotative
direction) when processing the first through fifth holes. In Table 6, the
peeling is given in number of peelings in each tap used through the
above-described tapping test.

The result of the above test is shown in Table 7. Taps coated having
the diamond coating of the present invention underwent adhesion very few
with less peelings of diamond coating. Especially, peeling was not observed

on the specimen 22 in which the hydrogen content was increased as 1.5 at%
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the thread portion |ead. For cutting force eval uation,
were neasured and 10 averaged the cutting forces
encountered in the direction of Y-axis (rotative
direction) when processing the first through fifth
holes. In Table 6, the peeling is given in nunber of
peelings in each tap used through the above-described
tappinghtest._The result of the above test is shown in
anfgppe ¥he Taperimeat 2B hthdtngvad Stiepted! witdndnidoist iasid oafter
t he present invention underwent adhesion very few
cavbuhzh@es tpasiovidys aofradiuanah dompasitivg irFEsseilsttate surface.
peel i ng was not observed on the specinen 22 in which
Mbheyvey dtlogenspaiirent sesbitedr fasadllasuttidy @ %e4@itnd good
on the specinen 23 that was treated with nitric acid

erhkBment 8P Workatd@ tb OmPh @ dadalaiAfyat 8% surface. On the
conposition in its substrate surface. Mreover, these

otﬁ%%msal@ﬁgﬁ%?tﬁg %)e%ﬂﬁleh SALIr 1@ gﬁiggrﬂ&@ e faE’gﬁg was

engagenent to ue to mnute un 1on In

. 0 ¢t hand, al t.hough .t he speci,nen 24
w3t BB, B ifohdting 806tecd BB duB AR fRGAPE fo Ffeer
at i syrface, i.t tended to encountey. l.arger .
ol (R R &0 e HRpariness A hparang Ll ddenpecimens
di ffi cuLt y. The specinens, 25 and 26 having a dianond
25 aalifyhppmea darmgng; epatipg Frrmedpharaigs aVith ailaxger grain

.underwent adhesi on and an peeling of dianond coating.

sizyppferwenthadkesion spddimperlingofiddimond goating U irtber, these
roughness of dianond coating and encountered a | arger

specimpémy showed. aThighemmsmifaee troaghnedse of etlagminddicosntg and
of tap, it is preferred that the tap having the

engbanterdd ecobirgacwtftiigforps.esent i nvention be provi ded
with a chanfer of a negative angle, as shown in Fig.

11 (g suthhdaride Genprdoratli@nbédntidteftvayeit R preferred that
preventing any soft nmetal from undergoing adhesion to

the ht%[%t ﬁgﬁr@nﬁhé‘ A¥aRbhd (o Bngdgeehd R%Qeﬁ% QW Ot bA elieyprovided

wor | Besi des, not only the chips are m nut
BRSPS G O | BETLAG LY BF 49
configuration is effective in preventing any soft metal from undergoing
adhesion to the tool and any built-up edges from growing in working.
Besides, not only the chips are minutely divided to prevent them from
jamming between the tool and work in its hole under cutting, but the
adhered metal can be automatically removed without difficulty if any
adhesion occurs. In this regard, it is necessary to reverse the tap upon
completion of working to draw it out of the work, and then such a chamfer
permits easy removal of adhesion, if any. Although it is effectively

advantageous to provide the chamfer at the lead 12a, it is also preferable to

. provide such a chamfer further in the full thread portion 12b. Preferably,

the chamfer angle ranges from about —60° to —5°,
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adhered netal can be automatically renoved w t hout
difficulty if any 20 adhesion occurs. In this regard,
it is necessary to reverse the tap upon conpletion of
working to draw it out of the work, and then such a
chanfer permts easy renoval of adhesion, if any.
Although it is effectively advantageous to provide
the chanfer at the lead 12a, it is also preferable to
provi de such a chanfer further in the full thread
ortion 12h. Preferably, 25 the chanfer angle ranges
(Egnlmdia:tmm’?)- 60 to -5. 47 (Enbodinment 7) Atip (1SO
nunber of cutting tool SEGN120308) was fabricated
f r oma tierE®Oedundichi ae ctigviggosl SHAGNIR0B0B) ofastfamidted
% Co-WC. Then, 5 the resultant tip was placed in

frév@t a febhi@ed chMade HHWRARH cAffostibAWS £ @ehds0% GoWE! Then,
in a 10 vol. % net hane -hydrogen ni xed gas atnosphere

that 1B3eflttht URigerwRE e5BIER 9 ﬁo?ﬁﬁfﬁeﬁk NS € b o rh@EiM and

in a surface layer a zone or layer having a

ca?g ugg%ffo n6i ﬂoﬂ@% Ci'iln A bﬂd“‘i)\?gg% &ﬁé?@@%&ﬁ%&%&@(&%&mixed gas

he resultant tip

nitric 10 i d.s0l ution to renmpve .t bi_ndi phase of.
achoéSpilSFr%ﬁttZ%é@aégPBgelf ﬁr?wreg‘%ﬁr g'gcgﬁﬁaylgr?r%%moog%&l In a

by washing and drying. Then, a ultrafjne partjcle _ .
sfago Y e 20081 oL 4T PR B cpaposiiion n gvhish g bimding

a polycrystalline di anond powder of 4-6nmin gain size
phase cogteribors, sefluced. Hhe peswlsant fir1wes dmmersed dpr apyd% nitric

al cohol. The tip was 15 imersed in the resultant
acsdlsolutemm amaemiore pbleybinding phiane ofitheromtentsd apbldeeth the

to the tip therein under irradiation of ultrasonic

sunéace 1hper, Tollowedby esgshithg nedf dstingt he tip was coat ed
with dianond in an atnosphere having a 2 vol. %

net hafien; enaRedfies paftide dahidnimeab dppliedriat theetipf For this,
2,050 ' C and substrate tenperature of 850 'C under

0.002S56F & E}EWyéﬁlﬁﬁe TBRhRNA, p¥REEL ot heshh ?ﬁ‘é%r%n s}Age was

bet ween t tip and the filanment was set at

di%%}g%&%%@iﬁéﬁ@%doﬁndhww SFORbb PGyt g&oﬁeﬁcmn%ip was
immersed in the resultant solution and the polycrystalline diamond was
applied to the tip therein under irradiation of ultrasonic wave for 10
minutes. Thereafter, the tip was coated with diamond in an atmosphere
having a 2 vol. % methane concentration at a filament temperature of
2,050 °C and substrate temperature of 850 °C under pressure shown in
Table 8, where the interval between the tip and the filament was set at
S5mm. As for the thickness of diamond coating, the specimens 30-36 and the
specimen 37 had coatings 2 micrometers thick and 10 micrometers thick,
respectively. The tips were fabricated through those processes indicated by

circle symbols in Table 8, and processes without circle symbols were

skipped. However, for the specimens 31-36 and for the specimen 37, the
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speci men 37 had coatings 2 mcroneters thick and 10
m cronmeters thick, respectively, The tips were
fabricated through those processes indicated by circle
synbols in Table 8, and processes without circle
synbol s were 25 skipped. However, for the specinens
31-36 and for the specinen 37, the 48 coating
operati on was suspended when the coating thickness was
coakpgcinedatipn wamehsendiedrivhen she caating . thicknese meteexpected
respectively, to nmeasure their actual thicknesses and
totrhaeclk &f mécrontedezoand A operahétens waspedstay,ttedntasure their
covering the remaining thicknesses. Traces of
actudletliigRhesheg ol Ehayehéed thos@aviels bedmititnngadsSrestarted for
boundaries in cross-section of the dianond coati ng.

comﬁnﬁpﬁpé FBARINBIL tIRRBEERA, Adeed OF AYEFRPEE WrbRER were
roughness Ra. The result of this neasurenment i's shown

obls V.-E%lbfeglégitniﬁg ﬁ@%éundﬁglfe%f il crotsélg?cﬁ'tﬂ? 6F FRS .di”zf'm\g'ﬁg coating.

subj ect 0 ray ractonetry anal'ysis, an

f h . 1 Thi
SRR A SRS TSR O PSEAl me o

X- ' . 1220, [ [
oY TSR R S0 o Bkt

peak intensities of dianond_crystal faces (111), .
speoipgan  $481Wps puljestedndo (an1 X ray Bifraetomedryy analysis, and
hardness of 7,500 kgf/m2. As an exanple of the
hagdepes pad wreyaee @Entgacefrougheeﬁﬂ tstnt Thisspadioen had a peak
cross-section of the specinen 34 is shown in the 15
inparsnyphet/bgd Ao an oF-ra&r deffrattqradtragnaheid Io220s 2 peddt intensity
Tabl e 8 Pressure forSurface Specinens
of NbeGlialmund Acy<tbl daendei@nond Icaatd nerad ughpeds intensities of

nati ontreat ment applicati on(kPa)Ra 0.51. 33.913(um
diamond crystal faces (111), (220), (311), (400) and (331). Also, it had a
hardness of 7,500 kgf/mm?2. As an example of the preferred embodiment of

the present invention, the cross-section of the specimen 34 is shown in the

microphotographs of Figs. 7 (a) and (b).
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30 (conparative exanple)000.5 31 (preferred
enbodi nent ) 0000. 06 32 (conparative exanpl e)0000.9 33
(preferred0 enbodi nent)0000.02 34 (preferred
enbodi ment ) 0000. 05 35 (preferred enbodi ment) o00000. 05
36 (conparative exanpl e) 00000.5 37 (preferred
enbodi nent ) 00000. 04 When the resultant di anond
coatings of these specinens were examned, it turned
out that the speC|nen BOThbkﬁﬂ was not carburized 5

||au IIUL a MI abllbal I_y DUI Ilul CllL

Furt her, the ci e nd 3

S (ppemeds Nohel (f)afplé‘g ’?%[g PEon |nc diam
aver age grailn Z@ﬁ“’?e B’@@Fﬂeﬁt ?pﬂcé
f édi anond cloating! die tq excessi /Q=5 lml(s?'qq319 e 14,
t We¢ompawgtitd nig process. .. O her ecimens sjuccessful |

had esanfplode aver age qraci)n di ze%got g‘r%eater than 1 5@{5

nildprefrmter s. 10, The tips tihus prepared were subjech&%

t o ewmbddimapttiest. Alhigh sillicon al uminum (allum hu 8
nRdsriaBtiye Was used as a work material for this tesé

and exaepltut tfi ng” condi t5 ong i ncl uded a|cutlting %ppe
\8P0fefitdn n,| feed |F=0.1 mmrev, and ¢utt)i ng|depfh

d=0 c5pammodi || € Usi hg ah water %enulfsi oh as cool aht 0-02
gqe{plgféirgd ng [ engthfanountgd to 3,000 m As a|result of
t €Skmbddiment) ¢ © © ° 0.05
35 (preferred
embodiment) © © © © 0.05
36 (comparative
example) ° © © © 0.5
37 (preferred
embodiment) ° © © © - 0.04

When the resultant diamond coatings of these specimens were
examined, 1t turned out that the specimen 30 which was not carburized
had not a practically sufficient peel strength. Further, the specimens 32
and 36 fell outside the scope of the present invention, since-they had an
average grain size over 1.5l micrometers in the surface of diamond coating
due to excessive pressure during their coating process. Other specimens
successfully had a fine average grain size not greater than 1.5 micrometers.

The tips thus prepared were subjected to cutting test. A high silicon
aluminum (aluminum-18 mass % Si) was used as a work material for this
test and the cutting conditions included a cutting speed V=800 m/min, feed
F=0.1 mm/rev, and cutting depth d=0.5mm, while using an water emulsion
as coolant. The cutting length amounted to 3,000 m. As a result of test, it

turned out that the specimens 33, 34, 35, and 37 of the present invention
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15 turned out that the specinens 33, 34, 35, and 37 of

the present invention 50 had a long tool |ife and

yi el ded an excel lent surface finish of works. Wen

conpared with these speci nens of the present

i nvention, the specinmen 31 also of the present

i nvention underwent small peeling at one site on.its

flank, but was regarded fully acceptable practically.
hadeationg reol 1if) a1ah yielded isshextedlebs tsuafase dinigh adventksd When

carbide with a conposition of 5.5 mass % Co-WC, a
codipmred dvithathiesg spasiniaryelithingessehb énsanion Ctidipédimen 31

as in the speci mens 30-37 produced in the preferred

aledrd dheepiesdf TneaRs@t waidekyehd abilR f@ehh SOBALNBAS on its
40-47. Specifically, the specinmens 0 41 were

flaHIE ARt CFad PRI db A Sy R ABc AR Hi0RBicARy t hose of the
speci rren% 3 gnd ?}i,jj;lrecsé|ci))gct|vﬁgafa ¢ 307[ so forth. The
tool specinmen was configured as a tooI for
fabrication of I1C and LSI packages, as shown in Fig.

12. Fig. is a schematic sectional viewillustrating
(Ef]ﬁ%migglgpgt]%gon and 15 function of such a tool involved
int fabrica rocess of 1C an ackages, .
wi t h G4 RGRREL Eﬁ@ E@tpr Fe0 ﬁ@ﬁ%ﬂ&ﬁgmwlﬁ%&l A<coppOsition of
tool. Since _such a package usually has a | arge nunber
5.9t Mgt eVt 1EMC diss ghamands coafpng ewagpiormagy wndemathe same
interval fromeach other, the adjacent outer |eads
condifianscamimthe spashmenh 80-Fhprabradiiorihklprefanpdembodiment
mounting to produce 20 rejects if they unexpectedly
7 bemsbqgeenilygtoc obtain ghe Tépecahone 40s4/.hSpevificdlen dbd ferinens
of outer leads nust be mnimzed as possible. Here, a
A0deselr i4at e Wotdpakred Mafge0the heu@pet@iditidnsf ad Mbose of the
| G LSl packages fabrication systemconprising a

spbeinei g 301 #nd 131, AresPEASHII- aﬁatém%r@mqihe%ol mcﬁnen was
cutting die 23. Fig. 12 (a) shows a package 25730 a

coﬁh ﬁ 28 a1{B61 ﬁ)@ "fgliﬂ%%ﬁgﬁ r(])Si'(gl E%QPEQEk%ga{e%d a8 %hown in Fig.

S over t

IZOVFEirg tll'kelsmz’it g&lﬂe%ngﬁg s%%tlonal view illustrating the operatlon and

function of such a tool involved in the fabrication process of IC and L.SI
packages, with arrows showing the operational directions of tool. Since
such a package usually has a large number of outer leads disposed as
spaced apart by a small interval from each other, the adjacent outer leads
could contact each other and occasionally hamper mounting to produce
rejects if they unexpectedly bend during cutting. Therefore, such
unintended bend of outer leads must be minimized as possible.

Here, a description will be made on the operation of the IC-LSI
packages fabrication system comprising a bending die 21, a
bending-cutting punch 22, and a cutting die 23. Fig. 12 (a) shows a package

30 as placed on the bending die 21. The outer lead 31 extends over the
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Fig. 12 (b) shows a bending-cutting punch 22 | owered

inthe direction of arrowto press down the outer

| ead agai nst the bending die 21 to bend it. Upon

pressing, a solder covering the outer lead is strongly

5 brought into contact with the bending die 21 and the

bendi ng-cutting punch 22, and thus the sol der may

deposit on the tool. Fig. 12 (c) shows the outer |ead
bemghing die 24 todeackengpacpoyen e aiting Nadd.y, as the

bendi ng-cutting punch 22 pressed down the outer |ead

31, Rige 1utlb) reotiice @2 dending-tuting ppumelt B2 dowerdd dn the

of the arrow and cuts away 10 such an odd | ength of
ditduticaubardoeath Biedsydewvis hkaupsOtiicedsdakiels behdingdir 21

23 and the bendi ng-cutting punches 22. This process
toab&Rd GeUSRSont PeesstE der sdl@cl@pesiihg Ofhet BAtdORad Wisbhngly

t hese punches and die, outer |eads covered with a

f; el i Merne b i r S -

broREf RS oA BIlP Bp o PN LRI 7B AR BES 1RR R Whkting

PR AL EONR Shhlon Gy dBSRRGPUIERRL 3, Pe- 0 20

under we Iron and coul d be used 1

milliQn ti f rking. Al 1 hough the cinen 41

inderIBnt 20EErBrys SBEIGG uind BVt ol B myttion cut

after 1 ml]ion tinmes of working, it was fully
N%@@Ebtaa?b% L%ﬁ“ﬁ&sr%ﬂpﬁ.P%%ﬁ%mr@,ssq%@mgee@en%ﬁende@é 31,

a conparative exanpl e does not 20 have a sufficient
thgeaitting, dggthis bitedi wndn 4hai dgection abthe arrays epdagits away

the tools for | GLSI packages fabrication consisting

sugh ameddplevithens the cater ke d hder amhieas girdduced between the
deposition by 300,000 times of working. Industria

did8 bodbile byn@imgTheatimgesenthdsn22nThdn prsceappllie 2bliges the
to various fields including 52 working of alum num

sobddraysdepositagngsi toal.al | oys invol ving hard or difficult
machi nability and requiring | ower roughness of work

surf argag thekd puddhed andl @RS ouk&l Ma@dkC@YRRPWNEH 8S1cRR-free
or like materials requiring sharpness of cutting

soﬁ{&e\ﬁeﬂesb«?ﬁ?tj A t Kbt R I Shoh ihSrid! §9. $BR'tH6RALE 1C-1.SI

cutting o
packages fabrication consisting of the specimens 43, 44, 45 and 47

underwent no solder deposition and could be used 1 million times of
working. Although the specimen 41 underwent a small peeling of the
diamond coating after 1 million times of working, it was fully acceptable
practically. Meanwhile, the specimen 40 as a comparative example does not
have a sufficient peel strength for withstanding a practical use, and the
tools for IC-LSI packages fabrication consisting of the specimens 42 and 46

underwent solder deposition by 300,000 times of working.

Industrial Applicability

The present invention is applicable to various fields including

02



ceram cs such as alumna, silicon carbide, silicon

nitride, etc. Further, it is wused as tools for 1C or

LSI packages fabrication. 53 CLAIMS 1. A di anond

coated tool conprising a substrate and a di anond

coating fornmed on the surface of the substrate,

wherein: 5 said substrate is nade of a cenented

carbide or a cernet; dianond grains constituting a
th*pk@ng bf slirhamem eflloyaiod ndagmesndm glbests imyohdsg drard werdiffecult

grain size of about 1.5 mcroneters or below, said
méltlamabilitgoahd rgghiatng léwer khesisndsangl work sarfarbgudrillide of

m croneter to 20 mcroneters; and 10 said di anond

gleQatdinfbrBad &oxvesads & rlﬂ?& anh 48418 eﬁéqtﬁﬂufga@ﬁhi‘ﬂness of
fromabout 0.01 mcroneter to 0.2 mcroneter. 2.

cu%ﬁ @g&so ges}latjeplc&aﬁ%r eagl&s th GLaim 1, eﬁ/l’ft%?é rbufttmg of

sal dianond grains are forned of an aggr gatlon

cegz%ﬁ[rcg:n&cfh' A ah%ﬁ}e{"%ﬂl?o%d zfl%léglsqhgdﬂaﬂﬁ@ﬂi egce lgliﬁhgﬁ it is

i Sposed as rarns

I Y rrom h dir.ection of the dlanund
usg g a5 5 Ibr%sﬁsﬁggﬁaﬁstfﬁ%%%? %nd have a m nor
axis dianeter in the rage of about 0.001 m croneter
to 0.1 mcroneter 3. A dianond coated tool according
to claim2, wherein said dianond 20 fine grains have
an aspect ratio ranging fromabout 2 to 20. 4. A
di anond coated tool according to claim 2, wherein at
| east a part of said fine dianond grains are forned
i ke | eaves of Japanese cedar in shape. 5. A dianond
coated tool according to claiml1, wherein said dianond
25 coating satisfies the relationship between the peak
hei ght D for dianond 54
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and the peak height G for graphite or an anorphous
carbon in a Raman spectroscopi ¢ analysis: about 0.5 c
DIG c about 5. 6. A dianond coated tool according to
claim1, wherein said dianond 5 coating has a ratio
220/1t not smaller than about 0.6, where 1220 is a
peak intensity of the dianond crystal face (220) and
It is atotal of peak intensities of dianond crystal
faces (111), (220), (311CLAIMS) and (331) as
observed in X-ray diffractonetry of said di anond
coating. 7. A dianond coated tool according to claim
1, wherein said diamond 10 coating has a hydrogen

1.contept diambhé Ened Wbl aBeirididet 8 S¥BRYart @RlCa diamond
ratio (at% . 8. A dianond coated tool according to

coftifleMormet tenatid JHiBIaNdsuaaliAgrdia: for med as a

single layer in a cross-sectional zone of about 70 %

dtgﬂbcslg g3 ?1? e oiIQSeIﬁH?’&H ?&1‘%1&#5; Q%Srmn]-}? 9. A

dlannn%lcoate tool according whérern said

subst. at e conprises nt ed car,bi de cont i ni.ng

aboutlignin i gthns, sttty ro o ifl ddiamond

coate tool according to cl.ajm1 mhereln Sald ]
EPapan dygage rgé@ﬁ’f tiga et a%ogbéér%ﬁqram%@w helawi on

not sma|ler than 1,900 x 20 (binding phase content of

al | oparbhyligmeadypyating ohag & ciprknessutangneg fom exbout 0.1

than 2,023 x (binding phase content of alloy (by nmass

n%:yomq@@ to Glcm@yrgmetensi and di anond coat ed t ool

according to claim9, wherein said substrate having

i ts Eaidcdiameond peatinghblay ssubedraputsadfamtioughnbssRa ranging

magni tude of saturation magnetization not snaller

fiohaabduP 0@ Xmidronditeg tpbasmiGentstst. 25 of al l oy (by
mass %9 )/ 100 (G cnB/g) x 0.93 but not greater than

22 023 AXdiatn dofd J&%@&t&ﬂ]%@oﬁﬁﬂ%%@ﬂaﬁfn al WAyrdiRy mass
M 100 (G cnB/g). 12. A diamond coated tool according

to cladim¥he RhthsS At F P an ageregation of diamond fine

grains; and
said diamond fine grains are disposed as elongated fine grains
extending longitudinally in a growth direction of the diamond coating in
cross-section thereof and have a minor axis diameter in the rage of about
0.001 micrometer to 0.1 micrometer

3. A diamond coated tool according to claim 2, wherein said diamond
fine grains have an aspect ratio ranging from about 2 to 20.

4. A diamond coated tool according to claim 2, wherein at least a part
of said fine diamond grains are formed like leaves of Japanese cedar in
shape.

5. A diamond coated tool according to claim 1, wherein said diamond

coating satisfies the relationship between the peak height D for diamond
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coating is forned partially on the substrate surface,
and said substrate has a magnitude of saturation
magneti zation Ms satisfying the following 5 condition
Ain its area that is at |east about 5 nm apart
outside fromthe outer border of the dianond coating
al ong the substrate surface: A 1,900 x (binding
content of alloy (mass V) / 100 (G CMB/g) :~~ M5

arg, tiesprakhaighh§ dengerphitd oaldropmorpbsuy/carbd0n a Raman
0=3/g). 13. A dianond coated tool according to claim

spBctrofepid analk@isai d substrate has its Co content
partially substituted with C; said dianond coating
is formedipacimlLyDon ghehsubstrate surface; and
said substrate has a nmagnitude of saturation

6. magnel Zabi H é@atea%Bbls{ié@oF@m’ghl% élahhowvm%@ﬂ? dhid 8fhfond

inits area that is at | east about apar

cogﬁhﬁ'ﬁﬁgrﬁmobf /Pt%éoet;sulﬁ Ialglg Ech%ﬁ HP%SIBE)H ém?'@g 19% peak
in e%”s'éte”tffoése ﬂl?é e Ty Xéwa%e? {atoLiamg) ‘I?a%?%’@%tall Fopes
infensfi of diamoa %3?3& Aror (bt HaaPnidl G Pfheand B3D) as

unevenness |n the range of about 15 nmto 200 nmin
obrpEyedrigoX raE htisapiame %I‘K/Qf srad sbameaduoatingy an at omic
force mcroscope. 15. A dianond coated tool according
7.t o cl & tmamonthersdied teal accosdinst toatleithds winereis saist dramond
zone closer to its surface a conposition having a 25
cobtingdi iy phiaskrogemicenterdtomethd hamed bAtbowt L%std B%eby atomic
area inside the outer 56 zone, and the outer zone
rati@ngesw).from about 1 mcroneter to 20 mcroneters in
depth 16. A di anond coated tool according to claiml1,

8.wher eiang;dnfiRNEbateQ3bANEcdoPditigOtd E8Hn S vilheretn BARHUESH0NI
t hrough a vapor - phase synt hesi's

coating is formed as a single layer in a cross-sectional zone of about 70 % of

its thickness above the substrate surface.

9. A diamond coated tool according to claim 1, wherein said substrate

comprises a cemented carbide containing about 0.1 mass % to 6 mass % of

Co.

10. A diamond coated tool according to claim 1, wherein said substrate

has a magnitude of saturation magnetization not smaller than 1,900 x

(binding phase content of alloy (by mass %)) / 100 (G-cm3/g) but not greater

than 2,023 x (binding phase content of alloy (by mass %)) / 100 (G-cm?¥/g).

11. A diamond coated tool according to claim 9, wherein said substrate

having its Co content partially substituted with Cr has a magnitude of

saturation magnetization not smaller than 1,900 x (binding phase content

of alloy (by mass %))/100 (G-cm3/g) X 0.93 but not greater than 2,023 x
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5 process. 17. A nmethod of manufacturing a dianond
coated tool, the nethod conprising: preparing a
substrate of a cenented carbide or a cernet having
substantially a shape of the intended tool; 10
carburizing said substrate; and coating the substrate
with dianond in an atnosphere of a hydrogen
- hydr ocarbon m xed gas under pressure of about
(bindisg @hesk pantens of allept(hp dnads FRAIGEHwmsg. a di anond
coated tool according to claim217, further conprising
12a di adAnddnappl caeded aoolsa@prdiog tapphim 19y veheréin damndiadnond
not | arger than about 500 (50 nn) in average grain

costing ik otrhed pautihlg @nofhesailfhtFatbsfuiraice, ahll 8hidshbstrate has
carburizing. 19. A nethod of manufacturing a dianond

a GRAEREUNOOLS aGeRFAidy Ihggnshﬁéﬁan%?Mswasfﬁfﬁngat}% following
di anond applied in said application step conprises

coﬂ&lﬁ’ )Af’ﬁlaitls'd}%agl %'qu]%tqga o%b(ﬁg:g?tnl?&d oﬁ%rt outhIde from the

renuf acturing a drarond coa acc
oo b Kiat® o8B B aeF 14 %é‘%ét%ﬁ‘?;%% W Lo
BF oo Ciideceinignt ol elsaeBcklloena dpirntieR 2 s =

burization step , and said d& anond appl [ Satl on step.
2,023 x4Abinding content of alloy (mass %)) / 100 (G-cm?/

- 13. A diamond coated tool according to claim 9, wherein:

said substrate has its Co content partially substituted with Cr;
said diamond coating is formed partially on the substrate surface;
and
said substrate has a magnitude of saturation magnetization Ms
satisfying the following condition B in its area that is at least about 5 mm
apart outside from the outer border of the diamond coating along the
substrate surface:
B: 1,900 x (binding content of alloy (mass %)) / 100 x 0.93 (G-cm3/g) =
Ms = 2,023 x (binding content of alloy (mass %)) / 100 (G-cm3/g).
14. A diamond coated tool according to claim 1, wherein said
diamond coating has surface unevenness in the range of about 15 nm to
200 nm in RMS (root mean square) value as measured by an atomic force
microscope.
15. A diamond coated tool according to claim 1, wherein said
substrate has in 1ts outer zone closer to its surface a composition having a

binding phase content lower than that in its inner area inside the outer
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zone, and the outer zone ranges from about 1 micrometer to 20
micrometers in depth
16. A diamond coated tool according to claim 1, wherein diamond
coating is provided as it is produced through a vapor-phase synthesis
process.
17. A method of manufacturing a diamond coated tool, the method
comprising:

preparing a substrate of a cemented carbide or a cermet having
substantially a shape of the intended tool;

carburizing said substrate; and

coating the substrate with diamond in an atmosphere of a
hydrogen-hydrocarbon mixed gas under pressure of about 0.13-6.5 kPa.
18. A method of manufacturing a diamond coated tool according to
claim 17, further comprising a diamond application step for applying a
diamond not larger than about 500 (50 nm) in average grain size to the
surface of said substrate after said carburizing.
19. A method of manufacturing a diamond coated tool according to
claim 17, wherein said diamond applied in said application step comprises
a polycrystalline diamond
20. A method of manufacturing a diamond coated tool according to
claim 17, further comprising an acid treatment step for treating the
substrate surface with an acid to partially remove the binding phase metal,
said acid treatment step being interposed between said carburization step

and said diamond application step.
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