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DESCRI PTI ON DI AMOND COATED TOOL AND METHOD OF
MANUFACTURI NG THE SAME 5 Technical 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 wor ki ngDESCRIRFEOMNmM al | oys or
magnesi um al l oys involving difficult machinability and
requi ring | ower roughness of work surfaces, drilling
of glass-reinforced epoxy resins or like materials

DISMOND'¢CABEPTEOD 12 ANP METHOD' €3 BAATTFA (PFURINeS THE
cutting edges, sem -dry cutting, or tools for IC or

- gA8ir 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
Tegmx 15 fs]{nrate a cemented. carbide or ceramcs such

& nitride or silicon carbide and having

their substrates coated with a .anond filmin order

to i MpowRFepsRd JRUTIHQR, lafie cton AR BORA sFRstfed tools used as

reS| stance. Generally, such a_dianond coating._ is

Bogedotls. vearavesigpnt viapls aipsin revisigntatqolyeete. and a

pr ocess, and grains constituting the dianond film 25

mpthaed # sm@@tﬁmtgemg isanh atsols.  Momg ceneeificadly, (the. taddwef the

the crystal grows in a 1 coating process of such a
presempridvéntion ofs tised pii auchr fields sfimpplicatieing as3working of

According to the prior art method, when a substrate 5
aluminein alogs 6ihagasipnedloysfiavoliegdifGcultnd aghiaadiity and

under predeterm ned conditions,
requiring lower roughness of work surfaces, driilling of glass-reinforced
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 bending 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
silicon 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 (p). How the crystal grows in a
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di anond nuclei 1 will be produced on the surface of a
substrate 5, as showmm 5 in Fig. 3 (a). Then if the
conditions setting is changed to grow the nuclei 1,
they will develop principally in a direction
perpendicul ar to the surface of the substrate 5 to
grow into grains 2, as shown in Fig. 3 (b), and these
grown grains 2 will join together so as to forma
codithrgoprodess of Guch fa dizenchd fibmdoftise privarageds ghawn i Fig. 3.
Was illustrated above, 10 adjacent grains of the
Aclioaanng té ithe frivd lalet frRsthode Rehad lay sEParate/5SiaBsin a CVD
recesses on the order of mcron in the surface so that
edlﬁgnféﬂt,m or Vekdmb® € anlNPIERACTThde? blsdcibihdts '@nditions,
make the surface lusterléess. Further; when using the
di [ [ oJ: ' h
AR CREY ) BOpr St ¥h RS IreBREof 8 Bubyf e 5y B ghovn
. Iy smpf_skeh 15 t.00ls, and the unevenness w || .
i B D5 TBEn i ke P BB 5ol i CpB R R EFow he muctei 1,
rou s of the work surface.. Besides,.since the
e ETe e AP UALN 1 AREreHieRoRe PO RHCHIAG . Kb, suptice of
has probl epatically tended to cause adhesjon rin
theopwhstzats e HoSno8s ipivagtaine s a8 Phavaipelice 3 1. aadvkhese
such probl ens_as descri bed above, dianond coated tools
gipw havding Zawill iminriasetdberisagsde formm digmend filmg 6.i ne
grains of about 1 mcronmeter or belowin grain size
are pgfokhesdiamendnhiy.a Agrgert gyaivasize eWamsl Hlusirgpatieabove,
docunent 1 (Japanese Provisional Patent Publication JP
adjatitrit- AR08, of phe damonainfiliki @ svillSforta gatkrallydilenipo¥ehaped
a di anond coated tool in which the dianond coating

redassed ch 6he bed@t 6f midonSithesukfhaé Bo $hae tBS fARf6awill have
surface roughness of 3 mcroneters or |ess in Rmax

uSdRIgebs ia it $uBfack AP Maked fRE ReLTRAt ﬁﬁfeﬁé%%‘.*kﬁﬁ‘th@r, when

(Japanese Provisional Patent Publication J

“tﬁggf'ﬁgﬁm‘%ﬁ"‘f’g‘ﬁ“d 200%?%%02%15°Eﬁ&§1§ atgha CORY efike, the

.the. coat1 ng has a m cronet ers
al?Jveslﬂ%Lljtighegrtﬁilee%hégs ju-g%erepresent the surface roughness of such

fools, and the unevenness 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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5 invention disclosed in this patent docunent 2

provi des al so a nethod of manufacturing such a

di anond coated tool permtting its dianond coating to

have a grain size of 2 mcroneters or below How the

di anond grows in this nethod of the prior art is

shown in Fig. 4. According to this nethod of

manuf acturing a di anond coated tool of the prior art,
O@@krond nuclei 1 is 10 first produced on the surface

of a substrate 5 as shown in Fig. 4 (a), and the

nucl eAndtlere patenwd uldcuimddte @r alJapanese WHovisivhal Patent

growt h directions reaches approximtely 1 mcroneter

Pablisdtiom JIPNA Bi002-70408) ppwW2edeDdiBelbbds 8/daddadndi ®ated tool in
stopped. Then, as shown in Fig. 4 (c), conditions are

wheth AgAHMhOn®COMAL hadys |2%i&oﬁ&t&ﬁr55t @Yef 'Brhfifs28. The

the thus grown dianbnd grains 2. An ese new

ijdfih disBloRo@iANhil BftANMGuERL P proflled Mad A BRithod of

i anond grarns I'n Ih>T K
row h i,s stoppe when .t he, grai n size .,
R fabtie, bl B bbb AR Bl ptRiPiihe S1 ifisosq SSating
the prior.art al roposes to.forma dianond filmé®6 .
RS TE RSP et 2 porsstcrs o twrorh i damond grows in
and 4(d).. cording to the prigr art 20 inventions, it
thig mef; dtqigfletméors%ﬁuﬁ O iB- ot A Gsoring tosthis method of
effective for_. reducin% the unevenness in the surface
magpufartuging.e fdewendicegiel tepli afgheverionertk damoadesudlei 1 is
roughness. Discl osure of the Invention 25 However, in
fiessipredetedsore bhe edface ohaisnbgirate Ssiszshovan pr Hid.eh{adipgnd the
3 arise in that neither a work surface roughness nor a
nuelek i mye @rowinsuntil ke girajn sive Wsingilief gneawrthl Jiredtiorndiduches
regard, it is assuned that since the dianond coating

ajgiregimatalp undiesdter e eshowid hﬂ@i{.dcg €@)0hwiRrb@Pbn kh& Srowth
the case of coarse grains and nakes t he edge surface

isistoddd. THenS MR AHAwH NEFILAY (B nlilaNS agd séﬂ‘%?zﬁ?ttu@t Froduce

engagenent to the work to cause its chatter

n%ﬁé%xﬁgﬁﬁg%f%lﬁﬁng Qgtgeﬁ-gg Nin Rhe "tRluls SrowRf WidGSna Hains 2. And
these new nuclei 1 are grown to diamond grains 2 on the former diamond
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 diamonﬂ film 6 by repeating the
process steps shown in Figs. 4(c) and 4(d). According to the prior art
inventidns, 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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only a very little quantity of cool ant during working,

al though it is necessary to efficiently supply a

coolant to a spot of the tool (acting or working

spot) where it exerts its cutting action to the work,

the coolant will 10 not be retained adequately due to

a too smooth tool or edge surface and thus will not

be supplied to the working spot, causing a problemin
altlh@lintﬂ%at nwotherng workcswiface roughmess edbramdvdrkéng oécision is
life is shorted significantly. Mreover, for bending
irprovettsiggifizanely. e allis regasdnk ¢oasuohod that kageshe ®@amond
exanpl e, any sharp V-shaped recesses in the tool

cotigeval bl roleidiedss @t thel Buliifg adhesoPl {R3iIHAREE @ke of
the tool to solder covering the surface of the outer

cda@88ErMRNahd hAROTRE '%d?lﬁ Zs%rgicedftéém R Is é{o?ﬂ,u }féjt&ﬁ may
some ‘extent. In view of e above-descri bed probl ens,
ayent.| f [ obj rovide a .
b o Aol o B, 1o, Bho il olsd R R F 100
ecisipm.and tool life tha an.exert a goqd . .
oBEB e ik Rartty o shEL B8RS o FonllP e cutiipe,usine
f coolant..to a working,site even in sem. -dry _cutting .
only g8 VREY Haﬁ?f‘oqu?d%%%mc'i@nfs GeRng JrarkiRg edthough 1t is
tool. In al%ﬁe_ffort to cover a substrate with a di gnond
n¢GesERLY, to pificieptlyy s iana cgoolanteta @y epatopt the upel fagting or
that a dianond coating having superior properties can
whekisgapetewheye iti axerts s wibigne egtiondo 4hg the goplant will
under predeternined conditions and then devel opi ng
nefube retpinedaadexuatelyt dud tbsa ttoo sayothheol oy exligersurface and
coul d successfully fabricate a di anond coated t ool
thatsi will hat ba subplieditavhedvdrking ofotf cagsigea proble® in that the
presenting a smooth coating surface and which can
woikinl PasdsionRi d6werdd iand €HEStopkaifbi X0 sBort@@08ignificantly.
a

engagenent during working and effectively retain

Moeedvan! for hendiSe Bt cHtting %htérn%_adls BeLLDiQRR : gf;c ckabl§ for

present |1 nvention provi des a di anond coate 0]

e{aggp@hgggg%ﬁ%@umraﬁba 0853 ThaRN thof WENG A1 Rtk hate

the adhesion resistance of the tool to solder covei'ing 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 its 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 dié.mond aggregates

under predetermined conditions and then developing such aggregates. That
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the substrate, wherein the substrate is made of a
cenented carbide or a cernet, grains constituting a
growt h surface of the dianond coating has an 10
average grain size of about 1.5 mcronmeters or bel ow,
and the dianond coating has a thickness ranging from
about 0.1 mcroneter to 20 mcroneters and an average
surface roughness Ra rangi ng from about 0.01
isnfocsaebherinventnr? aviudd emetassfullfhfabmeapat - dsambadatoated tool
herein referred to neans typically a surface of
whadt g asthih damhoeideiln refpfindugiaty dibe pesehtan®ng smooth
coati ng by vapor-phase synthesis. Also, it includes a

cad®irigs Baglacs Wddaehicd chhastdP Haiveth 3h4RE d.lftti.h?' ARAYeSing a
by vapor-phase synthesis. The polished surface
NQIrR% obfeing ALY | @@%g s . :
g(?%at ur%venneggﬁc?%eﬁ{{eg g@ %lllﬂglrmn lg‘;regsl( niéé%rgleﬁraraﬁ?)ri&%mnt n

' i ng renmoved by polishing. The average grain
Ségp%@ﬁréuglﬂ in based an observation of coating 20

f b ' | ect i SEM.. Th
cerert o heCT by ShecP e Rf SPTRIIPH REbGats frdipangiakcapted
har dness agrd a high . strength to |%r ovi de a_ver

hi gh
tog) HeIpPERE fRbRTALe gRd  AATBIRE QORFIEE INTBADAR thewitace of

proper conditions. The "cenented carbide" herein

t%?'@?%téﬂte@ Jvhengin $basubstuata g maade ofpncemented icarhigeor a
hard phase 25 mainly conposed of a tungsten carbide

cegRetagPAIRg icAnsiititing agrowshisygliase ofdheliamondgoatimg has an
metal such as cobalt, and the "cernet" herein

avespge sgmin saze of mboutdl.5 omperomeaterpoi Siadowaahdr thepdismaond
consi sting of at least one of titaniumnitride and

coatimgs tleas car thidknéss addigingnfrom tabait WL catibtdgc@Rdt@ 20
bi ndi ng phase consisting of an iron group netals such

mégoprheld and hekdleragd surfacd toughms8R4 F88snBaotNbhout 0.01

substrate surface for dianond coating have an

maFeHAbL tho0NRAGSFo MRS The PECRHRE shii§csU n‘]:lfe?tﬁgl referred to

condition of the substrate is reflected o

eyl 250,00 he S AERE 6 P LTPEBNBACIE protcing
dis e %oéﬁﬂgh&?s‘;apio%p%%tse synthesis. Also, it includes 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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achi eved by polishing, but achieved by grinding the
substrate. 10 According to the present invention, the

di anond grains have a grain size of about 1.5

m croneters or less. By form ng the dianond coati ng
fromsuch fine grains, the coating can have a snooth
surface. According to the present invention, the

di anond coating has a thickness in the range of about
ap 1yonrigeeepranetal tsuchastdraltreand she Théwmet!' Sherein knpesents a
of 0.1 mcroneters or above is required for the
sigiteredndorpati cgmpoisieg it diardapbadd icongptingt 62 agtlbads ode of
cutting tool or a wear-resistant tool. Meanwhile, the
titadinon gitridecknd $8nftentchebidlb GnerdBtibh A0 St aWPR& calrbifiet and a
of 20 mcroneters because if the thickness exceeds
binfdisg YRRSE cobhdlkbink D€ an'86h %ﬁ!@{'l}ta i85S shdh A @o@él@,&ﬁ'@ﬂel, ete.
coating will increase so that the coating 20 tends to

Itffse préfoPrBd RRaf l‘f’.ﬁétél’gﬁ?]ﬁ% %ﬁ%gﬁ&l ‘Tgxl- gigﬁ%ﬁiggﬁ 8(5&13%?%; Telve an

is nore preferre coa i'ckness hange
' ' . EUkt )
add R AEtodt, THITH Bhbaddt A, rifES R Gttt Wibsirate
is; 2RHAEA B0 5RE, BHeigE0n thes dhniadutl Boaiine ™ o "improve the

m croneters. |f the avergge surface roughpess is | ower
CREAFMPROL OTE Fﬂ?‘ieﬁ%&ﬁ-, Siigh a&&ﬁa@é@%’tﬁﬁ% reuglyness is not

fully expect the coatjng to retain a coolant at a
achaevdd by 2pbshine, bré achisved hy grindimgshecutisteateur f ace

snoot hness of the coating. An average surface

r ougHieerdiage te dhagprdsent vipyentipnnithe wiliamored i@rains have a

increase in cutting force or resistance and a 5
graan sizei afrabiont ddh escmetess st dasse ByNbrming elfiedatthynd theting

average surface roughness Ra ranges from about 0.05
fromcsvmhefive graiasOthbeostinOom hase aldmodth feeaRI aspect,

the present invention provides a dianond coated tool,

wher Qid&oidi@gdt@rfﬁ@dpfé%@ht NigveAtishS thef dfdniénd @uliSie has a
whi ch are i sposed as el ongat ed fine grai ns extendi ng

thiQRHsE US DR ¥nk® @ AW H.1 micrometer to 20 micrometers. This

thickness of 0.1 micrometers or above is required for the diamond coating
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 o 12
micrometers.

Further, according to the present invention, the diamond coating
has an average surface roughness Ra in the range of about 0.01

micrometers to 0.2 micrometers. If the average surface roughness is lower
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10 direction of the dianond coating in cross-section

t hereof and have a mnor axis dianeter in the rage of
about 0.001 microneter to 0.1 mcroneter. Here, the

di anond grai ns are aggregates of the fine di anond

grains. If a dianond coating of coarse grains forned

by ordi nary vapor-phase synthesis has the sane

thickness as that of the dianond coating according to
thare this lomegehmit, it drecomes intpwsgihdé ris fuHyeexplonbshe icbating to
same length and wwdth in cross-section. Meanwhile, it
retaimascrvtant hata soecking sgptt of tHetqul ehento annesREE9B surface
the elongated fine grains are produced by repeating a

stabotiafss Off thd CoatiAEOW AvbRfyd biffadé ABRBHNBER RSeddPng the
stop the growth before the fine grains reach 1

upp& BRBL SFill FehBD Mﬂ%r&gﬁ‘e in icﬁ%? So oYM P(Qsié&%ce and a

I ne 20 di anond grains on t t hus grfown fine grains.

' \ i ' | Limted
vERREGE S AdhedtdiF Wil Moxt! AR, Ui Bvepydd 'stiface

' oat i ng Lm e served b ol | shi and

rS{EHERAS R el SR el O il L OB pigamoters.

descrij bed herein later. . In this connection, _&he fine

di a 15 5P7PNdg5Peed: thSaPERSETL SIyPRRgR, PEvflps 2 diamond

V\,hiée 5 aggregajes,.of the primary grains constitute
cogfed 4p tginithe digpopd epajingsconsistophfing rains which are

secondary grains, as wil| be also described herein
dippesad aspelongated dimes erainsnerengding dengigydingdlyein ; growth

formtertiary grains. Inits third aspect, the present
diregtéon phbhe dovnded caatingrinnrosvataibn tlareof nhértaive 4 heinor

af oresai d el ongated fine di anond grai ns have an aspect

aXisrdinimetennni thg Fagomofidwit 2,001 20icrboletéh€o a5 Pegicrometer.

ratio, nanely a ratio of major axis dianeter vs. m nor

Heid, shdi digeidaid gfaidsfdieeagiaphing oF g fink!dibfmon®ERins. If a
preferable to imt the sanme to the range of about 2

dibithoHd cdaltidd6f cRgBeetaindifbfnbd b%dhﬂ@%aﬂo??s}iﬁs?%gpthesis

grains wll exhibit a | ower hardness w

SR s S50 40 AN PSS
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 regar&ed as primary grains, while

aggregates of the primary grains constitute the diamond grains, which may
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coated tool, wherein at |least a part of the el ongated
fine dianond grains are fornmed |like | eaves of
Japanese cedar in shape. Wat causes such an observed
result is not figured out yet, but it is assunmed to be
attributable to twins of such fine dianond grains. 15
Inits fifth aspect, the present invention provides a
di anond coated tool, wherein the dianond coating has
ba =gerddd @sr edcanilans hyrpitetawenllt be alpealestghghthdvefrolater.
di anond and the peak height G for graphite or an
FanthdrthseGRERORA gradnfagRit g3 pe €d (HC eRitturgnahnsd. S.
Specifically, the ratio of DGfalls within the range

of abpitsQhprd Sspect, At @BG HRhRRIRGSYEMs egtglamond coated

invention. Wth'the ratio within this range,

tédl 2R Teinr R dhoreWMili! elﬂﬁ%iiteﬂr ﬁﬂ’? tafhon@ gxeaeﬂ% "r’]}ia?rﬁls%ﬁ Gspect

and can forma coatl ng I ne gral

[ k eV|C|n|.of133 .
ra{t%i%agﬁm% %g)%l a%‘)ag ol ct}]aeng’lg%es %J’ él%lé%f( a ratio of
resulting fr mansShybrl i zed or I of. di nd, . .
" %@n@%swéa g Ais fistegetor Bpegbipmonspatatn, it i

is a EeS resultlngfroman sp2 hybrldlzed orbital
H&%ﬁtpr@ ith gt Rhe samande dheuang of ehepbr? tetkd. If the
Therefore it can be said that the higher the DDGis,
asnest yakie 1sjep flarge, dhadbdevaing widl exkibdda lower hardnodstwith
aspect, the present invention provides a di anond
reswidteed susogptibiietewearhe di anond coating has a ratio
1220/ 1t not smaller than about 5 0.6, where 1220 is a
peak Imttngotipthobspde, dhanprabeat yisivahtibacgrddded andamond
It is atotal of peak intensities of dianond crystal

cda36@ o0l Wtherci® 20) leabBhlpart(d0fhe eRAGatEB %i)neaélamond grains

observed in X-ray diffractonetry of the di anond

af Pl 1il 1ehESPeEl fagfa %Eé’%&&ér 'sm at pPRat b!éuée% &uch an
eature o

preferable f di anon oati ng produced
{ th Wt
?ﬁ‘eggéecg lr%%.lﬂ:? ;n%@ ﬁ% g‘ﬁg% t ;Ete p{r#é ?1? hsvgsgume(? "2 atq:rlbutable

ABLE SR I BB, I s evene sspect. the

In its fifth aspect, the present invention provides a diamond coated
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 cm! 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
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coated tool, wherein the dianond coating has a

hydr ogen content in the range of about 1% to 5% by
atomc ratio (at%. Wth | at% or higher hydrogen
content, since the dianond coating will have a | owered
el astic 15 nodul us to becone resistant to cracking and
thus its peeling can be prevented. Meanwhile, if the
hydrogen content exceeds its Sat% upper limt, the

Cf edic.c Bagrefayenil tarhbeesaad dbat ths ddghear the £8Gcmnnhé more

exhi bit an adequate performance as a di anond coated

pexfott digpeaid willbe coatedl.fficult to nake a di anond,
such a highly crystalline substance, contain such a

| ar gelr? Rsqireht 4dpech)f thByiesaieinvAGElonGI 1agided 4 Afamond coated

present invention, the dianond coating has a di anond

toulyshateist thd it nid eosRideeh 88 adafiodzy Mot %ﬁ%}n‘e‘i%gif about

as above, the dianmond coating has a peak o anon
ORS TR o e ok Rily BB Hebnop Bl BRBYAROTRE 1ie
. p o , q L F .
@ St PRk ghedifon b MERORR P ot SoBB R, ao0
o8] G433 P b Rt o o 1o
it is giffi%@It,to neasuyre the h dro?en content with a
TeHPEHL Qb grERtabroriepiatione yt i3 4 freterghlefeatuap piothe diamond
coating on a nmultj-element substrate 5 such as a

coadshpElucapiscgerding be theqresent nvession thatebei gnowthhelane
hydrogen content of the dianmond coating on a cenented
Oﬁfilebildm@lmaltm&lnvglvasmmb@de\desmb@bﬁeni:aidm.
accuracy by conbining a hydrogen forward scattering
anal ylsi sts( sés@ntheadpedt,atite pr&sdrteirfvendionapkovides tae didi@ond
anal ysis (RBS) nethod. This neasurenent nethod is

cadesd rtbble dyhérein theekamyel coatidghabRe geMNofient in the
Cct. 2002, pp. 31-34, Toray Research nter. Inits

rag%ggggﬂda&)%ﬁecl% tNBW 65 bl i@ @D UL OWiES 8% or higher
hydrogen content, since the diamond coating will have a lowered elastic
modulus to becc;me 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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coated tool, wherein the dianond coating is forned as

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

% of its thickness above the substrate 15 surface.

Since the growth rate of dianond coating usually

varies with a slight difference in conditions, growh

of the dianond coating is suspended to neasure its

thi ckness when it has grown to a thickness al nost

sehetaats 9§ sipapleosubstence sl ed ahi Skrmswstiates lthe hydrogen
process according to the present invention. Then, the
carttieok nes deoheateredday Angnfmred absatipticonapdcyrdphionmaete (IR),
20 determ ned, and typically such an additi onal
babit is difficuly maa@,de@ thBehydrasen Gontiit ith ﬁShig'h 86€rce of
precedi ng coating step. In this course, since th

aGuaeRIN iRy 8hsd 8f ORTIRAOMA cbREnEOM 1N th@ti-& gﬁﬂﬁitt sibtrate

where the coating process was suspended, such

SRS B Yerh&YRUScAbRd. gl‘;HTFe,d ?‘I thd ﬁr D% mQ&E:E}(%, e hydrogen

positions as the nunb e coa
2 a oat |
C@#Eg? 6’1;9;1)1}& é’ll%ﬂgﬁ%r%@ug &P %a miﬂpeglor?é‘r%'?i atsuP%gg?e is
O s _thickness bove he. substrat e
mdShted Swifho sufideds oaCSBJé?‘?YnS’ ot oy Caphghgmard
rmltl a zone of. th
%t%ﬁm EalosfR TR fackbioR nis o cRuChaTEongy okt scattering
entlggisgr ovi des a_dj anDnd 5 coated tool, wherein
i ri 5B dneasisamentcamefhed dondescnibed, for
about 0.1 mass % to 6 nmass % of Co. The cobalt content
exampleyip dFHECRC NEIESoiNasB 1, tQrtuBpeR, pp.n31-SheTarayeRisearch
adversely affects the formation of dianond coati ng,
Comfere it is limted to 0.1 mass %as its lower limt

in consideration of a mninum/|level permtting an

i ndushr il ejgtofluaspass, ahe 1Prdsbat daventied gavidsiea Hardond
cenent ed carbi de conposition having its Co content

coaded itedll ywisdieht thelldesmonHcoating is\ioricdl M ar §flgld ﬂS(er in a
crystal growth of the tungsten carbide consti ?utl ng a

crodd-Seddtang ione Bh'd%h@dﬂ?m)@l ithi ﬂﬁc?%és@n%@ucgl?%hﬁgtmte

car bi de having a fine hard p ase can be pro
surface. Since the growth rate of diamond coating usually varies with 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

10
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Inits tenth aspect, the present invention provides a

di anond coated 15 tool, wherein the substrate has a
magni tude of saturation nagnetization not snaller

than 1,900 x (binding phase content of alloy (by nmass

%) / 100 (GcnB/g) but not greater than 2,023 x

(bi ndi ng phase content of alloy (by mass %) / 100
(Gc Usual cobalt contained in a cenented
73 O eaﬁegb@uh%é% plids thickvassahovothaeupstrateatirface. The
in the range of 1,600-2,023 20 (G cnB/g). However, for
dismeond esating mazsehe rfcumned in smghe of arultipld hters fer a vemaining
saturation magneti zation be in the range of about
zdneO@Oth2, didthdn@d eoddiry.. Saturation nmagneti zation

denotes the magni tude of magnetization in the state

of mMEGNatd Gisieh UiifelcON tRE dpfegeﬁﬂ YavedQok %t i 2hond
spont aneous rragnetl zation I n errorragnet C SU St ances
t
oHER 89, kAL AR SRR o punivin

cf?gso] ve gd%CQ)rF 'gl g%lto}]uflf ﬁgtﬁﬂ%o%’g u%r'sf&%n és c!%f‘f‘ﬁ&ﬁ to 6
| f the carbon ent .o

t the allo 0
P b5, G wOBe LR PR e LTS ALp Grihe formation of
m ne I zat.i on |1 crease because the content
AR, 6 ne, whil Sein Yanited e g1 qmass of s 4 lowegomit in
dec eases as it separates_out as WC. Therefore, if the
b8 o asminimamoleveh premitting en tidusisial ereduetion of
carbl de is smaller than the lower limt described
thepeementask cathidon If encementid carbides¢rampositiont having its Co
cemented carbide, and the density of di anond nucl ei
copteniupaxtidly shkstitiutbd twith €wéil V ibeinteded, ethevdrgstal growth of
formng the coating film If the upper limt 10

theattungsiean smbiilet iconstituting exbaedeghabs eR AR AAd a
be separated out into the cenented carbide to

hig@esteassthi desn Srite@narhideARG20E aEhd RatPBhREEESbe pro%uced.

invention, a dianond is applied to the substrate an

I's SURRes %th%sﬁe@f Ghe %ﬁ@é&tq{i‘r&\ﬁ‘ﬁﬁlﬂ Sg{fﬁdgjs a?t{.lﬁmond coated

generated. Sincé a finé diamond is a

tog{J gvgtﬁélgat%g tgilgagsuel%tpa(tgpﬁés ﬁxﬁﬁ%tﬁfdecﬁr LeZAkh %agnetlzaetlon
not smaller than 1,900 % (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-cm3/g). Usually, cobalt contained in a cemented carbide
has a magnitude of saturation magnetization in the range of 1,600-2,023
(G-cm?¥g). However, for the present invention, it is preferred that the
saturation magnetization be in the range of about 1,900-2,023 (G-cm%/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 cobalkt.

The magnitude of saturation magnetization is dependent on the Co

11
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15 so as to prevent the dianond turned into free

carbon to diffuse into the cenented carbide.

According to el eventh aspect, the present invention
provides a dianond coated tool, wherein the substrate
having its Co content partially substituted with Cr

has a magni tude of saturation magnetization not 20

smal ler than 1,900 x (binding phase content of all oy
c@ibeniredstied rémedted c@rbile( Ghe n®iginbuwl subistapeat dissolved as
than 2,023 x (binding phase content of alloy (by nmass
s0Bd /sdDRidrGia Bbg)t. and thBecdebodidogt@iasetled allee. If the carbon
cenmented carbide contains Cr, its magnitude of

chifent A hAMIIBINRIb AR O dRGHEASRSoPRAWEA YR MRehdtiddison of
twel fth aspect, the present 1nvention provides a

ol 3RS erdseOh SR8 0t Hed Qhréte\ﬁ{sﬂ E(E)feizl'ih%ée%grsl S(ir\?m%jsoggegf itag gsolid

formed partially on t stra ace,

i's
sﬂsﬂkeﬁ)tnr ?ﬁeCQa&ec?ﬁe 2'@% URESé) ar%%%su ro‘rﬁtti 8% \I?Vn'@?’?ga%r Jf%lei, Of the

sati sfying oW ng condi t1on
that.,is a | east about 5 mm apari outside.from.the
R P B AP R AL ARG S OF dhe (Al eaCh G g 15 smaller
subsirate surface: A: 1,900 x (binding content _of )
tha 659 ?%{%% Tyt eS&Qée%@ B/ 51§e %alﬂ@ngco@?ewdl run short in
(binding content of alloy (mass %) / 100 (GcnB/Q).
the C@lﬁéng@bﬁﬁﬂﬁd@, and fthe ddansityupf dmmeend auclaimnodraed on the
only inits area to be dianond coated, the
sehatbard wal berrediubed mdtenbrauhgitbe enttiag filns Iftheampger limit
near the non-carburized area even if the fornmer is in
sathwatianboragnedizatiea, ist bxs:efods fildey caxbosi wdll pleelsepgraakd out
t he di anond coating therefrom Thus, according to the

irftbabeeniditedichideith deSrddsefity §@enEtBtAWDBRNINGNS the present
coating is to be partially provided the carburization

iRRnerend8thrhond US hpplicd! @At subdi®aftRalirat& “%é@‘fé yield

that is at least 5 mnapart outside fromthe out
<2005 e AP A0 B Ui i
ppe%gltxjeﬁgth%tfa{ {)faor{)%@tex%ng ofd ggﬁ)sdrtizia%{lon of the substrate be secured
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 x
0.93 (G-cm3g) but not greater than 2,023 x (binding phase content of alloy
(by mass %))/100 (G-cm3/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 o
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system when a filament process is enployed for grow ng
the coating film or alternatively any heating

devi ces other than filanent may be used to provide

the carburization to such an extended area at | east

5mm apart 20 outside fromthe outer border of the area

to be dianond coated as above. In its thirteenth

aspect, the present invention provide a di anond
ceaigtetralogvhesgier then dinmondosorting adormed paxtiniienn the
partially substituted with C, the dianond coating is
subgtrete marfdce) | sndnthehesubsbsite ahes sar ecmitudendft beturation
substrate has a nmagni tude of saturation magnetization
mdgn2fization Ny isagisfhagithe! followine onelitioanA Bniits hfch BHL4as at
that is at |least about 5 mm 13 apart outside fromthe

leayt etboddr Sennofagahe itailenfoadaheNGutk OBGrdefCf the diamond
substrate surface: B: 1,900 x (binding content of

At aloMBStheBubstrat8 @ 93 (GcnB/g) M < 2,023 x
c(bii]ﬁg/d?ng cor?tents rof alull(%ge(rrass %) / 100 (GcnB/g). 5

A $,98pPeThinie i&h?e%t%ﬁal%@@%ﬁ%)ff/ R ﬁgfn'é%ﬁ‘ < Ms =

magneti zation o a substr has
t.eAt: I t.ut Lt h, Cr. i hi s.,case, by
2’?)%?’ eﬁ%ﬁ%ﬁé"%ﬁ?ggf’ %{\g%?f (TBRsy 2")2?11‘2(?& B¥Peast 5mm
apart side from the outer,border of the area for .
o o HEB LA TR A (o EAra fhGUPIERe ity drF b zgion. ony in its
saturatign nmagneti zation as ahove, the peeling of the
ateg {f gﬁﬂﬁé%%? P?ﬁ&eaaﬁh%@aéwréé@ﬁl%wyﬂli Aat et sfficient at its
its fourteenth aspect, the present invention provides
argagnedp bk nepmashurized arghesvennift the Hirmresnis inoitsisagburized
has surface unevenness in the range of about 15 nmto
arpgo thins passiy qauetng peeling qfi the Jliambnd castingthstofein bYhus,
an atom c force mcroscope (AFM. The RM5 (or root
ageerdingFostiespresane imgmtionalitiés peefardedpibed ! whex fhékoating is
expression of average values and often used for
tovbe ipawtialigrpeRididstied coSRiriZalal Ye RIEERIED 80 SUER HF area of

“anplitude, for exanple. As used herein, however, the
thBMBstF £eSseifAd ¥hadtOis at least 5 mm apart outside from the outer
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 is 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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of the reading on an RVS scale of an atomc force

m croscope representing surface unevenness. This

val ue paranetrically gives an indication of the 20

bri ghtness and the dispersion of reflected light. Wth
the RM5 not smaller than 15 nm but not greater than
200 nm the resultant dianond coated tool wll have
not only _an_ inproved cutting perfornmance and cool ant

apatteppfdfe fsom the puiar dardpr et thy déamandecoating along the
preferably, the RVM5 ranges from about 15 nmto 100
suhgtra® surfages fifteenth aspect, the present invention
provi des a di anond 14 coated tool, wherein the
SBh3 908t ¢ (bisling contertutfealla mass O8RY 10D KBS UGFadg) <
a conposition having a binding phase content | ower
Mshah 2,088 X (hinding conesnt & vy (eacker)el VUG enBR) e,
and the outer zone ranges fromabout 1 microneter to

20 M ThRBHREE shicifiePithe nikenihAd iof'%leﬂﬂ%ﬁ)wﬁfa%'egtig%gon of

referred 5 conprises iron group netals such as

a Ehﬁgﬁ'hte Phell i@ Had iRIChH Qﬁ?tﬁﬂ%‘ﬁ%éﬁ%ﬁferdi $s au tlﬁrs? )i/rggﬁis case,

aving a conposition containing a [ower quan
Lodi f | east out 1 .
bfnbgg%irfaéltl é Iriﬁg %% %nﬁu]lqﬁ%ﬁ‘g% E% t%rna SEsi ]1"533312 ?’mtmeapé"irﬁ SPFﬁjde from
hases _of the spbstrate can be prevented from.. ..
ﬂ%e%)élr%g iolﬁ%rcggo?y o%‘rei ﬁ’ﬁe%og}ri %@ag‘ﬂﬁgcﬁﬂ@éﬁ%eﬂP&yhﬂ*@ng the
di amp cgating 10 can be |nproved in adhesion. _,
IRELHRe & %Brfé’ggt}sgt MAENLLALION #SaiBRo%e tgaeaa%h%g of the
strength in the outer zone closer to its surface by
digmand eppting pam ke eflgedrelydndibited.ng a | ower bi ndi ng
phase content up to 20 microneters in depth.
Accorldi g feertepnatlp nepeatt thepeesendninvention mrheides andixnond
coating conprises fine grains as nentioned above and
coptepdool; arkercimthef dinomimahtoating hasnsurfack evetenfess in the
sem -dry cutting, the cutting force is rendered very

rasigel bf abdbtids hyn ftor 20O uEUEh RMS GUbEmERN8qhavé)NgaRe as
conposition containing a |ower quantity of binding

mphesed biers Hbihicf@es WhicdsRopaTAIFNE Phe HMB! (oS0t Iean
reduced content of the binding phase netal that | owers
sqhdd®e average) value is a typical form of expression of average values and
often used for various parameters of oscillatory phenomena such 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 its fifteenth aspect, the présent invention provides a diamond
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coating adhesion and thus the di anond coating wl|

have nmuch i nproved 20 adhesi on, but tool breakage or a
like failure will not occur so long the outer zone is
l[imted in depth up to 20 mcroneters fromthe

substrate surface. Further, according to the present
invention, it is preferred that the substrate surface
contai ns not nore the about 6 mass % of the binding
cqstied dogle mehereirh thd wbiitnatephes m Tornseat zomgy cleer bv itsisurface
the substrate 25 surface. Although it was not

a gpafpositibire hiamingha hiading phaedoastchbdowentkan thht id5ts inner
t he bi nding phase netal in the substrate surface to O

areas $nSideotlsé dRiteR JzodeN€akd rRILALE 25HDSEdrRlR ﬁ%xﬁ hebout 1
vicinity of its surface, such zero content of the

m@ér%ﬁié%@r RO 2DmIEbRotbFy f@e W, FafR ‘i‘ﬁ?ﬁ ga?itasﬂteﬁ'@i'h tlerred

t he present i nvention, since the coat
r | i, I
AR TALEmei P 0 A ik B e

a“n’%‘%a%%%ﬁlrb%egh??r o i AQ&@#&%@L b v
t f. bi ndi ' t d

5 B0 S T Sl Tt o

R R BT ok S

| oner 10 content_  of binding phase netal, a

fremogeneratingoipos fduring eenting aadw@ns@t:ﬂeentby thadiashend vesting
by pol i shi ng and subjecting it to a line analysis of

carhbe impongd iphadieesion.aMeasiiylea thEDYGHBENtE ey gaintain an
di spersive X-ray spectroscopy-scanning el ectron

adriqnate stypegthnet ithe outer idie dosdraeritdhsadpachy link€ing such an
present invention provides a dianond 15 coated tool,

outberzeha Hevengisalowvyt bieding phiase RoAVECE 36 40 miSrometers in -
produced through a vapor-phase synthesis process. The

deptRMONGos@idg B8 He HREseR’ 8SRMLidA)V iRk O&Maﬁ%nﬁs Ghting

as it is fornmed thrdough a vapor-phase synt hesi's

co‘ﬁ&ﬁlhﬁét fifdd %‘réﬂﬁt@%egfﬁﬁ@& 3“’??‘? ﬁsgdé%r ng& f&ghﬁoﬁ%?tcgglant is

with the prior art I anon rrstng coar

eruBbdSvBh qws%&ﬁﬁyl Mtﬂﬂg? 'the cutting 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 is 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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20 cutting face invol ving considerabl e unevenness and
cannot be used for works such as sem -dry cutting
that may encounter severe adhesion. Meanwhile, since
t he di anond coating of the tool according to the
present invention has a snoboth growth plane, it may
be used as a cutting tool with a growth plane as
produced. Since the tool will exhibit an inadequate 25
hebtingnhase matalvior thensukstralie surfaces te Orhase % sonsidering
snoot h, the substrate 16 is ground instead of being
theostireneth ofiaubsthate oothedicnith ofiitnsdacs) such zesurchatent of
having grinding traces so that the surface roughness
thef biddingsphatd ahetaliinl tiosiukfaes! Joadf he€ tmatier SUr {RC Present
configuration of the coating to yield a good
irpRasDeNeHoe thel diaithdaeRttly SImpReedBIRIRy drifdsEHSN only
i nvention provides a nethod of manufacturing a

a S0 RPRELrEO Y enwiﬁ%@géad; ggg%ﬁeréﬁw tool mrggg{lg@ Que to

a substrate of a cenente e or a cernet
i ' f LNt ed.t,00l
bR of PHE ShEG L el R Rl Bk IR I BT P rome
|« kanond i.n_an.at nbsphere of 10,. . .
bbbk AR o f B R RE e Sl i immited i dswthato 20
0. 13- 6. 5kPa. re, the substrate conprises a cenente
PR HRT fLom LB b sirags BUF ce Ascfeterihgd abgvey doplsbreakage
ed . as a binding phase netal of_ the substrate, as
wilb2et et BF &Alb Jtarythe ahogpidespibed priar zongmithaving a lower
aggregate can be formed wth a high density by
cordeplipf binddng pdiase reeiiadt a grasstepctientof tthe apatedt subsdrats may
then grow ng di anond crystal s thereon under specific
be obshirved hy pdishing andadijetting stibs krlae analysidofitionbinding
Preferably, the carburization is acconplished for 3-9

phoser s anet#n  wingspher e BDXASEMY Yaergyo dispersive X-ray
nmet hane- hydr ogen m xed gas at 800-1,100 C under

sHYcB®See1s - da hifp elebtiPRicioRtofe) dhéthadt he substrate

with dianond, it 20 is preferred to process the

substiaii§ diRtcaRtRIJDERahe Plestnt invéiion Provides a diamond
coated tool, wherein the diamond coating is provided as it is produced
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 tool will exhibit an inadequate

engagement to the work material if its surface is too smooth, the substrate
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nmet hane- hydr ogen m xed gas of under pressure of
0.13-6.5 kPa and at a filanment tenperature of
1,800-2,200 C, while maintaining the substrate at
720-900 C. Most preferably, this dianond coating
process is acconplished by a hot-filanent CVD nethod
or m crowave plasma CVD nethod froma 25 viewpoi nt of
productivity. However, a plasnma jet nethod, are
1sdgeahet gestead of lhedng polished wod thenfioghed mthjdﬁs:mond on its
pl asma CVD net hod nmay be enployed Iikew se w thout
swidass nppdng gentiing atrapeoboethat Adeorstirfiget 8o dg}ﬂness of the
present invention, the polycrystalline dianon

sulgarLigaivtll fﬂfsfﬂ?@bl?%ﬂ’é& thar QuiFh &L Borsfib et Rire of €RL WhRBng to

that each dianond 5 aggregate contains a

yﬁu(galéobgqgﬁéa)gemger nunber of fine grains as conpared
th a coating formed on a non-carburized substrate.

Cons n n.aver.age drai
si ze %Q% %tSQfm%gfgoﬂrrlg? g@is’ gl?e\%o}e?o’% &gﬁerbt(% ovides a
.These,.t wo ocC £P§, Of . .
m%%%‘?%%@%%ﬁﬁf%%ﬁw L im0 RalCihst mgghod comprising
rocesses, got essential. for, the 10 nmet hod of _t he
PISPAEEE 3 yBAtae, olaAdorBeRtad SAFAKIGOF & AeKIgh | foobchaving
chi eve if.one qgr_the other process is omtted.
sylstenty y 3 ghape & dhpantersirsytaolocaiimisang dhe cabstrate, and
gr ow hard phase grai nsﬂgr (gartl cles of the substrate.
er

COPRNE hihe phitkedrafieai Y amongf einedan o atemsplehar dbf a
carbide grains including those of WC, TaC, NbC, VC,
gon-hpideocarhanoied gireundenptessirehat aboif Ob3SEkPa.
gra| ns greatly strengthens the adhesion of the di anond

coat iegre, Ridre sabstrate zaiprisesaasnedrhedted seidetor & bhenet.
Japanese Patent No. 2772494 or anot her nethod

Cobaiposietiel, ortd ﬁkéaisam@aea@attﬁﬁajﬂgg Phsd anahl of the substrate,
Publication JP A No. 2003-160866 may be enpl oyed

adéReibedgirsviduRlR @ﬁ&l%%rsﬁﬂﬁfét didmdie agd %%Qge cdd'Be formed

present 1 nvention provides a nmet ho

wiBhas HELSgy %ydda‘i‘ﬁgﬂggg’ A QR rafté'%%'r}%at eatmerét and

conprising a - di anon P et Poneh rapp

th@h%%goaia%ngf c[:r§stﬂglré 9'36n %mder specific conditions 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 0.65-13.8kPa. 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 ﬁaintaining the substrate at
720-900 °C. Most preferably, this diamond coating process is accomplished
by a hot-filament CVD method or microwave plasma CVD method from a

viewpoint of productivity. However, a plasma jet method, arc discharge
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A (50 nm in average grain size to the surface of the
carburized substrate. This is effective for

i ncreasing the density of generated nuclei, so that it
beconmes easy to obtain a snmall dianond coating of a
smaller grain size. 25 Although it is preferred that

t he di anond thus applied have a smaller gain 18 size

as possible, a currently avail able m ninumgrain size
plasmp pe ¥k maeiod opohigh freanencyhplaspp | @UDdinaetiied hesy be
an average grain size of not greater than 500 A (50
empforesl likewiseprithbiiicaysingcmystechhizal peebleant  di anond
aggregate will beconme too large as the grains grow if

the aletcading oot reseit Bxeeribd, hile WBBREydthllide diflmond
a third aspect of the nethod, the present invention

aPERh e SorinedBh@ @iﬁb@%ﬁ%ﬁfﬂéﬁf&%g féafth @5 Adt 688k fHamond

tool, wherein the applied dianond conprises a

d
BSOS SR R PRy e

A0 Doade LY S IR AHEL S S Bt SR BhR o

|\ I talli di d rat . .
o RE oy BB iean iy et ofie, oL Bbow bthAHgramsirs or
beloRy ehisPe ARCRA chAGHE: AEheRCiH BropPe o components,

undergoing growth, the nuclei tend to growinto a
n%‘ieﬁ‘e pEburizatian gaadoiegtings paegpseesmt ave both csapniial tfoe the
di ampnd is applied to the carburized substrate by
o opthe presentdssentionagad mhéatididdesesule willhbeadhieved
~to be applied on the substrate firmy with high
ifmesont yhe pthén prdcess ishomdftedt Mabotédre thetdbose-théetioned two
present invention provides a 20 nethod of

proeesdeaciandleg geow ikawid hase girathd @0partidléd 6ffhe substrate. The
conprising an acid treatnent step for treating the

hatibphaed graimelBaeimréfral 6rendte P balbide of SHRViScluding

t he bi nding phase netal, the acid treatnent Step being
tHodb QPR ITaC, NbC, VC, CrsCz, TiC, and MozC. The growth of hard
prhase grains greatly strengthens the adhesion of the diamond 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 {o 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 is preferred that the diamond thus applied have a smaller gain
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bet ween the carburization step and the di anond
application step. This acid treatnent decreases the

bi ndi ng phase netal in the substrate surface to 25

i mprove adhesion of the dianond coating to the

substrate. 19 Particularly preferably, the nethod of
manuf acturing the dianond coated tool according to

the present invention conprises a conbination of the
S136 88| Ress e anrrentiyravailabdé nynphase greinadizandappximately
di anond application as described above. That is, this
20r Af et aunheThe dapyflidch digmpné skad drm\eeatag ealPsisesf not
subj ecting the carburized substrate surface to the
graiter ttheat 500t At (5(paimh) als! jtsr lihe, eadi89 tABas&ultant
netal, applying a dianond powder on the substrate

dizih $10d B g Rl ke RETIL R oflRo BESe b th %traﬁ%«! gxgjgvftif ¥Paverage

equi pnent, and produci ng gl obul ar di anon egat es

giih &izd &&ggqﬁﬁ%ﬁ?%mmnd coating that is used as

It is forne Ssubj ecting to polishing. By
parti Vel ' bi ndi.n hase netal of .the .
substllirﬂa%1 et}{s]ﬁ{%%g& %ﬂ@ieagﬁ%@?ghab‘? PERRST YSREFORBRIVIdES a
e Ssubstrate .can bg strengthened. ~Also, by .
e ot R A iyire it o, Rertotin ool Ehszsgh e agplicd
a_prejreatnment of the coatj.ng process, the density of
b B PP POy Stalinn, Behond.cAlbmuay thg. diamond
catjng. 15 As will be understood fromthe foregoing
axexggf’é itBt thh carbariged rathgtratpayisdds guicleif farhdigmesndngrowth,
invention is hard to undergo adhesion to its dianond
rodpevistflingrnedei tantl &0 pooduasonlsd rey polycaydtalines dimmond, and
i nproved work surface roughness. Besides, a |onger
thusolt 16 preferent treapplyi @ pelychystallie dienont antieg theatd Bihgle
is hard to peel fromthe substrate. Further, the
cryetell atiaofordD withn f aiivdto Rbtatiengdi f@ ddaweatedyteal IR other

the present invention can forma dianond coating with

wérdeby epr@fidi% SA ZBolGaFy A I0RHIC QiaROH dC 33 rtﬁédh'uﬁei before
manuf acture a di anond coated tool capable of highly

uldeB b YW $he %‘(ﬁ:[b& t2nf Qg Wﬁl’ﬁﬁ%?(ﬁfé@?j{&%lﬁ(&ediamomd

made | ess |iable to adhesion by provi
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 manufaciuring 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.

19



10

15

20

25

t he di anond coating of the present invention. 25 20
Brief Description of the Drawings Fig. 1 is a
cross-sectional conceptual diagrankey nmap showi ng a
di anond coated tool of the present invention in a zone
near its surface. Fig. 2 is a schematic illustrative
vi ew showi ng how a di anond grows in the 5 nethod of
the present invention, with (a) through (d) show ng
st epsPatticulavhst prefersiihe dhieveskihodinf marifsctursng ¢hatdiamond
illustrative view showing how a dianond grows in the
conted ddobfctonding imthampresatitt imveajiohhtoougHsdh) @hdyination of
steps of growth, respectively. Fig. 4 is a schenatic
thd | pesittizAt iremovavos Nl NEndiew shabeaTech19E0MS thi dzamond
anot her nmethod of the prior art, with (a) through 10

aflicetimvi 9 d%ts&ﬁﬁecpfakﬁfv@“’l‘hatr §§ PERis ﬁ?éﬁérre’ﬁ Inethot@bf the

I's an AFM mi crophot ograph show ng the surface

pRReAtL thPshiin Soﬂpmggggﬁhn%gt}%f ﬁ%ﬂ% iR80% %'g{:rate shurface to

|nvent|on I's~an Al mcrop

R %eéﬁ%%pé%gzﬁfﬁ%é'ﬁf%e% R g
AEM
SR PR i St

EM m cr ophot o ph sh ng the surface
- h%ﬁﬂﬂfne%‘h@?fﬂ)s SUHIETERG ShPRGLORE Bbulgr diemond agsregates

nyenption. Figs. 7 (a) .and (b) _ each are a
@pﬂé‘t‘b@t“%ﬂ dhompag caatisgghat de wspdmsdt infatnzadowithout
coating obtained by the present invention. Fig. 8 1is

subipeting o aobighinh Brnewirtiglly renesdngdhiei bindivg ahdsamets] of
coating of a 20 conparative exanple is showm. Fig. 9

thessubsgratplsusfarei the adhesiohtof ahe Rimmondspetingatscbei sibstrate
anal ysis of a dianond coating obtained by the present

cambenticmgthéihgl AlQoj by appiypp £ Himheed powateslth tﬁfe dulbBtrate
Raman spectroscopic analysis of another dianond

gl 9ol S Patang PR UUoi0 o Lo
dibbforl 88881 can be increased during coating.

| As will be understood from the foregoing description, the diamond
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.
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25 invention, and (b) and (c) are its sectional views,
respectively. Figs. 12 (a), 21 (b), and (c) are
schematic sectional views illustrating operations
using tools for 1C or LSI package fabrications in a
producti on process. Best Mde for Carrying out the
dInvention 5 Hereafter, the present invention will be
described in greater detail based on the preferred
B{éﬁg ﬁ%ﬁ?@ﬂt(%éhé@ta“ﬁilg.s 1is a cross-sectional
concept ual di agrankey map showi ng a dianond coated
t ool - thes pr ewesisecinomalt ¢oreptual diageamday inag showing a
surface, and Fig. 2 schematically illustrates how a
didinenrshebagedsoli of thepresémtoidvehitivhén Dz a64M its surface. Fig.
invention. Figs. 3 and 4 schematically illustrates how
2 ds di sohailatigr Mistidtivd 0idtRidhowiAE KdW Ldifhodlll grodidin the
Figs. 5 and 6 are m crophotographs of surfaces of

metieDRE 1302h PGt iﬂvbﬁtiﬁh,g%mﬁa(%g)tg%@? R (@P)shoWiW fps of

AFM (atom c” force m croscope) scanni ng
t ] fe]o ' 0 . i_ampnd.
BSah roPesPYERE PES ke ¥ HBINCHIARERE vids? fROWing how o
show 1.CI, 0 raph of ~a di nd coatj of .
A AL RRT g 08 B Bt R Chyifet () dwine
m crephot.ograph of l.anpnd oating.Qf the present
PR RF BRIV EBGbotiyelt. Fid iy »politaaht ilbpativh apm boming
ha cr .ss-slﬁiiti on of a djanond coating obtained by éhe
PB¥ acDamqnd gravem sogtimBethed SEtha prior v witd: (sdehrough
ross-section polished and etched with a 20 hydrogen
(d& gaPRIna\hslieps Fiof. geowth,a repRecspiedY.odfigphs ofala igi smonAFM
coating of the prior art, after having its
migrephotograp b showkegilve sychis healision «ta AzmondFegsting of the
and 10 are graphs each showi ng the result of Raman
prepatt iveatipng andnBigy i ¢h)ds #n diFMunitregedtopeapldERbWEEE the
by the present invention. Fig. 11 (a) is a front view
surface doaditdbi af Badtint didendirt &rdin of fiRe Pr&8APInvention. Fig.
invention, 25 and (b) and (c) are its sectional views,

6 cp 2Pee AMM MicrBpRtdgréph shéwiAg thé BhrfaB®8ondition of a diamond

coating of a comparative example, and Fig. 6 (0 is an SEM
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
is 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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(c) are schematic sectional views illustrating
operations using tools for I1C or LSI package
fabrications in a production process. The di anond
coated tool of the present invention is shown for a
zone near its surface in a cross-sectional conceptual
di agrankey map of Fig. 5 1. As is clear fromFig. 1,
this tool uses a cenented carbide, cernet, etc. as a
(&uBBe () aresschematicisentional viears ﬂ@mmtgng opaBations ukimg tools
surface of this substrate 5. A large nunber of

fati Ahon 853 paicksge fjeicatogetiner praldetiom pmgegsegat e 3,

and these aggregates in turn join together to formthe
di anond coating 6. In Fig. 1, only the grains 2

exi sting on the surface of 10 the dianond coating 6

BaseMudevdr CatyinBasg thednPeniipg! de the di anond

coatlng 6 is omited. Further, as will be described in
detai lg h | -
re § Ief’éc?%efr ﬁie?t/)fbdslen{: ﬁ?ﬁt?dréwggg%e%%&cgz)teaﬁﬁ eifer detail

%Méﬁ‘?ﬁ% £)Pé’f‘erﬂ5e|?1°é(}ﬂ ereélggjtgéﬁeﬁ?d 2). Agroove 4 is

ace aggregates 3 join,
and t st ance bet en the 15 ot r usi of the
oo o o B A SRR SeAS e St BB A ko ad gheving a
hei h of, .unev ess or, ups and domns of the di anond
‘??41 atgltgplof the RIgsenilveptiondn & zope ppapiisigyaface, and
géomgébproqe of this dianmond coating is shown in

ematically plhystzaiep hasy aetiapand sepwaimblyh method of the
carbur_l zation or like pretreatnent, the substrate S is
PyRsgek dnyent2on. hbigst i) t scheDnatded Lsndlhustoatdsi kew andiamond
exposed to predeterm ned process conditions including
grosvepeimat thee, metbed unt, tlndpabroaphersnd oFiggendr aindg6 are
di anond nuclei 1 on the surface of the substrate 5, as
midrophotagriphs ofsihces dirdanioeldedoating8cWittOREsS BS’(a))End 5 (b)
single crystals of dianond or an aggregation of such

skowigige AFMS (@loimicaféhcar ib®kbo) hHRY SUMWELAHARING Nectron
sane conditions 25 as those for nuclei generation

midobdopel %i/lc %Mt&&'a&'h% byl cﬁém@ﬁgrc‘égﬁhgé g’i} thé& res%%tsiﬁ%\ﬁ‘tlon,
in Fig. 2 The gl obul ar aggregat rrsé an

FROY Ggagﬂogﬂngfan AFM microphotograph 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 (2) 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 (c) are its sectional views, respectively, and Figs. 12 (a), (b), and
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t he di anond grains 2. Then, when letting grow the
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 the sane tine in a direction parallel wth
the surface of substrate 5. That is, the grains grow
ubstantially radially. This growh is continued,
(03 (ATE| Schamatid sechipmad yaews dllupteptingoeerhtionansing éools for IC
di anond coating 6 reaches a predeterm ned thickness,
or&Sd ipankage fFimgcatRsdn a peadiraiiongptooesdhe present
i nvention, the average size 10 of the dianond grains 2

whi chThe niihinongioeedtietl Uoe] tolf ehgr gdsBnE dhtaeigo®fis tdhdwn for a
di anond coating is 1.5 microneters or less as its

zoiRPREat [tHistirfRBAnid cres®dectidtiallBabSptRal U imic .
wear - resi stant di anond coating is %pbt gi Higi(’#-r Mnoohiey of Fig.

19A8M R GB&RSTig e tﬂfs%ﬁpqsgsr Qic@ﬁle%ttéé %?fanélﬁg,r %{airgarreésh gtc. as

grains) each consists of an aggregate o
fd [ [ L:.qf - Q.um order. .The .
2 ROPLAIE ookl b Mol hind’6 if obq M Fh8 Shrpcdor this
i st n_aggreqgati .of di,anond fine, grains.
@I B A 180" BHLTRE. b o PR b kst tegtber to form
show geg crﬁsai-lsecti on of a dianond coatin obt aj ned
AFRFER pﬁe@@t TP ABBETRALES 1 0h dHFR rion tfogetherndp dlorm the
rains 2 .gather as an aggregate 3 constituting a
dl%éﬁl?fi%ﬁ%fgpaiﬁaelﬁlag%gl,aprgyat#@t Faind 2oexistingran the surface of
mcroneters to about 10 microneters, and adjacent such
they diamgand scoatippmo® aral sheivm, thayethose giferinsidediberdimmond
coating of a redeterm ned thickness. It is supposed
cdatorg Bhis dEscihicreds modebe odescribed ng @getaglebster herein,
that the nunber of aggregates 3 is proportional to the
thisasdibynaid guaingi 2 Y geaes dbaded |df mbayd@RAMdnd Sine grains
nucl ei generated is small, the aggregates grow 24

gdtaingetogdohey Gict showhandPRsl 1yaRl HUAN BloRBNLHELNLS at a
hi gh, the aggregate 3 cannot grow |l arge, and the

pldc@ "WRErd@nent £8nRkhidd BNHiRN&nAIThE WL e between the

protrusion of the aggregate 3 and the bottom of the groove 4 gives the

height h 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 is 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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may al so decrease in nunber, as will be described

| ater. Moreover, the grooves 4 produced between

adj acent aggregates 3 will beconme shallow, so 5 that

it wll become difficult to differentiate such

adj acent aggregates. Consequently, according to the

present invention, the average grain size of dianond

rains 2. conﬁhi ;Puti ng, the growth surface of the
SEIVERORJ ot (Mg Theoglabulareaegnegates 3f¢omprise ansaggregation of

mcroneters or below, as shown in Fig. 6 (d),. The
& graina@. whi ch was grown by the nethod of the
10 present invention as above will be described in"
gr eat Enemjetdien bettiegk grow thei diznpbed ogradpé 9 Qonstituting the
conmparison with the di anond coating obtained in a
aggrepatasiasesiwaiph FigF2 o), Bhdypwill (ddw ﬂiﬁci?bﬂ iff 4 Qirection
are m crophot ographs show ng unevenness o tge

parpehderngfd g ﬁ{@@drfae@tdfn&m]?ﬁwsd?&d’ a&”tt@p%ﬂea‘t%fé Gn a

force mcroscope). The AFM (atom c force m croscop
: . . - .. . f
T R S G T TR
. [ ' . tant, t t '
stRea a0 ARIBy B e f S PO GRE 1 ibRenl} 2dereate 3
B R 58 BBl € B8 sicnes,
of ver){ ?.nu&ggft ucture of which vertical difference |
2 3hvor 18 d'igo 2 @) ASFPrERE ot therhugrent Bweation, biye searage size

touchi ng needl e surface roughness gauge, or optical
of; @Fe&fim 8raippg e which Azadlygonstitatec the grayniiessrface of the

.gauge. The photographs of Fig. 5 (a) and (b) each
digpmensl eaading irld. omidiametets oodesngs itsbtppercHntiy, 4id if used
nmet hod of the present invention. In these
fop banle grivighly wehitresiptartti dinmongiproasiant islobghieiedar eas of
the surface and as 25 the brightness approaches from

gr ay Ihothik aglowtthepfdcobd, utle: dlathbed Spraide @ (steondary grains)
unevenness decreases. In Fig. 5 (a), fine grains

NSRSkl A0 0 PSR e o
100N nkh Grdér.(Phe - phStbgPARIETRF 183! 1Y 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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The photograph of Fig. 5 (b) shows the surface

condition of another 5 dianond coating obtained by

the present invention. Al though this photograph as a
whol e appears blurred as conpared with Fig. 5 (a), it
shows that a flat and snooth di anond coati ng al nost

W t hout unevenness was observed. Besides, the groove
running aslant in the mddle area is a grinding trace
laggedHowmevendf thhelesistiyt ofanecloibge nprabed idb digh, ctheoaggmgate 3
10 process. Cenerally, in the case of a flat dianond
caooatti row ldrge! and therdiamiond gpaihd Bt conpeidiatingtdhe aggregate 3
engagenment to the work material during cutting. Then,

mBy 8Roadairedss e AlthdMeirNes twAE DeOfeddihedl Pithl.aMorbvdl the
controlling the density of the dianond applied on the

g% 4! 7R ue b Det@ben R ReBt %ﬁ?i‘%éehdces Gogi %gcoﬂ;i%;%%l]low, S0

can have an adequate engagenel cause proper
e S i A r in rQcess.
YT AR ebBAE BeBLOET 0 LB HTRIE OAL AT B RRrosates
in.wll al.so hawe a mrror surnface and the .

ChBEFIR. poeRify 15 Y Brfend Ay tiod dhechtprgenanein give of
the rk.. the ofher hand, Fig. 6,(c) is a.. )
diggomst BEHRS R caneliUTkiA CRoAPWEY W iacs plthegtiamand coating

shown as a conparative exanple. Thjs conparative _20
fogmemhecompsiasAing as dowmigrozeeters ar hplosh ag sbpwin in Fig. 6 (d),.

generated_grow as columar grains both in the

| ongi Fhelidamandr ceativg adch rwas egromtrerhyt thei methodnof the

as shown in Fig. 3, so that adjacent columar grains
pugsent amkentimi astadgeeheill be ddsarbeg ibhogreangr dethihbaned on a

coating. Thus, well-grown squarish dianond grains can
mbwrophsiogyaph iA smaparison twighr ilghdidaead siodeingf oBihé® in a

photograph is a shade or gray scale of color
cohepirasint éxigmple Mgl shta), 49, dinllf nger@ec)oéreVﬁﬁéﬂogﬁbmgraphs

interval in surface unevenness, and it is possible

sHohan8 M dvendBE LM LS & B Alid {8k @oasg}%éi*l’:& AHEATM

unevenness by conparing the col or shades

(a?dal)ﬁfdélfqi'g?% ?%?Jr%&%e NGy glgﬁlg/f’gﬁtbﬁ%sfo#};@ L@g%lf)é‘fgoﬁjg) % a

are phot ogr al ned

microscope which derives topographic images 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 iﬁvention. In these
photographs, white portions represent higher areaé of the surface and as -

the brightness approaches from gray to black the altitude of the surface
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5 test specinens 35 and 36 produced in the preferred

enbodinent 7 to be described herein |ater. Meanwhil e,

t he photograph of Fig. 5 (b) shows a dianond

synt hesi zed under pressure of 1.3 kPa on a carburized

substrate of usual cenented carbide used for the

preferred enbodinent 1 to be described herein |ater.

10 Further, Fig. 6 (d) is an SEM phot ograph show ng
uppeennessadecreasnsdilni Brg.of (2), diinergrdimoastiey pogedherdo form

by the nethod of the present invention. In this
ghvbod agd aphond aggrepa tes. Ahis behida atrohgaeag blimietosiheastates

of about 1.5 mcroneters or bel ow can be observed. The

showmainlHigl 2 (8f - (chechangtiasiey.grain size is the gain
size of the dianond fine grain, nanely 15 primary

gr ai MPhe PHotof ho&ffP:l Z(E?}éﬁo? ghg:ﬁ%?ﬂac‘é‘{gbﬂﬁuﬁgf another

test speci nen 5 produc erre di'ment

dibmhEndec g%ﬁ Bﬁ&lﬂ&ﬁehgwtﬂge reserltd -infek gnan%tgﬁ%%% this

are mocr ogr apns n Cross- SEC Ion

e t he tho of the

o GRRAE Y HRBE% Benbat TeHer coppatrE vy Fie b @, it
observi e C oss ion qf the dianond 0 coating

S SRR G i O?ﬁéﬁ%mg ~oBEmEATIRSTE FieiiBautAgevetness
etched w ydrogen pl asma. , The general conditions

WﬁérOhSﬁ?éV%fag%@&%tthSrﬁr@W& CHPRPE aﬁga%rl@c@y% dlenagea is a
m crowave CVD equi pnent in a hydrogen atnosphere at

gepdingdeace predicegr whor thofsubstiate varground btfarordating
coatings shown in this figure 7 had their

prcess -senetadlys iwtheedsé of a3fanilinmesd abafifigsTie Ealnaads to
pressure of 13 kPa. The photograph of Fig. 7 (a) shows

exhibit7incdegsateehgarenadntt toeth worlo th vesdal Migradg Butting. Then,
position about 1 mcroneter apart fromthe substrate,

bﬁ%l&t@nghlﬁ@)gﬁﬂtﬁh% fraeh 065 thE Chlbr:ak 6N dys éﬂi@trolhng the
di anond coating at a position about 6 mcroneters from

Aéhtysbiild dsnodd dpplidd ()B)tléft%%uﬁ%& @ueétrafé‘b?&ré g Emond

| eaves of Japanese cedar in shape are | arger

cc;ah!ﬁ%e 201 | S Havd AR) adBhHatd éfga%eme%to%gﬁsg aBltbper
unevenness remain after the diamond coating process. If the substrate is
polished, the diamond coating therein will alsc 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 divection 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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conparative exanple in which a cross-section of the
di anond coating of the patent docunents 2 nentioned
previ ously was processed by the same nethod as the
exanples of Fig. 7 and observed on an SEM In Fig. 8,
a boundary | ayer of nultilayer structure appears in
bl ack. In addition, Figs. 10 7 (a) and (b) show a test
speci mens 34 of the preferred enbodinment 7 to be

en¢hot wertsiah inderval ianduffage nehaness ahdnibng possible
coating of a test specinmen 24 of the preferred
therbbyli tendetérmbte rohich hefglite doffo@nicssuf tsurfice unevenness by
observation, it is understood that the dianond

conpaiing the @oloH shades al REsRICERRID oditl¥A MR HBRD okitions.
uni que feature 15 in a node of growth of diaimon

gr ai Ngerd)\cRREd Bnﬁg tehd BEPLES t&&é?ﬂ%i maiﬂd}el&gpﬁ L{)rllaserving

each consisting of single crystals i anon
teBREREBRILN 2B onf o pRIAERE S5 YD Btk RoBRBRANEERl T p be
ARG eh Ip BB PRI EL S B Rt ¥ S s
o R USRS et

flf_r%)ll mLi ke coating, |t is assuned that the above-said

olnygaal cemenfed Gazbider uspdiian he prefereed smhadimgnt 1 to be
growm h _mechani sm of di anond coating. As clearly

dessabed thesein ates from Figs. 7 (a) and (b), the dianmond
fine grains gll_rowin a shape 25 elongated in the growth
dire &f ushenf Fighe6 didd nisn dnc SBM nohotagrarih eshgmwang hthe? §urface
will be stopped when the major axis or length of the

coguditiions afeaciesndaib wbatifigOdrotiugbd romeher metlis tfieheeprosent
new di anond grains start to grow on such old grains.

inkéntibhsInaHes pho@eewbh, dRE&sT ?Ik@&l@ Wwitht 4 WePigdbPAh size

axis dianeter of the dianond ne grains, their

of DM N B thicrs @B ANGNHEIRS FAANBE obsBideil. dli‘lﬁé;mr limail'. of the

reaches about 0.001-0.1 microneter, and t succeedi ng
a@ﬁ%@m% fé{r%gtl %&?éaggntg{ef %ﬁgﬁ%ﬁ‘% Wl dheShlhohd #5S Vé‘rairl{ll Ramely
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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grains with an aspect ratio (major axis dianeter/mnor
axis dianeter) of about 2-20 are fornmed. Further, it
is assuned that such thin and short col umar grains
10 gather into a shape of |eaves of Japanese cedar to
form di anond grains, these dianond grains gather to
form aggregates of dianond grains. Such a speci al
di anond coating is greatly affected by the pressure of
crans-se¢inos phthedimndnd ooatihe adiagymdidor bbb pic@6L®Ser apart
especially. The dianond coating of the present
frony e¢hei substantd)eamdt Bigned GPedidwsal Ie¥odsPsdebiBnPbe %@r Same
15 range of about 0.13-6.5 kPa. If a surface of the

diAneeR Bo 108 hP g Iio%ﬂ!ibﬁ LBSEPR Iﬁﬁlrbﬂle@&%e&aﬁdtﬁﬂ' %.I{basﬁ%sﬂ:g. Fig.

reference to Fidgs. 5 (a) and Fig. 6 (d), nmany
s SRl b Epine SIRUIGHAE 17 (aTELE ol L Shapg which

YRk e es%ﬁ%éhi‘? I ?ﬁ%”"éd °°a“€}%ab§vf$§aﬁﬁoofa

stripes | ookin and th|n nstit :
R eeS aa%ﬂ?‘ve'@nw VB S gSHE8 of Al (FmpRd coating of the
Eg%gie at es eélstlng t he surface of the substrate
P geugnents gy mentimeds prefgounlyt wWasdpregesesfl by the same
represented by height difference h be forned so as to
mgthed A8 et exmplescehaFie. Jhandnelssrvedion andSEM. ilinFis 8, a
repr esent ed by h are substantially correlated to
beurelazydager b fomitidaypmesectiz aRmeathins blak. Tnrddditign, Figs.
the extent of undulation h in the range of about 50
7 feth amd §90shuw attiest epgrmens @4 éhHtke peeférret ldmbgliment 7 to be
i nproved, and thus chatter under processing or
dasoeibpécherbidi besgagadeRig. o8 diRjwela diakbaadt é&itm%""df' a test
be prevented, unlike dianond coatings of nerely

spR0HneARaldT the Pblcse] eMbbRideNt §W 10 i npProving a work
surface roughness, adhesion resistance and cool ant

ret emtioah th of

further | rrpér] g%l%%bufél{]e a ov%%ﬁﬁ%%%% f}Q q{nﬁb?&og&) that the
diffdoaat Ebatiﬁg h@co'ﬂﬂrﬁg to the present invention has its unique feature
in a mode of growth of diamond grains. According to the present invention,

nuclei each consisting of single crystals of diamond or an aggregation of

such single crystals is 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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preferable to |imt the undulation in the range of

about 50 nmto 700 nm Besides, to reduce the

undul ation by increasing the nucleation 10 density,

it is preferred to apply a dianond with an average

grain size not greater than 500 A on the carburized
substrate 5 before formng dianond coating 6. As for

the quantity of dianond thus applied, it is preferred,
wild he @ﬁappd ovharh dhe tagoraxie ot Yengthneht thengitdias rbheies2about
x104 /mm®2 in nunber of dianonds. Since the nunber of
Odilabrmmdsompter hadnihehbes mfv ddonendtasies etakd to grow on such
substantially correlated with each other, an increase

oldn gidigsnUflidlis thod A GET AOXBSiLHbOMSHSGH AL E?trtﬁﬁleotroaxis

join together to forma d| armnd coating even |

dﬂ'h@é‘ﬁe? oﬂ;hé‘ﬂge{rﬁGﬁ& ?fne' !henJ ?R‘n;'hswﬂf‘ rth,% th? minor
possible to produce a ISk ating formed o
whi | b .

poss%’ﬁ eglt gégg:gl%? %Pﬁt fe e>|\</§ n@lérp gﬁ#g} i tHE" Succeeding new

6ROt et el a0 Rim Thy e dhat dlaond fine
rove the eng%]grlet(of tool by utiljzing the
@?3 A 2ERCGf Tty \WAHTT AR A GEHRLR m@%@%éeameéer) of

_ tions. Such undul ation can be correctly
alﬂﬁﬁs%&@d’-rﬁ QWMPAFi g. 9 and Fig. 10 show typi cal

exanmpl es. of Raman spectruns of the 25 di anond

coat iigdhent ki weapsymadh sha euelntthimeat sbort ¢oluBimpr Srains

and Fig. 10, 30 the horizontal axis represents Raman
geaghiet tinfam s_bamn df {dwyes enft Jayminear i cedar dpriosmntiiamond grains,

spectrumintensity. According to the present

these didmond grhinsgatheeftorfont ddigbgites ofdiimontl Bathd QSuch a
falls in the range of about 0.5-5, where D is a peak

spleeiad hididabndi 20@fidgals aglealB0 #Rctdd PRSI theNp
basel ine, and G5 |s th%ﬁehlgﬁest of pegk hei gﬁ%ghgfg gf an

&?@kﬂ@ Qeed Yo eRé Wisnoha rcog 1?1?1“1%1{?2 g%p e%[%]esp \Alﬁg{aéf diamond

If the ratio i s snal

coaﬁ%g%f%ﬁa%r\%éﬂt m%ﬁﬁgﬁ%g bf%C 3 41 n;gscgﬁ% d}dﬂaﬁgq‘gg?essm

e 1t excee

ratﬁ%gtolfggom b[lgdg-%r]a@({e because of too many di anond

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 8 existing in the surface of the substrate 5 of
Fig. 1, it is 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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bonds. Fig. 9 shows that the value of DDGis 0.78.
Fig. 10 shows that the 10 DG ratio 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
Rel st dydimiteg ghesatént of anttnbatiora hsin the ehngeonbedt 50
carbide (10xiOxlt (mm) containing 5 mass % of Co was
npr epad@E s, ahs Windageten®, tadwaitk wiDasd oV&E and thus
conducted to coat the substrate with dianmond film The

chitepanfdes BBsdckin@Soouhfehdtdal dednRebbmat Ti %iib%?t%%% tool

and non-carburized 20 ones. For the carburization,

willl bsid rﬁ%@ex‘é‘%} %@ﬂi‘@ il Eéeit?ﬁ'%%ltof C%?rel?qﬂ;ﬁ? R smooth

and proces 6 hours In a 0 o
. ' t t i ent .
S{AATRAI 3 50, 1 Ko RE R BRSNS Mhhesion
reSiftnet 2 CEUBSE B 075 ATS CTHAg, Gt PediRn to

nan- car buri zed substrate had a _25 saturation L
RifEReTo FRBROVIRE ofbes absyesTpRRpigned 1 dusiaablor fefioets, it is more
sybstrates were coated with dianond by grow ng the
Prgtenabiete Yoyt the sedulation in therangmet dhantiditien 4 70 nm.
vari ed magni tudes of synthesi zi ngb pressure of 1.3 -
kPa( SBesiden traedaes thPaungulticdn byanucreasingPahs ) nucleation
respectively, to check to see if any polycrystalline
detisatyp it i prafgrredatocspplyr & diamond. withean eoatagggrdiiesize not
substrates had a tenperature of about 850 C. The test
greasetl tharms 560eni theledibirized Ragat el te S5 befork fBrming diamond
synt hesi zi ng pressure, no di anond aggregate was forned

coabin@Ng. Ak fbiehe Wﬁﬁymﬂﬁaﬁi&nﬁumg abfBed, _fi% %{%féemd, for

when t he di anon ilmformng pressure was i

exdedREIR, Chat) iRe YRaAneHy EQ Q'n\b%’s(iﬂcg’lllj%j AmPg Q%%r /Sigﬁg ngn%;%‘%gr of

formed even on a carburize strate. us,
dighAIE. SThotitehumber 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.
Mozreovey, 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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-di anond aggregates were fornmed had an average grain
size in the range of aboutl-1.5 mcroneters and an
aver age surface roughness Ra in the range of about
0.07-0.15 mcroneters. In addition, when the
above-descri bed cenented carbide haV|ng its Co
content of 5 mass % partially substituted 15 with 0.5
mass % of O for its binding phase conmposition was
theahbrizozead axisdespresents aRemamn Shiftofesn Bsanforte sortical axis
coated with dianond under pressure of 1.3 kPa,
repobsarty sippictiure titansioy Ag@rdost @6 ey prénieihvieRtioRe it is
coating. In this case also, |like other coatings in

préfiireBd dhatthél rage o DIGSSe fAIRY ﬁl IR PlRthe SiNEbANST. 59F Where D
di anmond grain size was about 1.3 micrometers 20 and

ls%vl%aag BeibMtiBF 8idRHENAESS], g?pgasﬁoih dH HLHRIER:, and G

Further, wWith .its rragnltueo turation

hi trate
18'%]@"]3?116%;&{)/@9&% 8’%@. g.? %n%%g%{lggcﬁ? lﬁosﬁ;i(yn Tor g'raph\ﬁ?e and
bR GRBb l YU D%, ‘tﬁp car'Toststadce will
Non- carburi zed X X, X X yst Ilne di anpond
de&g@#%g hegENG 100 e, dimong) \ROPSE! 37 P CILceRSRAG D the
regat s.were_not forned. 5 Errbodl ment 2) I n order
H@%%P pRd captingredt éevwaﬁé dlecpase 6f fem sranyy digraond
extent_ of undul ation h of the surface of a di anond
(ﬁ'@ét ifhg ¢ shewsi thatidhe walueeefdDfft |ip 0s7 8.hFig. diCaskows that the
mm was made and its performance was evaluated. A
Dkﬁa metio dsl 1cdd.0fige Scund Himi Hyréprenastsspetintions\ds ameds af the

a 10 substrate. This substrate was placed in
priefdrréd earbeidimedD7eglicpdeseiibetd 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 sixip 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-cm3/g, while the non-carburized substrate had a

saturation magnetization of 80-83G-cm3/g.
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processed therein for carburization for 6 hours in a l
vol. % nethane-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 di anond

so that the dianond coating grew to about 20

mcronmeters in 15 thickness. The coating was forned of

di anond aggregates and the average grain size of

di andHdemathdsa substrangovak aladed with-diamordbpraosriag the
in all specinens. The grain boundaries of dianond
diaonored) t@ acdiidleneshd 1 arivmthatend undendive gl migmehdes of
hot-filament CVD equipnent with its process
syafthdiizin profalddona. 3 HHlEXR IR kPEWelRUPLl9.820PL; 100 13
“sccm nethane flow rate of 45 sccm’ synthesi Zi ng

S ey a | t t 120

kPLAEY, %g;g%%véél)? kFachddd %e;é%% GSEI%%{. ﬁ-}%ﬁﬁﬂ%¥%}&é§ dtamond

and ‘sub enperature o

<RI 55 S el A e
o4 B S TSR BB b P, LBl e

I diapond grain size and

- coati.ngs of differe
SSANPPREEIE DESTRREs N9 CIARMER G (ABSHOERRoPas aEmedaom anseef the

for cqutting exam natiqn of a high silicon alum nium
neje Lgflx%ig Gikbstrates. futhez, swhenche shamendi tfilonsforming
enpl oyed were as follows: Cutting speed V: 400 mlmn
PIRgHmRe Was incihel tangenef N8 Ra 02 3ibopm néekbamopdeapgrEyate was
1,275 mmmn. Feed rate per edge (f): 0.04 mmrev. 10
foragida¢ vete pinha ofarbutrizeRdgubsirats. Fhusidiaincdepthaink itwhich
(Ad): 18 mm Cool ant: Water-sol uble enul sion The result
diamond 4gneghtst wepefdratddelad adeiveragy ¢rasizb i the ringe of

shown in Table 2 bel ow.
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-cm?g, this

substrate was able to have a good coating.
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15 Table 2 Average surface Undulation Wrk surface
Speci nens No. roughness of h (nnm) roughness Tool life
coating Rrex ( um Ra(u nm) 1 (conparative 0.005 30
7.85 3,000 in or exanple) nore 2 (preferred 0.01 50
3.21 3,000 mor enbodinment) nore 3 (preferred 0.07
300 1.71 3,000 in or enbodinent) nore 4 (preferred
0.18 900 3.51 3,000 in or enbodinent) nore 5
(conparatlve 0.28 1,200 8T2able31000 m or exanple) nore

PP %E%ﬂﬁéﬂfo ,f.s.mif R A 3 A L DTN

TaJI e 3"8‘3‘2. whéd t he BPer dge 60ir f ace9Boudhnedd-Onas

i nf t h@artangeedf [0. A1-0j 2 dn criomeber s t he urjdul agi1 on
"No% éd@‘bﬁ?&eﬂ Mg, of [50-900 [nmrt,o—S luvv>< exgettent

- —FoH nhngoo wii-a-lnhen th surface

3

=y

l\ \Jul AU O T A

5 rouwnﬁfy&@&aaﬁnéaﬁiﬂnoﬁ&a ggéggu% gregéf%ﬁﬁ q M th too

smal | undulation h, chatter uring wor ki ng
o ARG MRV EERIRGRFTFS: ol L,
with the

(Embodiment 2)

In order to determine the differen‘ce in 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 sccm, 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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| arger undul ation h, the unevenness in the too

surface increased also and the work surface roughness

wor sened accordi ngly. Mreover, when the 10 specinmen 4

was taken out from a deposition system before di anond

coating was fornmed and the nunber of dianond

aggregates was counted to be 5x104/m®. This count

al so coi ncided w th the nunber of dianond aggregates
density wanatvastedubyhvarying other gneatity Sof( EirboohdeayplR)yl to the

order to determne the difference in tool performance
suhstre. Indhiemaoheer sisdlifforddieesd ritlschafingdidiamodd coatings

coating, an end mll with a dianeter of 8nm was nade

ofadiffeirest denhondwnei whae eubliffied: eAtert8BINIMELS ORI Kevere
containing 5 mass % of Co was used as a substrate.

mbldeSar?d uSHRSHF BLEIMAxRLARGHoh LY tifh |sﬂ2®i1[ afaffinium alloy
d r bur or

equi pnent and processe therein for ca I zat 1 on

(BuRRHER- 1D niack %W é@i&?ﬂé‘@d}ﬁiﬂxﬂé Qgﬁﬁ?@;grgfe J8%ollows:

at mosphere at an anbi en enperature o
u . I .0 kPa. Then, the substrate was
C%@%ﬁtﬁ%ﬁfé&% s%)rgt hat the dianond coating grew
t @r.about 20 m croneters A4y, thickness. 25 The resultant
c ??’ﬁﬁrﬁﬁgevf%l?mﬁséﬁl?f'réa‘jﬁ]%’%naggregat es and the 35
avyer age i .Si of , dj amond was in the range of
a\t@ﬁa% egéiﬂ; L#r'fzi%ﬂjé?-’é%s in all specinmens. The
di_ anpnd coati ng @évvas formed using hot-filanment CVD
eﬁa%ﬁmp% e4eq ¢k Opbrangerondi ti ons including a
hédrp en flowrate of 1,700 sccm nethane flow rate of
4Bagdiad fepsh of gub 884 0P pressure of 3.9 kPa, fil ament
tenperature of 2,120 C and substrate tenperature of
78814t deptib ofigdt @18 omment was adjusted to 1.5 at%
and six different end mlls having dianond coati ngs of
dCbblemenWabbbsolvblaiemulsioe made by varying the density
of dianond applied to the substrate and used for
Thatrbéuilg oPcutiingt ie@fs pbrorMbdnusddr §6veALMHIABAY is shown in

Table 2 below.
Table 2
Average
surface . Work surface
Specimens No. | roughness of Unﬁ ?11;15011 roughness Tool life
coating Rmax (x m)
Ra(z m) .
1 (comparative 3,000 m or
example) 0.005 30 7.85 more
2 (preferred 3,000 m or
(embodiment) 0.01 50 3.21 more
3 {preferred 3,000 m or
(embodiment) 0.07 300 171 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 i
6 (comparative 3,000 m ox
example) 0.35 1,500 11.55 more
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10 alloy (alum num 12 mass % Si). The same cutting
conditions as those of the preferred enbodi nent 2

were used, and the result of the cutting test is

shown in Table 3 below. Table 3 Average surface RVB
Undul ation Work surface Specinens No. roughness

roughness Tool life of coating (nm h(nm Rmax (u n

Ra (m 7 -(preferred 0.01 10 61 3.13 3,000 in or

embodi Aentan er end&rs¢qrde ffeom etheOrauiltl 5h6@N2iB(NablOaD above,
in or enbodinment) nore 9 preferred 0.13 100 540 1..80
whefiO@he n averagenadiaentrpughnhessl Gvdpref efhcedaded 8 0200.01-0.2
892 2.95 3,000 in or enbodiment) nore 11 (preferred
mlcrbthelffs, 8he dndaladidiP® were rmetﬂwgilﬁfé’é"tof HU:’Q@O rilrﬁ 5 show

can be understood fromthe result shown in Tab

eﬁ@ﬂ\éﬁt QER  sWeBRet REuANRLRT Cwhiffel &Wﬁ%x%o n?ﬁéra\%s surface

in a speclified range accordi ng
ro'?fg‘ﬁ%%@% peWECLEAN A0 qgg%gga;rgglceg&';sgvgb@ (bl diliBulation b,
; aas%g%odqw?ﬁ%e ”ﬁgt“vk% TP a7tk RS Hgditaes Jopeched

that the RVMS val ue was
I\%P-Q-FVAFJ}E fq%]r—] E%%ul}fgﬁr:ﬁg&d %liltess e:%ceedeﬁ 0.2 micrometers w1th 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
5x104mm? This count also coincided with the number of diamond

agegregates 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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37 content:

1.0

pzfierreth erabediagpmtg? averes nged,ofind dhanmsdlives the dubting test is

range of about 0.2-0.4 mcroneters in al

speci nens.

shiivtihou@ablich@ balker.age surface roughness Ra of each
specinmen was in the 5 range of about 0.16-0.18

m croneter,

specinens on a nanoneter

since it was difficult to nmake al
order together so long as the

val ues of Table 3
Average
Specimens No. rcfllglflﬁass E‘iﬁ? Un};l (unl ;t)ion Vizl;iigif::;e Tool life
of coating Rmax (u m)
Ra (pm)
! ?élfgéggiient) 0.01 10 61 3.13 3,0121%;2 >
onbred T on |1 | m | aw [me
Ilpreferred) 013 | 100 | 540 180 |3000mor
loegrb‘fg;f&t) 018 | 200 | 892 295 |2000mor
lle%';ifggfeit) 019 | 300 | 897 345  (000mor

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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undul ati on h and RVMS were concerned, such end ml|

speci nens were prepared in approxinmation and used for

test. The resultant different end mlls having a

di anond coating 6 of different hydrogen contents were

10 subjected to cutting test of a high silicon

alum numal loy (alumnum 12 mass % Si). Cutting

condi tions enployed were as follows: Cutting speed V.
totiee present Novémhion andethel uhdalasiod: h Me1@2id thenrafgeedf 50-900

speed (F): 1,275 mimn. 15 Feed rate per edge (f):

nfh, @he mot-faee .rou&ﬂéﬁ oftwpilhterfdeduio hdddhic Bigher he AXh@RMS
depth of cut (Ad):18 mm Coolant : Water-sol uble

vl waohs The asefhin &f whbth tthe Qlﬂ(ﬁﬂéﬁoﬂ QFdre rﬁqﬁrg@ 4 r300 nm.
above conditions is shown in 20 Table 4 bel ow. 25

TH@i?Jf@re“lt\QQﬁ'hed Iddr:age @h@ﬂﬁ\ﬁsr@tﬁg '}Pas gPé;%F%ﬂ? in thfa fapee of

Undul ati on RVS surface State

SSERIoID 3085y BAAR T e s i

o B 100 RS L5 hide fo 88T Tadeel PP e

(Embodiment 4)

In order to determine the difference in performance by difference in
hydrogen content of a diamond coating, 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. 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 conditibns including a hydrogen flow rate of
1,700 scem, synthesizing pressure of 3.9 kPa, filament temperature of
2,120 °C and subsirate temperature of 760 °C. To change the hydrogen
content, the methane flow rate was selectively set to 90 seccm (hydrogen

content: 6.0 at %), 70 sccm (hydrogen content: 5.0 at%), 40 scem (hydrogen
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14 (preferred 5.0 674 95 2.8 No problem enbodi nent)
15 (preferred Coating enbodinent) 6.0 665 85 3.3
underwent slight wear As will be clearly understood
fromthe result of Table 4, specinens having a
di anond containing 1-5 at% (atomc ratio % of
hydrogen showed 5 an excellent performance in respect
of chi pping and wear, while specinens having a | ower
camfentgbl atGmt end Aesuter (hydmgeaecontemipi (hy. atB)r Ther yesultant
with an excessive hydrogen content, the di anond
combitg mes6iobakdaotidrimasd dgovanites emids i G®eidtb gﬂﬁﬁ size of
was |iable to wear. 10 (Enbodinent 5) Using a drill

disuisiid e favhddade QFROBULINS-0.4 rﬁ!&k&xﬁe@er@' iR0AN G ecimens.
phase content is reduced in its surface |ayer, cIi)

Athﬁgﬁ t‘ﬂeaﬁ'ﬁ%l%%e Wurbad rdUBHY §s rﬁ’é’?f gﬁcﬂr gﬁuﬁ@n was in the

det erm ne |ab|I|tyto Ing o I ano coat'| ng
t
i 20008 O LB P 3R %"‘?%r ol it S B tp make an
sESfpdfn i féraééém%?rf° st 0 15,484 rtdee values of
T b d hot - fj | CVvD
“’%% g eBP)é@ it Soesred, kurh G guil fawimﬁ%were

s in a 1. vol %methane h dro en m xed % ]
Pf&PﬁB AR rapprpxipationant used fer hef regiidign gbﬁfecent end
under pressure of _13.0 kPa. Thi s car buri zation
midy revanara diemond epatingaf dfedifferand hydBogen cpdents were
outside fromthe outer border of the dianond coati ng
swljentgd ttoecutdinss teskt of 8 highcsilicTherleafinam allog (aluminum-12
substrate 5 had its surface treated with 5 nitric acid
mhes YoBih Guttyercohfitiaisehpliyad wereetUfoldwki ndi ng phase
content. By varying the acid treatnent tine, four

di f f aletingSsfReldr At 450 RHiAg a

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

Table 4 below.
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pr epabediméint) ipproxi mat i on’ and

{g&ﬁ en Cnfont ént was adjusted t
P flée digid | s| wergssised

gr e¥H body of | Si C conpact. 25 Cutting slight wear

conditrons enplroyed were as shown below. 40 Nunber of

revolutions : 9.550rpm Feed speed: 1.9 nmimn Cutting

depth: 1.6mm The result of the cutting test is shown
i n Takd wib heetlearly wndeaistedsfrofhtink nesdt af Table 4, specimens

ke ecgé’rens 9N a nl aPlprObel m

vial ues| of undu

uséeffj nglztr%st : V\ﬁﬁé’mblem
D Db

e 1.5 at %| TlRating
fgg dri 13.3 ng |t Qale®fend

having a diamond containing 1-5 at% (atomic ratio %) of hydrogen showed
an excellent performance in respect of chipping and wear, while specimens
having a lower hydrogen content tended to cause chipping. Further, with
an excessive hydrogen content, the diamond coating 6 had a decreased

wear resistance and thus was liable to wear.

(Embodiment 6)

Using a drill sﬁbstrate 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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zone with Undul ati on RMS Speci nens No. | ower binding h
(nm (nm Tool life phase content (/t m) 16
(preferred enbodi nent) 0 550 120 500 bores or nore 17
(preferred enbodi ment) 10 535 97 500 bores or nore 18
(preferred enbodi ment) 20 562 128 500 bores or nore
19 (preferred 500 bores or nore enbodinent) 30 544
118 (Chi pping occurred at 1 |ocation) 20 (preferred
athidsphereatan aobdene tdmogeratord of @bsdD 9004 Ghilppippgssure of
occurred at 3 locations) It is possible to increase
130043 dhhisfecagbativatios @avénrd 410 akde wiith 3¢ haléadtVabout 5 mm
providing in the substrate surface a | ayer having a

| apt CONREN @A e oRgeC %r@ém@r NheP ABSR0RP M08 Blng amhz% the

it turned out that specinens having such a layer.o

sdc?fsﬁféw?élﬁ' dé%ao'T et thb ibBBSTe W %Q%I {s O & 't{éa‘egd with

reduce Ing p ase content ex I CuU

SR A L S R
o S5 Dpne ér%éfmsnﬁﬁh‘%&;;f Gk %ﬁb% .
g%?ﬂ:tﬁgl}p@g% H’? fé}eegésflﬁrcg f;g Ve a %Igap ase 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 values 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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was fabricated. Fig.
of the tap 11, and Fi gs.
sectional

11 (a)

is a schematic front view

11 (b) and (c) are parti al

views of a portion of one cutting edge of 5

the tap which rotates about the center 0. This tap 11

has a thread portion

made of a cenented car bi de.

12 formed in the substrate 14
This thread portion 12

has a | ead 12a having an inconplete screw thread and a

full
thread contiguous to the

| ead.

i s circliskdrspaédal |y di vi de@lniinia spiral

t ool

t AMembepof tevolutidiss havi n@.55Gpmpl et e screw
This thread portion 12

or |linear

10 groove 13. And the thread portion 12 having

its surfaging’ duptl: i s coat e@gmm th the above-descri bed

di anond film Here were prepared a tap having

o B B BT g2

cutti nﬂl@?&%ﬂg pg%dm&fn

face and the

its

anot her tap having a chanfer 17 formed by grinding

away the ridgeline of cutting edge as shown in Fig.
15 Regardi ng the cross;sect
por ti on 12%Pfeag

(c).
and full thread

11

ion of the |ead 12a
commonl y-used tap has

a conf i gur at JoThi-k8&ss0Qft
(c)), as shodn pgheRk@h 1
Silehilend 6. | hewel BivARE: R

i nventi on an

phaké BodiaNi

prior art werde

20, ,fl)abrl

he cham e

L (b thigl
g A @i
cat ed and

I T7(

[ hi s exanpl e,

TT
a tap

See Fi1 3.

GMB
ﬁuﬂn@bgtl ng%? 5{1

conpared each other

gri Of

per o1

qu?;ﬁnlgﬁq'egaié tp a @oatin

Terce,. —Bot

J t hbaknes

T Laps
s B0 105®3 boreset aose

%[ err grit+—an—M—pcrew hotefJdapanese—tndust+al
t@e e spéci neng 21638 repr 6%ent 5FMbdree or more
eSer ept-Hon—ant—the—speetrens—24—and—25—ofthe
xarrpl:m are pf fgag cuttizsg 95@950@018&@?@
A—25—the—F-prt—vew-of thetap—of—Fig- (a)ahd |
IoHesdesp@Ci Mmgns eﬁl oyed/a 42 substratd ﬁQp]PFEWH@mQTE
pareﬁnk&idjm m‘er crosk-se¥d on |a @ho%ﬁhﬂi’uﬁ‘g%mlrfd
5 Bas-a conparatilve ﬂcts(la]ﬁeﬁuﬂ a
m{pﬁf@@b@ 14 V\/lthout chanfer was jused, |f 270 kgspepr more
f r edbodie¥ad $ shoW? in F g. 30 (a)| 114 |(Chipping occurred
at 3 locations)

It is 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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with its partial cross-section shown in Fig. 11 (b). 5
A cenented carbide containing 5 nmass % of Co was used
as material of the substrate 14. For the specinens
21-25, a rake face 15 was fornmed wth a rake angle of
6=3 as shown in Fig. 11 (b), and further a chanfer 17
was formed fromthe tip of cutting edge 18 to a flank
16 so that it had a chanfer angle of a=-200 as shown
(Bmbédignenitl6W The chanfer 17 was 10 fini shed so that
its surface roughness Ra cane to 0.2 microneters, and
the Ahapfiarcohtedasith AdiEmond Weebrtlisd 0vihé BrEédht thlention
W The specinen 26 differed fromthe speci nens 21-25

A0 iy P TIE 4500 3gaLf BGR Fiy W 1 ot tend P

11:§L gﬁ)z%%d;t((?:lat%gp%fa% s%@fig#éli %nga@f ff‘PB#t?(]I»ﬁ %ﬂ){{g %&)B;iﬁgeedge of

: wer e aced in ho anent _
YRR ROVASBY BBFOC 05 el ) AR UgB T i Bofhgged portion
TR L R A T L e

acco ished by heating.a surface_to be coated with
nﬁé harcprdepdg % having ap meamplelsosrey Fhread apéra full

outside fromthe outer border of the dianond coating
thypad gortien hhayiage somplrte scrow thiead pertiguouty tigolead.
constituting a binding phase of the cenented carbide
Thisttbread powaen A8ris cemumferendiliyndividedvbyra spiral ar Hnealr tool
after carburization to a depth of about 20 m croneters
gropeenlidt sArsdithachread pertéad 1€ hating Hubsirfaakegrovhnd: kecoated
speci mens 21-26 were imersed in a 25 solution

withefiar gboty deiczilRdsiiagnend flfafHae werd peéared a tap having
pol ycrystalline 43 dianond in an organic sol vent and

its| RSO RUGe WOMBeRE o FitigeliAt $dtbek She raks fapy !aﬁﬁtﬂthﬁzeﬂank

ultrafine particle dianond to the substrates wt

oo fh LSRR o FAE S A P HRARLFYT e
grinding away the ridgeline of cutting edge as shown in Fig. 11 (o).
Regarding the 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 mvention 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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5 for dianond coating process under the conditions
shown in Table 6. The resultant dianond coatings were
formed of dianond aggregates and the dianond grains
constituting such aggregates had a gain size as shown
in Table 7. In order to obtain 10 mi croneters
t hickness of the coating |layers of the specinens
21-23 of the present invention and conparative

subsinplecht Ravilly apdrdblly chengfema érosé-sditdem ag showtl mdFig. 11
was suspended and actual coating thickness was

(reasufad thd epetitged 6 1GREE ScoMdSa RN RRC bREmde, h§V§ubstrate 14
reached 9 mcroneters. Then, it turned out 't hat al

wmﬁu@ ek esss abed: By m&%&{ ?ﬁbgﬂgwﬁpgrf" > 11 (a)

di anond coatings were formed iIn S|ng e ayer

wi’@f’/&gkeakﬁﬁﬂéfoﬁ%g&?m%h&ﬂ lih ]:{'1 nifg‘?) thickness of 10

m croneters aceo I'nt & rupt’éd growt h was

coat eI Putig fodls SR E AR 2 awie HeFR AR gpaterial

et sed 1nth pat ent docunents 2.
offie pRF %ei‘infﬁr tRE SeFHHFRS S b ere edasq doneas formed
substrate surface was treated by sandbl ast.
Wﬁglr%s ¢ anglp ohl=F e shewniy Kigsl h@t eadfurtheti agbamfer 17

u3|ng a m crowave equi pnent _instead of hot-fil ament
waydorged grmttherdp altmttipgcédaen1840 & flankr b6 eosthat it had a
conditions for nucl eus deposition and for devel opi ng
chancferi angledpfinend0° grsaishewneire Rigf fldr @t Theocheaddr 17 was
ot her, and the dianond coating was forned by
ﬁniahedtsbrhylat hizssndacedidughiess Rrecdrhe @¢al0.§ michorhare, Sad the
the top in the row of 25 . specinen 24 represents

chpimefeesE7 cand0lM aite ©@f wided eHswHeRPFIS! PN (c)vvi’nﬂeeslsét%men 26
44 bottomin the sanme row representing conditions for

-diffeo¥d. FEhrR Uk eipecltAehd@1- 93 %%ﬁét Qﬁe N1gvy ghMCA géke face 15

pI‘OCGSSI ng tine was set so that t e res tant

w%@aa P&ké"ﬁﬁgle]of'ﬂ—c—g%”%tnﬁ Joaty 1f358 S,

nsequent I'anmond coat 1 ng orne of ten | ayers

cou ol LGS Ry 0 B me
su%stra%es 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 28, 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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t he di anond was not fornmed of grain aggregates.like

the present invention. Fig. 8 A shows a photograph of

a cross-section of this specinen as polished and

etched with a hydrogen plasna. 10 Table 6 Coati ng

Coating Coating Specinmen No. pressure as( sccm

tenperature( C (kPa) H afl W CHafl ow Fi | anent

Substrate te rte 21 (preferred enbodi nent) 3.9 1700
diddnFiP h a60org2did poletet nad JthstnOwhve 22D ivaBiated thereto

enbodi nent) 23 (preferred enbodinent) 3.9 1700 45 2120

to/ 8fply2éhd e0rRGnSt pMeicle AR ¥ CHOWANErERR welteiRe &id of
3.9 500 10 M crowave 850 25 (conparative 13.3 1000 12

w2 n{bQavexanpl e) 26 (conparative 13.3 1000 12 2150
760 exanple) The states of devel oped di anond coati ngs

e SR80 S 3T, P BT v
W R 80 ot BT ASE e . o
re%ﬁfl{a!xﬁgdifg{gﬁggqosgpjﬁﬁngg rvé)eq'gt i%rr]heéSoiT a_%lm?logd Gagaglrggeﬁ:%s and the

diamond grains constituting such aggregates had a gain size as shown in

Table 7. In order to obtain 10 micrometers thickness of the coating layers of
the specimens 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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Undul ati on RVS Peelings Specinens No. size content

force thickness (nm) (Nm (at% (nm (N) (nunber) (N

m 21 (preferred 680 0.5-0.8 0.2 976 1 0

enbodi nent) 22 (preferred 670 0.5-0.8 1.5 956 00

enbodi nent) 23 (preferred 690 0.5-0.8 1.5 101 6 0 O

enbodi nent) 24 (conparative Not 0.5-0.8 0 120 9 3 0

exanpl e) observed 25 (conparative Not 10-12 0 396 10 4
battomexiantieyamb semy eepreéeiitingpanditions fotgrbOAng ickd5In the

16 8 5 exanple) observed The respective tap speci nens
pivawsangf ighewing wichde pro@bsingntiold shedsetvgs ahatiltheciesdltant

to test, in which holes formed in MMC (Al-30 mass %
didfond Frafie waekad nistdifefdtese BaABW, iM dide WOI0KBEGuently, a

holes totaling to 700 per tap in nunber. For

ditﬁ_‘r(]rgiﬂ@%éﬁ‘mg ehyenédl :B? 3&13 NaddisCHREE Se ficBg F2hGE \gg%ﬂ size

nunber” of peel e i anmond coat1 ngs were obser
o, i gn esl ' rement.
ndiokretB VR Ahutropllier AERD HndIbEERT5814 FEABIPETR bince
of.t1on Jead. r cuttkng .force eval yatign, were,. .
Wb SRS nob ot hh BhinctiGo i Ry 1l (Hbupt8368¢ invention.
encountered i he djrection of Y-axjs (rotative .
PG FoA PRy AR BALGRFaRR ol i yornaceiiarepl Hp SOGATIIT g polished
holes. .In Table (7, the peeling is given in nunber of
a&fﬁ%ﬁ“’i’ﬁéswith Be{éif‘#qgﬁﬁ nla@sat hrough the above-descri bed
tapping test. The result of the above test is shown in
Tabl e 7. Taps coated having

Table 6
- Coating Coating
Coat
Specimen No. prgsllilri gas( scem) temperature( °C)
(kPa) AHQ flow | CH. flow Filament | Substrate
rate rate
21 (preferred
embodiment) 3.9 1700 20 2120 760
22 (preferred
embodiment) 3.9 1700 45 2120 760
23 (preferred 39 | 1700 | 45 2120 7
embodiment) : 60
24 (comparative 1 500 100 Microwave 800
( example) 3.9 500 10 Microwave 850
25 (comparative
( example) 13.3 1000 12 - 2150 760
26 (comparative .
example) 13.3 1000 12 2150 760

The states of developed diamond coatings are summarized for each
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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15 the di anond coating of the present invention
underwent adhesion very few wth | ess peelings of

di anond coating. Especially, peeling was not observed
on the specinen 22 in which the hydrogen content was
increased as 1.5 at% 46 and on the specinen 23 that
was treated with nitric acid after carburization to
provi de a graduated conposition in its substrate
surface. Mrreover, these spdablefs exhi bited a snal

t b o o PP [ AP~ ER Y V-V V2N~ IR PG -\
Tl A U\{UU bllUud\allbl C C \_J A LILA™] \W A LAY .
mi nut e UnglJ[leﬁﬁIiag&l nGtae surfacepy@n WHEES qihgr, hphthesion
areckrsopo-tlhe gpeci rerpiz24 ofontdne | ganpadf@te Ve | pthickness
was__nost |smooth i h 8 mhonda@d®at ing isufbade, it tehdedm
NGréseount jer | ar ger utting torce due tlo its
sl bip@ménes s d ewd)a@'P%g di%4 i :lﬁ7ty. Phe spec]i mens 9
R%rdedd 26 [havi ng a| di anond coat [ ng florned |of grains
Wi tdho@midr loer 84 ai n 0-3PPe| udeder I\B(%T adfesijon &hd ap 9
PegliAg Of| di anond|coating. Furf{hner [ these 10
SPERLARAD Sho¥d a| M-YASr | sdrf acdOt qugliness of0 di apond
Lo NG ANd gRcountered Farger cyttingjforcer T
sgggﬁﬁﬁgq Egﬁwgkgfeﬁ¥@aﬁgrbp@|neﬁﬂOCf Pap,| it %s 0
f I T.EUUITa LTIE tdy Tiavi 11y meygraimuliigLtuat T 11y Ol
%ﬁcgfpgg%lgeent 'ﬁ?/te@t oh)-hb2 proti ded96w th0 a [chanfer pf a

- JPServe bminasdan Ciel a4 |7 AN P W ~
gat T v.e qigl asSTsSnown—4 N rt+g—xI(C)~ H—S—xo
SRR atli op s of f BRUZVE i O pr @aeent i gy any soft 5
re b, o WIUEELL] ng  adhesi-onitothe tooand—anl
bui lt-up edges fromgrowi ng in working. Besides, not
only the chips are mnutely divided to prevent them
from mj i tuee | Ko i3l 1S :
Th@%&}ﬂ%}:ﬂ% 149 %)éetcﬂgaﬁg %agﬁ?ng tﬂg?rrec%%ﬂ’f%éées leif'to{lﬁpollshed

under cuttl but "t ere

t ti W tthout ~di ffj j 20 o -
w24 SUPISRESL TP S P L S LABEY R8s % si0
o o %00 o e ST St e R o i

renoval_ of adhesion, .if any. Al though it is,
ngpyhex; iKpg| gvalyalign: ddeoadhesiopr thickBessecuthing doregt and the

the lead 12a, it is also preferable to _
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 evalﬁation, were measured and
averaged the cuiting forces encountered in the direction of Y-axis (rotative
direction) when processing the first through fifth holes. In Table 7, 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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provi de such a chanfer further in the full thread

portion 12b. Preferably, 25 the chanfer angl e ranges
fromabout -60 to -5. 47 (Enbodinent 7) Atip (1SO

nunber of cutting tool SEGN120308) was fabricated

froma cenented carbide having a conposition of 4 nass

% Co-WC. Then, 5 the resultant tip was placed in

hot -fil ament CVD equi pnent and carburized for 6 hours
ané gnlGheolspetimen hdBethytr wgen treated oeith afitnis pheide after
at 850 C under pressure of 6.5 kPa. In order to form
canburizasionf s erdvidera gradunedrcohdyitit@\ihrigs aubstrate surface.
conposition in which a binding phase content is
Mc@d@@ﬂ,thba@_gg@aﬂlé@sﬂexmwé@% IsEERT %ﬁ@uhg_ BRcS%Rith a_good
nitric 10 acid solution to renove the binding phase of

el St dmN LS %glq{gb aele 40 ;Izﬁ!ﬁﬁte %iﬁ({lﬁgﬁghaﬂle khe TUrEC O the

ry en, e

by washi ng an I ng. a ultra |hne partic
' [ -ne tign. t hi ..002
Otgiegg] 9%?’;%#g%ﬁgn Ieﬁgel gﬁ%(thlgl%ﬁlo b_ ecr’il:ore ) Iglrsjf’rﬁrf“ﬁvﬁ a?)f?q:gﬁ%ewas
w58 sl S P E0R85 35D 1P %P ERPRRY a tarr

Jutpon gnd th | ycrystal | {ne di anong s applied
o iidotte B0ty RopGarors FateRERBR oI GPURESOH epecimens
ve for 10 mnputes. Thereafter, the tip was coated '
25,306 26 hires iandiganendreeaing formed iof grains with adarger grain
.ret hane concentration at a filanent tenperature of
sige yndervanti adhesionans aepeeling wf dimhoBdGodtingdFurther, these
pressure shown in 20 Table 8, where the interval
spseimens showad g dnghdrheuffacanmmighnass oft datmorndmeoating and
for the thickness of dianond coating, the specinens
et@udbemdda 1drger epetingdsrcd’ had coatings 10 microneters
thick and 2 mcroneters thick, respectively. The tips

wer e Tadimeddesh the puaBriddosabpaRESSSEBtdp)di E@b{tféfeﬁééd that

circle synbol's in Table 8, and processes wthou

thel ) ﬁa%ﬁf%%cs dﬁ@ﬁl%na%o%lﬁr&psfjthé'ﬁe‘fﬁé@?ft’in{v%fétibﬁebe provided

speci nens 31-36 and for the specl fren 37,
with a chamfer of a negative angle, as shown in Fig. 11 (¢). This

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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48 o coating operati on was suspended when the coating
t hi ckness was expected to reach 9 mcroneters and 1.5
m croneters, respectively, to measure their actua

t hi cknesses and thereafter the coating operation was
restarted for covering the remaining thicknesses.
Traces of interrupted growmh were 5 observed renai ning
as boundaries in cross-section of the dianond coating.
The speci mens were neasured al so for average surface
roughness Ra. The result of this neasurenent is shown
(KmbdahhenB7) as well. Further, the specinen 34 was
subjected to an X-ray diffractonmetry anal ysis, and

har dngsgpali(AVRIABE: ' hAER g %tghsﬁsmm’ﬁécﬁsg Whb Sfabricated
speci men had a peak 10 intensity 1220/1t of 0.8 1n.

N R L
oS 26 M e () mife 5, Foiifilgnond (Y Zéddipment ana
ofBdness 5L 509, Kal I Gy 5 o) Sxable RLILIS, mixed oo

cross-section of the specinmen 34 is shown in the 15
atnesRipist ¥gPapn< omdsrgrresgure pi £ha by Ip@rdes togorm in a
Table 8 Pressure for Surface Specinens No. Carburi -
syvihee bwgibad zanarmsnthyeoabaviger sughmesstionain erhich a binding
treatnment application (kPa) Ra 0.5 1.3 3.9 13 (p m
pBosq comeat dt ireduted thexeamplentQip vwas immersed in an 8% nitric

acid solution to remove the binding phase of the cemented carbide in the
surface layer, followed by washing and drying.

Then, a ultrafine particle diamond was applied to the tip. For this,
0.002 g of a polycrystalline diamond powder of 4-6nm in gain size was
dissolved and dispersed in 100 cc of isopropyl alcohol. The tip 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
Smm. As for the thickness of diamond coating, the specimens 30-36 and the
specimen 37 had coatings 10 micrometers thick and 2 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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1 31 (preferred 0 0 O 0.06 enbodinent) 32
(conparative exanple) o 0 0 0.9 33 (preferred 00
enbodi ment) 0.02 34 (preferred 0 0 0 0 0.05
enbodi ment) 35 (preferred enbodinent) o 0 0 O 0.05 36
(conparative 0 0 O 0.5 exanple) o1 37 (preferred
enbodinent) o 0 0 O 0.04 Wen the resultant dianond
coatings of these specinens were examned, it turned
coping ppgratim wgesiuspendal whicohthsasatintg thickuesszweds Bxpected
had not a practically sufficient peel strength.
toFrrache? mithemeipes iamdnk 5 3Ricrametds, fedgectivty] 6@ nid@ure their
scope of the present invention, since they had an

actval abickgiosids shd eheveiftor thaTtSAORE LPEFatich b SeNthACE for
of dianond coating due to excessive pressure during

cdvBging ¢RE! il PE ahckidsBE, ?Pa%%’bwmeﬂt&ﬁeas th were
ha )

ad a fine average grain size not greater than :
ot A B ainkls Euhd fod IWSraRBLiBH o#IHE BHRISY Ehting
The specimens were measured also for average surface roughness Ra. The
result of this measurement is shown in Table 8, as well. Further, the
specimen 34 was subjected to an X-ray diffractometry analysis, and
hardness and average surface roughness tests. This specimen had a peak
intensity Iz20/I; of 0.8 in X-ray diffractometry, where gz is a peak intensity
of the diamond crystal face (220) and I. is a total of peak intensities of
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).

49



10

15

al um num (al um num 18 mass % Si) was used as a work
material for this test and the cutting conditions

i ncluded a cutting speed V=800 ninmn, feed F=0.1
mmrev, and cutting depth d=0.5mm while using an

wat er ermul sion as coolant. The cutting | ength
anmounted to 3,000 m As a result of test, it 15 turned
out that the specinens 33, 34, 35, and 37 of the
present invention 50 hadlabledhg tool life and yiel ded

e

M th these s

) e@r esen |n fedoy, t fheSurface
$ pEEcimens 1Sd

aP] St %?o i vé%lﬁmoggcqaﬁ%r w%hness
$mal | peelin D kBt was a
P lLe nhractical p}ﬁ I3 (B H Ii;eﬁfm)

Sﬁﬁgﬁlﬁrﬁb’fﬂi shed sybst gatef of a cerﬁre(pt ed ¢arbji de|wi ph
A \

D cFmRlP: | off of 5 mass| % Co-WC! a |di apond coat i ng
nBLbrefrredd upder, tHe sane condi tions |ag {n the 06
snecimbetimesd| 37 prdduced i h the pref erlr 8d| entlodi frert

| 82 Forgmresizqunt Ly tlo obtaip the specinmens;40-47.
Speciximgel | y| t e dpec’mens 40 and 41 wefe pré’p%\r eft?

| Bdiprefarivé safre goncitigns as those|of |the| speci fens
30 _amdbodBent bspéctilvel §, apd s fofth.| The tdol 0.02

spepteerrdwas| confijgured ap a tool |[for] Tabridatren of
C amtbodisbntppck8ged, a8 shown ?n Flg. | 22 Fijg. |2 4%

h3sphesrili ¢ pectiofal view ilTTustrating the dperation
and ebdbodimaa) | on®of fsuch a fool®invplved iph 2he 0.05

Skdngatdioh processg of TCland LSl [ pagkages, |W
Al I QemBYOW hg Phe jopefatipnal®directijons| of |teo]. 0.5

BT ERfem3WCN B packdge usug Ty has argenunberof
DUt &mphBasks) fi sPosed a3 sjpaced apprt by awsmrall|. 0.04

nrervatr—fronmreact otter—theadi-atent—outer—+eads
coul d contact each other and occasionally hanper
nmounting to produce 20 rejects if they unexpectedly

bend Wishnthe wbbaRant THARRMA QoaiHES ofUihd¥eeBSdReRdwere
of outer | eads nust be mnimzed as possi bl e.

examined, it 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 lthey had an
average grain size over 1.5. 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 38, 34, 35, and 37 of the present invention

20




10

15

20

25

Here, a description will be made on the operation of
the 1 CGLSI packages fabrication system conprising a
bendi ng the 21, a bending-cutting punch 22, and a
cutting the 23. Fig. 12 (a) shows a package 25 30 as
pl aced on the bending the 21. The outer |ead 31
extends over the 51 bending die 21 to reach a space
over_the cutting die 23. Fig. 12 (b) shows a
had molong ool dife gnduriehlez2ah eweeldenti surfhe fidisteof wonkofWhen
arrow to press down the outer |ead agai nst the bending
carhpadl with beest sfecitipng ofithe Yiragentairsendioh, ¢BY Spefignen 31
the outer lead is strongly 5 brought into contact with
alsheofbtind phgseinieinddneitd dhderRaRd SdanUbdd aPUpfensi?d on its
and thus the solder may deposit on the tool. Fig. 12
46k, whowastrd lead | ' | ength portion
cut. hbnelygaggﬂﬁﬁg benelngﬂggf%ﬁﬁg' unch 22 pressed
down the outer lead 31, the cutting die 23 is |lifted
up in the direction of the arrow and cuts away 10 such
! th of the outer lead 31 by a shear produced
(%g?%%rl}é the 23 and the bendi ng-cutting punches

22. This progess al so cayses the _.solder to deposit .on
the t9812 Sﬁéﬁﬁ’r@ %‘ﬁéﬁfé% ﬁ@ﬁ‘@?%&d&ﬁé@ J¥vh 3 eapagosition of
5 overedg)/viéhvg | ead-free _ sol der were bent in the
'r%r Bassse G Whovth digmangl costinghwasofranedyrunden she same
15 _packages fabrication consisting of the specinens
copgitians agan fhe specimeaerieaT prodassiddiar theapredirred engodliment
could be used 1 million times of working. Although
7 cpesespegitheto obtainddeneprcimensad(-4peSpécifically,t fie specimens
di anond coating after 1 mllion tinmes of working, it
40veend 41 ywarec ppeared updecttheakhme bpadieldinkeas til®se of the
speci nen 40 as a conparative exanple does not 20 have
specinéiis G0eanhd BE| rexpeenitdly, Al ¥ fhghamdic8o@ specimen was
practical use, and the tools for IC LSl packages

hailtiréd@ bl ANtop DIy f bRt Ed a i T
coun erwent sol der deposilg%lggmgyaﬁggo,sgggé%#%géggfs'ﬁgw'nmFlg-

12’\017‘1@ P is a schematic sectional view illustrating the operation and

function of such a tool involved in the fabrication process of IC and LST
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 unmexpectedly 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
bendmg-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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Industrial Applicability 25 The present invention is
applicable to various fields including 52 working of
al um num al | oys or magnesi um al |l oys i nvolving hard or
difficult wmachinability and requiring | ower roughness
of work surfaces, drilling of glass-reinforced epoxy
resins or like materials requiring sharpness of
cutting edges as major cutting edges. It is also
bempghimgcdin| 2 toureachg #1facs aver dhe cuttang diem83al uni na,
silicon carbide, silicon nitride, etc. Further, it is
used Big.t 33| &)f showe arbesslingankttipes puabhi 22t lowbred3in the
CLAIMS 1. A dianond coated tool conprising a

divebiion af arend t8 pleedraodn (HRAGHtRE 164d BREIN thRShendihathe 21
of the substrate, wherein: 5 said substrate is nade of

ta beadeftl Q0p6R itedsing! A s6RlcTeloved A8t géad is_strongly
constituting a grovvth surface of said di anon coati ng

N;a%e (=1 ' : 5.mM .S Of . .,-
bRARISNIRECLARRCT R B BB b 1 Bl $h8 o R Yseing
b LG m,cr ters; and 10
pé%%ghgi %#r{i) ﬁgu% 8%%‘%{?}1& gggéa aﬁ‘gﬁ‘i’f’iggﬁ éﬁg‘, 3? ace roughness
Ra r i rom abgut 0.0 LGroneter t .2 )
i or ol a2 (€)'sREWE e oribel Jaft danane e 04 deegh Bortion cut.
Ncl aim 1, V\,h%r ehn: sai.d diamond grains are formed of an
AT EgAE FR% bsndiisciting PHBCh gPapressed dawistha puter lead 31,
di anond f.ine_grains are disposed as el ongated fine
the gutims dia ¢dde Aytechapiinuthendiregtion of the gurew dind cuisomway
of the dianond coating in cross-section thereof and
syphy anpdd lemgthafshei cuter dead 31t bye ar sheger wiodaoed tbetween the

0.001 micronmeter to 0.1 mcroneter. |
die 23 and the bending-cutting punches 22. This process also causes the

solder to deposit on the tool.

Using these punches and die, outer leads covered with a lead-free
solder were bent in' the processes as shown in Fig. 12. The tools for IC-1SI
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 comi)arative example does not
have a sufﬁcient peel strength for withstanding a practical use, and the
tools for 1C-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
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3. A dianond coated tool according to claim2, wherein
said dianond 20 fine grains have an aspect ratio
rangi ng fromabout 2 to 20. 4. A dianond coated too
according to claim2, wherein at |east a part of said
fine dianond grains are forned |ike | eaves of Japanese
cedar in shape. 5. A dianond coated tool according to
claim1, wherein said dianond 25 coating satisfies
wohkingefalitorishinp aHeyswee m agnespaa lallogs ghvolRidohar errdifticult
54 0 and the peak height G for graphite or an
machipitilisy eadbrsyuiring Bamenroughaetd 68 sitkCsafadassidsilling of
about 0.5 D/G < about 5. 6. A dianond coated tool
RSB fBEEetlO efbRy MekindMaer B iterid} Hirire CORLY
ghas aratio |§2)85; It noS)thgrraﬁ?il e?ﬁtﬁgﬁlﬁﬁgguéé%,%@?gss of

cut€al) edgls PRRKmajdht @H&?ﬁé’o fézfgeﬁ hgy digagpiad aﬁ@lsfié%l?fe I:%fng of

(22 and It is a tota eak intensit

cPy BT Suth Y5 Bl AR ikt byrbinp? Dicol Hfige i pfiler 1 is
IR L AR GBbA oo oo ¢

hydrogen content in the range of about 1%to 5%. by
atomic ratio (at%. 8. A dianond coated too
according to claim1l, wherein said dianond coating is
formed as a single layer in a cross-sectional zone of
about 70 % of its thickness above the substrate
surface. 15 9. A dianond coated tool according to
claiml1l, wherein said substrate conprises a cenented
car bi de contai ning about 0.1 nass %to 6 mass % of

Co. 10. A dianond coated tool according to claiml,
wherein said substrate has a magnitude of saturation
magneti zation not smaller than 1,900 x
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20 (binding phase content of alloy (by mass %) / 100
(G cnB/g) but not greater than 2,023 x (binding phase
content of alloy (by mass %9) / 100 (G cnB/g). 11. A
di anond coated tool according to claim9, wherein said
substrate having its Co content partially substituted
with Cr has a nagnitude of saturation magnetization
not smaller than 1,900 x (binding phase content 25 of
alloy (by mass % )/100 x @123M& cnB/ g) but not
greater than 2,023 x 55 o (binding phase content of
alloy (by mass % )/100 (G cn8B/g). 12. A dianond coat ed
tool according to claim9, wherein said dianond

lgggt Isgi?da%lﬂ%ﬁ r at ggﬁésfﬁaleé‘%lg)%ﬁgg lea? 3951%§%1?33% a‘%llj d];gc‘ﬁhmond
| i i i 1 . 5 - -
CREPRE IR 08 R Bt o P2 a P W R apar .

out si de.érogﬁhg .outer 0gorder of the djanond coating
al ong THE SLOBEIaE fo4 Gecempentedgnubide a3 s egumet;

content of alloy (mass %) / 100 (G cnB/g) Ms 2,023 x

( bi no&ﬁ&l@tﬁﬁt%ﬁ%ﬂ%mastlw&pea@ sgamthy sm&ce Gfc sBidy)diamond
13. A dianond coated tool according to claim9,

A& hps a0 ayaragemtainrsiteohaloitt s 5 Guiccanbiumt or below;
partially substituted with C; said dianmond coating

i s f oeddddisanendl dopting thee subhickabes Yumidee; fro@Ndbout 0.1
said substrate has a nagnitude of saturation

megosetantd 20 nidBromeatdrsf ymdig the fol l owing condition B
inits area that is at |east about 5 nm 15 apart

t sigdéd Higmon ' Bang
out si Afioh o i@ h AL H e od M&%@%ﬁl&?ﬁgﬁﬁg&nmg

along the substrate surface: B: 1,900

fesra Bt 00 Rl ' 0.93 (&GnB/g) < M
. 2,023 x (bi #g%brfgg%zﬁ??ﬁ%ﬁ#%?%ﬁ (mass %) / 100

(G : i t ool ding t
ot ot oo BB G ERLE D Bl 7 R L ace
unevenne s hinfi ot 4% UrddPy a%lSaggr{']etggtion of diamond fine

grains; and

said diamond fine grains are disposed as elongated fine grains
eitending longitudinally in a growth direction of the diamond coating in
cross-section thereof and have a minor axis diameter in the range 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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200 nmin RMS (root mean square) val ue as neasured by

an atomc force mcroscope. 15. A dianond coated too
according to claim1, wherein said substrate has in

its outer zone closer to its surface a conposition

having a 25 binding phase content [ower than that in

its inner area inside the outer 56 zone, and the

outer zone ranges fromabout 1 mcroneter to 20
anil dhenpdsds heightdGpfoln. grhphith oii anomeoepladedcirioln in a Raman
according to claim1, wherein dianond coating is

specvésdepicamalysiss produced through a vapor-phase
synthesis 5 process. 17. A nethod of nmanufacturing a

di anond cgpgedolsogl .pidhe ngEsQds conprising: preparing
a substrate of a cenented carbide or a cernmet having

subst agty: al | f ‘] oQly; ST

S arbur S anohd oAb Rodl acblRing B MR 17 Rerdth said gigmond
wi.th di_anond,..in apR at prosphere,.of a .

il BaR T D0 daple Ao BRIt Ahput O stpereofan o fpeak

.0.13.6.5 a. ,18. A, netho f actyring a di anpn

it BRI PhaheadEinaRhgystlcrasen )" fil fiofs Gordrils Phgpeal

.a dianond, application step for applying a 5 di anpond

infgnsitigsyel diawapndssytak daces @@@)’n&ﬁ%}’n&é&éré@é’gm (B31) as
size to the surface of said substrate after said

olserped iz iXppy ddfrastemetrydichidrdmhard gpatigga di anond
coated tool according to claim17, wherein said

7di anmontl dappbndaonted tiad sapmidinattd ehrint @pwhenpim sed diamond
pol ycrystal li ne dianond. 20 20. A nethod of

coming dakur hpdraped eomsdt ¢éRahedangel ofatemitdi% Lot % by atomic

claim17, further conprising an acid treatnent step
r4t96 (divgating the
8. A diamond coated tool according to claim 1, wherein said diamond
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-cm?¥g) but not greater
than 2,023 x (binding phase content of alloy (by mass %)) / 100 (G-cm3/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 X 0.93 (G-cm3/g) but not greater than 2,023 x
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substrate surface with an acid to partially renove the
bi ndi ng phase netal, said acid treatnent step being

i nt erposed between said carburization step and said
di anond application step. 25 57 0

(binding phase content of alloy (by mass %))/100 (G-em¥g).
12. A diamond coated tool according to claim 9, wherein said diamond
coating is formed partially on the substrate surface, and said substrate has
a magnitude of saturation magnetization Ms satisfying the following
condition A in its area that is at least about 5 mm apart outside from the
outer border of the diamond coating along the substrate surface:

A: 1,900 x (binding content of alloy (mass %)) / 100 (G-cm¥/g) < Ms =

2,023 x (binding content of alloy (mass %)) / 100 (G-cm®/g).

©18. 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-em?¥/g) <
Ms = 2,023 x (binding content of alloy (mass %)) / 100 (G-cm%/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 its 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 accqrding 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 A (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 gaid carburization step

and said diamond application step.
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