BACKGROUND OF THE | NVENTI ON A hi gh strength bonding tool and a process for
the production of the.same 1. Field of the Invention This invention relates
to a thernoconpressi on bondi ng tool used for nount- ing a sem condcutor

~ dévice jor elenment such as IC, LSI, etc.-dn-a substrate plate. 2.
Desaripkion-of the Pfi‘of At Lately, various electronic devices using

se@mi.conduct or el ements have been devel nged and technical progress in this
fTeld has becone remarkabl e. | n B3CERBOUND, OF) THE ISVENTION el ectric properties

of semi conduct oh; 4l SiFeRfE bBREinglthAVadd§ S?P?&Q?rfﬁli‘ %Re {pﬁod%!:'lflf)ﬁ ok &hb | umd e

shown, it is Yequired to bond el ectrode ornmed on e sem conduct or
devices with | eadsidfi ¥ pchkm@ationnner | ead bond- ing) and bond the | eads
with outer termnals of a printed circuit substrate (outer |ead bonding).
Bondi ng of the Wigcinventden gelatesitoondhermocongeessiers bonding tteel lusedisonfmosnt-
package has_hitherto been caryied out by a nethaqd npri si ng baondin

netal lic fiH§ me@gw(’g%ﬁaf gV iferWsslegenty such 8s Igoﬁggr ebre OB\R SPRSLR t ool
cal |l ed cap- ﬂ %ary, nanely, by wire bonding. A nounting nethod by a

wirel ess bohdi g techni que, using no bonding wire, has |ately been watched
wi th keen intergspescrigiiondsothet friigr Wrt € bondi ng techni que, by excell ent
features, e.g. high nounting efficiency, |arge degree of freedomin package
desi gni ng, et cnLatARY,( TRIjeusaglentrandd deyitesneping senaonductonietements hevebeerndes

i1 m carri clovLougt Mol epiee ror8s dnrhs oLt PasPREwe . BAHRON- alfby foi
~and resin, f0ler {ONRM Bt PlPbiddEril hldpeltiel oAdeniEhdRORR dldherts dMaAHlIbI2!
- use, for exanple, 1n nounting ASIC:?AB@ﬁicatlon Spec???c Integeratgg
Circuit) ortie prdpertiesryossulificienplyaye dhdwnerit Mowstiired ab bbAB elystredeshas
often been used not only in the inner |ead bonding but also in the outer
| ead bondi néermpé anhtheosdnd condueler isMigesgvith teags 9§ st @ackage d iBRRreeadclpndof
the film caggé)egni gogﬁopﬁga?eéﬁgtJ}tﬁry%té¥'kégm?ﬁhls of a printed circuit substrate
(outer lead bonding). | '

Bo;ding of fhe electrodes of semiconductor &evices with the leads of a
package has hitherto been carried out by a method comprising bonding metallic
fine wires (bonding wires) of gold or copper one by one by a tool called cap-
illary, namely, by wire bonding. A mounting method by & wireless bonding
technique, using no bonding wire, has lately been watched with keen interest,
instead of this wire bonding technique, by excellent features, e.g. high
mounting efficiency, large degree of freedom in package designing, etc.

TAB (Tape Automated Bonding) system in which all electrodes of'a semi-
conductor device are in a lump thermocompression-bonded to a film carrier
(a printed pattern is formed on a laminated tape of a.Cu foil and resin, fol-
lowed by plating with Sn or Au) has been put to practical use, for example, in
mounting ASIC (Application Specific Integerated Circuit) or a liquid crystal
display dpiver. Mounting of TAB system has often been used not only in the
inner 1§§A bgnQﬁggfgut;algg in the outer lead bonding. In the outer lead bonding

by TAB system, thé‘outer 1¢a

gt taﬁe.‘i:gtlm carrier is bonded with the printed
f' F o

circuit.substrate or lead frame as afi outer terminal.In the case of bonding with



circuit substrate or lead frane as an outer termnal.In the case of bonding
wth the printed circuit substrate, a lead of Cu plated with, for
exanple, Sn is bonded with a substrate el ectrode of, for exanple, Au using
a“solder. In the case of bonding with the lead franme, Au on the film
carrier:tape is bonded with Ag on the | 8k ~f r ame by thernoconpression. For
t ke thernoconpression in the nmounting by TAB system there are used tools
cal |l ed bondi ng tools which can be classified into two kinds of a constant
heati ng system and pul se heating system and can be used properly dependi ng

upon the peRPeFintés cofcuinistbsate, td 186 bprdeslatet 4ithllefopi dkamplleg SHONSt ant
heating systemis a Sé{;{sgmtl n l%&{; abt ool is E;nzt antly heg;ed glnr g;t ly or
i ndi rect | yponded od &k aa pate £ i ef.e fom ekampbdnde Isingda saghferet

heati ng and nel ting,.bonding, or, thernoconpressi bondi ng., The, pul se heating
systemis 5as8Qf Qﬁgqlﬁg\ﬁdlkl&%h% lteﬂg?rﬁ’“g' ﬁFe‘g’sgl?f g@ﬂ‘. n??r%?gmbarpﬁpﬁggg@dﬁﬁd’é?h
directly or_indire Y a4 constant tinme, cooled to a

pr edet er m ﬁ%d’gt {eﬁﬁpg%agtﬁgragétb?gﬁh-g@%ﬁn@fé sf/&}'el ease of the conpression agai nst

t he workpi ece, p@nd@hd RRermoetnpraas B 1D tReeAbirit¥ag 6RITAB NGstend thereliang vséd
t her roconpression. Nanely, this pulse heat- ing systemis a systemfor

carryi ng ouboliseedliled bar!mjnedgpisn@igh can tbgmlau&fhediiggqlguqihind(;y@ﬂ 8 constant
evel oped BpEiNG STSERHRAPe S CILE STELR, Sk EinE oFPLPToter T AFhene e oon
tool using g, taole e WBtdrfd1sCRTDE biidad, RREY CHURIR thd'RoslranP ReaGARE €d ON
a speC|f|e(§ %L?bgéra[% g?; a gaseous phase synthesis nethod (Japanese Patent
Lai d- Open RybldnCad acyystim iR23#4% 16610 i arednskantiyelsa t&hdéract Rppt i indtdeotlyo.
62905/ 1994) has wi dely been used because of the excellent heat resistance,
wear resisipressed egainstod workpieasoto berthendedrandasib jertad i tegheading ard melding
exanple, a b%l?rﬂlngho%v%h%gmc?coﬁgr% gioﬁsborslgi%\é’.n The pulse heating system is a system

in which a tool is pressed against a workpiece under directly or indirectly

heated state for a constant time, cooled to a predetermined temperature, fol-

lowed by release of the compression against the workpiece, and then subjected

to heating, melting and 'bonding or thermocompression. Namely, this' pulse heat-

ing system is a system for carrying out heating and cooling of a tool with a

constant cycle.

Furthermore, tools having markedly improved properties have lately been

developed by the use of diamond as a tool end materidgl. In particular, a

tool using a tool end material comprising polycrystalline diamond coated on

a specified substrate by a gaseous phase synthesis method (Japanese Patent

Laid-Open Publication No. 224349/1990 and Japanese Patent Application No.

62905/1994) has widely been used because of the excellent heat resistance,

wear resisfance. etc. of the tool.

The constant heating tool is, for example, a tool having a shape as shown

in Fig. .1, which comprises a tool shank 1 with a penetrating hole 2 for mount-

iﬁg a heate:(not showq) and a tool end material 3 to be always maintained at a

thermocopré.ssio.n tempéfat;l:é ofsbo to 600 C by passing electric current |

through-the heater to hea.t 1t This tool is mainly used for bonding other

bonding materials than solders.



in Fig. 1, which conprises a tool shank 1 with a penetrating hole 2 for
nmount- ing a heater (not shown) and a tool end material 3 to be al ways

mai ntai ned at a thernocopression tenperature of 500 to [err] by passing

el ectric current through the heater to heat it. This tool is mainly used
for bonding other bonding material s than Fel ders. -3- On the other hand,

t he pul se heat]ng, togl i for exanple, a tool 4 having a shape as shown in
Fig. 2 or Fi g.6'Bg§1?189qeﬁe§q"8t)ltthp“H"g!‘eaémﬁs teteisoéer examplennl jooisedapingse

heati ng togl et r Va Jhis t lp S .ME n-.ically fixed to
a bondi ng gr;ésg ngs\%gﬁ‘aq_ﬁcﬁ% 2 ?l‘g#ig?ihapﬁﬁe atgﬁi ;gftsFe‘F' g&st_-hei dkt‘?‘?@'_t ool
end surfacgoytused poDsek pesting t6o10RadaOsId8 theth N Br (a2 Pby. DO s4tdol SR hedhayi NI

el ectrical conductivity is self-heated by passing €lectric current wth a
pul se of sésadinifizescdh@ bandingcoachénepviadariglé ¢ fdrefiytdhg, ahd ladtel peessThe

tool of Fg. 3.is desiﬁ‘%ged in such a manner that a tool material 3 is bonded
to the endi®§ the $PnRMD SURTACE, Spigainqpknia¢anrto e honded Sharitodli bedinhditself t he

const ant heat.i kol adtldBotidity TTY SaiteO | ' ' he weart

esr st angal hE b el cdtadoribren TV Solrofia LB b iR REHYY (EelERluy
anot her map gugsd ak stebmltmomemltswfes%bﬁmg tdSEé tybibr baRIinROWMeO! Fi 0g.
2. These tools are often used in the case of mainly using a solder for a
wor kpi ece taolbef Fpndeis d93igneslin sucteatranmert tialt 4 Topl @hterdbl B s ddndedr

sol dering, because in the cgse of a tool of the constant heating system

there arisé&d the pﬁ"Slﬂfe%SP‘Ffé\‘f?t%B & bonding nekal| § incthectimtarcpanssndiontfieand t he
ool - r osurTiese Redcghe 18 BF eEC 12 P Foo? iR . Mbrayind, BB Rl ne
case of thearfed| SRabiaasistancey dtemortihe fo80lofi lSifgWii Byl therusaf d€anstaet gd-t0 a
tenperature of |lower than the nelting point o
terial than the metals or alloys used in the tool body of Fiog. 2. These tools
are often used in the case of mainly using a solder for a workpiece to be
bonded.
The pulse heating tool is preferably used for soldering, because in the
case of a tool of the constant heating system, there arises a problem that the
tool is still heated after bonding and the melted solder, adhered to the end
surface of the tool, is drawn up with the tool, resulting in contact of bonded
parts with each other, while in the case of the pulse heating system, the tool
is withdrawn after cooled to a temperature of lower than the melting point of
the solder and thus, such a problem does not arise to result in good bonding.
Even when a solder is not used, in many times, the pulse heating tool is
more preferably used, since the inflow of heat into a bonding machine is less
and the thermal breakage of the machine is hard to occur, as compared with the
constant heating tool.
In TAB mounting of ASIC, TCP (Tape Carrier Package) mounted by semicon-
_ductor elemgnts by the above described inner lead bonding is bonded with a lead
ffame usingz% hgpdﬁngtxool$hayjng a different shape. In this case, mounting

is carried out by &"sy: en (constant)gatxng system) comprising constant heating

directly or indirectly a tool 'ha\)'ihg@'ﬁnfr.e'nd shape of a hollow square frustum



t he sol der and thus, such a problem does not arise to result in good
bondi ng. Even when a solder is not used, in many tinmes, the pul se heating
tool is nore preferably used, since the inflow of heat into a bonding
machine is |l ess and the thermal breakage of the nmachine is hard to occur,
as conpared with the constant heating tool." In TAB nounting of ASIC, TCP
(TJape Carrier Packa sem con- ductor elenents by the above

[ %%f unted b
descri bed i Khidy ap éﬁg B%en‘bf R SepARgeiarfname 40| kel ATRSSHAE (BT FAFea2 D SPRNNNg
t ool having; LT fiqr et . t hi .09 J rii ut by a
system (coné?aﬁ?' hlgaﬁan%&}sgsg{t%elrﬁ 'tﬁggnprrlﬁgfe%get&ﬁ%ﬂgﬁeﬁhggg? ;"g %JI rggc l'y or
i ndi rect|y anidsoeffdeaitignthenthezmetonpptonOtheredl | OW square frustum -4-
with an end surface of a rectangular frame to be a pressing surface as
shown in Fig. 18ucing tpbasi kAying the samenshdppi capcber epmideddncedse wldwunt- Au or

Ag, thus effecti t he thernoc resi on thereaf. Such toal  as having the
sgme shape % abg&gp Pgd"f%grﬁg‘:{?g‘é”@l“tnﬁ%ﬁtbmgf@ aaqteggaopngﬁeq ﬁi%?%ged
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heati ng sysisgraeresgy! tie tonsdamtr ndalt g §yiaem Tesnes tinea Prowieh ha®fsihbe theo! is
rel eased and the tool is drawn up while a nelted solder is adhered to the
pressi ng supfesséngpftthe ta9d| is ERlpasedmndbthedtond isadrannaype whileuy)imeltedt snlder

ith h This..i f le. Lo thi , fore,
Coother Systsinus F jthe B 1be si¥acf F STt suladellt Baffing paklEafe °r
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heating the t , then cooling to a constant tenperature, releasing t
pressi ng to thérefors, kanotber aystendaulsegheatrtrig systemnds emptoyed . cofiprdsingrpressi g

techni ques by the wireless bonding, in particular, nmounting
a tool to a workpiece for a Constant time while directly or indirectly heating
the tool, then cooling to a constant temperature, releasing the pressing to
the workpiece and heating, melting and bonding.

Among mounting techniques by the wireless bonding, in particular, mounting
by the flip chip system is capable of corresponding to pitch-narrowing of sub-
strate leads because of directly bonding with the substrate utilizing bumps
formed on LSI and has been developed as a mounting method which can be expected
to improve the mounting efficiency. In fact, this mounting method has been
employed, for example, for mounting MPU of work stations or personal computers,
mounting of driver LSI on glass substrates in the production of liquid crystal
pannels, etc.

In the mounting of MPU, there is used a mounting method comprising using
a tool directly or indirectly heated at a temperature range of 200 to 400%C
to melt and bond a bump consisting of a solder, adsorbing in vacuum and trans-
porting LSI, then pressing it for a constant time and cooling to 200 C or

" _lower, after which the pressing of the tool is released.

Sinbé in afﬁchess;for the production of a liquid crystal panel, driver

s

LSI is mounted on _igtdES;édbéféatéfvia a. thermosetting ACF (anisotropic con-

e 13 S
ductive. film), in addition to the above described method, there is used a mount-



by the flip chip systemis capable of corresponding to pitch-narrow ng of
sub- strate | eads because of directly bonding with the substrate utilizing
bunps forned on LSI and has been devel oped as a nmounting nmethod which can
bé expected to inprove the nounting efficiency. In fact, this nmounting

met hod has been enpl oyed, for exanple, fo§ srounting MPU of work stations or
personal conputers, nounting of driver LSl on glass substrates in the

d [ f_Liqui A I . h ' f h [
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consisting of a solder, adsorbing In vacuum and trans- por

pressing ifeated ad « cempeastureimmgenotl 200080 agp¢ o 200 [err] or |lower, after
which the pressing of the tool is released. Since in a process for the
production of A ko ¢be prepardies ohasueh a ohnding tbdl, exceibentt kehtoresistames
substrate via a thernosetting ACF éan[sotropic caon- ductive.filnm, in
addi tion tQS‘dt‘I’ﬁé‘-raW\}étad'E%@t"F%@H“% hddnce ARY ane of Ehey teplgpimeonstantly. or ng

T eoor ng | epirteftia athBiined ot IR BlleH 02 RRA 4 RinceikeatRl (0BT g, oo
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properties suc bondi ng tool, excellent heat resistance and wear

resi stanceFmethiecpointdf vienca bard materidl tdisiscingspredominastigndd vigmwond
intermttently maintained at a high tenperature and a concentrated load is
r epeat ed| yhasppeeneusedoas at HOL rsdeHgl fsbandingriddhg part on the tool surface.
Fromthis poin consi stin r

i amond has. bati B 45 ae EerBls YR PE teds SPY BonEhendreReEt Fikg. FHe oy~
material s gyl fQaBGETs R8H edteliBR RS SSHt¥ertdMBroper B! So ¥hYs material corres-
ponding to a size of 10 to 15 mm square as a shape of standard tool end under
the existing circumstances in the constant heating tool as shown in Fig. 1 is
very expensive and application thereof is limited to a small size tool.
On the other hand, sintered diamond can be obtained with a relatively
large size, but has a problem, in particular, when using an iron group metal
es a binder material as disclosed in Japanese Patent Publication No. 12126/1977,
~ that the heat resistance is insufficient to result in a shortened service life.
When the sintered diamond is used as a tool material, as disclosed in Japanese
Patent Laid-Open Publication No. 33865/1986, this sintered body has a problen,
due to use of Si and/or SiC as a binder for the purpose of improving the heat
resistance, that bonding of diamond grains with each other is too weak to main-
tain a practical wear resistance.
In contrast, ceramics such as sintered bodies consisting predominantly of
Si, SiaN«, SiC or AIN, coated with polycrystalline diamond by a gaseous phase
synthesis method, as disclosed in Japanese Patent Laid-Open Publication No.

224343/1990, éiﬁibi* excellent properties comparable to single crystal diamond
F0

LA

and can be produced “i%hia'lég

b;gtgiéo?that they have lately been applied to
many uses. S

From this point of view, it has been proposed to use a hard material con-



stal dianond is nobst excellent as a material property, so this material
corres- ponding to a size of 10 to 15 nmm square as a shape of standard tool
end under the existing circunstances in the constant heating tool as shown
in Fig. 1 is very expensive and application thereof is limted to a snal
size tool. On the other hand, sintered di gnond can be obtained with a
relatively large size, but has a problem in particular, when using an iron

group netal,as_a binde teri,al as disclosed in Japanese Patent
Publ i cat i of'T%M® fﬁ%@&#@g&, g{ ﬂéﬂ_m'fdne"ﬁé%&d peaetalintuchiag MosHs Bt datint o

result 10 SaeBRigheqad @er o e ialieny B H0RE Slial AR SoHe2S @

tool materia as disclosed I n Japanesé Lard-

33865/ 1986 jndetérsSprapeses dasha dy réragnbad fteRP lo Mhe Piesért HiRnOilonSitoaiyd or Si C
as a binder for the purpose of inproving the heat resistance, that bonding
of di anond cemearerds conbi deseeqated iy pdlyenyste Mérek dianondiiby-2 gaseous ppasec syreal

br eton nanthep15iet i 14 Bolobi iR FRTLEN gErs decl PoRaRISIE RLP S|P, SHEEL Lt

phase synt IS, et 0dhSC I | ds

phase SYI HEqlsPeS! B8 SchACkR? e BndRaCBGATRL SIY atel $5ONHy Jon,
single crysbpiingll apmIce a5ch seiendtSe Vi B UE Cfhe Vixalipld 6OMHE 2861 SPruchite f]:hey
have | ately been applied to many uses. Fromthis point of view 1t has been

proposed t aheipeesenhanventiorsr ¢aaprising: a diamondtcoated semkdnrdteadyt ltyoloéndlisarond,

I nstead of netals such qs@%grr as in the prior art, for the end materi al

of a tool ffage {PAIYBTHSEH IRE Q199000 Sgmachige £htARE PRELS FoShank 7 ARdbrazing

enbodinentm?&%gppapresent i nvention, to use cenented carbides coated with
|

pol ycryst al fe*di*anond by a gaseous phase syn- thesis nethod as a tool end

material of a #9ofeseipedlabovef thxRbdl HegediRACH Ufahesd PPRNL I1R%d{0gEn PEAS -Of
not only the inner |ead bonding but also the outer |ead
cation No. 224349/199Q having various excellent features has broadly been used,
but has some problems to be further solved. Firstly, in this tool, ceramics
are used as a substrate to be coated with diamond and accordingly, a problem
on strength often takes place depending on the using conditions. That is, the
problem is lowering of the durability of the ceramics when a bonding load is
large or the heating temperature of the tool is high.

Lately, the shape of a semiconductor device itself tends to be large-
sized or long-sized with the increase of functions or integrations of the semi-
conductor device and for the purpose of improving the efficiency, it is begun
to employ a system for mounting in lump a plurality of semiconductor devices.
Correspndingly to this tendency, it is required for bonding tools to render
the shapes thereof large-sized or long-sized. However, in the tool of such a
shape, a lowering tendency of liability as to the strength of a ceramic sub-
strate by a larger volume effect is undeniable, as compayed with that of a
small-sized shape. '

Further@g?e,_ano}her.problem than the strength relates to a heat response
when this maférial r§5.§§d'for a:pulse heating tool. As apparent from the
structure shown in Figi é. a pdfgétfﬁé;insténtaneous heat generation in a shank

is oropagated through the ceramic substrate and reaches the surface of poly-



bonding. Fig. 4 is a schematic view of one exanple of the tool structure of
the present invention, conprising a dianond-coated substrate 3, tool end
sur- face (polycrystalline dianond) 5, nmachine fitting parts 6, shank 7 and
brazing material 8. As described above, the tool described in Japanese

Pat ent Lai d- Open Publi- cation No. 224343/-1990 havi ng various excel |l ent
features has broadly been used, but has sone problens to be further solved.

FiTStly, biystilSnd aokmonder anorSinglys URSHedtStapaSESHS ahe bt Dearepmloerl wi (
di anond and accordingly, a problemon strength often takes place depending

on the usamgunidngicycths largghit depends e the otheenali eonduatdyitygofothe Isebsdnatehi ity
of the ceram cs whe b ' | oad is lLarge or the heati t rat ure of
the tool 1% g3 t@e ?ﬁghxgaq% I’Féff_g"ﬁ?d a slgm%g%%a&%ﬂ&ag%&%%@gﬁf t ends
to be large; §#.Z§ﬂ43‘3§/1|996‘.91§'f%69 Wtigs %Q?er'igpgg%sﬁop ave ' Righ f BefHal _

i ntegrations of the sem - conductor device and Tor the purpoSe of 1 nproving
the ef ficigiyaytivity,i shédréhermal aomptiaytydos thé evgvf A MRUSILE RYenn ahdinthe a
plurality of sem conductor devices. Correspndingly to this tendency, it is
required momtbeghayelg iodhes dengthened bytateleassipwe times asflopgragetosilydd or

| ong-si zed. However, in the tool of such a shape | owering tendency of

i ability®PalEPn ALLogey éﬁgs?’ﬂ"'bfn gl%piam'qﬁ‘ssfﬁ)-a g‘éqbg?"b by a larger vol ume
effect is undgpiddble. 1895 CORPRRAR sk vl bte Ofo e TRtlin SHFGRR MR Gigh

Furt hernore, another problemthan the strength relatesS to a heat reSponse

when thi s th@in@l icdhdictivitgcnateriah apud sebstesttel Ny dwdldeal TB &gmiarwhith fisom t he
structure shown in Fig. 3, a_pul§at%£§ I nst ant aneous heat generation in a
shank i s preyedgeithPol Ferysta Lintediedendnby asgaseeysaphasanyynthesihdgthode £oem ace
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for a TAB tool.

The coating technique of polycrystalline diamond onto a cemented carbide
substrate has actively been developed for the purpose of mainly aiming at apply-
ing to cutting tools and as to the bonding strength of a diamond film heving
hitherto been considered to be a problem, various improving methods have been
proposed. In particular, a surface modifying method comprising subjecting
cemented carbides to a heat treatment under special conditions, as disclosed
in Japanese Patent Lald-Open Publication No. 330959/1993, is effective for im-
proving the bonding strength. According to this method, the bonding strength
between a cemented carbide sustrate and diamond coating layer is improved by
subjecting a WC-based cemented carbide having a composition comprising, as a
binder phase component, 0.5 to 30 % by weight of Co and, as a hard dispersed
phase forming component, (a) WC, (b) Group IVa, Va and VIa metals of Periedic
Table except W or solid solutions thereof with at least one of carbides,
nitrides, carbonitrides, oxides, borides, borocarbides, boronitrides and boro-
carbonitrides thereof and (¢) WC and/or (d) WC and Group IVa, Va and VIa metals
of Periddfc Table except W or solid splutions thereof with at least one of
carbides, nitrides, éafﬁohitrides;'QXidés, borides, borocarbides, boronitrides

and borocarbonitrides thereof and unavoidable impurities to a heat treatment,



a nounting cycle, largely depends on the thermal conductivity of the
substrate. In the case of the substrate disclosed in Japanese Patent
Lai d- Open Publica- tion No. 224349/1990, in fact, if its material does not
have highly thermal conductivity, the thermal conductivity of the tool is
not sufficient and the mounting cycle is ghus |engthened by at |east two
times as long as tools of netals or alloys, as shown in Flg 2. This is a

pr obl em - Thetjsodga ryiingi the cPfucd ahgkoridl GidhIcRY Bgl 4 G i (geatuignOth
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and high thermal conductivity material as a substrate
tool, which diamonhbEd n&ehuqoahaﬁersysmkis methdd.animcth by pablgagegeonis i pHastur-

syntheS|s nmet hod. Frggl hIE go I nt of view, cenented carbides are considered
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considered to be a problem various |Inproving met een proposed.

I n particul asgtrate nanflec encreatied by ride rpresende fntliess icaghided)) attrides amireatbed
carbides to a heat treatnent under special conditions, as disclosed in
Japanese Pat Gh‘tl‘!ﬂ_%ﬁ dP@é‘H‘bhﬁbF|°c%Pt°PQﬁ$le0f3869®9#QL99$ht|’§ ef fecti ve for im

provi ng the bond t hi s _net.hod e bond

strength bet vveen cgﬁeﬁpw éggggs?dgﬁ E?’é“éd&gﬁidsn%ﬁﬁ‘ag WF%@ B¥Sirs

i mproved by Q%Hseﬁir'yﬂ% on \PeopeaseshdC SITRAY At Cb@érbhe@e Re\say ﬁu‘éﬂrﬂaﬁﬁdstxt%
conprising, as a binder phase conponent, 0.5 to 30 % by wei ght of Co and

as a hard di spaihdetd ppipesty ismmmglecaxmomﬂatml(m)' bifidingbYooEs.00p these mya and
Vla netals of Periodic Table except Wor solid solutions thereof with at

| east one of tedlabfdes, nltrldes carbonltrldes oxi des, bori des,

bor ocar b des. DORRRL LG A0 R NBRARL AR s oL i ehine v
or solid sol yt ld?'@stltm@ertﬁ@tfe wltsés atprb@mttnqeemefpoq%ﬁk@mﬂnenafcaharqxeaf the
carbonitrides, oXides, borides, borocarbides, boronitrides and
bor ocar boni t rtogend rparedf lsantj'lppedvr(mmiahé ébrazgdupdrtti Bs sharten hisaketvieatlitat
of the tool, in spite of that the polycrystalline diamond itself of the tool
end part 5 is not so damaged. The cause of this problem consists in that the
solder is melted and evaporated during bonding, adheres to the soldered part
and diffused through the solder to change the composition of the solder and
to form a brittle intermetallic compound, thus resulting in lowering of the
bonding strength by the solder.
Furthermore, in order to improve the mounting efficiency by carrying out
at once mounting of & plurality of electronic parts, & tool of several tens mm
in length is not sufficient and accordingly, a long-sized tool has lately been
desired. For example. in the mounting of a liquid crystal driver, a tool with
a length of about at most 460 mm has been required. Even in the case of such

a long-sized tool, it has been required for realizing a uniformly bonded state

that the flatness of the pressing surface of a tool is at most 3 zm and the

" ‘maximum temperature gradient is at most 10 C.
As the above déﬁcfibed-tdql;.for example, a tool of the pulse heating

systeﬁ using molybdenum or tungsten as the tool material is disclosed in Japa-



-8- thus nodifying the surface thereof and then coating it with

pol ycrystal | i ne dianond by a gaseous phase synthesis nmethod. In this
publication, it is fur- ther described that when at |east one of carbides,
nitrides and carbonitrides of at |east one of Goup IVa, Va and Vla netals
of Periodic Table except Wis further congained as the hard phase, the high
tenperature hardness of the sub- strate can be increased by the presence of
t hese carbides, nitrides and carbo- nitrides, preferably in a proportion of

0.2 to 40 weight % Fbmevgr,_the mat eri al s descri bed herein include a broad
range of cAwepeditility Jiodel, ByRlicasion Ngy, 303dR(1998:n d In (thi oo h ws inge S¥ehnm ke taly

study whi ch _conposj t.14an; Leh..property.is suitable as a terial for
bondiyng toghog?v fsd[héeés%e”frggwtg%fph s%%ﬁ‘%%ﬁréa &B TR Iy SYHECS FPuct ure

shown in FiGuadh bPthe Fegeatbd Gedtok | L Ses I t hat
t he pol ycry‘%%n%t Iifn)e di agrf%nd of tﬁe@?dogf&gaﬁg}u%h?s?éﬁé f‘?pﬁé&ﬁ‘?@rﬁke
brazed partitt ps sifficert thezidain £anifiobslyoboridbe statd fof 8 MRgigRridd bhalind.he

pol ycrystalline dianond itself of the tool end part 5 is not so damaged.
The cause ofn sughsa mestilémtetnshogeveri @ clegningheorkingide removecpardodigatly the

d duri bondi h | der.ed d diffused
i ough ¢ nesaliegr Seose: Rliepf PRERS aiddelm sltets 16 1esRilreousine 1HIck cames
through _. o8 . .
ctrongth byt R ae) i £ PERRUHRCahgu ek PPlLlee3 e Tae RURL b EaBle LilTarE B "0

ef ficiency @htafiably agfeots tid bended stardnt iTRGs @ aaw&gergﬂobtem. of electronic
parts, a tool of several tens mmin length is not sufficient and

accordi ngly, a lronefesi t8eéplve sheseaproblemsl i thhasnbatpstansitierébeffecsing &9 in t he
mounting of a liquid crystal dri.ver, a tool with a length of about at nost
400 mm has B¥eh é’é]d'iaf"éﬁ‘.’{ CRRPARE I P% PrRAOM ENGBELY,PT Giggpnd of cBN (cubic boron
nitride) excellent in heat resistance and wear resistance as a tool end ma-
terial. However, single crystal diamond is has poor pratcial utility because
of being limited in size. In the case of a diamond or ¢BN sintsred body, more-
over, there is a problem that it [s difficult to work it into an end shape
as shown in Fig. 10 and to maintain the flatness of the end surface at a high
temperature within & precision range required for a long time since the pro-
perty of the sintered body is affected by a metallic or non-metallic binder.
In any mounting method, the bonding tool must have an excellent heat
resistance as its property, since it is constantly or intermittently allowed
to be present under high temperature state. That is, it is required of the
tool to directly press LSI without breakage of LSI and to maintain the surface
roughness and flatness of the tool end surface under good state without thecr-
mal damage for a long time. However, the use of a metallic tool of an Invar
alloy or Mo, etc. having hitherto been used up to the present time results in
a problem that the property is gradually deteriorated.
Furthermore, as referred to above, the toal surface should periodically
“be cleaned since the.heated and sublimated solder or resin is solidified and
adhered theégiof":Théfciéhnfhg.i§:g@&aféil?j%arried out by mechanically re-
moving.the adhered material, but during the same time, the tool of the prior

art meet with a problem that the end surface is scraped to change the shape



a long-sized tool, it has been required for realizing a unifornmy bonded
state that the flatness of the pressing surface of a tool is at nbst 3 a m
and the maximum tenperature gradient is at nost 10 [err]. As the above
descri bed tool, for exanple, a tool of the pulse heating system using

nol ybdenum or tungsten as the tool matesif@l -i s disclosed in Japa- -9-
ngse Utility Model Publication No. 30142/1990. In the tool using such a

metal , howeysy a goopawounting apetaxtdsn earinBt thaccdneimiedg material is gradually
subj ect to damage by the repeated heating and pressing, thus resulting in a
problemthat it is difficult to r&MMARYGF FHEK WMy bonded state for -a

I iod of tjme. | tallic. tool., [ I ' Ki

o Penove peri obt o3, St REE B BB Bren BRI an dRctrevita AoBFRERRHE UR nce
to remve perioff caity A8 ePet s
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state. ThisigsLsl,| atgeopraoblbstnaté,n inrpdeticularsod teok el sy abdwang typd has
been considered effective to use a hard material consisting predom nantly
of di anmond osedc BN SeldstiN8voron nitride) excellent in heat resistance and

wear resistance_as a tool end = terial. However, single crystal. dianpnd

i s has poor prattildl aqg?ﬁqri &}egig?gd:i;g PEeseng; Wde’ﬁ‘m‘t@d"‘%ﬁ‘%‘? Qem_ouﬁ“ng htgg’c)ase
of a di anon ; iy b s VLSS, | ihhat it
s @11 oul doRgIEE RS bRt WA ing Yol 1Rl b P ot Inrad it 51 bl

mai nt ai n t hgoddiag niess lakp Bhmmberdos wofiptecest tabdibghddde neking up @ partthem a
precision range required for a long tine since the pro- perty of the

si nt ered bodyeqtsorict pantad 1p\Pagtigrlar) |4 digh prashsiaat 'éﬂolli@lg$d(1ﬁéfre.r jegd fhopd-
mount i ng neLhoq; the bondi ng tool nust have an excell ent heat resistance as
its propertj?gsoﬂ'e It is constantly or intermttently allowed to be

present under hipghg griefiRt WbSect! 6 Che pR&ent Savdrtib® tb §evIdede @burdthfy tool
of flip chip system for directly mounting LSI on a printed circuit substrate
or glass substrate.

It is a still further object of the present invention to provide a bond-
ing tool in which the property of the tool structural parts is optimized to
render the bonding strength between a coated polycrystalline diamond and sub-
strate at least comparable to and the strength and heat response more excellent
than that described in Japanese Patent Laid-Open Publication No. 224349/1990,
based on the prior technique described in Japanese Patent Laid-Open Publication
No. 330959/1993.

It is a still further object of the present invention to provide a pulse
heating tool in which falling-off of the tool end part is prevented in a use
of soldering even after using for a long time by further improving the first
embodiment of the present invention, whereby the above described problems can
be solved.

These objects can be attained by a high strength bonding tool comprising

a substrate gonsisting of a cemented carbide having microscopic protrusions

% Mo

of hard carbides“and/of-hard carbopitrides-on at least one surface and a co-

efficient of linear expansion of 4(0 £ 10 - to 5.5 x 10 ~* /C at room tem-



tool to directly press LSI w thout breakage of LSI and to maintain the
surface roughness and fl atness of the tool end surface under good state
wi t hout ther- mal damage for a long tinme. However, the use of a netallic
tool of an Invar alloy or Mo, etc. having hitherto been used up to the
present tinme results in a problemthat 1 he property is gradually
deteriorated. Furthernore, as referred to above, the tool surface should

peri odi cal | e.cl Sj ated blipated solder_ or resinis
solidifi ed-Péﬁ’g‘“&%ﬁgfieagdtchg@gﬁo"?m’rﬂsgag ‘Esfﬁqg"&i?s&agﬁ rngPﬁfl A% PR AP0t by
mechani cal Iggsdrdbed Biritage hieing diiro8ehp @ pRbtrakionB Wy & Waketbst fiasé agwenks e, the
tool of the prior art neet with a problemthat the end surface 1s scraped

t o change mmbthodhathe surfacelgpatedamithathgopndyenyatalling djamond icoatisgbaing be
continued. SUMVARY OF THE INVENTION It is an object of the present

i nvent i on -t§e$hRE3 48012244, 8% FB%% npression tool, i.e. bonding tool used for
nmounting a sem conductor device such as IC, LSI, etc. on a substrate, in
particular, a tool of pulse heating type used for soldering. It is another

obj ect of the present inventigilet QestREMIOE 0 MRUHAWDMESt ool (bondi ng tool)
used for heating, nelting and bonding or thernoconpression bonding in a

| unp a nunber ahe vietdmpamdeg drawibgs brended ] lusakd tegtheppminpiple anfi melrétst odHni ¢
parts, in particular, a high preci sion tool called outer |ead bond- ing
tool. It istha gresenietnveniiagtingletdide present invention to provide a nounting

oL ohe el of cR, B ST eth SRALA o Ry, O B 58, B L.
invention tQ.pifdVifnfioROMde. constant heating tool.

Fig. 2 is a schematic view of another embodiment of the bonding tool of the
present invention, i.e. pulse heating tool made of a metal or alloy.

Fig. 3 is a schematic view of a pulse heating tool having such a structure
that a tool material is bonded to the end of a shank made of a metal or alloy.

Fig. 4 is a schematic view of a pulse heating tool having such a typical
structure that the tool end surface consists of polycrystalline diamond.

Fig. 5 is a schematic view of a pulse heating tool as shown in Fig. 4,
which is subjected to a coating treatment according to the present invention.

Fig. 6 is a schematic view of a further embodiment of the bonding tool of
the present invention, having such a design that the tool end part is bonded
to a shank to yield a precision property.

Fig. 7 is a schematic view of a still further embodiment of the bonding
tool of the present invention, having such a design that polycrystalline diamond
is directly coated onto a shank to yield a precision property.

Fig. 8 is a schematic view of a still further embodiment of the bonding
tool of the present invention, of such a type that the tool end part is bonded
to a shank. '

Fig. 9 is a schematic viev of a cemented carbide substrate with a hollow
square frustum, used?iniExaﬁple 8. '

Fig. 10 is a schematic view of a cemented carbide substrate with a hollow



ing tool in which the property of the tool structural parts is optimzed to
render the bonding strength between a coatéd pol ycrystalline dianond and
sub- strate at |east conparable to and the strength and heat response nore
excel l ent than that described in Japanese Patent Laid-Qpen Publication No.
224349/ 1990, based on the prior techni qgud2descri bed i n Japanese Pat ent
Lai d- Open Publication No. 330959/1993. It is a still further object of the

t t t heat tool i h fall ff of
Phe ool | enERGiamuIRE Pgrﬂs%wdpﬁ%?%ﬁﬁa}P@BP@@P?%*@@@JAH igine for a
l'ong time by fug .qu I 0y QéﬂeﬁﬁlEhﬁe 55 s‘t’gflogﬁﬂfﬁ&t egﬁodﬁﬁ%tp@e§$ﬁtborédmg

i nventi on, where e above descri pro ens can

obj ects cantés of tthé rpeesdny iavérntgdn, SM sugi o typadihay theoloor emargast asaa
substrateconsisting of a cenented carbide having m croscopic protrusions of
hard car bi dekapgnef/ 801 lLeursguargr yRtums j used fon mounti@gsASIGne surface and a co-

efficient of ear n err 0 X

[err] and a polg éfé?aﬁ Jeh%l?tqﬁo‘lﬂ coka? |s|ribﬁf g‘;‘%ga“ 8ﬂb°cdﬁ gh%g)gg&i"ﬁed
surface havigg a}%@%@ﬁn@ RVEHIAR] BN Sull adt ase.avsmefmsswrgd?@&éesl

t he surface coated with the polycrystal |anDnd coat 1 ng bel ng use as a
t ool end suwidedewitBRi kEcuDRHABDIPTId\hdle, TdﬂEdWaNﬁfe The acconpanyi ng
drawings are to illustrate the principle and nerits of the present

i nvention in defeEI 13 g sqhematis.wienafat sE11h EWrther @HEDdéH%deréﬁ? bepdinge

o edheatpS oF e Hres v EaRh, B suby S pii Blaf ine B LS ' B0 ccty 2
present invepiiedyith- fdlydtys&a 1 {HRad iaféhd, Oed "BHExARD1& 17EL al or al | oy.

DETAILED DESCRIPTION OF THE INVENTION

The inventors have made various efforts to attain the foregoing objetcs
and consequently, have reached the present invention relating to a bonding
tool comprising a substrate consisting of a cemented carbide having the spec-
ified properties.

The ficst main embodiments of the present invention are high strength
bonding tools and a process for the production of the same, as shown in the
following (1) to (4):

(1) A high strength bonding tool comprising a substrate consisting of a
cemented carbide having microscopic protrusions of hard carbides and/or hard
carbonitrides on at least one surface and a coefficient of linear expansion
of 4.0 .x 10 -¢ to 5.5 x 10 -* /C at room temperature to 400 C and a poly-
crystalline diamond coating formed on the above describd surface having micro-
scopic protrusions by a gaseous phase synthesis method, the surface coated witl
the polycrystalline diamond coating being used as a tool end surface.

(2) A high strength bonding tool comprising a tool material consisting
of a substrate consxstlng of a cemented carbide having microscopic protrusions

¥

of hard’ earbldes and/or hard carbonxtrides on at least one surface and a co-

effncnent of linear expansion of 4.0 x 10 -* to 5.5 x 10 -* /C at room tem-



Fig. 3 is a schematic view of a pul se heating tool having such a structure
that a tool material is bonded to the end of a shank made of a netal or
alloy. Fig. 4 is a schemati.c view of a pul se heating tool having such a
typical structure that the tool end surface consists of polycrystalline
diamond. Fig. 5 is a schematic view of af3ulse heating tool as shown in
Fig. 4, which is subjected to a coating treatment according to the present
i nvention. Fi

. B i sghegatic view of a further enbodi nent of the -
bondi ng t ool Peg?‘“t’ﬁet%p?"e"sgm E%?)ﬁm%% polyerystg! Une 1iianqnd stoghinghiaraed ent el

end part is A LS erty. Fi /1S a
Chemat i o vi‘ha ofesirEndY Fiteile b i BlciafoBl e ShvrRioRE Bt ifseobt bhate s
present i nvethesiznmethadi nbe Sodhmateriasiveing Batanged Y€ 'sust al danhér @hmpéli-
directly coated onto a shank to yield a precision property. Fig. 8 is5s
schemati ¢ vi@ws | inesdiamendr-cateds purdateobié e baol odndt $urfivaen dindgbanded woth ahe

present invention, qf_suc that, the tool end part is bonded to a
shank. Fig. B cgnssléﬁlé'ﬁa{}i %t @?%&/"813 of mefALS A% allnys| eaeh JKiNGg: &iceefficiens

hol | ow squarﬁ- f {daat LégParH%ﬁﬂot q.@qh@gll.leégv.s.gi}?%%q}.@ & ?&ge@&séfaﬂhe‘% of a

cenented carbi de substrate with a _ rect angu

paral | el epi pgg ¢r.ectangul ar franme), used in Exanple 9. Fig. 11 is a
schematic view of a still further enbodi nent of the bonding tool of the
present inventi of) oPregsh far tthgperaduettion of 4 hdgh stwbngtir boridasg dosh agmpriing

hol | ow square frustuym ed for mounting ASIC. Fig. 12 is a schematic view
of a still f¥rtepst éﬁb@g??f’ém sgqpst ) 'dibﬁtj‘gtHbP‘gQﬂ" ¢ageissy @eént i nventi on,

ggsgggpi a type tigly §b§pn9§3ﬁ ke Bt 36F fotn i it cVdGHi "Brlote k1 YA B Hara
carbides and/or hard carbonitrides on a cemented carbide having a coefficient
of linear expansion of 4.0 x 10 ** to 5.5 X 10 -* /C at room temperature to
400 C, being composed of, as a hard phase, at least one member selected from
the group consisting of carbides of Group IVa, Va and VIa elements of Periodic
Table and solid solutions thereof, and having a composition of 70 to 95 weight
% of WC, 2 to 25 weight X of carbides of Group IVa, Va and YIa elements of
Periodic Table except WC and 0.5 to 15 weight ¥ of an iron group metal by main-
taining it in an atmosphere of ¥: or CO at a pressure of 10 to 760 Torr and a
tempecature of 900 to 1500 T for 0.3 to 3 hours and cooling in N:, CO, an
inert gas or vacuum to room temperature, @ a step of chemical treatment for
dissolving and removing the iron group metal coming out of the surface with
the formation of microscopic protrusions by the heat treatment, @ a step of
coating treatment for coating the surface of substrate after the chemical
treatment, having microscopic protrusions, with polycrystalline diamond by a
gaseous phase synthesis method and @ a step of polishing the surface of the
coated polycrystalline diamond by polishing working to yield a mirror surface
state.

(4)°A proc§§s fgr ghe.proqu:ign:gf a high strength bonding tool comprising

at least 't'h::fo;i’l-o mg steps@to@ bemg in order carried out:

@ a step of heat treatment for forming microscopic protrusions of hard



Fig. 13 is a schematic.view of a still further enbodi nent of the bonding
tool of the present invention, of such a type that the substrate is

directly coated with polycrystalline dianond, used in Exanple 11. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The inventors have made various efforts to
attain the foregoing objetcs and consequetdt by, have reached the present

i pvention relating to a bonding tool conprising a substrate consisting of a
cenent ed carbide having the spec- ified properties. The first main

enbodi nents of the present invention are high strength bonding tools and a

f h ' he. : ' he follqw
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of hard carbides and/or hard carbonitrides on at | east one surface and a

co- effici eaticdfc |Tahbnexcepbdradd das db [Seweight & p@n]iran groupnmetgainbdy main-13 -
perature to 400 [err] coated with a glglﬁescrystalline di anond coati ng, f or ned
n
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inert gas or vacuum to room temperature, @ a step of chemical treatment fof
dissolving and removing the iron group metal coming out of the surface with
the formation of microscopic protrusions by the heat treatment, @ a step of
coating treatment for coating the surface of substrate after the chemical
treatment, having microscopic protrusions, with polyerystalline diamond by a
gaseous phase synthesis method and @ a step of using the polycrystalline
diamond-coated cemented carbide as a tool material, arranging it in such a
manner that the polycrystalline diamond-coated surface be the tool end surface
bonding the tool material with a shank consisting of at least one member se-
lected from the group consisting of metals, alloys and cemented carbides havin
a coefficient of linear expansion of 4.0 x 10 - to 5.5 x 10 =* /°C at room
temperature to 400C by the use of a bonding metal with a melting point of
650 to 1200 ¢ and ® a step of polishing the surface of the coated polycry-
stalline diamond at the end of the bonded body by polishing working to yield
a mirror surface state.

The first main embodiment of the present invention further includes the
following embodiments (5) to (19):

(5) The high strength bonding Fool as described in the foregoing (1) or
(2), whereih the miCrdséopic protrugiOns cémposed of Hard carbides and/or
hard carbonitrides on the cemented carbide surface penetrate into the poly-

crystalline diamond layer coated on the surface.



crystalline dianond-coated surface be a tool end surface, and bonded with a
shank consisting of at |east one of netals and all oys each having a
coefficient of linear expansion of [err] to [err] at roomtenperature to
[err]. (3) A process for the production of a high strength bonding tool
conprising at least the followng steps-[1&¢#] to [err] , being in order
carried out: [err] a step of heat treatnent for form ng mcroscopic

protrusions of hard carbides d/or hard carbonjtrides on a cenented
car bi de havi ng“{j @beeg\‘th? ﬁ?gtgﬁ"f‘&’i’gaW%ﬁa%ﬁcb’rPeéf“1' the foregoingofd). (2)

t enper at ur [ in thel S rd ase e one
menber sel (grci(g)d ? é%%l? .heeédr? gruog%ﬂ??gﬁrﬁﬁbongfco&%pﬁgpw @rgh%ésl %gdf/“/a and
Vla el emengarqodarbenitories ofntheccamenteddarsi dROsutrh@ fatd 8T RAGth 803 BRVMHNT 2
conposition of 70 to 95 weight %of WC, 2 to 25 weight % Of carbi des of

G oup |Va, uMa and Vla el enents of Periodic Table except WC and 0.5 to 15
wei ght % of an iron [oug net al bé,nain- taining it in an atnosphere of
[err] or [err] (%t The gfiﬁs treBg Y boppingtopd (rsTdescr tn therferegeinge(bh B0 to

Faom tenpet 3 8 457 AR s?g%ﬂ%#?@%a#nqeéﬁfaﬂr@%ﬁ? Rl R nd
of i or oschaTe Pl R g obTs0a ira Jhaid CoMiptd of ot kst Ve RGO

treat ment Eélectanfiong thehgraprdoasist ity sfubatbidés onfGretp TVe ¥iaRnd Ok ele-
treatment, having m croscopic protrusions, wth polycrystalline dianond by
a gaseous mérdsecofsPerindie Jattetaid Fodith splutiqnsathereel and pas iaseampesitien ofir f ace

mrror sur fade B 4R Got By CLERR Neight, Rt cash kel O, o1, e"etg By
' or der  oRlHERET BE PeF fudtt TeERERacbE ' e 014 B 15 &g 2141} a Ariflgfdup DE1 1O
M Croscopi Ge{¥104rid/&i thaemadf conducdivity of 40 to 120 W/m- K.
(8) The high strength bonding tool as described in the foregoing (1), (2),
(5), (8) or (7), wherein the thickness of the coated polycrystalline diamond
is 15 to 100 =z m. '
(9) The high strength bonding tool as described in the foregoing (1), (2),
(5), (8), (7) or (8), wherein the purity of the coated polycrystalline diamond
is represented by a peak ratio (Y/X) of diamond carbon (X) and non-diamond
carbon (Y) is at most 0.2 by Raman spectroscopic analysis.
(10) The high strength bonding tool as described in the foregoing (2), (S),
(6), (7), (8) or (9), wherein a part or whole of the shank consists of cemented
carbides, Mo, W, Cu-W alloy, Cu-Mo alloy, W-Ni alloy, Kovar alloy and Invar
alloy.
(11) The high strength bonding tool as described in the foregoing (2), (5),
(6), (7), (8), (9) or (10), wherein the tool material and shank are bonded
through a bonding metfal haﬁing a melting point of 650 to 1200 C.
- (12) The high strength bonding tool as described in the foregoing (1), (2),
(5);.(6),;(7), (8), (9), (10) or (11), wherein the surface roughness of the
polycrystalline diamond coated surface is represented by Rmax of at most 0.1

& m.



- 14 - carbides and/or hard carbonitrides on a cenented rbide having a
coefficient of linear expansion of [err] at roomtenperature to [err]
bei ng conposed of, as a hard phase, at |east one nenber selected fromthe
gfoup consisting of carbides of Goup IVa, Va and Vla el enents of Periodic
Tabl e and solid solutions thereof, and h ing a conposition of 70 to 95
wei ght % of WC, 2 to 25 wei ght @6of carbi ées of Goup IVa, Va and Vla

el enents of Pef1i39dtne ﬂ]@blﬁpgpgelemgnd\{\{,@rtgopa§ cfe r]lﬁeti/‘ﬁ'hgéﬂ% fo°r 0ifg (I fon group

metal by main- taining it in an atnoSphere of err at~ a pressure
of 10 to 760, Tk Ead (é')téﬁbet%)t.uﬂ@)of(mD@rt(QZ)LSQEer[eeﬁ rt],efceuteﬁ polyery3d hours
and cooling |n%{{ % drqné ﬂaa or vacuumto roomtenperature, [err] a
step of cheiflti® 9% ?n"" G sidof \Whplant anddap il Pl”Pélellr’bﬁthroup net al
com ng out ..0f with the formation of m croscopic protrusions by
t he heat tFlge}aFHgg ﬁ%%@f}? a step of coating treatnent for coating the

surface of subgtyyame gotéss tdrethehgrisiectlion beal AR strlaadihn nmr@' RSAOPAL

protrusions, wth polycrystalline diamnd by a gaseous phase synthesis

met hod andde{ser rtiedaxrstm:) fmeng n§) tdre(4o! whergist thd tiieknbsa o thec ocdted
cenented carbide as a material, arranging it in such a manner that the
pol ycrystaPQIWﬁgsdPhlr’rﬂ?ld“%Méa léu?"f 3% 4% the tool end surface bonding the

tool materi al n S | ect ed
fromthe group C én3| S@Qng 0 e Hs"?gc P%étg J ﬁ@cg%ﬁgfﬂ%@%% g‘é"s‘ 'nin a
coef fi ci en&es‘éhHe'dnﬁﬁlthéxm%ﬂn@nww (keror] (149, [WRErFdin/ the Sur{ 0BT tRENRGABIGUr € t O
[err] by the use of a bonding netal with a nelting point of 650 to [err]and
[err] a stpyyofysselliseidigmonedssneprasentedf byt hepegloatadih KXy cofydiampad lcarten

di anond at the end of thg bonde i shing working to yield a

mrror surf¥candngqdiangy %ngt‘qﬁaﬁsnxb?%sﬁpn?eﬁr Rgfian SRECIFRSSARC #3A)BHIS on

e honc et SR A0CTBRALOT Sr(PhufP sl o %ol
escribed in the foregoing (4), (14) or (15), wherein a part or whole of the
shank consists of cemented carbides, Mo, W, Cu-% alloy, Cu-Mo alloy, W-Ni alloy,
Kovar alloy and Invar alloy.

(17) The process for the production of a high strength bonding tool, as
described in the foregoing (4), (14), (15) or (16), wherein the tool material
and shank are bonded through a bonding metal having a melting point of 650 to
1200°C .

(18) The process for the production of a high strength bonding tool, as
described in the foregoing (3), (4), (14), (15), (16) or (17), wherein the sur-
face roughness of the polycrystalline diamond coated surface is represented by
Rmax of at most 0.1z m.

(19) The process for the production of a high strength bonding tool, as
described in the foregoing (3), (4), (14), (15), (18), (17) or (18), wherein the
the coated polycrystalline diamond is orientated in (;00) plane and/or (110)
plane in the thickness direction.

The *second main embodlments of the present invention are a mounting tool,

,t'.’

a process for” the P ductxon of the same and a mounting method, having the

following features (1) to (5)



(2), wherein the mcroscopic protrusions conposed of hard carbides and/or
hard carbonitrides on the cenented carbide surface penetrate into the poly-
crystalline dianond | ayer coated on the surface. - 15 - (6) The high
“strength bonding tool as described in the foregoing (1), (2) or (5),
wherein the m croscopi c protrusions conposed of hard carbi des and/or hard
carbonitrides on the cenented carbide surface have a length of 2 to 10

ferr]. (7) The high strength bondi ng t_o% as described in the foregoing
(1), (2), (5) or (6), wherein the cenented carbide maki ng up the substrate

coated w th pol yg§ AShduhtingeodi @%%rqﬁgpﬁkgﬁ t@n$%pg$ng§§b§tgg% ed of at

| east one nenber selected fromthe group nsi st R oup

| Va, Va and pfessieh sondisgtaswarkpiPer kode Gordal) aaving! assdcitghganlrusuroate tohgs eof
and has a conposition ?f 70 to 95 weight %of WC, 2 to 25 weight %of -
carbi des of HPEETIIB/AUITIREE CATFISYING of & Pelucayssalling dinmord Tenmed b¥,& g9seons/ and

0.5 to 15 | 9 ; j . | Vi f 40
Lo 120 W m 10 YAes adth  ifkafE b Hner’s WO NurfatE R Meha ©
foregoi ng (13urf4c2) rougtiness @B)at amost 7)1« mVBe RE4N réppesenbatGb @A sadh & Reogesdyt ed

pol ycrystalline dianmpnd is 15 to 100 [err]. gg) The hi gh strength bondi ng
t ool as descFhafetren fhe 1empesAturR Rt Ghe ggntralopart (of) the orpssipg)supface 4§ invher ei n

th it f d | ine. di . ed b k
aci (v o b BRSO ore’ Y8k BabeRss ThUER S Bu B ERETHEE e 207G
by Raman spegstasen g tﬁélahmahvﬁte(mgc;lﬁ):ur-Ehﬁa@iieﬂf‘ iftthe b iR 3GHraGe [OQk as

described in the foregoing (2), (6), (7), (8) or (9), wherein a part
or whol e of ™% ¥h%nk consists of cemented carbides, M, W Cu-Wall oy,

Cu-M alloy, W NIzﬁl lm?%’tirléoyo%i u@édl ?t}{' ﬁert]:ginlg,n \t/n%{ting and bonding, or thermocom-
pression bonding a workpiece to be bonded, comprising a substrate consisting of
a cemented carbide having microscopic protrusions of hard carbides and/or hard
carbonitrides on at least one surface, having a rectangular surface to be a
pressing surface and & coefficient of linear expansion of 4.0 x 10 -* to 5.5 x
10 -* /°C at room temperature to 400 € and a polycrystalline diamond coating
formed on the above describd surface having microscopic protrusions by a gas-
eous phase synthesis method, the surface coated with the polycrystalline diamond
coating having a micror surface with a surface roughness of at most 0.1 «m

. by Rmax representation and such a property that when the temperature at the
central part of the pressing surface is in the range of 200 to 400 'C, the
flatness in the longitudinal direction is at most 3 zm and the maximum tem-
perature gradient in the pressing surface is at most ld <.

{3) A process for the production of a mounting tool, comprising coating
polycrystalline diamond onto a rectangular surface of the tool to be the press-
ing surface when a workpiece to be bonded is subjected to heating, meiting
and bonding, or thermocompression bonding, controlliing the temperature at the
central part of the tool to b.e' the same as that of the application temperature
of the tool with:_'in:_ig temperature range of 200 to 400C, and polishing the sur-
face to Ob;:-;.in' alrror surfacemth f’surface roughness of at most 0.1 «m

by Rmai representation and such a property that when the temperature at the



alloy. (11) The high strength bonding tool as described in the foregoing -
(2), (5, (6), (7)), (8), (9 or (10), wherein the tool material and shank
are bonded through a bonding netal having a nelting point of 650 to 1200
[-err] . (12) The high strength bonding tool as described in the foregoing
(1), (2), (5, (6, (7), (8, (9, (10) or (11), wherein the surface
rroughness of the polycrystalline di anordi&eated surface is represented by
Rmax of at nost 0.1 - 16 - (13) The high strength bonding tool as
described in the foregoing (1), (2), (5, (6), (7), (8, (9, (10), (11) or
(12), wherei n t entwaheed qécﬂhycpre;smetsaifhdens th theomoge or zo0i wndoated ther ( 100)

| ane and/ or Kk The, f
'Ito he production é‘? ‘)’mg%n [g}ﬁtdé??‘ i ﬁﬁg‘}d gh‘%&ﬁ@" Phé Aeé“&%é'é’rf%‘i‘}eﬁepﬁrﬁ%ﬁlg‘s’as' o
f oregoi ng (3) ornénﬂ)empmfaaxrenm at hmt:hlucKrlmeSoSomimthmr@aaE@?thGhM\CE)éﬁxtfaéé i ne

diamond is 15 to looierr ﬁl ) The process for the production of a high
strength bondi ngror@Bess & td‘!—?% Ilﬁ@obylﬁ‘l‘"f RePresPRgPNYTiess-, (4) or (14),

wherein the purity @i, r\faxsunmetmodoedmyﬁwn%tﬁldygm@atdh@&rm&w or liffikQepNt ed by
a peak ratio (Y/X) of dianond carbon (X) and non-di anond carbon (Y) is at

nost 0.2 by Ranahhigheare¢isos FpINEing iaglyali & tegpe@Furgiyangsr Qfci9g tof4gp § nhegress-

ducti f t , f
(a) (1) or (1518 ) LRS00 Dol sufiSo T b o] abitfos 82001 19

cenent ed car bi desqndnlw, oWhe@chMalssioyporﬂmgwnhahignygremwn maimtmg togbvar al | oy
and | nvar all oy. Theﬁegf og“?ss t.f or _the % roduct i ? 3 s%tltht nength
bondi ng tool, as® 8"3‘ 1 o TFC AR e PrRY 1, B4R (°335‘5t(‘%f RS 09 842
wherein the t ool nd#B lagd hadingal @i @Hragustars & i 0N dadadeNFolgtgéssaotbansbsng. 1xi al
having a nelting point of 650 to
by Rmax representation and such a property that when the temperature at the
central part of the pressing surface is ig the range of 200 to 400 C, the
flatness in the longitudinal direction is at most 3 zm and the maximum tem-
perature gradient in the pressing surface is at most 10 C.
{5) A mounting method comprising always heating directly or indirectly
a high precision mounting tool at a temperature range of 200 to 400 C, during
which it is pressed to a workpiece to be bonded for a predetermined time, then
cooling the tool to at most 200 C, releasing thé pressing of the workpiece
and subjecting to heating, melting and bonding, or thermocompression bonding,
the high precision mounting tool comprising a rectangular pressing sﬁrface
consisting of polyccystalline diamond and having a mirror surface with a sur-
face roughness of at most 0.1 z m by Rmax representation and such a property
that when the temperature at the central part of the pressing surface is in
the range of 200 to 400°C, the flatness in the longitudinal direction is at
most 3z m and the maximum temperature gradient in the pressing surface is at
most 10 .
" The third main embodiments of the present invention are & mounting tool,
a process for the production of the same and a mounting method, having the
following features (1) to (4):

(1) A mounting tool comprising & rectangular frame-shaped hollow square



[err]. (18) The process for the production of a high strength bonding tool,
as described in the foregoing (3), (4), (14), (15), (16) or (17), wherein
the sur- face roughness of the polycrystalline dianond coated surface is
represented by Rmax of at nost [err] m (19) The process for the production
of a high strength bonding tool, as descrjbed in the foregoing (3), (4),
(14), (15), (16), (17) or (18), wherein ﬂhé’the coated polycrystalline

di amond i s ppigtan! daethyg an RO Gurfakang wd/ feséihdQurithéd) e eid rhf@nkdiackAESS
direction. The second mai n enbodi nents ofﬂ{ he %r eusenfmi H\&/é;rll.tal on&@rag gf%me-

nount i ng t cbapedaensk surface feonsishingpufod upnl yerystd] | iie dSanvnd afvined 9 LN ghsidys
nmet hod, having the following features (1) to (5): -17- (1) A nounting

t ool used fpBasenE¥AASLS %‘lhpgnéh%lﬁarﬂgsmem oHra mhenofosurface Vel A osurbacedi ng
a wor kpi ece tq be banded, .having.a yectangul ar surface to be pr essi ng
surface corlSHEVERS) O fg%m?ﬁ)tl gtlr‘vgtbﬁlq'mﬁﬁé'eaﬁgeéﬁﬁm‘?'b d‘aﬁy"?asﬁcjkécﬂﬁpiﬂﬂse
synt hesi s ' er 1 ILOL. SU e_w.,t
Surface roughhads dstfudl tedERud PRAMICln Rl arhBiinh rPEfe il B ®-
property that i i t a inef € i :
surface is in Y@Z%gﬁg‘eﬁmggﬁf%ﬂpgb%hf e*?‘]“fsqﬁ% lf‘?@#elsn c|’£tnrat %@feg&% Hroide

| ongi t udi najay (g ACEresEopi8 btr®Edns [T hdrdTedrbilddshendya i daeBdreitaideseon at
gradient in the pressing surface is at nmost 10 [err]. (2) A nounting tool

used for heaasngne mrfdceg ningbardctapgular fraee+shaped epd sssfase dfoadiodiowa
wor kpi ece to be bonded, conprising a substrate consisting of a cenented
car bi de haWquareifE¥S§BoFP PSR ATRIsd NG suriace aad R caehiigientapli/ldneasapxpansion

carboni trides, oft 3o 1P s A8 W% P netsh 0% o W 4SS by 2
crystalline diamond coating formed on the above described surface having micro-
scopic protrusions by & gaseous phase synthesis method, the surface coated with
the polycrystalline diamond coating having a mirror surface with a surface
roughness of at most 0.1z m by Rmax representation and such a property that
the maximum temperature gradient in the pressing surface is at most 20C.

(3) A process for the production of a mounting tool, comprising coating
polycrystalline diamond onto a rectangular frame-shaped end surface of a hollow
square frustum, to be & pressing surface, and polishing the surface in such
a manner that the flatness of the pressing surface at the application temper-
ature is at most 3z and a mirror surface with a surface roughness of at most
0.1 =z m by Rmax representation is obtained, while controlling the maximum tem-
perature of the pressing surface so as to be same as that of the application
temperature of the tool within a temperature range of 220 to 600°C.

(4) A mounting method comprising always heating directly or indirectly
a part mounting tool at a temperature range of 200 to 600 'C, pressing it to
a workpiece tq be bonded and subjecting to heating, melting and bonding, or
thermé?émpfésé}bn?bo@dinég the part mounting tool comprising a rectangular
frame-shaped endﬂgurfaceﬁgfiﬁﬁhétidaisquare frustum, to be a pressing surface,
the reétangular frame-shaped end surface consisting of polycrystalline diamond

formed by a gaseous phase method and having a mirror surface with a surface



pressing surface and a coefficient of |inear expansion of [err] to 5.5 x
[err] at roomtenperature to 400 [err] and a polycrystalline dianond
coating formed on the above descri bd surface having m croscopi c protrusions
by a gas- eous phase synthesis nethod, the surface coated with the

pol ycrystal l i ne di anond coating having a mrror surface with a surface
roughness of at nost 0.1 amby [err] repg@sentati on and such a property
that when the tenperature at the central part of the pressing surface is in

t he range of 200 t % %5 Ege fl ness in the longitudinal direction is
oot U5 TOURRESE A PPORED: hiih b PR @poredptag | At 4 b SBH SpPEPST ) that
surface iSygh {HeShaxiflyd Rbdgeratutk ¢ P PE& BFess Eﬁgu{fbgepfﬁgf{ctth' O gg & B tl ng

tool, conprising coating polycrystal RtO a rectangul ar P ace

of the tocdooto, ke tietnese saf- the)grevgi fighger AM0E N sdat\mbEPiseeean bfd e MRARHAG 1 S
subjected to heating, nelting and bonding, or thernmpconpression bonding,

control i n@mpmtueerseatmeut dnathet pressingt s@fapems aff moste20'co| to be the sane

as that of the l'ication t erature of the tool with a tenperature
range of 200 t@ gr"}"}m ‘&ﬁd“eﬁ@f'qogmﬁgsmea@avs hP%l‘b‘é‘gt‘b”'SBUeY Ar dndinecbly

surface Wlt{ ?a?t ﬁlﬂféﬁtgﬁ% troQP%rfnfscﬁl{légrgﬂf "g@ge flzdoe"tE]GOBa‘%:[eaur]q\gt jch it

representatron an roper hée 't enperatdré a 18

- central paptesabd tdaca MoeREikBE tdWd BEMIe StolrNa tpbé‘derteﬁme@fnaeo ﬂh@n 4861 Jn?r rl,
the flatness In the longitudinal direction of the pressing surface at the

appl i ca- ttlmntaodn’pmraatmé 200 6t . miseasﬂlg[ﬁxeri:r-smg of diheawarkpieter aralr ssh# f ace
wth a surface rou&@ness of at nost [err] %Grr] representation surface.

(4) A mounteShiend® Hsatingnialsinggand Rﬂfiﬂénﬁreaf i ’WHCPWF"‘?‘QS'rb?WdPE'eéN pagt
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gluh ! ngatr%glbpé\%Mumortot be a"Reasigesirrate, e 'reaaangmrhrﬁhe%%ﬁéé eRd sur-
face consisting of polycrystalline dia@ond formed by a gaseous phase method and
having a mirror surface with a surface roughness of at most 0.1 z m by Rmax
representation and with such a property that when the maximum temperature of the
pressing surface is in the range of 220 to 600 °C, the flatness of the pressing
surface is at most 3z m and the maximum temperature gradient in the pressing
surface is at most 20 C. '

The fourth main embodiments of the present invention are a mounting tool,

a process for the production of the same and a mounting method, having the
following features (1) to (4):

(1) A tool used for directly mounting LSI on a substrate by a flip chip
method, comprising a pressing surface of a tool end, the pressing surface con-
sisting of polycrystalline diamond formed by a gaseous phase synthesis method,
the pressing surface being of a mirror surface with a surface roughness of at
most 0.1« m by Rmax representation, having at least one vacuum adsorption hole
made in the surface and having such a property that when the maximum temperature
of the pressnng surface is in the range of 230 to 400C, the flatness of the
pressing surface is at most 5 W'm and the maximum temperature gradient in the

pressing surface is at most 30C.

(2) A flip chip mounting tool comprising a substrate consisting of a ce-



conprising a rectangul ar pressing surface consisting of polycrystalline
dia- nond and having a mrror surface with-a surface roughness of at nost
[err] by [err] representation and such a property that when the tenperature
at the central part of the pressing surface is in the range of 200 to 400
[err],the flatness in the longitudinal direction is at nost 3 [err] and the
maxi mum tem perature gradient in the predsing surface is at nost 10 [err]

. (5) A nounting nethod conprising always heating directly or indirectly a
hi gh preci siqQn, mount.i tool at a tenperature range of 200 to 400 [err] |,
duri ng whi B§PtEY ciaEblﬂFggé’é'&F PHeraseRBiac prateusions 198 N9sd faabides andgorcbiender ni ned

e o oci88h1thdadsin aPOlead C o siifke [ fiify » SAISEAR) 0GRS PTGESIRP O

t he wor kpi ece and subjecting to heating ng* an

t her noconpeesandia drefticignt bhe ifbagexparReos o, JOLIND i 110td §0% xCOfIPFI Si Ry a
rectangul ar pressing surface consisting of polycrystalline dianond and
havi ng a nitf Teem JempeselIrg tohtlCsypnd apodyeryatginnesdidmosd cowsing Corded oir] by

Rmax representation and such a property that when the tenperature at the
central paFf® 8€°Vteh esﬁfg’gs?%ga@uf?af"é&emf OFGPPE 1 TP LING EONS FhY B (BaseOYSephase t he

flatness i gydthes i'soﬁﬁlhﬁ&dklf]ﬁ‘kuﬁhééaﬁédtgﬁ' wjifh the :ﬁgﬂactr%tag} ﬁ?gﬁ@&#ﬁé&gﬁﬂ d

tenperature gradient in the pressing surface Mo
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for the production of the same_and a nounting nethod, having the follow ng
features (19Presentalion( PAVINE ) heashPne oicuwoAgsoreting hele dwdeiguther surface
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surface being of a mrror surface with a surface
is at most 5 zm and the maximum temperature gradient in the pressing surface
is at most 30 €.

(3) A process for the production of a flip chip mounting tool, comprising
at least steps of coating polycrystalline diamond onto a tool end surface to be
a pressing surface during mounting and polishing the surface in such a manner
that when the maximum temperature of the pressing surface is in the range of
230 to 400 C, the flatness of the pressing surface at the application temper-
ature of the tool is at most S5z and the surface is under a mirror state with
a surface roughness of at most 0.1z m by Rmax representation, while controlling
the maximum temperature of the pressing surface so as to be same as that of the
application temperature of the tool within a temperature range of 200 to 400°C.
(4) A flip chip mounting method comprising always heating directly or

indirectly a mounting tool at a temperature range of 200 to 400 C, transport-
ing LSI by adsorption in vacuum, pressing it for a predetermined time and thus
mounting it on a substrate through a binding material, the mounting tool having
a pressing surface consisting of polycrystalline diamond formed by a gaseous
phase method and being under a mirror state with a surface roughness of at most
0.1 zm by Rmax repres’entation_‘apdj’ with such a property that when the maximum
temperature of the pressing sdrf.;cé,h.i.és- in<the range of 230 to 400°C, the flat-

ness of the pressing surface is at most 5 zm and the maximum temperature gra-



roughness of at nost [err] mby [err] representation and having such a
property that the maxi mumtenperature gradient in the pressing surface is
at nost 20 [err] (2) A nounting tool conprising a substrate consisting of a
cenment ed carbi de havi ng m croscopic protrusions of hard carbi des and/or
hard carbonitrides on at |east one surfage,_having a rectangul ar
frame-shaped end surface of a hollow square frustum to be a pressing
surface addent évdhe REPEINE surfacedsratemgstndl an. of [err] at roomtenperature
to [err] and stal li.ne di anond coating fornmed on the above

a_pal y-. cr.v. . :
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be a pressingfstie aetkpiepgdandothus ionatingd tsen aasubstaate tdhoughnabimding matet he

fl atness of the gressi,ngq su];gace at_the application tenper- ature is at
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[err] . (4) A nounting nmethod conprising always heating directly or
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tool and a process for the production of the same, having the following features
(1) to (4):

(1) A pulse heating tool comprising a tool end part and a shank, bonded
with each other by a brazing material, in which the side of the tool including
the exposed brazing material surface except a machine-fittfng part is coated
with a metal or ceramics with a low reactivity with the melted solder.

(2) A process for the production of a pulse heating tool, which comprises
brazing a tool end part and a shank with a brazing material and coating the side
of the tool including the exposed brazing material surface except a machine-
fitting part with a metal or ceramics with a low reactivity with the melted
solder.

These fifth main embodiments include the following embodiments (3) to (18):

(3) The pulse heating'tool, as described in the foregoing (1), wherein
the coated metal is at least one member selected from the group consisting of
Cr, Mo, W, Ni, Pd and Pt. . .

(4) The pulse heating todl; aS'deScribed in the foregoing (1), wherein

the coated ceramics is at least one member selected from the group consisting of



- 20 - roughness of at nost [err] mby [err] representation and with such a
property that when the maxi num tenperature of the pressing surface is in
the range of 220 to [err], the flatness of the pressing surface is at nost
[érr] and the maxi num tenperature gradient in the pressing surface is at
nost [err]. (5) A nmounting nethod conpri-sghg al ways heating directly or
indirectly a part nmounting tool at a tenperature range of 200 to [err] ,
during whi #h0¢ silghpzé%‘séﬂﬁ T#:a wor kpi ece to be bonded for a predeternined

time, then coold.,ng th opl to at nost [err], releasing the pressing of the
wor kpi ece and L‘éﬁb%ﬁ ggﬁengeattlf‘gh"é’&{'i 8§, deseribehdnaive fareghing, (191 (3) or (4),
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representation and with such a property that when the maxi numtenperature

of the prepdiyatyssatfiaedipmondn t he range of 220 to 600 [err] , the flatness
of the pressing surface is at nost [err] and the maximum tenperature
gradi ent in thEpressrlsg ReaLINg W0l s agtdeserived dnrthe. foregoinguin (8 r{4),

enbodi nment s_.of t present..in tion.,are a nmounting tool, a process for the
product i on?%?f of Hg?sé‘#ﬁ"e{ g %g‘ﬂ(nﬁ 84 %f??é&,““ﬁaﬂﬁmggf sakected (f598 Ske greupur es

(1) to (4)éor{s}§t'ﬁgt&0ho 4G for directly nounting LSl on a substrate by a
flip chip fe hodl, conprising a pressing surface of a tool end, the pressing

surface con- sig} rha pafseDRdaterigy o) |a"sr&s@i"i%€@r1ﬁ gﬂé;n%&%gﬁ(rlg?sﬁw. 4ﬁ.hgse

synt hesi s nethod, the pressing surface being o ace'w

surface ro(@hnédlsocof(7at whecetin [toe bfazingwmabem Xl rcoRs i8S Yraddn@Nantip\bit Ndhyadne
| east one vacuum adsorption hole nade in the surface and havi ng sucg a

property t@aCuwhenaiddUngasinfaniseanel bingrpoiot afh50pLed8001%. surface is in

the range of 2?90) tl‘ge [p%c.[e]ss’foE- rlﬁe fplt'g1 u@?isosn c?ilc atpmelse heating tool, as described
in the foregaing (2), wherein the coated metal is at least one member selected
from the group consisting of Cr, Mo, W, Ni, Pd and Pt.

(10) The process for the production of a pulse heating tool, as described
in the foregoing (2) or (9), wherein the coated ceramics is at least one member
selected from the group consisting of Al;0,, Si0O:, ZrQ. and Ti0..

(11) The process for the production of a pulse heating tool, as described
in the foregoing (2), (9) or (10), wherein the coating thickness is in the range
of 1 to 100 «m.

(12) The process for the production of a pulse heating tool, as described
in the foregoing (2), (9), (10) or (11), wherein the tool end part consists of
a cemented carbide coated with polycrystalline diamond.

(13) The process for the production of a pulse heating tool, as described
in the foregoing (2), (8), (10), (11) or (12), wherein the shank is of at least
one member selected from the group consisting of Mo and W.

‘. (14) 'l‘he process for the _;p=§0<{g§ti;gn of a pulse heating tool, as described
in the foregolng (21 (9), (10)] {£1)..(i%) or (13), wherein the brazing mate-

rial consists predominantly of any one of Cu, Ag and Au, each having a melting



pressing surface is at nost [err] and the maxi numtenperature gradient in
the pressing surface is at nost [err] . (2) Aflip chip nounting tool
conprising a substrate consisting of a ce- - 21 - nmented carbide having
nicroscopi c protrusions of hard carbides and/or hard carbonitrides on at

| east one surface, having a pressing surface at the tool end and a
coefficient of linear expansion of [err} 2do-[err] at roomtenperature to
[err] , and a pol ycrystalline dianond coating formed on the above descri bd
surface having m croscopic protrusions by a gaseous phase synthesis nethod,
t he surface poateg @Athp%ﬂ pol ycrystal line dianond coating having a mrror
~surface wi Peing of, ppd ta ghness of at nost [err] by Rmax representation,

havi ng at |eas ney, ' e | syrface d havj ng
such a pr opertg(/létahgrtle &ﬁenggt %?%ﬁ%ﬁgﬂcﬁghﬁeﬂgﬁﬁr&e&]8%&:{%[{5?@55? s%’dﬁ?%ce
is in the range Mreghifgt(@)[ vy, (11t)he(1ti,af(rc§_s§r Q4 ¥, NehaRe i thd Goatink e 1S at
nost [err] and the maximumtenperature gradient in the pressing surface is
at nost [emrdeta{3p garpiescowts by @any ohe oprpldtingi methads, aPYDI mgthods pndrgvdt i ng

t ool , conprising at | east steps of coating polycrystalline dianond onto a
tool end s#Et9E¥ to be a pressing surface during mounting and polishing the

Surface 15 in th FEREScepd Tar HREBrAd R 4eTh Bl S RERGY eBo, o MBsiRgT "0

surface is in € ran err €ss

surface at thhgeamirkgsiagi @0, HeONE(11) ALYER 0f3)t41e (199! wHeSeft thOShadifig b and
the surface is under a mrror state wwth a surface roughness of at nopst

[err] m by aRearnicseps egeniedtquérby-auyi one e BYD @ktliods, CHR methadsiamdt kpdpelysisir e

of the pressing surfac as to be sane as that of the application
t enper at ur é‘eHT"gft?g T%GE Rﬁﬁ?ﬁ.ﬁ?ﬁ-a tenperature range of 200 to [err]. (4) A

flip chip mountipgrRBHRAG QAP Bdold o8 R¥FIbBEAN AR PireESinkY(89" wherein
the brazing material contains Ti, Sn, In or Ni in addition to the predominant
component.

(18) The process for the production of a pulse heating tool, as described
in the foregoing (14), wherein the brazing material contains Ti, Sn, In or Ni
in addition to the predohinant component.

In the bonding tool of the first embodiment according to the present in-
vention, as a substrate to be coated with polycrystalline diamond, there is
used a cemented carbide having microscopic protrusions of hard carbides and/or
hard carbonitrides on at least one surface and a coefficient of linear expansior
of 4.0 x 10 ~* to 5.5 x 10 °* /°C at room temperature to 400 C.

When a surface of such a substrate, to be the end surface of the above
described tool, is coated with polycrystalline diamond as illustrated herein-
after, a bonding tool material can be obtained having a high bonding strength
between the coated polycrystalline diamond and substrate and being excellent
in strength as well as heat response.

. The reason for the improvement of the bonding strength when using such a
féubstrﬁté isﬁthat_ths ;gmented carbide surface having microscopic protrusions
'is coated uilh polyd;féiallineL&iéﬁéndﬁanﬁithe stripping resistance is thus

increased by the so-called anchor éffeét;“ Furthermore, the thermal stress

due to a difference of thermal expansions between the coated polycrystalline



indirectly a nounting tool at a tenperature range of 200 to [err] ,
transport- ing LSI by adsorption in vacuum pressing it for a predeterm ned
ti'me and thus nmounting it on a substrate through a binding material, the
nounting tool having a pressing surface consisting of polycrystalline

di anond formed by a gaseous phase nethod and being under a mrror state
wth a surface roughness of at nost [er_r]25b_y [err] representation and with
such a property.that g/nen the maxi rum tenperature of the pressing surface
is in the %ﬁ%‘gé“&f‘ FYEST3tE &Apjoe minhmized 1y speeifyiog thaaopf ticdemy of Wrihege i S

t t | t t - - 22 - di t o th
D essing- ohieadloh O I endtdl G A% B oty s.Simasnt i woaroon
i si t e di AL ] ting tool at. a
Cener at uP SEEE O, K CIEIChy Ynd eacBEhhEthiding JPRRRE et BE wefhead medum
and {ranspeydreds Tk bamesatt eat alidd ch B5AIIRY 681 13 Hepdet ermi ned time,

cooling the tool to at nost [err], releasing the press- 1ng of the
wor kpi ece and Thaisomgesitiongofi theocementadbedmvade af hy @u@lrﬁtebbﬂﬂispaimﬁ-lrri al,

t he mounting tool having a pressing surface consisting of polycrystalline
di anmond f oberedprRssad Pase Base ghaseccompeseddofaat lsesthgneindetarhidesr ang cathat-e
with a surface rou hd’]eSS Qf gt rr&svt [err] by@lerr'] representation and with
such a propktiges I‘n’gt TRARFYRnde AR Via s lemenssr oft Berdodic TatleppndssoHd solutians
is in the range,of 0 ,.the flatness of e presging,surface is
at nost [er’:gﬂr%%’d apﬁga R%‘%eﬁ'hﬁ%eén%& a‘i"tTPE‘de%jpeWt bg r‘fefﬁ{'& %rf’gsg?'n& E%E? ace
I s at nost [ ' odj 0 [ AV L O re a
pul se heat [P cb o amoldes By TP WerEl T11e| coRfied P ¥RRIad( Al U3cEe 2
fol owi ng ket weeand 1.5t o (3veight)s H¢ ial s@nh@Rup MBt41RO! I RATY kShged i i ohOO!

end part and a shank, bonded with each other by a brazing material, In

whi ch the sange, othe hicrosenpic PeoruUsiogs of the hard carbides and/or hard carboni-
trides can be formed by a heat treatment illustrated hereinafter to effectively
vieid the anchor effect.

When using the cementad carbide having this composition range, the co-
efficient of linear expansion can readily be controlled in a range of 4.0 x
10 -* t0o 5.5 x 10 °* / T at room temperature to 400 . As the iron group
metal to be added, it is preferable to use, in particular, Co from the stand-
point of the wetting property with the hard carbides, having an influence upon
the sintering property.

In addition, it is important to adjust the thermal conductivity to 40
to 120 W/m- K at 400 C, since the lower limit, 40 W/m - K is a critical value
required for giving a good heat response in the case of applying to the pulse
heating tool and the upper limit, 120 W/m- K {s the highest value of the
thermal conductivities the cemented carbides having the above described composi-
tion range have.

Thg microscopic protrusions composed of the hard carbides and/or hard
carbonitéides-on_the'surface of the cemented carbide after the heat treatment
have preferably a protrusion Iéhgth;of72 to 10z m, if shorter than 2 zm, RO
marked anchor effect is given and if longer than 10z m, polycrystalline diamond

is hard to be formed among the protrusions during coating the polycrystalline



t he exposed brazing material surface except a machine-fitting part is
coated with a netal or ceramics with a lowreactivity with the nelted
solder. (2) A process for the production of a pulse heating tool, which
conprises brazing a tool end part and a shank with a brazing material and
coating the side of the tool including the exposed brazing material surface
except a machine- fitting part with a nepgl- or ceramcs with a | ow
reactivity with the nelted solder. These fifth main enbodi nents include the
fol | owi ng embodi ments (3) to (18): (3) The pulse heating tool, as described

in the foregqnedl (d)the Was¥eRushtt §tep “aﬂ?t Fgerr’Enya 4)h§%l'ﬂtborﬁﬁﬁ§étg%§§ ot | ,

sel ected fromthe group consisting o as
descri bed i pbwmifet.egoi ng (1), wherein the coated ceramcs is at | east one
menber selected fromthe oup consi sting of - 23 - [err]. (5) The pul se
heating tool, aH‘ed%@EFrlalS%g‘aYWEtWé msm;g@mgpr@n)usuqn;) obrthé hprd gReiden t he

Cool a5 detern et sBehF IR IR saryack Bieredesarbe (ashoarf d¥erbiecto t oof
end part COH@T§ts%b§ﬁra@e ﬁmetae@ue‘??fcl?éﬂeof:wﬁe‘ig éﬁ‘a&ﬁ%l%’lo}‘ %.ﬁsi gpln 31y,

di anond. (7) The pul se heating tool, as describ I'n the Toregoing

(3), (4), (%) orio(®) /cwaermeom teﬁperasﬂnﬁé\kolmooé e ihe 36dpoSEE oMThEd sel ected
fromthe group consisting of Mo and W (8) The pul se heating tool, as

descri bed i phaseeff eAtaifasf Goopp 1Vs) Va (anyt VIa 53l eneney ocsrPe(r‘rgqicmaeland;tdne
E;\a/liZIngg arraﬁ;fequllﬁ gsoElbtn ﬁ{'tss ttﬁer%gﬁ%ﬁ@ cF@?hat\ggO{U t ngs Ct)ve?ghct): % co:% WC, gz tcr:] dZSAileexgﬁ? ch
% of carbides of Group IVa, Va and VIa elements of Periodic Table, other than
WC, and 0.5 to 15 weight X of an iron group metal to a heat treatment in an
atmosphere of N: or CO of 10 to 760 Torr at a temperature of 900 to 1500 °C
for 0.5 to 3 hours, and cooling to room temperature in an atmosphere of Ni, CO
or an inert gas of 10 to 760 Torr or in a vacuum of at most 12 Torr. By this
treatment, the carbides of Group IVa, Va and VIa elements of Periodic Table
as the components for meking up the cemented carbide are moved toward the sur-
face of the cemented carbide, further recrystallized and grown in microscopic
protrusions. The microscopic protrusions are partly nitrided, in some cases,
depending on the heating atmosphere to finally result in carbonitrides or
a mixed phase of carbides and carbonitrides, which exhibit the similar good
bonding strength to the case of only carbides.

When the pressure and gaseous atmosphere of the above described heating
conditions are outside the above specified ranges, the microscopic protrusions
of the hard carbides and/or hard carbonitrides are not formed or the length
thereof is not within the above described range, some times. This is not
preferable. The reason for specifying the heating temperature and retention
time is that at a temperature of lower than 900 °C or for a retention time
of shorter than 0 5 hour. the carbndes of Group IVa, Va and VIa elements of
PEPIOdIC Table gré hard to be moved and ‘the formation of the protrusions is
not sufficient, while at a temperature of higher than 1500 € or for a reten-

tion time of longer than 3 hours, the grain growth of the hard carbides and/or



(9) The process for the production of a pulse heating tool, as described in
the foregoing (2), wherein the coated netal is at | east one nenber selected
fromthe group consisting of [err] (10) The process for the production of a
pul se heating tool, as described in the foregoing (2) or (9), wherein the
coated ceramcs is at |east one nenber selected fromthe group consisting
of [err]. (11) The process for the produé/ien of a pulse heating tool, as
described in the foregoing (2), (9) or (10), wherein the coating thickness

is in the raaee catochitOdbeLioh] the h [ for the production of a
pul se heating tool, as desgritggcf%?gnacgﬁg %Sgé‘ggﬁsengpﬁgﬁmi{ dp, lowening #f fhey)

wherei n the stoerdgtenahper shoubd de wveided. a cenmented carbide coated with

pol ycrystal line diamond. (13) The process for the production of a pul se
heating tool, adh@cSeRigEewP Meral has ftoe djmdengnateyial (M), the lddkented loar®ide( 12)
wherein the slhank | S \C‘/)é tt I easttéi one nenber selected fromthe group

consi sting dF3R5O8HR° °?1£? SERECH Mo He she formatica ¢f SkRuoidroscopic grotriuskons

heat i t ool | ' ' (2), (9, (10),,(11),(12

(13) "wner oi} it ARG JeREAAReR abdV"IeRbRAE. i ron ki AL 8F Takyconas of
, h ¥ ' ; ' 6 . Th

process Tor The raduerron o e nefelte Bbfle, Huc nebab ehfiblis ol hobioh .

foregoi ng ( Zonver)ng tie deposi®d, dieddd @ito (g%éanité'\hﬁrﬂhrktbﬁ%r%atidagpﬂ -a
nmetal is carried out by any one of plating nethods, PYD nethods and”CvD
net hods. ( 16FYS1d | fieodiadend. ol lusfsated dwaetnadterof Thugyul sés Irequiirad) th oxemoves

deser | ed ! MunkFroh YrB8F oBfu1 Brore B2 sodttid sty ko (he remmval 40 tne i " 1"
group metal on the surface is preferable a method comprising immersing the
cemented carbide after the heat treatment in an acid for dissolving the metal.
The acid which can effectively be used to this end includes hydrochloric acid,
nitric acid, etc. or mixed acids thereof, capable of not dissolving the carbides
or carbonitrides, but dissolving only the iron group metals. The dissolving
treatment can be carried out even at room temperature, but can more effectively
be carried out by heating under pressure. Since the microscopic protrusions
formed by the heat treatment of the cemented carbide according to the present
invention are formed in a laminar form to completely cover the surface of the
cemented carbide, the acid having dissolved the iron group metal on the surface
does not more permeate inward to dissolve the iron group metal as the binder
material of the cemented carbide.

The thus surface-modified cemented carbide is used as a substrate and

the surface having the microscopic protrusions to become a tool end surface

is coated with polycrystalline diamond. As the gaseous phase synthesis method
for coating polycrystalline diamond, any known method is available, for exam-
ple, various CVD (Chemical Vapor Deposition) methods for causing cracking and
gxciting-of'ranmaEgriQI gases_utifizing plasmg discharge or thermoelectronic
emission. ds thé ;aﬁ'hatéffafpgéSZE,ﬁzhere are generally used mixed gases

of materials containing carbon as consfitutional elements, for example, organo

carbon-containing compounds, i.e. hydrocarbons such as methane, ethane, propane



a cermcs is carried out by..any one of PVD nethods, CVD nethods and

hydrol ysis net hods of netal al koxides. (17) The pul se heating tool, as
described in the foregoing (8), wherein the brazing material contains Ti,
Sn, Inor Ni in addition to the predom nant conponent. (18) The process for
t he production of a pulse heating tool, as described in the foregoing (14),
wherein the brazing material contains ™ 28Sn, In or NN in addition to the
predom nant conponent. In the bonding tool of the first enbodi nent
according to the present in- vention, as a substrate to be coated with

pol ycryst akhd nfe dii RE¥OBbohd FRCERA! £ d, tle%gfﬁeﬁﬂ%aﬂﬁ\ﬁl PRHeES i thyg

m croscopi ¢ protrusions of hard carbi des and/ or

| east one sydrbgeregasd In edditidncienhydrofen,i Rt ga¥enBectoRs @bgdrebF loxbgen] err]
at roomtenperature to [err]. Wien a surface of such a substrate, to be the
end sur f ac&aRPPN{MOBOXIGBy FaERTs FiLhCan thgotdded dincangh el quanthtyp oot @s yiindedinge

di anond as. /|| I, I.n;, after, a bonding tool material can be
obt ai ned h(y\ﬁ ﬁgééa“ﬁ'? gg %g@@?ndda@qnp'engt h between the coated polycrystalline

di anond and sulpgd E:@dﬁn@"tﬁiékﬁéé_%goteﬁﬁf‘yl&f‘é}talfi'ﬂe%tiﬁrﬁdﬁqtfE gxsefﬁﬂb'l g t

response. The reason for the inprovéenent of the bonding stren en using
such a subsengete 1§ tohHl0 tme Sémeenthed lamgthiodetheumifcacstopRY bragtra$idhosTOPi C
protrusions is coat%ﬁ W%th pol ycrystal line dianond and the stri pping

c

r esi st ance th& SPRigEe; aSUEN 15 qaRRideols arefeeabdricifotheergngetal 2 Fiar ther mor e,
coat ed pol y15 ToFin VdFud 8r g ot g AR Foltesd, AT 15, ek G8HeBEHIn i 23616y
speci fyi ngpitioncszed fiaegiwnthaef thei RGeS teyiRAARI O 19T conPRote RTRMNREd GaG Y de i n
[err] to [err] at room
mirror state is attained in the subsequent polishing step. The reason for the
limitation of the maximum value to 100 «m is that if more than 100z m, the
thermal stress due to a difference in thermal expansions between the substrate
and coated polycrystalline diamond becomes remarkable and the benefit of im-
provement of the bonding strength by the anchor effect is decreased.
~ The purity of the polycrystalline diamond is preferably represented by
a peak ratio (Y/X) of at most 0.2 wherein X represents diamond carbon and Y re-
presents non-diamond carbon. Unless such a high purity film quality is used,
the thermal deterioration of the tool end surface during use is too large to
maintain a long service life.
The interface between the cemented carbide surface and coated polyery-
stalline diamond can, in detail, be expressed by “the microscopic protrusions
on the cemented carbide surface enter into the polycrystalline diamond layer"”.
According to the substrate formulation of the present invention, coating to
give such a cross-sectional structure can be carried out and the anchor effect
.can effectively be realized.
After coating polycrystalline diamond, the coated surface is converted
_into a mirrgé_surface state and used\as_a tool end surface or tool pressing

A

; this sp icgtiqﬂg T?f mirror surface state means a state with

“ surface.

a surface roughness of at mos®<0. 4.,

Foa 7
uﬁybgﬁkmax representation. Working of

this surface can be carried out by polishing it using a grindstone, which has



tenperature to [err] , whereby the excellent bonding strength can be

mai nt ai ned even at a high tenperature at which the bonding tool is used.
The conposition of the cenmented carbide as .a substrate can specifically be
expressed by a hard phase conposed of at |east one of carbides and carbo-
nitrides of Goup IVa, Va and Vla el enents of Periodic Table and solid

sol utions thereof, and a binder phase, €2§.-conprising 70 to 95 wei ght % of
WC, 2 to. 25 weight % of carbides of Goup IVa, Va and Vla el enents of

Peri odi c Tagdneraldy rheen temploysiCas anmbtlods of Grofilingedigtdred0d3findhl dr’ S8 yaiUP
metal. In this conposition range, the m croscopic protrusions of the hard
car bi des an$fjad} iN8a13meng, B A €2540u5 phase: synthesisometbed.by a heat treat nent

il lustrated hergj paf.t t jvely.vield the anchor effect. \Wen using
t he cenent ed caﬁ)? e %\9? ﬁae{%ﬁggig&%g%tﬁ&ww%é@ polysryssal dnedipmgnd of

| i near expansi C e V(1 ral Leded 0 to
[err] at rogfn( ?Gt;ﬂr)rp@rﬁgﬁ 3?\%'/0![ o( gg)osfhggrlﬁ i:kFeAgﬁx{& H%s%?@%g%t?é%gsrpeﬁégrgp EJ be
added, it i sorptrdreasibg ethe ovotideg ef ficparicli (XULR's, miePof Is@FPabd Goftiagd- poi nt of
the wetting property with the hard carbi des, having an influence upon the
si ntering propefheyPolyerystalilineodiangnd-¢oatedroemansed cachideljobtainehdntthés nvay
conductivity to 40 err], since the lower Iimt, 40 Wm

120 W
[err] is a P‘Fd’é‘F‘} 3%%8”\%’?%5"?&4 b 1397 $ifen vgEEae Ao Rert, ok Sheisemented he

case of app ng R o B&siPad Spbeating tool and the upper limt, 120
Wnierr] isb%pﬁe%wi ghaest 1vaI uepof the thermal conductivities the cenented

car bi des havi ngruriterabee; etide ot jcbgsta CIGAR Qf hmonld L @a téA BaRAFEYY €arb & can be
m croscopi ¢ protrusions conposed of the hard carbi des and/or hard

car boni t ri desedogs ehwos meferdal.ofort eranpleneint euthcarstruued eemeidgebondad with
rat e e SaPiTAE AR RBELEE, D, LN aleS i b St e
polyCrystal kigte of gt snelabert SolBEeds H B i "B ehfis 8L " 4 AT 11 ' 1O
alloys and cemented carbides each having a coefficient of linear expansion of
4.0 x 10 °* t0 5.5 x 10 °* / C at room temperature to 400 C. This is spec-
ified for the purpose of suppressing the thermal stress due to a difference
in thermal expansion from the tool material as little as possible. Specifi-
cally, the shank material is selected from the group consisting of cemented
carbides, Mo, W, Cu-W alloys, Cu-Mo alloys, W-Ni alloys, Kovar alloys and Invar
alloys.
Kovar is a ferrous alloy of a low coefficient of thermal expansion,
having a composition comprising, by weight, 64 X Fe - 29 ¥ Ni - 17 % Co and
at most 0.5 % of microamount elements such as Mn, Si, Mg, Zr, C, Al, Ti, etc.
Invar is a similar ferrous alloy of a low coefficient of thermal expansion,
having a composition comprising, by weight, 63.5 %¥ Fe - 36.5 X Ni (so-called
36 Invar) or 64 X Fe - 31 X Ni -~ 5 % Co (so-called Super Invar). Super Invar
contains about 0.3 to 0.4 X of Mn and about 0.07 ¥ of C in addition to the
above described components. _
Bondiﬁg of ‘the tool'mgtggjaylﬁiﬁh a shank can be carried out by any known
methods: In particu(ar. 8 methodHEfWSOnding through a bonding metal having a

melting point of 650 to 1200 T is effective. Specifically, brazing with a



- 26 - dianond in the subsequent step and reversely, a high bonding
strength cannot be obtained. The substrate having the mnicroscopic
protrusions of the hard carbides and/or hard carbonitrides on the surface

t hereof can be prepared by subject- ing a substrate having a coefficient of
| i near expansion of [err] to [err] at ro@mienperature to [err] , being
conposed of a hard phase of carbides of Goup IVa, Va and Vla el enents of

Peri odi c Takragingnagedt nayingda selling gomtt Rpthedfth AN dederatiufe ir%em, trRerdg-
wei ght % of WC, 2.t0 %@xﬂgﬁj % of carbides of Goup IVa, Va and Vla
el ement's of SIBFESSIRTE ¥ ot Can, o8 3t 1 ki gedh fow thim purpose.t ois] Ehenbiazling Ygartt, an

' I tent t h f CO of 10
07760 Torr Tare ark et Wike SHEPIRE o3, BrSionfhenl EBRGe3, it ona e

cooling to fign@nadledneer fabm the ighoudcont N2S F€uOfa ] p4Or | Rer as, of 10
to 760 Torr or in a vacuumof at nost 1 orru. ggyu{'hﬁté %fg% ﬁg'n%?gt"?ﬂ%er

car bi des of el@ments in/aych\en amaunt/thatekirprdger Of ofehe @daing AlgkRt 36 rob Ye-
conponents for Iééngygg the cenented carbide are noved toward the sur-
d

face of thet%’é?@ﬁ@ B g2se ¢fyfhe Lhermeompeasaian; widh swcatgieast dne layer

. ! d artt 56" | A e e .
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car boni U1 dpusly & Mthi ®indlhe serfabe 68" {hedid1 HAeri@] AR shidille S WL BXNT DI
nl'y | en

the simlar good bonding strength to the case of o car bi des. he

pressur e anchadénge dreateantosepvesr 0 dicredse olixo Ykertiednpressibnherbndt® srongi tions
are outside the_ above sEecified ranges, the m croscopic protrusions of the

hard car bi des am/ wastfaref SRESHBHNE 1 %i_?!@"%%‘r éimibtoff Hhenmel tong point| enghen

pr of or abl o. DEHHLMY hekef for 0" 28 A RheraRE ok EiTHRR 1o B pereR. dnseRift@rent  on

time is thags ahe driRAPRVES U5 Dalf té QUBIr (KA tHeCEdol Y hdaRbd And GIsENT A3 L1 e
upper limit, 1200 T s specified based on the knowledge that when the bond-
ing is carried out at a temperature of higher than 1200 'C, there is a large
possibility in thermal deterioration of polycrystalline diamond.

For the practice of the second main embodiment of the present invention,
it is indispensable that the toal end part has a rectangular surface to be a
pressing surface during mounting and consists of polycrystalline diamond by
a gaseous phase method. Namely, the polycrystalline diamond by a gaseous phase
method is excellent in heat resistance and wear resistance, free from the res-
triction on the size to be produced and can be produced with a low cost.
For satisfying the requirements of the market, it is required that the

surface of the polycrystalline diamond is under a mirror surface state with a
surface roughness of at most 0.1z m by Rmax representation and such a property
that when the tgmperature at the central part of the pressing surface is in
the rangeof 200 to 400 C, the flatness in the longitudinal direction is at
most 3u m and the maximum temperature gradient in the pressing surface is at
mbsf' 10 C. 'Pé_réicularly, the,mount_i_ng efficiency can be increased by adjust-
ing the Iength-of the presSing sd’rface in the longitudinal direction to 100
to 400 mm.



of shorter than 0.5 hour, the carbides of Goup |IVa, Va and Vla el enents of
Periodic Table are hard to be noved and the formation of the protrusions is
not sufficient, while at a tenperature of higher than 1500 [err] or for a
reten- tion tine of longer than 3 hours, the grain growth of the hard
car bi des and/ or - 27 - hard carbonitrides an the surface is remarkable.
resulting in lowering of the strength. w3{ch should be avoided. The iron
group netal, as the binder nmaterial for the cenented carbide. al so cones
out of the surfBarethd produbtioh of nthei abovefdesdtanéd €6ISCOPIS grefératsé @gs by the
above descri bed heat treatpment. This iron group netal does not act as the
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converting jqt ' Lato_qraphite i he step of coating poly-
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the iron group netal on the surface is preferable a net o& conpri si ng
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heat treat neraPedty-t he cenented carbi de according to the present invention

f d i | api f t | et el th f f th
cerrented car bi b PRESIENE GATAIHR, (Bl ecHarky W e Do XRyEHRsLIBE tisBondynthare

surface doegs fighy I0LdeRRAERb fie! IR nl hodbohie! p¥GehudForls” O ndf £ UReaTBES 2

t he bi nder nateri al e cenente
and/or hard carbonitrides on at least one surface to be the coating surface

and having a coefficient of linear expansion of 4.0 x 10-* to 5.5 x 10-%/ C.
When such a substrate is coated with polycrystalline diamond in the similar
manner to in the first embodiment of the present invention, a tool material
having a high bonding strength between the substrate and coated polycrystalline
diamond and excellent strength and thermal response can be realized.

After coating polycrystalline diamond, the coated surface is converted
into a mirror surface state and used as a tool end-surface or tool pressing
surface. In this second embodiment of the present invention, the mirror sur-
face state also means a state with a surface roughness of at most 0.1z m by
Rmax representation. Working of this surface can be carried out by polishing
it using a grindstone, which has generally been employed as a method of working
sintered diamond or polycrystalline diamond by a gaseous phase synthesis method.
However, it is required that when the temperature of the central part of the
pressing surface is maintained in the range of 200 to 400°C, as the general

tool_opgration condition, polishing is carried out to give a flatness of at

most'3 zm. stifmeans for -this.puppose, for example, polishing is carried

g

O UL SN 3 B
out while controlling the-temperatuce of the central part of the pressing sur-

face to be same as the tool operation temperature in the range of 200 to 400



The thus surface-nodified cenented carbide is used as a substrate and the
surface having the m croscopic protrusions to becone a tool end surface is
coated with polycrystalline dianmond. As the gaseous phase synthesis nethod
for coating polycrystalline dianond, any known nethod is avail able, for
exam ple, various CVD (Chem cal Vapor -Dgpasition) nethods for causing
cracking and exciting of raw material gases utilizing plasma di scharge or

t her noel ect'conidherthe diength ofAshet b1 rgrassimk ur fdce 0RS €fe 1%@{@@5@49@@& ally
used m xed gases of materials containing carbon as constrtutional elenents,

for exanpl etionrigaH® EhrtfdhABc dAtpaTticuipre ditpbsimenuiréd ehathydy pisandssnaf auch as
net hane, et han ropa -.28 - and the like; alcohols such as nethanol,
et hanol ancgrtlﬂ%tf’%(é,Psegﬁc?re%"tlé%én%"f’ﬂ“ﬂ?dr‘ﬁdérPrﬁ‘ég’.“SIrlh%Mﬂi@@rpnﬂ)" a

hydr ogen, i@g&tstg@eses such as argon or oxygen, carbon nonoxi de, water, etc.

can be addetl in such a quantity not as hindering the reaction of formng

di amond. The comei supséquentk proeedudés [§0F Ppedaess gl doneilsRiig Nthel SonBImRf €dodbl y in
the range of 15 to 100 [err]. Since the length of the m croscopic

protrusi on ane substaniialdythersape s dapsenfen thaufbistendis embedi@ertbbf the pree
range of 2 to [,eré‘Lf, t he m ni num val ue of the coating thickness, i.e. 15
[err] is de¥BEni™BY!PH antici- pation of a margin that the | ongest
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property that the maximum temperature gradient in the pressing surface is at
most 10 C in the temperaturé range of 200 to 400 C. When designing of the
shank is as shown in Fig. 7, in particular, the tool is more excellent in tem-
perature distribution and flatness.

When mounting of parts is carried out using this tool by the constsnt
heating system or pulse heating system, the mounting can be accomplished in
uniform or highly efficient manner.

For the practice of the third main embodiment of the present invention,
it is indispensable that the tool end part has a rectangular frame-shaped
hollow square frustum, with an end surface to be a pressing surface, and con-
sists of polycrystalline diamond by a gaseous phase method. Namely, the poly-
crystalline diamond by a gaseous phase method is excellent in heat resistance
and wear resistance, free from the restriction on the shape to be produced and
can be produced with a low cost.

For satisfying the requirements of the market, it is required that the
surface: of the pg}ycrystgll;ne diamqnd is under a mirror surface state with a
surface roughnegg'of7ﬁt"mésf 0.;h ﬁ Ey kﬁax:representation and such a property

that when the temperature at the central pabt of the pressing surface is in



presents non-di anond carbon. Unless such a high purity filmquality is
used, the thermal deterioration of the tool end surface during use is too
|arge to nmaintain a long service |life. The interface between the cenented
carbide surface and coated polycry- stalline dianond can, in detail, be
expressed by "the mcroscopic protrusions on the cenented carbi de surface
enter into the polycrystalline dianond 4@ges". According to the substrate
formul ati on of the present invention, coating to give such a
cross-sectional structure can be carried out and the anchor effect can

effectively [ e C [ ol ycrystal line dianpond, the coated
surface is c@ﬁvéaﬁgég%f%uoﬁahﬂ rY gfr% § E%Pgise%étt ?éf’%ﬁd’f’q}%’d darechiqio and
surface or tfgt J @%hl NGe wdkimA Semidiatifth Fra@®Rat fihCall itnppﬁu debOfs §$Jrface
state neans a state with a surface roughness of at npDSt Te r y [err
represent at immst 208r.ki ng of this surface can be carried out by polishing it

using a grindstone, which has - 29 - generally been enpl oyed as a net hod
of working sintered dianond or polycry- stalline dianond by a gaseous phase
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working a part of the cemented carbide in a desired shape.. Furthernore,
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sometimes insufficient.
When a tool having a high strength and good thermal response is desired,
it is preferable to select the same tool structure as that of the first embodi-
ment, i.e. the structure obtained by directly coating a shank made of the spe-
cific cemented carbide with polycrystalline diamond or by coating the specific
cemented carbide substrate with polycrystalline diamond and then bonding the
polycrystalline diamond-coated cemented carbide to a shank of a metal or alloy
by brazing, etc. The latter structure, in particular, is a more preferable
structure because of increasing the degree of freedom concerning the workability
of the shank or tool property.
As the cemented carbide to be coated with polycrystalline diamond, there

is used a cemented carbide having microscopic protrusions of hard carbides
and/or hard carbonitrides on at least one surface to be the coating surface

and having a coefficient of linear expansion of 4.0 x 10°* to 5.5 x 10°*/ ¢C.
When this cemented carbide is worked in a final shape of a tool end part or

a similar shape thereto, a tool production is rendered possible through much
~easier working steps as.compared with the tool production using sintered dia-
mond as é material. When such a substrate is coated with polycrystalline dia-
mond in the similar manner to in the first embodiment of the present invention,
a tool material having a high bonding strength between the substrate and coated

polycrystalline diamond and excellent strength and thermal response can be re-



sists of at |east one nenber selected fromthe group consisting of netals,
all oys and cenented carbi des each having a coefficient of |inear expansion
of [err] at roomtenperature to [err].This is spec- ified for the purpose
of suppressing the thermal stress due to a difference in thermal expansion
fromthe tool material as little as possible. Specifi- cally, the shank
material is selected fromthe group consi3gting of cenmented carbides, [err]
all oys, Cu-M alloys, WN alloys, Kovar alloys and Invar alloys. Kovar is
a ferrous alized.of a | ow coeffici ent of thermal expansion, having a
conposition co risi by we [err] and at nobst 0.5 %of m cr oanount
el enents such E[SélP#‘a%“%ﬂtcP“"F fﬂs for armemllﬂ&r“fialmllamsgahechpndmga:obbw

fficient of
wel ght, 63.5% %?an??élﬁ‘ﬁﬁ%ﬂﬁ B, thie Bt " B Eramta omendlofnecst W0 ooty
% Co (so-c?ﬂ,lehgq @hn.! Nvar). Super Invar contains about 0.3 to 0.4 % of
Wh and abo 8 Yoof Cin addition to the above descri bed conponents.

Bondi ng of the jfregd comiing ipolycrdstdl 1nsé QBdMond. 2 Bhd CodxRl Jubfhcalis B3hvariegknown
nethods. In particular, a nethod of bonding t hrough a bondi ng netal having

a melting ppitdta mfrrﬁﬁ&uri:acpei’caqe il efeldeqd avemol efpesurfdcealr! ygolbprassing with a
-30 - brazing agent having a nelting point within this tenperature range or
t her no- conguréace orknilis Rird gFpodiment iof i thedpriesentt tﬂVsnTplﬂ-pé Biprerisye-

brazi ng agent, there_ are used ffhose cont ai ni n as predo onent s,
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one layer ¢ ysing a grindstone, which has generally been employed as a method of working
sintered diamond or polycrystalline diamond by a gaseous phase synthesis method.
However, it is required that while controlling the maximum temperature of the
pressing sucface to be same as the general tool operation temperature (200 to
600 'C ), polishing is carried out to give a flatness of at most 3z m at the
operation temperature.

Bonding of the tool material with a shank can be carried out any one of
known methods, but, in particular, a method comprising bonding through a bond-
ing metal having a melting point of. 800 to 1200 ¢ is effective. Specifically,
brazing with a brazing agent having a melting point of within this temperature
range can be utilized for this purpose. As the brazing agent, there are used
those containing, as predominant components, at least one element elected
from the group consisting of Au, Ag, Cu, Pt, Pd and ¥i, and other elements in
such an amount that the property of the brazing agent is not deteriorated.

The reason for specifying the lower limit of the melting point of the
bonding metal to 800 T is that thermal deformation or thermal deterioration
of the brazed layer is hard to occur when the tool is heated and used. The
upper limit, 1200 € is specified based on the knowledge that when the bond-
ing is carried out aﬁ 8 tembera't;ut"fe:'of E_higfier than 1200 'C, there is a large
possibility in thermal deterioration of pdlycrystalline diamond.

In the above described structure comprising the tool end part brazed



of nmetallic thin films of [err] etc. is preferably applied pre- viously to
t he bondi ng surface of the tool material and shank. This previous coating
treatment serves to increase the thernoconpression strength of Au. The
réason for specifying the lower limt of the nelting point of the bonding
metal to 650 [err] is that thermal defosiggtion or thermal deterioration of
the brazed layer is hard to occur when the tool is heated and used. The
upper | i mi withl 2@ spegifjed shagke @PFiskingecrisingonf tthe tonbwend dmet tisatarnheh oubie
bond- ing is carried out at a tenperature of higher than 1200 [err] , there
is a |arge2ptEsHR g'ﬁzy}"?n thermal deterioration of polycrystalline di anond.
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cost. For smbt 2ytndntthe teepeniiucereange of 22Mhetond00k®Et., it is required that
the surface of the polycrystalline dianond is under a mirror surface state
with a surface Whengaeidae f PATShbscarrded joubyusingythe doek SEriciureopt 48 such a
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can be incr¥@§&qnp)ﬁ,&ﬁ,@rust- ing the length of the pressing surface in the
| ongi tudi nal direction to 100 to 400 mm - 31 - For the production of

t he above descrrobethet prakcricetofi shepfout et mlire ehtsvdiment of the present invention,
it is indispensable that the pressing surface for mounting, of the tool end
part, consists of polycrystalline diamond by a gaseous phase method. Namely,
the polycrystalline diamond by a gaseous phase method is excellent in heat re-
sistance and wear resistance and can be produced with a low cost.

For satisfying the requirements of the market, it is required that the
pressing surface of the tool end is composed of polycrystalline diamond by a
gaseous phase method, having a surface roughness of at most 0.1 zm by Rmax
representation and such a property that when the maximum temperature of the
pressing surface is in the range of 230 to 400 ‘C, the flatness of the press-
ing surface is at most Sz m and the maximum temperature gradient in the pressing
surface is at most 30 .

For the producfion of the above described tool, it is preferable to
select the same tool structure as that of the first embodiment, i.e. the struc-
ture obtained by directly coating a shank made of the specific cemented carbide
with polycrys-talline diamond or by coating the specific cemented carbide sub-

strate with polycrystﬁlline diamond and then bonding the polycrystalline dia-

mond-coated .cemented’ carbide to : %ﬁgn_g;og»;a metal or alloy by brazing.
In this embodiment, it is required to previously meke a hole penetrating

through a surface opposite to a surface to be coated with polycrystalline dia-



sel ect the sane tool structure as that of the first enbodinment, i.e. the
struc- ture obtained by directly coating a shank nade of the specific
cenented carbide with polycrystalline dianond or by coating the specific
cénented carbide sub- strate with polycrystalline dianond and then bondi ng
the polycrystalline dira- nond-coated cer ed carbide to a shank of a netal
of alloy by brazing. The |latter structure, in particular, is a nore

pr ef er abl 80N rtiﬁfpﬁgéhﬁ 8 SEedfments. sidmidegsitagthose afefhecother embodiremts.
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Is coated wth polycrystalline dianond in the simlar manner to in the

first enbegdtirgtofopoliybeysatideatdidnnentthorpolgpctystal Ifne aii amdndhiss iahsp daimged
bondi ng strength between the substrate and coated pol ycrystalline dianond
and excel bprthestarking Af 4H8 hoh®r mal response can be realized. After coating

olycrystalline dianond,, the coated surface is converted,.into mrror
gun}/acg st at eThﬁéuB%‘?QHe%%p?‘:Fg‘Hles 90 Rrgressiae &° HUISL’pﬂge% h@'@ﬂgf%?eg. I'n

this second enpodi t r.e  nvgnt Lo ) - state
al'so moandrs UpRient il e e HsCARR Ao G by, a1 dHbbd fHent e iR
represent Lt ORnvafRiki.Ng of this surface can be carried out by polishing it
using a grindstone, which has generally been enpl oyed as a net hod of

wor ki ng si nt eegerdicoaning potyqrestatt et ¢lambng, dhacoatedoyurdagmds onvertade
synt hesi s nethod. However, it is required that when the tenperature of the
central pdnto af mtdrer pugasenstase andaised aasnai oo hiandosurfacener rtaahPressirgo to
[err] , as the general tool operation condition, polishing is carried out
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tenperat urﬁlag( '}et;:pgseﬁf‘ﬁqﬁn.‘)f w&@%gt Bt 449s surface can be carried out by polishing
it using a grindstone, which has generally been employed as a method of working
sintered diamond or polycrystalline diamond by a gaseous phase synthesis method.
However, it is required that when the highest temperature of the pressing sur-
face is maintained in the range of 230 to 400°C, as the general tool operation
condition, polishing is carried out to give a flatness of at most Sum. As &
means for this purpose, for example, polishing is carried out while controlling
the temperature of the central part of the pressing surface to be same as the
tool operation temperature in the range of 200 to 400 .

Bonding of the tool material with a _s_hank can be carried out by any known

methods. In =p_articﬁlar-.. a mefhf:d 'bf E.bonding through a bonding metal having a
melting point of 650 to 1200 C is effective. Specifically, brazing with a
brazing agent having & melting point within this temperature range or thermo-
compression with Au can be utilized for this purpose. As the brazing agent,
there are used those containing, as predomilnant components, at least one ele-
ment selected from the group consisting of Au, Ag, Cu, Pt, Pd and Ni, and other

elements in such an amount that the property of the brazing agent is not de-



- 32 - [err]. Wen the length of the tool pressing surface in the

| ongitudinal direc- tionis 100 to 400 nm in particular, it is required
that the flatness of a grindstone itsel.f or polishing working jig is
previ ously mai ntai ned under a good state. The subsequent procedures for
processing or finishing the bonding tool gre substantially the sane as
those for the first nmain enbodi nent of the pre- sent invention. Polishing

of the todhrmafeﬁee Insther edserafbthe tharmdcemprevéionlwith AWngt Déhs@foreNfa g%?m
material with a s r]ég fplwewof the precision to be nmaintalned an
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tem perature di strll BUtGIPﬁn and fl atness. When nounting of parts is carried
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square frustum with an end surface to be a pressing surface con-

sists of pog ygrgas'rm erabhaammm;reaofgamusmphaseo nef ltadre idNantdsge t he
pol y- crystalll aseous phase nethod is excellent in heat

resi st anc@o$HA! &33 "r&%ﬁrgﬁlaﬁ%térf%ﬁ'?ré@"quopﬁlﬂlﬁﬁysltélsltlm@tlﬂmﬁdon t he shape to

be produced agghishing of the tool surface is preferably carried out after bonding of
the tool material with a shank in view of the precision to be maintained and
the above described polishing method is available.

The tool prepared by the above described method, having a pressing sur-
face composed of polycrystalline diamond, is capable of exhibiting such a good
property that the maximum temperature gradient in the pressing surface is at
most 30 *C in the temperature range of 230 to 400 C. .When designing of the
shank is as shown in Fig. 12, in particular, the tool is more excellent in tem-
perature distribution and flatness.

The pulse heating tool, as the fifth embodiment of the present inven-
tion, is an improved tool having a structure of a tool end part and shank
bonded with each other by a brazing material. Namely, the side of the tool in-
cluding the exposed brazing material surface except a machine-fitting part is
coated with a metal or ceramics with a low reactivity with the melted solder.

As the tool end part, a cemented carbide coated with polycrystalline dia-
mond, used in the first embodiment of the present invention, is also preferably
used, since this material is excellent in properties required for the pulse
heating too;. for example, thermal response, temperature distribution, dura-
bility, efc; As the shank material, at least one member selected from the group

consisting of Mo, W and alloys thereof is preferably used for the 'purpose of



can be produced with a | ow cost. For satisfying the requirenents of the
market, it is required that the surface of the polycrystalline dianond is
under a mrror surface state with a surface roughness of at nost [err] by
Rmax representation and such a property that when the tenperature at the
central part of the pressing surface is in -33- the range of 220 to
[err], the flatness in the longitudinal direction is at nost 3u mand the
maxi num.t enperature gradient in the pressing surface is at nost 20 [err].
For the production of the above describedtool, as described in Japanese
Pat ent Lai d- Qpen Publication No. 2243497 0, it is effective to use a
sintered bod . S oqinantly of [err] or [err] as a substrate and
to coat the éﬂé"?g%é% hﬁéé?é%?&\?m{pﬁesﬁc?ﬁf?ﬁ?%ﬂﬁe% HT&FRSM, expansiondromby
applying to ané aateredidngkangt up the tdobi en  ach ~strength of the
ceram c substrate is soneti r?es [ nsu?foicg?gnats. y@\\ﬁg\asa%%éﬁehavi ng a high
strength and gooBPPEH8r ffafther k9gpeds part it 9i shenk cdnt bé samrief ertaly enyt knosg! ect

t he sane t ool ctyr a the first enbodi- nment, i.e. the
structure obtmgﬁltﬁé% bl;ﬁ |r?§g{alhytac%g'f°fir9 bonding ropgh 2 bRazingmaterdal Aaving
cemented car li skt tisigtgoimoby 630y &t adob 6 scir@EANE. OTasPihe ARRE 1D GatdiSaIS PGS | C
cenented carbide substrate with polycrystalline dianond and then bondi ng
t he pol ycrysta&$ [Upee LIPS FRHA LG Mat A Predominant orpandsitsic at desstsinarddensnt a et al

or alloy by hrazi t ; structur i n rticulag, is_a nore
pref er abl e s??ﬁe?ttét}?goﬁe@gt ggﬁoéfoﬁsltl%\@%%a?&i‘\‘fg Aghghaagﬁrag °y8ft%?5'38é(§8 OfRcer ni ng
t he workabi | ietaments theuchhanimoant thavlthddpigertlYor the Braging A gdi€abdi de to
be coated with polycrystalline diamond, there is used a cenented carbide

havi ng mi cr oSeESI R0t MRS ViR Hiesh Arazingapaseriad. a high bonding strength can
be realized represented by a shearing strength of 20 to 30 kg/mm?.

In the fifth embodiment of the present invention, it is required that
after the tool end part is brazed with a shank, the side of the tool including
the exposed brazing material surface except a machine-fitting part is coated
with a metal or ceramics with a low reactivity with the melted solder.

Specifically, as shown in Fig. 5, the exposed surface of the brazing ma-
terial, the side of the neighboring tool end and the side of the shank are
coated with the metal or ceramics with a low reactivity with the melted solder.
The coated range C may be beyond the range shown in Fig. 5, but the pelycry-
stalline diamond-coated surface of the tool end 5 and the machine-fitting part
6 of the shank must not be coated. The coating of the tool end surface 5 does
only deteriorate the property of the polycrystafline diamond, and does not re-
sult in any good function against prevention of the tool end part from falling
off.

As to the machine-fitting part 6, moreover, when the coating material is
ceramics having no electroconductivity, feeding from the machine is impossible
and the coating only raises a new problem.

As the coating material, for example, there are used at least one member

-

selected from the group consisting of Cr, .Mo, W, Ni, Pd and Pt, and alloys

£ 4

d‘f?rom the group consisting of Al.0s,

‘thereof, and:d

=& i g

g
‘selecte
F e - i B
§i0z, Zr0: and Ti0:, and mixed oxides thereof. Since these materials have a




and/ or hard carbonitrides on at |east one surface to be the coating surface
and having a coefficient of |inear expansion of [err] to [err] . Wen this
cenented carbide is worked in a final shape of a tool end part or a simlar
shape thereto, a tool production is rendered possible through nuch easier
wor ki ng steps as conpared with the tool production using sintered dia- nond
as a material. Wien such a substrate is-&%ted with polycrystalline dia-

mond in th? sim | ar. _manner % in.the first enbodi nent of the present

i nventi on, ' TRRGEIHEY i ilsm @v?ﬂéusé%ic@ﬁffbﬁfﬂ!‘itn@rs% P@h"@@tﬁ%@?‘&ewg%e

substrate andpeQat&Rd RRbyARYS &dn %éﬁréveﬁf@&nd and excellent strength and
- -al i

t hermal response can be re- zed. The subsequent procedures

for processingrar thd ceatlingiganyhknosn méthivdstarel aval Fabselbstmaat ¢askel yhetd@ansane as
those for the first main enbodi nent of the pre- sent invention. After
coati ng poteasigs matarisle 18isaRefed, fehexanpiecBVR (Physieali ¥aposfegesidion)nter a
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pol i shing iysidseMd setdl hpdivkiieeis wedreh iRagddgenar & PyD beevD arphadged as a
met hod of working sintered dianond or polycrystalline dianond by a gaseous
phase synt hesi Bomaatiedly FRAWYAE; thetcortingeefifectodit Hatreamired Wahtthe|coakiget he
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material with § n bé carried out —any
strength with the coated brazing material is so decreased that it tends to be

stripped during use.

In the pulse heating tool prepared by these steps, the high bonding
strength by a brazing material in applications by soldering can be maintained
for a longer time as compared with the tool free from the coating treatment of
the brazing material.

The high strength bonding tool and a process for the production of the
same according to the present invention will now be illustrated in detail with-
out limiting the same.

Examples

The surface roughness, flatness and largest temperature gradient, repre-
sentative of the properties of the mounting tool of the present invention,
were measured as follows:

Surface Roughness by Rmax Representation

The surface roughness was measured by, in the case of cutting a tool press-
ing surface, as a surface to be measured, by a plane vertical to the surface
to be measured, taking a part by a standard length from an outline (cross-sec-
tional EuQVe)'appeéfing inughé cut'séctioh, putting the taken part between two
straight lines in parallel to an averaée'line of the taken part, measuring a

gap between the two straight lines in the longitudinal magnification direction



known met hods, but, in particular, a nethod conprising bonding through a
bond- ing netal having a nelting point of 800 to [err] is effective.
Specifically, brazing with a brazing agent having a nelting point of within
tHis tenperature range can be utilized for this purpose. As the brazing
agent, there are used those containing, as predom nant conponents, at |east
ope el enent elected fromthe group consi40ing of [err] and other elenents
in such an anobunt that the property of the brazing agent is not '

deteriorated. The r for specifying the Igwer limt of the neltjng

poi nt of the l?gnt%f"ncgg%g&a{[’&tlow%@r "ieggfﬂﬁf“gt ﬁ’ér FREM! tdes saxiaw® BRH8RY °% her nal
det eri or ati on é cak fareag by il B Ieebu e 44 cHREL Siieny @ahs 0B aheal ed
and used. The upper limt, [err] is specified based on the know edge t hat

when the bond-coptagt jtgpe: sYrfaceFopghpesstmetern: enperat ure of higher than [err],
th [ | AT | E | deter] ti f | |
i amond. 1 tho aBUbe desrint SedtitlRlasth £isheedd O, fhue BY SHCNE LN | °

brazed - 35; m, \thd btdnterdSleagthfisaxdasmnk. Pol i shing working of the tool
end part is carried out after the brazing. The tool prepared by the above
descri bed met hod, ElatnessqginloszisudinglyDivgetion ace conposed of pol ycrystalline

"~ di anond, is capabl IRkt ch_a.good propert h Xj mum

t enper ature gradi gﬁ? ?{aﬁﬁ%&%eﬂ%ﬁgﬁs‘%faﬁ&%[ﬁ%{%& pfgt gfanﬁé?dtaf(gtrlﬁglefrﬁ@hée
tenperature rahge PindeldGed curbebf il tk¥ea nval®Usthited Wy fRe@dvifig conpomdnts 6fl soru
using the tool structure of the above described bonded type, as shown in
Fig. 8, by thefag®RauaspRss Hd B 2 FHOordess raviel asgthnby Semh‘edeQ"ﬁ@FYs&éf%'rﬁ FOR [§eCross-
nounting can Q?
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straight lines in parallel to an average line of the taken part, measuring a
gap between the straight lines in fhe longitudinal magnification direction of
the undulated curve of filtered wave and representing the resulting value by
micron unit. The measurement was carried out by means of a contact type surface
roughness meter. _

In the present invention, in particular, the §urface roughness or flat-
ness is expressed as to the tool pressing surface, so the standard length is
in agreement with the longer side of the rectangular shape as the tool pressisg
surface or with the lengths of four frame-sides making up the rectangular frame-
shaped end surface.

Maximum Temperature Gradient in Pressing Surface

The temperatures of respective parts of the pressing surface were measured
to obtain a difference between the highest temperature and lowest temperature.
The measurement was carried out by means of an infrared radiation thermometer.

_Example |

A cemented carbide containing 83 weight % of WC, 7 weight % TaC and 5
weight % of Co was worked in a shape of 20 mm x 20 mm X 3 mm. Then, this ce-
mented carbide was subjected to a heat treatment by maintaining it in a CO
atmosphere of 200 Torr at a temperature of 1400°C for 2 hours and cooling to

room-{emperature.in vacuun. Microscopic protrusions consisting of carbide




It is indispensable that the pressing surface for nmounting, of the tool end
part, consists of polycrystalline dianond by a gaseous phase net hod.

Nanely, the polycrystalline dianond by a gaseous phase nethod is excellent

I i heat re- sistance and wear resistance and can be produced with a | ow
cost. For satisfying the requirenents of the market, it is required that
the pressing surface of the tool end is-odnposed of polycrystalline di anond
by a gaseous_phase nmethod, having a surface roughness of at nost 0.1 [err]
by [err] r%ﬂ@ss@ﬁt'%'t%?f drdndsTameee Soemad: oy theasuniAes by hthischeatutreatment
tenperaturg .0 h ressi rface is in the range of 230 to [err], the
fatness ofdt %aé)tspgnéogxg afeﬁggp§§ylfuéé@si ¥erg fiblad yith Co £oming,eubfi theminside

t enper at urgg ?ﬁ@qg tell ealrbfaelr €Ssi ng surface is at nost [err]. For the ’
production of the above described tool, it is preferable to select the sane

e sy o, ottt 1 miSid B AIE b4 0

obt ai ned by directly coating a shank ma e specl

wi th pol ycangstrdlyl Cneosiagont as Bissodedd agd tieRovads Ch fdenerfeAEedradds Fhpédle
sub- strate with polycrystalline dianond and then bonding the

pol ycryst AUrf#te Ha% CoMRRied- tidhirigressopin @aotrushonic consistingank (&, TeYCGihaving
alloy by brazing. In this enbodinent, it-lis required to previously nmake a
hol e” penet® Q??mge’%&oﬁgl‘? 4 " #3% AEePagBbosilt evasocentdmgdadhat; shedhussuedace-t h
pol ycryst gl dj. 2= - z d,. bef.ore the heat treatnents simlar to
t hose of t ogkglfeﬁelr:ang%%ddf%‘gbﬁ? g hq?‘% So?@{xgz?rgt Bfo]\}f’ﬁﬁrd eEpAnS4eR 08 $4f $atliam
LSl durin RN fatly - o Ir3 €adnse Cajk ) . er,
the hoat [ catmeht CTPhe e gy of U eheldtfrg Roptddc HNIEE kel a1 o
probabl y afhbecdfedhe wenerted cavbideVisrabe etheMdad! t ©arheMty OfnhePOhSrRAY Scbﬁhéé-ﬂe

ﬂioftgond, ttr}sifyolwggr%sa% I-il?%tdntio%n'gr.]d I's al so damaged by the working of the

This cemented carbide, as a substrate, was then arranged in a thermal
filament CVD apparatus in such a manner that the surface of 20 mm x 20 mm be a
surface to be coated as a tool end and subjected to coating of polycrystalline
diamond for 20 hours. The synthetic conditions are shown in Table 1. = .

The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in a thickness of 70 «m. This polycrystalline diamond waé
confirmed to have a very high purity represented by a peak ratio (Y/X) of
0.08, wherein X represents diamond carbon and Y represents non-diamond carbon,
by Raman spectroscopic analysis. When the preferred orientation of the dia-
mond crystal was examined by X-ray diffraction, furthermore, it was found that
it was orientated in the film thickness direction (110).

The polycrystalline diamond-coated surface was converted into a mirror
state with a surface roughness of 0.08 z m by Rmax representation using a
diamond wheel and used as a constant heating tool material. The thickness of
the,pplycrystalline diamond after the mirror surface working was 40 zm.

-5=Théiresulting todl material-anégi shank of Kovar was bonded with each
other at 600 C by an Au compression’method using an Au foil of 100 zm in
thickness. During the bonding, the bonding surface of the tool material, i.e.

the opposite surface to the polycrystalline diamond-coated surface was coated



The subsequent procedures for processing or finishing the bonding tool are
substantially the sane as those for the first main enbodi nent .of the pre-
sent invention. After coating polycrystalline dianond, the coated surface
is converted into a mrror surface state and used as a tool end surface or
tool pressing surface. In this fourth enbodi mrent of the present invention,
the mrror sur- face state also neans a-sfgate with a surface roughness of
at nost [er.r y rel S ation, king. of this surface can be
carried ou’f‘thyﬁp‘('){tﬁs{ﬂtﬁgg&@%&ugﬁgu Ly grti mﬁt%ﬁ&c Schf Ba% 4B AR AY YiBeen
enpl oyed i £ of JMEKIt idap er 'ﬁﬁﬂ? y | j,@e di anond
by a gasegfjéﬁbdrgggepgynt hesi s 1r?rgt ﬁﬂgg{- I—m\d}%r, t@u?iac?ceuéuﬁ%gﬁa?lka‘{BEMen t he
hi ghest t esigeresated woth Vheith edhickgessuof Of dcenisndrdi withi @atitkneshof riange of
230 to [err] , as the general tool operation condition, polishing is
carried ou#mttﬁéhb%%der’rat ness of at nost [err]. As a nmeans for this
pur pose, for exanple, polishing is cagr'ed gut while controlling the
tenperature of the central part of th a% ssing surface to be sane as the
tool operation termesmindleRopdtty he range of 3J(RedrOTdHgQtdneNire 0B0MglinRy Of the
tool material wth a shank can be carried out by any known nethods. In-
particul ar, a net RidamentHtempiratyrehr ough a ba@1dén¢ge netal having a nelting
poi nt of 650 to 1200 [err] is effective. Specifically, brazing with a
brazi ng agent havifidaBsenteiupstiata,Bistancgi t hin & Ms tenperature range or
t her no- conpressi ' utilized r I S purpose. As the
bﬂﬁ?e%a&p&?ﬁxgge cont ai niiqg, Lé]

brazi ng agent, there are us as predom nant conponents,

at least one el e- gwMaterls?da8ohpdditiche Or QR /moBsi.gtEng of [err], and
other elements in such an anobunt that the property of the brazing agent is

not de- - 37 - Todrl dilext Batte ofl Rawt he case of the thernoconpression with
Au, at |east one | ag/er_

Mdterial Gas 1000 scem

Gas Pressure 120 Torr

In order to assess the durability of five constant heating tools (A) pre-
pared by the above described process, IC with three hundred pins was repeatedly
bonded at a tool end temperature of 550 C and a load of 200 kg. For compari-
son, five tools were respectively prepared in the similar manner using respec-
tively a sintered diamond (B) containing 10 volume ¥ of Co as a binder, a sin-
tered diamond (C) containing 7 volume % of Si and 7 volume % of SiC as a binder
and an SiC-SisN. composite sintered body (D) coated with polycrystalline diamond
with a thickness of 50« m by a gaseous phase synthesis method as a tool ma-
terial and then subjected to the similar assessment. The service life of the
tool was measured by the number of bondings until bonding trouble appeared in
the bonded pin.

The results are shown in Table 2. As is evident from.this table, the
sintered diamonds of the prior art are insufficient in wear resistance and heat
resistance and in the case of the ceramic substrate coated with polycrystalline

; diamond,-thére;Qs #tillaropm for improvement in the reliability of strength
of the subgératé. :6hifhe=éonffﬁr§§ @;anusing the product of the present in-

vention as a tool material, it is confirmed that stable performances can be



of nmetallic thin films of [err] etc. is preferably applied pre- viously to
t he bondi ng surface of the tool material and shank. This previous coating
treatment serves to increase the thernoconpression strength of Au. The
réason for specifying the lower limt of the nelting point of the bonding
metal to 650 [err] is that thermal deformation or thermal deterioration of
the .brazed layer is hard to occur when thi8 tool is heated and used. The
upper limt, 1200 [err] is specified based on the know edge that when the
bond- ing i exhiyiteddveruunder such seyeefiogs@tPén Bbrii€ionshan 1200 [err] , there
is alarge possibility in thermal deterioration of polycrystalline dianond.
Pol i shing of the tool surface is prefer®Htlg Qarried out after bondi ng of

the tool materiﬁl !m'th a shank in ViEeW of the Ereci si_og to be maintained
and the above Ibed pol i shi ng e’ L . € _prepared by

~the above described net hod, hayidagti [ r- fa osed of
polycrystal line dianond, is ca {dn Hhiroer 10 suchcﬁié@% property that

t he maxi num gresgner Biventogr adi ent 180 &heger essi ng surf ageepdekat nmost 30 C
in the tenperature range of 230 to 400 [err] . \Wen designing of the shank
is as shown Gompgwia§ivel2, inBparticuldr, 8t he tool is nortoodxsuefacendanaged em
perature distribution and f] atness,. The pulse heating togl, as the fifth
embodi ment JRXEPMESpresent iCnven- t3bA, 4Ps an i nproved 94| SUsEatedangged

structure of a tool end papt and sgpank nded wi th each, at b L ng
material. Nanely, the side of the@oollglﬁ)n- cl udi ng thgmgxé;}%élé%)f%@gz?rﬁéw

mat eri al surface except a machine-fitting part is coatggswidt a netal or
ceramics with a lowreactivity with the nelted solder. As the tool end
part, a cement ecEXemplgi e coated with polycrystalline dia- nond, used in the
first enbodi nent, of the present inventiagn, .is also preferap] sed,, since
this material igh §§'Eeé’lt?%ﬁ?req' e SPUpLHnE S0 yeight %e?f an' %t‘f?éggru%sﬁ“ch%f’ng
tool, for ex JoRSRONSE gt Sty L i 0 UbBs npe
001110, SXRUTRhE s AERTRL VORRROE snbBE RS § £ AR Ohoflils se- |
group consi spdnted @hrtVde wdé adjerkddoYs at Keat e@batmen P9l miiatdivings ¢l that Nt he

pur pose of
atmosphere of 100 Torr at a temperature of 1300 T for 1 hour and cooling to
room temperature in vacuum. Microscopic protrusions consisting of carbide
solid solution of W and Ti were formed on the surface by this heat treatment
and gaps among these protrusions were filled with Co coming out of the inside
of the cemented carbide.

When this cemented carbide was immersed in hydrofluoric acid at room tem-
perature and only Co comming out was dissolved and removed, a cemented carbide
whose surface was covered with microscopic protrusions consisting of (W,Ti)C
having a mean length of Tum wés prepared. It was confirmed that the thus
surface-modified cemented carbide had a coefficient of linear expansion of
4.4 x 10 ~*/°C at a temperature range of room temperature to 400°C, which was
similar to that of the cemented carbide before the heat treatment. The thermal
conductivity was 105 W/m- K at 400 .

This cemented carbide, as a substrate, was then arranged in a microwave
plasma CVD apparatus in such a manner that the surface of 30 mm x 2 mm be &
‘surface to be coated:as a tool ehd:énd.subjected to coating of polycrystalline

diamond for 30 hours. The synthétic conditions are shown in Table 3.



- 38 - suppressing the thermal stress due to a difference in thernal
expansion fromthe material nmaking up the tool end part as little as

possi bl e. Banding of the tool end part with a shank can be carried out by
any known nmethods. In particular, a nmethod of bonding through a brazing
material having a nelting point of [err] to [err] is effective. As the
brazing material, there are used those containing, as predom nant
conponents, at |east one el enent sel ectedd4f¥omthe group consisting of Au,
Ag, Cu and alloys thereof and ot her elﬁg}?q in such an anount that the
property of the brazing material is not deteriorated. \When using these
brazing material, Wicnowgvefutplitng strength cagsobe real i zed represented by a
shearing strength of 20 to 30 [err]. In the fifth enbodi nent of the present
invention, it is retpSFTace TemReraWfeer the tocd70e¢Rd part is brazed with a

shank, the side Ofawﬁattef’ﬁll éagicés"H@i?E?i@t&h\% fx&g? d_b{ azing material surface

except a machine-fitting par h fat- 208 ceramcs with a | ow
reactivity with thesegelfiew Re€d siekay Specifically, as shown in Fig. 5, the
exposed surface of the brazing ma- terial, the side of the neighboring tool
end and the si de oflatehimlsGagnk are coated wi t4gpgt wemnetal or ceramics with a
| ow reactivity with the nelted solder. The coated range C may be beyond the
range shown in Fi géas5Presgyret he pol ycry- st al 80 fieredi anond- coat ed surface of

the tool end 5. and ine-fitt.in art 6 of .the shank nust not be
coated. The coaﬁq ﬁa&g'?’%%ﬁ‘geﬂ?@gf'cémdéﬂﬂﬂﬁa@éywavéél%ﬁwa%q &P4t6H Anethene
property o Vigt &lthi | BN an 0 3 ' y good
function agg‘itfﬁg% Rg%zé\?gn?i é(;rshi)clfmifetsﬁe toolq‘ ué'ndﬁb{air@??%ﬁ%ﬁ@ﬁg%@ﬁ %5 to

t he machi needfiittddngo have abieryrhighomerity WagresbiRdCsahi geak Fat & (BiX)igy ceramics

havi ng no el ectroconductivity, feeding fromthe nmachine is inpossible
0.05, wherein X represents diamond carbon and Y represents non-diamond carbon,
by Raman spectroscopic analysis. When the preferred orientation of the dia-
mond was examined by X-ray diffraction, furthermore, it was found that it was
orientated in the film thickness direction (100).

The polycrystalline diamond-coated surface was converted into a mirror
state with a surface roughness of 0.08 « m by Rmax representation, using a
diamond wheel, and used a&s a constant heating tool material. The thickness of
the polycrystalline diamond after the mirror surface working was 40 g m.

The part of the cemented cﬁrbide of the product was then worked in a shape
similar to Fig. 2 by a wire electric discharging working machine to obtain a
pulse heating tool (E). '

The resulting tool was then subjected to assessment of @ thermal res-
ponse, @ uniformity of temperature distribution and @ flatness of tool sur-
face as follows:

The thermal response @ was assessed by passing electric current through
the tool at room temperature and then measuring a time required for raising
the temperature frqg;tpg sgart"qf{pgssingﬁglectric current to 400 C and a

time requii‘ed for EOOI?i.ﬁg t‘rom400'c 200 'C from the stop of passing elec-

tric curren't. The uniformity of temperature distribution @ was assessed by

measuring, when the central part of the tool end surface was maintained at a



and the coating only raises a new problem As the coating material, for
exanpl e, there are used at |east one nenber selected fromthe group
consisting of [err] and [err] and alloys thereof, and at |east one nenber
sel ected fromthe group consisting of [err], [err] and mi xed oxides
t hereof. Since these materials have a - 39 - lowreactivity or a small
diffusion coefficient for a nelted sol derg5 ehange of the sol der conposition
can be prevented. For the coating, any known nethods are available. In a
case where the coating material is a nmetal, for exanple, PVD (Physical
Vapor Deposition) nme- thods such as plating, sputtering, ion plating, etc.
or CVD (Chegd at(PPRrE 408-C btd ; tilized.  .In the case
of ceram cs?éu?ggti ng by hyd?gt?lbl ;ﬁ%agﬁgtyrqrgltegﬁ%ﬁ%‘?egx#haecqngrﬂsEﬁ‘r l.in
addi tion toamvDefir a@V/Dightténdsiof Mertoohieheduyfaceal ThHd BeasubsheRP @ fumpad-f €Ct,
it is required that_the coating thickness is in the range of 1 to 100 a m
since if | e3Wrengd ther F9o ?’Hes"gchéc‘f’ the assessments @y and\@rwasscaretedcasted,
while if no ing strength with the coated brazin

b getiot 48 foePRreh YerbOBET, 5 LC"S o

material is ease d% to be stripped during use. In the

pul se heating tog rritaesy e thyl slrese @t §9§asé@?eﬁbgmegﬁﬂgﬁgghégﬁfﬂégt h by a
brazing material in applications by soldering. can be nal ntai ne or a

| onger ti mestateceiphe ¢dolwsurfacehin timollorgi ewlifidlodl debeionodich NGhet dendidTepertOf
the brazing material. The high strength bonding tool and a process for the
producti on 8f thfectoghABd SUETACR| ISaivtaingd pt soem tenpevatyre end 0P 1T now be

iITustrated in gt?rt %&nlpa\“’iston.' a9§étssnleh£ﬁo iarﬁgmé ngls ) a%gmbfscomprising an
Mo shank bonded with the sintered diamond used in the tool (C) of Example 1,
worked in a thickness of | mm, by brazing and a tool (H) comprising an Mo shank
bonded with the polycrystalline diamond-coated ceramics used in the tool (D)
of Example 1, worked in a total thickness of 1 mm, by brazing was also carried
out.

The results are shown in Table 4. As is evident from these results,

the tool of the present invention can favorably be compared with the tools of

the prior art in all the respects of thermal response, uniformity of temper-

ature distribution and flatness.

Table 4
Too!l No. Results of Assessments

Thermal Thermal Temperature  Flatness Flatness

Response Response Distribu- at Room at 400

at Heating at Cooling tion Temperature

(sec) (sec) () (2 m) (& m)

Present E 1.1 8.9 30 2 5
'I'r'we'n_t.ion -
Comparative F 1.1 - 8.0 . 60 3 15
Examples G 2.5 18.5 85 3 S0

H 1.8 13.7 15 3 12



The surface roughness, flatness and | argest tenperature gradient, repre-
sentative of the properties of the nounting tool of the present invention,
were nmeasured as follows: Surface Roughness by Rmax Representation The
strface roughness was neasured by, in the case of cutting a tool press- ing
surface, as a surface to be neasured, by a plane vertical to the surface to
be nmeasured, taking a part by a standard length froman outline (cross-sec-
tional curve) appearing in the cut section, putting the taken part between
two straight lines in parallel to an avwengge |ine of the taken part,
measuring a gap between the two straight lines in the |ongitudinal

magni fication direction - 40 - of the crossectional curve and
representing the cE@mple 3g maxi num hei ght of the taken part by nmicron unit.

The measur enent arg ied t by, ns,of a contact type surface
roughnegg met er . Wg?aﬁﬁe“[ h@'eﬂfeés%aﬁ%qgga‘éﬁi%ﬁ %W‘g‘c‘mas Ff%g@“’@k?t% apd gy
of at nost 0. 8¢fLhdl coddubtivi BNeLEH theitRt ivn S Ones® wbtRed Hntth rk‘ﬂﬁg% 'rc? Zgymué X

Longi tudinal Direction The flatness was nmeasured by taking a

standard | engt 26 fmamd ammc emd/ €hefusutl jécred do cdi heet Ofeattnéritedreidr aavie)t ioms shdwddiby
renovi ng conponents_ of sur- face roughness with a shorter wavel ength by a

| owfrequency Tableet {HiGROSEORICORTQLrUSERNS; eanslstdg W&, carhide ﬁ‘g“ﬂh@ltlgik?éﬁ q%a'r‘t

e of "t he. ¢ altht T A LUEERaln asthl0 BN 1 ieRE Fpbovel P thp Surdafed: AN A7

wave and T opr oLeRitiORed R e o R AR MYy Tror P e

was carried outodiyg o tife insidnbficthe tegpentsdichetider oWémelsis oaeAted carbide
was immersed in hydrochloric acid at 80 C for 5 minutes, only the iron group
metals were completely dissolved and removed.

This cemented carbide, as a substrate, was then arranged in a microwave
plasma CYD apparatus in such a manner that the surface of 25 mm x 25 mm be a
surface to be coated as a tool end and subjected to coating of polycrystalline
diamond in an analogous manner to Example 2 except adjusting the synthetic tim
to as shown in Table 5.

The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in a thickness corresponding to the synthetic time and in any
case, it was orientated in the film thickness direction (100). This polycry-
stalline diamond was confirmed to have a very high purity represented by a pea
ratio (Y/X) of 0.05, wherein X represents diamond carbon and Y represents non-
diamond carbon, by Raman spectroscopic analysis.

The polyérystalline diamond-coated surface was converted into a mirror
state with a surface roughness of 0.06 z m by Rmax representation using a
diamond wheel and then bonded with a shank made of a W-Ni alloy by the use of
a brazing material predominantly consisting of Ag and Cu and having a melting
'pointigf BOD_ﬁf to prepare qigoﬁstagg_heating tool.

Efﬁ Tab1e § are élsdléhdka the coefficient of linear expansion of the ce-
mented carbide after the heat treatment and acid treatment, the length of pro-
trudions on the cemented carbide surface formed by the heat treatment and the

coating film thickness of polycrystalline diamond.



In the present invention, in particular, the surface roughness or flat-
ness is expressed as to the tool pressing surface, so the standard |length
Is in agreenent with the | onger side of the rectangul ar shape as the tool
pressing surface or with the lengths of_ fygur frame-sides nmaking up the
rectangul ar frame- shaped end surface. NBX|nun1Tenperature G adient in

Pressing Surface The terrp res of respective parts of the pressing
surface were measuraj tEb n a difference between the highest

t enperature and Io r t# el TR @a@re@eng w8s Sarg ed oot Ly
means of an |nfrare r@ll al thernmonmeter. Exanple 1 A cenented carbfde
contai ni ng 88 wei ght % of V\CE7 wei ght % TaC and 5 wei ght % of Co was
worked in a shape ofg 2Q, nm x nmx 3 mm Then, this ce- nented carbide

was subjected to a Bpals treat n-t by ®mRindaiding i+ idw acsCOat @Dsphers of
200 Torr at a terrpeﬁlttﬁeﬂ)f F?] «f o= 2 shous s qndﬂco@llgg +0 <DOoRY =
tenperature in vacu copi ¢ pr.otrusions consisting of carbide -
41 - solid sol ution§)f Wald a were forned on the surface by this heat
treatment and gaps these rotyugions vgresfill ed wgth Co gom ng out
of the inside of thdggc rE.eeL cat bile.e Wagn $hig carregt\(,a\% car bigle glasg
imrersed in nitric aci &k rmat [err] and only Co comm ng out was

di ssol ved and renoved, a (gama ted carbi de whose surface was covered with
m croscopi c pr otrusgné c@hsi tld'lg«ngWJa),C haviQg & meandd epgt i, ofo5
[err] was prepared. 8 [§ s t At YhePt hils SurPac&® fddifi &8
cement ed carbi de ha® a®oétficient of |inear expansion of [err] [err] at a

t enperature range of regpmtengerature to 400C , which was simlar to that
of the cenented carbld@bqgore the§1eat treagrregt Thett?rmal corgiuc-
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tivity was 80 Wm{([err] Kat 400 [err] . This cenented carbide, as a
substrate, was then arranged in a thermal filanment CVD apparatus in such a
manner that the surface of 20 nmx 20 mm be a surface to be coated as a

t 6ol end and subjected to coating of polycrystalline dianmond for 20 hours.
The synthetic conditions are shown in Table 1. The recovered cenented
carbi de had polycrystalline dianond coatgg on the surface thereof in a

t hi ckness of 70 [err]. This polycrystalline dianond was confirned to have
a very high purity represented by a peak ratio (Y/ X) of 0.08, wherein X

represents di andncrder orassess tife rdupded SRt & nmwl-joar@r@;i.q?,r RErvi th 7Ry IR
spectroscopi ¢ anal ysis. Wien the preferred orientation of the dia- nond

crystal was wexepeis@d iy, bordpdat & took and i temperatire Iafr PG antita Wead 6083 kghat
it was orientated in e. fhlmihickness direction (110). The .

pol ycryst al ﬁ"ﬁe“ﬂ?%fr‘r%#&-%ogg% é'ﬁ;es[ﬁsf’%cgé"%sprémsgrlf‘e g %‘t‘“blaé ML ES Tt e

wth a surf i . r : I S i '

Gt artond whedr R WAIE 3P Sirtered dlenork (v) raifliels VGRIEOFRE o B0 indlE B

of the pol yiyséret |diamondi Giyooodtadhingr? vikmeiv 6061 and fRes uwerkongicvas 40
[err]. The resulting tool material and a shank of Kovar was bonded w th
each ot her arind@oandan Sifyiaiered bodyni¥) ceogteshvitbtnedcnystalginendiagondorithof 100

err] in thickpess. LLN he bondi ng, the hondi ng.surface of the, tool
heter il 1 higkBess,hab iEn ollrk B thase niSRrs, BERy Taor dedl BtsaF iAoy
surface was ted -ehid i P! t by f ' -
t ﬁi ckness of &gazﬁﬁéﬁcrt?d gﬁdtth!Jh\%ag-lﬁsgés%ﬁel%knggg %gﬁﬁge ?étr‘e}]ovi ﬂr&tﬁlswg% 3‘3%‘.
The bondi ng e fc eheofiuntble of thamdd ngsasntdll Rndingt teoubliet dppiredi inhtie bdndek pess

of 0.3 [err] and Au with a thickness of 3 [err] in this order. Table 1

In Table 6 are shown assessment results of the durability of these tools.
As is evident from this table, Tool Nos. I to N according to the present in-
vention give longer service lives than the tools of the prior art.

In the case of Tool No. 0, the polycrystalline diamond film after brazed
was cracked during mirror surface working and thus it was not subjected to
assessment. This is probably due to that the cemented carbide has the composi-
tion outside the scope of the presenf invention and a larger coefficent of
linear expansion, resulting in a larger thermal stress during brazing.

In the case of Tool Nos. P to S, the polycrystalline diamond film was
stripped or cracked to result in shorter service lives. This is considered
due to that the heat treatment time is too shorter in the case of Tool No. P,
the content of ZrC is too small in the case of Toal No. R, and the heat treat-
ment temperature is too lower to result in sufficient lengths of protrusions on
the surface of the cemented carbide and consequently, the bonding strength of
the polycrystalline diamond film is not increased in the case of Tool No. S.

In the case of Tool No. @, cracks are formed in the polycrystalline diamond
film, which is probably due to that the heat treatment time is so long that the
'}ehgths oggprotru§§pn§hfogmeq?on the cenebted carbide surface are longer and
éaps amoé&ithé'ptéérﬁéiong c;qhqi?hqﬁﬁlétely be covered by the polycrystalline
diamond.

In the case of Tool Nos. T and U, moreover, cracks occur in the polycry-



Fi | ament Property

Tenperature

mm Substrate Tenperature
Conposition [err] Total
1000 sccm Gas Pressure-

the durability of five constant heating tools (A) pre- pared by the above
process, ICwith three hundred 49 as was repeatedly bonded at a
tool end tenperature of 550 [err] and a | oad of 200 kg. For conpari- son,

five tool geyAriRe eaRAETYRI Y oPRATEE éé}v&%_elﬁ)-egi ghgg/gdg?r\@oggusi ng respec-

tively a sintered dianond (B)
sin- tereduditantd (he) sywhetac rtimg of t‘ﬁ@@bﬂgcr%w‘llﬁie andthorid Q! nytesPraf1eSi C as
0

descri bed

a binder and an %err .cggyosite sintered
pol ycryst &nd i the ek

synt hesi s

assessnent .

g
met hod as a tool nm-

2100

cont al ni ng

Li near Tungsten Wre of 0.5 mm Fi | anent
[err] Filanment-Substrate Di stance 5
900 [err] Raw Material Gas

FI ow Rate of Raw Material Gas

120 Torr In order to assess

vol ume &SP r, a

dy (D) coated with

§ S 20t 9ptimiees of - [err] by a gaseous phase

terial and then subjected to the simlar

The service life of the tool was neasured by the nunber of

bondi ngs until bonding troubl e appear gghi.n g he bonded pin. The results are

shown in Table 2.

As is evident fromthis table, the sintered di anonds of

the prior art TaskNonsuf fSecvieatLife (wel@f ) r esi st anceRematksheat resi stance and
in the case of the ceram c substrate coated with polycrystalline dianond,

there is still rbomfor inpr8benent in the reliability of strength of the
substrate. On tre contrary 1en using the product of the present in-
vention as a tool material, T 'is confirmed that stable perfornmances can be
- 43- K 100 -

L 100 -

M 95 -

N 95 -

0 - no assessment because of cracking

during micrror face working

P 10 stripping of polycrystalline diamond film

Q 5 cracking of polycrystalline diamond film

R 12 stripping of polycrystalline diamond film

S 8 stripping of polycrystalline diamond film

T 15 cracking of polycrystalline diamond film

U 16 cracking of polycrystalline diamond film

v 5 damage of tool surface

W 20 damage of tool surface

X 85 cracking of substrate

Example 4

A cemented carbide containing 92 weight % of WC, 4 weight % TaC and 4

weight % of Co was worked in a shape of 25 mm x 2 mm x 2 mm. Then, this ce-

-menté&.carbide wasfsubjected to a heat treatment by maintaining it in an N.

atmoéphere of 200 Torr at a temperétgfe of 1400 ¢ for 2 hours and cooling to

room temperature in vacuum. Microscopic protrusions consisting of carbide

solid solution of W and Ta were formed on the surface by this heat treatment



exhi bited even under such severer operation conditions. Table 2 Tool No.
Results of Assessnents: Service Life Operation Nunber (x [err])

Remar ks Present Invention A 80 - 100 no cracks
Conparative B 5- 8 tool surface
damaged Exanpl es C 30 - 40 t ool
surface damaged D 80 - 100 - 50 - fine cracks found in

one substrate Exanple 2 A cenented carbide containing 90 weight %of WC, 5
wei ght % TaC and 5 wei ght % of Co was worked in a shape of 30 mm x 2 nmm X

15 mm Therandtdips ameng nhesecprot Aisbridewetdst i3 idd Rrtheth tonig MRRtort EIRATHEAL bY
maintaining it in a [err] atnosphere of 100 Torr at a tenperature of 1300

[err] for 10fhmﬂcmt%§$ﬂbh@?to roomtenperature in vacuum M croscopic

protrusions co |st|hh% f ?“L Nge solid solution of Wand Ti were fornmed on .
the surface by $hhy SEmEN e CaRRide A% immassed, iR 8gua fesia & seqmLeNBARATHES o

filled wit e n this
cement ed c}rngpo GQTEOHQO“{QH,H g‘fétd%?d#}gi&ﬁl %r{%&ée% (rjgera&%&%gﬁcggﬁ?e ature
and only Cosype4ts #ik Govered i th ﬁﬁ:@bsceﬁhcaﬂﬁbtimaﬂﬁécnsqsﬁ g&m adrsw hmﬂ%whose
surface was covered with m croscopic protrusions consisting of (WTi)

havi ng a rrmaulearerhmmhcn‘f ﬁe‘fﬂ]“aﬂmeme@arwwas bunt\i/medctmtltrhsetjtus mrfaclee t hus
surface-nodi fi ed cemanrﬁg U’rgl de had a coefficient of |inear ansi on of

4.4 x 10 [ Sadjfigd cemep hed 4 Geefdicient of  Linpas sxnapsionof] é*r K, 10aAt ch
was simlar, o Jthﬁ‘tteﬂé\ﬂrtgt\gr&le{ﬁ%u?&ogn? tgﬁg‘?ft&?%]qcro' 40tptbe &Rk dds® tm”?aﬂ-t t%ll:he

t her mal conduct IVity . . hi's "cemen carb
as a substr@fa®, of\Wolfe CEMRAtEAY COMIRAbIMAra the GV AY& tREMRS Wﬂ‘h@@eﬂﬂw&foﬁﬂdb& in

such a manner that the surface of 30 Mmx 2 mmbe a surface to be coated as
a tool end tivdtnoubs 48 ddme & &40 €y of pol ycrystalline

This cemented carbide, as a substrate, was then arranged in a thermal
filament CVD apparatus in such a manner that the surface of 25 mm x 2 mm be a
surface to be coated as a tool end and subjected to coating of polycrystalline
diamond under the same conditions as those of Example 1.

The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in & thickness of 70 zm. This polycrystalline diamond was
confirmed to have a very high purity represented by a peak ratio (Y/X) of
0.08, wherein X represents diamond carbon and Y represents non-diamond carbon,
by Raman spectroscopic analysis.

The polycrystalline diamond-coated cemenfed carbide was bonded to a shank
made of Mo by brazing to obtain a bondiﬁg tool as shown in Fig. 3, using a
brazing material consisting predominantly of Ag and Cu and having a melting
point of 850 C.

The polycrystalline diamond-coated surface was then converted into a mirror
state with a surface roughness of 0.06 zm by Rmax representation using a
diﬁmond wheel. The thickness of the polycrystalline diamond after the mirror
suffacé working was 30 « m.

The pulse heating tool prepared by the above described process was sub-
Jected to assessment of the propertxes 1n the similar manner to Example 2.

Consequently, it was found that the thermal response was 1.1 seconds at



di anond for 30 hours. The synthetic conditions are shown in Table 3. -44

- Table 3 M crowave Qut put 650 W Substrate Tenperature
870 [err] Raw Material Gas Conposition [err[ = 1.2 % Total Flow Rate
of Raw Material Gas 500 sccm Gas Pressure

80 Torr The recovered cemented carbide had pol ycrystal Il i ne di anond coat ed
on the surface thereof in a thickness of 50 [err]. This polycrystalline
di anond was confirned to have a very higlyqpurity represented by a peak
ratio (Y/ X) of 0.05, wherein X represents dianond carbon and Y represents
non- di anond carbon, by Raman spectroscopi c analysis. Wen the preferred
orientation ofhe!lhlélgdmil 9rﬁ)ﬁ@90ﬂ% aé)@&ﬁrlilnEd wbychxwaayomnaratrlactq ghe properties of

furthernore, e the filmthic

di rection (1005h 03 n&@ taI Pf iﬂ) B‘?ég%ltfeﬁtr@ﬁ f"&ﬁer%%seﬂtgeae%"r Bety™
into a mrror g&i gl Y‘éﬂ?@rﬁu?@@ﬁ@@% h%tgte&befcs Qg ik & E@ﬁs&hem;{]@w
representation, uslng di amond wheel, and used as a constant "heating t ool
material. The thi dHgaegie §f the pol ycrystal |l i ne dianond after the mrror
surface working was 40 [terr The part of the cenented carbide of the
product was then wocREERteh cerbéﬁeﬁentemngaﬁ% veight ¢ ob Moy TaS\yeightek Jafand 4.5

i schar 19, 0L B8 X156 B i SRR 1,0 e 0B Kb 201, ) oo s co-
ponse, [err] Urlib]'nftQJ 'E_hf'ﬁ‘id@fwafs Eﬁﬁﬁﬁc@édﬂt@ adhéultl tded thend tﬁynﬂalﬁlt)aifrhﬁé nesin @fcot ool
sur- face as follows:
atmosphere of 180 Torr at a.temperature of 1380 °C for 1 hour and cooling to
room temperature in vacuum. Microscopic protrusions consisting of carbide
solid solution of W and Ta were formed on the surface by this heat treatment
and gaps among these protrusions were filled with Co coming out of the inside
of the cemented carbide.

When this cemented carbide was immereed in nitric acid kept warm at 40C
and only Co comming out was dissolved and removed, a cemented carbide whose
surface was covered with microscopic protrusions consisting of (W,Ta)C having
a mean length of 4 zm was prepared. It was confirmed that the thus surface-
modified cemented carbide had a coefficient of linear expansion of 4.5 x 10 ~
/ C at a temperature range of room temperature to 400°C, which was similar to
that of the cemented carbide before the heat treatment.

This cemented carbide, as a substrate, was then arranged in a thermal
filament CVD apparatus in'such a manner that the surface of 250 mm X 2 mm be a

surface to be coated as a tool end and subjected to coating of polycrystalline

diamond for 30 hours. The synthetic conditions are shown in Table 7.

Table T
Filament Property Linear Tungsten Wire of 0.4 mm
__;_j__‘grlament Temperature 2050 C
"é-'Fxlament Substrate Drstance 4 mm
Substrate Temperature T B
Raw Material Gas Composition CH /H: = 1.2 %

Total Flow Rate of Raw



The thermal response [err] was assessed by passing electric current through
the tool at roomtenperature and then neasuring a tinme required for raising
the tenperature fromthe start of passingelectric current to 400 [err] and
a‘tinme required for cooling from[err] to [err] fromthe stop of passing
elec- tric current. The uniformty of tenperature distribution [err] was
assessed by neasuring, when the central part of the tool end surface was
mai nt ai ned at a -45- tenperature of 400 [err] the tenperature gradi ent -
between the central part and left and rigt-ends of the tool end surface.
The neasurenent of tenper- atures of the tool end surface in the

assessments [err] angtd@ar kas Was carried out by.npans of an infrared
t hernoneter. The flatness of tool surface [err{ wasS assessed by measuring

t he war ped state of GahePressate surface in the | ggoirépedi nal direction when the
central part of the tool end surface is maintained at roomtenperature and
400 [err]. For CORPECPESRd cemestedsomphideoiadapoliybryssallife-)djamond aohtddn the

conpri sing an S k bonded.with t sintered di anond used in the tool

(O of Exanpﬁ“é%ibc,e %‘lﬁ%‘g”ﬁ ‘g‘l%ﬁskag?g bf- [ dpiY Polygrystabling diaeend wasol (H)
conpri sing ki T alli [ »oaat ed
ceram cs uszéc?n?/ﬁ‘m?ﬂglat%églem?gﬁym&@g%ﬁ&w&%%?ey i ggt%qg‘?qﬁ]}ﬂcﬂ ess of
1 mm by brazioeg whereialXs cepresentsedianodid cdfben e W teprasents MOntdiafontPBA®ofl, AS
is evident fromthese results, the tool of the present invention can
favorably bebycRamaarBeCHioseopihanalpdiilss dhen ithe préfercer orientatlibon ofietheediaect s

of thermal response unifornitX of  tenper- ature distribution and fl atness.
Tabl e 4 Too|MoRY crystal was examined by X-ray diffmactipf.s fuetheEmope,s ik nas found that

it was orientated in the film thickness direction (110).

The resulting tool material and a shank of Super Invar were bonded with
each other by the use of a silver braze having a melting point of 800C and
the polycrystalline diamond-coated surface was polished by a diamond wheel
while heating in such a manner that the temperature of the centar! part of
the tool pressing part be 250 C. Thus, the polycrystalline diamond-coated
surface was converted into a mirror state with a surface roughness of 0.08 «m
by Rmax representation to obtain a pulse heating tool with a shape shown in
Fig. 7. The thickness of the polycrystalline diamond after the mirror surface
working was 40z m. 1In Fig. 6, 3 designates a cemented carbide substrate, 5
designates polycrystalline diamond, 7 designates a shank and 8 designates a
brazing material.

In order to assess the properties of Tool No. 1 prepared by the above
described process, measurement of the flatness of the pressing surface in the
longitudinal direction and the temperature distribution in the pressing surface
was carried out. For comparison, preparation and assessment of Tool No. 2 of
Super Invar were also carried out.

The measurement of ;he flatness was carried out according to the method
described in Japanese Patent Lai&-oﬁen Publication No. 326642/1993. That is,
a measurement jig was first prepared comprising a cemented carbide substrate
having a flat sﬁrface. on which twenty Au wires each having a diameter of 0.1

mm were arranged in parallel. Then, each tool such that the temperature of the



Ther mal Ther mal Tenperature Fl at ness Fl at ness Response

Response Di stri bu- at Room at [err] at Heating at Cooling
tion Tenperature (sec) (sec) [err]

[érr] [err] Present E 1.1 8.9 30

2 5 Invention Conparative F 1.1 9.0 60
3. 15 Exanpl es G 2.5 18.5 85

3 50 H 1.8 . 13.7 75 3

12 - 46 - Exanple 3 Each of cenent ed- &3rbi des having a conposition shown

in Table 5 and a thermal conductivity of 60 to 100 [err] K was worked in a
shape of 25 mMm x 25 nm x 4 mm and then subjected to a heat treatnent under
conditions shown in Table 5. Mcroscopic protrusions consisting of carbide
solid solutions of Wand other carbide-formng netals than Wwere forned on
the surface by this hea treatnent and gaps anong these protrusions were
filled wth { palyyl ut. of,. I,nsd of the cenented

car bi de. V\hedrgeEl ?ﬂﬁilgﬂagg%ef%g r?:%s?%e %%sﬁﬁsn#épggg elanisﬂ?‘arwh?r&?%g;& d at

[err] for 5 suchmut eanpenithat theelongiandigaDdprettionlos e fvefS TRl 91k Yandithgol ved
and renoved., This ce nte?.carbide as a substrate, was then arranged in a
mi crowave pl QOREY SORRCE AR the togl tvere wentieally KBassedand; Ghe sead W8S 25 mm x

25 mm be a Spyeiaged thdRy 50R5AY @Ford th3%%y ﬁ@&.a“ﬂe%ggi&tgﬁg%g £h8 Jég?att,.,iapg of

pol ycrystal I'tne dianond i n an anal ogous nanner to exce
adj usti ng t hdosyas megsuced.i ne to as shown in Table 5. The recovered cenented

car bi de - had pol ycrystal line dianpond coated on the
P )¥ﬁe3Qemperature dgstrggation in the pressing surface was measured by an

infrared radiation thermometer.

The results are shown in Table 8. As is evident from this table, the
tool made of Super Invar of the prior art is insufficient in any properties.
On the contary, Qhen using the product of the present invention as a tool ma-
terial, it is confirmed that the requirement for such a high precision can
sufficiently be satisfied.

Table 8

Assessment Tool Results

Flatness (um ) Largest Temp. Gradient (C)

Tool No. 1!
{Present Invention) 2.5 5
Tool No. 2
(Prior Art) 8.2 28

Furthermore, using these tools, leads of ten electronic parts were in
a lump bonded with wirings of a printed circuit by constant heating system. In
this case, the bonding was carried out by feeding always to the tool and heat-
generating so that the central part-df the tool pressing surface exhibited a
constant temperature, i.e. 250 C, and pressing, using an anisotropic con-
ductive film consisting of a thermosetting resin containing Au grains.

As a result, Tool No.1 of the present invention was capable of bonding
uniformly and well any parts, whilst Tool No. 2 for comparison resulted in poor

bonding in articles bonded by both the end parts of the pressing surface, which

couid not be put to practical use.



surface thereof in a thickness corresponding to the synthetic tinme and in
any case, it was orientated in the filmthickness direction (100). This
pol ycry- stalline dianmond was confirned to have a very high purity
represented by a pea ratio (Y/X) of 0.05, wherein X represents di anond
carbon and Y represents non- dianond carbon, by Raman spectroscopic

anal ysis. The polycrystalline dianond-coated surface was converted into a
mrror state with a surface roughness of 0.06 [err] by Rmax representation
usi ng a di anond wheel and then bonded w-t$4 & shank nade of a WN alloy by
the use of a brazing material predom nantly consisting of Ag and Cu and
having a nelting point of 800 [err] to prepare a constant heating tool. In
Table 5 are al so sBfplethe coefficient of |inear expansion of the ce-

nmented carbide aft gr. fe.d"Gatbiqk &gsﬁzﬁtsur IE%C* gf%egt %r}‘:ﬁé‘ Jﬂg ?ndength of

pro- trudions on the cenente r med b th eat ment
and the coati ngefghkri ofhca:kzsemkeufmpnkl;age Y5300 bt Rel50immnDAGn. Then, 4iis- [err]

i ns vs. T epeat B LETAA 8t Irel Hadert fisarmentPE Byl i oad of

230 kg. For conpmdshieds of 100 ITerrVeRl £ ténBErRARFE oY QB8 R eRal. §ChouP aEJ"@ocﬁir{E‘ tAr

manner using respectively a sintered dlanDnd(é cont ai ni ng 8 vol une % of
T4

Co as a bi nder ,roem $¢MRerBtErg 14 AFHYPrd Migyoseapift BTOATUSEPNS opRiighiee of sarudfie and 9
vol ume % of 'S Guagy &xmle&ief waaa&i 18Merd formddUnSEhE buPAGY bf FhiLRAL Glleabhdn?

pol ycrystal line dianond w t
and gaps among these protrusions were filled with Co coming out of the inside

of the cemented carbide.

When this cemented carbide was immersed in hydrochloric acid at room tem-
perature and only Co comming out was dissolved and removed, a cemented carbide
whose surface was covered with microscopic protrusions consisting of (W,Ti)C
having a mean length of 5z m was prepared. It was confirmed that the thus
surface-modified cemented carbide had a coefficient of linear expansion of
4.6 x 10 "*/C at a temperature range of room temperature to 400°C, which was
similar to that of the cemented carbide before the heat treatment.

This cemented carbide, as a substrate, was then arranged in a microwave
plasma CVD apparatus in such a manner that the surface of 300 mm x 3 mm be a
surface to be coated as a tool end and subjected to coating of polycrystailine

diamond for 25 hours. The synthetic conditions are shown in Table 9.

_ Table 9
Microwave Output ' 660 W
Substrate Temperature 880 C
Raw Material Gas Composition CH./H: = 1.0 %
Total Flow Rate of Raw
Material Gas 450 sccm
Gas Pressure o 130 Torr

The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in a thlckness of 60 #m. This polycrystalline diamond was

- conftrmed to have a very hlgh purity represented by a peak ratio (Y/X) of



a thickness of 30 a mby a gaseous phase synthesis nmethod as a tool

mat erial and then subjected to thesim|lar assessnent. The service |ife of
the tool was neas- ured by the nunber of bandings until bonding trouble
appeared in the bonded pin. In Table 6 are shown assessnment results of the
durability of these tools. As is evident fromthis table, Tool Nos. | to N
according to the present in- vention give_|onger service lives than the
tools of the prior art. In the case of -T881-No. 0, the pol ycrystal |l i ne

di anmond filmafter brazed was cracked during mrror surface working and

thus it wasg.oe whetgiect eepresenss d menE Bhrbon ind ¥ Pegresditl! ponddfanbad th#don] he
cenented carbide has the conposi- tion outside the scope of the present

i nventi on abtl RAMANaSREEFrosenpie apadsisof Whemehe peefeared ornientatiohtdfnthe diar
| arger thermal stress.d ring1 brazing. In the case of Tool Nos. P to S the
pol ycryst al MMde"as SRBHE 4y itk dIKfragtipad ToFthesmgree 4t (M8s rfound Orisntared in,

service lives. .Thi s.. i d to that the heat treatnment tine is
t oo shorter %ff@e&clggneeggﬁ og{ﬁl\fol.qblg, the content of ZrCis too small in

the case of Tooryd\NgolyErysedldireN® st cdat 6P lsur f3BS o tRTR Y08t LHr%sii%Ftﬂ?fddéwer
toresult in sufficient lengths of protrusions on the surface of the

cenment ed cakds gelishel byrstigoandtshpe! winidebiteadingoscs thanghd cedtrahepart of the
polycrystalline dianmpnd filmis not increased in the case of Tool No. S. In
the case of pakyerystalliae digmgndesoated sunfagachada tempepriiupe ofs2 [C.néhus Berond

fil which is . babl y d to that the heat t t ti ' | t hat
the | engt hs SFLIBE Jfirti 81 GRS SERRFMIGR dnsyiack: EPEBRGSS ofifbe KUV RN Tapte-
| d - | ! 86h Dy L

polyor yat al FRRECATET Ak 8] el 2 LR GRAAThTRET flofipeofe W ELER M0,

occur in thea@lyfdiNg was 25 £ - stalline diamond filmto shorten the
service lives thereo%, whi ch is probably

The pact of the cemented carbide of the product was then worked in a shape
similar to Fig. 4 by a wire electric discharging working machine to obtain a
pulse heating tool (Tool No. 3).

The resulting tool was then subjected to assessment of @ thermal res-
ponse, @ temperature distribution of tool pressing surface and @ flatness
of tool pressing surface as follows:

The thermal response @ was assessed by passing electric current through
the tool at room temperature and then measuring a time required for raising
the temperature from the start of passing electric current to 380 T and a
time required for cooling from 380 'C to 200 C from the stop of passing elec-
tric current. The .temperature distribution @ was assessed by measuring, when
the central part of the tool end surface was maintained at a temperature of
380°C, the temperatures of some parts of the tool pressing surface in the
similar manner to Example 5§ to assess the largest temperature gradient.

The flatness of tool surface @ was assessed by measuring the warped
state of the tool surface }n the longitudinal direction in the similar manner

. to Example 5, shen the central part of the tool end surface is maintained at

A

room temperature dnd!{00%. © :
For compacrison, assessment of an Mo tool (Tool No. 4) and a Super Invar

tool (Tool No. 5) was carried out.



due to that the synthetic tine of the polycrystalline dianond is not
suitable and the filmthickness is not optim zed. Table 6 Tool No.

Service Life (x [err]) Renmar ks | 90 J

90 K 100 L 100 M 95 N

95 0 no asggssnent because of cracking during
m rror facevvokln% 10 stripping of

pol ycrystal | i n i 8F$ ISReve) in Table 10. As is ev$d.ent trom these rédweki ng of

pol ycrystal] i d stripping of
pol ycryst af¥§ ﬁ‘i“‘a?gﬁ%g”ﬁﬁnﬂl%”“tlon can favorably hs compared with thettubppisng of
pol ycryst aL | fiilek cracki ng of

pol ycryst alzlll ﬁglﬂgl %% afi | thd Brects of thermal resggnse. uniforaity °er"é6k¢"r‘rg of

pol ycryst alL-aes @k sri8chnl ddd"?1Yzness 5 damage
of tool surface W %0 damage of tool
surface X 85 * cracking of substrate Exanple

4 A cenented carbide containing 92 weight % of WC, 4 weight % TaC and 4

wei ght % of Co was worked in a shape @fp5 fgm X 2 NMm x 2 nm Then, this ce-
ment ed carbi de was subjected to a heat treatnent by maintaining it in an
[err] atnosploeieloof 200 Torr at a tRéGREtRoEASs&sadk@0 [err] for 2 hours and
cooling to roomtenperature in vacuum M Croscopl Cc protrusions consisting

of carbide solid solution of T\gri8hd T&heemat f orbergesm t he Rlatdesse by this
heat treatnment

Response  Response  Temperature at 400 T

al Heating at Cooling Gradient

{sec) ~ (sec) { T) ( @)

Prasent
Invention

3 1.0 8.3 8 2.1
Comparative
Examples:

¢ 1.1 9.0 20 18.6

5 1.8 8.5 30 12.5

Examole 7

Each of cemented carbides having a composition shown in Table 11 was
worked in a shape of 330 mm x 3 mm x 2 mm and then subjected to & heat treat-
ment under conditions shown in Table 11. Microscopic protrusions consisting
of carbide solid solutions of W and other ca-fbide—-forming metals than W were
formed on the surface by this heat treatment and gaps among these protrusions
were fillé’d‘ﬁth iron groug me'_ta:lsf:qmng out of the inside of the cemented
carbide. e

When this cementad cﬁrbide vas immersed in hydrochloric acid at 70C for

3 minutes, only the iron group metals were completely dissolved and remgved.



- 50 - and gaps anong these protrusions were filled with Co com ng out of
the inside of the cenented carbide. Wien this cenented carbi de was i mrersed
in aqua regia at roomtenperature and only Co conm ng out was dissol ved and
renoved, a cenented carbi de whose surface was covered with m croscopic
protrusions consisting of (WTa)C having a nean length of 6 [err] was
prepared. It was confirnmed that the thus surface- nodified cenented carbide
had a coefficient of linear expansion of 4.3 x 10 / [err] at a tenperature
range of roomtenperature to [err] , whi@gy was simlar to that of the
cenented carbide before the heat treatnent. The thermal conduc- tivity was
110 Wm K at 400 [err]. This cenented carbide, as a substrate, was then
arranged in a thermal filament CVD apparatus in such a manner that the
surface of 25 mMmx 2 mmbe a surface to be coated as a tool end and

subj ected to coating of polycrystalline dianond under the same conditions

as those of EXampkehentbdCedrBfde) 4sCH SuBSHA ?.ﬂ?ec{;]tlie}érg%(g?&%ﬁffg?' ﬁ]rt?ﬁsewﬂlllsi ne

di anond coated on the surface thereof In a

pol ycryst al diil awendi GWDDBgbaratusC N Eadh e thahfer 8l Bhe/ 8udraldk WT 850 WmhYx 2 mm b
represented by a peak ratio (Y/X) of 0.08, wherein X represents dlannnﬁ

carbon and aysurfjacesionbe ceateddesaaviod] cadband, sibyjediedato Speting afc ppiiyerystal -

anal ysis. The quﬁcr stal | i ne di anond-coated cenented carbi de was bonded to
a shank naddn®fdi °"l9§ 1, 20,8N1840608S MBRRATHte: ExeAnde Ry exeant adiushimgnthensymtheti,

e 9 a e BSOSl 00 P edom pant Iy of g ang O and, havino. s
o P o o0 L SRR S bl B PHIBRRENE Pt ol 1)
pol ycryst al durbgeedichereoel iaf & ehidikhessTedrr@Eponding to the synthetic time and in any
case, it was orientated in the film thickness direction (100). This polycry-
stalline diamond was confirmed to have a very high purity represented by a peak
ratio (Y/X) of 0.04, wherein X represents diamond carbon and Y represents non-
diamond carbon, by Raman spectroscopic analysis.
Each of the tool materials was bonded with a shank made of a W-Ni alloy
by brazing an opposite surface to the polycrystalline diamond-coated surface
using a brazing agent predominantly of Ag and Cu and having a melting point
of 800 *C. Then, the bonded body was polished by a diamond wheel while heat-
ing so that the temperature of the surface to be worked, as a pressing surface,
be 300 C to yield a mirror state with a surface roughness of 0.06z m by Rmax
representation. For comparison, only Tool No. 14 was subjected to ordinary
polishing working without effecting the above described heating and polishing.
In Table 11 are also shown the coefficient of linear expansion of the ce-
mented carbide after the heat treatment and acid treatment, the length of pro-
trudions on the cemented carbide surface formed by the heat treatment and the

coating film thickness of polycrystalline diamond.



surface working was 30 a m The pul se heating tool prepared by the above
descri bed process was sub- jected to assessnent of the properties in the
simlar manner to Exanple 2. Consequently, it was found that the thernal
résponse was 1.1 seconds at - 51 - heating and 9.0 seconds at cooling,
whi ch was conparable to the properties of the Mo tool (Tool No. F of Table
4)., and the flatness was represented by 3 [err] at roomtenperature and 4
[err] at [err] , which was considerably_ggod. Exanple 5 A cenented carbi de
contai ning 88 wei ght % of V\C 7 5 weight % TaC and 4.5 weight % of Co was
wor ked in a shape of 25 ~m x 2 mm Then, this ce- nented carbide
was subjected to a heat tg ri gy Qui nta$n| g4t in a QO atmosphere of
180 Torr at a. tenperatLE f 2389 fer'f] For®1 Foul® and Looli ng to room
tenperature in vacuum &M & o§copdc protrusions consisting of carbide solid
solution of Wand Ta were forrre@ on the surface by this heat treatnent and
gaps anong these protrlﬂsi@s we I_ili,ed vm'thcgjo com ng out of the inside
of the cenented carbi de2 Whergt scgce‘gerﬁecﬁca,gbiﬁe Basyi rﬁ’jersed innitric
acid kept warmat [err]8arl nl ¥l Co comm ng out was di ssol ved and renoved,
a cenented carbi de whosg surf@c was covered with mcr oscopl C protrusions
consisting of (WTa)C vung an Iength of 4 [err £repared It was
confirmed that the thus f@e\ mgdi Gi el cgneft €3 ¢ rb"de had a
coefficient of linear pﬁlsfbn f 4.5 x 10 [err] at a terrperature range of
roomtenperature to [er ] », vthich was simlar to that of the cenented
carbi de before the heatstr%alﬂre «lhS gemnanted gardi dg, @S a substrate,

was then arranged in a | Seft v apBarBt ® iR such a manner that
the surface of 250 mm x22 ”Frm“be a
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surface to be coated as a tool end and subjected to coating of

pol ycrystal i ne dianond for 30 hours. The synthetic conditions are shown in
Table 7. Table 7 Fil anent Property Li near Tungsten Wre of
0.4 mﬂ Fi | ament Tenperature 2050 TJ[err] Filanent-Substrate

bi st ance 4 mm Substrate Tenperature 950 [err] Raw :
Material Gas Conposition [err] = 1.2 % Total Flow Rate of Raw - 52
- Material Gas 1+08%sccm Gas Pressure

100 Torr The recovered cenented carbide had pol ycrystalline dianond coat ed
on the surface thereof in a thickness of 80 [err]. This polycrystalline

di anond was cgpf f | t eak
ratio (Y/ X o?ﬂ&hﬁg&egmée)rzﬁtﬁq‘)garrgg?%ssm#ge(glqgn%%dﬁoggér%%ﬁﬂlﬁ% gyr‘@p?esents
non- di anoderiogriwokingoy TRases probatily aveogi thatritieysoet £14Mben of Mehepl ks r ed
orientation of the dia- nond crystal was exam ned by X-ray diffraction,
further rmF’éPa“th\/\)a% tf‘%lﬁ?ﬂe‘ttﬁﬁtcaﬂ‘dﬁ/a‘é ree mndtacqordinglye the| thermalcRivess

di rection ) tool material and a shank of Super I|nvar
wer e bondg‘gﬁv\g lﬁ'aea hhgfci &teag%i the use of a silver braze having a nelting

poi nt of [errlnapded he 438835 Enestdlabiney Grargendiosoa 6l li%xfc@? € TVES NpOlip shed
by a di anond wheel while heating in such a nanner that enmperat ure’ of

the cent athe fhatness antetemprriatyneedist nigupiont ofoéhe 3001, evheh. thehtempetdtare of
pol ycrystal |l i ne diamond-coated surface was converted into a mrror state

with a suthacentialpintof the toadspressing surisce, vas A Kos dpReameasyred offtain a
pul se heatina QR WebdbaRiERE 2SOt bs a tool of Super Invar was carried

out. The assessment results of these tools are shown in Table 12.

Table 12
Tool No. Flatness Largest Temp. Gradient
(zm) {*c)
6 1.5 8
7 2.1 6
8 2.3 5
9 1.6 9
10 1.8 2
11 0.8 4
13 3.8 6
14 1.5 12
15 15.3 32

In the case of Tool Nos. 6 to 11, a good flatnss and largest temperature
gradient are obtained. In Tool No. 13, the flatness is increased, which is
probably due to that polishing of the tool pressing surface is carried out
without controlling the temperature of the surface to be worked. In Tool No.
14, the largest temperature gradient is large. This result would be caused
by thé'fact that the thickness'of the po;xcrystalline diamond is too small to
obtain the coating effect thereof. =~

Using these tools, fourteen LCD display drivers were in a lump bonded to

a glass substrate by a pulse heating system. Herein, the bonding was carried



Fig. 7. The thickness of the polycrystalline dianond after the mrror

surface working was [err]. In Fig. 6, 3 designates a cenented carbide
substrate, 5 designates polycrystalline dianmond, 7 designates a shank and 8
designates a brazing material. In order to assess the properties of Tool

No. 1 prepared by the above descri bed process, neasurenent of the flatness
of the pressing surface in the longitudinal direction and the tenperature
distribution in the pressing surface wasggarried out. For conparison,
preparation and assessnment of Tool No. 27of Super Invar were also carried
out. The measurenent of the flatness was carried out according to the

nmet hod descri bed i n Japanese Patent Lai d-Open Publication No. 326642/ 1993.
That is, Quhbasieedifgrio fhay thascentnadtpapt opchhe ctoobrppesssngrgueface were eon-car bi de

substrat e _hayi | at surf, n which twenty Au wires each having a

di anet er 3Far%_€e%ﬁﬁga&gx%é L sﬁﬁicd- ?ﬂﬁa‘pﬁ?’ﬁﬁtéf‘&f a‘i‘%é’ﬁ‘?ssé%h%tl%ﬁesémgh that the
tenper at U'b@ir?f tieR€released Adter 6RMirgato PR tc .Of THeNGorRIRS FdsNBariéd B8EE Was
adjusted to [err] was arranged in such a manner that the | ongitudinal

di r ect i on usingt &re anisehtopigonductdse Lt torsistdng iof ualitherimoshitt ingt resitin abnt he t ool

wer e vertical.lg_ crossed and the tool was pressed to the Au wires to deform
the Au wi rBNgHE §fd ity of the deforma- tion was neasured. The

tenperature disty pduii, 001 NdshS %g?%knﬂﬁe%@éﬁei iBP 3 ggpea'age L

i nfrared radi ati on thernoneter result's are shown In

evi dent f womdihdiurifoablyeand wellt thel LCDedisplay ddupers, Iwhvbst TooltNee. a8t 1:rt i s
insufficient in any properties. On the contary, when using the product of
t he presedfr icﬁmf’r%n"‘-’égl tgd igRoofdondipg jig) arti¢les bopdads by hetd theatnd he

requirement . {05 $HE BréssihgdBumb&S i O c6RY not be put to practical use.

Example 8

A cemented carbide containing 87 weight % of WC, 8.5 weight ¥ TaC and 4.5
weight % of Co was worked in a shape of a hollow square frustum shown in Fig.
9. The dimensions of each part were 25 mm in each side length at the bottom,
16 mm in each side length at the uppermost, 3 mm high and 0.3 mam wide in frame
shaped upper surface. Then, this cemented carbide was subjected to a heat
treatment by maintaining it in a CO atmosphere of 190 Torr at a temperature of
1380°C for 1.5 hours and cooling to room temperature in vacuum. Microscopic
protrusions consisting of carbide solid solution of W and Ta were formed on
the surface by this heat treatment and gaps among these protrusions were fille
with Co coming out of the inside of the cemented carbide.

When this cemented carbide was immersed in nitric acid kept warm at 60 °C
and only Co comming out was dissolved and removed, a cemented carbide whose
surface was covered with microscopic protrusions consisting of (W,Ta)C having
a mean length of 3 zm was prepared. It was confirmed that the thus surface-
modified cemented carbide had a coefficient of linear expansion of 4.4 x 10 ~°
/ ‘C at a temperature range of room temperature to 400°C, which was similar to
that of the cemen;gd.carbideﬂpefore the heat treatment.

A B

- Subs

Thiéﬁl_bem’éhte?;;'cggbiti;é, as rﬁ'te, was then arranged in a thermal

filament CVD apparatus in such a inan:;i"er that the surface to be a tool end be a

surface to be coated and subjected to coating of polycrystalline diamond for



sufficiently be satisfied. Table 8 Assessnent Tool

Results Flatness (a m) Largest Tenp. Gradient [err] Tool No. 1 (Present

| nventi on) 2.5 5 To
Art) 8.2 - 28

ol No. 2 (Prior
Furt hernore, using

these tools, leads of ten electronic parts were in a |lunp bonded with

wirings of a printed circuit by constant heating system
bondi ng was carried out by feeding always to the tool an
so that the central part of the tool pressing surface ex
tenperature, i.e. 250 [err] , and presskrgg, -using an an

ductive filmconsisting of a thernosetting resin contain

In this case, the
d heat- generating
hi bited a constant
sotropi c con-
ing Au grains. As a

result, Tool No.1 of the present invention was capabl e of bonding uniformy

and well any parts, whilst Tool No. 2 for conparison res
bonding in articles bonded by both the end parts of the
whi ch could not b ut tg practical use. - 54 - Exa

car bi de cont ai ni r’f@ "B'ffsi/ve?lﬁhiy"%tdf CORE! tigns,jre gHiewnoiniTable,

was worked in a shape of 300 mm x 150 nm ¢gpe M Then, t
carbi de was subjected tg ,a heat treatnment by maintaining
at mosphere of 120 Torr Afl88ent EF9eRtAt ure of 136Gifeas T3 Wit

ulted in poor
pressing surface,
le 6 A cenented

4 wei ght % of Co
his cement ed

it in an [err]
rof19-§ Mour and

cooling to room tenper ateyfafent Tenp@fabitd? M CroscgpjeC pr ot rusi ons consisting

of carbide solid solution of Wand Ti were forned on the

heat treat ment Filament-Substrate Distance S mm
Substrate Temperature 970 <
Raw Material Gas Composition CHi/H: = 1.1 %

Total Flow Rate of Raw
Material Gas 1200 sccm

Gas Pressure 120 Teorr

surface by this

The recovered cemented carbide had polycrystalline diamond coated on the

surface thereof in a thickness of 90 zm. This polyecrysta
confirmed to have a very high purity represented by a peak

0.05, wherein X represents diamond carbon and Y represents

1line diamond was
ratio (Y/X) of

non-diamond carbon,

by Raman spectroscopic analysis. When the preferred orientation of the dia-

mond crystal was examined by X-ray diffraction, furthermore, it was found that

it was orientated in the film thickness direction (110).

The resulting tool material and a shank of a W-Ni alloy were bonded with

each other by the use of a silver braze having a melting point of 830C and

the polycrystalline diamond-coated surface was polished by a diamond wheel

while controlling heating in such a manner that the maximum temperature of the

tool end surface be 500 °C to obtain Tool No. 16 with a shape shown in Fig. 8.

The thickness of the polycrystalline diamond after the mirror surface working

was 30« m.
For comparison, Tool Nos. 17 and 18 were prepared in

to Tool No. 16 respectively using, for the tool end part,

the similar manner

a sntered diamond

éontaining 10 volume % of Co as a binder and sintered diamond containing 7

volume % of Si .and 7 volume % of SiC as a binder. Since in the case of Tool No.

{7, the sintered diamond used did not have heat resistance, brazing was carried

out using d silver braze with a melting point of 650 TC.



and gaps anong these protrusions were filled with Co com ng out of the

I nside of the cenented carbide. Wien this cenented carbide was i mersed in
hydrochloric acid at roomtem perature and only Co comm ng out was

di ssol ved and renoved, a cenented carbi de whose surface was covered with

m croscopi ¢ protrusions consisting of (WTi)C having a nean length of [err]
was prepared. It was confirmed that the thus surface-nodified cenented
carbide had a coefficient of |inear expansion of 4.6 x 10 [err] at a
tenperature range of roomtenperature to [err] , which was simlar to that
of the cenented carbi de before the heat- g2eatnment. This cenented car bi de,
as a substrate, was then arranged ina mcrowave plasnma CVD apparatus in
such a manner that the surface of 300 mrmx 3 nmm be a surface to be coated

as a tool end and ,suifnt &¢ tthggg@%glg%opfm&% %8{)5)’54 aj || % ge nd fo 25

hours. The synthetlc condition " e+
Qut put was carried out §OheViGLIb®ing alehod e NTHAE AL Ithe surface roughness 880 [er r]
Raw Mat eri al Gas Conposition [err] = 1.0 % Total Flow Rate of Raw

Mat eri al CGas flatness and temperature distrjbyfian af the; $0obr endSurface were measured

130 Torr The r&fageefeﬁ&da %@:{Hmﬁ%ﬁ%@;ﬂgﬁ;&g%ﬂ&w&%%Ir acké eﬂc?s Sf@«?%)f:‘fj coat ed

on the surface thereof in a thic I ne

di anond was coedch rtnekjwasnduas'edamﬁeoyc hi ghlg)uhe h;gheﬂptm&lattﬁ'd drytla gnnak
ratio (Y/ X) of resents di anp car bon

e
represents nons‘Hf%ﬂa "l?é?tﬁb'f?d aﬁf%??a'?reﬁ'id E@E‘ 95308 e aérﬂ'RPb@F o ea%éﬂ"% he
preferred oriepf gidr@ttoRfortIR8d Fhale bonding of ASIC with 300 pins was repeated. After

operating 10 x 10* times, the above described properties of each tool were

again measured to assess change of the properties from the initial state.

Herein, the measurement of the flatness was carried out in an analogous
manner to Example S.

The results are shown in Table 14. As is evident from this table, the
two kinds of the sintered diamond tools, i.e. Tool Nos. 17 and 13 assessed as
comparative examples, are insufficient and largely deteriorated with operations
in any properties. In the case of Tool No. 17, position shift of the sintered
diamond at the end was observed after operating 10 x 10* times. This is pro-
bably due to that flowing deformation took place because of the low melting
point of the brazing material used. On the contary, when using the product of
the present invention as a tool material, it was confirmed that the excellent

properties were not deteriorated even after the operation for & long time.

Table 14
Assessment Tool ' Results
Surface Flatness Largest Temp.
Roughness ( «m ) { z2m) Gradient (°C)

Initial 10° Uses Initial 103 Uses Initial _10° Uses

Present Invention

Tool No. 16 0.07 0.08 1.0 1.1 10 10
Comparative ',l_-:xample' L

Tool No. 17 0.07  © 0.25 2.2 123 32 48
Tool No. 18 0.07 0.17 1.8 7.2 26 34



nond was exam ned by X-ray diffraction, furthernore, it was found
orientated in the filmthickness direction (100). The polycrystalline
dizanmond- coated surface to be a tool pressing surface was polished by a

di anond wheel while heating so that the central part of the polycrystalline
di anond- coated surface had a tenperature of 250 C, thus re- sulting in a
mrror state with a surface roughness of 0.08 [err] by [err] repre-
sentation. The thickness of the polycrystalline dianond after the mrror
sur- face working was 25 [err]. The part Qf the cenented carbide of the
product was then worked in a shape simT To Fig. 4 by a wire electric
di schargi ng worki ng machine to obtain a pulse heating tool (Tool No. 3).
The resulting tool was then subjected to assessnent of [err] thernmal res-
ponse, [err] tenperature distribution of tool pressing surface and [err]
flatness of tool pressing surface as follows: The thermal response [err]

was assessed bywﬂ%;éng electric current through the tool at room
t enperature an asuring a tine required for raising the tenperature

fromthe start afcquastddneareldeCiontaineny H&bigdhe B8P WCErd hehe ATid aﬁ?uequi red
for cooling from 380 ép(rarr] to 200 [err] fromthe stop of passing elec- tric

current. Thaeighipe 04t Ghr Bagipenked puta bol lpe red¢tangid anpeeald etephbpedrbamdng iangec-nhen
t he centraltgar of, t he ﬁoo& eﬁg surface was mgintained at a tenperature of
[err] , the 8F dF tfiesgnaped eAd SUTiArs &s showm in Figy 1By osTendinens ioas ofi eachhe
simlar nan | gd45 : S epner e (ent. The
fl at ness of rE>t(3 g%fﬂeg%??;@e&[dezrdr ?m ﬁsngg?géggéﬂb%g%%n&gguﬁggﬁw@ \7\% gg‘%ﬁst ate
of the tool side flangthi andt 20=mh @ndils wali i inde r1RAE isode i1Bngitheanai ok 8siB@NBRFtRL O

Exanpl e 5, when the central part of the tool end surface is maintained at
room t enper &0dremd ddgh-er FhenFShisc esneatadsearbideswasssubdactedf toaa hebt ttoed tngifool
No. 4) and %ysnlljaqg{ailnpr\{garittigoaln zTgtomlos;g\tlxgi'e 50)1' lvi/ﬁls'l‘o%? rart:i g c{eu(l)puett"ature of 1400C
for 1.2 hour and cooling to room temperature in vacuum. Microscopic protrusions
consisting of carbide solid solution of W and Ti were formed on the surface
by this heat treatment and gaps among these protrusions were filled with Co
coming out of the inside of the cemented carbide.

When this cemented carbide was immersed in hydrochloric acid at room tem-
perature and only Co comming out was dissolved and removed, a cemented carbide
whose surface was covered with microscopic protrusions consisting of (W,Ti)C
having & mean length of 4z m was prepared. It was confirmed that the thus
surface-modified cemented carbide had a coefficient of linear expansion of
4.6 x 10 “*/C at a temperature range of room temperature to 400°C, which was
similar to that of the cemented carbide before the heat treatment.

This cemented carbide, as a substrate, was then arranged in a microwave
plasma CVD apparatus in such a manner that one end surface of the rectangular
frame-shaped body be a surface to be coated as a tool end and subjected to
coating of polycrystalline diamond for 38 hours. The synthetic conditions are

shown in Table 15.




- 56 - The results are shown in Table 10. As is evident fromthese results,
the tool of the present invention can favorably be conpared with the tools
of the prior art in all the respects of thermal response, uniformty of
tenper- ature distribution and flatness. Table 10 Tool No.

Results of Assessnents Ther mal Ther mal Lar gest Fl at ness
Response Response Tenper at ure at [err] at Heating at Cooling

- Gradi ent (sec) (see) [err] Present I|nvention
3 1.0 8.9 - §4°- 2.1 Conparative
Exanples 1.1 9.0 20 18.6 5 1.8
18.5 Bigrowave Qutput12. 5 Exanpl e 770HBakh of cemented car bi des

havi ng a conposi ti i n TabI e 11 was vvorked in a shape of 350 mm x 3
M x 2 nm and theng@ﬁgﬁ'a&%y?rﬁ Weheat treat¥0nEnt under conditions shown

in Table 11. M Cﬁﬁsﬂé’ﬁ't?alpg 65‘?95 Cons@ﬂté < é} rbi de solid
| de ha

sol utions of Wand ot car or‘i'g nmet vvere formed on the

surface by this hepdtal raak maed ogmﬁl,, gaps anong these protrusions were filled
with iron group netals comng out of the inside of the cenmented car bide.
Wien this cenent edatgridldeasnas i nmersed in h§0drsaxcml oric acid at [err] for

Gas Pressure 60 Torr

The recovered cemented.carbide had polycrystalline diamond coated on the
surface thereof in a thickness of 70 zm. This polycrystalline diamond was
confirmed to have a very high purity represented by a peak ratio (Y/X) of
0.05, wherein X represents diamond carbon and Y represents non-diamond carbon,
by Raman spectroscopic analysis. When the preferred orientation of the dia-
mond was examined by X-ray diffraction, furthermcre, it was found orientated in
the film thickness direction (110).

This tool material and & shank made of Mo were bonded with a Cu braze
having a melting point of 850 C and then polished by a diamond wheel while
controlling heating so that the highest temperature of the tool end surface
be 340 'C, thus resulting in a mirror state with a surface roughness of 0.06
z m by Rmax representation. |

The bonded body was subjected to a chamfering working to prepare a hollow
frustum-shaped Tool No. 19 having a rectangular end surface as shown in Fig.

8. After the working, the thickness of the polycrystalline diamond was 20
& m. |

Furthermore, three kinds of tools (Tool Nos. 20, 21 and 22) having differ-
ent thicknesses of polycrystalline diamond coatings after completion of the
tools were prepared. The thickness of po}ycrystalline diamond after the work-
ing was respectively 16 zm (Tool No. 20), 13 zm (Tool ¥o. 21) and 5 zm (Tool
No. 225. In addition, three kinds of tools (Tool Nos. 23, 24 and 25) differ-
ing in flatness of tool end sugfacgiygrg:grepared for trial.

For comparison, assessmen't"'olf;"-réo'l ‘No. 26 comprising a sintered diamond



3 mnutes. only the iron group netals were conpletely dissolved and
renoved. - 57 - This cenented carbide, as a substrate, was then arranged
in a thermal filament CVD apparatus in such a manner that the surface of
350 mmx 2 nmbe a surface to be coated as a tool end and subjected to
coating of polycrystal- line dianond in an anal ogous manner to Exanple 5
except adjusting the synthetic tinme to as shown in Table 11. The recovered
cenment ed carbi de had pol ycrystalline dianond coated on the surface thereof
in a thickness corresponding to the synthetic tinme and in any case, it was
orientated in the filmthickness directi 8% <100). This polycry- stalline
di anond was confirnmed to have a very high purity represented by a peak
ratio (Y/ X) of 0.04, wherein X represents dianond carbon and Y represents
non- di anond carbon, by Raman spectroscopi ¢ anal ysis. Each of the tool
material s was bonded with a shank nmade of a WN alloy by brazing an

opposite surface.to _t‘r)el ﬁobygrg/_gt alline dianond-coated surface using a
br azi ng age?ﬂ"agvlé%r?i hEAET O DS taRd iy velyme Kjoh i geraradiipi s pigikar of
[err] . Th d {go | - by j ; |l e heat -
ing so that IﬁHt}llqglt ?grr%g?g?urlg' 0 d\tfﬁ,g géar?igg&tlgylﬁlg %oﬁgg&lggﬁggﬁa\ﬁgéﬁﬁg
surface, becai@Ped @at.] to yield a mrror state wwth a surface roughness of
[err] by Rmax representation. For conparison, only Tool No. 14 was

subj ected to oraHse3smenHOF i Weipnepentiekiofgthese tools, eds e (pull sgyhedningTook

descri bed heatigg_qyd Pgliihinﬂ. In Table 11 are al so shown the coefficient
of Iinear eWBFafITARE QB OKthe Jotigningmethod. hiThat 46t dhervatace toughnessnent and

Formed by t htpe d Eokthcite MyOriab g B Foct ier FTERECE: SR8 et B0
pol ycryst al péd3gredi By@Oekiously determining the feeding condition so that the highest
temperature of the end surface of each tool was adjusted to 340 T. The
thermal response of each of the tools was measured under the above described
feeding condition. The assessment was carried out by measuring the heating
time until the highest temperature of the tool end surface was increased from
room temperature to 340 T and the cooling time from the stop of feeding when
the highest temperature of the tool end surface was 340 C to 180 C by start-
ing forced air cooling, followed by comparing them.

Using each of these tools whose end surface was maintained at the highest
temperature of 340 °C, mounting by soldering a flatpack IC to a printd circuit
was repeatedly carried out 10 x 10* times. The assessment results are shown
in Table 168. As is evident from these results, the tool of the present in-
vention can favorably be compared with the tool of the prior art in all the
respects of thermal response, uniformity of temperature distribution and flat-
ness. Even in the repetition of real mountings, moreover, the tooi service

life was largely improved without any problem.



- 58 - [err] - 59 - O thse tools, Tool No. 12 was cracked in the

pol ycrystal li ne dianond during working. This is probably due to that the
coefficient of the linear expansion of the cenented carbide is |arge and
accordingly, the thermal stress during brg&i-ng is increased. In order to
assess the durability of Tool Nos. 6 to 14 except Tool No. 12, the flatness
and tenperature distribution of the t 3able When the tenperature of the
central . p the tool pressing surface r] , were neasured. For
conpari so?llgutlpsr?ée'par ation and assessn&ﬁesﬂenﬁeagg of Super Invar was carried

T st gl i e 1

[2-er1r] 6 Responsel. 5aésg%ns§ Temperature , Bﬁuﬂting
59 at Hedking at Cooling Gradient 9 1QGg x 10* Times
1.8 2 11 0.8
4 13 {sed) 8 (sec) () (zm) 6 14
1.5. 12 15 15.3
32 Present
Invention
19 1.0 2.9 6 1.1 normal, continuously
available
20 1.1 3.1 18 1.1 normal, continuously
avajlable
Comparative
Examples
21 1.0 3.0 22 1.5 poor bonding after
' using 6 x 10 times
22 1.0 2.9 25 1.8 poor bonding after
using 3 x 10* times
Present
Invention
23 1.1 2.9 6 2.8 normal, continuousty
available
Comparative
Examples
24 1.0 3.0 5 3.2 poor bonding after
using 6 x.10‘ times
25 1.1 2.9 T 5.1 poor bonding after
oL e | using 4 x 10 times
26%': SR U 5.0 " _i? 3.2 poor bonding after

using 5 x 10' times



In the case of Tool Nos. 6 to 11, a good flatnss and | argest tenperature

gradient are obtained. In Tool No. 13, the flatness is increased, which is
probably due to that polishing of the tool pressing surface is carried out
wi t hout controlling the tenperature of the surface to be worked. In Tool

No. 14, the largest tenperature gradient is large. This result would be
caused by the fact that the thickness of- 6he pol ycrystalline dianmond is too
small to obtain the coating effect thereof. Using these tools, fourteen LCD
di splay drivers were in a |lunp bonded to a glass substrate by a pul se

heating systen2? Hereini.ithe bondj.pg was cggried 19-760 - I ng
so that the central part of the tool pressing surface be goé{ghq&égéﬁﬁg&

tenperature, i.e. [err] , heat generating and pressing, tReingr £3510M thfisng

t hen rel eased ﬁgﬁlr ecqel ing to 150 'C. The bonding was carried out using an
) ) ampl ) ) ) . . .
ani sotropic co Il mconsisting of a thernpbsetting resin con-

taining Ni grai Qenéifted dabfidbt FN&LF f e _present. i nvention
wer e capabl e of boﬂdi r?g Snilforeﬁf\gﬁgLn V\elwfep%hft;lg‘ %éﬂediéglﬁgﬁtrﬁ\%fzsa,n%ﬁ st
Tool Nos. 1lieight Boof @o wasnyerkeds om ar sttage to2d20 A XO9 'mmbRR0MMY A Perdtich €iloRS
bonded by both the end parts of the pressing surface, which could not be
put to prachel@apf dsim ipdigfater yaq veetisallydmadarty dischbangeaionking 87 thei ght %
of WC, 8.5 ywei %.T NCyad. 5 I ght % of was worked in a shape of a
hol | ow squa?%":%J théﬁtm%g h ﬁ%oi [ I’E}ng'"gé.“r & d%s?’ﬁﬁsce&?“téﬁcqﬁr?)‘éﬂet"ﬂﬁer e 25
mmin each g {RNeY B wat tep N 1€ | | e
upper nost, %ﬁ% hi gh and 0. 36?1’%@% gg]miaﬁ??g?n lsthgrggdéduggmé’rssﬂsbgépoggis& ?ﬁré'n,

t hi s cenment ed actenipechtunaf si3bf'ecfordl thour ah¢ *boling HoPddl RMipéMtideaimi Ng it

in a CO at nosphere_of 190 Torr at a tenperature of .

vacuum. Microscopic protrusions consisting of carbide solid solution of W and
Ti were formed on the surface by this heat treatment and gaps among these pro-
trusions were filled with Co coming out of the inside of the cemented carbide.

When this cemented carbide was immersed in nitric acid kept warm at 60C
and only Co éomming out was dissolved and removed, a cemented carbide whose
surface was covered with microscopic protrusions consisting of (W,Ti)C having
a mean length of 3 zm was prepared. It was confirmed that the thus surface-
modified cemented carbide had a coefficient of linear expansion of 4.4 x 10 -*
/ °C at a temperature range of room temperature to 400°C, which was similar to
that of the cemented carbide before the heat treatment.

This cemented carbide, as a substrate, was then arranged in a thermal fila-
ment CVD apparatus in such a manner that the surface of 20 mm X 3 mm be a sur-
face to be coated as a tool end and subjected to coating of polycrystalline

diamond for 50 hours. - The synthetic conditions are shown in Table 17.

Table 17 -
Filament Property  Linear Ta Wire of 0.5 mm
Filament Temperature 2100 <€
Filament-Substrate Distance S mm
" Substrate Temperature 900 <
* Raw Material Gas Cdmpo_;_s'_iq'ﬁn | CHi./H: = 0.8 %

Total Flow Rate of Raw



[err] for 1.5 hours and cooling to roomtenperature in vacuum M croscopic
protrusions consisting of carbide solid solution of Wand Ta were fornmed on
the surface by this heat treatnent and gaps anpong these protrusions were
fille wwth Co coming out of the inside of the cenented carbide. Wen this
cemented carbide was imersed in nitric I d kept warmat 60 'C and only Co
cammi ng out was dissol ved and renoved, a Cenented carbi de whose surface was
covered with m crosgonita1P rusi ons consi sti of (WTa)C having a nmean

| ength of 3 u mvvasﬁgd%ggaalre . It was confi rrrégu%tﬁ%ﬁ” t he thus surface-

nodi fied cenented ceddpeastved a coefficient by hpfiear expansion of 4.4 x 10
/| "C at a tenperature range of roomtenperature to [err] , which was

simlar to that Toé re¢nyecesnesnentid cartilel dad @b DiceysthE ihe @l adohe adotatt on thé S
cenented carbide, as a substrate, was then arranged in a thermal filanent
CVD appar at §¥rfagesihereod ifaf Hoickpesstoft He «dyr fTaéS potycoystal kise|diemndiwasa

f to b jected t ti I tall] di d
Furface o b ORkEY, e e S SRR oL 1 T
Tabl 13 Fi : i I e,

Toble 3 O Bl ncktesenc tsmnsyson s+ B5rld MECHBROSRAE

5 mm Subst r ajyerabenTspeciroscdpic analysis. When $héOprefdreéd bridavadybs @i &e &S
Conposi tion [err] = 1.1 % Total Flow Rate of Raw Material Gas

1200 sccm Gamondca¥sigh evas examined by X-ray diffraction,] ZQrthersordhd trwasofcand dhat
cement ed Carit%i 9&% Qt?‘nqelnpacleecy %ytiteatli{mi ?ﬁcggegﬂqgec%?o%t ?Poo?.n the

The resulting tool material and a shank consisting of Fe-29 weight % Ni-
17 weight % Co were bonded with each other by the use of a silver braze having
a melting point of 820 T and the polycrystalline di‘amond-co_ated surface was
polished by a diemond wheel while heating in such a manner that the temperature
of the centarl part of the tool pressing part be 250C. Thus, the polycrystal-
line diamond-coated surface was converted into a mirror state with a surface
roughness of 0.07z m by Rmax representation to obtain a bonding tool with a
shape shown in Fig. 12. In Fig. 12, 3 designates a cemented carbide substrate,
5 designates polycrystalline diamond, 7 designates a shank, 8 designates a
brazing material and H designates a vacuum adsorption hole. The thickness of
the polycrystalline diamond 5 was 40 z m.

In order to assess the properties of Tool No. 28, prepared by the above
described process, measurement of the flatness of the pressing surface in the
longitudinal direction and the temperature distribution in the pressing surface
was carried out. For comparison, preparation and assessment of Tool No. 29 of
Super Invar simple substancé with the same shape were also carried out.

Herein, the measurement of the flatness was carried out in an analogous
manner to Example S.

The temperature distribution in the pressing surface was measured by an

infrared radiation thermometer.

The results are shown in Table 18. 4As is evident from this table, the



surface thereof in a thickness of 90 [err]. This polycrystalline di anond
was confirnmed to have a very high purity represented by a peak ratio (Y/ X
of, 0. 05, wherein X represents dianond carbon and Y represents non-di anond
carbon, by Raman spectroscopic analysis. Wen the preferred orientation of
the dia- nond crystal was exam ned by X-ray diffraction, furthernore, it
was found that it was orientated in the-f6% mthi ckness direction (110). The
resulting tool material and a shank of a WN alloy were bonded with each
other by the use of a silver braze having a nelting point of [err] and the
pol ycrystal I i ne di anond-coated surface was polished by a di anond wheel

whi | e cont rteel inade REfupery InYRrsefc bheaprimnrert sh asulf hici Bl ii ALtyt @iopertabslr e of

t he tool end r be [err]. tq . obtain Tool No. 16 with a shape shown in
Fig. 8. Th@ntﬁ'\%cé(ﬁ‘gggy'v h‘éJ‘B%&%Py%Q“SF 19 nhePreseRd i B¥ention: g% antqol ona-

surface worgkj Sj i ' I sl and. 18 were
prepared i ﬁ%?{]ﬂé\gﬁmuf. g?ﬁﬂﬁéﬂaﬁeFﬂgt’toﬁ@g%l%{‘k%?‘&yg}r%gg%%g?il{}éﬁy"rﬁgﬁsﬁav “Br the
tool end paufficherdiy dreeshtdsfiednd contai ning 10 vol ume % of Co as a binder
and sintered dianond containing 7 volume %of Si and 7 volune %of SiC as a
binder. Since in the case of Tool No.Table tl8e sintered di anond used did

not have heat resj . azing was carried out using a silver braze with
a melting point ?)‘#S%%%Jraﬁf.%g{ - 62 - Assessnent &FSYYE properties of these

tools, as a constant heating tool, PASn&R Lﬁd) Ouf.agg)éstt tfgmioéxla(a#; Eggggt hod.
That is, the sufface roughness, flat'rTE'S'S'T-l';'l'd_T'ETTD - i of

t he tool end surTadeNoae?® neasur.ed under such a condition that the highest
tenmperature of the end surface of each tool was adjusted to [err]. Wile
the highest tenpErsseitelyentign) end surfide was maintained at5[err] and a

| oad of 200 kg wpu%la%plégad to each tool,

(Prior Art) 8.3 28

‘Furthermore, using these tools, liquid crystal display driver LSI was
mounted on a glass substrate. The mounting was carried out by a constant
heating system through ACF consisting of a thermosetting resin. Furthermore,
cleaning of the tool was carried out by rubbing the too! surface with a sand
paper of No. 400 to remove adhered subatances every mounting of 1000 times.

As a result, Tool No.28 of the present invention was capable of bonding
uniformly and well any parts 5 x 10* times and further effecting continuously
the mounting, whilst Tool No. 29 for comparison resulted in poor bonding in
the vicinity of both the end parts of the tool pressing surface after mounting
1 x 10* times.

Example 11

A cemented carbide containing 90 weight % of WC, 5 weight % TaC and 5
weight % of Co was worked by polishing and discharging to form a cemented car-
bide shank with a shape shown in Fig. 18. The surface 5 to be coated with
polycrystalline diamond to be a tool end surface had a dimension of 25 mm X
15 mm.

Then, ;hiS'cemeﬁtéd carbide was subjected to a heat treatment by maintain-
ing it in a N. atmosphere of 116 Torr at a temperature of 1390°C for 2 hours

and cooling to room temperature in vacuum. Microscopic protrusions consisting



an operation of lead franme bonding of ASIC with 300 pins was repeated.
After operating 10 x 10' tinmes, the above described properties of each tool
were again neasured to assess change of the properties fromthe initial
state. Herein, the neasurenent of the flatness was carried out in an

anal ogous manner to Exanple 5. The results are shown in Table 14. As is

evident fromthis table. the two kinds of the sintered dianond tools, i.e.
Tool Nos. 17 and 18 assessed as conpar atiAe-exanpl es, are i-nsufficient and
| argely deteriorated with operations in any properties. In the case of

after operating [err] tinmes. This is pro abl'y du

def ormati on traskmentadfd $APS-ANGRE Cifesd ipeodrayiof® |Wer® & i Prednii tRfcot &ﬂlih&%i:rlﬂ'
material used. On the contary, when using the product of the present

i nvention as B¢ dGYMAe Aft Eie cRmented cappideonfirmed that the excel | ent

properties were eri d.eyen after the ratjon for a long tine.
Tabl e 14 Assess i ﬁlﬁ%l&h&{t‘&i %arbl e was 1mmersedhm%€'§rochlonc Reid, 2t S0S%r f ace

Fl at ness d only E&ceffihe GEAR S :{m % Jerr] m

G adient [err] hit i al [efr] Ugsegz%?{r}{é?i%ld ¢ g% ' {Tscé%enf?ﬁ th‘e(aq'[je ["g}’ﬁ sh)%‘es
Present | nvepadeowasToolerdd withonicrascopic protrusidhsOdonsisting @¢08, Ta)C haviflg 2
1.1 10 10 Conparative Exanple Tool No. 1g] 0. 07

0.25 2. mean lengtl of 4 zm was prepared. It4@sTwofirued th&t the thus surface- 0. 07

0.17 1.8 .. .. 7.2 ., 26 34 - 63 - Exanple 9
modified cemented carbxdezhad a coefficient of linear expangR:n of 4.5 x 10 -/

Tool No. 17, gpeattidersoshi &é1uefontdrey %h&‘“rﬁffébe %?ﬁ@g”%t ?Iae %Rﬁa@?ﬁgméogga%r ved

‘C at a temperature range of room'tem@erﬁture to 400C, which was similar tg
that of the cemented carbide before the heat treatment.

This cemented carbide, as a substrate, was then arranged in a microwave
plasma CYD apparatus in such a manner that the surface S of 25 mm X 15 mm be a
surface to be coated as a tool end and subjected to coating of polycrystalline

diamond for 32 hours. The synthetic conditions are shown in Table 19.

Table 19
Microwave Qutput 600 W
Substrate Temperature 870
Raw Material Gas Composition CH«/H: = 1.2 X
Total Flow Rate of Raw
Material Gas 400 sccm
Gas Pressure 120 Torr

The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in a thickness of 60 «m. This polycrystalline diamond was
confirmed to have a very high purity represented by a peak ratio (Y/X) of
0.06, wherein X represents diamond carbon and Y represents non-diamond carbon,
by 3g{man spectroscopic analysis. When the preferred orientation of the dia-

FRE

morid. was- examirid by X=ray diffraction, furthermore, it was found that it was
T, I 5 ¥ g S

orientated in the fild.t

s ffrection (110).
The polycrystalline diamaﬁd-c'oated cemented carbide was subjected to

polishing working by a diamond wheel while heating so that about the central



A cenented carbi de containing 90 weight % of WC, 6 weight % Ti C and 4

wei ght % of Co was worked in a hollow rectangul ar parall el epi ped having a
rec- tangul ar frame-shaped end surface as shown in Fig. 10. The

di mrensi ons of each part were 25 nmand 20 mmrespectively in outer |ong
side length and short side length and 20 nmand 15 mmin inner |ong side

| ength and short side length, and 5 nmhigh. Then, this cenented carbide
Was subjected to a heat treatnent by nei#dtaining it in an [err] atnosphere
of 110 Torr at a tenperature of [err] for 1.2 hour and cooling to room
tenperature in vacuum M croscopic protrusions consisting of carbide solid
solution of Wand Ti were forned on the surface by this heat treatnent and
gaps anong these protrusions were filled with Co com ng out of the Inside

P bl orTobad GRR dotyolfiRl e BRI NGRS 8ic2eds iR 4 BT SRéedifle sur-

hydrochloric acid at roomtem perature and o conm ng O
di ssol ved anfhcecrnatd, tempecatuns @l 38arDi el ednssquently, atte vemison@eed adtovat h
m croscopi ¢ protrusi ons, consi sting of i )C having a nean length of [err]

a

was prepar ed®irrpf SFALe Kbty f Syptpce H&ngl“(ﬁy@v oAk 0%4 P bic Ruaso EROTREANtREIRENt ed
bi de had fflGl | ' ford 1 t .

Comerat ure T SEckpCOr o8 oblid8Hca YIRS o eyl nd phErot hlnraseofhing,

of the cenmenyfgdegar k) de before the heat treatnment. This cenented car bide,
as a substrate, was then arranged in a mcrowave plasnma CVD apparatus in
such a manner t hEte esulting tngl fvagecther subjectet taragséssmenty afn® sthapeal besdy be
a surface to be coated as end and subjected to coatin

tqol end . f
pol ycryst al | PHE® | n’iﬁ’l’&e?a&?’%g%’?&ﬂ%!"“ 9t d0Qly RESTSI R SLFAES taf'gr{é? Blatnessown
in Table 15. ;¢ 451 gfles'sihé Sg@ﬁ?éﬁﬁ%ﬂ% 700 W Substrate

Tenperature
The thermal response @ was assessed by passing electric current through

the tool at room temperature and then measuring a time required for raising
the temperature from the start of passing electric current to 380 C and a
time required for cooling from 380 C to 200 C from the stop of passing elec-
tric current. The temperature distribution @ was assessed by measuring, when
the central part of the tc;ol end surface was maintained at a temperature of
380°C, the temperatures of some parts of the tool pressing surface in the
similar manner to Example 10 to assess the largest temperature gradient.

The flatness of tool pressing surface @ was assessed by measuring the
warped state of the tool surface in the similar manner to Example 10, when the
central part of the tool end surface is maintained at room temperature and
380 C.

For comparison, assessment of an Mo tool (Tool No. 31) and a Super Invar
tool (Tool No. 32) was carried out.

The results are shown in Table 20. As is evident from these results,
the tool of the present invention can favorably be compared with the tools of

. tt__ie prior art in all the respects of thermal response, uniformity of temper-

ature distribution and flatness.



Raw Material Gas Conposition [err] 0.9 % Total Flow Rate of Raw

Mat eri al Gas 800 sccm Gas Pressure

60 Torr The recovered cenented. carbi de had pol ycrystalline di anond coat ed
oh the surface thereof in a thickness of 70 [err]. This polycrystalline

di anond was confirmed to have a very high purity represented by a peak
ratio (Y/ X) of 0.05, wherein X represents dianond carbon and Y represents
non- di amond carbon, by Raman spectroscep?2 -anal ysis. Wen the preferred
orientation of the dia- nond was exam ned by X-ray diffraction,
furthernore, it was found orientated inrabhge 88! m thi ckness direction (110).
This tool material and a shank made of Mo were bonded with a Cu braze

havi ng a nel t1284 8ai nt of 850 [err] Rasultscof Assessments by a di anond wheel
while controlling heating so {hat .the hi ghest t erature t he tool end
surface be 340 [err] , thus r &Ml ng ﬂ?gﬁa i grrp gte V\/i?{?tﬂe?urface
roughness of 0.06 [err] by Rigeg res j,on. ed S

subj ected to a chanfering morkiﬁgﬁgo pge g%% a ﬁ%ﬂFBM/?gus?ﬁﬁggﬁgged Tool
No. 19 having a rectangul ar eadHeatifigicet §50l9h@WGradiekt 9. 8. After the
wor ki ng, the thickness of the polycrystalline dianmond was 20 [err].
Furthernmore, three kinds of LQEESLLIOQLJEESL_2Q__lehhd.ZZLLHHQLDQ.differ-
ent thicknesses of polycrystalline dianond coatings after conpletion of the
tools were EF ed. The thickness of polycrystalline dianond after the

wor k- ing wa fhgﬁggctively 16 [err] (Tool No. 20), 13 [err] (Tool No. 21)
and 5 [err] ?Vool No. 22). In addition, three kinds of tools (Tool Nos. 23,
24 and 25) diff@e- ing in flatnass of tank end surfgce were prepared for
trial. For conparison, assessnent of Tool No. 26 conprising a sintered

di anond ‘

Comparative

Examples
31 1.1 9.0 20 18.6
32 1.8 18.5 30 12.5

Furthermore, using these tools, MPU for personal computer was mounted on a
printed circuit. The mounting was carried out by a pulse heating system by
adjusting the tool highest temperature to 380 ‘C, because of carrying out the
mounting by melting and solidifying a Pb-Sn solder bump fromed on MPU surface.
Furthermore, cleaning of the tool was carried out in an analogous manner to
Example 10.

As a result, Tool No.30 of the present invention was capable of bonding
uniformly and well any parts 10 x 10* times and further effecting continuously
the mounting, whilst Tool Nos. 31 and 32 for comparison resulted in poor bonding
in articles bonded in the vicinity of both the end parts of the pressing sur-
face after mounting 1 x 10* times.

Example 12

A cemented cafbide confainihg Sa.weight % of WC, 7 weight % TiC and S
weigﬁt % of Co was worked in a shape of 20 mm x 2 mm x 2 mm. Then, this ce-
mented.carbide was subjected to a heat treatment by maintaining it in a CO

atmosphere of 180 Torr at a temperature of 1420 T for 1 hour and cooling to



- 65 - conatining 5 volume %of SiC and 5 volune % of Si, prepared in the
simlar manner to Tool No. 19, and Tool No. 27 consisting of M sinple
substance was carried out. Assessnment of the properties of these tools, as
a pul se heating tool, was carried out by the follow ng method. That is, the
surface roughness, flatness and tenperature distribution of the tool end
surface at 340 [err] were neasured by prexg ously determ ning the feeding
condition so that the highest tenperature of the end surface of each tool
was adjusted to 340 [err]. The thermal response of each of the tools was
nmeasur ed unden tekgeratireeindescoun. beat cfdzes iR0pro@Fdi bnsOBons TS n@ SITCEATRRAE  WasS
carried out by neasuring the heating tinme until the highest tenperature of
t he t ool erﬁ?lkchls%i’éé“!/vﬁg W fndr Eheere formed onovketsynfRneabythist bedtotrdatpent t he

ool ona s A%, dndf 38 @aen i et Hiled Vi N Bmiom SHFrOr bha Frice

fol I owed by,sceqeaddented BeBidels! Nng each of these tools whose end surface was

mai nt ai ned at the highest tenperature of [err] , nmounting by soldering a
flatpack IC to Wheprthid dementeducdrbrSwdse pRRESH Yn Adtricati@Wept Gakd ati #3S. The
assessnment results are shown in Table 16. As is evident Fron1these

resul ts, tHadiady G9f Caméng,pus uast disgolved and oremeved. feagemented, crbidompaseed Wit h
the tool of_the prio rt,in.all the respects of thernal re nse., .

uni for ity W Faeenigr s B blorRerisbroyk aarisions consdst et LA TRG baving
repetition tg , the tool service life was largely

I npr oved w%&%ﬂfﬁgﬂﬁ?gobmﬁaﬂfﬁggé{ Tabl e 16 -

This cemented carbide, as a substrate, was then arranged in a thermal fila-
ment CVD apparatus in such a manner that the surface of 20 mm X 2 mm be a sur-
face to be coated as a tool end and subjected to coating of polycrystalline

diamond for 30 hours. The synthetic conditions are shown in Table 21.

Table 21
Filament Property Linear W Wire of 0.5 mm
Filament Temperature 2050
Filament-Substrate Distance 6 mm
Substrate Temperature 950 °C
Raw Material Gas Composition CHe/H: = 1.3 %
Total Flow Rate of Raw
Material Gas _ 1200 sccm
Gas Pressure 100 Torr

The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in a thickness of 40 zm. The polycrystalline diamond-coated
cemented carbide was bonded to a shahk made of Mo using a brazing material
consisting of, by weight, 68Ag - 27Cu - 5Ti having a melting point of 8007C.
It was confirmed by assessment of.the'éhearing strength that the bonding
strength with the brazing material was 22 kg/mm?.

Thé polycrystallihe_diamond-coated surface at the tool end was polished

by a diamond wheel and worked into a mirror state with a surface roughness of



Tool No. Assessment Resuls Thermal Ther nal

Lar gest Fl at ness Assessnment of Response Response Tenperature
Mounting at Heating at Cooling G adient 10 x [err]
Ti'mes (sec) (sec) [err] [err] Present Invention 19

1.0 2.9 6 1.1 normal , continuously
avai | abl e 20 1.1 3.1 18 1.1

normal , continuously avail abl e Conparative Exanples 21 1.0

3.0 22 1.5 poor bonding after using 6 x [err] times
22 1.0 2.9 2574 - 1.8 poor bondi ng
after using 3 x [err] times Present Invention 23 2.9
6 r nu vai | apl rative Exanples 24
1.0 0.8 Tym by Rl FresshEIRNAT i3 o1 s oppﬁsrmﬂﬁmmw éfamand ng 6
x [err] tirn@sermirror surfacelvokking was 20 - ©

poor bonding after using 4 x [err] tines 26 1.8 5.0

23 T8e Xool obtgioed bpoieliabgvenli¢seribedimeghdd ¥ad subjectdd®s coating

the surface of the brazing material with each of metallic materials described

in Table 22 by each of methods described in Table 22. In this case, the coat-
ing C was carried out about the exposed side surface of the brazing material

as shown in Fig. S. For comparison, a tool free from this coating was prepared.
In Fig. 5, 3 designates a cemented carbide substrate, 5 designates poiycrystall-
ine diamond-coated end surface.'s designates a maéhine-fitting part, 7 desig-

nates a shank, 8 designates a brazing material and C designates a coated part.

Table 22
Tool No. Coating Material Coating Thickness Coating Method

(zm)
Present Invention
33 Cr 30 Plating
34 - o 3 Ion Plating
35 Pd 2 Sputtering
36 W 15 CVD
Comparison
37 no coating _ - -
38 o 0.2 Sputtering
39 Ni 300 Plating

In order to assess the durability of these tools in bonding applications
with a solder, each of the tools, whose end temperature was adjusted to 400 C,
was repeatedly pressed to a solder plate of 5 mm thick 80 x 10* times. The

,v

results are shown.xn Table

% %Iq Table 23, the shearing strength is repre-
sented by a value after th above descrlbed repetition assessment as to a tool

whose end part was not separated.



-67- 27 1.1 3.1 30 12.7 poor
bonding after using 4 x [err] times Exanple 10 A cenented carbi de
containing 87 weight %of WC, 7.2 weight % Ti C and 5.8 wei ght % of Co was
worked in a shape of 20 mMmx 3 mqmx 2 mm A penetration hole of 1 mMmin

di aneter was vertically nmade by di scharge working at the central part of
the 20 mMm x 3 mm surface. Then, this cenmented carbide was subjected to a
heat treatnment by maintaining it in a CO atnosphere of 160 Torr at a
tenperature of [err] for 1 hour and cool Vg to roomtenperature in vacuum
M croscopi ¢ protrusions consisting of ,carbigde solid solution of Wand Ti
were formed on the surface by this heg?gﬁ% ment and gaps anong these pro-

trusions were fill ¢goivwg.h Co gﬁgbﬂ%éipﬁsé&sﬁéﬂ@ [ nsisq%rqf.,?tsfager&ggent ed

carbide. When this cenmented carbide was 1nmrersed in nitrfc acrd kept warm
at [err] and only_Co conming out was dissol ved and_r eng¥gam? p cenent ed
car bi de whose surface was covered with m croscopic protrusions consisting
of (WTi)C havi nd’rﬁs%an |l ength of 3 a mwas prepared. It was confirned
that the thus surﬂ?&ﬁﬁ godi fied cenented carbide had a coefficient of

| i near expansion 0 .3 x [err] / [err] at a tenperature range of room
tenperature to [err]33 which W@gaBiifgdodf dfOtdohandof the cgented carbide
before the heat treatnment. This cenented carbide, as a substrate, was then
arranged in a thermal fila- naffer ®0x dppaim¢sus in such a nmanner that the
surface of 20 mmx 3, m be a sur- face to be coated as a tool end and
subjected to coaIirmP%ﬁ polycrystalliﬂ@‘diannnd for 50 hotfrs. The synt hetic
conditions are showyg n Table 17. Tadeg_ 17 Fil ament Propgrty

Linear Ta Wre of 0.5 nm

36 -do- 22
Comparative
Example

317 falling-off pf tool end after -

25 x 10 times
38 no falling-off of tool end 3
after 80 x 10* times
39 falling-off of tool end after -
35 x 10* times
As is evident from this table, Tool Nos. 33 to 36 coated according to the
present invention are capable of maintaining the high bonding strength unchanged
even after operations of 80 x 104 times, while Tool No. 37 of the prior art
not coated meets with falling-off of tool the end part by a relatively small
number of the operations. It is found by analysis of the brazed surface of
the separated tool end part that this is caused by alloying of the melted sol-
der and brazing material to result in an alloy composition with a low strength.
In Tool No. 38, the falling-off of the tool end part does not occur, but
the bonding strength is largely lowered because the thickness of Mo coated is
too thin.fo maintain the coating effect. In the case of Tool No. 39, the
end part is fallen off by the operafion'in a relatively short time, which is

considered due to that the coated thickness of Ni is too large, i.e. 300 zm



Fi | ament Tenperature 2100 J[err] Filanent-Substrate D stance

5 mm Substrate Tenperature 900 [err] Raw Material Gas
Conposi tion [err] = 0.8 % Total Flow Rate of Raw - 68 - Materi al
Gas 1000 sccm Gas Pressure 120

Torr The recovered cenented carbi de had polycrystalline di anond coated on
the surface thereof in a thickness of 70 [err]. This polycrystalline

di anond was confirnmed to have a very high/urity represented by a peak
ratio (Y/X) of 0.07, wherein X represents dianond carbon and Y represents
non- di anond car bon, by Raman spectroscopi c analysis. Wen the preferred
orientation endchrseguentlysnertily strippingstases planedduryingoperat itinf f thas tresul t-
furthernore, it was,found that i s, orientated in the filmthickness

di rection (10688 .‘“'ﬁiéw‘é’&ﬂft Fh?g"'%%%%ér"i‘é‘! ta?lg"_%\z‘gﬁa?ﬁﬁe’dﬁhéi"g“! itA® s&ripped
Fe-29 wei ght ,3afNi - 17 weight % Co were bonded with each other by the use of
a silver brafe having ‘a nelting point of 820 [err] and the polycrystalline
di anond- coat ed s@8xdmate 18as polished by a di anond wheel while heating in
such a manner that the tenperature of the centarl part of the tool pressing
part be [err]. TAwemeRted ¢isbidercpataining PG weighinpafl- ok seight % Talcand §

Capr osent at i SRS st ok KA 1 e R MDD Lot el hisgE

Fig. 12, 3 desh@aadifsid: B jectes abld ‘Fl@ats‘t'f‘b%ttﬁ%ttgny fa HAeSinINR T €Sin a CO

pol ycrystal Il i ne di anond, 7 designates a shank, e€si gnates a brazing

mat eri al and akthabpbergnat 450 Jorrastanteaperatytel oh 1880 €. féhe khdurs lané o bingt toe
polyeryst allirggh qgﬁ%er?é&rg anszc Szir]MicroscOpic protrusions consisting of carbide
solid solution of W and Ta were formed on the surface by this heat treatment
and gaps among these protrusions were filled with Co coming out of the inside
of the cemented carbide.
When this cemented carbide was immersed in hydrofluoric acid kept warm at
50 C and only Co comming out was dissolved and removed, a cemented carbide
whose surface was covered with microscopic protrusions consisting of (W,Ta)C
having a length of 7 z m was prepared.
This cemented carbide, as & substrate, was then arranged in a microwave
plasma CVD apparatus in such a manner that the surface of 30 mm x 2 mm be a sur-
face to be coated as a tool end and subjected to coating of polycrystalline

diamond for 25 hours. The synthetic conditions are shown in Table 24.

Table 24
Microwave Output 700 W
Substrate Temperature 850 C
Raw Material Gas Composition CHi/H: = 0.8 %
Total Flow Rate of Raw
Material.Gas 400 sccm
Gas Pressure o 75 Torr

The recovered cemented ca;biég had polycrystalline diamond coated on the
Surface thereof in a thickness of 50 zm. The polycrystalline diamond-coated

cemented carbide was bonded to a shank made of Mo using a brazing material



In order to assess the properties of Tool No. 28, prepared by the above
described process, nmeasurement of the flatness of the pressing surface in
the I ongitudinal direction and the tenperature distribution in the pressing
surface was carried out. For conparison, preparation and assessnent of Tool
No. 29 of Super Invar sinple substance with the sanme shape were al so
carried out. Herein, the neasurenment of_tyze_.flatness was carried out in an-
anal ogous manner to Exanple 5. The tenperature distribution in the pressing
surface was neasured by an infrared radiation thernoneter. The results are
shown in Table 18. As is evident fromthis table, the - 69 - tool nmde
of Super Invar of the prior art is insufficient in any properties. On the

tary, h t t t t
Corian )i 1 s taR0oh I8y REORHE s0f] - HRuDTS e?xm'rru‘s‘&eﬁs'ltﬁﬂﬁ?véﬁopg%g. on can
sufficientipe g é@ifhﬁifeldesi: aJ@b&n@nﬂ%fﬁﬁégxggﬁﬂht&? grtr tpat the bonding

Results Flatness [err] Largest Tenp No. 28 ( Present
| nventi on) strength with the. b¢aZIng material was 25 Kg/mm?. 5 Tool No. 29 (Prior
Art) 28 Furthernore, using

t hese tool s, |T&E|Rﬂ'l$“r"9'§iaéll”lfl digpong-enated surfere \adsthep taod cNdo¥Asa Dejl ished

thr ough. Zcpb?&f;ns. il 18 00 RO AP, miPoE SERIE MR n BRRAR AR S o

the tool wagotasiiSdRmitt rép¥ederbltisly t1he {H3Gkness ot PotyBrydt8ANHe diamond
after mirror surface working was 25z m.

The tool obtained by the above described method was subjected to coating
of the side in the vicinity of the tool brazed layer with a ceramic thin film
utilizing hydrolysis of a metal alkoxide by thg following procedure. Namely,
other parts of the tool than the coating part as shown in Fig. 5, were covered
with a masking tape, immersed in a solution of silicon ethoxide diluted uitﬁ
isopropy! alcohol and drawn up. The masking tape was separated and the coated
tool was then heated at 180 C in the air for 1 hour, dried and hardened. By
this treatment, an Si0: thin film with a thickness of S« m was coated onto only
the coating part shown in Fig. 5.

Tool No. 40 obtained in this way was subjected to assessment of the etch-
ing resistance to the melted solder in the similar manner to Example 12. For
comparison, Tool No. 41 free from this coating treatment was also assessed.

Consequently, in Tool No. 41 of the prior art which had not been subjected
to the coating treatment of the surface of the brazing material, falling-off
of the tool end part occurred when the repetition assessment of 2 x 10* times
was carried out, while in Tool No. 40 according to the present inventioh, there
was found no change in the brazing strength even after the repetition assess-

ment of 80 x 10 ' tlmes

of the brazing material was reacted

In Tool “No. 41 Au as a componen 0
with Sn as a component of the solder to form brittle intermetallic compounds

such as AuSn, AuSn:, AuSni, etc., while in Tool No. 40, it was confirmed that

this reaction was prevented by the Si0: thin film coated.



paper of No. 400 to renove adhered subatances every nmounting of 1000 tines.
As a result, Tool No 28 of the present invention was capable of bondi ng
uniformy and well any parts 5 x [err] tinmes and further effecting
continuously the nmounting, whilst Tool No. 29 for conparison resulted in
poor bonding in the vicinity of both the end parts of the tool pressing
surface after nounting 1 x [err] tinmes. Exanple 11 A cenented carbi de

contai ning 90 weight % of WC 5 weight 978aC and 5 wei ght % of Co was

wor ked by polishing and discharging to forma cenented car- bide shank with:
a shape shown in Fig. 13. The surface 5 to be coated with polycrystalline -
di amond to be £X8BRIE Mnd surface had a dimension of 25 nmx 15 nm Then,

this cenmented carbi subjected to _a heat treatment by maintain- ing it
ina[err] at n%s%%dggge%\?ﬁ.’ige f?)'}ctl_“"éh"gést ¥sight &t ofr ¥Coff '{%’-Ezﬂ % bYi.PaXoards and
cooling to g Qeikht ABE®R! kHsCwd u ' t | ORS. consi sting

- 70 - of car biiede solid *;Hgl mr?%d/nqg;é S@aggld&{rg&\?ﬁ%eqf'@{ %ell(’:IHiﬁ)’n ?ieé"s P& by
this heat tmeatddresnbidedagapsjeatsint ahieae reftrelSib9Nminkdifidg it ad M h Co
com ng out of the inside of the cenented carbide. Wien this cenente

car bi de wa'MOTABRRRQf i8Q TAFaraichItepnesatuse pfal3s9l [fer r2 heurdamsnbgol@ng conmi ng
-out was di \V e a genent ed carbi de whose sur- face was
covered Wi tstﬁmr‘ﬁtgr eg'gguprirecmsyg Wi ‘ﬁ‘ﬁ§°%°8ﬁb‘i BFQLRYSIgps CORSHSEINE 0 (f§rRidRean
llength of 4soff of ish1uvdsn RE BRatEdnd TAt fd i fLace-
nmodi fi ed ce#entgd car bi de had g c%é?????gﬁ@ %#F?fﬁ@??E%? gﬁé?gﬁagﬁkﬁsg X

[err] [err]meat aadtgappecmang tieseaprgerusionsomdret HNP&t &1 th €o comidi@0sut, oMitheh was

simlar to that o he cenented carbi de before the heat treatnent.
inside of the cemented carbide.

When this cemented carbide was immersed in hydrofluoric and nitric acid
kept warm at 80 C and only Co comming out was dissolved and removed, a cemented
carbide whose surface was covered with microscopic protrusions consisting of
(W,Ti,Ta)C having a length of 6u m was prepared;

This cemented carbide, as a substrate, was then arranged in a thermal fila-
ment CVD apparatus in such a manner that the surface of 40 mm x 1 mm be & sur-
face to be coated &s a tool end and subjected to coating of polycrystalline

diamond for 50 hours. The synthetic conditions are shown in Table 25.

Table 25
Filament Property Linear Ta Wire of 0.6 mm
Filament Temperature 2000
Filament-Substrate Distance 8 mm
Substrate Temperature 900 <
Raw Material Gas Composition ., CH(/H: = 1.0 %
Total Flow Rate of Raw
Material Gas . | 800 sccm
: Gas'Pressure 7 7. 80 Torr

‘The recovered cemented carbide had polycrystalline diamond coated on the
surface thereof in a thickness of 80 4 m. The polycrystalline diamond-coated

cemented carbide was bonded to a shank made of Mo using a brazing material



This cenmented carbide, as a substrate, was then arranged in a m crowave .
pl asma CVD apparatus in such a manner that the surface 5 of 25 mm x 15 mm
be a surface to be coated as a tool end and subjected to coating of

pol ycrystal Il ne dianond for 32 hours. The synthetic conditions are shown in

Tabl e 19. Table 19 M crowave Qut put 600 W Substrate
Tenper at ure 870 [err] Raw Material Gas Conposition

[err] = 1.2 % Total Flow Rate of Raw Mateyd al Gas

400 sccm Gas Pressure 120 Torr The recovered

cenented carbi de had pol ycrystalline dianond coated on the surface thereof

in a thi ckeemssisbing6eX,[ By weight TI606u Podasary 36 hdvigg @& m% ﬁ?ﬁltcgf]beﬁ dto
have a very high purity represented by a peak ratio (Y/ of 0. 06, érein
X representl 35 LA MEGYoRSSAFMENt & pthe ssheard np iirefigairtthat cthe handingy Rarman

spect r oscopj L yS] en th referred orientation of the dia- nond
was exam ngég%’gaiﬂg{y%ﬁ sza{gg imﬁﬁ":"q?ﬁr“'ﬁ@?rﬁg/@‘! ‘it was found that it was
orientated in thepbi $tal Cify 4L | | yaryst all.in

di anond- coat ed cer[:enﬂtcgsc'i car bieﬁan\;\glg %E?de)glt“(eféé?)gtpt-(glaietsoﬁ?nééﬁ\/\%ar%k@r{églbé a
di anond whégla diknond ivbesli and serkeddnt@@onirréhetateniitila surraéd rofgides®lort he

pol ycrystal |l i ne di anpnd-coated surface to be a tool pressing sur- face be
at a tenpePalTukd 8Y Bmax reprasantasinfeqbatthyckness ahsthenolpenystalidne dianond or

hi ckness 8t EraiSr SUPHRBIERFAd sl et er The hi rror surface working
was 20 [err] nrhis tool was subjected to coating by various methods shown in Table 26
to complete pulse heating tools. These coating methods were similar to those
of Examples 12 and 13. For comparison, a tool free from this coating was
also prepared.
Table 26
Tool No. Coating Material Coating Thickness Coating Method

(& m)
Present Invention
42 Zr0; 10 Hydrolysis
43 Bd 3 Ion Plating
44 Al: 0, 30 Hydrolysis
45 Ti0. 50 CVD
46 Cr 40 Plating
47 Ni ' 20 Plating
48 Pt 5 Sputtering
Comparison
49 no coating - -

In order to assess the properties of these tools, outer lead bonding of
a printed circuit was carried out by pulse heating at 15 second cycle so that

the_.f;tbdl -end temperature be adjusted to 400 C.

. The results g_i‘é‘_"show_‘n in'Table 27. As apparent from these results, the
tools of the present 'i'nvénti'bin were all resistant to bonding 80 x 10* times and

exhibited no change in the bonding strength, while in the case of Tool No. 49



The resulting tool was then subjected to assessnent of [err] thermal res-
ponse, [err] tenperature distribution of tool pressing surface and [err]

fl atness of tool pressing surface as follows: The thernal response [err]
was assessed by passing electric current through the tool at room
tenperature and then neasuring a tinme required for raising the tenperature
fromthe start of passing electric currergg to 380 [err] and a tinme required
for cooling from380 [err] to 200 [err] fromthe stop of passing elec- tric
current. The tenperature distribution [err] was assessed by neasuring, when
the centraPf FAtPTHIC 8he tHARICR the surfage ofvithe drazingatatecialt had netvpesmat ur e . of

[err] , the t. r f me_parts of the tool pressing surface in the
simlar naﬁﬂbel?g%‘g @gér%?%&iﬁs?ﬁ"a&@%s§9Q%ét’l°§r°§e§1° F@Wa &fitOgREREdent .
The fl at neqgerPbordd®®d 3P¢ e@Sit@ssurface [err] was assessed by neasuring the
war ped state of the tool surface in the simlar manner to Exanple 10, when
the central part of the tool end surf zgglel 7mai Nt ai ned at room tenperature
and 380 [err]. For conparison, assessnment of an Mo tool (Tool No. 31) and a

Super Invar tool (T®6F ¥lo. 32)Repetitien Assedsment. ThSheaping Streagth shown in
Table 20. As is evident fromthese results, the tool of the present

i nvention can favofabiy—be conpatreduith.the to0l s—0f ‘QﬁﬂﬁdLgp art in al
t he respects of tb?§§ﬁé response, uniformty of tenper- ature distribution
and fl at ness. - - Table 20 Tool No. Resul ts
of Assessnents Thgrvaaltion - Ther nal Lar gest Fl at ness Response
Response Tenper at ure at 380 [err]

42 no problem in amounting 26

80 x 10* times

43 -do- 217
44 ~-do- 25
45 -do- 26
46 -do- 26
47 -do- 25
48 ' ~-do- 26
Comparative
Example
49 falling-off of tool end part -

after 3 x 10* times

Advantages of Present Invention

According to the present invention, there are provided the bonding tools
having the following advantages:

(1) More excellent wear resistance, heat resistance, strength and thermal
response than those of the bonding tools of the prior art can be attained.
That.is, the reliability upon the strength of the substrate, which has hitherto
been considered questionable in the constant heating tool of the prior art, can

' iargely'be improved, and good results can be obtained as to the thermal response
which has also been hithertolconsidered'questionable.

(2) More excellent properties and higher precision can be exhibited even



at Heating at Cooling G adient (sec) . (sec) [err]
[err] Present Invention 30 1.0 8.9

6, 2.1 Conparative Exanples 31 o 11
9.0 20 18.6 32 - 1.8 18.5
30 12.5 Furthernore, using these tools, MPU for personal conputer

was nounted on a printed circuit. The nogmting was carried out by a pul se
heating system by adjusting the tool highest tenperature to 380 [err] ,
because of carrying out the nounting by nelting and solidifying a Pb-Sn
sol der bunmp fronmed on MPU surface. Furthernore, cleaning of the tool was
carried out in an anal ogous nmanner to Exanple 10. As a result, Tool No. 30
of the present invention was capable of bonding uniformy and well any
parts 10 x [err] tinmes and further effecting continuously the nounting,
whi | st Tool Nos. 31 and 32 for conparison resulted in poor bonding in
articles bonded in the vicinity of both the end parts of the pressing sur-
face after mounting 1 x [err] tines. Exanple 12 A cenented carbide
containing 88 weight %of WC, 7 weight % Ti C and 5 wei ght % of Co was
worked in a shape of 20 nmx 2 nmx 2 mm Then, this ce- nented carbi de was
subj ect ed if ey ine & 190E85t 2Rt a5ycomparadaihithnghe tbonding O® st o sikeepwi onf arit80
Torr at a ter‘rqg; lérgon%finé 20l %?rtth for 1 hour and cooling to -73-

a0 present invention i{s resistant to use for a
longer time as compared with that of the prior art. The flatness and temper-
ature distribution of the tool end surface in the operation at a high temper-
ature can well be maintained without deteriorating the thermal response and
these better properties are not changed even after using for a long time.

(4) Since the flatness and temperature distribution of the tool end sur-
face can be maintained in good state without thermal damage for a long time,
better flip chip mounting can be realized as compared with the prior art tools.

(3) Higher etching resistance to a melted solder can be obtained as com-
pared with the prior art tools. The reliability upon the bonding-strength of
the tool end part, which is a large problem in the pulse heating tool having
the brazed structure of the prior art, can largely be improved, thus resulting

in better properties the diamond tool intrinsically has.



roomtenperature in vacuum M croscopic protrusions consisting of carbide
solid solution of Wand Ti were forned on the surface by this heat

treat nent and gaps anong these protrusions were filled ut
of  the inside of the cemented carbide. Wen this cemar{tlmn mmﬁm m)
imersed in nitric acid kept warmat [err] and only Co €ormamng @

dirssol ved and renpved, a cenented carbi degwbose surface was covered with
m'croscopic protrusions consisting of [err] having a mean length of 5 [err]
was prepared. This cenmented carbide, as a substrate, was then arranged in a
thermal fila- ment CVD apparatus in such a manner that the surface of 20 mm
X 2 mm beChigsy - face to be coated as a tool end and subjected to coating

of polycrystalline .djanond r 30 hours. The synthetic conditions are shown
in Table 21. *I'abf‘g“ﬁii SED‘F’Eﬁéﬁ’aniPG)ﬁéPt yomprising”a substrate consigkdE o/ @ re of

0.5 mm Fi baigReda I@'@?&é ghﬁ n?r“gtcgossfﬂepr%gegrotrumgl%59f ha{’t?rc“bx %gg?)‘t migstrate

D st ance ature ] Raw
Mat eri al Ea%ofiurPaEs b @0 least one k@ffabe and -a3cdérfrdiaht ok OMynBat @xﬁhfns l%%W

Mat eri al Gas 1200 sccm Gas Pressure

100 Torr Thd.Pacd¥erle® EcmEntled ¢&r ok doon dengerh tureytn 400 ihendi mpolyt coat ed

th f t her eof  hi ck f 40 The pol tall
i amond cBReCH B AR OB ECATRE B e doets descriid Findee ?-a%zh@f:ﬁ@ a

brazi ng Sorst b 7
‘el ting Bg‘lE 1&3{; OFRE ‘ingl t}na/aéshgg%ﬁf e %gttheggsb\gesfshﬁén?ﬂ g SUE\ ﬁ{ egéf(d Bt
strength tmpotyceymmmnagmmmmhmg wngheecbraaza meomﬁdeeuﬁﬂacwas 22 [err]
The pol ycrystalline di anond-coated surface at the tool end was polished by

a di anond whedl AntighortRergthhondiag fopl sompnising &iitopl mateniaheensistinghess of

of - a substrate consisting of a cemented carbide having microscopic protrusions

of hard carbides and/or hard carbonitrides on at least one surface and a co-
efficient of linear expansion of 4.0 x 10 ~* to 5.5 x 10 ~* /C at room tem-
perature to 400 C, coated with a polycrystalline diamond coating formed on the
above described surface having microscopic protrusions by a gaseous phase syn-
thesis method, the tool material being arranged in such a manner that the poly-
crystalline diamond-coated surface be & tool end surface, and bonded with a
shank consisting of at least one of metals and alloys each having a coefficient
of linear expansion of 4.0 x 10 ~* to 5.5 x 10 -* /C at room temperature to
400 C.

3. The high strength bonding tool as claimed in Claim 1 or Claim 2,
wherein the microscopic protrusions composed of hard carbides and/or hard
carbonitrides on the cemented carbide surface penetrate into the polycrystalline
diamond layer coated on the surface.

4. The high strength bonding tool as claimed in any one of Claims 1 to 3,
wherein the microscopic protrusions composed of hard carbides and/or hard
carbonitfides on the cemented carbide surface have a length of 2 to 10 2 m.

5, The hlgh strength hondlng tool as claxmed in any one of Claims 1 to 4,
whereln the cemented carbxde ‘making: up the substrate coated with polycrystalline
diamond comprises a hard phase composed of at least one member selected from

the group consisting of carbides of Group_ IVa, Va and VIa elements of Periodic



- 74 - 0.08 [err] by Rmax representation. The thickness of the

polycrystal line dianond after mrror surface working vvasuuﬂm I“MII“”'IL
obt ai ned by the above described nethod was subjected to COH8 Al ce
of the brazing material with each of netallic material's described in Table
22 by each of nethods described in Table 22. In this case, the coat- ing C

was carried out about the exposed side sugface of the brazing material as
shown in Fig. S. For conparison, a tool free fromthis coating was

pr epar ed. idhd $D1id i nted carbide supstra 5. ..
desi gnat e$+%§1)Fyaglr yst al Is-gﬁﬁﬁgﬂgghg%%d@gggﬁseﬁ °8%Pséﬁ’r°_f'a%fe?3 é°d§?‘§@§e§ a
machi ne-fi b4 WOQ 2pey 25 weightsk @f casdiass 3 SAMBGK IvE Y€ Hnd 3k 65t efledtsads BEri-
material and C designhates a coated part. Table 22 Tool No. Coat I ng

Mat eri al  odlgafabhg expentkhand 0.5 CodSi wejghkXhafdand dror gRyupsmatal lamdentthermals
Cr Plating 34 [err]

3 conductiyity g,13 g{litrqglzg5W/m- K. Pd 2
gglrjr:);rerlsg% g? 6. The hing(l)l sctgg}égitlrtlgbonding tool as claime]d?irégny one of Claims Dto 5,
0.2 wherein SpeitthRukn€sd 3O the coated polycrPétalline diamond is 15 toS98) « m.
Plating In order to assess the durability of these tools in bonding

appl i cati ons wit hThe 8ighdetrengthdiondiingttoe!l tasodlajmedhixs any nde tofnPlaviag Ur e \6as
adj ust ed tg 400 [ter :?L’“\Nas reepeat edly pressed to a solder plate of 5 nm
thick 80 x"Hesp}q the pugity Ofj,Ehe coated polycrystalline diamond is represented by a
peak ratio (Y/X) of diamond carbon (X) and non-diamond carbon (Y) is at most

0.2 by Raman spectroscopic analysis.

8. The high strength bonding tool as claimed in any one of Claims 2 to 17,
wherein a part or whole of the shank consists of cemented carbides, Mo, W, Cu-W
alloy, Cu-Mo alloy, W-Ni alloy, Kovar alloy and Invar alloy.

9. The high strength bonding tool as claimed in any one of Claims 2 to 8,
wherein the tool material and shank are bonded through a bonding metal having
a melting point of 650 to 1200¢C.

10. The high strength bonding tool as claimed in any one of Claims 1 to 9,
wherein the surface roughness of the polycrystalline diamond coated surface is
represented by Rmax of at most 0.1 zm.

11. The high strength bonding tool as claimed in any one of Claims 1 to 10,
wherein the coated polycrystalline diamond is orientated in (100) plane and/or
(110) plane in the thickness direction.

12. A process for the productiqn.of a high strength bonding tool! comprising
at least the following steps ® to @, being in order carried out:

@ a step of heat treatment for forming microscopic protrusions of hard
carbides and/or hard carbonitrides on a cemented carbide having a coefficient
of linear expansion of 4.0 x 10 -* to 5.5 x 10 ~* /°C at room temperature to
400 C, :being composed of, as a hard _phla_se., at least one member selected from
the group consiéting of "ca.rbides_ of G‘rou.p:"IVa..' Va and Via elements of Periodic

Table and solid solutions thereof, and having a composition of 70 to 95 weight



results are showin in Table 23. In Table 23, the shearing streng

repre- sented by a value after th above descri bed repet|
ta a tool whose end part was not separat ed. m,mm wmmlla
o 3

Repetition Assessnent Shearing Strength [err] Preserct

no falling-off of tool end 23 after 80 x [err] tinmes 34

-do- 22 35 - do-

21 36 -do- -84 - 22 Conparative
Exanpl e 37 falling-off of tool end after - 25 x 10
tinmes 38 no falling-off of tool end 3 after 80 x 10

times 39 % of WC, 2abl 2geight %067 conides 6 Frb&y [va, Va and VIa éiiméht&ec{é*’ ]
times As is evident fromthis table, Tool Nos. 33 to 36 coated according to

the present PSRIEHC TAP!S escoptyilped as ¥ 13t edighh @ othenhirgh growpimatplsby @agi-h
dnchanged evefleshd T5 (A0BF BB oy R by Lo brERra 1Y 16 500 P!
relatively se@mpbrature of 900 to 1500 T for 0.5 to 3 hours and cooling in N:, CO, an
inert gas or vacuum to room temperature, @ a step of chemical treatment for
dissolving and removing the iron group metal coming out of the surface with
the formation of microscopic protrusions by the heat treatment, @ a step of
coating treatment for coating the surface of substrate after the chemical
treatment, having microscopic protrusions, with polycrystalline diamond by a
gaseous phase synthesis method and @ a step of polishing the surface of the
coated polycrystalline diamond by polishing working to yield a mirror surface
state.
13. A process for the production of a high strength bonding tool comprising
at least the following steps @ to @, being in order carried out:

@ a step of heat treatment for forming microscopic protrusions of hard
carbides and/or hard carbonitrides on a cemented carbide having a coefficient
of linear expansion of 4.0 x 10 ~* to 5.5 x 10 -* /°C at room temperature to
400 'C, being composed of, as a hard phase, at least one member selected from
the group consisting of carbides of 'Group IVa, Va and VIa elements of Periodic
Table and solid solutions thereof, and having a composition of 70 to 95 weight
% of WC, 2 to 25 weight %X of carbides of Group IVa, Va and VIa elements of
Periodic Table except W and 0.5 to 15 weight % of an iron group metal by main-
taining it in an atmosphere of N: or CO at a pressure of 10 to 760 Torr and a
temperature of 900 to 1500 € for 0.5 to 3 hours and cooling in N., CO, an
inert gas or vacuum to room temperature, @ a step of chemical treatment for
dissolving and removing the iron group metal cbming out of the surface with

| the formatidn of mi-croscopic protrusions by the heat treatment, @ a step of
coating treatment for coatmg the surface of substrate after the chemical
treatment, having microscopic protrusxons, with polycrystalline diamond by a

gaseous phase synthesis method and @ a step of using the polycrystalline



nunber of the operations. It is found by analysis of the brazed surface of
the separated tool end part that this is caused by al ted
so] - der and brazing material to result in an all oy mmﬂ 'wnmi ML | ow
strength. In Tool No. 38, the falling-off of the tool *end part®does *not
occur, but the bonding strength is largely |owered because the thickness of
Mo: coated is too thin to maintain the caaggng effect. |In the case of Tool

No. 39, the end part is fallen off by the operation in a relatively short
time, whi Manmdcmﬁedmewtddjeauwdé Bota tdd metakRd, tdiredgiRE I t0fn Nicnl @ 100

| arge, i.e. 300 Lerr - 76 - and consequently partlal stripping takes
pl ace dur |"H’§“pré af p°'(Yﬁ&%StF'é$‘Eﬁ thampn@-cmeeusuymgbe)fthe teclrend sdrackder
with the [ tripped part e 13 A cenented
car bi de Can E(SJI\N@%%E a?rpltt$]%\/%ang q%@ ﬁfnﬁ’/@%ﬁa‘%ﬁt SNGIREIRT 380f Co

was V‘Drkedle'cﬂetﬁfﬁdiﬁlﬂﬁe gFouplcoi¥isXing &¥Thdtats TRl dYyse eghy§ay bi de
was subjected to a heat turseat mentn% by nglants<'r::zln|1c§'Jg dhd &éﬁeﬁtegocaﬁ%tgpﬁaé’?eg of
150 Torr et ceeffécieat anfulneaf edf@aBSiohayir 4. of ori02- 'hmurss sandg coO)t Ngt fregd OOM

tenperature in vacuum M croscopic protrusions consisting of carbide solid
sol ution ofemRgraNErerso wiPe Pobiheaseonl tah@ongma setalbyithhe seHdag pointadfrent and

gaps anon hgs rusi out . of the I nsi de
of the cegn’se§rrqt god?%@{ g‘lt Hﬁ @\hen%h&sp léﬁ@rﬂg %ﬁ?ﬁ%n%va‘ge BRI YPTY-

hydr of | uordta1 pigie td Iam@id WEHR 3kd 5P the

di ssol ved and rermlved a cenent gd tggrbg%%egnl\%wg mfﬁﬂgmv\ggl@g p@%dwi th

mcroscopl&Mprmrmfmswa& sting of [err] haV| ng a length of 7 [err] was

prepared. Thi s ce,pent ed carbide, as a substrate, was then arranged in a
M cr owave he process for the production of a tugh strength bonding tool, as

claimed in Claim 12 or 13, wherein the thickness of the coated polycrystalline
diamond is 15 to 100 zm.

15. The process for the production of a high strength bonding tool, as
claimed in any one of Claims 12 to 14, wherein the purity of the coated polycry-
stalline diamond is represented by a peak ratio (Y/X) of diamond carbon (X) and
non-diamond carbon (Y) is at most 0.2 by Raman spectroscopic analysis. |

16. The process for the production of & high strength bonding tool, as
claimed in any one of Claims 12 to 15, wherein a part or whole of the shank
consists of cemented carbides, Mo, W, Cu-W alloy, Cu-Mo alloy, W-Ni alloy, Kovar
'alloy and Invar alloy.

17. The process for the production of & high strength bonding tool, as
claimed in any one of Claims 13 to 16, wherein the tool material and shank are
bonded through a bonding metal having a melting point of 650 to 1200C.

18. The process for the production of a high strength bonding tool, as
claimed in any one of Claims 12 to 17, wherein the surface roughness of the

polycrystalline diamond coated surface is represented by Rmax of at most 0.1

'l‘he procgss for the productxon of a high strength bonding tool, as

i claxmed m any one 'o _‘;Claxms 12 to 18*: vherein the the coated polycrystalline

qg'(

diamond is orientated in (100) plane and/br (110) plane in the thickness direc-



pl asma CVD apparatus in such a manner that the Surf&GeﬂﬂLﬁﬁ}ﬂﬁﬁjﬁiPﬂﬁTbe a
sur- face to be coated as a tool end and subjected to coatin

pol ycrystalline dianmond for 25 hours. The syntheti c: GH“H Hwi jll uﬂﬂ)wn in
Tabl e 24. Table 24 M crowave Qut put

Tenper ature 850 [err] Raw Material Gas’ Cbnp05|t|on [err]
=0.8 %Total Flow Rate of Raw Materi al- @gs- - 400 sccm
Gas PressEr 75 Torr The recovered cenented carbi de

had polyc gtalllne di anond coated on the surface thereof in a thickness of

20 LT TIPS b gl 0PN AR B S B Bpghble]

to a shank made of ng a ra2|ng

wei ght, fz’ dskion behdilngh@\Wobkpidecd bt hd Gohdd “thégf %eg 'rhetdnbu VS s cbrﬁia%eby

assessnent of the shearing strength that t ing stréngth wt

brazi ng natpressingweur{abe [cons {stifghef plpyLystyttdllling dlamenandowmadt Bl aSpadcaas
at the tool end was polished by a di anond wheel and worked into a mrror
state wi t phasessynthesis sekfiode e ofurfeqe7 being iindey &mixror suctane: atatenwi thhe
t hi ckness of the léﬁ/créystalllne di anond after mrror surface working was

[err]. Theunfaee royehfiess LfHgt (MREt Jobyd aéé’aﬁaxb@arﬁﬁn’fsalqnagn%@spm groparty
t he, sij i,n the.vici of .the topl aze er W.th a ceramc

Chin £ 01 mHiag Fel HBe hvap%wgﬁesaﬂfﬁé %hta? BBRb9f B gressdh mwrsmgs in

Procenur cnd Sl B B3 Bl Fgkatn LA e AR o s cfe

silicon epfaxgden dhd thBCnd¥imdh temperature gradient in the pressing surface is at
most 10 C. '

21. A mounting tool used for heating, melting and bonding, or thermocom-
pression bonding a workpiece to be bonded, comprising a substrate consisting of
a cemented carbide having microscopic protrusions of hard carbides and/or hard
carbonitrides on at least one surface, having a rectangular surface to be a
pressing surface and a coefficient of linear expansion of 4.0 x 10 -* to 5.5 x
10 ¢ /°C at room temperature to 400 °C and a polycrystalline diamond coating
formed on the above describd surface having microscopic protrusions by a gas-
eous phase synthesis method, the surface coated with the polycrystalline diamond
coating having a mirror surface with a surface roughness of at most 0.1 zm
by Rmax representation and such a property that when the temperature at the
central part of the pressing surface is in the range of 200 to 400 °C, the
flatness in the longitudinal direction is at most 3 «m and the maximum tem-
perature gradient in the pressing surface is at most 10 C.

22. The mounting tool, as claimed in Claim 21, wherein the microscopic
protrusions composed of hard carbides and/or hard carbonitrides on the cemented
carbide surface penetrate into the polycrystalline diamond layer coated on the
surface.

23. :Thé'mounting tool, as claimed in any one of Claims 20 to 22, wherein
the pressing surface consisting of the polycrystalline diamond-coated cemented

carbide and a shank consisting of a metal or alloy are bonded through a bonding



i sopropyl al cohol and drawn up. The masking tape was Separat ed and the

coated tool was then heated at 180 [err] in the air f ' and

hardened. By this treatnent, an [err] thin filmwth R‘l@lmﬂﬁm&mlﬂ!ﬂrr]m
was coated onto only the coating part .show in Fig. 5. M okt ai ned
in this way was subjected to assessnent "of/the etch- ing resistance to the

nel ted sol derlr 'bn the si g\al ar manner to Exanple 12. For conparison, Tool

No. 41 fr €3k SAY1PRi & PRLHME AGiAt aB3@ k0 1888%Cal so assessed. Consequently, in

Tool No. 41 t QL. ar ich. had not been subjected to the coating
treat ment of Q%"heh@ﬁﬁdggémgf{%maﬁr‘%&‘i"‘ﬁg ey oag off Glainsng0ota 23f whérminool

end part €h [\AYRR | AfdRid M8 PR Ay ssnment of 2 x 10" times was
carried o&??w\legl ein 'i'ooﬁd I\ﬁg%ﬁ)&égc%ggg?ﬁ@n tQOSIEWg ANS tEhing ofy & Repentedt her e
was found gagesi@eange in the brazing strength even after the repetition

assess- nent of [err] tinmes. In Tool No. 41, Au as a conponent of the
brazi ng mat erdsal ThasmoueaivigetboWi a$ cPRimRa gﬁ.maﬁ@%@tc%m% g ﬁpb&l.erwh%\%i]ﬁ‘orm
| :

brittle intermetallic conpounds such as [err] etc., e in Tool 40,

it was cortheriesgth latthehiosgitadinel diressomroe Vet pbshingt Siirthes ik 10ohtg film
coat ed. - 78 - Exanple 14 A cenented carbide containing 85 weight % of
WC, 7 wei gif0 ™ (Ti,6 Ta) C and 8 weight % of Co was worked in a shape of 40 nm
x 1 mmx 1 %T n, this ce- nmented carbide was subjected to a heat

treat ment by 7fai nt"i PRYAGING; tqoh &S cdaimedaimerp lone foflages 28 ko 85, aherein

M cr oscopi Bepriirites 5 e salte] pREiaLl H Alsabid e 031 T 1Bh BF- W 11 and

TE v, bor ol ST LM S o ohf S o Eel M P08, SRBR e
a part or whole of the shank consists of cemented carbides, Mo, W, Cu-W alloy,
Cu-Mo alloy, W-Ni alloy, Kovar alloy and Invar alloy.

28. The mounting tool, as claimed in any one of Claims 20 to 27, wherein
the surface roughness of the polycrystalline diamond coated surface is repre-
sented by Rmax of at most 0.lzm.

29. The mounting tool, as claimed in any one of Claims 20 to 27, wherein
the coated polycrystalline diamond is orientated in (100) plane and/or (110)
plane in the thickness direction. |

30. A process for the production of & mounting tool, comprising coating
polycrystalline diamond onto a rectangular surface of the tool to be the press-
ing surface when a workpiece to be bonded is subjected to heating, melting
and bonding, or thermocompression bonding, controlling the temperature at the
central part of the tool to be the same as that of the application .temperature
of the tool within a temperature range..of 200 to 400C, and polishing the sur-
face to obtain a mirror surface with a surface roughness of at most 0.1 zm
by Rmax reﬁresentation and such a property that whén the temperature at the
centfa_‘ifga_r; of the pressing surface is in the range of 200 to 400 T, the
flatness_ in the;”ldnéitugi}inal. diréqﬁbn of the pressing surface at the applica-
tion temperature is at most 3 « anci to obtain a mirror sucface with a surface

roughness of at most 0.1z m by Rmax representation surface.



i nsi de of the cenented carbide. Wien this cenented carbide was I Mmersed in
hydrofluoric and nitric acid kept warmat [err] and o was
di ssol ved and renoved, a cenented carbi de whose surfa ém“g '@ Mh
m'croscopi ¢ protrusions consisting of [err] having a; | engte S
prepared. This cenented carbide, as a substrate, was then arranged |n a
thermal fila- nment CVD apparatus in suchgg oanner that the surface of 40 mm
Xx 1 mmbe a sur- face to be coated as a tool end and subjected to coating

of pol ycrystal hi ne f T S ' ongl bi wn
I n 'Fl)'ab?/e )2/5 ngbl eT%S@Eﬂégfrefgf tﬁ?@gg‘w&“’" BF 4 Mhﬂ{d Foot: r\% EIE‘a}rllfl]'&'jl'g}nvsr:aggof

0.6 nm Fi | ag®nwhéretpethatpressing surface consistim®od théeg“dllvcrlilstﬂrmm dfamyntrs at e

Di st ance 8 mm Substrate Tenperature 900 [err] Raw
Mat eri al Gasoatedesented carbide 8ﬂd[8elsh§nk_cdns®st%§ ofat metalwvoRAléonHArKRDanded
Material Gas em Gas Pressure

- 80 Tokhroysl & bonging Bgtal Haying-a “@&Fmgd@lﬁﬁ&fp@ﬂ%/&q 894G i ne di anond

coated on the rf | knes

pol ycrystal li néwdl gﬁ%ﬁd&%{%ggga @8%&&‘5&1%P |ad@°'{%g§&oé#c}éda§ gF%l‘"‘SﬂaWkCWBe
of M usings@ fpregi Pﬂar@?ﬁ 961yl stallm&ﬁamorﬁio 't'l?tt 5@8{/%&1:&3’0%' $Hfahi &o‘ﬁEHt-
havi ng a nelting point of errlf It was con assessnent of
shearing stignetha tcbWéntedleaﬂﬂnell ng strength WI th the brazing materi aI vvas
26 [err]. The polycrystalline di anond-coated surface at the tool end was
pol i shed 33. The process for the production of a mounting tool, as claimed in any

one of Claims 30 to 32, wherein the length in the longitudinal direction of the
pressing surface is 100 to 400 mm.

34. The process for the production of a mounting tool, as claimed in any
one of Claims 30 to 33, wherein the thickness of the coated polycrystalline
diamond is 15 to 100 z .

35. The process for the production of a mounting tool, as claimed in any
one of Claims 30 to 34, wherein a part or whole of the shank consists of ce-
mented carbides, Mo, W, Cu-W alloy, Cu-Mo alloy, W-Ni alloy, Kovar alloy and
Invar alloy.

36. A mounting method comprising always heating directly or indirectly
a high precision mounting tool at a temperature range of 200 to 400 T, press-
ing it to a workpiece to be bonded and subjecting to heating, melting and
bonding, or thermocompression bonding, the high precision mounting tool
comprising a rectangular pressing surface consisting of polycrystalline dia-
mond and having a mirror surface with a surface roughness of at most 0.1z m
by Rmax representation and such a property that when the temperature at the
central part of the preésing surface is in the range of 200 to 400 *C, the
flatness in the longitudinal direction is at most 3 «m and the maximum tem-

- perature gradient m the pressing surfacé is at most 10 C.
| 37: A'mouﬁting method comprising always heating directly or indirectly
& high precision mounting tool ét ‘a temperature range of 200 to 400 °C, during

which it is pressed to a workpiece to be bonded for a predetermined time, then



by a di anond wheel and worked into a mrror state with a surface roughness
of 0.07 [err] by Rmax representation. The thickness memllﬂ“mlﬂﬁ I line
di anond after mrror surface working was [err] This TR dto
coating by various methods shown in Table 26 to conpl &t e’ pul se héating

tools. These coating nethods were simlaggto those of Exanples 12 and 13.
Fqr conparison, a tool free fromthis coating was al so prepared. Table 26

Tool No. .o6Pag e Mijletd ak mostoQ6d iédr"'.?]rzmaﬁkﬁhe%ﬁe pré&¥ihd r&gl{gﬁt ligxatpfgzem

Present |nvention 42 [
Hydrol ysi sand3subjecting to heating, melting and bonding, or Shermocompression bondidg,

Pl ating 44 L. lerr] 30 Hydrol ysi s
45 the highepuefision mounting tool compB{sing a rectangular presgingesurface

Cr o A&S . . Plating 47 | . Ni

20 consistingyof;gaigcrygtalline diamond and-paving a mirror surface withsa sur-

Sput teri ng, Conpari 9 no coatin ' . - order to
assess t hefaﬁF[)%élF#rfegg ogf at} f'1l%ssteu't10('5Imst,c’)y gﬂ‘i’gf eqrgiﬁfltﬁsh"d‘i ﬁrbd 8¥Chaap¢r|gmret§
circuit wa hegheO | S0 tiqd he
tool end t?ﬁ%ﬁ%? uér]hg %)ggpg%ﬁjtgt% gﬁ t{i%@%ﬂgﬂl ?rhlr'f.%fTﬁ% ?%ssﬁ?ht%ls%ar?gciﬁgmﬁwnti n
Tabl e 27. tWasraigeadfe00 fto a00thethe flasndskSin the lompaltadinkl diceqriosdstat

i nvention were all resistant to bonding 80 x [err] times and exhi bited no
change in sdsé¢ beomdandgthe magigem tenpptature gradient agcthef pressingneurface is at
. most 10 C.

38. A mounting tool comprising a rectangular frame-shaped hollow square
frustum, having an end surface to be a pressing surface, the rectangular frame-
shaped end surface consisting of a polycrystalline diamond formed by a gaseous
phase synthesis method, the surface being of a mirror surface with & surface
roughness of at most 0.1z m Dy Rmax representation and having such a property
that the maximum temperature gradient in the pressing surface is at most 20 C.

39. A mounting tool comprising é rectangular frame-shaped hollow square
frustum, having en end surface to be a pressing surface, the rectangular frame-
shaped end surface consisting of a polycrystalline diamond formed by a gaseous
phase synthesis method, the surface being of a mirror surface with a surface
roughness of at most 0.1z m by Rmax representation and having such a property
that when the maximum temperature of the pressing surface is in the range of 220
to 600 °C, the flatness of the pressing surface is at most 3 zm and the

o

maxinum tempeFatuge gFadient in the pressing surface is at most 20°C.

strate consisting of a cemented carbide

40. A mo"t:nting tool 'éomprisﬁliT & subs
having microscopic protrusions of hard éars'{des and/or hard carbonitrides on at
least one surface, having a rectangular frame-shaped end surface of & hollow
square frustum, to be a pressing surface and a coefficient of linear expansion
of 4.0 x 10 "* t6 5.5 x 10 "* / C at room temperature to 400 T and a poly-
crystaliine diamond coating formed on the above describd surface having micro-

scopic protrusions by a gaseous phase synthesis method, the surface coated with



- 80 - of the prior art. in which the surface of the _brazing material had
not been subjected to the coating treatnent, separation of the tool end
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- do- 26 Conparative Exanple 49 falling-off

of tool endtparghlycrystalline dAimbMY coht¥ng Ravihg ld RPTof SR dca0Rth sﬁ’x‘f‘ié@nt
I nvention According to the present invention, there are provided the

bondi ng t oolrsughnessgf tdtemdssl| 0.dwimby aniaaanengeatta(m)l ardr suchxe @irdpEnty Whalr
resi stance, heat resistance, strength and thernmal response than hose of
t he bondi ng tf'%dla§”'5¥“ tongerating 3%%dier$a’fﬂ ke gressingJurfagatis at mpgfe20

reliability upg t%gsﬁouﬁﬁ%htog %é%%gatlgtl 3 Gim Y Cﬂe?@ﬁl fle! EFJrBQcopfr.’encan

consi dered questionabl e I n the const t'oodl the prior a
largely be ig¥ptQ¥eshs edmdogEaosk hﬁ!iuéér&d'é@nada%tohhﬁd G@ﬂ:oﬂﬁtr‘i@est be thé eendited

response which has al so been hitherto consi dered questionabl e.
carbide surface penetrate into the polycrystalline diamond layer coated on the
surface.

42. The mounting tool, .as claimed in any one of Claims 38 to 41, wherein
the pressing surface consisting of the polycrystalline diamond-coated cemented
carbide and a shank consisting of a metal or alloy are bonded through a bonding
metal having a melting point of 800 to 1200C.

43. The mounting tool, as claimed in any one of Claims 38 to 42, wherein
polycrystalline diamond is directly coated on a shank consisting of a cemented
carbide.

44. The mounting tool, as claimed in any one of Claims 38 to 43, whefein
the thickness of the coated polycrystalline diamond is 15 to 100 zm.

45. The mounting tool, as claimed in any one of Claims 38 to 44, wherein
a part or whole of the shank consists of cemented carbides, Mo, W, Cu-W alloy,
Cu-Mo alloy, W-Ni alloy, Kovar alloy and Invar alloy.

46. The mounting tool, as claimed in any one of Claims 38 to 45, wherein
the surface roughness of the polycrystalline diamond coated surface is repre-
sented by Rmax of_at-most 0.1« m.

47. The modntinéptobl,_as claimed in any one of Claims 38 to 46, wherein
the coated polycrystalline diamond is orientated in (100) plane and/or (110)
plane in the thickness direction.

48. A process for the production of a mounting tool, comprising coating
polycrystalline diamond onto a rectangular frame-shaped end surface of a hollow
square.ffustum, to be a pressing:sqﬁfacg; and polishing the surface in such
a manner that the flatness SE tﬁé ﬁféésing surface at the application temper-

ature is at most 3z and a mirror surface with a surface roughness of at most



(2) Mre excellent properties and higher precision c ed even

- 81 - if having a |l onger size, as conpared with the ,@i!@(ﬂ! ﬂm t he
prior art. (3) The bonding tool of the present inventi

use for a longer tinme as conpared with that of the prior art. The flatness
and tenper- ature distribution of the tool end surface in the operation at
a.high tenper- ature can well be nmaintai ed W t hout deteriorating the
thermal response and these better properti'eS are not changed even after
using for along time. (4) Since the flatness and tenperature distribution
of the tool end sur- face can _be maintained in %ood state wi thout thermal

damage for &1l 6Mg°Y RAGK represenratipn s ahtainedymhilSgCansrplbing she highestJen-
ol Ped sol cbrebils @AY pRisslgSlrtacel 30 bl SR 5" May' 5E LABHARAR 1,

reliabilitycdhigeratuie obaneitogl sithenat ﬂgm?&atthﬁg bifge INghoPE tsgohi ch-is a
| arge problemin the pulse heating to havi ng the brazed structure of the

prior art, can4$.arThsl yrosess Ay Eheeprodudtien oésubeunting rodietaseclaimedén Glabn t he

di anond tooI i ntrinpsical has. -82- Clains: 1. A high strength bonding
tool conpri 8n heredd fjag PB%lsé‘%ﬁ‘g' fage; fRpsbsting @én@ﬁt%y"c’é(gfﬂldé“%égq“ﬂ -

Teast one. SOr4ia GHierEE oot SN SHndlat(ng or RetrECLEANIY B Boila
at room t enpgroash aCodn@irgeidthl AB¢ing PREItIng pytads Bowe télitagprgl. coating forned
on the above described surface having m cro-

50. The process for the production of a mounting tool, as claimed in Claim
48, wherein polycrystallinediamond is directly coated on a shank consisting of
a cemented carbide.

51. The process for the production of a mounting tool, as claimed in any
one of Claims 48 to 49, wherein the thickness of the coated polycrystalline
diamond is 15 to 100 zm.

52. The process for the production of a mounting tool, as claimed in any
one of Claims 48 to 51, wherein a part or whole of the shank consists of ce-
mented carbides, Mo, W, Cu-# alloy, Cu-Mo alloy, W-Ni alloy, Kovar alloy and
Invar alloy.

53. A mounting method comprising always heating directly or indirectly
a part mounting tool at a temperature range of 200 to 600 ‘C, pressing it to
a workpiece to be bonded and subjecting to heating, melting and bonding, or
thermocompression bonding, the part mounting tool comprising a rectangular
frame-shaped end surface of a hollow square frustum, to be & pressing surface,
the rectangular frame-shaped end surface consisting of polycrystalline diamond
formed by a gaseous phase method and having a mirror surface with a surface
roughness of at most 0.1z m by Rmax representation and with such a property that
when the maximum temperature of the pressing surface is in the range of 220 to,
6001: the flatness of the pressnng surface is at most 3 zm and the maximum
temperature gradlent 1n the pressxng surface is at most 20¢C.

54. A mounting method comprxsing always heating directly or indirectly

a part mounting tool at a temperature range of 200 to 600 C, during which it



scopi ¢ protrusions by a gaseous phase synthesis nethod, the surface coated

with the polycrystalline dianond coating being used surface.
2.> A high strength bonding tool conprising a tool :HM&{I}] HB Ilmg of a
substrate consisting of a cenmented carbide having il si ons

of hard carbides and/or hard carbonitrides on at |east one surface and a
co- efficient of linear expansion of [erg} fo [err] at roomtem perature
to [err] , coated with a polycrystalline dianond coating fornmed on the

above descri bed suEface aving mcroscopi c protrusions by a gaseous phase
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bonded wit ank consisting o east” one met al's each

having a ceefingcicchéatohg,| neledng exdodosiing of thefrobodpressibh lbonding] AR part
tenperature to 400 [err]._ 3. The high strength bonding tool as clained in
d ai m 1 ormountdngn tR0l \QRBRTd Fingt haeeiapgwac dirane-shaned Lgridosurfacepd achiblddw har d

bi d d/ or ,hard itrid th ted i d f
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wherein the m croscopi c protrusions conpose hard car es an ard
car boni t r ingemngoa tilhsorc surdatedi that [Susfacs uobginessd af catamdstngi »af b Rméx 10
[err]. 5. The hi g(h strength bonding tool as clained in any one of Cains 1
to 4, wherf@PreseRtiehand vdth: suehi & repaetndhap vhen the @axinyn Lemperaterent the
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has a conposition of 70 to 95 weight %

surface is at most 20 C.

55. A tool used for directly mounting LSI on a substrate by a flip chip
method, comprising a pressing surface of a tool end, the pressing surface con-
sisting of polycrystalline diamond formed by a gaseous phase synthesis method,
the pressing surface being of a mirror surface with a surface roughness of at
most 0.1 « m by Rmax representation, having at least one vacuum adsorption hole
made in the surface and having such a property that when the highest temperature
of the pressing surface is in the range of 230 to 400°C, the flatness of the
pressing surface is at most 5 zm and the maximum temperature gradient in the
pressing surface is at most 30°C.

56. A flip chip mounting tool comprising a substrate consisting of a ce-
mented carbide having microscopic protrusions of hard carbides and/or hard
carbonitrides on at least one surface, having a pressing surface at the tool
end and a coefficient of linear expansion of 4.0 x 10 "* to 5.5 x 10 "* / ¢
at room temperature to 400C, and a polycrystalline diamond coating formed on
the above describd surface having microscopic profrusions by a gaseous phase
synthesis method, the surface coated with the polycrystalline diamond coating
having a mirror surface with a surface roughness of at most 0.1 «m by Rmax
represehtation, having at least -one vacuum adsorption hole made in the surface

and having such a property that when the highest temperature of the pressing



of WC, 2 to 25 weight % of carbides of Goup |IVa, Va and Vla el enents of
Peri- odic Table except Wand 0.5 to 15 weight % of an mmug"l H!“ml and
a_thermal conductivity of 40 to 120 Wm K. 6. The high

tool as clained in any one of Claims 1 to 5 wherein the tHickness of the
coated polycrystalline dianond is 15 to.100 [err]. 7. The high strength

bondi ng tool as clainmed in any one of G&3ns 1 to 6, wherein the purity of
t he coated polycrystalline dianond is represent ed by a peak ratio (Y/ X) of

di anond car ) 24l r at no . Ranma

spect roscop?gpaa%g(llsgﬂg tﬂgr}a% 5%2 éghﬁéltéra ngt %(R%Sﬁa&f’ﬁﬁs chﬁheapé'e%%/ggnsé’ﬁp?cﬁ any
one of O aimg & hest75 mheain@i theanaRiiun CmpadaaL P;adtxgﬁt ?rmlﬂls ﬁ@éh%éts%rﬁice
cenented carbides, Mo, W Cu-Walloy, Cu-M alloy, WN alloy, Kovar all oy
and I nvar alisost ngst Jhe hi gh strength bonding tool as clained in any one of

Clains 2 to 8, er in.the tool nmaterial and shank are_ bonded through a
bondi ng net al ﬁg gt'lh%|cpfq150%}r}ﬁ togl, G%Ct%mf‘er‘l“]ma%56"I'r‘fée‘rﬁ‘§htb§trength
bondi ng t ool eﬁoesﬁ pp% trex eaf rtaae?s Q?d/%%?a f&am&%gce

roughness O cry sta non CO&% surface IS represent

Rmax of at fmstheocemkn{edrdfdrbldblsur'fk& bér@lor gter ﬁﬁettheb?d'l@t@min@he Q$anib|n&|1'§9§r
in any one of Clains 1 to 10, wherein the coated polycrystalline dianond is

ori entated iceatedoon the suefaged/ or (110) pl ane in the thickness direction.

12. A f t duct i t.h bondi
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car bi des and hard carbonitrides on a ce de havi ng

coefficient cehedtedearidexmanaishankotonseéstihgto? & ametdlabr rad ey heerpmdehmotgh
[err] , being conposed of, as a hard phase, at |east one nenber selected
fromthe gr(ﬁjbo%{*%lmgfqlnbﬁ"df‘g aMehf igsPUnt @foRP t0/4200%- and Vi a el enents of
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wherein polycrystallinediamond is directly coated on the end pressing surface
of a shank consisting of a cemented carbide.

60. The flip chip mounting tool, as claimed in any one of Claims 55 to 59,
wherein the thickness of the coated polycrystalline diamond is 15 to 100 = m.

61. The flip chip mounting tool, as claimed in any one of Claims 55 to 60,
wherein a part or whole of the shank consists-of cemented carbides, ‘Mo, W, Cu-W
alloy, Cu-Mo alloy, W-Ni alloy, Kovar alloy and Invar alloy.

62. The flip chip mounting tool, as claimed in any one of Claims 55 to 61,
wherein the surface roughness of the polycrystalline diamond coated surface is
represented by Rmax of at most 0.1 z m.

63. The flip chip mounting tool, as claimed in any one of Claims 55 to 62,
wherein the coated polycrystalline diamond is orientated in (100) plane and/or
(110) plane in the thickness direction.

64. A process for the production of a flip chip mounting tool, comprising
at least steps of coating polycrystalline diamond onto a tool end surface to be
a pressxng surface durxng mounting and polishing the surface in such a manner

2; that when the max1mum temperature ofathe pressxng surface is in the range of

230 to 400 c, the flatness of the pressmg surface at the application temper-



- 84 - %of WC, 2 to 25 weight % of carbides of Goup IVa, Va and Vla

el ements of Periodic Table except WC and 0.5 to 1 ' I ron
group nmetal by main- taining it in an atnosphere gmnm@u@‘mm}ﬂpll at a
pressure of 10 to 760 Torr and a tenperature of 9 to m[err|s for 0.5
to 3 hours and cooling in [err], an inert gas or vacuumto room
tenperature, [err] a step of chem cal treatnent for dissolving and renoving
the iron group netal coming out of the § ace with the formation of

m croscopi c protrusions by the heat treatnment, [err] a step of coating

treat ment f@tueeafithg toak isuat mesd f andbtiie sirdadd i €runidica GRigEdC 3tate with

treatnent, havi m _cr oscopi rotrusions, with polycrystalline dianond by
a gaseous pﬁag‘érq\gfj‘%trﬂ‘é@f@s%fﬁgdméﬁa'{‘éF’r‘]Y Bmax; eapregengafiipanivhile eantsellfage
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m croscopi ¢ pr dir usiheriFoedsshiardtheaproduntsomiodl/2 1 ipachi pcroubbimgt tood e @so¢l admed

cenent ed car_bi&%ig \ii ng a coefficient of |inear expansion of 4.0 x 10 [err]
tr

to 5.5 x 10 e $'Onper ST I8S (Yrivse ¢odFigting 9Eithg rodierystalldne as a

hard phase, i st f
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to 25 weight % of carbides of Goup |IVa, Va and Vla el enents of Periodic
Tabl e except Wé&Bnd Thesprogesssiafethgharoducsfiomif ia soungingupoatetas chaimediin-Claim

taining it iJ] a . her f.lerr rr [err],.at a pressure of 10 to 760
Torr and a t%h’p‘gﬂggéﬁlr) é‘ﬂé{?"ygﬁ%lf%%i%ﬂé)[‘ér‘ﬁr‘?%trjy(ﬁ"ﬁg";% A 3fRnk CoRSistRg phg
in [err] and Begdntéfeadide/acuumto roomtenperature, [err] a step of
chemical treatment for

67. The process for the production of a mounting tool, as claimed in any
one of Claims 64 to 66, wherein the thickness of the coated polycrystalline
diamond is 15 to 100 = m.

68. The process for the production of a mounting tool, as claimed in any
one of Claims 64 to 67, wherein a part or whole of the shank consists of ce-
mented carbides, Mo, W, Cu-W alloy, Cu-Mo alloy, W-Ni alloy, Kovar alloy and
Invar alloy.

69. A flip chip mounting method comprising always heating directly or
indirectly a mounting tool at a temperature range of 200 to 400 15. transport-
ing LSI by adsorption in vacuum, pressing it for a predetermined time and thus
mounting it on & substrate through a binding material, the mounting tool having
a pressing surface consisting of polycrystalline diamond formed by a gaseous
phase method and being under a mirror state with a surface roughness of at most
0.1 = m by Rmax representation and with such a property that when the maximum
temperature of the pressing surface is in the range of 230 to 400C, the flat-
ness of the pressing surface is at most 5 zm and the maximum temperature gra-
dient in the pressing ﬁnrfaCefES if:mdstjép C.

70. A flip chip mdﬁntingiﬂetﬁéd cﬁmébising always heating directly or

indirectly a mounting tool at a temperature range of 200 to 400 *C, during which



di ssolving and renoving the iron group netal com ng e W|th
the formation of m croscopic protrusions by the heat”ﬂﬂ ﬂlﬂm "il
st'ep of coating treatnent for coating the surface of ate er the
chem cal treatment, having mcroscopic protrusions, wth polycrystalline

di anond by a gaseous phase synthesis net hyxd_and [err] a step of using the
pal ycrystalline - 85 - dianond-coated cenented carbide as a tool

mat eri al , gﬁ%ang‘iﬂ{g ét i.n such a nner that the gol ycrystalline
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step of pokigl)i bge moentingfroee Mvidda FRASeAL RArsaeycorsl &t ingnef Podyarydt@eline
the end of the bonded body by polishing working to yield a mrror surface

state. 14. diamoad pforsed dyf dgasénuspphade ciethod andabding huneer engil hrdrosti tegwt wol |
as claimed in daim11l2 or 13, wherein the thickness of the coated
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producti on of a h| h strenﬁvh bondl tooI as_.clained in an¥ one. of, C ai ns
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cerment ed car birdes,A polséMeddingVtabl aompisihg galtb@y ,enWﬂHIrtadddou shéakAbondddy

and I nvar all oy.
with each other by a brazing material, in which the side of the tool including
the exposed brazing material surface except a machine-fitting part is coated
with a metal or ceramics with a low reactivity with the melted solder.

72. A pulse heating tool comprising a tool end part and a shank, bonded
with each other by a brazing material, the tool end part consisting of a sub-
strate consisting of a cemented carbide having microscopic protrusions of hard
carbides and/or hard carbonitrides on at least one surface and a coefficient
of linear expansion of 4.0 x 10 -* to 5.5 x 10 -* /°C at room temperature to
400 °C, coated with a polyerystalline diamond coating formed on the above des-
cribed surface having microscopic protrusions by a gaseous phase synthesis
method, in which the side of the tool including the exposed brazing material
surface except a machine-fitting part is coated with a metal or ceramics with
a low reactivity with the melted solder.

73. The pulse heating tool, as claimed in Claim 71 or 72, wherein thé
coated metal is at least one member selected from the group consisting of Cr,
Mo, W, Ni, Pd aqg pt.

_ The pulse heatxng tool as clalmed 1n Claim 71 or 72, wherein the
coated ceramics is at least one member seIected from the group consisting of
Al:03, Si0:, Zr0O: and TiOs.

75. The pulse heating tool, as claimed in any one of Claims 71 to 74,



17. The process for the production of a high strength bondln tool, as
clainmed in any one of Clains 13 to 16, V\/nerel n the ﬁmn [IHIHH "ﬂ d shank
afe bonded through a bondi ng netal having a neltln [err] .
14, The process for the production of a high strength bondlng tooI as
claimed in any one of Clains 12 to 17, wherein the surface roughness of the
pal ycrystal li ne di anond coat ed surface.igsrepresented by Rmax of at nost
0.1 [err]. 19. The process for the production of a high strength bondi ng

tool, as chhémetd the comtimgehivknéSsaisvin lfhet fn g@ ot &petdd }.hﬁ" the coated
polycrystalllne dianond is orientated in (100) plane and/or (110) plane in
t he  t hi ckness 78i r d8e pulse hgatingttoph,. aso:lalmdrrimrahy rgetafoClaimedrlf o6 78eat i ng,

mel ting an ar. t.her ressi on bondi ng a workpi ece to be
bonded, ‘% g ﬁ‘gcfr}f%u'l a?grgﬁﬁ'le% 0p&, mgBbex fﬂ@ﬁ%@%é"%ﬂ%G@%ﬁ@SSStm of
a poncryngW{ gianond formed by a gaseous phase synthesis nethod, the
surface being under a mrror surface state with a surface roughness of at

nmost [err] by 7RMBChE gl 6 R4 Eihg oo BNEs U ned Ptf%ﬁﬁ o?ﬁé 5fh§faxwgeﬂ (e

tenperature at the central part of the pressing s ace 1s In the rghgeof
200 to 400vhereip thetbrazingamatesali corshets pragionirdinbly of i angCdrie0ds ica, alg aRS!
[err] mand the maxi pum tenperature gradient in the pressing surface i s at
most 10 [ eAP] eash ha"ﬂ'gnﬁtﬂ?ﬁ)‘r‘i'g Rodat o gs@& toA20Gt i ng, nelting and bondi ng,

aubst rat e condBs: g 8 A1l Rl 89\ CiafmediT FAeiH LhoNeSiRTR o ctrbatieons
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a rectangul ar surface to be a pressing surface and coe I én
expansi on pbneft0 x 10 [err] to 5.5 X

79. A process for the production of a pulse heating tool, which comprises
brazing a tool end part and a shank with a brazing material and coating the side
of the tool including the exposed brazing material surface except a machine-
fitting part with a metal or ceramics with a low reactivity with the melted
solder.

80. The process for the production of a pulse heating tool, as Claimed in
Claim 79, wherein the coating metal is at least one member selected from the
group consisting of Cr, Mo, W, Ni, Pd and Pt.

81. The process for the produqtion'of a pulse heating tool, as Claimed in
Claim 79, wherein the coating ceramics is at least one member selected from the
group consisting of Al.0s, SiO:, ZrO: and TiO..

82. The process for the production of a pulse heating tool, as Claimed in
any one of Claims 79 to 81, wherein the coating thickness is in the range of 1
to 100 e m.

83. The process for the production of a pulse heating tool, as Claimed in
any one of Claims 79 to 82, wherein the tool end part consists of a cemented
carb;de coated with polycnystalllne dlamond

84. The process for the productxon of a pulse heating tool, as Claimed in
any one of Claims 79 to 83, wherexn the shank is of at least one member selected

from the group consisting of Mo and W.



10 [err] at roomtenperature to 400 [err] and a pdl yc;lulal u!ﬂ)wlwﬂwud
cpating formed on the above describd surface having m sOL LUSi ons

B¢ a gas- eous phase synthesis method, the surface coated with the

pel ycrystal line dianond coating having a mrror surface with a surface
roughness of at nost 0.1 [err] by Rmax representation and such a property
that when the tenperature at the central part of the pressing surface is in
the range of 200 to 400 [err] , the flatness in the |ongitudinal direction
is at nost 3 [err] and the maxi numtem~ ®&r-ature gradient in the pressing
surface is at nost 10 [err]. 22. The nmounting tool, as clainmed in Caim?21,
wherein the m croscopi c protrusions conposed of hard carbi des and/or hard
car boni tri des 89n {The Peegesstfen theupboduet onr e pudee deating tioal.oas [Maimed in

pol ycrystal lLine dif nlg L{ %E"4C0 ted on the surface. 23. The nounting tool,
B U a e OR PrORE B it 345 Beraln e, braRue B terie] fopsitPredoniantly
consi sti N9opfanyhendl 26/ ¥g el bl Racli RETR: & 0813z RETRNbLPs§ FaPiARf 477 2

shank consistihg of a nmetal or alloy are~bonde rough a bonding - 87 -

netal having @6melThe pgoqess rfor ahe PEUuCOidness b pirise hBetiAPUWabi,nds (Nalmedafh
claimed in any one of Clainms 20 to 23, wherein polycrystallinedi anond iIs

directly centefed GaimndR teMisivereig te eoatingeof adnetat Hisdearr2&l oThoy any
" The Tongi 86 el FEBedes FABmerhii ect 8wttt ace 15 100 Lo 400 mm 26,
(hi ckness of tho chaPsaase, e pefYicElsh 6F o pdssheeting afh of Wlafid fer
nmounting t any onesofcClaineddito 86nywhereinotheCeoit iz 8P af Cerdfcs Woaaetied out by
any one of PVD methods, CVD methods and hydrolysis methods of metal alkoxides.
88. The process for the production of a pulse heating tool, as Claimed in
Claim 85, wherein the b'razing material contains Ti, Sa, In or Ni in addition to

the predominant component.




a part -or whole of the shank consists of cemented carbides, M, W Cu-W
alloy, Cu-M alloy, WN alloy, Kovar alloy and Invar alloy. 28. The
nounting tool, as clained in any one of Cains 20 to 27, wherein the
surface roughness of the polycrystalline dianond coated surface is repre-
sented by Rrax of at nost [err]. 29. The nounting tool, as clained in any
one of Clains 20 to 27, wherein the coated polycrystalline dianond is
orientated in (100) plane and/ or (110)'ﬂlane in the thickness direction.
30. A process for the production of a nmounting tool, conprising coating
pol ycrystal l i ne di anond onto a rectangul ar surface of the tool to be the-
press- ing surface when a workpie t G bonged is subjected to heating,
mel ti ng and bondi ng, or ther rmconEsEi ,bon‘i ng, controlling the
tenperature at the central part of the tool to be the sane as that of the
application tenperature of the tool within a tenperature range of 200 to .
[err] , and polishing the sur- face to obtain a mrror_surface with a
surface roughness of at nost 0.1 [err] by.Rmax reprozen
property that when the tenperature_a
surface is in the range of 200 e
| ongi tudi nal direction of the
tenperature is at nost 3 [er
surface roughness of at nast
31. The process for the prody
30, wherein the pressing sur
coated cenented carbi de and
bonded t hrough a bondi ng net

32. The process for the prods
Caim

t he pressing
s4in the
= 2P| i ca- tion
2% surface with a -
/kff(éntation surf ace. - 88-
Mg tool, as claimed in Caim
i the polycrystalline dianond-
3 off a metal or alloy are
g point of 650 to 1200 [err]
ﬁgghting tool, as clained in
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30 or 31, wherein polycrystallinediamond is directly coated on a shank

consi st - .
a nounting tool,
| ength in the | ongitudinal

ing of a cenented carbi de.

mm 34. The process for the production of a nounting tool,

33. The process for the production of
as clainmed in any one of Clains 30 to 32, wherein the
direction of 4he pressing surface is 100 to 400

as clained in

any one of Clains 30 to 33, wherein the thickness of the coated

pol ycrystalline dianmond is 15 to [ ] .
production of a nounting tool, as IJiiEE.in
hank con

wherein a part or whole of the s
W Cu-Walloy, Cu-M alloy, WXL aF
nmount i ng met hod conprising al Vst
precision nmounting tool at a
ing it to a workpiece to be bp
bondi ng, or thernoconpression
conprising a rectangul ar presgi
dia- nond and having a mrror| g
[err] by Rmax representation
at the central part of the prgs$
[err] , the flatness in the |lon

the maxi numtem perature grag
[err].

400 [err] ,

predeterm ned tine, then - 89 -

FIG. 4

37. A nounting nethod conprising
indirectly a high precision nounting too
during which it is pressed to a workpiece to be bonded for a

. The process for the
y one of Clainms 30 to 34,

sists of ce- nented carbides, M,

Kovar alloy and Invar alloy. 36. A
direct® or indirectly a high
Qnge~gl 200 to 400 [err] , press-
g a#h_ Beating, nelting and

' S% i si on nounting tool

J. @ pol ycrystalline

ht when the tenperature
e range of 200 to 400
s-At nmost 3 [err] and
surface is at nost 10
ng directly or
pperature range of 200 to
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cooling the tool to at nobst [err] releasing the pressing of the workpiece
and subjecting to heating, nelting and bondi ng, or thernoconpression
bondi ng, the high precision nounting tool conprising a rectangul ar pressing
surface consisting of polycrystalline dianond and having a mrror surface
with a sur- face roughness of at nost [err] by [err] representation and
such a property that when the tenperature at the central part of the
pressing surface is in the range of 2003e [err] , the flatness in the
| ongi tudi nal direction is at nost 3u mand the maxi num tenperature gradi ent
in the pressing surface is at nost [err]. 38. A nounting tool conprising a
rectangul ar frame-shaped hol |l ow square frustum having an end surface to be
a pressing surface, the rectangul for - sbaped end surface consisting of
a polycrystalline dianond formnmed eou hase synthesis nethod, the
surface being of a mrror surface with a surface roughness of at nost [err]
by Rmax representation and having such a property that the maxi num
tenperature gradient in the pressing surface is at nost 20 [err]. 39. A
mounting tool conprising a rectangul ar frame-shaped holl ow square frustum’
having an end surface to be a preSStng surface,5the rectangul ar frame-
shaped end surface consisting ga pol ycrystald rne diamond fornmed by a
-; éapng.of a mrror surface with

fenBat i on and havi ng such

Al pressing surface is in
pressing surface is at
in the pressing surface
substrat e consisting
of hard carbi des

i
P

a surface roughness of at
a property that when the nmaxi g
the range of 220 to 600 [err]
nost 3 [err] and the maxi mum
is at nost [err]. 40. A nounWd
of a cemented carbide having m cros
and/or hard carbonitrides on at |east offe< :
frame- shaped end surface of a hol | ow Jquare st um to be a pressing
surface and a coefficient of |inear expansion of [err] at roomtenperature
to [err] and a poly- crystalline dianond coating forned on the above
descri bd surface having mcro-
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sco ic protrusions by a gaseous phase synthesis nethod, the surface coated
- 90 - the polycrystalline dianond coating having a mrror surface
mnth a surface roughness of at nost [err] mby [err] representation and .
such a property that the maxi numtenperature gradient in the pressing
surface is at nost [err] . 41. The nounjing tool, as clainmed in C aim40,
wherein the m croscopi c protrusions cdnédéed of hard carbi des and/or hard
carbonitrides on the cemented carbide surface penetrate into the
pol ycrystal l i ne di anond | ayer coagzd he face. 42. The nounting tool,
as claimed in any one of Clains 3 JO in the pressing surface
consisting of the polycrystalline di anond-coated cenented carbide and a
shank consisting of a netal or alloy are bondedq. t hrough a bondi ng netal
having a nelting point of 800 to [err &’ mpunt i ng tool, as clained.
Aete8 ine diamond is directly
i de. 44. The nounting tool,
in the thickness of the
fir]. 45. The nounting tool,
in a part or whole of the
y, Cu-M alloy, WN
al a1 tool, as clainmed in
ness of the

coated on a shank consisting of a gt
as clainmed in any one of Cains 3, T3,
coated pol ycrystalline di anmon

as claimed in any one of C ai '*3
shank consists of cenented carbid
al l oy, Kovar alloy and Invar all oy.
any one of Clains 38 to 45, wher

polycrystalline dianond coated Sutface is d&pres ent ed by Rmax of at-nost
[err]. 47. The nounting tool/ s€cldaiedIn one of Clains 38 to 46,
wherein the coated pol ycryst{artrne afigfonad 1 rientated in (100) plane

and/ or (110)

—_—
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plane in the thickness direction. 48. A process for the production of a
nmounti ng tool, conprising coating polycrystalline dianond onto a
rectangul ar frane-shaped end surface of a hollow square frustum to be a
pressing surface, and polishing the surface in such a manner that the
flatness of the pressing surface at the application tenper- ature is at

nost [err] and a mrror surface wth a swface roughness of at nobst -91
- 0.1 [err] by [err] representation is obtained, while controlling the

hi ghest tem perature of the pres nsoﬁv]:ac SE as to be sanme as that of
the application tenperature of theé t st hin tenperature range of 220
to [err]. 49. The process for the production of a nounting tool, as clained
in Caim48, wherein the pressing surface consisting of the polycrystalline
di anond- coated cenented carbide and a shank cgnsisting of a netal or alloy
are bonded through a bondi ng netal hay)ag_“ffrlting poi nt of 800 to 1200
[err] . 50. The process for the prOdlﬁdIEW!E‘ & nmounting tool, as clained
in Caim48, wherein polycrystalli née rorl Ns di rectly coated on a shank
consisting of a cenmented carbide. Q. ss for the production of a
nounting tool, as clained in any g 48 to 49, wherein the

t hi ckness of the coated pol ycryst3g is 15 to 100 [err]. 52. The
process for the production of a nu ai med in any one of
Clains 48 to 51, wherein a part or M4 consists of ce-

ment ed carbides, Mo, W Cu-Wall f al I oy, Kovar all oy
and Invar alloy. 53. A nounti ng/nmdthg SEHfip/al ways heating directly
or indirectly a part nounting/t F8l2Pa2 t €pe re range of 200 to 600
[err] , pressing it to ik
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a wor kpi ece to be bonded and subjecting to heating, nelting and bondi ng, or
t hér noconpr essi on bondi ng, the part nounting tool conprising a rectangul ar
frame- shaped end surface of a hollow square frustum to be a pressing
surface, the rectangul ar franme-shaped end surface consisting of

pol ycrystal line dianond forned by a gaseous phase nethod and having a
mrror surface with a surface roughness of at nost [err] by Rmax
representation and with such a propergﬁsghat when the maxi num t enperature
of the pressing surface is in the range of 220 to [err] , the flatness of
the pressing surface is at nost [err] and the maxi num tenperature gradi ent
in the pressing surface is at nost [err] . 54. A nounting nethod
conprising always heating directly or indirectly a part nounting tool at a
tenperature range of 200 to [err], during which it - 92 - is pressed to
a wor kpiece to be bonded for a predetermned tine, then cooling the tool to
at nost 200 [err] , releasing the pressing of the workpiece and sub-
jecting to heating, nelting and bondi ng, or thernoconpression bonding, the
part nounting tool conprising a rectangular franme-shaped end surface of a
hol | ow square frustum to be a pressing surface, the rectangul ar
frame-shaped end sur- face consisting of polycrystalline dianond forned by
a gaseous phase nethod and having a mrror surface with a surface roughness
of at nmost 0.1 [err] by Rmax representation and with such a property that
when the maxi numtenperature of the pressing surface is in the range of 220
to 600 [err] , the flatness of the pressing surface is at nost [err] and

t he maxi num t enper at ure gradientitht(EgFretszsg surface is at nost 20 'C.
55. A tool used for directly noulti g o] ubstrate by a flip chip

met hod, conprising a pressing surface of a tool end, the pressing surface
con- sisting of polycrystalline dianond forned by a gaseous phase synthesis
met hod, '
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the pressing surface being of a mrror surface wwth a surface roughness of
at nost 0.1 [err] by Rmax representation, having at | east one vacuum
adsorption hole nmade in the surface and having such a property that when

t he hlghest tenperature of the pressing surface is in the range of 230 to

[err], the flatness of the pressjy §Fb %ﬁ%:ﬁ%mﬁ?mﬁ?St 5 [err] and the
ur

maxi mum t enperature gradient in t e pressing surtace.is at nost [err]. 56.

A flip chip nmounting tool conprising a substrate consisting of a ce- mented

car bi de having m croscopi c protrusions of hard carbides and/or hard
carbonitrides on at | east one surface, having a pressing surface at the
tool end and a coefficient of |inear expansion of [err] to [err] at room

tenperature to | lvcrystal line diappnd coating forned on the
above descri bd s{i{réé1 5%’\‘/?’38&#39@38 R PTRFRSS {0 HiesProgucrign odothe $Mase
synt hesi s nethod, the surface coated with the polycrystalline di anond
coating having a mrror surface with a surface roughness of at most [err]
by Rmax representation, having at' | east one vacuum adsorption hole nade in

the surface and _having such a property that when the highest tenperature of
the pressing  Thegresgqt figyedtiog gravidee ar thegwocompressionctopby rije., highestheagthess

f th i t t
ar adi ont 1 n P8 BaC ed ZorhouiBe o sewirianll Jeifeq OF sement reh ispttoni p
mount i ng £ 0gkt, dtc Chelnalstraté! el AREI o} HE1E RaRHEOR WAL fSI ONS

conposed of hard carbi des and/or hard carbonitrides on t ed car bi de

surface penevlderéng, nand & ineunséngy taoy stbahd ing etod jauseadt dralear i g aieldignadde
surface. 58. The flinghIE nounting tool, as clained in any one of Cains

55 to 57, whERdHNg orEhepRas WFR‘;“%‘UP?%@ dBras fumpi f Gumiter tafewqripiasey Soabd i ne
di ant”1d'(:oeub8ﬁhed. making up a part of electronic parts, in particular, a high precision

tool called outer lead bonding tool. The high strength bonding tool comprises
a substrate consisting of a cemented carbide having microscopic protrusions of
hard carbides and/or hard carbonitrides on at least one surface and a coeffi-
cient of linear expansion of 4.0 x 10 -* to0 5.5 x 10 ~* /°C at room temperature
to 400°C and a polycrystalline diamond coating formed on the above described
surface having microscopic protrusions by a gaseous phase synthesis method, the
surface coated with the polycrystalline diamond coating being used as a tool

end surface.
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cenented caride and a shank consisting of a netal or alloy are bonded
t hrough a bonding nmetal having a nelting point of 650 to [err] . 59. The -
fliprchip nounting tool, as clained in any one of Clains 55 to 58, wherein
pol yerystallinedianond is directly coated on the end pressing surface of a
shank consisting of a cenented carbide. 60. The fl chi tool, as
clained in any -one of Clains 55 to 59, Wfherein the%?@ﬁ%%#éﬁ@@ coat ed
pol ycrystalline dianond is 15 to 100 [err]. 61. The flip chip nounting
tool, as clainmed in any one of Clains 55 to 60, wherein a part or whol e of
t he shank consists of cenented carbides, Mo, W Cu-Walloy, Cu-M alloy,
WN alloy, Kovar alloy and Invar o] 62. . The flip chip nounting tool,
as clainmed in any one of C ains SEEJ! éi, whdrein the surface roughness of
t he polycrystalline dianond coate ct i S represented by Rmax of at
nost 0. 1 [err]. 63. The flip chip nounting tool, as clained in any one of
Clainms 55 to 62, wherein the coated polycrystalline dianond is orientated
in (100) plane and/ or (110) plane in the thickness g,,-ction. 64. A
process for the production of a flip chignounti % conprising at
| east steps of coating polycrystaTi nexqi-anong t0t| end surface to
et i , iurface in such a

manner that when the nmaxinmu R =.,,' g surface is in the
range of 230 to 400 [err], .fhe 3 3 Z ing surface at the
application tenper- -94-| # N 75 at nost [err] and the
surface is under a mrror sifa N a f afe roughness of at nost [err]
by [err] representation, whi i ANe maxi mum tenperature of the
pressing surface so as to b bd application tenperature of
the tool within a tenperaturs [err]
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65. The process for the production of a flip chip nounting tool, as clained
in C amo64, wherein the pressing surface consisting of the polycrystalline
di apond- coat ed cenented carbide and a shank consisting of a nmetal or alloy

are bonded through a bonding netal having a nelting point of 650 to [err] .
66. The process for the production of a nounting t 8eplacemst Seet (89/%Bh C ai m
64, wherein polycrystallinedi anond is aﬁ#ectly coated on a shank consisting

of a cenented carbide. 67. The p SSaf OF e production of a nounting
tool, as clainmed in any one of CE:fisé54 to 446, wherein the thickness of
the coated pol ycrystalline dianond 's 15 to ™00 [err]. 68. The process for
t~as clained in any one of Clains 64 to

§s of ce- mented car bi des,

r alloy and Invar alloy.
ysahegting directly or
RYEe-J0f 200 to 400 [err]
- ELt for a predeterm ned

e sTrank_consi s
M, W Cu-Walloy, Cu-M all el oy
69. Aflip chip nounting net
indirectly a nounting tool af p
transport- ing LSI by adsorpii

time and thus nmounting it on RET I 3 ding material, the
mounting tool having a press o s+gtijng of pol ycrystalline
di anond forned by a gaseous S/e Heijng under a mrror state

with a surface roughness of
wi th such a property that whe
surface is in the range of 2& ness of the pressing
surface is at nost 5 [err] and the nmaxig d ture gra- dient in the
pressing surface is at nost 30 [err]. . AflITp chip nounting nethod
conprising always heating directly or indirectly a nmounting tool at a
tenperature range of 200 to 400 [err], during which
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- 95.- LSI is adsorbed in vacuum and transported, and then subjected to
pressing for a predetermned tine, cooling the tool to at nost 200 [err] ,
rel easing the press- ing of the workpiece and thus nounting it on a
substrate through a binding mate- rial, the nounting tool having a pressing
surface consisting of polycrystallinesg anond f or Replladapent Seet 8/885phase

met hod and being under a mrror state wth a surface roughness of at nost
[err] by Rmax representation and with such a property that when the nmaxi num
tenperature of the pressing surface is in the range of 230 to [err] , the
flatness of the.pressing surface is at nost 5 [err] and the nmaxi num
tenperature gradient in the pressing surface is at nost [err] 71. A pulse
heating tool conprising a tool end part and a shank, bonded with each ot her
by a brazing material, in which ﬁis e offsl he tool including the exposed
brazing material surface except cMWne-f™ting part is coated with a
metal or ceramcs with a lowreactivity with the nelted solder. 72. A pul se
heating tool conprising a tool end part and a shank, bonded with each ot her
by a brazing material, the tool end part consisting of a sub- strate
consisting of a cenmented carbi de~having m croscopic protrusions of hard
car bi des and/or hard carbonitr¥des .0 | east@ one surface and a
coefficient of l|inear expansi "4 at roomtenperature to
[err] , coated with a pon%L] formed on the above
des- cribed surface having™m ?§ a gaseous phase
synthesis nethod, in which t cl udi ng .t he exposed
brazing material surface exc¢pt Il5 art is coated with a
nmetal or ceramcs wth a | ow|rédas gl ted solder. 73. The
pul se heating tool, as clai meg=d Al ) erein the coated netal
is at | east one nenber selected from R.WQBUD ¢apSi sting of [err]. M, W
Ni, Pd and Pt. 74. The pulse heatin . laimeed in Claim71 or 72,
wherein the coated ceramics is at |edst one nenber selected fromthe group
consi sting of
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[err]- 75. The pulse heating tool, as clained in any one of Clains 71 to
74, - 96- wherein the coating thlckness is in the range of 1 to 100 a m
76. The pul se heating tool, as claimed in any one of Caims 71 to 75,
wherei.n the shank is of at Ieast one nenber selected fromthe group

consi st | ng of Mo and W 77. The pul se z§at| Ng t 0OReplRSmeftl SHestH@/9/96)any one
of- Clains 71 to 76, wherein the brazing material consists predom nantly of
any one of Cu, Ag and Au, each havi ng a melting point of 650 to [err]. 78.
The pul se heati ng tool, as cl al 7, wherein the brazing
material further contains Ti, G é addition to the predom nant
com ponent. 79. A process for the pr dtlctl n of a pul se heating tool,

whi ch conprises. brazing a tool end part and a shank with a brazing mat er i al
and coating the side of the tool including jh& exposed brazing materi al
surface except a machine- fitting Pgy A Nefal or ceramcs with a | ow
reactivity wwth the nelted sol der. dceSs for the production of a

i /~‘ ; . .
pul se heating tool, as Cained i =T erein the coating nmetal is at
| east one nenber selectedfromt "'l"' ijsting of C, Mo, W N, Pd
and Pt. 81. The process for 7 ) a pul se heating tool, as
Clainmed in Caim79, wherein thel[cos atics i s at | east one nenber
selected fromthe group consisti f s . 82. The process for
t he production of a pul se heating _ | Ciarmed ¥n any one of Clains 79

to 81, wherein the coating thic Lis i ae=glipfe of 1

L i
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to 100 [err]. 83. The process for the production of a pulse heating tool,
as Clained in any one of Clains 79 to 82, wherein the tool end part
consists of a cenented carbide coated with pol ycrystalline dianond. 84.

The process for the production of a pulse heating tool, as Clained in any
one of Clainms 79 to 83, wherein the shﬁgg i's of at RePRGdmeft Pectts/ofms)

sel ected fromthe group consisting of and W - 97 - 85. The process
for the production of a pulse heating tool, as Clainmed in any one of O ains
79 to 84, wherein the brazinng ryalscons sgs predom nantly of any one
of Cu, Ag and Au, each having a tr 'poi?t }f 650 to 1200 'C. 86. The
process for the production of a pulse hedting tool, as Clained in any one
of Clains 79 to 85, wherein the coating of a netal is carried out by any
one of plating nethods. PVD net hods and CVD net hods. 87. The process for

t he production of a pulse heating tool, as C-® med in any one of Clainms 79
to 86, wherein the coating of a cermg

=2 ried out by any one of PVD
éﬁﬂlﬂwﬂﬁ§a} net al al koxi des. 88. The

nmet hods, CVD net hods and hydrol ysis
process for the production of a p ‘iﬁ ool, as Cained in Caim 85,
nor N in addition to the

wherein the brazing material conté@
predom nant conponent.
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Replacement Sheet (8/9/95)
ABSTRACT OF THE DISCLOSURE

(Figure 1)

A high strength bonding too! end a process for the production of the same

The present invention provides a thermocampression teal, i.e. high strength
bonding tool used far mounting a semiconductor device or element such as IC,
LSI, etc. on a substrate, far'example. & taool of pulse heating type used for
sdldering. and a mounting teal (banding tool) used for heating, meiting and
banding or thermocompression bonding in a lump a number of waorkpieces to be
bbnded. making up 4 part of electronic parts, in particular, a high precision
tool called outer lead bonding toal. The high strength bonding tool comprises
a substrate consisting of a cemented carbide'having microscapic protrusions of
hard carbides and/or hard carbonitrides on at least one surface and a coeffi-
cient of linear expansion of 4.0 x 10 ~* to 5.5 x 10 ** /T at room temperature
to 400 and a polycrystalline diamond coating formed on the sbove described
surface haviag microscagic protrusions by a gaseous phase synthesis method, the

surface coatad with the polycrystalline diamond coating being used as a tool
end surface. '
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ABSTRACT OF THE DISCLOSURE

(Figure 1)

A high s;rength bonding tool and a pracess for the prdduction of the same

The gresent invention grovides a thermocompression taal, i.e. high strength
" ponding tool used for mounting a semiconductor device or element such as IC,
_ LSI. etc. on a substrate, for example, a tool of pulse heating type used for
soldecing, and & sounting toal (banding tool) used for heating, melting and
ponding or thermocompression bonding in a lump & number of workpieces o be
bonded, making up & part of electranic parts, in pacticular, 2 high precision
- tool called outer lead bonding tool. The high steength bonding tool c&mprises
a suhstrate consisting of a cemented carbide having microscopic protrusions of
hacd carbides and/ar hard carbonitrides on at least one sucfece and a coeffi-
cient of linear expansion of 4.0 x 10°° t0 5.5 x 10°° /T at room temperature
to 400C and a polycrystatline diam;:m'i_ coating formed on the above described
surface having micrascogic grotrusions by a gaseous phase synthesis method, the

surface coatad with the polycrysialline diamond coating being used as a tool
end. sucface.
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