SPECI FI CATI ON Tool Tip and Bondi ng Tool Conprising the Tool Tip and Control
Met hod for the Bonding Tooal .5 Technical Field The present invention
relates to a tool tip and a“bonding tool conprising the tool tip and a
control nethod for the bonding tool, and nore specifically, it relates to
i nprovements oWOMAEET ures of a tool tip enployed in a step oPCHERIAPITE0
el ectrodes of a sem conductor chip to lead wires or 10 ext er nal
term nals and a bonding tool conprising tigmjwol tip and a control method
for the bonding tool. Background Techni que
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General ly in packagi ng of a sem conductor chip, a step of connecting 15
el ectrodes forned on the sem conductor chip and external termnals or |ead
wires with each other is necessary. In this step, the el ectrodes of the
sem conductor chip and the external termnals or the like are connected
wi th each ot hwoowisssby i nt er position of a brazing filler net all,@lf,_",g%‘g?]oor
tin, an anisotropic conductive filmor resin such as a conductive adhesive
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25 . For the tool tip, there are two types of a constant heat system
of regularly heating the sane to a required tenperature and a pul se heat
system of instantaneously heating the sane only at need in response to the
bondi ng specification of the sem conductor chip. In either heating system
hi gh accuracy We9r/dsgat red to a pressing 30 surface on the perrywordiend of
the tool tip follow ng high densification of packaging of the sem conductor

chip. Since tegﬁﬁﬁgﬂﬁﬁg distribution of the pressing surface in heating is
honogeneous and flatness of the pressing surface is excellent fromthis
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tenperature distribution and the flatness can be maintained over a |ong
time, a technique of sticking a dianond filmto the pressing surface on the
forward end of the tool tip is enployed. In case of the pul se heat system
however, there is such a problem5 that heat response is inferior as
conpared wit Ry@oj/agé7 L1 p consisting of a pure netal such as grGhbnéEse

nol ybdenum i nconel or stainless steel to which no dianond filmis stuck
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as conpared with the tool tip consisting of a pure netal for heating and
cooling the pressing surface on the forward end of the tool tip to

prescri bed tenperatures in response to current pul ses. Therefore, it is
difficult to reduce the tine required for single bonding of the

sem conduct or vemedsselS In relation to this point, thecasesrqargeposed
a nethod of providing a dianond fil msynthesized by a vapor-phase synthetic
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conductive dianond fil msynthesized by a vapor-phase synthetic nethod as a
heat generator. According to the techni que disclosed in the aforenenti oned
Japanese 25 Pat ent Layi ng- Open Gazette No. 5-304191, however, such a
structure that the dianond filmis brazed to a tool base material of a

netal whose cqg@dbias@nt of thermal expansion is different isl,%qﬁlpwd'ﬁ%n
Hence, there are such problens that distortion takes place in the dianond
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the cost for the tool tip increases and the tool tipis easy to break in -2
- handl i ng thereof since it cones to that the use material for the tool
tipitself is dianond. According to the technique disclosed in U S. Patent
No. 5,488,350, further, the conductive dianond filmis patternedly fornmed
simlarly to awoo9r4sherater wire, i.e., the conductive di anond poTiaEe/01780

sel ectively grown in order to honobgeni ze tenperature distribution of the
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SiQ2 or the like is forned on a substrate or insulating dianmond in a

reverse pattern shape to the pattern of the conductive dianmond fil mthrough

sputtering or the like, for formng the conductive dianond filmby 10
enploying this as a mask. However, it is necessary to nake formati on by

control ling tWedridsssyt hi ckness of SiQ2 in high accuracy. Fur}iBgiperio

such problens that a step of dissolving/renoving SiJerr] is requi rg'g after
form ng the co tivedi.anpnd, fi nd the to0l tip manufacturing cost
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flatness of a flat surface on a forward end of the tool tip in high
accuracy, in which handling and attachnent/detachnent to/from equi pnent is
easy and 20 a manufacturing nethod of a heat generating part is sinpler,
and a bonding tool conprising the tool tip and a control nmethod for the
bondi ng tool, wotsssave been proposed in order to sol ve suchegrabPdnonmss A
tool tip in one aspect based on the present invention has, in a tool tip
enpl oying a vapgr-phase synt hesi zed conductive polycrystalllne 25

dianond filmfor a forward end portion for pressure bonding, a substrate
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pressure bonding, a surface opposite to this surface or at |east two side
30 surfaces intersecting wwth these surfaces on the aforenenti oned
substrate, which is in the ranges of at least 1 x 10[err] [err]cm and |ess
than 1 x 10[err] [err]Jcmin specific resistance and at least 0.1 [err]m and

not nore thagePlsgd'rImin filmthickness and a netal fil W nto
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In the conductive polycrystalline dianond film it is difficult to formthe
sane as a continuous filmwhose filmthickness is honbgeneous if the 5
filmthickness if not nmore than O.1[err]m Further, in-plane tenperature
distribution abruptly deteriorates if the filmthickness is not nore than
0.1 [err]m siwoe7asdédcal heating val ue depends on the fil mtihcTirvenssof
conductive polycrystalline dianond. If the filmthickness is in excess of

P00 Lerelm on HSUOEBSRBAIAMARS, 10y mACKRCHIL 0. CORRAY L eqkl 0 for

tenperature rise incréases since the heat capacity he" t oo
i ncreases. Consequgnt gt Ben VERRESAE @ig., I SenchAd ACt ard o3 BN R 22 7

cooling characteristic of the tool tip get inferior. Further, the cost for
form ng the condult iR IgH Y BLUEIINE Vabonk - BLES IOHERERLE > TLE D,
Eio, HEMSEMY A YEY BRI T 00X M@ RD & E LIz,
5 HEMESFHEMS A YEL FIROIE D), FEHMORKYBRKELRoTLED,
IO, B3R LS, VHEE I 720 OB FERASBE S 0 0 g m
ULETIABICERSRY, MEaA BRI R>TLES, Lidio T, HAHE
BRHEMIAYE FEOBEEX, 0. 1 umPl-500 pmbl FBHEELWE &
2B _
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I ncreases whi.l e warping of the material increases due to stress of the 15
conductive polycrystalline film In addition, a polishing tinme for
attaining flatness of the surface of the conductive polycrystalline di anond
filmabruptly | engthens and the working cost for the surface of the

conductive pekoyensesgral | i ne di anond filmincreases. For the q@gﬁﬁyﬁﬁ ons,
It is possible to obtain a conductive 20 pol ycrystal |l i ne dianon I 1m

Wth a Tow fi1mePeens hul-dolr by EPBRERP RS e Rk B e ncbe o e~

nduct i I t @by i ; 1 - 0. WA Faa) "
conduct [ ve Polyeiah| oAk L FPL 0 R RRARACY Ve

500 [err]m As to the specific résistance o0 €

o, ZOHBEMESRERS A vES PRI, BENRICER, ISV LRD
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<R3,

ZIT, RUEETMHE UTHEM LU BN A YES R, p

FHKTHS 0, MR TIRACHHUE L. R Y HORIEIC Lo THIEFR, HHE

ROBHERAAERRR D ZEBMBATYS ( (L Shiomi, ). J. 1. B. 30,

10 1363(1991) )
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(Diamond and related materials 4,948 (1995)) ..
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25 dianond film contact resistance with the netal filmincreases to
readily spark in energization if the specific resistance of the conductive
pol ycrystalline dianmond is high. In order to avoid this, therefore,
specific resistance of not nore than 1 x 10[err] [err]Jcmis necessary. \Wen
an inpurity cowoomesssecones not nore than 1 x 10[err] [err]cnpcorrotbgsot her
hand, it conmes to 30 I ncur deterioration of the conductive

Dot Surty, "SRy D A1 RIS S 2595 1 Mo
increase the t eRgeLILING, tR7E RresgikRsl RV 2 B2 7% MAME SRR ¥4 Yo
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SOEITHIREINI=Y —-NF 271 00BN T, TS 4 2L
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the tool, tip, on the other hand, it is necessary to apply power of about
600 Wto 1 KWto the tool—~tip with a power source of 100 V-20A capacity. In
consideration of the filmthickness of the aforenentioned conductive

pol ycrystal l i ne di anond, therefore, it is preferable that the specific 5
resi stance i fyodrdbgedast 1 x 10[err] [err]cmand not nore thapeg, ﬁ? s ]
[errJcm In case of structurlng t he conductive pol ycrystalline |annnd film
fromat | east films whose contents of boron differ from each
ot her, for eX@hﬁ Jhg a conductive polycrystalline dianond film whose

content of boradyi Saﬁ%ﬁﬁ%ﬁéb‘% LR RN RYRS L ARl SRR 7 i
DP/ITE, BRO-OOMBHEGD HERTF v T Y —2 L, WEE R
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10 I R10E, U--NF ol BIERIBV D005 KR 28, Y—nF vy
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15&, V- NF vy TBEYEETF » TEWEI -0 OYSEIKF » 7N B 2%
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BB S 2 v s 21 8BRNIVLRATWS, £/, AN 2-<~0OBO
e, ;ﬁ;fmm@m&ml-:wamu\mmf;zrs: WoE Ll v 7)3“3“‘]'.” BAILTVW .
ERGOEGBMEE T L o 7 A1 8EL, FRIEF » 7O IS Wi R Z M A D
20 ENRHB0, HREEEH L, MO, LS HBOMERENS D=0 IS
FRPEL, BOW/ mkUTOLONAE Ly,
SIT, VoA F o TORE 2 CHEEIEO X A v L FEREMIEENVEBA
HEMZHER T A vy P 288 L 2liobOd Mo 3K 2 oini -8k F
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25 ¥, WEREHEORBER ZINENTIZBAOY —F » T ORI TR, 3T
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EERSEAEDS R FEIEMGE T X DIRIEEH Z VWD BN H D, £ T, REOR
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10 form ng, a conductive polycrystalline di anond whose content of boron is
|l ow on this film change of the specific resistance val ue nust be | ess than
0.1 [err] with filmthickness change of several [err]mresulting from
polishing in the upper |ayer conductive polycrystalline dianond fil mwhose
content of borvwmomessérow. Consequently, it is preferable that ROTYPITRICO | C
resi stance of the 15 conductive polycrystalline dianond is at |least 1 X

s most pr Re A AR AR AR My 2 D AP A 3R
i amnd 11m 20 D o e e ey e e
diamond film kfFLTBLL, $—IAZEMERT,. LEB-T, TV —I A7 8%
FIM LT, HBEERES A YT FBUWSIND D8, A A3y THUBU
5 FMEL, V--AFo7OREERD, V--AFo7OREERMHITSII LT
BB, ZOBE, BRBELVT~OBREMNEEMONAZBREE R D,
Wiz, R U=RBENIRT Y —AF v 7B LURERLF O LY WL
ROV TELTRNIS 2,
(R4 1]
10 ¥ BI7A~R7CE2BMLT, TORKF1IZBUIDIY—~AF 7400
OBz DV THI 5. PRI EARN 1 mmOW S RMALS 2 1 W75,
20mmX20mmX 5mmdS i CEMR2020mmX 2 O mmdDifiiz, M)
ARBICEVARYFRERZAMBE LTHEMLAZ, PN 0 pm, WEHHE8 X1 0
PO cmOEEMERENTAYEL FIBE 241N EED,. T, GBS
15 MAAVEL FI1 O LI, SLICHBIES A vEL FIE6%25 0 pmifllisd
Do
HMUPMSER YA vy FR LB IOHBEIEY 4 vE2 FIR6WThE, <
A7l TIXvCVDIICED ., A¥ . kEETAE LTRSS,
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p pmD IR T BB RTHEM LI, |
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LI IEVEALERmax 0. 1 um, KEHUOTE O FEAFEO. 0 I mm
ERDES L I, ARKBIZBITDLY --AF v 740 0%{ERLE,
15



havi ng the aforenentioned fil mthickness and specific resistance, it comes
to that this conductive polycrystalline dianmond filmitself resistively
generates heat. Further, this conductive polycrystalline dianond filmis
excellent in heat conductivity, and the surface enpl oyed for pressure 25
bondi ng can o s4zsdyonogeneous tenperature distribution. | n pgadebpbiding it
comes to heat generation of onIy a part of the conductive polycrystalline

heat capaci y. PRl Baha HELE S el viedk O oRR AT L o i BN 5 5
necessary DT RIRRE A ShEoU Rl b BARALAONIICINGNEe S ARG
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TERERL., PRONMIEI T Ro7c. TOMRER T 1 ITRY,
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since the same is not in a brazed structure to the substrate dissinmlarly
to the conventional tool tip. -5 - In the af orenenti oned aspect,
preferably at |east one or nore suction through holes are provided fromthe
af orenenti oned surface enpl oyed for the aforenentioned pressure bonding to
the surface oppedd¥4s8a70 t he af orenenti oned surface. 5 "pEIRY7/08780
provi di ng the suction through hole(s) on the surface

M13A~13CEZRRLT, TORKH2IZHBITIIY—ALF 742011,
12mmX]2mmX0.3mm®Mﬁww§%%y4?%7FW%ﬁéng
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X 10 °QcmOBEEESHEEMSAVYEL NI 28 u mOESTHIS®T-,
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GPLIEE A, RmUENB800p pmFEh TV,
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WHMPEA S 2 Ltk. MREMSHGS A vEs FIE1 O [z, B
LTCTiZlpgma—T427L, FOLEMo#2uma—-F o2 7L, &5
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Bi1 4 ABIURT 4 BIZFRT XD, MEARLY 4 3 0 250550 03040
EIREAHT, SORBARLT 43010, Y-LF o742 0% HERHICE YR
SED, FOH, 20TH5H6 0 0CTETOHEMEN., 6 00THLB8OCET
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enpl oyed for pressure bonding, carriage of the sem conductor chip becones
easy. Further, the pressing surface on the forward end of the tool tip,
i.e., the surface enployed for pressure bonding and the surface opposite
thereto are provided to be parallel to each other, whereby it becones
possi bl e t0 Jfomséggpdi |y perform adjustment of the parallel] loPniRg' Nt i NY
to external equipnent. In the aforenentioned aspect, the aforenentioned
conducti ve poliqr%stalline diamond filmis a filmfornmed by addition of an
inpurity, and b&¥®M Bd enpl oyed for this inpurity. On the other hand, the

1S e e ST NSRRI el yst ol T ne diamond Filmis a Tl
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By enpl oyi ng such a conductive polycrystalline dianond film it becones
possi ble to make the aforenenti oned conductive pol ycrystalline dianond film
i mpl enented. 20 Preferably in the aforenentioned aspect, the

af orenmenti oned conductive polycrystalline dianond filmis so provided that
its surface rowmemmsss7i s at | east 0.1 [err]mand not nore tharrcryryrmrdgom
Thus, by rendering the surface roughness at |east O. 1 [err]mand not nore

e and o et alkIELOLEL FACTB I SRS P PSS P S IR,
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nmetal electrode and inproving the contact state. Further, heat transfer
fromthe tool tip to a feed nenber is inproved and cooling qui ckens up. 30
In the aforenmentioned aspect, further, preferably it further has a

pol ycrystalline diamond filmwhich is at |east 10[err] [err]Jcmin specific
resi stance angygdrq4kggast 1 [err]mand not nore than 1000 [errkg*bﬁw B

t hi ckness on the outernost |ayer of the preSS|ng surface. Thus, econes
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breakdown of the sem conductor chip beforehand. I n the aforenentioned
aspect, preferably t he af orenenti oned surface of the aforenentioned
substrate enpl oyed for pressure bonding and the 5 surface opposite to
this surface are parallel to each other, and are so provided that the
parallelismtheweardsss? within 0.1 nmwith reference to the af gicampyieiosecd
surface enployed for the aforenenti oned pressure bonding. Thus, it becones

possible to perhg%gbﬁﬁﬁéﬁgﬁﬂg of the sem conductor chip readily and in high
it 3 Gy .

accuracy. 10 y in the aforenentioned aspect, boron of at

| east 100 ppm ardnsal a0 hian SA0R BRI A asicin, { B, BRoL0DENL-PReH
conductive pol ycrystalline di amond f the boron content is in excess
of 50000 VEDY —NF v TR TR T o T - RN FDIR T g Y -

NOBBFIECHERICEN ShED
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ppm here, heat conductivity I C cteristic of dianond

deteriorates. Further, it’ pfflcult to nake synthesis while 15
honogeneously control ling mmﬁ'@]’&‘i‘ UCe t he heating val ue depends on
the content of boron, tenpérature tion in the tool tip surface
deteri orat es wbotdmssebor on content is heterogeneous. If the bBReeponsdeEnt is
not nore than 100 ppm a necessary specific resistance val ue cannot be
obt ai ned. 20 For the above r ﬁ??ﬁmyit beconmes possible to obtain a

conductive pol ycrystalline di anond fif e af orenmenti oned nost
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conductive polycrystalline di armna frimrsformed by introducing a fault 25

havi ng an sp2 structure, and the ratio (sp2/sp3) of the
maxi nrum val ues of sp2 and spsr I‘ II spectrumis at least 0.5 and
not nore than 10. When the int¥o ucuom qeanilty of the fault of the sp2

structure intow@er4sserducti ve pol ycrystalline dianmond fil mi nGcanpdHonnhd’ €
the specific 30 resi stance value reduces. Wile it | s difficult to
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1333 cnferr].resulting fromanmsp3-structure of dianond and peak intensity

of a broad spectrumin HTe Mmof 1540 cnferr] resulting fromthe sp2

structure. Therefore, no pr HM”, resi stance i s obtained
although the filmquality is»* “IS peak intensity ratio is |ess

than 0.5 sing@daussert he fault den5|ty i$ strall, while the fi,wm.;ﬁy of
di anond deteriorates and no desired perfornance I s obtained | t exceeds
10. For the above_reasons, a conducti ve }MX%M alline dianmond filmin a

more pref er adl &. sHEHES Mﬁmné’éﬂb{/ 2 5 & REPRAEHBY . oF t he
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maxi mum val ues of the sp2 and sp3 peaks of the Raman spectrum at |east 10
0.5 and not nore than 10. Preferably in the aforenentioned structure, the
af orenenti oned conductive polycrystalline dianond filmincludes at | east
two |ayers of filns, and the aforenenti oned outernost surface |ayer is any
of at |east oMeD IS8T naterial selected froma group consi st PCYIBI7/0ATS0 Pt
Ag, N, Ta and C, or an 15 AgPd alloy, a Pt-Ir alloy, or an oxide
containing Ag and at | east one or nore elenments selected froma group
consisting of Gd, In, Sn, Zn and Cu, or a netal ‘carbide containing Ag and
W Thus, it is possible to obtain a conductive polycrystalline dianond film
which is strong in oxidation resistance under a high tenperature and
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20 excellent in deposition resistance, abrasion resistance and

i nsul ation r'ecoverability. In the aforenenti oned aspect, preferably at

| east four portions of independent netal |ayers are further provided on an
outer peripheral portion of the tool tip, in order to supply power to an
ef fective ar eavaamnssss725 peri pheral portion of the surfacePERIPIBENOf or
pressure bondi ng on the aforenenti oned conductive pol ycrystalline di anond
film Thus, it becones possible to further honogeni ze in-plane tenperature
distribution of the tool tip. The bonding tool based on the present

i nvention conprises, in a 30 bondi ng tool enpl oyi ng vapor - phase

synt hesi zed pol ycrystalline di anond
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on a forward, end portion for pressure bonding, a tool tip having a
substrate nmainly conposed of at |east one material selected froma group
consi sting of a dianond polycrystal, Si, SIC, AIN, Si[err]Nerr] and
single-crystalline dianond, a -8 - vapor - phase synt hesi zed conductive
pol ycrystal | i meodirsadarnd fil mapplied to a surface enpl oyed f @CT{PE¥HIIN0C
bondi ng, a surface opposite to this surface or at |east two side surfaces
intersecting with these surfaces on the aforenentioned substrate, and a
metal filmapplied onto the
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5 af orenmenti oned vapor - phase synthesi zed conductive polycrystalline

di anond filmfor supplying power to the aforenentioned vapor-phase

synt hesi zed conductive polycrystalline dianmond film and a feed hol der
having a netal electrode for feeding electricity to this tool tip and a
ceram c base swoudsseng this nmetal el ectrode. 10 Thuspciyyre7/01780
conprising the feed holder for feeding electricity to the tool tip, it
beconmes possible to nount the bonding tool in the present invention w thout
maki ng alterations in an external device for nounting the bonding tool.
Preferably in the aforenenti oned aspect, the aforenentioned feed 15

hol der has a vacuu¢#t%%$@n groove for sucking the afo%%gentloned tool tip,
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at | east, one.suction through hole comunicating with this vacuum suction
groove, and conductor filns provided on at |east two portions for supplying
power to the said tool tip, and has an insulating ceram c base in which
flatness of a surface of the aforenentioned ceram c base comng into
contact 20 WP #Ms847e af or enenti oned tool tip is |ess than $drapyijerysea
ceram c base which is lowin heat conductivity and has an insul ation
property, and a netal base covered with a netal filmfor preventing
oxidation on its surface. By enploying the feed hol der consisting of this
structure, it beconmes possible to supply stable power to the aforenentioned
tool tip while reliably holding 25 the aforenentioned tool tip, and it
beconmes possible to provide a bonding tool whose reliability is high.
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Preferably in the aforenenti oned aspect, the conductor filnms on the

af orenenti oned ceram c base include at |least two layers of filns, and any
of at least one netal selected froma group consisting of Au, Pt, Ag, N,
Ta and 30 Cr, or an AgPd alloy, a Pt-Ir alloy, or an oxide containing Ag
and at | east oW@9mw4s8aTore el enents sel ected froma group of GChcrisperdasoe Zn
and Cu, or a netal carbide containing Ag and Wis enployed for the

out ernost surface | ayer. Thus, by enploying the aforenentioned netal for
t he conductor -9-
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films, it beconmes possible to provide a bonding tool having a feed hol der
having a high nelting point which is strong in oxidation resistance under a
hi gh tenperature and excellent in deposition resistance, abrasion

resi stance and insulation recoverability. 5 The control nethod for
t he bondi ng t W0 9W&E8Ed on the present invention is a control PGEVPRAINLTSBr a
bondi ng tool having a tool tip forned with a vapor-phase synthesi zed
conductive polycrystalline diamond filmon its forward end surface, which
measures change of electric resistance of the aforenentioned vapor-phase
synt hesi zed conductive polycrystalline 10 di anond fil mand perforns
tenperature control of the bonding tool. Thus, a voltage applied to the
vapor - phase synt hesi zed
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pol ycrystalline dianond filmand a current value are neasured and a

resi stance value is obtained by neasuring the electric resistance of the
vapor - phase synt hesi zed conductive polycrystalline dianond film whereby 15
i ncorporation of a tenperature neasuring mechanisminto the feed hol der
provi ded on t WOBU#EMg t ool becones unnecessary, for exanpl eecrare/e1780
becones possible to obtain mniaturization of the bonding tool and an

excel l ent tenperature rise characteristic by high tenperature response of

t he bonding tool. 20 Brief Description of the Drawings Fig. 1A to Fig. 1C
are diagrans show ng the structure of a tool tip in
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the present invention, Fig. 1Ais a plan view thereof, Fig. 1B is a front
el evational view thereof, and Fig. 1Cis a side elevational viewthereof.
25 Fig. 2 is a diagram showi ng the correlation between the film

t hi ckness of a conductive polycrystalline dianmond film and in-plane
tenperature diWOPT#A867 on. Fig. 3 is a diagram show ng the relrtWIPa7/3800cen
the filmthickness of the conductive polycrystalline filmand a polishing
time. 30 Fig. 4Ato Fig. 4C are diagrans show ng anot her structure
of the tool tip in the present invention, Fig. 4Ais a plan viewthereof,
Fig. 4Bis a front elevational view thereof, and Fig. 4Cis a bottom plan
view thereof. Fig. 5Ato Fig. 5C are diagrans show ng still another
structure of the
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Fig. 5B is a front el evational
view thereof Fig. 6A and Fig. 6B are diagrans showi ng the structure of a
Fig. 6A is a sectional
Fig. 7A to FimcTiberesso

tip in Concrete Exanple 1, Fig. 7A

f eed hol der
and Fig. 5

di agrans showi ng the structure of a tool

in the present
W@ 97/45867 bott om pl an. vi ew t her eof .

is a plan view thereof,

.tool. tip in the present
vi ew t her eof ,

i nventi on,

i nventi on,

Fig. 7B is a front

Fig. 5Ais a plan view thereof,
and Fig. 5Cis a bottom plan

vi ew t her eof,
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el evational view thereof, and Fig. 7Cis a side elevational view thereof.
Fig. 8A and Fig. 8B are diagrans showi ng the structure of a feed 10

hol der for feeding electricity to the tool tip in Concrete Exanple 1, Fig.
8A is a sectional viewthereof, and Fig. 8B is a bottom plan view thereof.
Fig. 9A and Fi gWaB/H4a862 di agrans showi ng a structure in case obcwoesioi73g
the tool tip in Concrete Exanple 1 on the feed holder, Fig. 9Ais a
sectional view thereof, and Fig. 9B is a bottom plan view thereof. 15

Fig. 10 is a perspective view showing a bonding tool in prior art as
conparative exanple. Fig. 11 is a diagram showi ng characteristic eval uation
of the tool tip in Concrete Exanple 1.
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Fig. 12 is a diagram show ng characteristics in case of changing the 20
specific resistance value, the filmthickness and the boron content of a
conductive polycrystalline dianmond filmin Concrete Exanple 1. Fig. 13A to
Fig. 13C are diagrans showi ng the structure of a tool tip in Concrete
Exampl e 2, Fi gwob34ssss a plan view thereof, Fig. 13B is a fr osdraeseese onal
view thereof, and Fig. 13Cis a bottom plan view thereof. 25 Fig.
14A and Fig. 14B are diagrams showi ng the structure of a feed hol der for
feeding electricity to the tool tip in Concrete Exanple 2, Fig. 14Ais a
sectional view thereof, and Fig. 14B is a bottom plan view thereof. Fig. 15
I's a diagram showi ng characteristic evaluation of the tool tip in Concrete
Exanpl e 2.
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30 Fig. 16 is a diagramshow ng a resistance curve of the
tenperature of the tool tip in Concrete Exanple 2. Fig. 17A to Fig. 17C are
di agrams showi ng the structure of a tool tip in Concrete Exanple 3, Fig.
17A is a plan view thereof, Fig. 17Bis a front el evati onal view

t hereof, and Wop7438€ i s a bottom plan view thereof. Fig. 18pcwspsrdimgram
showi ng characteristic evaluation of the tool tip in Concrete Exanple 3.
Fig. 19 is a diagram showi ng a resistance curve of the tenperature of
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5 the tool tip in Concrete Exanple 3. Fig. 20A and Fig. 20B are diagrans
showi ng the structure of a feed holder for feeding electricity to a tool
tip in Concrete Exanple 4, Fig. 20A is a sectional view thereof, and Fig.
20B is a bottomplan view thereof. Fig. 21 is a diagram show ng

characteristi cwewadssati on of the tool tip 10 in Concrete ExpeRimdrzsd O
22A and Fig. 22B are diagrans showi ng the structure of a tool tipin
Concrete Exanple 5, Fig. 22A is a plan view thereof, and Fig. 22Bis a
sectional view thereof. Fig. 23A and Fig. 23B are diagrans show ng the

structure of a feed 15 hol der for feeding electricity to the tool tip in
Concrete Exanple 5, Fig. 23A
FIG.17A
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is a sectional view thereof, and Fig. 23B is a bottom plan view thereof.
Fig. 24A and Fig. 24B are diagrans show ng a structure nounting the tool
tip in Concrete Exanple 5 on the feed holder, Fig. 24A is a sectional view
thereof, and Fig. 24B is a bottom plan view thereof. 20 Fig. 25 is
a di agram show B"E‘f‘fﬁ?’act eristic evaluation of the tool tip i r}%ﬁ@h@
Exanpl e 5. Best Mdes for Carrying Qut the Invention Enbodi nents o

bondi ng tool based on the present invention are 25 now descri bed with
reference to the drawings. First, the structure of a tool tip formng the
bondi ng tool based on the present invention is described with reference to
Fig. 1Ato Fig. 1C FIG_1§

SHMEER AEEREAD
S=NFy S

20C—500C%TD 1.3%

FEE

500C—+80C ¥ TD oM

AR

BRES%H (500C) 8C

Fi8E (500C) 0.7 umM

10REO# )R LbNgk | X505EREEEET

ABREOY-NLVFuT | REEL

DikEE




This tool .tip 100 is provided with a substrate 2 and a forward end surface
3 for pressure bonding on an upper surface side of this substrate 2. 30

A conductive polycrystalline dianond film 1 having conductivity having
specific resistance in the range of at least 1 x 10[err] [err]Jcmand | ess
than 1 x 10[ er rYVOP&#¥8Tm is formed by a vapor-phase synthetic pei/redormo t he
forward end surface 3 of the substrate 2 for pressure bondi ng and side
surfaces - 12 - intersecting with the plane of this forward end surface
3. This conductive
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polycrystalline dianond film1l is applied with its filmthickness in the
range of 0.1 [err]mto 500 [err]m The filmthickness and the specific

resi stance of the conductive 5 pol ycrystalline dianond film1l are now
described with reference to Fig. 2 and Fig. 3. If the filmthickness of the
conductive polWepPYy4B&l | i ne dianond film1l is not nore than O.PCTII@PWGINE0 | t
is difficult to formthe sane as a continuous filmwth its filmthickness
honbgeneous. Since a |ocal heating val ue depends on the filmthickness of

t he conductive 10 pol ycrystal line dianmond film in-plane tenperature
distribution abruptly deteriorates if the filmthickness becones | ess than
0.1 [err]m as shown in Fig. 2.
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If the filmthickness is in excess of 500 [err]m on the other hand, the
heat capacity of the tool tip 100 increases and hence the quantity of power
15 required for tenperature rise increases and tenperature rise and
cooling characteristics get inferior. Further, the cost for formng the
conductive pol Y@P®y/4%867 | i ne di anond filmincreases while war pi Per/sro7/6178n
material increases due to stress of the conductive polycrystalline di anond
film Therefore, a polishing time for attaining flatness abruptly |engthens
20 if the filmthickness is in excess of 500 [err]mas shown in Fig. 3,
and the working cost increases. Therefore, it can be said that the film

t hi ckness of the conductive polycrystalline dianond filmis preferably at
least 0.1 [err]mang=HGt2npre than 500 [err]m
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As to the value of the specific resistance, contact resistance with a 25
netal electrode is high to readily spark in energization if the specific
resi stance of the conductive polycrystalline dianond filmis high. In order
to avoid this, specific resistance of not nore than 1 x 10[err] [err]Jcmis
necessary. |f WOI74Bity cont.ent becomes not nore than 1 x 1PCHIRIF/01780
[errJcm it comes to incur deterioration of the filmaquality of the
conductive polycrystalline 30 di anond filmand to damage characteristics
such as heat conductivity, abrasion resistance and the like. In order to
qui ckly increase the tenperature of the conductive polycrystalline dianond
filmto a prescribed level, on the other hand, it is - 13 -
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necessary to apply power of about 500 Wto 1 KWto the tool tip with a
power source of 100 V-20 A capacity. Therefore, it is preferable that the
area of the tool pressing surface is generally several 100 mjerr], and
that the specific resistance is in-the range of at least 1 x 10[err]
[err]cm and notwWorem4sséThan 5 1 x 10[err] [err]cm in consi decaisesnidde t he
fil mthickness of the aforenentioned conductive pol ycrystalline di anond
film In case of structuring the conductive polycrystalline dianond film
fromat |east two types of filns whose contents of boron differ from each
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ot her, for exanple, form ng a conductive polycrystalline dianond film 10
whose content” of boron is high on the aforenentioned substrate side and
form ng a conductive polycrystalline dianond fil mwhose content of boron is
low on this film it is necessary for the upper |ayer conductive

pol ycrystal | i ngodyasgend fil m whose content of boron is | ow t hedrapeaege of a
resistance value is less than 0.01 [err] with filmthickness change of
several 15 [err]mresulting from polishing. Consequently, it is
preferable that the specific resistance of the conductive polycrystalline
dianond is at least 1 x 10[err] [err]Jcmand not nore than 1 x 10[err]
[err]cm Therefore, it can be said preferable that the specific resistance
required to the conductive polycrystalline dianond filmis at least 1 X

10[err] [errbgﬂéfzﬂkhéss than 1 x 10[err]
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20 [err]cm By thus enploying the conductive polycrystalline dianond
filmhaving the aforenentioned filmthickness and specific resistance, it
conmes to that this conductive polycrystalline dianond filmitself
resistively generates heat. Further, this conductive polycrystalline

di anond fil m i sWwWipe7/45868xcel | ent in heat conductivity, and honogengesrmi7se
tenperature distribution is obtained on the surface enpl oyed for pressure
bondi ng. Further, it conmes to heat generation of only a part of the
conductive polycrystalline dianond filmcomng into contact with a

sem conductor chip, whereby the heat capacity reduces and heat response

qui ckens up. 30 Here, it is known that a conductive
pol ycrystal line dianond filmto
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whi th.boron is added as an inpurity changes to a | ow resistance state under
a high tenperature since the sane is a p-type sem conductor, and the
specific resistance and tenperature dependency of the specific - 14-
resistance vary with the tenperature of boron ((H Shiom, J.J.J.B. 30.
1363 (1991)). The snaller the content of boron is, the higher the specific

resi stance of a dianond polycrystal is and the larger a change rate with
Tespect to the :

SPECIFICATION
Tool Tip and Bonding Tool Comprising the Tool Tip and Control Method for
the Bonding Tool

5  Technical Field
The present invention relates to a tool tip and a bonding tool
comprising the tool tip and a control method for the bonding tool, and more
specifically, it relates to improvements of structures of a tool tip employed
in a step of bonding electrodes of a semiconductor chip to lead wires or

10 external terminals and a bonding tool comprising the tool tip and a control
method for the bonding tool.
Background Technique .
Generally in packaging of a semiconductor chip, a step of connecting
15 electrodes formed on the semiconductor chip and external texminals or lead

wires with each other is necessary. In this step, the electrodes of the
semiconductor chip and the external terminals or the like are connected
with each other with interposition of a brazing filler metal of gold or tin, an
anisotropic conductive film or resin such as a conductive adhesive.

20 At this time, a tool tip is employed for locating and pressing the
semiconductor chip on and against prescribed positions of the external
terminals or the like and directly heating the brazing filler metal of gold or
tin or the anisotropic conductive film or indirectly heating the same
through the semiconductor chip. |

25 For the tool tip, there are two types of a constant heat system of
regularly heating the same to a re_qmred temperature and a pulse heat
system of instantaneously heating the same only at need in response to the
bonding specification of the semiconductor chip.

~ In either heating system, high accuracy is required to a pressing

30 surface on the forward end of the tool tip following high densification of
packaging of the semiconductor chip. Since temperature distribution of
the pressing surface in heating is homogeneous and flatness of the pressing
surface is excellent from this requirement and the homogeneity of the
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5 ' tenperature is. If the density of an additive is less than 10[err] atm
nMerr], the value of the specific resistance reduces by 10[err] [[err].cn]
(O anmond and related materials 4,948 (1995)). On the other hand, the
impurity | evel degenerates and becones a netallic band structure (causes
Mott dislocation) if the atomconcentration 10 of the added boron
exceeds 2000 ppm whereby it has netallic conductivity. Nanely, it changes
“to a high resistance state depending on increase of the tenperature,
whereby tenperature control as a heater becones easy. If boron of at |east
50000 ppmis added, deterioration of the filmaquality is remarkable and the
characteri'stics of dianond such as high 15 har dness and hi gh heat
conduct i vi t {eraperatuze distribusionr and the ess can be maintained over a long

time, a technique of sticking a diamond film to the pressing surface on the
= ~ forward end of the tool tip is employed.
In case of the pulse heat system, however, there is such a problem
b 5 that heat response is inferior as compared with a tool tip consisting of a
pure metal such as nichrome, molybdenum, inconel or stainless steel to
which no diamond film is stuck since temperature rise of the diamond film
stuck to the pressing surface on the forward end results from heat transfer
from a tool base material.

10 Namely, the tool tip employing a diamond film requires a long time
as compared with the tool tip consisting of a pure metal for heating and
cooling the pressing surface on the forward end of the tool tip to prescribed
temperatures in response to current pulses. Therefore, it is difficult to
reduce the time required for single bonding of the semiconductor chip.

15 In relation to this point, there is proposed a method of providing a
diamond film synthesized by a vapoerhase synthetic method on a pressing
surface on a forward end of a tool tip with conductivity for making the
diamond film itself generate heat and the problem related to heat reéponse
is solved in Japanese Patent Laying-Open Gazette No. 5-304191 or

20 Japanese Patent Laying-Open Gazette No. 5-226421.

Also in U.S. Patent No. 5,488,350, thexe is proposed employment of a
conductive diamond film synthesized by a vapor-phase synthetic method as
a heat generator. |
. According to the technique disclosed in the aforementioned Japanese

25 Patent Laying-Open Gazette No. 5-304191, however, such a structure that
the diamond film is brazed to a tool base material of a metal whose
coefficient of thermal expansion is different is employed. Hence, there are
such problems that distortion takes place in the diamond film due to
difference of thermal expansion in temperature rise and flatness of the

30 pressing surface on the forward end of the tool tip is hard to ensure.

According to the technique disclosed in the aforementioned J apanese
Patent Laying-Open Gazette No. 5-226421, there are such problems that
the cost for the tool tip increases and the tool tip is easy to break in
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concentration of the conductive polycrystalline diamond filmis desirably

at least 100 ppm and | ess than 50000 ppm
the fault of the sp2 structure increases,

depending on this in the conductive 20 pol ycrystal line dianmond film
is difficult to quantitatively know the fault density of the sp2 structure

I ntroduced into the conductive polycrystalline dianond film However,
possible to qualitatively obtain the fault density of the sp2 structure
fromthe ratio of peak intensity of a spectrum of 1333 cnierr]

froman sp3 structure of dianond and 25 peak intensity of a broad

spectrumin _the vicinity of 1540 cnferr] resulting frqomth structure.
Since the fhandingtharesbsingnit eomegtq that theiuse mateyial for tﬁe al tip tsete”

10

15

20

25

30

is diamond. |

According to the technique disclosed in U.S. Patent No. 5,488,350,
further, the conductive diamond film is patternedly formed similarly to a
heater wire, i.e., the conductive diamond film is selectively grown in order
to homogenize temperature distribution of the heat generator. Therefore,
SiO:2 or the like is formed on a substrate or insulating diamond in a reverse
pattern shape to the pattern of the conductive diamond film through
sputtering or the like, for forming the conductive diamond film by |
employing this as a mask. However, it is necessary to make formation by
controlling the film thickness of SiOz in high accuracy. Further, there are
such problems that a step of dissolving/removing SiO: is required after
forming the conductive diamond film and the tool tip manufacturing cost
increases.

Disclosure of the Invention

An object of the present invention is to provide a tool tip maintaining
flatness of a flat surface on a forward end of the tool tip in high accuracy, in
which handling and attachment/detachment to/from equipment is easy and
a manufacturing method of a heat generating part is simpler, and a
bonding tool comprising the tool tip and a control method for the bonding
tool, which have been pioposed in order to solve such problems.

A tool tip in one aspect based on the present invention has, in a tool
tip employing a vapor-phase synthesized conductive polycrystalline
diamond film for a forward end portion for pressure bonding, a substrate
mainly composed of at least one material selected from a group consisting of
a diamond polycrystal, Si, SiC, AlIN, SisN4 and single-crystalline diamond, a
conductive polycrystalline diamond film, applied to a surface employed for
pressure bonding, a surface opposite to this surface or at least two side
surfaces intersecting with these surfaces on the aforementioned substrate,
which is in the ranges of at least 1 x 10~ Qcm and less than 1 x 10° Qcm in
specific resistance and at least 0.1 pm and not more than 500 um m film
thickness and a metal film applied onto the aforementioned conductive
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of peak intensity is less than 0.5, no preferable specific resistance is
obt ai ned al though the filmaquality of the conductive polycrystalline
dianond filmis excellent. On the other hand, the filmaquality of the 30
fonductive polycrystalline dianond filmdeteriorates and no desired
performance is obtained if the ratio of the peak intensity exceeds 10. As a
conductor filmof the outernost surface, any of at |east one netal
smaterial, which has a high nelting point and strong in oxidation - 15 -

polycrystalline dlamond film for introducing power into the aforementioned
. conductive polycrystalline diamond film. '
: In the conductive polycrystalline diamond film, it is difficult to form
the same as a continuous film whose film thickness is homogeneous if the
- 5 film thickness if not more than 0.1 pum. Further, in-plane temperature
- distribution abruptly deteriorates if the film thickness is not more than 0.1
um, since a local heating value depends on the film thickness of conductive
polycrystalline diamond.
If the film thickness is in excess of 500 um, on the other hand, the
10 electric energy required for temperature rise increases since the heat
capacity of the tool tip increases. Consequently, the temperature rise
characteristic and the cooling characteristic of the tool tip get inferior.
Further, the cost for forming the conductive polycrystalline diamond film
increases while warping of the material increases due to stress of the
15 conductive polycrystalline film. In addition, a polishing time for attaining
flatness of the surface of the conductive polycrystalline diamond film
abruptly lengthens and the working cost for the surface of the conductive
polycrystalline diamond film increases.
_ For the above reasons, it is possible to obtain a conductive
20 polycrystalline diamond film which is excellent in flatness and temperature
: rise/cooling characteristics with a low film forming cost by rendering the
film thickness of the conductive polycrystalline diamond at least 0.1 pm
and not more than 500 pm.
As to the specific resistance of the conductive polycrystalline
25 diamond film, contact resistance with the metal film increases to readily
spark in energization if the specific resistance of the conductive
polycrystalline diamond is high. In order to avoid this, therefore, specific
resistance of not more than 1 x 102 Qcm is necessary. When an impurity
content becomes not more than 1 x 10-4 Qcm, on the other hand, it comes to
30 incur deterioration of the conductive polycrystalhne diamond film and to
‘damage characteristics such as heat conductivity, abrasion res1sta1_1ce and
the like.

In order to quickly increase the temperature to a prescribed level in
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resi st.ance under a high tenperature, selected froma group consisting of
Au, Pt, Ag, Ni, Ta and Cr, or an AgPd alloy or a Pt-Ir alloy which is
excellent in deposition resistance, damage characteristics and insulation
recoverability, or an oxide containing Ag and at | east one or nore el enents
selected froma 5 group consisting of &Gd, In, Sn, Zn and Cu, or a netal
. carbide containing Ag and Wis preferable. Referring again to Fig. 1A to
+ig. 1C a suction through hole 5 enployed for carrying a sem conductor
chip is further provided in this tool tip 100. Further, electrode netals 4
for feeding electricity to the 10 conductive polycrystalline di anond
film1l are provided,on the condyctiyve polycrystalline di anond, fil m

provi ded Onplthg teolfip,qn ¢ Qgﬁqude it Ps ngcesgary to apply power of about 6300

W to 1 KW to the tool tip with a power source of 100 V-20A capacity. In
consideration of the film thickness of the aforementioned conductive
polycrystalline diamond, therefore, it is preferable that the specific

N 5 resistance is at least 1 x 104 Qcm and not more than 1 x 10! Qcm.

In case of structuring the conductive polycrystalline diamond film
from at least two types of films whose contents of boron differ from each
other, for example, forming a conductive polycrystalline diamond film

- whose content of boron is high on the aforementioned substrate side and

10 forming a conductive polycrystalline diamond whose content of boron is low
on this film, change of the specific resistance value must be less than 0.1 Q
with film thickness change of several um resulting from polishing in the
upper layer conductive polycrystalline diamond film whose content of boron
is low. Consequently, it is preferable that the specific resistance of the

15 conductive polycrystalline diamond is at least 1 x 10! Qcm and less than 1 x

' 102 Qcm. .

For the above reasons, it is most preferable to have specific
resistance of at least 1 x 104 Qcm and less than 1 x 103 Qcm in the
conductive polycrystalline diamond film. :

20 By thus employing the conductive polycrystalline diamond film
having the aforementioned film thickness and specific resistance, it comes
to that this conductive polycrystalline diamond film itself resistively
generates heat. Further, this conductive polycrystalline diamond film is
excellent in heat conductivity, and the surface employed for pressure

25 bonding can obtain homogeneous temperature distribution. In addition, it
comes to heat generation of only a part of the conductive polycrystalline
diamond film coming into contact with a semiconductor chip, whereby the
heat capacity reduces and heat response quickens up.

Further, only a nécessary part may be heated, to hardly exert

30 influence on the periphery by heat. In addition, no warping of the
conductive polycrystalline diamond film takes place in temperature rise
since the same is not in a brazed structure to the substrate dissimilarly to
the conventional tool tip.



substrate 2. In the tool tip 100 thus forned, it conmes to that the
conductive polycrystalline diamond film 1 resistively generates heat by
feéding 15 electricity fromthe surfaces formed with the el ectrode
netals 4. Further, it is possible to nmake cooling froman outer peripheral
portion of the tool tip 100 relaxed by providing these electrode netals 4
only on outer peripheral portions of an effective area of the tool tip 100
enpl oyed for pressure bonding and naki ng heat generation al ong the outer
peri pheral portions. 20 In this case, it becones possible to supply
power only to outer peripheral .portions w thout providing a conplicated

circuit pattern b¥ provi ding el ectyode netals 4_of iit | east four portiohs
and suppl yi ng n the aforementioned aspect, preferably at least one or more suction

through holes are provided from the aforementioned surface employed for

- the aforementioned pressure bonding to the surface opposite to the
aforementioned surface.

- 5 _ Thus, by providing the suction through hole(s) on the surface

- employed for pressure bonding, carriage of the semiconductor chip becomes

easy. Further, the pressing surface on the forward end of the tool tip, i.e.,
the surface employed for pressure bonding and the surface opposite thereto
are provided to be parallel to each other, whereby it becomes possible to

10 readily perform adjustment of the parallelism in mounting to external
equipment.

In the aforementioned aspect, the aforementioned conductive
polycrystalline diamond film is a film formed by addition of an impurity,
and boron is employed for this impurity. On the other hand, the

15 aforementioned conductive polycrystalline diamond film is a film formed by
introduction of a fault, and this fault has an sp2 structure.

By employing such a conductive polycrystalline diamond film, it
becomes possible to make the aforementioned conductive polycrystalline
diamond film implemented.

20 Preferably in the aforementioned aspect, the aforementioned
conductive polyérysta]]ine diamond film is so provided that its surface
roughness is at least 0.1 pm and not more than 10 pm. Thus, by rendering
the surface roughness at least 0.1 um and not more than 10 ym, a
conductor film electrode on a rear surface of the tool tip and a metal

25 electrode of a feed holder provided in the exterior are brought into contact
by vacuum suction and energized. Therefore, occurrence of a small spark
can also be suppressed by increasing contact areas of the tool tip and the
metal electrode and improving the contact state. Further, heat transfer
from the tool tip to a feed member is improved and cooling quickens up.

30 In the aforementioned aspect, further, preferably it further has a

' polycrystalline diamond film which is at least 105 Qcm in specific resistance
and at least 1 um and not more than 1000 pum in film thickness on the
outermost layer of the pressing surface. Thus, it becomes possible to

-6-



potential difference between adjacent electrodes as in a tool tip 200 shown
in Fig. 4Ato Fig. 4C. 25 The el ectrode netals 4 are not _
restricted to the surfaces showmn in Fig. 1Ato Fig. 1C and Fig. 2 but may
be partially forned on a surface opposite to the forward end surface 3
dependi ng on external packagi ng equi pnent. Therefore, it may sinply be a
structure capable of feeding electricity to the conductive polycrystalline
di anond film 1 and heat-generating or heating 30 t he surface enpl oyed
for pressure bonding. On the other hand, the substrate 2 mainly conposed of
at | east one material selected froma di anond pol ycrystal synthesized by a

vapor - phase synt heti ¢ net.hod, ich, strongl’'y adheres _to t conducti ve
poloycr 5 stal l p%@mnt conduction to the package semiconductor chip anrlledwfec%nc

breakdown of the semiconductor chip beforehand.

In the aforementioned aspect, preferably the aforementioned surface
of the aforementioned substrate employéd for pressure bonding and the

- 5 surface opposite to this surface are parallel to each other, and are so

provided that the parallelism thereof is within 0.1 nm with reference to the
aforementioned surface employed for the aforementioned pressure bonding.
Thus, it becomes possible to pexform packaging of the semiconductor chip
readily and in high accuracy. :

10 Preferably in the aforementioned aspect, boxon of at least 100 ppm
and not more than 50000 ppm is added to the aforementioned conductive
polycrystalline diamond film. If the boron content is in excess of 50000
ppm here, heat conductivity which is a characteristic of diamond
deteriorates. Further, it becomes difficult to make synthesis while

15 homogeneously controlling the content. Since the heating value depends
on the content of boron, temperature distribution in the tool tip surface
deteriorates if the boron content is heterogeneous. If the boron contentis
not more than 100 ppm, a necessary specific resistance value cannot be
obtained.

20 For the above reasons, it becomes possible to obtain a conductive
polycrystalline diamond film in the aforementioned most preferable state
by adding boron of at least 100 ppm and not more than 50000 ppm.

In the aforementioned aspect, preferably the aforementioned
_ conductive polycrystalline diamond film is formed by introducing a fault

25 having an sp2 structure, and so provided that the ratio (sp2/sp3) of the
maximum values of sp2 and sp3 peaks of a Raman spectrum is at least 0.5
and not more than 10. | :

When the introduction quantity of the fault of the sp2 structure into
the conductive polycrystalline diamond film increases here, the specific

30 resistance value reduces. While it is difficult to quantitatively know the

fault density of the sp2 structure introduced into the conductive
polycrystalline diamond film, it is possible to qualitatively know the fault
density of the sp2 structure from the ratio of peak intensity of a spectrum of
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- 16 -. dianond film1, Si, SiC, AIN, Si[err]Nerr] and dianond is

enpl oyed as the material form ng the substrate 2, and the di nmensions of the
subbstrate 2 are individually decided fromthe size of the required tool

tip. In case of such a structure that the conductive polycrystalline 5
diamond film1 directly cones into contact with the sem conductor chip, it
may happen that an energi zation current for heat generation |eaks to the
sem conductor chip side to break the circuit. In this case, it is possible
to ' :

1333 cm'! resulting from an sp3 structure of diamond and peak intensity of
a broad spectrum in the vicinity of 1540 cm'! resulting from the sp2
- structure. Therefore, no preferable specific resistance is obtained although .
the film quality is excellent if this peak intensity ratio is less than 0.5 since
= 5 the fault density is small, while the film quality of diamond deteriorates
and no desired performance is obtained if it exceeds 10.

For the above reasons, a conductive polycrystalline diamond film in a
more preferable state is obtained by rendering the ratio (sp2/sp3) of the
maximum values of the sp2 and sp3 peaks of the Raman spectrum at least

10 0.5 and not more than 10. .

Preferably in the aforementioned structure, the aforementioned
conductive polycrystalline diamond film includes at least two layers of films,
and the aforementioned outermost surface layer is any of at least one metal
material selected from a group consisting of Au, Pt, Ag, Ni, Ta and Cr, or an

15 AgPd alloy, a Pt-Ir alloy, or an oxide containing Ag and at least one or more
elements selected from a group consisting of Gd, In, Sn, Zn and Cu, or a
metal carbide containing Ag and W. _

Thus, it is possible to obtain a conductive polycrystalline diamond
film which is strong in oxidation resistance under a high temperature and

20 excellent in deposition resistance, abrasion resistance and insulation
recoverability. _

In the aforementioned aspéct, preferably at least four portions of
independent metal layers are further provided on an outer peripheral

. portion of the tool tip, in order to supply p'ower to an effective area outer
25 peripheral portion of the surface employed for pressure bonding on the
aforementioned conductive polycrystalline diamond film. Thus, it becomes
possible to further homogenize in-plane temperature distribution of the tool
tip. '

The bonding tool based on the present invention comprises, in a

- 30 bonding tool employing vapor-phase synthesized polycrystalline diamond
on a forward end portion for pressure bonding, a tool tip having a substrate
mainly composed of at least one material selected from a group consisting of
a diamond polycrystal, Si, SiC, AIN, SisN4 and single-crystalline diamond, a
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prevent a | eakage current by covering an outer

| ayer part of a conductive

polycrystalline dianond film1l with an insulating dianond film®6 having 10
specific resistance of at least 10[err] [err]Jcmas in the structure of
tool tip 300 shown in Fig. 5Ato Fig. 5C. The structure of a feed hol der

for feeding power to the tool
6A and Fig. 6B.

a

tip is now described with reference to Fig.
I nsul ating ceram cs 10 having high strength form ng a base,

conductor films 12 for supplying 15 power to the tool tip, a tool tip

suction groove 14 and a tool

tool tip,

for- sucking a sem conduct p are provided,
17 for meas l}fﬁl}?@‘-}{ 9%}%(& uctive polycrystalline diamond film applied to

10

15

20

25

30

and a sem conductor chip suction vacuumtube 16 for the tool

a surface employed for pressure bonding, a surface opposite to this surface
or at least two side surfaces intersecting with these surfaces on the
aforementioned substrate, and a metal film applied onto the
aforementioned vapor-phase synthesized conductive polycrystalline
diamond film for supplying power to the aforementioned vapor-phase
synthesized conductive polycrystalline diamond film, and a feed holder

having a metal electrode for feeding electricity to this tool tip and a ceramic

base supporting this metal electrode.

Thus, by comprising the feed holder for feeding electricity to the tool
tip, it becomes possible to mount the bonding tool in the present invention
without making alterations in an external device for mounting the bonding
tool. :
Preferably in the aforementioned aspect, the aforementioned feed

holder has a vacuum suction groove for sucking the aforementioned tool tip,

‘at least one suction through hole communicating with this vacuum suction
groove, and conductor films provided on at least two portions for supplying
power to the said tool tip, and has an insulating ceramic base in which

flatness of a surface of the aforementioned ceramic base coming into contact

with the aforementioned tool tip is less than 3 um, a ceramic base which is
low in heat conductivity and has an insulation property, and a metal base
covered with a metal film for preventing oxidation on its surface. By
employing the feed holder consisting of this structure, it becomes possible
to supply stable power to the aforementioned tool tip while reliably holding
the aforementioned tool tip, and it becomes poss1b1e to provide a bonding
tool whose reliability is high.

Preferably in the aforementioned aspect, the conductor films on the

aforementioned ceramic base include at least two layers of films, and any of
at least one metal selected from a group consisting of Au, Pt, Ag, Ni, Ta and

Cr, or an AgPd alloy, a Pt-Ir alloy, or an oxide containing Ag and at least

one or more elements selected from a group of Gd, In, Sn, Zn and Cu, or a
metal carbide containing Ag and W is employed for the outermost surface
layer. Thus, by employing the aforementioned metal for the conductor

.9.-
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and a tenperature neasurer



the tool tip is further incorporated. The tenperature of the tool tip 20
measured by this tenperature neasurer 17 is fed back to a tenperature
control nechanism Further, |ow heat conduction insulating ceramcs 18
whose heat conductivity is lowis enployed in a contact part with an
external device, for heat insulation fromthe external device. In addition
netal el ectrodes 25 19 on which netal filns whose high tenperature

oxi dation resistance is strong are nounted for feeding to the conductor
films 12. As to the | ow heat conduction insulating ceram cs 18, that having
_high strength whose heat conductivity IS snall and not nore than 50 W nk

Lg L e ; gglrjf,l ng igl.ms, 1t ao(irluta os51b eq:%%[r%\rmf a on dgetst;o lz?llviangs Ia eed i’tz)lder
having a high melting point which is strong in oxidation resistance under a
high temperature and excellent in deposition resistance, abrasion
resistance and insulation recoverability.

- 5 The control method for the bonding tool based on the present
invention is a control method for a bonding tool having a tool tip formed
with a vapor-phase synthesized conductive polycrystalline diamond film on
its forward end surface, which measures change of electric resistance of the
aforementioned vapor-phase synthesized conductive polycrystalline

10 diamond film and performs temperature control of the bonding tool.

Thus, a voltage applied to the vapor-phase synthesized
polycrystalline diamond film and a current value are measured and a
resistance value is obtained by measuring the electric resistance of the
vapor-phase synthesized conductive polycrystalline diamond film, whereby

15 incorporation of a temperature measuring mechanism into the feed holder
provided on the bonding tool becomes unnecessary, for example, and it
becomes possible to obtain miniaturization of the bonding tool and an
excellent temperature rise characteristic by high temperature response of
the bonding tool.

20
Brief Description of the Drawings

Fig. 1A to Fig. 1C are diagrams showing the structure of a tool tip in
the present invention, Fig. 1A is a plan view thereof, Fig. 1B is a front
elevational view thereof, and Fig. 1C is a side elevational view thereof.

25 Fig. 2 is a diagram showing the correlation between the film
thickness of a conductive polycrystalline diamond film and in-plane
temperature distribution.

Fig. 3 is a diagram showing the relation between the film thickness
of the conductive polycrystalline film and a polishing time.

30 Fig. 4A to Fig. 4C are diagrams showing another structure of the tool
tip in the present invention, Fig. 4A is a plan view thereof, Fig. 4dBis a
front elevational view thereof, and Fig. 4C is a bottom plan view thereof.

Fig. 5A to Fig. 5C are diagrams showing still another structure of the
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30 ° to apply a load in packagi ng of the sem conductor chip. In case of
enpl oyi ng an insul ating di anond polycrystal for the substrate 2 of the tool
tip here, it also becones possible to utilize the surface of the substrate
2 opposite to the surface covered with the - 17 - conducti ve

pol ycrystalline dianond film1 as the surface for pressure- bonding the
sem conductor chip. In tenperature neasurenent of a tool tip of a
tonventional structure

tool tip in the present invention, Fig. 5A is a plan view thereof, Fig. 5B is a
front elevational view thereof, and Fig. 5C is a bottom plan view thereof. -

Fig. 6A and Fig. 6B are diagrams showing the structure of a feed
holder in the present invention, Fig. 6A is a sectional view thereof, and Fig..

5 6B is a bottom plan view thereof.

Fig. 7A to Fig. 7C are diagrams showing the structure of a tool tip in
Concrete Example 1, Fig. 7A is a plan view thereof, Fig. 7B is a front
elevational view thereof, and Fig. 7C is a side elevational view thereof.

Fig. 8A and Fig. 8B are diagrams showing the structure of a feed

10 holder for feeding electricity to the tool tip in Concrete Example 1, Fig. 8A
is a sectional view thereof, and Fig. 8B is a bottom plan view thereof.

Fig. 9A and Fig. 9B are diagrams showing a structure in case of
mounting the tool tip in Concrete Example 1 on the feed holder, Fig. 9Ais a
sectional view thereof, and Fig. 9B is a bottom plan view thereof.

15 : Fig. 10 is a perspective view showing a bonding tool in prior art as
comparative example.

Fig: 11 is a diagram showing characteristic evaluation of the tool tip
in Concrete Example 1.

Fig. 12 is a diagram showing characteristics in case of changing the

20 specific resistance value, the film thickness and the boron content of a
conductive polycrystalline diamond film in Concrete Example 1.

Fig. 13A to Fig. 13C are diagrams showing the structure of a tool tip
in Concrete Example 2, Fig. 13A is a plan view thereof, Fig. 13B is a front
elevational view thereof, and Fig. 13C is a bottom plan view thereof. o

25 ~ Fig. 14A and Fig. 14B are diagrams showing the structure of a feed
' holder for feeding electricity to the tool tip in Concrete Example 2, Fig. 14A
is a sectional view thereof, and Fig. 14B is a bottom plan view thereof.

Fig. 15 is a diagram showing characteristic evaluation of the tool tip
in Concrete Example 2.

30 Fig. 16 is a diagram showing a resistance curve of the temperature of
the tool tip in Concrete Example 2.

Fig. 17A to Fig. 17C are diagrams showing the structure of a tool tip

in Concrete Example 3, Fig. 17A is a plan view thereof, Fig. 17B is a front
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I n case of nounting a thernocouple, there has been such a problemthat the
5 t hernocoupl e peels off. In a tool tip whose tenperature response is
qui ckly, further, the tenperature response deteriorates due to addition of
the heat capacity of the thernocouple itself, and it has been inpossible to
apply tenperature control shortening a packaging tinme by making the best
use of its performance. Therefore, it is necessary to enploy a thernoneter
¥0 which is quickly in tenperature response and capabl e of maki ng non-
contact neasurenent. Therefore, a radiation thernoneter of an optical fiber
systemis desirable to be incorporated into an external packagi ng device
which is limted in volunme, Further,  electric _specific resi sﬁanc of a
conduct i ve pélexationalviewdhereof, and Fig. 17C is a bottom plan view thereof.

Fig. 18 is a diagram showing characteristic evaluation of the tool tip
in Concrete Example 3. '
Fig. 19 is a diagram showing a resistance curve of the temperature of
5 the tool tip in Concrete Example 3.
Fig. 20A and Fig. 20B are diagrams showing the structure of a feed
holder for feeding electricity to a tool tip in Concrete Example 4, Fig. 20A is
a sectional view thereof, and Fig. 20B is a bottom plan view thereof.
Fig. 21 is a diagram showing characteristic evaluation of the tool tip
10 in Concrete Example 4.
' Fig. 22A and Fig. 22B are diagrams showing the structure of a tool
tip in Concrete Example 5, Fig. 22A is a plan view thereof, and Fig. 22B is
a sectional view thereof.
Fig. 23A and Fig. 23B are diagrams showing the structure of a feed
15 holder for feeding electricity to the tool tip in Concrete Example 5, Fig. 23A
is a sectional view thereof, and Fig. 23B is a bottom plan view thereof.
Fig. 24A and Fig. 24B are diagrams showing a structure mounting
the tool tip in Concrete Example 5 on the feed holder, Fig. 24Ais a
sectional view thereof, and Fig. 24B is a bottom plan view thereof.
20 Fig. 25 is a diagram showing characteristic evaluation of the tool tip
in Concrete Example 5.

Best Modes for Carrying Out the Invention
 Embodiments of the bonding tool based on the present invention are
25 now described with reference to the drawings.
' First, the structure of a tool tip forming the bonding tool based on the
present invention is described with reference to Fig. 1A to Fig. 1C. '
This tool tip 100 is provided with a substrate 2 and a forward end
surface 3 for pressure bonding on an upper surface side of this substrate 2.
30 A conductive polycrystalline diamond film 1 having conductivity having
specific resistance in the range of at least 1 x 104 Qcm and less than 1 x 103
Qcm is formed by a vapor-phase synthetic method on the forward end
surface 3 of the substrate 2 for pressure bonding and side surxfaces
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15 ° dianond fil mchanges depending on the tenperature and exhibits a
therm stor characteristic, as described above. Therefore, it al so becones
possible to measure the resistance value on the basis of a voltage applied
to the conductive polycrystalline dianond filmand a current value, to
obtain the tenperature of the tool tip and to control the tenperature of
the tool tip 20 through this therm stor characteristic. In this case,
Fncorporation of a tenperature neasuring mechanisminto the feed hol der
beconmes unnecessary. Mre Concrete Exanples of the tool tip and the feed
hol der in the aforenentioned enbodi ments are now described bel ow. 25
[Concrete Exanpl e 1] '
intersecting with the plane of this forward end surface 3. This conductlve

polycrystalline diamond film 1 is applied with its film thickness in the
range of 0.1 pm to 500 pum.
The film thickness and the specific resistance of the conductive
5 polycrystalline diamond film 1 are now described with reference to Fig. 2
" and Fig. 3. If the film thickness of the conductive polycrystalline diamond
film 1 is not more than 0.1 pm, it is difficult to form the same as a
continuous film with its film thickness homogeneous. Since a local
“heating value depends on the film thickness of the conductive
10 polycrystalline diamond film, in-plane temperature distribution abruptly
deteriorates if the film thickness becomes less than 0.1 um, as shown in Fig.
2. :
If the film thickness is in excess of 500 um, on the other hand, the
heat capacity of the tool tip 100 increases and hence the quantity of power
15 required for temperature rise increases and temperature rise and cooling
characteristics get inferior. Further, the cost for forming the conductive
polycrystalline diamond film increases while warping of the material
increases due to stress of the conductive polycrystalline diamond film.
Therefore, a polishing time for attaining flatness abruptly lengthens
20 if the film thickness is in excess of 500 pm as shown in Fig. 3, and the
working cost increases. Therefore, it can be said that the film thickness of
the conductive polycrystalline diamond film is preferably at least 0.1 pm
and not more than 500 pum.
As to the value of the specific resistance, contact resistance with a
25 metal electrode is high to readﬂy spark in energization if the specific
resistance of the conductive polycrystalline diamond film is high. In order
to avoid this, specific resistance of not md_re than 1 x 103 Qcm is necessary.
If an impurity content becomes not more than 1 x 104 Qcm, it comes to
incur deterioration of the film quality of the conductive polycrystalline
30 diamond film and to damage characteristics such as heat conductivity, -
abrasion resistance and the like.
In oxder to quickly increase the temperature of the conductive
polycrystalline diamond film to a prescribed level, on the other hand, it is
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First, -the structure of a tool tip 400 in this Concrete Exanple 1 is
described with reference to Fig. 7Ato Fig. 7C. A conductive
polycrystalline dianmond film1l of about 10 [err]min filmthickness and 8 X
10[err] [err]Jcmin specific resistance to which boron is added as an
I mpurity is 30 deposited by a vapor-phase synthetic nmethod on a surface
of 20 mm x 20 mmof an Si C substrate 2 of 20 nmx 20 mm x 5 mm havi ng one
suction through hole 5 of about 1 nmin dianeter on its central portion.
Thereafter an insulating dianond film6 is further deposited by 50 [err]m
on - 18 -

necessary to apply power of about 500 W to 1 KW to the tool tip with a

power source of 100 V-20 A capacity. Therefore, it is preferable that the

area of the tool pressing surface is generally several 100 mm?, and that the

specific resistance is in the range of at least 1 x 10 Qcm and not more than
I 1 x 102 Qcm, in consideration of the film thickness of the aforementioned
. conductive polycrystalline diamond film. '

In case of structuring the conductive polycrystalline diamond film
from at least two types of films whose contents of boron differ from each
other, for example, forming a conductive polycrystalline diamond film

10 whose content of boron is high on the aforementioned substrate side and
forming a conductive polycrystalline diamond film whose content of boron
is low on this film, it is necessary for the upper layer conductive
polycrystalline diamond film whose content of boron is low that change of a
resistance value is less than 0.01 Q with film thickness change of several

15 pm resulting from polishing. Consequently, it is preferable that the
specific resistance of the conductive polycrystalline diamond is at least 1 x
10! Qcm and not more than 1 x 103 Qcm. Therefore, it can be said
preferable that the specific resistance required to the conductive
polycrystalline diamond film is at least 1 x 10 Qcm and less than 1 x 10

20 Qcm.

By thus employing the conductive polycrystalline diamond film
having the aforementioned film thickness and specific resistance, it comes
to that this conductive polycrystalline diamond film itself resistively
generates heat. Further, this conductive polycrystalline diamond film is

25 excellent in heat conductivity, and homogeneous temperature distribution
is obtained on the surface employed for pressure bonding. Further, it
comes to heat generation of only a part of the conductive polycrystalline

- diamond film coming into contact with a semiconductor chip, whereby the
heat capacity reduces and heat response quii:kens up. _

30 Here, it is known that a conductive polycrystalline diamond film to
which boron is added as an impurity changes to a low resistance state
.under a high temperature since the same is a p-type semiconductor, and
the specific resistance and temperature dependency of the specific
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t he ‘conducti ve pol yer ystalline dianond film 1. Both of the conductive
pol ycrystal line dianmond film1l and the insulating dianond film®6 are forned
by m crowave plasma CVD with net hane and hydrogen as gas. 5 The gas
flowrates inthis filmformation are 5 sccm for nmethane and 500 sccm for
-hydrogen, and di borane of B/C = 20000 ppmwith respect to nethane was added
to the material gas in filmformation of the conductive polycrystalline
di anond film 1. When a conductive polycrystalline dianmond film synthesized
by the 10 sanme conditions was anal yzed by SIMS, boron was contai ned by
2000 ppm
resistance vary with the temperature of boron ((H. Shiomi, J.J.J.B. 30 1363
(1991)). _
The smaller the content of boron is, the higher the specific resistance
of a diamond polycrystal is and the larger a change rate with respect to the
5 temperature is. If the density of an additive is less than 1018 atm-m, the
value of the specific resistance reduces by 10 [Q.cm] (Diamond and related
materials 4,948 (1995)). :
On the other hand, the impurity level degenerates and becomes a
metallic band structure (causes Mott dislocation) if the atom concentration
10 of the added boron exceeds 2000 ppm, whereby it has metallic conductivity.
Namely, it changes to a high resistance state depending on increase of the
temperature, whereby temperature control as a heater becomes easy.
If boron of at least 50000 ppm is added, deterioration of the film -
quality is remarkable and the characteristics of diamond such as high
15  hardness and high heat conductivity are lost. Therefore, the boron
concentration of the conductive polycrystalline diamond film is desirably at
least 100 ppm and less than 50000 ppm.
If the introduction quantity of the fault of the sp2 structure increases,
the specific resistance reduces depending on this in the conductive
20 polycrystalline diamond film. It is difficult to quantitatively know the
fault density of the sp2 structure introduced into the conductive
polycrystalline diamond film. However, it is possible to qualitatively
obtain the fault density of the sp2 structure from the ratio of peak intensity
of a spectrum of 1333 cm! resulting from an sp3 structure of diamond and
25 peak intensity of a broad spectrum in the vicinity of 1540 cm'! resulting
from the sp2 structure. Since the fault concentration is small if this ratio
of peak intensity is less than 0.5, no preferable specific resistance is
obtained although the film quality of the conductive polycrystalline
diamond film is excellent. On the other hand, the film quality of the
30 conductive polycrystalline diamond film deteriorates and no desired
performance is obtained if the ratio of the peak intensity exceeds 10.
As a conductor film of the outermost surface, any of at least one
metal material, which has a high melting point and strong in oxidation
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Thereafter as el ectrodes on side surface parts of the SiC substrate 2, Ti
was.coated by 1 [err]m Pt was coated thereon by 1 [err]m and Au was
further coated on this Pt by 3 [err]m Then, the conductive polycrystalline
di anond film1 becom ng a 15 pressing surface on the forward end of the
tool tip was finished by lapping to be 0.1 [err]min surface roughness Rmax
and 0.01 mmin parallelismw th an opposite surface, for preparing the tool
tip 400 in this Concrete Exanple. Then, with reference to Fig. 8A, Fig. 8B,
Fig. 9A and Fig. 9B, a feed hol der 410 consisting of the structure shown in
Fig. 8A and Fig. 8B is 20 nount ed on external packagi ng equi pnent, for
maki ng this feed hol der_410 nount the tool tip 400 by vacuum sucti on,
Thereaft er aresisjamcarunderg high temperature, selected from a group consisting of Au,

Pt, Ag, Ni, Ta and Cr, or an AgPd alloy or a Pt-Ir alloy which is excellent in

deposition resistance, damage characteristics and insulation recoverability,

or an oxide containing Ag and at least one or more elements selected from a-
5 group consisting of Gd, In, Sn, Zn and Cu, or a metal carbide containing Ag

and W is preferable.

Referring again to Fig. 1A to Fig. 1C, a suction through hole 5
-employed for carrying a semiconductor chip is further provided in this tool

tip 100. Further, electrode metals 4 for feeding electricity to the

10 conductive polycrystalline diamond film 1 are provided on the conductive
polycrystalline diamond film 1 provided on the side surfaces of the
substrate 2.

In the tool tip 100 thus formed, it comes to that the conductive
polycrystalline diamond film 1 resistively generates heat by feeding

15 electricity from the surfaces formed with the electrode metals 4. -Further,
it is possible to make cooling from an outer peripheral portion of the tool tip
100 relaxed by providing these electrode metals 4 only on outer peripheral
portions of an effective area of the tool tip 100 employed for pressure
bonding and making heat generation along the outer peripheral portions.

20 In this case, it becomes possible to supply power only to outer
peripheral portions without providing a complicated circuit pattern by
providing electrode metals 4 of at least four portions and supplying
potential difference between adjacent electrodes as in a tool tip 200 shown
in Fig. 4A to Fig. 4C.

25 The electrode metals 4 are not restricted to the surfaces shown in Fig.
1A to Fig. 1C and Fig. 2 but may be partially formed on a surface opposite
to the forward end surface 3 depending on external packaging equipment.
Therefore, it may simply be a structure capable of feeding electricity to the
conductive polycrystalline diamond film 1 and heat-generating or heating

30 the surface employed for pressure bonding.

On the other hand, the substrate 2 mainly composed of at least one
material selected from a diamond polycrystal synthesized by a vapor-phase -
synthetic method, which strongly adheres to the conductive polycrystalline.
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time from20[err]C to 500[err]C, a cooling time in air cooling from
500[err]C to 80[err]C, tenperature distribution of the forward end surface,
flatness of the forward end surface, and a-state of the tool tip 400 after
a repetitive heating test of 25 100, 000 tinmes were observed with respect
to this tool tip 400. As conparative exanple, a conventional tool tip in
whi ch a vapor- phase synthesized dianond film51 of 1.0 mmin film

t hi ckness was brazed to a heat generating part of an Mo shank 50 mas
prepared as shown in Fig 10, and simlar evaluation was nmade. Fig.

shows the results. As shown in Fig.- It Is understood that

L bt s Pl ﬁ#ﬁ‘* Sorte Wvﬁr@&ﬁ%%@ emplorédal We ' bol 't p
of the convematerial forpringithd substrate 2, and the dimensions of the substrate 2 are
' individually decided from the size of the required tool tip.
In case of such a structure that the conductive polycrystalline
5 diamond film 1 directly comes into contact with the semiconductor chip, it
may happen that an energization current for heat generation leaks to the
semiconductor chip side to break the circuit. In this case, it is possible to
prevent a leakage current by covering an outer layer part of a conductive
polycrystalline diamond film 1 with an insulating diamond film 6 having
10 specific resistance of at least 105 Qcm as in the structure of a tool tip 300
' shown in Fig. 5A to Fig. 5C.

The structure of a feed holder for feeding power to the tool tip is now
described with reference to Fig. 6A and Fig. 6B. Insulating ceramics 10
having high strength forming a base, conductor films 12 for supplying

15 power to the tool tip, a tool tip suction groove 14 and a tool tip suction _
vacuum tube 15 for sucking the tool tip, and a semiconductor chip suction
vacuum tube 16 for the tool tip for sucking a semiconductor chip are
provided, and a temperature measurer 17 for measuring the temperature of
the tool tip is further incorporated. The temperature of the tool tip

20 “measured by this temperature measurer 17 is fed back to a temperature
control mechanism.

Further, low heat conduction insulating ceramics 18 whose heat
conductivity is low is employed in a contact part with an external device,
for heat insulation frpm the external device. In addition, metal electrodes

25 19 on which metal films whose high temperature oxidation resistance is
strong are mounted for feeding to the conductor films 12.

As to the low heat conduction insulating ceramics 18, that having
high strength whose heat conductivity is small and not more than 50 W/mk
for reducing heat capacity of a heater part is desirable since it is necessary

30 to apply a load in packaging of the semiconductor chip.

In case of employing an insulating diamond polycrystal for the
substrate 2 of the tool tip here, it also becomes possible to utilize the
surface of the substrate 2 opposite to the surface covered with the
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equivalent results in the tenperature distribution of 500[err]C and the -
19- repetitive heating test of 100,000 times. Wile the conventional
tool tip required 45 mnutes for nmounting on equi pnent here, it becones
possible to nmount the tool tip in Concrete Exanple of this tinme in about
one mnute since the parallelismof a 5 . nounting surface to the

equi pnent and the surface enployed for pressure bonding is kept.

conductive polycrystalline diamond film 1 as the surface for pressuré-
bonding the semiconductor chip. _
In temperature measurement of a tool tip of a conventional structure
in case of mounting a thermocouple, there has been such a problem that the
5 thermocouple peels off. In a tool tip whose temperature response is
quickly, further, the temperature response deteriorates due to addition of
the heat capacity of the thermocouple itself, and it has been impossible to
apply temperature control shortening a packaging time by making the best
use of its performance. Therefore, it is necessary to employ a thexrmometer
10 which is quickly in temperature response and capable of making non-
| contact measurement. Therefore, a radiation thermometer of an optical
fiber system is desirable to be incorporated into an external packaging
device which is limited in volume.
Further, electric specific resistance of a conductive polycrystalline
15 diamond film changes depending on the temperature and exhibits a
thermistor characteristic, as described above. Therefore, it also becomes
possible to measure the resistance value on the basis of a voltage applied to
the conductive polycrystalline diamond film and a current value, to obtain
the temperature of the tool tip and to control the temperature of the tool tip

20 through this thermistor characteristic. In this case, incorporation of a
temperature measuring mechanism into the feed holder becomes
unnecessary.

More Concrete Examples of the tool tip and the feed holder in the

aforementioned embodiments are now described below.
25 [Concrete Example 1]

First, the structure of a tool tip 400 in this Concrete Example 1 is
described with reference to Flg. 7A to Fig. 7C. A conductive
polycrystalline diamond film 1 of about 10 pm in film thickness and 8 x 10
Qcm in specific resistance to which boron is added as an impurity is

30 deposited by a vapor-phase synthetic method on a surface of 20 mm x 20
mm of an SiC substrate 2 of 20 mm x 20 mm x 5 mm having one suction
through hole 5 of about 1 mm in diameter on its central portion.

~ Thereafter an insulating diamond film 6 is further deposited by 50 pm on
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Further, tool tips of the same shape shown in Fig. 7Ato Fig. 7C were
prepared in 11 types while changing the specific resistance values, film

t hi cknesses and boron contents of conductive polycrystalline di anond fil ns
10 for making evaluation. Fig. 12 shows the results. Boron contents were
obt ai ned by anal yzi ng sanpl es prepared under the sane conditions by SIM5.
Results of tenperature rise from20[err]C to 500[err]C, cooling from
500[err]C to 80[err]C, in-plane tenperature distribution at 500[err]C, and
surface state observation by x50 m croscope observation after an endurance
test after 15 1, 000, 000 cycl e heating are shown. As understood from Fig.
12, there was no one capable of attaining sufficient performance in al

char act er i st tnécoﬁuﬁéwvé yelyshallRle Wanidialsas, 5. 6 and 7. Also from

these data, ther ehortﬁ of e conductive polycrystalline diamond film 1 and the
insulating diamond film 6 are formed by microwave plasma CVD with
methane and hydrogen as gas. '

5 The gas flow rates in this film formation are 5 sccm for methane and
500 sccm for hydrogen, and diborane of B/C = 20000 ppm with respect to
methane was added to the material gas in film formation of the conductive
polycrystalline diamond film 1.

When a conductive polycrystalline diamond film synthesized by the

10 same conditions was analyzed by SIMS, boron was contained by 2000 ppm.

Thereafter as electrodes on side surface parts of the SiC substrate 2,
Ti was coated by 1 pm, Pt was coated thereon by 1 pm, and Au was further
coated on this Pt by 3 um.

Then, the conductive polycrystalline d1amond film 1 becoming a

15 pressing surface on the forward end of the tool tip was finished by lapping
to be 0.1 pm in surface roughness Rmax and 0.01 mm in parallelism with
an opposite surface, for preparing the tool tip 400 in this Concrete Example.

Then, with reference to Fig. 8A, Fig. 8B, Fig. 9A and Fig. 9B, a feed
holder 410 consisting of the structure shown in Fig. 8A and Fig. 8B is

20 mounted on external packaging equipment, for making this feed holder 410
mount the tool tip 400 by vacuum suction. Thereafter a temperature rise
time from 20°C to 500°C, a cooling time in air cooling from 500°C to 80°C,
temperature distribution of the forward end suxface, flatness of the forward
end surface, and a state of the tool tip 400 after a repetitive heating test of

25 100,000 times were observed with respect to this tool tip 400.

As comparative example, a conventional tool tip in which a vapor-
phase synthesized diamond film 51 of 1.0 mm in film thickness was brazed
to a heat generating part of an Mo shank 50 was prepared as shown in Fig.
10, and similar evaluation was made. Fig. 11 shows the results.

30 - As shown in Fig. 11, it is understood that the tool tip in this Concrete
Example is superior in all valuation points except that both of the tool tip
in this Concrete Example and the tool tip of the conventional form had
equivalent results in the temperature distribution of 500°C and the
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is understood preferable that the specific resistance of the conductive

pol ycrystal line dianond filmenployed for the tool tip is at least 1 X
10[err] 20 [err]cmand less than 1 x 10[err] [errJcmand the film
thickness is at least 0.1 [err]mand not nore than 500 [err]m [Concrete
Exanpl e 2] Concrete Exanple 2 is now described. Referring to Fig. 13A to
Fig. 13C, a conductive polycrystalline 25 dianmond film1l of 8 [err]min
filmthickness and 8 x 10[err] [err]Jcmin specific resistance to which
boron was added as an inpurity was deposited by a vapor-phase synthetic

met hod on a substrate 2 consisting of insulating polycrystalline dianond of
12 Mmx 12 mMmx 0.3 mMmin a tool tip 420 in

repetitive heating test of 100,000 times. _
- While the conventional tool tip required 45 minutes for mounting on
equipment here, it becomes possible to mount the tool tip in Concrete
Example of this time in about one minute since the parallelism of a
5 mounting surface to the equipment and the surface employed for pressure
bonding is kept.

Further, tool tips of the same shape shown in Fig. 7A to Fig. 7C were
prepared in 11 types while changing the specific resistance values, film |
thicknesses and boron contents of conductive polycrystalline diamond films

10 for making evaluation. Fig. 12 shows the results. Boron contents were
obtained by analyzing samples prepared under the same conditions by
SIMS. Results of temperature rise from 20°C to 500°C, cooling from 500°C
to 80°C, in-plane temperature distribution at 500°C, and surface state -
observation by x50 microscope observation after an endurance test after
15 1,000,000 cycle heating are shown. As understood from Fig. 12, there was
. no one capable of attaining sufficient pexrformance in all characteristics in
the tool tips other than Nos. 5, 6 and 7. Also from these data, therefore, it
is understood preferable that the specific resistance of the conductive
polycrystalline diamond film employed for the tool tip is at least 1 x 104 -
20 Qcm and less than 1 x 103 Qcm and the film thickness is at least 0.1 pm
and not more than 500 ym.
. [Concrete Example 2]
Concrete Example 2 is now described.
Referring to Fig. 13A to Fig. 13C, a conductive polycrystalline
25 diamond film 1 of 8 pm in film thickness and 8 x 10 Qcm in specific
resistance to which boron was added as an impurity was deposited by a
vapor-phase synthetic method on a substrate 2 consisting of insulating
polycrystalline diamond of 12 mm x 12 mm x 0.3 mm in a tool tip 420 in
this Concrete Example 2.
.30 As to growth of a boron-added layer, film formation was performed
by thermal filament CVD with methane, hydrogen and trimethyl boron of
5000 ppm with respect to methane as material gas.
When a conductive polycrystalline diamond film synthesized by the
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this Concrete Exanple 2. 30 As to gromh of a boron-added | ayer,
filmformation was perfornmed by thermal. filanment CVD with nethane, hydrogen
and trinmethyl boron of 5000 ppmw th respect to nethane as material gas. '
When a conductive polycrystalline dianond filmsynthesized by the - 20 -
sanme conditions was anal yzed by SI M5, boron was contained by 800 ppm After
formati on of the conductive polycrystalline di anond film1, a

&

same conditions was analyzed by SIMS, boron was contained by 800 ppm.

After formation of the conductive polycrystalline diamond film 1, a
suction through hole 5 of about 1 mm in diameter was formed on a central
portion of the substrate 2 by excimer laser beam machining.

5 After forming the suction through hole 5, Ti was coated by 1 pm on
the conductive polycrystalline diamond film 1 as an electrode, Mo was
coated thereon by 2 pm, Au was coated further thereon by 3 um, and finally
NI was coated by 1 pm. An opposite surface of the surface of the substrate
2 covered with the conductive polycrystalline diamond film 1 was finished

10 into 0.1 pm in Rmax, for preparing the tool tip 420 in this Concrete
Example.

As shown in Fig. 14A and Fig. 14B, a feed holder 430 is mounted on
equipment for external packaging, for making this feed holder 430 mount
the tool tip 420 by vacuum suction. Thereafter a temperature rise time

15 from 20°C to 600°C, a cooling time in air cooling from 600°C to 80°C,
temperature distribution of the forward end surface, flatness of the forward
end surface and a state of the tool tip after repetitive heating of 100,000
times were observed. As comparative example, evaluation was made by
employing the tool tip of the conventional form shown in Fig. 10. While a

20 method of mounting a thermocouple to a metal shank part by spot welding
was employed for temperature control of the conventional tool tip, it was

- ' made through change of the resistance value of conductive diamond

resulting from the temperature in the tool tip in this Concrete Example.
Fig. 15 shows the results. Fig. 16 shows a resistance curve of the

25 temperature of the tool tip in this Concrete Example.

As understood from Fig. 15 and Fig. 16, it was recognized that the
tool tip of this Concrete Example was superior in all points except the
results of the tool tip of this Concrete Example and the tool tip of the
conventional form in the temperature distribution of 600°C.

30 [Concrete Example 3]

Concrete Example 3 is now described.

With reference to Fig. 17A to Fig. 17C, the structure of a tool tip 440
in this Concrete Example is described. A conductive polycrystalline
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suction through hole 5 of about 1 mmin dianeter was forned on a central
portion of the substrate 2 by excinmer |aser beam nmachining. 5 ' Af ter
form ng the suction through hole 5, Ti was coated by 1 [err]mon the
conductive polycrystal'line dianond film1 as an el ectrode, M was coated
thereon by 2 [err]m Au was coated further thereon by 3 [err]m and finally
Nl was coated by 1 [err]m An opposite surface of the surface of the
substrate 2 covered with the conductive polycrystalline dianond film1l was
finished 10 into 0.1 [err]min Rrax, for preparing the tool tip 420 in
this Concrete Exanple. As shown in Fig. 14A and Fig. 14B, a feed hol der 430
I's mounted on equi-pnment for external packaging, for maeking this feed hol der

430 nount  diamond film 1 of about 10 pm in film thickness and 1 x 103 Qcm in specific
resistance containing a crystal fault synthesized and obtained with high
methane concentration is deposited on a surface of 20 x 20 mm of an SiC
substrate 2 of 20 mm x 20 mm x 3 mm having one suction through hole 5 of

5 about 1 mm in diameter on its central portion.
Thereafter an insulating diamond film 6 is deposited on a surface
opposite to the conductive polycrystalline diamond film 1 by about 50 pm.
Both of the conductive polycrystalline diamond film 1 and the insulating
diamond film 6 were synthesized by microwave plasma CVD with methane

10 and hydrogen as material gas. The methane flow rate in film formation of
the conductive polycrystalline diamond film 1 was 50 sccm, and that of
hydrogen was 500 sccm.

In this conductive polycrystalline diamond film 1, a peak in the
vicinity of 1500 cm-! exhibiting an sp2 structure was observed to about the
15 same extent as a peak of 1333 cm! exhibiting an sp3 structure of diamond
by Raman spectroscopic analysis.
As electrodes on the conductive polycrystalline diamond film 1, Ti of
1 pm, Pt of 1 ym and Au of 3 um were coated in superposition, and Ta was
coated further thereon by 0.5 um. The insulating diamond film 6
20 becoming a pressing surface on the forward end of the tool tip was finished
into 0.1 ym in surface roughness Rmax and 0.01 mm in parallelism with
the opposite surface by lapping, for preparing the tool tip 440 based on this
Concrete Example.
The tool tip 440 consisting of this structure was mounted on the feed
25 holder 430 shown in Fig. 14A and Fig. 14B by vacuum suction, and this
feed holder 430 was mounted on equipment for external packaging, for
making the same evaluation as Concrete Example 1. Fig. 18 shows the
results.
It exhibited performance substantially identical to that employing a
30 conductive polycrystalline diamond film to which boron was added as an
impurity, and it was recognized that the tool tip in this Concrete Example

also attains an effect equivalent to that of the tool tip of Concrete Example
1.
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the'tool tip 420 by vacuum suction. Thereafter a tenperature rise tinme 15
from20[err]Cto 600[err]C, a cooling tinme in air cooling from600[err]Cto
80[err]C, tenperature distribution of the forward end surface, flatness of
the forward end surface and a state of the tool tip after repetitive
heating of 100,000 tinmes were observed. As conparative exanple, evaluation
- was nmade by enploying the tool tip of the conventional formshown in Fig.
10. Wile a 20 nmet hod of nmounting a thernocouple to a netal shank part

~ by spot wel ding was enpl oyed for tenperature control of the conventional
~tool tip, it was made through change of the resistance value of conductive
di anond resulting fromthe tenperature in the tool tip in this Concrete

Exanmple. Fig. 15 piuieefe®xa@pld 4. Fig. 16 shows a resistance curve of the
A tool tip of the same shape as Concrete Example 3 shown in Fig.
17A to Fig. 17C was prepared. However, a conductive polycrystalline
diamond film was formed by thermal filament CVD with methane,

5 hydrogen and trimethyl boron of B/C = 10000 ppm with respect to methane
as material gas. Itis about 10 pm in film thickness, and 3 x 102 Qem in
specific resistance.

 Boron was contained by 10000 ppm when this conductive
polycrystalline diamond film was analyzed by SIMS, the higher the
10 temperature rises, the higher resistance it attains, and the resistance value
becomes constant when the temperature is in excess of 600 K, as shown in
Fig. 19. .
"Ti was coated by 1 pm in electrode parts, and Pt was coated thereon
by 2 pm.

15 The tool tip consisting of this structure was mounted on a feed holder
450 shown in Fig. 20A and Fig. 20B by vacuum suction, and this feed
holder 450 was mounted on equipment for packaging. Thereafter the
same evaluation as Concrete Example 3 was made. Fig. 21 shows the
results.

20 While the same potential is applied to the electrodes positioned on
the opposite angles of the tool tip in the feed holder 430 shown in Fig. 14A
and Fig. 14B, different potentials can be supplied to the respective ones of
four electrodes in the feed holder shown in Fig. 20A and Fig. 20B. Power
was adjusted and temperature control was performed to potentials

25 supplying resistance values between the respective electrodes in total.
Therefore, it becomes possible to further homogenize in-plane temperature
distribution of the tool tip by suppressing overshoot in temperature rise to
not more than 5°C. In this feed holder 450, the tool tip temperature was
measured with an optical fiber radiation thermometer 21, for controlling

30 the tool tip temperature. Therefore, an extremely excellent temperature
rise characteristic was obtained by making the best use of the high
temperature response of the tool tip. As shown in Fig. 21, the temperature
distribution is superior to that of the tool tip of Concrete Example 1, and it
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25  tenperature of the tool tip in this Concrete Exanple. As understood
fromFig. 15 and Fig. 16, it was recognized that the tool tip of this
Concrete Exanple was superior in all points except the results of the tool
tikp of this Concrete Exanple and the tool tip of the conventional formin
the tenperature distribution of 600[err]C. 30 [ Concrete Exanple 3]
"Concrete Exanple 3 is now described. Wth reference to Fig. 17A to Fig.
17C, the structure of a tool tip 440 in this Concrete Exanple is described.
..A conductive polycrystalline -21 -

has equivalent performance as to the remaining items.
[Concrete Example 5]
Concrete Example 5 is now described.
Referring to Fig. 22A and 22B, an insulating polycrystalline diamond
5 film 6 of about 50 pm in film thickness was deposited on an upper surface
of an Si substrate 2 of 10 mm x 10 mm x 3 mm and two layers of conductive
polycrystalline diamond films 1 to which boron was added as an impurity
were deposited on its opposite surface in a tool tip 460 in this Concrete
Example. The first layer was rendered 5 pm in film thickness and 4 x 10
10 Qcm in specific resistance, and the second layer was rendered 10 pm in film -
thickness and 1 x 10 Qcm in specific resistance.
Both of the conductive polycrystalline diamond films 1 and the
insulating polycrystalline diamond film 6 were synthesized by filament
CVD with methane and hydrogen as material gas. Further, trimethyl
15 boron was eniployed as material gas for the conductive polycrystalline
diamond films, so that B/C was 20000 ppm in the first layer and not more
than 1/3 thereof in the second layer.
When conductive polycrystalline diamond films synthesized under
the same conditions were analyzed by SIMS, boron was contained in the
20 - firstlayer by 8000 ppm, and boron was contained in the second layer by
100 ppm. '
- After formation of the conductive polycrystalline diamond films 1, a
. suction through hole 5 of about 0.5 mm in diameter was formed at the
center of the substrate 2 by laser beam machining. After forming the
25 suction through hole 5, four side surfaces of the substrate 2 were worked in
taper shapes, the insulating polycrystalline diamond film 1 was rendered
0.1 pm in Rmax by lapping, and the conductive polycrystalline diamond
films 1 were removed by 5 um and finished into 0.2 ym in Rmax.
Further, Ti of 0.2 ym and Ni of 0.5 pm were coated on the conductive
30 polycrystalline diamond films 1 as electrodes, and AgCdO worked into
sheet shapes of 3 mm x 3 mm x 0.1 mm was heated to about 650°C in a
heating furnace and brazed thereon, for providing conductor films 4.
Further, a ceramic base 7 provided with a through vacuum tube for

-924.



diamond-film 1 of about 10 [err]min filmthickness and 1 x 10[err] [err]cm
in specific resistance containing a crystal fault synthesized and obt ai ned
wi th high nmethane concentration is deposited on a surface of 20 x 20 nmm of
an Si C substrate 2 of 20 nmx 20 mm x 3 nm havi ng one suction through hole
5 of 5 about 1 mmin dianmeter on its central portion. Thereafter an
insulating diamond film®6 is deposited on a surface opposite to the
conductive polycrystalline dianond film1l by about 50 [err]m Both of the
conductive polycrystalline dianond film1l and the insulating dianmond film§®6
wer e synt hesi zed by m crowave plasma CVD with net hane

sucking a semiconductor chip on a central portion was prepared by silicon
nitride, the substrate 2 was held by this and set plates 8 whose side
surfaces were worked into taper shapes, and four portions were fixed with -
set screws 9. Through holes were provided in four portions on positions of

5 the ceramic base 7 coming into contact with the substrate 2 and AgCdO
was press-fitted into the interior for providing feed electrodes 10 and
preparing the tool tip. '

On this tool tip 460, evaluation similar to thatin Concrete Example
1 was made with a feed holder 470 shown in Fig. 23A, Fig. 23B, Fig. 24A

10 and Fig. 24B. Fig. 25 shows the results. Consequently, it became
possible to improve flatness of a pressing surface.

The embodiments disclosed this time must be considered illustrative
in all points and not restrictive. The scope of the present invention is
shown not by the above description but the scope of claim for patent, and it

15 is intended that all modifications within the meaning and the range
equivalent to the scope of claim for patent are included.

Industrial Availability
. The present invention is advantageously applicable to a tool tip
20 employed for packaging a semiconductor chip on a substrate and a bonding
tool comprising the tool tip and a control method for the bonding tool.

-925.



10 ~ and ogen as material gas. The methane flowrate in filmformation
of the conduct i ve rystal line dianmond film1l was 50 sccm and that of
hydrogen vva s. conductive polycrystalline dianond film1, a

peak. in the cnferr] exhibiting an sp2 structure was
observed to aboU ﬂsarre extent as a peak of 1333 cnferr]

exhi biting an sp3 strucfur of di anond by Ranman spectroscopi c anal ysis. As
et ectrodes on the conductive polycrystalline diamond film1l, Ti of 1
[errfm Pt of 1 [err]mand Au of 3 [err]mwere coated in superposition, and
Ta was coated further thereon by 0.5 [err]m The insulating dianond film®6 -
20 becom ng a pressing surface on the forward end of the tool tip was

finished CLAIMS

1. In abonding tool employing a vapor-phase synthesized conductive
polycrystalline diamond film on a forward end portion for pressure bonding,
b a tool tip having: '

a substrate mainly composed of at least one matenal selected from a
group consisting of a diamond polycrystal, Si, SiC, AIN, SlaN4 and single-
crystalline diamond,;

said conductive polycrystalline diamond film applied to a surface

10 employed for pressure bonding, a surface opposite to this surface or at least
two side surfaces intersecting with these surfaces on said substrate, being
in the ranges of at least 1 x 10~ Qcm and less than 1 x 103 Qcm in specific
resistance and at least 0.1 pm and not more than 500 pm in film thickness;

and

15 a metal film applied onto said conductive polycrystalline diamond
film for introducing power into said conductive polycrystalline diamond
film. ‘ '

2. The tool tip in accordance with claim 1, further having at least one or
20 more suction through holes provided from said surface employed for said
pressure bonding up to the opposite surface of said surface.

3. The tool tip in accordance with claim 1, wherein said conductive
polycrystalline diamond film is a film formed by addition of an impurity.

25 .
4. The tool tip in accordance with claim 3, wherein said impurity is boron.
5. The tool tip in accordance with claim 1, wherein said conductive
. polycrystalline diamond film is a film formed by introduction of a fault.
30

6. The tool tip in accordance with claim 5, wherein said fault has an sp2
structure.
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intd 0.1 [err]min surface roughness Rrax and 0.01 mmin parallelismwth

t he opposite sur appi ng, for preparing the tool tip 440 based on

this Concw Wﬂ@ | e. The tool tip 440 consisting of this structure was
a,

mount ed o ”ﬂﬂ’m EOl der 430 shown in Fig. 14A and Fig. 14B by
vacuum suct* o I " ed hol der 430 was nounted on equi pnent for

external packaging, for rtaki ng the sanme eval uation as .Concrete Exanple 1.
Fig. 18 shows the results. It exhibited performance substantially identical
to that enploying a 30 conductive polycrystalline dianmond filmto which
boron was added as an inpurity, and it was recogni zed that the tool tip in
this Concrete Exanple

7. The tool tip in accordance with claim 1, wherein surface roughness of
said conductive polycrystalline diamond film is at least 0.1 pm and not
more than 10 pym.

5 8. The tool tip in accordance with claim 1, further having a polycrystalline
diamond film having specific resistance of at least 10° Qcm, whose film
thickness is at least 1 pm and less than 1000 um, on said conductive
polycrystalline diamond film formed at least on said surface of said
substrate employed for pressure bonding.

10
9. The tool tip in accordance with claim 1, wherein said surface of said
substrate employed for pressure bonding and the surface opposite to this
surface are parallel to each other, and the parallelism is within 0.1 pm with
reference to said surface employed for said pressure bonding.

15 o '

10. The tool tip in accordance with claim 4, wherein at least 100 ppm and

not more than 50000 ppm of boron is added to said conductive

polycrystalline diamond film. o

20 11. The tool tip in accordance with claim 6, wherein said conductive
polycrystalline diamond film is formed by introducing a fault having an sp2
structure, and the ratio (sp2/sp3) of maximum values of sp2 and sp3 peaks

- of a Raman spectrum is at least 0.5 and not more than 10.

25 12. The tool tip in accordance with claim 1, wherein said metal film is of
at least two layers, and the outermost surface layer is any of a pure metal
of any of Au, Pt, Ag, Ni, Ta and Cr or an alloy by a combination of at least
two among these, or AgPd, a Pt-Ir alloy, or an oxide containing Ag and at

least one element of Cd, In, Sn, Zn and Cu or a metal carbide containing Ag
30 and W. : '

13. The tool tip in accordance with claim 1, further providing supply. of
power/at least four portions of independent metal layers on an outer
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al so attains an effect equivalent to that of the tool tip of Concrete

Exanpl e I 22 - [Concrete Exanpl e 4] A tool tip of the sanme shape as

Conérete i Fig. 17Ato Fig. 17C was prepared. However, a

conductive ﬂmm d| amond filmwas forned by thermal filanment CVD
wi t h net hane, sogen and trinmethyl boron of B/C = 10000 ppmw th

respect t o net hane

-

10

15

20

25

30

peripheral portion of the tool tip, in order to supply power to an effective
area outer peripheral portion of said conductive polycrystalline diamond
film employed for pressure bonding.

14. The tool tip in accordance with claim 10, wherein said conductive
polycrystalline diamond film is formed from at least two types of films
whose contents of boron differ from each other, for providing a conductive
polycrystalline diamond film whose content is high on a side close to said
substrate and providing a conductive polycrystalline diamond layer whose
content is low thereon.

15. Abonding tool employing a vapor-phase synthesized conductive
polycrystalline diamond film on a forward end portion for pressure bonding,
having:

* a tool tip having a substrate mainly composed of at least one
material selected from a group consisting of a diamond polycrystal, Si, SiC,
AlN, SisN4 and single-crystalline diamond, :

said conductive polycrystalline diamond film applied to a surface
employed for pressure bonding, a surface opposite to this surface or at least
two side surfaces intersecting with these surfaces on said substrate, and

a metal film applied onto said conductive polycrystalline diamond
film for introducing power into said conductive polycrystal]me diamond
film; and :

a feed holder having a metal electrode for feeding electricity to said
tool tip and a ceramic base for supporting this metal electrode.

16. The bonding tool in accordance with claim 15, wherein said feed
holder has a vacuum suction groove for sucking said tool tip, at least one
suction through hole communicating with this vacuum suction groove,
conductor films of at least two portions for supplying power to said tool tip,
a first insulating ceramics part of less than 3 pm in flatness of a surface
coming into contact with said tool tip, a second insulating ceramics part |
being low in heat conductivity and having an insulation property, and a
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as material gas. It is about 10 [err]min filmthickness, and 3 x 10[err]

[err]cm |ch Boron was cont ai ned by 10000 ppm when this
conducti ve pol ycr sta di anond fil mwas anal yzed by SIMS, the higher
t-he 10 Nm“m M! m the higher resistance it attains, and the
resi stance stant when the tenperature is in excess of 600
K, as shown in Flg 19 Ti was coated by 1 [err]min electrode parts, and
Pt was coated thereon by 2 [err]m 15 The tool tip consisting of
this structure was mounted on a feed hol der 450 shown in Fig. 20A and Fig.
20B by vacuum suction, and this feed

metal part covered with a metal film for preventing oxidation on its surface.

17. The bonding tool in accordance with claim 16, wherein said metal film
. is of at least two layers, and the outermost surface layer is any of a pure
5 metal of any of Au, Pt, Ag, Ni, Ta and Cr or an alloy by a combination of at
least two among these, or AgPd, a Pt-Ir alloy, or an oxide containing Ag and
at least one or more elements of Cd, In, Sn, Zn and Cu or a metal carbide
containing Ag and W. '

10 18. A control method for a bonding tool having a tool tip formed with a
vapor-phase synthesized conductive polycrystalline diamond film on its
forward end surface, measuring change of electric resistance of said

conductive polycrystalline diamond film and performing temperature
adjustment of the bonding tool.
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hol der .450 was nounted on equi pnent for packagi ng. Thereafter the sane

eval uation as Concrete Exanple 3 was nade. Fig. 21 shows the results. 20
While the sane potential is applied to the el ectrodes positioned on the
opposite angles of the tool tip in the feed holder 430 shown in Fig. 14A
and Fig. 14B, different potentials can be supplied to the respective ones
of four electrodes in the feed holder shown in Fig. 20A and Fig. 20B. Power
was adj usted and tenperature control was perforned to potentials 25
suppl yi ng resi stance val ues between the respective electrodes in total.
Therefore; it becomes possible to further honogeni ze in-plane tenperature
distribution of the tool tip by suppressing overshoot in tenperature rise

to ABSTRACT

A conductive polycrystalline diamond film having specific resistance

= of at least 1 x 104 Qm and less than 1 x 108 Qm, whose film thickness is in

5 the range of at least 0.1 um and not more than 500 pm, is film-formed by
vapor-phase synthesis on a surface employed for pressure bonding, a
surface opposite to this surface or at least two side surfaces intersecting
with these surfaces on a substrate.

‘ o 5
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not nmore than 5[err]C In this feed holder 450, the tool tip tenperature
was neasured with an optical fiber radiation thernmoneter 21, for
controlling 30 the tool tip tenperature. Therefore, an extrenely

excell ent tenperature rise characteristic was obtained by naking the best
use of the high tenperature response of -the tool tip. As shown in Fig. 21,
the tenperature distribution is superior to that of the tool tip of

Concrete Exanple 1, and it - 23 - has equi val ent performance as to the
remaining itens.
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[ Concrete Exanple 5] Concrete Exanple 5 is now described. Referring to Fig.
22A and 22B, an insulating polycrystalline dianond 5 film®6 of about 50
[err]min filmthickness was deposited on an upper surface of an Si '
substrate 2 of 10 rmx 10 mMm x 3 mm and two | ayers of conductive

pol ycrystalline dianmond filnms 1 to which boron was added as an inpurity
were deposited on its opposite surface in a tool tip 460 in this Concrete
Exanpl e. The first layer was rendered 5 [errJmin filmthickness and 4 x
10[err] 10 [errJcmin specific resistance, and the second | ayer was
rendered 10 [err]min filmthickness and 1 x 10[err] [err]Jcmin specific
resi stance. Both of the conductive polycrystalline dianond filnms 1 and the
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i nsul ating polycrystalline dianmond film6 were synthesized by filament CVD
w th nmet hane and hydrogen as material gas. Further, trinmethyl 15 bor on
was enpl oyed as material gas for the conductive ‘polycrystalline dianond
films, so that B/ C was 20000 ppmin the first layer and not nore than 1/3
t hereof in the second | ayer. \Wen conductive polycrystalline dianond fil ns
synt hesi zed under the sane conditions were anal yzed by SIMS, boron was
contained in the 20 first layer by 8000 ppm and boron was contained in
t he second | ayer by 100 ppm After formation of the conductive

pol ycrystalline dianmond filnms 1, a suction through hole 5 of about 0.5 mMm

i n di ameter mafﬁ&ggagq at the 200
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center -of the substrate 2 by | aser beam machi ning. After formng the 25
suction through hole 5, four side surfaces of the substrate 2 were worked
in taper shapes, the insulating polycrystalline dianond film 1l was rendered
0-1 [err]min Rmax by | apping, and the conductive pol ycrystalline di anond
films 1 were renoved by 5 [err]mand finished into 0.2 [err]min Rmax.
Further, Ti of 0.2 [errJmand Ni of 0.5 [err]mwere coated on the
conductive 30 polycrystalline dianmond filns 1 as el ectrodes, and AgCdO
wor ked into sheet shapes of 3 Mmx 3 nmx 0.1 nmwas heated to about
650[err]Cin a h Lé£g£&urnace and brazed thereon, for pogvi di ng conductor
films 4. Further?e mc base 7 provided with a thr;?gﬁ'vacuunltube for
-24 - '
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sucki ng a sem conductor chip on a central portion was prepared by silicon
nitride, the substrate 2 was held by this and set plates 8 whose side

surfaces were worked into taper shapes, and four portions were fixed with
set screws 9. Through holes were provided in four portions on positions of

5 the ceram c base 7 conmng into contact with the substrate 2 and AgCdO -

was press-fitted into the interior for providing feed el ectrodes 10 and

preparing the tool tip. On this tool tip 460, evaluation sinilar to that in

Concrete Exanple
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1 was nmade with a feed holder 470 shown in Fig. 23A, Fig. 23B, Fig. 24A 10
and Fig. 24B. Fig. 25 shows the results. Consequently, it becane possible
to inprove flatness of a pressing surface. The enbodi nents disclosed this

time nmust be considered illustrative in all points and not restrictive. The
scope of the present invention is shown not by the above description but
the scope of claimfor patent, and it 15 IS intended that al

nodi fications within the neaning and the range equivalent to the scope of
claimfor patent are included. Industrial Availability The present
I nvention is Zﬂﬁggta eously applicable to a tool tip 20 enpl oyed for
packaging a s Al ct or chip on a substrate and a bondi ng
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tool conprising the tool tip and a control nethod for the bonding tool. -25
- CLAIMS 1. In a bonding tool enploying a vapor-phase synt hesi zed
conductive polycrystalline diamond filmon a forward end portion for
pressure bonding, 5 a tool tip having: a substrate mainly conposed of at
| east one material selected froma group consisting of a dianond
polycrystal, Si, SIC, AIN, Si[err]Nerr] and single-

FIG.8A
(~)
O
16
15
0 - 18
o\
N N 10
4_19/ 19
FIG.8B
12
" 16
I
. } 14
7 /j::'15
TR Jé
419




crystallline dianond; said conductive polycrystalline dianond film applied
to a surface 10 enpl oyed for pressure bonding, a surface opposite to
this surface or at least two side surfaces intersecting with these surfaces
on said substrate, being in the ranges of at least 1 x 10[err] [err]cm and
|l ess than 1 x 10[err] [err]cmin specific resistance and at least 0.1
[err]mand not nore than 500 [err]min filmthickness; and 15 a
metal filmapplied onto said conductive polycrystalline diamond filmfor

i ntroduci ng power into said conductive polycrystalline diamond film 2. The
tool tip in accordance with claim1, further having at |east one or
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20 nore suction through holes provided fromsaid surface enpl oyed for
sai d pressure bonding up to the opposite surface of said surface. 3. The
tool tip in accordance with claim 1, wherein said conductive '

pol ycrystalline dianmond filmis a filmformed by addition of an inpurity.
25 4. The tool tip in accordance with claim3, wherein said inpurity is
boron. 5. The tool tip in accordance with claim 1, whereitn said conductive
pol ycrystalline diamond filmis a filmformed by introduction of a fault.
30 6. The tool tip in accordance with claimb5, wherein said fault has an
Sp2 structure.

FIG.10
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FIG.11
EVALUATED ITEM TOOL TIP OF TOOL TIP OF

PRESENT CONVENTIONAL

INVENTION FORM
TEMPERATURE RISE 1.2 SECONDS 6.5 SECONDS
TIME FROM 20°C TO 500°C :
COOLING TIME FROM 9 SECONDS 35 SECONDS
500C TO 80°C
TEMPERATURE 8C 8C
DISTRIBUTION (500°C)
FLATNESS (500C) 0.5 zm CONCAVE | 2.5 zm CONCAVE
STATE OF TOOL TIP NORMAL IN NORMAL IN
AFTER REPETITIVE OBSERVATION OBSERVATION -
HEATING TEST OF WITH X50 WITH X50
100,000 TIMES ' MICROSCOPE MICROSCOPE




| east 1

| east 0.1

tip in accordance with

wherein surface

8. The t ool

[err]cm whose filmthickness is at

| east on said surface of said

tip in accordance with claim1,
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havi ng a pol ycrystalline dianond fil m having specific

| east 10[err]

* 7. The tool
further
resi stance of at

[err]mand | ess than 1000 [err]m on said conductive polycrystalline
dianond filmforned at

roughness of said conductive polycrystalline dianond filmis at

[err]mand not nore than 10 [errJm 5

-26 -
claim1,

clOld




substrate enpl oyed for pressure bonding. 10 9. The tool tip in accordance
wth claiml1l, wherein said surface of said substrate enpl oyed for pressure
bondi ng and the surface opposite to this surface are parallel to each
other, and the parallelismis within 0.1 [errfmwith reference to said
surface enpl oyed for said pressure bonding. 15 10. The tool tip in
accordance with claim4, wherein at |east 100 ppm and not nore than 50000 .
ppm of  boron is added to said conductive polycrystalline dianond film 20 -
11. The tool tip in accordance with claim®6, wherein said conductive
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pol ycrystalline dianmond filmis formed by introducing a fault having an sp2
structure, and the ratio (sp2/sp3) of maxi num val ues of sp2 and sp3 peaks
of a Raman spectrumis at least 0.5 and not nore than 10. 25 12. The
tool tip in accordance with claim1, wherein said netal filmis of at |east
two | ayers, and the outernost surface layer is any of a pure netal of any
of Au, Pt, Ag, Ni, Ta and C or an.alloy by a conbination of at |east two
anong these, or AgPd, a Pt-Ir alloy, or an oxide containing Ag and at |east
one element of Cd, In, Sn, Zn and Cu or a nmetal carbide containing Ag 30
and W 13. The tool tip in accordance with claim1, further providing
supply of power/at.|east four portions of independent netal |ayers on an

out er
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-27 - - peripheral portion of the tool tip, in order to supply power to an
effective area outer peripheral portion of said conductive polycrystalline
di anond fil menployed for pressure bonding. 5 14. The tool tipin
accordance with claim10, wherein said conductive polycrystalline dianond
filmis formed fromat least two types of filns whose contents of boron

differ fromeach other, for providing a conductive.polycrystalline dianmond _.

f|In1mhosquQBEqE; is high on a side close to said

EVALUATED ITEM TOOL TIP OF TOOL TIP OF
PRESENT CONVENTIONAL
INVENTION FORM
TEMPERATURE RISE 1.1 SECONDS 8.5 SECONDS
TIME FROM 20°C TO 600C
COOLING TIME FROM 5 SECONDS 50 SECONDS
600°C TO 80C
TEMPERATURE 8C 8°C
DISTRIBUTION (600°C)
FLATNESS (600C) 0.2 #um CONCAVE | 3.5 um CONCAVE
STATE OF TOOL TIP NORMAL IN OXDATION OF SOLDER
AFTER REPETITIVE OBSERVATION LAYER WAS RECOGNIZED
HEATING TEST OF WITH X50 AS A RESULT OF
200,000 TIMES MICROSCOPE OBSERVATION WITH X50
MICROSCOPE
FIG.16
TEMPERATURE-RESISTANCE CURVE
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substrat'e and providing a conductive polycrystalline dianond | ayer whose 10
content is |low thereon. 15. A bondi ng tool enploying a vapor-phase

synt hesi zed conductive polycrystalline dianond filmon a forward end
portion for pressure bonding, having: 15 a tool tip having a
substrate mainly conposed of at |east one material selected froma group
consisting of a dianond polycrystal, Si, SIiC, AIN, Si[err]Nerr] and
single-crystalline dianond, said conductive polycrystalline dianmond film
applied to a surface enpl oyed for pressure bonding, a surface opposite-to
this surface or at |east 20 two side surfaces intersecting with these

surfaces on saHGgq?Aate, and

—— O
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a nmetal. filmapplied onto said conductive polycrystalline dianond filmfor
I ntroduci ng power into said conductive polycrystalline dianond film and a
feed hol der having a netal electrode for feeding electricity to said 25
tool tip and a cerami c base for supporting this netal electrode. 16. The
bondi ng tool in accordance with claim 15, wherein said feed hol der has a
vacuum suctjon groove for sucking said tool tip, at |east one suction _
through hol e communi cating with this vacuum suction groove, 30 conduct or

films of at IeastF’@ertions for supplying power to said tool tip, a
first insulating cerdam s part of less than 3 [err]min flatness of a

surface comng into contact with said tool ftip a second. ingsulating
ceram cs part EVALUATED ITEM TOOL TIP OF
PRESENT
INVENTION .
TEMPERATURE RISE 1.3 SECONDS

TIME FROM 20°C TO 500C

COOLING TIME FROM 9 SECONDS
500C TO 80C

TEMPERATURE 8C
DISTRIBUTION (500C) :

FLATNESS (500C) 0.7 #m CONCAVE
STATE OF TOOL TIP NORMAL IN
AFTER REPETITIVE OBSERVATION
HEATING TEST OF WITH X50

100,000 TIMES MICROSCOPE
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contai ning Ag and W 10 18. A control nethod for a bonding tool having a
tool tip formed wth a vapor-phase synt hesi zed conductive polycrystalline
dianond filmon its forward end surface, neasuring change of electric
resi stance of said conductive polycrystalline dianond filmand perform ng
tenperature adjustnent of the bonding tool. - 29 - _

FIG.20A

FiG.20B




FiG.21

EVALUATED ITEM TOOL TIP OF
PRESENT
INVENTION

TEMPERATURE RISE 0.8 SECONDS

TIME FROM 20C TO 500°C

COOLING TIME FROM 9.5 SECONDS

500°C TO 80C

TEMPERATURE 6°C
DISTRIBUTION (500°C)

FLATNESS (500°C) 0.5 #m CONCAVE
STATE OF TOOL TIP NORMAL IN
AFTER REPETITIVE OBSERVATION
HEATING TEST OF - | WITH X50

100,000 TIMES MICROSCOPE
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FIG.25

EVALUATED ITEM TOOL OF PRESENT INVENTION
TEMPERATURE RISE. 1.3 SECONDS

TIME FROM 20°C TO 500C |

COOLING TIME FROM 10 SECONDS
.500C TO 80°C

TEMPERATURE 8C

DISTRIBUTION (500C)

FLATNESS (500°C) 0.1 gm

STATE OF TOOL AFTER NORMAL IN OBSERVATION
REPETITIVE HEATING TEST | WITH X50 MICROSCOPE
OF 100,000 TIMES :
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intersecting the surfaces by using a vapor phasc synthesis method,

A conductlive polycrystallmc diamond film having a specific resistance of 1x10* te 1x10* Qcm and a thickness 1-500 um is formed
on the surface of a subsirate used for contact bonding, the opposite surface of the subsirate, or two or more side faces of the substrate
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