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TOOL BI TS HAVI NG PLASMA DEPGCSI TED METAL CARBI DE

COATENGS Technical Field The present invention

generally relates to coated 5 tool bits and in _
particular to netal carbide coated tool bits used in

t heTGRMUBEES LHAVING pPLASMA DEPQSITED QMTEL CARBEDE COATINGS
called "PCB"). Background 10 Machi ning operations on

PCB'S nust be precise and match very close _

tol erances. For boring epehaikanSryshag a drill bit

or other simlar rotary boring device, the tolerances

are ned$@r eBrpReREspheYentivor ayaticrnst by ﬁfmaﬂes tof coated
S [ ness nd._d .of -hore. 15 The substrates o
B S Rt R e e 8 R hirE oded tool
dbfitiscuhsed o idr i the (inarfifzerglmssprandrimbé&h diFealit boards

hi gh demands o drill bits and other rotary boring
tégﬁ§etﬁ359§ euﬁgga)during PCB manufacture. Materials
such as fiberglass can be very abrasive and tend 20 to
dull the drill bit ends relatively quickly. This
results in the drill bitsBagkignemnd neet tol erance

stand whj ch results in dinmepsiopal faults arisin
RS ANTREY RS far O DB RS T She PeonBEpRASe  and
pabtenmseagsotbatetdoMerbnbiegh Woar bAS dAtGSe tildis using a
dri]]. bits, it is known to coat the dril bits with a
h%]fhbcoalﬂ‘hg,%uai;h&f halBéhed capbpay sbesing tfld;ﬁlavgce: the
jych_t riJ! hits are..dulled, .

ovevar g8 P TratubP e oRBebast e Pl RhapipcSh, antal
meterightnewst dad déoeich caf Hhelee PCB drill bits have a

lif of between _about 50 d 2,000 cycl es_out of
-Ieash F11°% gfrﬁjé?ﬁreoift i(%’ﬁ'gos dutfet hifuptlys speme  from

anttdrisdl Pechsephacedirkicult to drill (ie fiberglass) and

which impart high demands on drill bits and other rotary

- boring tools that are wused during PCB manufacture.

Materials such as fiberglass can be very abrasive and tend.
to dull the drill bit ends relatively quickly. This
results in the drill bits failing to meet tolerance

standards, which results in dimensional faults arising in

- the manufacture of the PCB board.

To overcome the problems associated with high wear

. rates of the drill bits, it is known to coat the drill

bits with a hard coating, such as hardened carbide steel,
to prevent the rates at which the drill bits are dulled.

However, due to the abrasiveness of the PCB board

- material, most hardened carbide PCB drill bits have a life

of between about 500 and 2,000 <cycles out of each drill
bit before it is so dull that it is spent and must be

replaced.
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There is a need to provide tool bits that overcone,
or at |least aneliorate, one or nore of the
di sadvant ages described above. 5 Sunmary According
to a first aspect, there is provided a tool bit
conpri shageaikod Hddd CeBPHrHvidie A&yl i BUEEC@haROBNercome,
having a |ongitudinal axis; 10 a tool engagenent end
o‘hroﬁg PO B HipRie f oPnee fFagediht O\s%i thea diggidvantages
cqPall e, 0k %85@é[ng said cylindrical body about said
a

| ongl t udi n axrs; a working end on an opposite end of

~said body to said tool engagenent end; and 15 a

pl asma deposited nmetal carbide coating |ayer provided
on said working end, wherein in use, said coated

wor ki ng end bores a hol e i d@nmaMprk piece as said
cylindrical body is rotated about” its |ongitudina
axis. ageos| §, fivheh abBperbel thetrs asepwrsvdded a tool

ervrd
'y o) [ terial, the plasm deposited
%ﬁlcﬁ%}lé gég cgloafol%ﬁg%?e?&sl?ﬁln?ﬁ@ant ly extends the
cycle didglnfdthenl thanly dvimed ad | Mend De dkdDvem hast Ok ;
coati ng Iaézrs. The hard coating | ayer may have a

t hi ckrfes§°88| &%PemSdm ehe FloupnBoridikt Phg seiichspody for
'Hﬁéigé%gﬂ% NMyi2R0 NN Qo 2P 20080 250enMLO 2000, saig
nm O nmto 1500 nm 250 nmto 1000 nm 500 nmto :
3000 neinis00 bodit @800 send dnethdi006iimml taxi2000, nm

The hard. c atrng%kgyer may have.€ hargneﬁs of, a% ¢  d
| east 10" EPL Ot1OrEt 137 PRRORATD €B4t PhgSPaflePofiYs ty sai

3o 1argnresemintl@ndPa @ 35 GPa or 15 GPa to 25 GPa.

In one enbodi nent, the hard coating |ayer conprises a

pri mady |RAARTGr odeHedlbAds aletadr ki PR lekE angoating  layer
ﬁ%%%ﬁ@@@/on said working end, wherein in use, said coated
working end bores a hole into a work piece as said
cylindrical body is rotated about its longitudinal axis.

Advantageously, when the tool bits are used to bore
holes in PCB material, the plasma deposited metal carbide
-coating layer significantly extends the cycle life of the
tool bit relative to known hard coating layers.

The hard coating layer may have a thickness selected
from the'group consisting of 250 nm to 3000 nm, 250 nm‘to
2500 nm, 250 nm to 2000 nm, 250 nm %fo 1500 nm, 250 nm to
1000 nm, 500 nm to 3000 nm, 500 nm to 2500 nm, and 1000 nm
to 2000 .nm. _

The hard coating layer may have a hardness of at
least 10 GPa. Optionally, the hard coating layer has a
hardness of 10 GPa to 35 GPa or 15 GPa to 25 GPa.

In one embodiment, the hard coating layer comprises a
primary layer provided on said working end and a secondary
layer provided on said primary layer, wherein the hardness

of said secondary layer is higher than. said primary layer.
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| ayer provided on said primary |ayer, wherein the

hardness of said secondary |ayer is higher than. said
primary layer. 2 Optionally, the primary |ayer has a
hardness of 5 GPa to 10 GPa and said secondary | ayer

hasgwa ddnesseid 40: 6Fay 19 QPSnes of 5 GPa to

n
enbodi nent, 't he primary and con ary Payers
réﬂuﬁﬂ@v@n@hﬁékde§§ommdmnytl&yezu@msoﬁ ®a25®enmtqf 10 GPa

1500 0 150 0 t. 1500
T rEXalTor (HE RGP al AP ey #2 R-GPARY (115 Secondary

nﬁtaqdersThaamanssetsp@&tﬁeteal tlfi ckakdst r @aghihontABt akange of

car i de may be sel ected fromthe group consisting of
20187y tor 1500 Ry, TROOCcpm (o VJ5BB nRy, @gd af80 nm to

cqg@bnahtons t hereof. I n one enbodi nent, t he

transition netal carbide is tantalun1carbide. The

hard c8&ei metalyepfmihehavet bberadids trety ubeng ﬂﬁaasition

I d _f filt d t hodi
OhBEER, ST LA Ll e, CoLRONC MWLy L1 oy

beakdiGECRaydribd | sbléctba &&Qﬁrhafheer@ﬁghﬁe&bnst:LBth%mof Ti,
bit is a printed circuit board (PCB) router bit. Thé
c9Fr nBfi cXr BSdy Tmy Ofavdoa & amkt.erRel @t eand 2oomb bpations
tgﬁegéggp consisting of 0.05 nmto 3 mm 0.05 nmmto 2

.05 Mmto 1 mm 0.05 mmto 0.5 mmand 0.05 mmto
0 25 mim loneonembadbrentept ,tidetraakibibncamrisesadbide is

| ayer disposed between said working end and
35?%£ﬂ£ Cigbﬁagtlng | ayer. The thickness of the

net al . Th&YRErABY-0A i ngPQ dYB 1 Ondp0RapE pbRAORRposited using
enbodi ment, the cylindrical body conprises turigsten
d%r@#@%m%nﬁo@t@ﬁﬁtfrom a filtered cathodic vacuum arc.

In one embodiment, the tool bit is a printed circuit
board (PCB) drill bit. In another embodiment, the fool
bit is a printed circuit board (PCB) router bit.

The cylindrical body may have a diameter selected
from the group consisting of 0.05 mm to 3 mm; 0.05 mm to -
2 mm; 0.05mm to I mm; 0.05 mm to 0.5 mm and 0.05 mm to
0.25 mm.

In one embodiment, the tool bit comprises a metal
layer disposed between said working end and said hard
coating layer. The thickness of the metal layer may be
250 nm to 1500 nm.

In one embodiment, the cylindrical body comprises
tungsten carbide and cobalt. .

In one embodiment, there is provided a tool bit
comprising: |

a cylindrical body having a longitudinal axis;

a tool engagement end on one end of said body for
engagement with a tool capable of rotating said

cylindrical body about said longitudinal axis;

3



10

15

20

25

30

In one enbodi nent, there is provided a tool bit 30
conprising: a cylindrical body having a | ongitudi na
axis; a tool engagenent end on one end of said body
for engagenment with a tool capable of rotating said

cyl i ndid GarKiody <D Wn S bt bRl o 8XE$5d3p8dy to said
wor ki.ng end on an opposite end of said body to said
t 0P lefGAGSTEV teg@d?a pl asma deposited metal | ayer

provi ded L.d L end; a plasma deposi,ted .
prinar% ngpgﬁﬁgar ?ﬁégggggingEt %ye?a ggviaggvﬁﬂe ai g°  said
nebakihgyend;a pl asma deposited secondary netal

carbi de coatin l.a er,grovided on said primary netal )
car bi d& cggﬁFW 93%8?} fHer BF ARERE hBPHRbssCaFbide coating

seaQadapyofetiall &8 saibi feta9atibpg layer is harder
relative to said primary netal carbide coating |ayer
wherei A illagea dgpgsdtadedsaophrilagy emettadr esazblidke coating

[ .ege said.cylindrical body is_rotated .
aboteT; {BEP SRRl BT Saks PSR et (PRl fRa coating
neapérear bhdeednat thg | ap@dnedys i bidiRatondary metal
intensity val yes of between about 0.3 to about 1 or

aPRTRLEe 5P tARGul Y e chaddsd ik Eistonicaspdet primary

e gl | sapboué degafingPiplrof coating a tool bit
conprising a cylindrital body 20 having a

| ongi twWiepeln axisuse, t eelicenyagentntoehthgnendeberdsofa hole
SBl¢h PA0yR) SIAGETEN MLl 2GR CPP Bl e qotates
absut algh al vef ki el H8ian opposite end of said
bOdy'tfheSSigsma deposited metal carbide coating layer may
exhibit Raman intensity values of between about 0.3 to
about 1 or about 0.5 to about 0.é.

According to a second aspect, there is provided a
method of coating a tool bit comprising a cylindrical body
having a longitudinal axis, a tool engagement end on one
end of said body for engagement with a tool capable of
'rotating said c¢ylindrical body about said Ilongitudinal
axis, and a working end on an opposite end of said body to
said tool engagement end, the method comprising the step
of (a) depositing plasma metal ions and carbon ions onto
said working end to form a metal carbide layer thereon..

Advantageously, the plasma metal ions and carbon ions
are substantially free of macroparticles.

The method may, before step (a), the steps of: (b)
generating a plasma beam comprising metal ions and carbon
ions in an inert atmosphere, or under vacuum, from a
cathodic vacuum arc source; and

(c) filtering said plasma beam to substantially

remove all macroparticles therefrom.

4
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tool engagenent end, the nmethod conprising the step
25 of (a) depositing plasma netal ions and carbon ions
onto said working end to forma netal carbide |ayer

t hereon. Advant ageously, the plasma netal ions and

car bon THaNSme 8k €d S wB$t Ayt Yo f 1 &parkicl

The nmet hod may, before sté%é(ée ?ﬁgQégeps of : (EL Q§“a step
géﬁ%ratlng a plasma beam conprising netal ions and

car bon ons, neLt atyms r under cuu .

froma (dc)at hgglﬁ%glcu%m a?ac@s)eolﬁ?agteﬁgancin(ac fﬁ“ff |% said

s aiodt kainas reendb eafm $a)1<$ubsbanblml | aikdemive gdlse alternating
cro articles t@ere ?bThe net hod may conpri se,

dBFENE St ép Fa}aTERELY é’&g fRegyy L BppPyARg PAhlse and a low

ah@g@&akﬂenglggagu@ggse to said working end of said

tool bit, said bias pulse alternating 5 between a

rel ati 8By Hrtdipchemayi wortntiseutbe atepa dHw (d1) Selectlng

haod
negsid 1t ghLASRULIE, pTOS PRSP SAIPA S G 18 o oo

-pthserhngm +he0Qr vupocensbebi ganti -2beorangs -1800 V.

to -4, 280 \Y and 2000 V to -2500 V. 10 The net hod nay
conpr | sh BRY ( FoTPdissct g sé&pd CP%w(ﬁ‘é’@aﬁﬁéﬂeeCtlng

b e e r
e i

colrprisege heSet éptof-§&@0 ‘pudnsdnglohev td as20d Yhe

substr f.requenc 10 kHz. The 15
pul si nrg}tlgte tﬁ@ ,IP%)’ o lst%g %E esPEfFPorof ef§) Pulsing the
sel@ct omgthé heubsepseacytf aomrthachapusroliplebHa ot ;.  The
kHz, The pul sing step (e) may conprise the step of
(Rphsing 8EPPNd S0 hd"33U| SeMBLE 88| Gaef ruian hef gledp selecting

o 1'(,155ésc_&19er9éy frdtd i S0P5e dePP 1P, 35, PS5 fnd 5 ps

The pulsing step (e) may comprise the step of (e2)
selecting the pulse duration from the group consisting of
1 ps to 50 ps, 1 pus to 25 ps, and 5 ps to 10 ps.

According to a third aspect, there is provided use of
a tool bit for printed circuit board (PCR) manufacture,
the tool bit comprising:

a cylindrical body having a longitudinal axis;

a tool engagement end on one end of said body for
engagement with a tool capable of rotating said
cylindrical body about said longitudinal axis;

a working end on an opposite end of said body to said
tool engagement end; and

a plasma deposited metal carbide coating layer
provided on said working end,

wherein in use said coated working end bores a hole
into said PCB as said cylindrical body is rotated about

its longitudinal axis.
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20 According to a third aspect, there is provided use
of atool bit for printed circuit board (PCB)
manufacture, the tool bit conprising: a cylindrica
body having a |ongitudinal axis; a tool engagenent end

on oneAeadrofingai th bedyféakth2agnRgagenenbrw ths a gieRlided a
body about said

capabl e of rotating said cylindrical

| 8%3?‘?@&%?“%%’& gatﬁ’&lkf"ﬁ ERBPEASARIoBPESs Pteren@Lsf

sai d bedy t@rs®idind 0@l €nrgag t :%[ﬂ&,' : | aspm. :
deposi t ed rr%fﬁ al c%rrl%i de coating layer ré%rlglrggvgdegggﬁndrlcal
skrgywharing endoneredimah ases sahdtoodt ethgsgydtierg end on

e bar.as I, into _said PCB as said, cylindrica

oy o8 o? 33ty R SR amar e, LapT capable of
Acobating teeidf aylihdaspect , YJ®s eabsuPr 0¥4 880 Pongitudinal
met hod of making a tool bit conprising the steps of?

(8¥15r 09Ndi AgWatkeBE BRE O8nEN PS4 teylansdrifcataid body to

bggycih@y(i)pgeggggglgéﬁgdéﬁg; 4s., a tool engagement end
on 5 one end of sald body for engagenent with a tool
capabl & bfdepeai gy spidsoyl npdeilcdbnbodndakeittbani thns onto

capabl &) i sl dsol ma .
R ELR R % Coo “BSrR T e PGSR Ladr ahhopayn-

- deposiAd¢agrpimgmedrehal £i 008 HULLA PORHIRS 98t 0prdQided a

said working end to forma netal carbide |ayer

et ot ndaard fBGH aghwichtl, theye o1 router bit
RESR A6 Ry printed circuit board (PCB) drill bit or

router bit” conprising: a cylindrical body having a

| ongi taudiyilailncaxicsgl ody theohimngadesitceith®h £1es end

of said pody for engagenent with a tool_ capable of

rotaif%g QQf g engagement end on one end of said body for
engagement with a tool capable of rotating said
cylindrical body about said longitudinal axis;

a working end on an opposite end of said body to said
shank end; and

a plasma metal carbide deposited coating layer on
said working end for boring a hold into said PCB as said
cylindrical body is rotated about its longitudinal axis.

According to a sixth aspect, there is provided use of
a tool bit for boring a hole into a board during the
manufacture of a printed circuit board (PCB), the tool
comprising:

a cylindrical body having a longitudinal axis;

a tool engagément end on one end of said body‘for
engagement with a tool <capable of rotating - said
cylindrical body about said longitudinal axis;:

a working end on an opposite end of said body to said
shank end; and

a tantalum carbide coating layer on said working end

having.a thickness of about 1.5um or less,

6
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cylindrical body about said |ongitudinal axis; a
wor ki ng end on an opposite end of said body to said
shank end; and 20 a plasma netal carbide deposited
coating layer on said working end for boring a hold

into saihéRGB am sasd, exhinebiheah q@»yéxs BOE&d eQ hole into
about its Iongltudlnal axi s. Accor to a sixth
as$pect , P¢hers i sapfovidddisieady badyoois biretpged about its

baheg +a4hoelkg | a board during the 25 manufacture
oq a@%rlntegacﬁg%gﬁt board (PCB), the too

conpri éﬂn@rdangylt@draj catvandy hayeotg,a tioaget Ud Nnetovided a
on_one end of said bod

R SRS | e opa TS0t Rk i MgPaabates that

3ﬁa@¥|&ﬁﬁﬁicﬁbréédﬁligo%i 88bd &ﬁﬁﬁ'é#dbméhméé'%Jlathe first
morklng end on an opposite end of said body to sa
nd

sA&RRC and a tantal um carbi de coating |ayer on

sai d .end avi.n ckn of .about 1.5pm o
Iess,m%[:\/\%grgé?ﬁ |t_h$1u\§ll%a1 %gqﬁcf'f}%:oatc‘; %@Q’tl'ay SYor &8 a{:’romded a
hoethodt @f saddiRfBaashsh diaybi rdvd cahbbOLNtES of a printed
r ot at ed itudinal axis. According to a

' |
s%%ﬁﬁ?ﬁtaggg%?l&?ﬁéﬂgnggpﬁﬁﬁépﬂeghﬁ sEepr Pdt'ed ci rcuit
board (P{BhrhaviRg QN&i o1 M05E Peh‘éért %@Pl have B?@J‘ the PCB

bored with a tool "bit as cl ai ned Irst aspec
Aeead¥di mythsd rat el ghhh aspecbf tm@ iteofr oblﬂed:omprlsmg a

o) into.the substrate of a
Tt 06 B8l POamBBLE LRLR1A0°BUPRE 8 VR Toeagon.
of: (a) drilling a drill or router tool bit into the
PCB board substrate, the end of said tool bit
conprising a
Definitions

The following words and terms used herein shall have
the meaning indicated:

The term “tool bit”, in the context of this
spécification, refers to a tool bit used for axial boring
and includes within its scope drill bits, end mills and
router bits, for boring holes into work pieces. In one
‘embodiment, the tool bits are used in the electronics
industry for PCB fabrication and particularly, where the
tool bits are wused to axially bore holes into the
substrate of PCBs.

The term “working end”, in the context of this
specification, refers to the end of the tool bit on which
the plasma deposited metal carbide coating layer is coated
and which does the actual boring intec the work piece.

The term ™“tool engagement end”, in the context of
this specification, refers to the end of the tool bit that
is engageable with a tool capable of rotating the tool bit

about its longitudinal axis. For example, the tool

7
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pl asma deposited netal carbide coating |ayer thereon.
15 Definitions The follow ng words and terns used
herein shall have the nmeaning indicated: The term

“tool bit", in the context of this 20 specification,
F@ﬁ?é§eh@n§ teal bhbhyusedmbeisaxi g8 BRLHhRI pdPfion that is
includes within its scope drill bits, end mlls and

reaPablpi of, Heomdbornser el eéntat oawdr Kauikdoes.y lemgamed by,
egbgghgﬁnéf ghgﬁgigl bits are used in the el ectronics
[ or P .

i ndustry abrication and particularly, where

the 25Theokelint Shate usedihg dayddd’y bor eewl@middtd of this
the substrate of PCBs. The term "working end”, in the
c%ﬂ?%&glﬁ?tiﬂps EpERTFi chPi oR, FefbiRytola¥erendhdt has a

tﬁ@r&ﬂ@ésthd¥1ﬂ@iEQrdEQeﬂgfﬁﬁﬁb@egesH%E?Cﬁgféﬁess of the

carbide coating layer is coated 30 and does the
aeerisingoeingdg ¢ht shehdowdr kbpt ec &yplie tlar,m theohardness of

engag ._end", in fhe_context o IS .
speci??%ggpgnﬁﬁxaﬁwﬁstggtﬁgﬁﬁ%iiﬁ éﬁ%’t@BFebﬁﬁﬂﬁﬁﬂlly the
i 152 pgege abf et hé t Bost 11091 1 sppabl € BEtwetAt 100cbhAer$09E Gra.
bit about its longitudinal axis. For exanple, the

tool PiRRageRAMIERS nafhesicicse AhehabRriper t'errprising”
'teér;rgggle;g:ob@?f?%ﬁ'hgalpglf Qgg:al“ :E.&?Jhlen‘%ag%im a:r 3’5}{%&%& are
cadtendded ayer reprasehé CopteeXt of thhslubive" language such
O RN Y RE T T S -
tikR-1umMirdd ner edhiiofidigl t el rdifted YPI SR Ys . t he

hardness of the coating layer is at least 10 GPa,

mor e i eaedy hereinhartdisesseoh {"abovsdt i gy | Blyer costext of
@%ﬁ@%ﬂ%f&%éﬁ%&t°<§5 G%%mponents of the formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value,.

Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in &range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub~ranges as well as individual numerical wvalues within
that range. For example, description of a range such as
from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,

from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,

as well as individual numbers within that range, for

8
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10 Unl ess specified otherwise, the terns "conprising”

and "conprise", and grammtical variants thereof, are

i ntended to represent "open" or "inclusive" |anguage

such that they include recited el enments but al so

pekainplel, nal,usi,omg of4 addj t kapals,. unfiecidgd RlemilSrdless of
15 As used herein, the term"about", in the context of
cbheehrraftBnsiotheokpatent s of the formul ations,

typically nmeans +/- 5% of the stated val ue, nore

typically +/- 4%of the stated value, nore typically

+/- 3% of the stated value, nore typically, +/- 2% of

the stated value, 20.even npre.typi ly #/- 1% of the
stated val ue, and i%er eﬁ%?§p€§ﬁ¥c§%?br¥Y*“%§5@@of t he

st at edTd8l ugcchhparghayt Hhasiitieec! oSuneyted 8l disclosed
enbodi ments may be disclosed in a range format. It

sheRPaiBeninddidt 688 VeEhato t lk&xpdedar | pheopiimaigigs of the
fﬁfg?%oéédn§£8&¥iﬂﬁﬁu?5 %%nvgglgpcet%pd Q&§¥é£¥o nd however,
shou Vi bl rmtatfl on

not be construed as an~ inflexible

othabe sdope afravhiengdi schesed deadgesd Accordi nghyposes  of

t description of ar e should be consjidered to L
OSHRRE FORaPPYYdl S0FbdiRE afF helpGRatbian of the limits

HD-FregRsvast Weh | as i ndividual numerical val ues
within 30 that range. For exanple, description of a

range sygh ]?Siisf aowgkeﬁﬁgtﬁéfg%b@ PEGOPPI Q%sgt%a topl bit
have specifically I scl osed sub-ranges such as trom

tim Fcdowiariced awidth dneomils¢oSedfemvo@inentd; from 2

to 6, from3 to 6 etc., as well as individual nunbers

Wi t hi reitdhat 2r ahgea f 8theaeXantosdsséetBondll. wieandof one
s regardl ess of the breadth of the

6. This appli S !
Fiorfen% SRPRALTRER  FPPT SROOE DI Hee* iRg end of the tool

aRqogFaAKINY 19 angs il lustrate a discl osed :
enbodi ment” and serves to expl ain the principles of the

Fig. 3 is a schematic cross-sectional view of another
coating embodiment applied to the working end of the tool
bit of Fig. 1.

Detailed Description of Embodiments

Referring to Fig. 1 there is shown a schematic side
view of a tool bit in the form of drill kit 10. Although
the following description will descriEe the drill bit 10,
it should be réalized that this is for convenience only
and that the following description could equally apply to
other tool bits such as end mills and router bits.

The drill bit 10 includes a cylindrical body 12
having a longitudinal axis extending therethrough as
represented by dashed line 14. The body 12 is made from a
tungsten carbide and cobalt alloy (WC-Co). WC-Co tool

bits are known in the art and are commercially available
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Il disclosed enbodinent. It is to be understood,

however, that the draw ngs are designed for purposes

of 10 illustration only, and not as a definition of

the limts of the invention. Fig. 1 is a schematic
sifdenyviewiatbar codt ethriicthiterd nsw@acosidangg Wadbiake Tool,
di_scl osed enbodinent; Fig. 2 is a schematic

cBSs- sekt PeHAPAYr eMisthighan, 18ndbasi f§ad@sodP fredmerica and

appki etk £19i dde Tweh ki Nek £Ne,+of, tHSkIQlan i Be@ik shliGe,liunited
and Fig. 3 is a schematic cross-sectional view of
afénhgem.coat i ng enbodi nent applied to the working end

of the.tqol it.of Fi . 20 Detajled Description,of .
Erbod PR PUEY el fi AP Ch Y %1 T9ter o SNGTGRURRTS SHU “in the
secbematdL shdrk \EreW 06 arddoh Ridrdifigt héend oM Ofhe form of
drill _bit 1Q. Al though the follow ng description wll

d€8€r tBe PR&CHr il B AT 0PRSS e sl of bEhpedriyed 2 to the
thatnkhichd s1§0r cpwephapee y-n@mdﬁwa"s 5881 formations
foll ow ng description could equalfy apply tg ot her
tevtenflisgsdeclomastendend! 118 anel tbeat eviddiles.ofThehdr ibddy 12.
bit 1Q i.ncludes a.cylindrical, body, 12. havi .

g cRiray EH R He Pherts hOsigH f Tafe into a ecB
riepaeseas ediby wasbegdl hingdlfurfherbedyod?2 is made

froma tungsten carbi de and cobalt alloy (WG Co).

WC- Co Tle®l shippk apBdknd@n hasthé adimghgiame and a shape

C i vai L ab fe r._of
LG ALt A F1oRo LT MRy by, chuck (rot
Szigpwraw, ol chi gan,1linig edoBtiat s athaAmethea teguly 3(?8 can be
Carbi de, Tool (UK) Ltd, Wkingham Berkshjre, Unite

K Aot Grth’fe fﬂ%%blawrmqi 1dotd eydgRfrent end

in théerhe working end 18 is coated with a hard coating
layer 20. The hard coafing layer 20 comprises metal
carbide, particularly tantalum carbide (TaC) (CAS Registry
Number: 12070-06-3), which has been deposited onto the
working end 18 by a plasma beam consisting of metal ions
and carbon ions.

The plasma beam is generated from a TaC target using
a Filtered Cathodic Vacuum Arc (FCVA) apparatus developed
by Nanofilm Technologies International Pte Ltd (NTI) of
Singapore and described in published International patent
application WO 96/26531, which is incorporated herein in
its entirety for reference. TaC powder is available from
a number of commercial Suppliers such as Johnson Matthey
Management GmbH & Co KG of Karlsruhe Germany and Chemos
GmBH of Regenstauf, Germany.

The FCVA apparatus denerates a plasma beam from a
cathodic arc source that is “filtered” in that it is
substantially free of macroparticles comprising particles

of neutral multi-atom clusters.
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formof shank end 16 and a working end in the form of

end 18, which is on an opposite end of the body 12 to

the shank end 16. The body al so includes spiral

formations extending fromthe end 18 to the m ddl e of

t he body bli2as 1@ Hpplspid ao ftfaredridnss assisd a npdwer ngupply.
a hole into a PCB board as will be explained further
béitbin. “UFRE TS A KPEHET 1 6URRS 185diSRh font 3% augﬁa&é a "high

Conf1itgideat honsd h@tenelﬂa%%-ﬂt(ﬁ@p@ye aRgages1Ry Ar&AUMKI. The
(not shown) of a drilling tool so that the body 12

capusy ubd tr biest ed casdutelt imradngint udidell ¢ spavameters can

i55,  FOGSRY 19pENT A4S SRR SD 2B EORARDY dovice

cam@lﬂeteaartg@m ar Imgoaratxal usrgasbsder ( TAQGKIOAS which is
Reglstr Nunmber: 12070-06-3), which _has been
BFesecEgdom P hEL 2C Wit gOBREL289By anP| F5RE theghTcuits.

C%%' s§ éﬁ‘@ré’éof‘eg%:csrom 29d LADPOBG:9BBea ThE: a%\'i‘ia output

beamiS generate TaC tar get u3| ng a Filtered
Cdudsedi ¢ Vacuum Arc (FCVA) appar at us devel oped by

Nanof T | |
e niBEe P Htt nf e BR L afeeRstatg | boare to -

pabeobo @pphdxféﬁ}_téﬁbl\fp 96/ @3¢, whhChdre it ed-2, 000
herein in its entirety for reference TaC powder is

a\ValqoabT‘b %4onY, avaGhbdheofowinter taatiBgpprosy Pafngen 1-50

K Fr srﬂﬁo g@&&pe%‘{#gﬁ e]?rgggt gg%‘réébq% é%enstbael}fween 1-20

GeennnwreThprEfNAahmparfa:tdns geaeeahesSal(pl asna dedmfor FCVA
from a cath%dlc ource that gg ‘filtered" in tha
r

| BORECeq  DEPLRERLIDY, Tl 1o 1R oBar dPcHSs CWIRS | BF aferably
PasLhsl 68 ; Gndiestral ruklinatomc! yst 865 1010 bi Beferably

IS applled to the end 18 'using a power supply.
from 1-3 kHz, more preferably from 1.5-2.5 kHz.

The HVPG is associated with the FCVA apparatus, and
connected to the drill bit 10. During operation of the
FCVA apparatus, the HVPG is set to deliver pulses of large
negative voltage to the drill bit 10. The HVPG is started
and stopped either manually or via remote

The thickness of the hard coating layer 20 of TaC is
between about 0.1-1 pm. Hence, the coating layer 20 is
very thin and cannot be seen by the naked eye, but its
thickness, as shown in Fig. 1, 1is exaggerated for the
purposes of demonstration.

It has surprisingly been found by the inventors that
the‘hard coating layer 20 deposited by the FCVA apparatus
provides a longer cycle life than known metal carbide
coatings deposited by other deposition methods.  Without
being bound by theory, it is thought that the plasma
deposited metal and carbon ions ensures very tight

adherence of the coating layer to the end 18, thereby
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Any nunber of power supplies can be used such as a

"high voltage pul se generator” (HVPG avail able from

NTI. The power unit has a control panel on which the
paranmeters can 5 be manually set. Also enployed is a
syhéckapgngevitte | ogalat edigai e bifpol @het r ahsildt orbit  10.
(I GBT) which is protected against_ current overl oads

)
aRdr SRRFTOES r cBPPSUSSTHEYGEN RN or L 2ESBNBFy TIPS ad) ggid carbon
eOYh PPEFeWidch ANt R cfdiRCoth@rTRG, OHL BHT thaNERa®fing, it
the pulse generator is up to - 10,000 V, preferably
- 53 Obiowghanthabr enpesteembly tigbdo codttimg 4060 Wullds up
with the pulses |asti.ng.frombetwe 1-.50 . f
S I BRI AT om BT TS Yhe plasma
nb&£m Pr BEehabl il fdersdiet veeiirds 18 psmostld EoatEYAdEYoid of
sources preferably from between 10-40 ps, nore, |
pRRFEPRMFYLCHES 95° pThegpdnyenkorseqhigiey drrhpledngdy found
refergbby 13k Hee r aBb¥i hHOBE PCB
e PO pa R e TP i eCEA o @
dppardt usheaddildommigcted hast hégdiiflicabitl ylG.nddgdiseg cycle

operation_of th 20 F apparatys, ; the PG is set .
L) FRtrohuPege o TH Bt hBgaui e of L hje N5 Inaeposition
drddHodd t 10. The HVPG is started and stopped either

manual Iy or via renote The thickness of the hard ,
coat i Mefereyneo tof F4Q-i s2,-bethess absutsphoynl ymschematic
I@' NG&, C ing.layere 20 LS hijg apd £i 20A
cannsg% %%&sle%ﬁﬁbyg% %g n%iegngye?n%%%(tyﬁﬁ%%ﬁt I?:%ckneggfEl as>
sttoatn d¢an Rbeg. adplisd ekagyes aked fi6r otthehepurgqedsdsitofl0. The

Rt oD RateonstS Tardl CBart WY aJeFod0 L) £eh byt is

- Iha VA ARRAL AFYS £ e3RdPAVYSERS BedRNIGENEYELEAl bhe the FCVA

than known netal carbide coatings depoSited by other
capesiatiun metholsisWiehogt tebeiong-hourel ydt hA8oryf, tihe tool

&%i;hﬁyghtTﬁga%e%gi @fa%g&al layer 18 is Tantalum (Ta) and
has a thickness (ty) is between 0.05um to 0.8pm.

L primary TaC layer 24A is applied to the metal layer
22A. The primary TaC layer 24A is deposited by the plasma
beam during which the tool bit end 18 is biased with a
with a bias of -2800V to -3500V. The relatively low bias
produces a relatively soft primary TaC layer 24A having a
relatively low softness in the range 15-25 GPa. The
thickness (tis) of the primary TaC layer 24A 1is between
G.05um to 0.8um.

After the primary TaC layer 24A 1is formed, the
filtered plasma beam continues to be applied to form a
secondary TaC layer 26A, however the bias is lowered to -
1500V to -2500V. The larger negative bias increases the
hardness of the secondary TaC layer 26A to about 15-35
GPa. The thickness (tuw) of the secondary TaC layer 26A is
between 0.05pm to O,Bum.
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deposited netal and carbon ions ensures very tight
adherence of the coating |ayer to the end 18, thereby
11 increasing the cycle Iife of the drill bit 10.

Furt hernore, because |ayer upon |ayer of netal and

car bonacersiageydepasi kedaan 1036y Adrerhdtude MAdetool bit
coatlng33 it 1is thought that an extrenely tight
I

ceadi ng8l agef bthedsPuP8rpr odRiiPAg ¥éhy hpgpmotes adhesion
][‘IBFQQS&Z}- FH}'iéherélP&_?eséitlﬁe P! %t%?er§eam bg'lggghermore, the

tere ensures a snoo coat I'ng devoi d
nmancepastingl éardheesi Meaars tlawepstimpriysilagey f2dindand the .

that, in P manufacture requirjing the boring of a P .
DOSFARIERY QA €A 16CRUS 6] gl {RRaRPRyePALPadiE eSS in

cyrbecb@tlhinke 2@l atd wend oqdibbtiBht Fropated WdidhKnpaper 22A
deposition "nethods. Referring to Fig. 2, there is ,
showihe sedenaetendervsdayeat vl vildw ofnaus@sing hardness

CHROGLEETSABE SEPHLA0N s Wl TLOGIPRACHIE 12 mose

censbseéd afo aaf wbskptetal dwaybtig22A Hdwing Sopépatdn is the

froma filtered plasma beam generated by the FCYA
pareths LanRteh SRETRAPosPEECBRE B ﬁgl@enfara%l oPifhel0 cvele

tppke bitpdf mIhecgBt@lcof nmetal layer 18 is Tantal um
(Ta) and has a thickness (tN) is between 0.05mto

0. 8m PRarithgrioeey ThE |nyereAiveky appkiredsiogt herd layers

tal layer,_  22A. .The pr.i y . TaC |l ayer 24A is .
eIt (B byoPhe BitashRC bhhmdur FRG. wiien PROPASEY coating
bidyend2b8 iechurasedentd Nl ant Waldhed iinass®f th2a80@¥%d Ocoating
-3500V. The relatively |low bias produces a relatively
st thtd ek yminaeoney etho4anfalBng a 25 relatively | ow

AR A o el M AkERSA ) mia. 2
8nwdf desctbee pLagary, TAE lshyperl % iredlorret, thae this is
for illustrative purposes only. In practice, many layers
of increasing hardness from the metal layer to the top
coat may be formed successively increasing the negative
bias during deposition of the TaC cecating by the plasma.
Hence, the layers may 1increasing hardness are not
necessarily discretely formed layers as shown in Fig. 2
but may consist of layers of increasing hardness towards
the periphery of the coating.

Referring to Fig. 3, there is shown the same coating
as Fig. 2 in which the primary layer 24A of Fig. 2
corresponds to primary layer 24B, the secondary layer Z26A

of Fig. 2 corresponds to secondary layer 26B and the metal

layer 22A is absent.
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filtered plasma beam continues to be applied to forma

30 secondary TaC | ayer 26A, however the bias is

| onered to 1500V to -2500V. The | arger negative bias

i ncreases the hardness of the secondary TaC | ayer 26A

to about 15-35 GPa. The thigknsss (tLh) of the

secondary TaC | ayer 26A is_between 0.05mto 0.8m 12

Accor WGty , dxhkl nhihp waykr a2gAapetasentt R Gp|weq coated

8 t HJmr e 4 o esi.0 {bed

et b on P QR e Y T e B SR B0 8 bescribe

|mmm®a5|ng hhednhasdbebmeenngbe pbhsasyebayeﬁf24quunbroups,
e. b, secopda r 26A results,in an increasin
bt TR Phtreokiiond S to1 gl FREeT ot ofr Gt O- Lim

i@l ~bayesnd2A~ tenthe o seseadacyakave’ 2Hfer Th@s about

i ncreasi ng hardness ensures that the portion of the :

cdballilhig 20A that is nost exposed to a workpiece

durin g LoRn | t _layer

ther o5s it bdSeRRERRLSAR, | If qEhEBEFER pETE g gy metal

reegef g utoe. Emeohebﬁnr@,ozﬂm s egsvlatding | ACr @asi ng. 1  for

hard | ayers fromthe tool bit_end 18 to the

SQGridt P rc AT HYI |W§9 mehgﬁré@se)@&@b&é “Po the drill
hesion so that the coating 15 is held firnmy onto

the end 18. Although the |ayers 24A and 26A are shown :

in Fidy 21ltsradupises ebeanagér 2 ionsheokdd degbon ions was

&ﬁﬁllzed Lh%} th| ust atlve pur poses

[y,
Pirtyartel oteriE: Lo rREnhar BRegeff giver of

tﬂae: Rivalng Q%’thi@kﬁ@@st@@ 800epmt rorycbatfiagmd and 0.1 for
successively increasing the negative bias during

&@@&%qg(ﬁ1cﬁDﬁﬁénqaéoé@éﬁ#mﬁlﬂﬁt?ﬁﬁppﬁéﬁﬁry Héyes, pulses
L MBI T SREPSL 0,00 Ro SRS sroquongy of Sk
Fasbubppiiyedonsosttlod |dwyiekls @fiti.nch€asrngfbamdnéses of the
prlﬁg%y layer, a top secondary layer of TaC was formed
having a thickness of 0.04pm for coating A and 0.1 for
cecating B. ‘During formation of the secondary Ilayer,
pulses of -1600V with a duration of 10 ps and a frequency
of 3kHz was applied to the drill bit.

The primary layer of both coatings had a hardness of
about 15-25 GPa while the secondary layer was about 25-35
GPa.

A ﬁumber of drill bit coatings were subjected to
Raman spectroscopic analysis wherein the peak intensities
of each sample coating were obtained. It was found that
the peak intensity (Ip/Ig) of the sample coatings had
relatively hard Raman intensity value of about 0.3 to

about 0.5 indicating a relatively hard coating.

The coated drill bits of coatings A and B were then

used to drill into a stack of fiberglass board having a

total thickness of 5 mm of the type wused in PCB
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there is shown the sane coating as Fig. 2 in which

the primary layer 24A of Fig. 2 corresponds to

primary | ayer 24B, the secondary |ayer 26A of Fig. 2 _
CAbhaFReRdF et Qe ol aniimbayebr2eRard therdretabordda before
| ayer 22A is absent. 13 Exanple -Co drill bits with
ad@giidhetlekt Hf begopm Witk ceadedafdded hapd kvatiergsced.  Foxr
usj 3 CVA a as ribegd. abov he d
c§§@9ﬁ52g8§hsis§€§ %?é#%% gﬁgﬁggi ggl&gatiﬁﬁtgf ﬁ%@%@ also
t bebtjetakdcaoat | el aymic wesiabonty Q@dbdepmtainch " Gadt ittg cycles
B" where the total coating |ayer s about . 0.3pm The
hafgocgst r?g‘sftoﬁ‘eean*ah%g%o RSEBAtER &ttt bikpanceded to be
ceaphnge@f (Ta) of 0.02pmfor coating A and 0.1 for

10 coating B, during which no bias was applied to the

drill Abisample||self edpipl 298 beuid bf ets omerndtested for

c IO .hen applied to the t J.ayer.10

P REEn, ey YRG0 oF  SpHe adfr oo BafdlcPghS ana ehe
Orfdpbt§ogieenat ingtAbasdiObdlber 15 coating B. During
formation of the primry Ia¥er pul ses of -3200V with

a duration of 10 ps and a fFeBbBnly of 3kHz was

: Nerep bt Afterat i &
PIFOETY EH5CEE pveligy Bl TiEe

primary | ayer, a top secondaryjl ayer “of

Romhgoat ¢dii dkhessbdfs0. 04pm fpr coating A araB3®. 1 for

28Fcoating,8. Durin? Iornation of the secondary | ayer
plit SRR TLIBOBXAWP LR’ a duratipn.of 10 ps and a

TE SAUENS YA p@_g%ﬁ%omas applied{to the drill gy The

primary” | ayer th coatings|had a hardness of

dbmaitinid-P5(@GP3umhi | e the secopdary | ayer wak3Zbout

26 25
20— IJJ

Accordingly, it can be seen from the data that the
coated drill bits exhibited an almost four-fold increase
in the cycle life compared to non-coated WC-Co drill bits.
Hence, it will be appreciated that the hard coatings
sigﬁificantly increase the cycle life of the drill bits in
PCB manufacture.

The plasma deposited coatings also exhibited
excellent adhesion to the drill bits, thus increasing
their cycle life compared to known coating methods.

- The disclosed coatings therefore overcome the
problems associated with high wear rates of the drill bits

It will be apparent that wvarious other modifications

and adaptations of the invention will be apparent to the

person skilled in the art after reading the foregoing

disclosure without departing from the spirit and scope of
the invention. For example, although the disclosed drill
bits, their method of manufacture and their use are

particularly wuseful in PCB manufacture, it will be
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25 GPa. A nunber of drill bit coatings were subjected

to Raman spectroscopi c anal ysis wherein the peak

intensities of each sanple coating were obtained. It

was found that the peak intensity (ID1G of the

SapplreGeddoshhad t3Q relAativgd ¥ rhar d:rﬁanﬁfllﬂt ®1¢ist Yean be

val ue of about 0.3 to about 0.5 indicating a

r &isgd vy Hdrar cenpilagatTpascomed @S |happrsyofdrill bits.
gs n ed d t

o?g% %érgﬁgss %oawﬁ!qg%ﬁﬁ thg%to % 1i(hine;g)s?& C§&%%$s and

ofidbpé atryi pér susethel wiPEBn t%aeﬂ&mdafgmtdﬂ & han e dadiadnins .

of cycles were recorded before drill bits becane dul

and needed to be replaced. For conparison, non-coated

WC-Co drill bits were also subjected to the sanme

drilling operation and the cycles 5 recorded before

these non-coated drill bits needed to be replaced. A

sanpl e set of 2000 drill bits were tested for Coating

A, Coating B and non-coated drill bits and the

results given in table 1 below. 10 TABLE 1 Drill Bit

Coating Average Cycle Life MNon-coated drill bits 1983

(Conpar ati ve Exanple) Coating A (0.l pm 8215 Coating

B (0.3pm 7353 Accordingly, it can be seen fromthe

data that the coated drill bits exhibited an al nost

four-fold increase in the cycle life conpared to

non-coated WC-Co drill bits. 15 Hence, it wll be

appreci ated that the hard coatings significantly

increase the cycle life of the drill bits in
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PCB manufacture. The plasma deposited coatings al so
exhi bited excellent adhesion to the drill bits, thus
increasing 20 their cycle life conpared to known
coating nethods. The di scl osed coatings therefore

overconme the problens asgpgimtéed with high wear rates
of the drill bits It wll be apparent that various

1etheﬁ-ﬁ@éifbéétt@msrhﬁﬂn@daptations of the invention

1| 2D RRRALEAL R0 e, 40 BOL OBk Lelah ot e, 2

after 0|ng ditsc ure

depaatmm@ﬁrénqagﬁméﬂnrehdamﬂzs@maeama dmeshnaewbdy1for
For exanpl e, although the disclosed dri] bits, their

SHERABAESBE mifithact @r e tAN t hepPahde ar%f péPFF‘&&Pgrlysald
cfﬁfﬁahbﬁl PGB YRR ET 45 €0 léné[f;"ilchdl?ﬁalléxﬁgpf eci at ed

hat the coatings for the drill bits can be wused in
ot hea applkicat i emd sochamasopposity dend| ofi tsaid Heedy, to
Sit iﬁoi tended tgat aA% such nodi fi cati ons and
AR pEEYT oRLITIFRUF t Y t P& scope of the appended
cl ai&s. phadfaC abpbsitedA meehlbi tcaGWiRld Sidigitilhg layer
cyllndrlcal body having a |ongitudinal, axis; a too
heefed® 8AddoHOBRENGNENG: WREFSHEdyTY 31Se /5 said coated

t gol f
fﬁ"??*ﬁﬁr.ca@f“%‘%% 901 SRPA5: 01 J OLALNTESELE a5 said

about sai d [ongitudi nal
cybikdngcehdoady aits apposided @&noof 1sai Hobhoilyudbnatandis.
t ool engagenent end; and a plasma deposited netal
carbi de coating |ayer 10 provided on said working
2.end,a W6 Bi BitNadS@laSdied CaatetaiMonKi RBe@RE nb¥HBH ahard

hole into a work piece as said
coating layer has a thickness selected from the group
consisting of 250 nm to 3000 nm, 250 nm to 2500 nm,
250 nm -to 2000 nm, 250 nm to 1500 nm, 250 nm to 1000 nm,
500 nm to 3000 nm, 500 nm to 2500 nm, and 1000 nm ¢to

2000 nm.

3. A tool bit as claimed in claim 1, wherein said hard

coating layer has a hardness of at least 10 GPa.

4. A tool bit as claimed in c¢laim 3, wherein said hard
coating layer has a hardness of 10 GPa to 35 GPa or 15
GPa to 25 GPa.

5. A tool bit as claimed in claim 1, wherein said hard
coating layer comprises a primary layer provided on said
working end and a secondary layer provided on said

primary layer, wherein the hardness of said secondary

layer is higher than said primary layer.
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cylindrical body is rotated about its |ongitudina

axis. 2. Atool bit as clained in claim1, wherein

said hard 15 coating | ayer has a thickness sel ected
fromthe group consisting of 250 nmto 3000 nm 250

6L M Ko €580 Mur 230 AMiR4000, nm3A30 BM t@hé?@i?nnnéald
250 nmto 1000 nm 500 nmto 3000 nm 500 nmto 250
Priimprandayeg0ham o haagd@ ssmoR05 3GPA tgolloqutPaasand sald

l.aj In_sa r yer
sfsBhERy, TaGEl' e e MEEERDSE " eba 0 PR P or St B

clainmed in claim3, wherein said hard 25 coatlng

| ayer has a hardness of 10 GPa to 35 GPa or 15 GPa to
755 opa. Ca01 ABdol ABi {CHAUBPAI i I 2dHh fr 1, Wik &pn said
pE8hdrhar dang0al LagoLaYEy COTRLses A PABIIAIS  have

provided on said 30 working énd and a secondary 'l ayer
respectigve ort st khqsemr wilthier umaerelang‘eheoﬁarmgsm to

1Phpofh S8R E o P wra PRED TR EpaTRPR Moy oi

sald primary |ayer has a hardness of 5 GPa to 10 GPa
and said _secondary_l ayer has a hardness of 10 GPa_to
835 @atosl 70if 2soflbitedsipl silpdar iln shEinais, Sact aietal
0B a4l d AR Yo AKh secandarylayet soh ndependent Iy have
respective thicknesses wthin the range of 250 nmto
1500 nm 500 rimto 1500 nm and 800 rimto 1500 nm

10 8, At bit as clainmed. in claim.1, erein said
Smetdt P apﬂitrre‘?%l TR acéﬁéﬁls.?h gl

tradPotidi t et 0l abedshRgc! aboh8i t YBR! ehdt 8B arbide is

transition netal of said transition netal carbide is
Sql?%fe@cécf@émftbm gheugr cop séesingt iafg B, TEr, ZHL, HV,, Nb,

Ta, d%% Mo, W, Fe, Ru, Os, and combinations thereof.

10. A tool bit as claimed in claim 8, wherein said

transition metal carbide is tantalum carbide.

11. A tool bit as claimed in claim 1, wherein said hard

coating layer has been deposited using a filtered plasma.

12. A tool bit as claimed in claim 11, wherein said

filtered plasma has been generated from a cathodic vacuum

arc.

13. A tool bit as claimed in claim 1, wherein said tool

bit is a printed circuit board (PCB) drill bit.

14. A tool bit as claimed in claim 1, wherein said tool

bit is a printed circuit board (PCB} router bit.
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Ta, C, M, W Fe, Ru, Gs, and conbi nati ons thereof.
10. A tool bit as clained in claim8, wherein said
transition netal carbide is tantalum carbide. 20 11. A
tool bit as clained in claim1, wherein said hard

%Datmﬂgtb%XEVbD@Seﬂﬁeﬁlggﬂga'tfﬂ L@l@ﬂna]f'|bﬁé%@1n said
plasma. 12. A tool bit as claimed in clai'm 11,

inéméirrJrO@é doxdy fhas eﬁedilpﬂr@sﬁ@r hagléeead gém@rﬂattéd? group
DR 16 NOfll 6 YAGHHT (ATE 1d3 0 A5 OB BLL AJuf! %88

1, ‘wher éin sai blt s a printe
t@l r1C whint; hﬁoarsdm(nPﬁsB) 0d6i lnln Bht. 030514m Aot 00b5bintn.as
clained in claim1, wherein said tool bit is a

printed circuit board (PCB) router bit. 18 15. A too
ﬂaslt as teloal BRE 1% chalifel WHSMEI i SBI oyt M4 CR metal

body has a di aneter selected from the group
legrsi stisreotd 0 @S wernt os3idmwakidfhgmend 2amn s@i05 hard
Cng1.58 ] nn# 0.05 Mmto 0.5 mand 0.05 mmto 0.25 mMm
5até feol "bit as clainmed in claim1, conprising a
nmetal |ayer disposed between said working end and
said_hard _coating layer., 10 17. A tool bit as clained
1in cPai 702k, Ritfer @sn ehaimedli ckhesslagm t A6/ mevhpreaper the

th?c}%ﬁgsg Wgotl]réolqeﬁgl i§¥eé .‘LQOb?B hm@80Ch 3bFefm. N
aim1l erern I ndrica bo y conpri ses
tungsten carbi de and cobalt 15 19. A tool bit as

laiped in claiml ch racterized i thai t he coatlngthe

1 aye eXA7 bi tt%ltRar‘—f'e?n éﬁ?idt yilal Gé&iBr Lpet'HReRein
c?bﬂﬁ&r@c§ltQOQQOMémérlses tungsten carbide and cobalt.

12. A tool bit as claimed in claim 1, characterized in
that the coating layer exhibits Raman intensity values of

between about 0.3 to about 1.

20. A tool bit as claimed in c¢laim 1, wherein the
hardness of said coating layer generally increases in
hardness a direction from said working end toc the

periphery of said coating layer.

21. A tool bit as claimed in claim 1, wherein the work

piece is the substrate of a printed circuit board (PCB).

22. A method of coating a tool bit comprising a
cylindrical body having a longitudinal axis, a tool
engagement end on one end of said body for engagement
with a tool capable of rotating said cylindrical body
about said longitudinal axis, and a working end on an
opposite end of said body to said tool engagement end,

the method comprising the step of:
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20 20. Atool bit as clained in claim1, wherein the
hardness of said coating | ayer generally increases in
hardness a direction fromsaid working end to the

peri phery of said coating layer. 25 21. A tool bit as

cl ai [ r [ [ ;

SUbsT At e or 8 BT S e ey o boy ¢ 33rDgn fons

omgichodadfl coatking aendol tbi tfeomprd simeggad cyrbhdei ckdyer

tZ%%% having a | ongitudi nal axis, a tool 30 engagenent
Sh*one end of said body for engagenment wth a

tool capable of rotating said cylindrical body about

sai d_|ongitudinal axis, and a morklng end on an
28ppodi REWIRE A saﬂ-alﬁséy ino ckadmt 84r SRgRFdTeRg frfore

SEEE qgghoqhgogpé §|gg the step of: 19 (a) depositing
S°Bs ! . :

ma fretal” i on carbon ions onto said working
end t(b)f ayenexrateing &apbhdmalawam thepebsing B@taA ions

ngthod as clainmed in clai nt n§r|5|n before ste
apd) SRR LGRS o ) Gehbr abP °BFas GRE vacuum,
feefPhi sbhgolBEaatbeng aﬁBds§§£@éF hRAS in an inert

at nosphere, or under vacuum from a cathodic vacuum

arc 46drcéilhnEing (%?l(ﬁl IRERSTRY Skeam pldnesWedmntolally
r§§8§%?giiakg¥ro§§ ¥81 ﬂ@?égp ticles therefrom
. as ¢

net ho alne arm 22, conprising,
during step (a), the step of : 15 (d) applying an

alternatlgg blascﬁéise to, said ,working end of said
2¢ ool & di @SnidL iRk el EEep it Phg CHBPRSINg, during

st&hathyel yndi ghepegati ve bias pulse and a | ow
negati ve bias pulse. 20 25. A nmethod as clained in

cl ai 6iR4, apphpiisi ap t elismpting bias pulse to said

working end of said tool bit, said bias pulse alternating
between a relatively high negative bias pulse and a low

negative bias pulse.

25. A method as claimed in claim 24, comprising the step

of:

(dl) selecting said high negative bias pulse from
the group consisting of the range -1800 V to -4,500 V and
~2000 V to -2500 V.

2¢6. A method as claimed in claim 24, comprising the step

of:

(d2) selecting said low negative bias pulse from the
group consisting of the range -50 V to -500 V and -100 V
to -200 V.

27. A method as claimed in claim 24, comprising the step

of:
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of : (dl) selecting said high negative bias pul se from
the group consisting of the range -1800 V to -4,500 V
and -2000 V to -2500 V. 25 26. A nethod as clained in
claim 24, conprising the step of: (d2) selecting said

| ow negabuveihashpubsasf baMhie sudsewa +eoRs St i@ fRfency

the range -50 Vto -500 V and -100 V 30 to -200 V.
of7upatretAokHas clained in claim24, conprising the

step of: 20 (e) pulsing the bias on the substrate at

a frequency of up to 10 kHz. 28. A nethod as cl ai ned
28n chai meRiodwhes elcmlasmebl Sipul slaign stXh (eherein said

C rise th te selectln the frequency
pg?%ﬁpg g%?o?gﬁ ést 3 Ri& %g A method as

cl ai ged) | Qe%@tﬂhg?th@hﬂ@qaeﬁ@ydfréﬁ PHbSI-Af gt @F (e)kHz

conprises the step of: (e2) selecting the pul Se

t@ufakiidn fromthe group consisting of 1 ps to 50 ps,
1 psto?25s, and 5 ps to 10 us. 15 30. Use of a tool

bit for printed circuit board (PCB) manufacture, the
2% 00l Abithetdomprisd nglaimyd | nidi | caAlaipody haviwi@rain said

%i%%%tUdlnal a%ls a tool engﬁgenent end on one end of
PR ofe) erigERyerit WiE LR & capabl e of

rot aténg %@1@ct%%gcyl;h@dr¢@ée bet20QW $25H the group
| ongi tudi nal axis;” a working end on an opposite end “of
cqnﬂxﬁtxm@ ¢H 1 ps to 50 ps, 1 pus to 25 us, and 5 ps to

10 ps.

30. Use of a tool bit for printed circuit board (PCB)
manufacture, the tool bit comprising:

a cylindrical body héving a longitudinal axis;

a tool engagement end on one end of said body for
engagement with a tool capable of rotating said
cylindrical body about said longitudinal axis;

a working end on an opposite end of said body to
said tool engagement end; and

a plasma deposited metal carbide coating layer
provided on said working end,

wherein in use, said coated working end bores a hole
into the substrate of a PCB as said cylindrical body is

rotated about its longitudinal axis.

31. A method of making a tool bit comprising the steps

~of:

(a) providing a tool bit comprising a cylindrical

“body having a longitudinal axis, a tool engagement end on

one end of said body for engagement with a tool capable

of rotating said cylindrical body about said longitudinal
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said tool engagenment end; and a plasnma deposited netal
carbi de coating | ayer provided on said working end,

25 wherein in use, said coated working end bores a

hole into the substrate of a PCB as said cylindrica
abea@y izhd rotaberiARodhd toh landbipehed axiisord3kaill body
met hod of making a tool bit conprising the steps 30
tef saiq) tppdveapagemensorndirt ap8npri sing a cylindrica

body Vi [ tydi axi a 190 g end

on ” $B3" PG SO HER M TRt haR rER SR BGn  Yons
opépabsaidofwamdtiatg ngnshi docytférdr izxcahehady abehidsai Tayer
hongitudinal 21 axis, and a working end on an
t85b58it e end of said body to said tool engagement

end; and (b) depositing plasma netal ions and carbon

ions onto said working end to forma netal carbide
3Payef HWitH@deonpirgrit Ahsyansg efPER ) cdictilBodvit ( PEB)router

[ ' router bit conprising: a cylindrica

bg%dégﬂgtiﬁgﬁg'longitudinaI axis; 10 a tool engagenent

end ancyhénénilcal sadd hadynfos 1engbgedatnsl wakbsa

t ool capa&le of rotating said cylindrical body about

sai @1 6RGH FAIIRECTEO s SRANWGIKi PR eﬁﬂdor?fans%b%OPiofjé’ for
effsghesel d Hody 19 SRSk shapk.gid: id lp.p 9&3?”@ said
netal carbi de deposited coating [ayer on sala wor ki ng
cehthdoichbrbody aalbohd satd bongi REBLEs] sakis;

cyligdriciL boq%rﬁs rot at ed abou% its ongitudhfab dv t
axi & "33 0¢e a®tod® bPPPPEF “BoriMy 8hol% G nPBY t°
sdie 2amubsidaten®f a printed circuit board (PCB)

during PCB .
"a plasma metal carbide deposited coating layer on

‘said working end for boring a hold into said PCB as said

cylindrical body is rotated about its longitudinal axis.

33. _Usé of a tool bit for boring a hole into the
substrate of a printed circuit board (PCB) during PCB
manufacture, the tool comprising:

" a cylindrical body having a longitudinal axis;

a tool engagement end on one end of said body for
engagement with a tool capable of rotating said
cylindrical body about said longitudinal axis;

a working end on an opposite end of said body to
said shank end; and

a tantalum carbide coating layer on said working end
having a thickness of about 1.5um or less,

wherein in use, said coating layer bores a hole into
said PCB substrate as said cylindrical body is rotated

about its longitudinal axis.
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manuf acture, the tool conprising: a cylindrical body
having a | ongitudinal axis; a tool engagenent end on
one end of said body for engagenent with a too
capabl e of rotating said 25 cylindrical body about
I d A opgk wnak; axi sy ki d : 0 S
S’ dt CRETREENIT A SNE, Rollin P 1R JBRE G more
hedrdlsi ddhadoadvg beger bomedaiwd thorkitgylerntsti t hayi afadimed in
g H%¥q¢ss of about 1.5pmor less, 30 wherein in use,
said coating |ayer bores a hole into said PCB
substrate as said cylindrical body is rotated about
its longitudinal axis. 22 34. A printed circuit board
3GPcBft MRARRA 0RE dromidie ahbrde tidio hbhe bebstheted of a
4 | R [ | l.ai.m 1 ..A nethod
P e KaTs R SR Ve s e iRty ep® Bepl o
ci rcdiett baadd ifeCB) domiridr icst ngputher steepl dbit (8to the PCB

drillin drill router tool .bit into the PCB |, .
bBgEy Ss'%‘b%trraaiiee', gﬁ@ o‘P‘L- s&Pd dotobi PioAmRsiing @
pgzgaglgadap@@&badm@ha_l ca2bliude c6884had1L¥e’ thiReeean.
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