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CUTTI NG TOOLS HAVI NG PLASVA DEPOSI TED CARBON COATI NGS
Techni cal Field The present invention generally

WO edoaex7¢ o coated cutting tools such as tool BPECT/SG2007/000179

such as, for exanple, carbon coated tool bits used in

po ) HECIOES TR, REngHd HeboPRIECchIERR Eonfios

be precise and match very cl ose tol erances. For boring
operations using a drill bit or other, simlar rotary
bori ng device, the tolg?ﬁﬁﬂégaﬁrglﬁiﬁsured in respect

of bofgedi gpBEERE aXhAnSidR YuEss,12NddeRlE Ots  coated
bore. The substrates of PCB 's are usually made from

pateingl ssades gnehdidsi cobil thoitsi | Isuche &$berfgirass¥ample,
whi ch_inpart. high.demands .on drill_bits and other .

g

onngtiact bbaerdbat(aeiral gasuel agchrpergl ass can be very

abrasive and tend to dull the drill bit ends

relatively quickly. This results in the drill bits

failing to neet tolerance3handaids, which results in

di mensional faults arising in the manufacture of the

PCB b¥artinTogovepeoneiohe @robPERSSassost ated wirekkise and

hi gh, wear _rates of Bhe drill gits, It.is known to coat,

PRESHr I YbCiE S (1 16 THRCE ScoatimE OB St e ing a

gaibidepst eedr txHELVeImitiRe rabesryt wiirehgt hgedibkl the

bits are dulled. However, due to the abrasiveness of .

FpeepPERCBBardenBicasigled s afmetdnetf e ¥® délggter, axial

S b gitf5a0r 5o Lhepolybpbygen about, 200 and 2 000

it isThpentsudsdnaists beof PCB's are usually made from
materials that are difficult 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 drili 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 1is 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 1is so dull that it is spent and must be
replaced.

Tools bits having carbon coatings deposited by

physical vapor deposition are disclosed in US Patent No.
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repl aced. Tools bits having carbon coatings deposited

by physical vapor deposition are disclosed in US
w1000022N0. 6, 881, 475 (Onhtani et al) . GChtani tREBeH0OA000179

carbon coated tool consisting of a base nmaterial of

upgst car ; annr ph I ' f
FPPORL S0 Sl 39T NS DRI O anngp comtes
edge obnshettupgsifen tards detasielandst amnddesd ayerbdde, an
thickHess 0.5nmto %O ran gisgosed betme&r t he base
FEYEPIGRE cGRBBRANcohtfifg PhyetliRkREEHI ey QPR to 0.5 um

@@%ﬁ@k;ﬁ@édVaﬁeb depositingn LRROY A ivH: NBINRdSd Scdhdtde pase
rel atively hard "macro-particles" are deposited on the
3NAf &0 bnHergevyay «Yat thgckwhissh Grimundesi ¥abhe disposed

y..Lagr th utting resistance of t
DECRUaR, e -pBET 4258 DG LU0, KOO RNEule L probien
wabtsmphly stealopaidid:c| @eplesnst 1yn adeposst bhg. mEewRMEl ,is that
mh'le,Chiani did recognize the need to obtain as | ow

ﬁ%i%%% Yi ¥ dendla§F UPPISG T ofiehe IERPESRSd on  the

SQRELBE, uhbe rp¥Rincal-Jmeraparyihske depsif id |
in the oFderrgf 7%?660 to 6d%000$ V%iler%ﬁiaﬁfﬁggiébecause
eyl onereasesdrpt echhiving aemdoitengar tatl ehdensidly. ofhtani

4 L .d be_nore desir e to have an even
FRt i Hatuchei By Fr tTrar o bO PRY oa? | gLl macro-
pairckaess deindihg; | oW mRIORArd | cCHewdeBs] t WiSa®! entasi did

also low (50 nm and there was no inter-layer djsposed
HeEAehZehElearB6A E6atlig ivuresT |lare Mmasb tHRE timgstdensity

garhide hase gat egjal 'CJP@{S& | ot o ?f,d &%sprgiéggaio%acro—
bits that overcone, or at [east aneli’orate, o or
poreiolet hkerdiisayvartsagesidéscinbethabowelsSunoer y70, 000 to

%€§$¢ﬁ%p?o&ﬁﬂgﬁ%éégé?ﬁgPaggb Eﬂ%&ﬁ&é% Q&%glgg%p?e having a
macro-particle density of 24,000 it would be more
desirable to have an even lower particle density.
Furthermore, the coating thickness of the low macro-
particle density sample was also low (50 nm) and there was
no inter-layer disposed between the carbon coating outer-
layer and the tungsten carbide base material.

There is a need to provide tool bits that overcome,
or at least ameliorate, one or more of the disadvantages

described above.
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a body; a cutting edge on at |east one part of said
body; and a plasma deposited carbon coating |ayer

W@e@vioe2d on said cutting edge that is substane¢CEBG3007/000179

free of Imacroparti cles . Advantageously, as the carbon
coating layer is substantiglly free of

macro-particles, it has re%ﬁlgxé%ir¥utti ng resistance

rel at\¥8otQifyt ttHg & oglisseoabedewt h cieebon irwvprgvided a
macro-particles disposed within the coating. Mre
edbhieageeas gomphesSEnsti ng tool may be a tool hit

whi Cha 8] used to bore holes in PCB material, the

pl asnma epgéi ted carbon coating | ayer being

subst antihatliygf edgeobnmatr depatt bokeparsi ghi Siedanblogy; and

extends the cycle |if f the tool bj Lati .
known2h&Hd t‘iiﬁﬁoilség‘@as calr%oélggc%‘ﬁj'lf)}or&l% re}%%&l,e\éte réeroOVlded on

%Hﬂji N 400G | $Ryd 00habi ti £ORPHESEAGI 16y | fndei el macro-
ody having a longitudinal axis; a tool engagement end
parthelend of said body for engagement with a tool

capab of .rotati sai d cylindri ody, ahoyty sa :
| ongi %ﬁgﬁﬁgﬁgg;%ﬁlss?%é wor Ki nghgndb%%bgﬁ opcposi ;Heg eﬁl(jg%?r e
sabdthady atio ysairdekoob fengagenept réndlesnd dtpl hssa reduced

deposi ted carbon coating | ayer provjded on said .

ROLKRRG Cifte 1HEAPFS SEOSEANEI i yOFF pengy LoOLS coated with
BB LBRANGHES md Ak 4156 r 15k e £ 02t S5 ¥&8 kiighendther esating.
a %ol e |nton§8v\%rk pi ecre as said cylindrical body is aEne
Motrat extedoiagédes 1 yngithedi ¢l t xg stoPhe may bR @ tool bit

R
deposited carbon coating layer being substantially free of
macro-particles, significantly extends the cycle life of
the tool bit relative to known hard coating layers.

In one embodiment, the cutting tool is 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;

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

a plasma deposited carbon coating layer provided on
said working end that is substantially free of macro-
particles. In use, said coated working end bores a hole
into a work piece as said cylindrical body is rotated
about its longitudinal axis.

The carbon cbating layer may have thickness that is
at least more than 10 nm. The carbon coating layer may
have a thickness selected from the group consisting of

20 nm to 5000 nm, 20 nm to 4000 nm, 250 nm to 3000 nm,
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have a thickness selected fromthe group consisting of
20 nmto 5000 nm 20 nmto 4000 nm 250 nmto 3000

woeqo2d@2mm t o 2500 nm 250 nmto 2000 ran, 250P@RSG2ZN07/000179

1500 ran, 250 nmto 1000 nm 500 nmto 3000 nm 500 nm

to. 2500 nm d 1000 hmt o 2000 nm The carbon
iHY F%y@%%ﬁ)aﬁmhav@% Mar fResd Wt Mty | €38t 0B oy, 1500 nm,

s efdbly aboleast, 1HoéRan OBLIW Ik, thBohakdto 2500 nm,
coating layer has a hardness of 5 GPa t o 60 GPa or 10

Gl tlPED raPd® 200D @Pa t o 45 GPa. I n one

enbodi t, the carb n coa | ayer co ri s

pri nrarrllg;He a%FBBPovC’]O ed "th sg?’%rcuah ng nrg elﬁ%r%ness of at
Secostdat ychayeprpreviaded @it Saegsipr waG)pal aye)“ptlonally, the
wherein the hardness o f sai d secondar [

HitbretHall S at Y F | WP y2 | ByEANCOHt Pén%l I%Fy tthlé 60 GPa or 10

r&pm{a dRUES, has ?0*@#9”@&545’%15?@3 t 020 GPaors5
a to 10 GPa and sai d secondary I ayer has a hardness

0 f 100rGRang @misOd GRandy 2h6 GRabbo 4Ha@Rag |Ieywere comprises
enbodi.nent he nd, secondary | a s have
A SALTTIY 1 RPCiTes BERUIAR ¢ e T ALY ofYEhingr Siggppand 2
rHacdHHanwy t 02a$600 piav2eEHd Nt 0sdDA0 JHmHBP NBWLS, wherein
1500 nm and 800 nmto 1500 nm A netal carbide
ﬁheerh%%?%r ofetsf1d n’F%@OP@?ﬁ/ ﬁc@we@ el¥i Bpebey than said

ECrlﬁrte met-al rleafﬁe%tl o Cgﬁglcaﬁa%ﬁ 24 er - | ayerﬁoskn%%%g%{]?r has a

itrednd sy eo £ My dPae teo t RANSREI omr ngt gPa The 10aB®bt iond said
!ggégﬂéngg l§}§§| gg?g.&%%:4égggéguﬁgcon5|3tln%gngPa or 20

Qﬁﬁblnﬁiloﬁ§ theseof inl nogae enpodiifRAL, th®e primary and
transition metal carbide is titanium car bi de, chrom um

ERWTRDF  HiaMeki®s haws edfesnerting hdmh ipbwiisreririthin  the
theJetak ofp the Bt absdateh: ! 8% hd Sto 1500 nm, 250 nm to
1500 nm, 500 nm to 1500 nm, and 800 nm to 1500 nm.

A metal carbide inter-layer or metal inter-layer may
be disposed between the cutting edge and the carbon
coating layer. The metal of the metal carbide inter-layer
or metal inter-layer may be a transition metal. The
transition metal may be selected from the group consisting
of Ti, Z%r, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Ru, Os, and
combinations thereof.

In one embodiment, the transition metal carbide is
titanium carbide, chromium carbide or mixtures thereof. In
another embodiment, the metal of the metal inter-layer is
titanium, chromium or alloys thereof.

The carbon coating layer may have Dbeen deposited
using a plasma sourced from a filtered cathodic vacuum

arc.
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titanium chrom umor alloys thereof. The carbon
coating |layer may have been deposited using a plasm

waomwpoext7d roma filtered cat hodi ¢ vacuum ar c. | PCD8G2007/000179

enbodi nent, the cutting tool is a printed circuit

boar d (P dr n th hodi t he

cuttlné S@% |%§%fé%%%1ékigﬁgzugPtggggd-%%%L) fguﬁerprlnted

biitrcuTheboglkdndPoeal dxddy mﬂy:haVBnaam®HMQteemBGEEméed the
[ mmto 3 mm 0.0

fromthe up consisting of 0.Q01
tBt31hh tg SSEﬁmat Brénﬁrﬁ"g Gléguﬁ% SafdmﬁPC@)OSTOHﬁ\ecr Hit.
1 MM rRe05: P £ &@r Pl MBRNAA BaQ5 AEVEO D. %Qaﬁﬁ@telrn QBfected

enbodi ment,” the cutting tool conprises a netal |ayer
droposbe tgertqmerp@musmq(m@ 8n@0andmsaicd hawe; 0-.05 mm to

i.ng | The thICk e of the al. la may.
gS%hhng%éﬁ% Fn: Pm o@é%ghﬁgbfﬁ%n??%pheod¥ﬁfﬁ%}f%%l1 ;7

bodg mmnpbi 8€5 mungatien.oar hindeoand 2cobal.t . 1 n one
enbodi nent, there is provided a tool bit_conprising

cyllnapleéﬁ ﬁﬁﬁVdﬁg@Pﬁg §hQNﬁﬁ§§kﬂ9wﬂo%&l%Om%?%%%F a metal
fB?éQer@féﬁagé‘Qdorb&Wee?rpd f; Saldrhody Tohqengage®ily hard
Wi ato capabl e of rotatlng sald cyllndrlcal body
abettngaikhyengi Chei nahickisss aodor kheag rertdlonlaper may be
gg osi t eig gf sai d body to said tool engagenment end;

g|8§ d & pri mary carbon | ayer provided on

sai d warkéhg edbddiahent s sitst lidldryi Jdieepddy comprises
nacrogartlcles a pl asma deposited secondary carbon
EBROFRENI 8pEP1ProREe§OBR1$ai d primary carbon coating

'ayerlhhaﬁnés SHBSEARLAA! | Vedd£e of s MG QRAG T Gl €%001  bit

wher ei n
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:;

a plasma deposited primary carbon layer provided on

sailid working end that is substantially free of macro-

particles

a plasma deposited secondary carbon coating layer
provided on said primary carbon coating layer that is
substantially free of macro-particles, wherein  the
hardness of said secondary carbon coating layer is harder
relative to said primary carbon coating layer;

wherein in use, said coated working end bores a hole
into a work pilece as said cylindrical body is rotated

about its longitudinal axis.
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hardness of said secondary carbon coating |ayer i s
harder relative to said primary carbon coating |ayer;

wab@pein276 N use, said coated working end bor esPEr/bGioe7/000179

into a work piece as said cylindrical body i s rotated
about its hon It ginaL aéis.The pl as d

I ted -
car boRPCoR PR BYBPE GG SArbe I i daT T yray exhibit

Rahdesiateheti WoeRaahew! & bodowabouibdudr oabotl Gbdut 1 or
to about 0.8. According to a second aspect, there is
PPOVF ded® at et ot of - Beating a tool bit conprising a

cyli ”ﬁé&&?&ix@gdycd“a‘éi @e@oﬂ?”%ﬁs.‘p%ﬁ%r}a' t?éké’ 5t g‘%'ovided a
engagenent end on one end of sai ody for engagenent
method tvboboeapabl e aborlotett ngpngaiicsicyd iandeytatdbbdyl body

bout sai d | ongitudi nal is, and ki d
BRPORFLE i P hoR PO Sai P LooP eRgaBEenE g one
the lmThQ&ii&Ominiﬂgrt@@lg_%?%%e@lft (M tHeRostdbNd capable of

pl asma carbon _ions onto sali morking end to forma .
EaFpbaN g ayiid hérvdomahisgal s baghst aRpval | jaifdeel@rgitudinal

JBEL O- Qﬁ&t %C%J8§ki?;?eeﬂat Rad ﬁ@%ggagsfi%e HEBE AaidNSoay to
steps of: (b) generating a plas éam conpri sing
saiionocicdnerigegmdmer éndtf nodghenethod vhdprivaegurihe step

fro at hodi ¢ vacyum arc source; and (c) fi]tering.
ohi 4 b1 GBRASELaRY: BiSame: Grapan y FemvE g2 id Woffing end
ABCEBRAr bl daShdmhersfdomndheonethad My GUBNAS€ally free

during step (a)_, the step of: (d) applying an
af teapaeTPRrbiasepul se to said working end of said

{00 PO R RS UL L I B s o
beasrpuisg. a plasma beam comprising carbon ions in an
inert atmosphere, or under vacuum, from a cathodic wvacuum
arc source; and

(c) filtering said plasma beam to substantially
remove all macroparticles therefrom.

. The method may comprise, during step (a), the step
of:

(d) applying an alternating 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. A

The method may comprise the step of (dl) selecting
said high negative bias pulse from the group consisting of
the range -500 V to -5,000 Vv, -1000 V to -3,000 VvV, -1800 V
to -4,3500 V and -2000 V to -2500 V.

The method may comprise the step of (d2) selecting a
floating power source or selecting said low negative bias
pulse from the group consisting of the range -50 V to -

500 v, -100 V to -200 V, and -50 V to -150.
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The nethod may conprise the step of (dl) selecting
said high negative bias pulse fromthe group

we@orvgier2rng of the range -500 V to -5,000 V , PADSG2007/000179

to -3,000 Vv, -1800 V to -4,500 V and -2000 V to -2500

V . The nethod may conprise the step of (d2) selecting
a fl oaﬁ’ﬁgmﬁ?i%@rd ggo%Pr%%?eEfl?ngSts%ﬂ °Ff okeheditlisigrg the

bh2gs PYhSEnEr 9ibERagEOHR GORSH3 ROl £ he HANGR -89z or wp
Vto- 500V, -100 Vto -200 V', and -50 Vto
- 1805 Thé zret hBlde maylednpr issert hiee)strepy obofipyipeal siheg step of

' h b f 1
1P 823 ShaLS YRS p JLSRUIEN AL 8P O G o

thezstep of (el) selecting the frequency fromthe
range of 1 kHz to 3 kHz. The pulsing step (e) ma%/
conpr i 5@t RE1SHA ottqr2) edelt | AEUPRESPUISE dekapi @f (e2)
f r ISt f 0 1 Qp s
P e R, e I o] PRk 04 R, S op; Bnditeing o
r&l asi wel Yyphimgh negat i ve BbagsandBQ hes | bw hegasbi wed 5 ps to
bi s_may be alternately undertaken for a duration of

ﬁe‘@él ected fromthe group consisting of 0.1 seconds

to 20 slesongsigri¥esgcomd gn0 h&poonas. Acgsrdhig tame  low
third aspect, there 1s provided use of a tool bit for

predretvei Peaft MBabe pREBFIAERYacnGestakee ties! diduration
CQPpEiﬁéngéﬁ@c%%h'QﬂQ)CQhu?qg%ogﬁvbggaﬁgkgggz%%dkﬁé! seconds

axls; a tool engagenent end e en bod
for 2hgsgeomds arth setond capibsecofidsotating said

CY L ndLLcal  body, aboul sebd.Longtudhacl @il 5. 2 e use of
t9okoengagerert ek i ®¥H circuit board (PCB) 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 carbon coating layer provided on
said working end that is substantially free of macro-
particles,

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

According to a fourth aspect, there is provided 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

7
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a plasma deposited carbon coating | ayer provided on
said working end that is substantially free of

wore@popard i cl es, wherein in use said coated woPKI/SG200M000179

bores a hole into said PCB as said cylindrical body is

e out n I tudi nal aX|s According to,
;%%ﬁ%hqgggé%tW$%% %%&pr%vﬁaea ﬁé?ﬁo&ngf?%aﬁ@ﬁ§ fody to
t&HﬂdthOIXﬁnUagHMEhﬁfﬁhdﬁeﬁﬁjof (a) providing a tool

bit copprising a ¢ylindrical body having a
| ongi t Ui n@FPERTE10G Rd@SUengerierint 16R8 SiMtohesehd oforking

s3d hody 404 §@8§9§H€f£}f%tgréet89|mﬁ@ggbbgrgacles to form

rotating said cylindrica y about sai _
Iaongliatr@@iﬂnallayeg dhdraonor khag eimsl crulsatapposile ehtbe of
3{ 2) 19 sai d tool engagenent end; and (Db)

eposi t'1 ng ﬁfasna carbon ions onto said morklng end

that aczoxuhsiantial by f1€enh ofagiRe0- pakticel ef'stcb}_f&HHed a
a carbon layer thereon that is substantlally free of

Sar GIARE T ROEGIHi nFGR) a dmiifith &pector theuger bit
i 1l a printed circuit board (PCB) drill bit or
f%ﬂ?g$¥%?§gconprising: a cylindrical body having a
| ongi tudiydaindmicss1 @ddwlhaeﬁg@maingand;dzmajneaﬁmi of

said bod engagene tool capabl e of

rot at i'ng %%f 5‘39%1(3% al e%%)dfnab%%? &8 ‘P%nélatllﬁldll?l%qiy for
axigaigemen®r ki pgtand Hn anAPPosikbenead Oéfsa'x%ﬂ%oc,‘bh said
sai_d shank end; and a plasnma deposited carbon coati

Pé(;léfldéﬁcsié @qﬁm koot te reg tch dtonigs. taaghistadntaisald sy fr ee
gglga%;%l al%%%ég{fggr%ég§ dQ%Lgd%néfssalg gggy to said
bbﬁ@kt@ddnabndX|s

a plasma deposited carbon coating layer on said
working end that is substantially free of macro-particles
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 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 carbon coating layer on said working end that is
sﬁbstantially free of macro-particles and which has a

thickness of about 1.5pm or less,
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According to a sixth aspect, there is provided use of
a tool bit for boring a hole into a board during the

worengexture of a printed circuit board (PCB) PCT/B&2007/000179

tool conprising: a cylindrical body having a

| ongi ' Is;.a tool .engagene end on_one end of .
sai d %%%§g$%r§éhd§§?ne%$lﬁﬁt é%qﬂx)a%% a%?gegfa ole into
satat ipup sasd saild ndyileakirbedy abedy sal drbemgédudidialt its
Xxi s; a working,end on an opposite end of said body to

I ERARR2EnBF18nd a carbon coating |ayer on said

WDrkLﬁQc@PQiBQanJSas¥$§%§ﬁﬁiagg?ﬁ&ﬁeeﬂyere i%o&¥ovided a
)

macro-particles and wh as a i ckness of a
dr Bnpedr chesyiwhéogind | (PGR)e, hawidgcanbowd ayere bovkss that

hol e intq said PCB as said cylindrical body i.s .
I?%Y%t ggegb%iﬁr?‘fswiggﬂgiat u‘b‘?%]al %é% &5 A8 %?’%?%g 1o Gpe first
seyent h aspect, there is provided a printed circuit
board (PCB) having one or nore holes that have been
bor edPYFPRIBNT0HIC bRR £ WA neEPERtY hdlayst igspagvided a

HRCCRE i B% U0 A £ thd%l%Sp%{o ther eS\ItIESTPJFé?EI% dg&‘ %4 printed

net hod of boring a hole into the substrate o

prroted koacdi (POBAr dofPEBy ingnmphieskshgpt bé:step of :

(a) drilli,n drill or, router tool bit intq.the PCB
boardf% bgfgé?é?gtﬁe#%ﬁ}%ﬁoﬁafauFﬁﬁltBP@ %Hﬁpﬂ@§9§f%? PCB
b 2508 sd@RAsited CEREONPabirNGkd Aayerobherneon Wb rdising a
substantially free of macroparticles . Definitions The _
BlAsen meneddsedndarien @@t iier eilaysival theaeent hehat is

§GE§%£ﬁEiggi§affgé of macroparticles.

Definitions

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

The terms “macro-particles”, “macro-particle” and
“macroparticles” are large (typically 0.1 microns up to 10
microns), typically neutral, particles that are multi-atom
clusters that are visible under the optical microscope in
a film deposited using cathodic arc methods.

The term “substantially free of macro-particles”
means that the density of macro-particles in a coating
film deposited by a plasma of carbon ions is less than at
least 10,000 particles/mm?, more preferably less than at
least 1,000 particles/mm?.

The term “tool Dbit”, in the context of this
specification, 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

9
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The ternms "macro-particles”, "macro-particle" and
“macroparticles” are large (typically 0.1 mcrons up

W 0%0o0227€rons) , typically neutral, particl esP€ChaG20a7/600179
multi-atomclusters that are visible under the optica

TS TRE ELEm SOUbCEart TRl P i O fLP Conere the
JRer o-pard i ches” weaas that akhg1densibyeof holes into the

macro-particles in a coating filmdeposited by a
plsimeted carlfédsions is less than at | east 10, 000

o T, TEME D), L85, D sptegl o enss

1, 000 particles/ mm “tool bit", In
Sod et caf i g srepecs f icoatthen errcefef sthe &opdoloilsi ton which
used for axial boring an includ%s within its _sco

19 | PLBFRS, CGRpSHTaS SRtPPBUCER OPEs, LT%FT bafi gated with

%ﬁ]&ﬁqi Nt WoRhKc-RI €88Ss kheONgceiRediv@Aingt giidokhe work
Its are used 1 n the electronicsindustry for PCB

padrecation and particularly, where the tool bits are

used 1.0 aé%%le“gggg h§ﬁ§§?%¢gﬁ£tI@%d&Qbsﬁﬁalﬁhéﬁ BHBext of

The t _%1 \ i ng end"; e context of this
eResi §heat FoBatiehpr sefershecenteofericheft odie bi¢obnbit that

whi ch the plasma deposited carbqn coati I ' .
toacrgrarthlearhbh And o CRPASES (Tho HtRal Thor fRgtoot bit
%ﬁé&tt hft&”rig?ﬂ?%ﬁgﬁdiﬁgﬁ_ tegmtool epgagemerpiend” then tool

e context of s specification, refers to the end .
ofighdpeneobl &nd thay | sompgageabhe @heéhka pestieapabhet is

L1200 i 08l BSOSl isoea oy,
shankc-RopEi gnathat .i s capable of being inserted into,
and | ockingly engaged by, a chuck of a drill. .

The term ‘hard coating layer’, in the context of this
specification, refers to a carbon coating layer that has a
hardness that is harder relative to the hardness of the
working end of the tool bit. Typically, the hardness of
the coating layer is at least 10 GPa, more typically the
hardness of the coating layer is between 10 GPa to 35 GPa.

The term “cutting edge” is to be interpreted broadly
to include any part of a tool body that is capable of
cutting a material. It should be noted that the term is
not limited to an actual edge of a tool but may refer to a
particular point of a tool that is able to perform a
cutting operation. For example, 1in a drill bit cutting
tool, the cutting edge may be a “working end” being the
end of the drill bit that is capable of being driven into
a solid bit and thereby cut it. Hence, the terms “cutting
edge” and “working end” could be used interFChangeable
when describing a drill bit.

Unless specified otherwise, the terms "comprising”

and "comprise", and grammatical variants thereof, are
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The term Lhard coating layer’ , in the context of this
specification, refers to a carbon coating |ayer that

wha®omonar dness that is harder relative to thePdiEHSENO%800179
of the working end of the tool bit. Typically, the

Jhardness of the coating |layer is & 9 r.e
%ﬂﬁﬁQ£%$yt?h€eﬂﬁ?aﬁgts 5P e<€6at%%%f?§%%% iggggp%ggnsuCh
tHAtGPac h &y 351 FRauddhe reerimdc utdiageredge " bus talse permit
interpreted broadly to include any part of a tool body
imrdud o apllddigil a4 P ER FEER | 2l ST Shoul d be

not eqlté hﬁé%&hﬁ&%&?@ | oot L tedf@ran aet HRk eda@ext of
of a'too ut may réfer to a particular point of a
dagtertthadtionabl eff o pemfmrmertcut tathg dfer at i remPgtions,

exanple, in adrill pit cutting,tool, the cutt] £

(i B b TR enct BEi RGCL RESORE P ITRe AT sl
that 44s ¢apal esicbei fg1de] Ve rentyym salliyl by+ 8rdof the
thereby cut it. Hence, the terns "cutting edge" and

stwored ngabwe; Boukd theigedd vi-ntlei= changéabhe wiéted value,

describi ng rilkly _bit, Unbe i £4 t LSe,
SO RBIO Byl - L 558 SO 401 DT g  ang eves
ard anysither gof /- ab ebht ehdelde t staepdegahte open” or

"inclusive" |anguage such that they include recited
el emeHt5OBAROF s& ng%SF EFH§?0nXEFT tﬁgﬁgﬁ}ments may

JOr agisted seleneit 5. Andesedopgael N1t hehderm taboutderstood
in the context of concentrations of conponents of the
flomtoul Bheondestypbtabhy ABangang® off afatst ated WRFekY Lor

nmore typicall 4% of. .t he st a I r i
Srer{RecE: by R Yo 15r B tuad Yoo an
shat ediyabue] ipveatipne byipi cald y sciibeof dthe shat edisclosed

val ue, and even nore typically , 0.5%of .the stated
arges - TREGQERSBE Lhi §¥<ﬁ s%%%ﬂ%t,l%r Phi A S menstd Pe

O sidered to have specifically disclosed all the possible
sub-ranges as well as' individual numerical values 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
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the bfeadth of the range.

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.
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be disclosed in a range format. It should be
understood that the description in range format is

woreeelog22fr conveni ence and brevity and shoul dPeDsGI87/000179

construed as an inflexible limtation on the scope of

the di;gcl aseds rangegemA€cer dipgl ’1etmheoﬂe§céb9¢:e9nt9fvl bit
a range shoul d be considered to have specifically

idi sclcogwdnald wikd possidilselaged anpeliaenel | a s
i ndi vi dual nunerical values within that range. For

exanlie,. descirs pti mlmémzaticang:e:oamﬂ@stﬁmmﬁ 1vtiew6 of one

shoul d be consi dered t ve specific disclo

D i GO 5 FPBhiAS: o3 Ehe pisthi N WS P g?‘? tool
pi® of Filemi4 e, from2 to 6 , from3to6etc as
wel | as individual nunbers within that range, for

exangli®y B .12 a scheflati® cr888-BectIBh81aRRLWESE another
regar dli’ess of the breadth of the range. Brief

@e&mmtamma)mwmtlaﬁetacmWwwrewng§ the tool
Y IIug% di scl osed enbodi nent and serves to

efpl 6}prlnmples of the disclosed enbodinent. It

is to be understood, however, that the draw ngs are

desi gned for purposes of illustration only, and not as

a definition of the |Limts of the on F| 1is
a schematic ﬁtﬂélﬁde\ﬁeﬁlcrépédﬁ“ed’ft &9&’%4’1’“?’}?

accordance with one disclosed enbodinent; Fig. 2 is a
schedffiee rdrssst@eEiPondl WHWP of Sof&Batd ngchematic side

AERedLEEnl apRllat taghe AT ekl dkheqbogl Bife 1.
emati ¢ cross-sectional
AMUhmughzﬂhﬂtﬁwllmwﬂm@gdeﬂbnﬂpheam apbﬂldéSC@lbbethe drill

b&;g(ﬂ %etggskgcgu %Ioﬁslteezﬁ Jszeg tﬁag tfl.llS lj?es %Ior convenience
only and that the following description could equally
apply to other cutting tools such as masonry drills, end
mills, router bits, knives, lathes, chain saws, saws,
scissors etc.

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
from a number of manufacturers such as SFS Carbide Tool,
Inc. of Saginaw, Michigan, United States of America and
SGS Carbide Tool (UK) Ltd, Wokingham, Berkshire, United
Kingdom.

The body 12 includes a tool engagement end in the
form of 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 also includes spiral formations

extending from the end 18 to the middle of the body 12.
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Referring to Fig. 1 there is shown a schematic side
view of a cutting tool in the formof drill bit 10.

wa\Raobooezo t he fol | owi ng description will descrP@ESGH87/000179

drill bit 10, it should be realized that this is for

Hgvgﬁggﬁheijﬁb 5h§h§% REE fllborﬁ%%desﬁrg%t o a PCB

13 80

coul apply Rer “cd ting

basodr gsdwiillllspeerdpiblhed EumtEErbbésowknlvgs b

| at he chain saws, Scissors etc. The dri it

10 | niPRdesnanky| Fhdr i i oty P KGR and a  shape
E@thbu§bﬁébna%h§teéﬁgg%%nQttqﬁf@k? &P by a chuck (not
repreSented by dashed Iine 14. The bo 2 1is na e

shewna tuhgst edrtal bihde towd cebal that | ctyle(V\b:e@y) 12 can be

0 t r (0 r nd_ar
¥§E§§?§|§FP§£a§g%Iggpglﬁgoﬁpganﬁﬁﬁgr flﬂaHﬁPacturers
such @heSh&:Gdiy dendoals, i#1Ccoate8aghitaw, aMcEHWGAN, coating
ni ted States of Aprerica and SGS Carbi de Tool (UK)
Féiervw%éngw%c%eﬁ-ﬁsﬁli‘%d i ledd Vi nﬁaoﬂhqh@qﬁdylfz The

tRshudesndioR) epgagenent -gn ri ebhedd end \f{}é_us.gﬁmﬁahs been

end 16 and a working end in t orm o
d@peﬁlﬁﬁdopQDSDtetbﬂd Ubrkhegbodyd1218o bhe shapkasnad beam

y_al so ncludes sp raI rmati ons ex end
ORI TR fatRbb Phe bt oot 'ild. Nty Bccner
sploal forBblo68a asshat N EQEchﬁ a i ehagt %e%np@iltered
board as will be explained further bel ow. The shank

3Rd 1 had ét&?mwla)hdfae%ap% @@ﬁﬂ:pgmaafql@detshatflence,
ShEPIEsholD o2 7135 CBBLsE RSl e

drilling tool can be rota
mherbopgrtudlaal axis 14 |n use The working end 18 is
coat e a_carbon coatln | a er %gx)mhlch i s hard

relat?OS Po2CHE oM 125 frEera a”graphite target

using a Filtered Cathodlc Vacuum Arc (FCVA) apparatus
developed by Nanofilm Technologies International Pte Ltd
(NTI) of Singapore and described in published
International patent applicatibn WO 96/26531 and United
States Patent No. 7,014,738, which are both incorporated
herein in their entirety for reference. The FCVA
apparatus generates a plasma beam from a cathodic arc
source that is “filtered” in that it is substantially free
of macroparticles comprising particles of neutralAmulti~
atom clusters.

A bias is applied to the end 18 using a power supply.
Any number of power supplies can be used such as a "high
voltage pulse generator" (HVPG) available from NTI. The
power unit has a control panel on which the parameters can
be manually set. Also employed is a switching device
insulated gate bipolar transistor (IGBT) which is

protected against current overloads and short circuits.
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carbon coating |layer 20 conprises carbon which has
been deposited onto the working end 18 by a plasna

whe@aennsi sti ng of carbon ions. As will be deRCr/s&Gmd7/000179

further below, the plasma beam of carbon ions has been
filtered and so it substantially free,of .

Fher it Ee 2 4sbeY the cHoncHUAPPRG IWH 2R § QUtRUE
gypstantially free of macro-particles. The plasma beam

is generated froma graphite target using a Filtered

Cat hoBPe iR AFRNgECUA) WppaPHLES GERATGIQT byS up to -
’g‘IB”BBb' BT x déxoa%ll%g Loteghay! 0%%'51(1%}0%4 éfﬁé&kf&f; -2, 000

hgapor € escri‘bed i n publis nt ernati ona
pateent-A 00 cdf i ol tW0 19 265Bdeandabhithgd f3tcat dsetween 1-50
Patent No. . 7,014,738, which are both incorporate

HEF eitP nIEREFE &G r SPYTEEF muihhmdly TheoRCpETween 1-20

ABpanR s geaeeahes @ PtasMpleamf rome ¢aihodhg &g rcva
source that is "filfered" in that it is substantially

spascep maefsrattlit| s ohpEveeng 1parkli dises Mereenreaprably
| tkatom c ters i as. | ljed.tothe d

ggi %é gsﬁoéﬁgsﬁépﬁyé%@eﬁﬁ%ﬁPo Spg%erld;u]é}g ( eé§8£ﬁrably

bremused &Heh asra piedhrudlltyage opulls&-genekatzr "

(HVPGQ _available from NTI. The power unit has a

cont r 6RepalYdHG ohS WRSER CLRE SSharahet eFBecair Vbe 3RRAEATYS, and

868hnefhel &p! eyed &5; f1 SWikchifg %\ﬂi@@iaggkakfgn of the
gate bipolar transistor (IGBT) which is protected
EG¥Ansppeurtast, drer IR andshore ¢¢ttwer spThees of large

AERBELEr SRS Yol S AL 2R 0L BRI A HOUE oo
andi0s000p¥d, cpreker abhnyal19,00@ Viandemere preferably
-2,000 Vto -4,000 V, with the pulses lasting from .
bet wedhel1. ghickness of the carbon coating  layer 20 is
between about 0.1-1 pm. Hence, the carbon coating layer 20
is very thin and cannot be seen by the naked eye, but its
thickness, as shown in Fig. 1, is exaggerated for the
purposes of illustration. |

It has surprisingly been found by the inventors that
the carbon coating layer 20 deposited by the FCVA
apparatus provides a longer cycle life than known carbon
coatings deposited by other deposition methods. Without
being bound by theory, it is thought that the plasma
deposited carbon ions ensures very tight adherence of the
carbon coating layer to the end 18, thereby increasing the
cycle 1life of the drill bit 10. Furthermore, Dbecause
layer upon layer of carbon ions are deposited on each
other to form the carbon coating, it is thought that an
extremeiy tight coating layer builds up providing very
high Thardness. Furthermore, the plasma beam, Dbeing

filtered, ensures a smooth coating devoid of

macroparticles, typically less than 300 particles/nm@,
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ms ; for direct arc sources preferably from between
1-20 ms , nore preferably from between 5-10 ns , and

WO 20098222 sour ces preferably from between 10-4BCT8G2007/000179
nore preferably 15-25 ns ; and at a frequency of up to

P pdlg] LA STt e BT SP 0 OB ing

appar akusesandhaaneeised duxtditey diddls bvitH OcabBbbhNgoatings
operation of the FCVA apparatus, the H/PGis set to
ngwr FRSES VLY ar BIRegMAVORAA Y t odERELGYII |  The

?ﬁ%eﬁg?rghﬁaagpghkﬁr35§5%§g&hlCrﬁfqgﬁgg ?ﬁﬁhﬁéB manufacture

manual Iy or via renote T nes e carbon
reatingngayee ROrisgbettwee®Cibddard,l-ttherdriHencet 10 with

the carbon,coating.layer, 20 js very thin and cannot be
S8R50, oA ARk P S L ERF i hbs RO SRR s has
Fi@gniticahtl pXag@aicaled fOhet B iNUr PBSEBe Ol i fe relative to

ilTustration. It has surprisingly been found by the
fRieht bt 58St paRtefewEhRbBROVBaFFRESEAYER PETHOFSSI t ed

by thgefé%/ﬁﬁgpa{@t Uﬁicf! ovj des. g longer cyels | Lf €gchematic
t han known carbon coatings ‘deposited by other
depestseonioméhodsiewN dhoutnebeemgoitmadtby f heorgpgating 20A

is th hf that _th I d i ted carbon ions,
%ﬁ%ﬁrgggvg?yagpéﬁ?gaERZEE%%éggf%k%éﬁ%éi ht%l ??h@ 10. The
tayeingo2bhe endkildsst Ber ebyri psteagina theyeycbenl ifigat is

of the drill bit 10. Furthernore, because l|ayer upon
feymedof remr Borfiildiret eo trppai bedmeon gsac ageiterbyt othe FCVA

c coat i [t g t
%ﬁ%%%%E ?’?ﬁg%?hcg%ﬂ%%??%ﬁﬁﬁéxéﬁfgsghg %ggvﬁglﬁfv%?? tool
i ghlbar dmases mdfialt hef macealt heyplkadge izeamtdeiwg (Ti) and

filtered, ensure§§a snoot h, coati ng devoi

PR ropErtFeress (mi 3y %%s%e?%%%HS%Oog%ﬁzF%l%s?ﬁﬁw
ghr?:%gpﬂfﬁﬂ§ytB@Eaﬁh%a%%ﬁhkngd&%§i%Hﬁnﬂﬁaofofﬂeof titanium
carbide (TiC) TiC layer 24A 1is applied to the metal layer
22A. The primary TiC layer 24A is deposited by the plasma
beam during which the tool bit end 18 is biased with a
with a bias of —-3500V to produce a relatively soft primary
TiC layer 24A having a relatively low hardness in the
range 15-25 GPa but of reduced stress. The thickness (tis)
of the primary TiC layer 24A is between 0.05um to 0.8pm.
After the primary TiC layer 24A is formed, a filtered
plasma beam of carbon ions continues to be applied to form
a carbon layer 26A. Although the initial bias is -3500V it
is raised after about 10 seconds to =-200V. The lower
negative bias increases the hardness of the secondary
carbon layer 26A to about 35 GPa. The thickness (ty,) of
the secondary carbonllayer 26A is between 0.05pm to O0.8um.
Accordingly, the titanium layer 22A between the tool
bit end 18 and the titanium carbide layer 24A, promotes

adhesion between the successive layers. Furthermore, the
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tool is less than those cutting tools wth carbon
coatings having relatively high macroparticle density.

wab@ojosezent ors have surprisingly found that, iPCPSR007/000179

manuf acture requiring the boring of a PCB board, the
h car.bon coat bstantially free

' hi.t 1Q w ' S /
O st e SR S Gt r FRanE £y Mo Seetice 1aver 242
dirid Ity cdgrbod el4@dat 298 tosdrtk! ihi by Q?l@:tr%%s\ﬁﬂtrfﬁl;rheardness

known deposition nethods. Referring to Fig. 2,
i'd sHywncaaséremaOic idr o’§%esééﬁﬁ@ﬁapnvi@m@ftl@Qemeta; layer
odi 0 ' can lied.ta the
o 18 o e neoPosP e bR 1o, e TR DR SRS s T dness
gnisiursts rdtadl ey gro@2ion haf tise f oanbdnf coatanti er @that is
Ia§pa bea ggnerated by, the FCVA apparatus, which is )
g“é’&osi?w% o Phé éﬂlﬂf]i%l%‘?etﬂlér%aa 3iRORIY TREEration is

neleal hotdeetalidyyer tBeirspll tANEHOLETHY aMd hasid1 pit 10
thickness (t M that is between 0.05 mmto 0.8mm . A

¥k Y- it dn PaBbigautardiuten the form of titani ulm

bi ' i.C | r A LS. lied to the neta
ayer D3RI Srhets e $EECR SR A T e chaby Lavers
ﬁh@thhHmmbehnderbn@\MﬂChothﬁetQ@pl&érfﬁw d8aksng layer
' dwthawth a bias of -3500V to produce a |, .
?Ig Z%r\?grfssoef%ﬂé%ﬁ%‘?yaq@?;sf-‘é‘}eﬁoﬂi,&aﬁa\ﬁhﬁg goating 20A is

nefiat irvehy y owthardeess d ngthe range 15-25 GPa but of
reduced stress. The thickness (t s) of the primary Ti C

| ayer A2ZAoughhetheela Ve 08 AdAt @rdl 816A . aAkt ethore in Fig. 2

i mar i er, 24A i s f.orned filtered pla L
E%a@g%/ dgas%kfjgn)él olr?é/%c%srft iln%er??%lcgeb%pﬁ??gﬁzgg ?—E?Fn fhis is
Carbanl lweytera t26fe Alhiposgb tdig yi.ni thaprhicds des -Ba9PViayers
it i,s raised after about 10 seconds to -200V. The
P(%V\épcﬁéﬁa?tlp@e hgirgaesic fese i angiga bneasbbdle t hayer 24A to

sgeondaryosar ReR dray ers 264, 4,0 QQQUtfgémgga'slggessively by
ggéggggiig(tgaeo magnitude of the negative bias during
deposition of the plasma. Hence, the layers with
increasing 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.

It should also be realized that in some embodiments,
a metal carbide layer may be substituted for a pure metal
layer. In another embodiment, there is no metal carbide
inter-layer or metal inter-layer, the coating 1is pure
carbon.

The carbon coating may consist of multiple layers of
carbon that are substantially free of macro-particles and
which have differing degrees of hardness depending upon
the bias that was applied during the plasma deposition
process. 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 26A
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the secondary carbon [ ayer 26A is between 0.05 mmto
0.8mm . Accordingly, the titanium|ayer 22A between

wao b@ovexio bit end 18 and the titani um carbi de PEW862007/000179

24A, pronotes adhesi on between the successive | ayers.

OF L BBy corBraSE oy ey SARLoh Ry dadin 0y g e metal

tegatkt 82Anianabaentasi ng hardness in the coating 20A

in the direction fromthe netal |ayer 22A to the top

carbon | ayer 26A. The increasi ng hardness ensures that

the portion of the carbon coating 20A that is nost

exposed to a workpiece during a boring operation is

the hardest |ayer, therebygifghgasing the drill bit 10
cycle life in PCB manufacture.” Furthernore, the

succedetVel griihdr basisngiltdr @ Icdyeresefr am tHEOWmokee tcoated

end 18 tpo the top_carbon _coatin er _26A ensures .
G0k FahPoharestanas, Weae e csil Mpoeet & 1af qlescribed
dbovky ontThd he£ibrl8.colttiheugh cbihe ilsayer s o24Atabd groups,
26A are shown in Fig. 2 as two discrete |layers, it
shorFeanBelr edPPFEd thiRait Otiiils G ey qqatisid aka¥er was about

PH PRASER4ORE i A gPRAC r inc i
har%ﬁess froé?%%ggngta&kggfb?ggyﬁgs%ﬁ‘%: ??5H¢é?§iﬂ§ layer
cas bainoliay@r 3@6A may be formed successively by

decreasi ng the magni tuyde of the pegative bias durin ,
depos fo%xﬁathe PPashd s F%néEFPt%e_?%§%}§t9ﬂtrPé  first
taebeasthathagdrgs D ARmNotonessssahd | X dnscretiel ¥arbon for
fornmed | ayers as shown in Fig. 2 but may consist of

tagetBI o, i AErdasi nth e dhesbinswarads apelpedi pherjheofdrill
%%ﬁocpating. It should also be realized that in sone

enbodi nents, a netal carbide |ayer may be substituted

for aApufelvetad |pyesmal nbamat hef eobodbmeniontheng®s then
%ﬁ%fg%gﬂ“% 1(:: regldrl(ljegtaltft ?.rai/le%ye{oorfor??r} a<|51 Ipnrt‘ienga;rlj)?y%gyer of
carbon having a thickness of 0.04pm for coating A and 0.1
for coating B. During formation of the primary layer,
pulses of -3600V with a pulse duration of 10 ups and a
frequency of 3kHz was applied to the drill bit for a
period of 15 seconds. After formation of the primary
carbon layer, a top secondary carbon layer was formed
having a thickness of 0.04pm for coating A and 0.1 for
coating B. During formation of the secondary layer,
pulses of -150V with a pulse duration of 10 ps and a
frequency of 3kHz was applied to the drill bit for 15
seconds.

The primary carbon layer of both coatings had a
hardness of about 15-25 GPa while the secondary carbon
layer was about 30-40 GPa.

An advantage of having multiple 1layers having

different hardness is that the outermost layer is much

harder while the inner layer, while not as hard, has
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carbon. The carbon coating nmay consist of nultiple
| ayers of carbon that are substantially free of

wore@poenar ti cl es and which have differing degreerSe1007/000179

har dness dependi ng upon the bias that was applied

ring the. plasma depositio rocess. Referring to
%éu%d, Fh&PESis shoWR t LRt ity ddesg. g nlayers

Wit Helt§ PELMREYmbaRBEiSAA HIthi Gend COIELESRANES 1oy are
primary |ayer 24B, the secondary |ayer 26Aof Frg. 2 ‘
SHRsESpEAdd o Seron@dr yna ciyepadeB-bew, t Mog&tdals layeutting
i-S..ahse a - drill _bits.wth a

d%%?r?g?eer b’%ﬁ%bo% \%gllrrg éﬁggtgéc}g%t Sca?P%’ar?Céoati? nggSs stress
asidnghtileh REVA Lefpanaddisceas descindeteabovencdNghen used as
carbon.coati ngs consisted of two groups, "Coating A’
\?Aﬁngthﬁg t8togl' carbon coating | ayer was about O | nm

and " Gogt ik B siwhese the (Al QA b@n?\ﬁaagé N9t &YBL v formed
was about 0.3mm . The carbon coatl ngs and B .
E8Asilst adsoffonrd rstateaitorceoatngy véré® sGBamehotally free

ati K carbon.f.or coating B, during which
e bRt P Tt o The a1 bi et {iPter diposible  to
pbagmatbégmﬂﬁmdmﬁbﬁheimm&ﬁMﬁpdﬁﬁﬂbEHH”E@&ﬂxkﬁ@?coatings,

tal layer to forma primary |layer of carbon having a
gﬁ?cl?ﬁg G FuTh ¥ o‘t"aéoa??énﬁloﬁ%n@@? 138r pegdticdgss/mn’

Bn. bBURI BEaEonaBt honaf gt he primary |ayer, pul ses of

- 3600V vvitfw1 a gﬁ ée gurati on of 10 nms and a frequency

of 3kbfz mawbeppldfeddrd lithebiti Idodiindor wemer isatjelted to
rimary carbon

HgR5°oRlay A ar OBl on of e PLI TR CODONLcecve
aft kacknessndfe OcOdoThd OleeatRG iARNd O1d fR's 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 used in PCB
manufacture and the number of cycles were recorded before
drill bits became dull and needed to be replaced. For
comparison, non-coated WC~Co drill bits were also
subjected to the same drilling opération and the cycles
recorded before these non-coated drill bits needed to be
replaced.

A sample 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.

TABLE 1

Drill Bit Coating Average Cycle Life

Non-coated drill bits 1983

(Comparative Example)
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coating B . During formation of the secondary | ayer,
pul ses of -150V with a pulse duration of 10 ns and a

wo e@guoency of 3kHz was applied to the drill bi®2CT/e6200%5000179
seconds . The primary carbon | ayer of both coatings

—had—a-hardness—of-—about—15-25
CarbbRI| Ay P - WAB) about 30-40 GPa. An advanéggg of

?ﬁg{gg%ngikbpgﬁmjayers having[ different haridmess is

that the outernost |ayer is much harder while the
i nner layer, while not as hard, hasreduced stress. The

conbi pation,of these two | ayers together, .l

conbi %ﬁ?%ﬁlwhﬁr t Hg f ATt g%atseten%y%%?g & é;t%%%?altlhft the
EngBonf dmorapaktiialieshipsovedesb ftedit inngadmobacefour-fold
which is very hard but is subject to |ess stress and
Whehagshiisl t she eqisd® clit EP nGFBSIESCant? RREN 78&F asC~C0
g.eyitingto g‘nc%EM iaf.naxlli/fjf Spaf a?%@e@@%ﬁ:%ﬂg%kﬁ@%ﬁ carbon

were perfornme and it was found at the coatings were

gubstiagki abiynifeeantlyacimepaase clidse Widle | Likes of the

not possi ble to conpletely renove the macro-particles

ﬁFéﬁEtﬁétéoéPiﬁﬁg, ﬂ8%68¥PF8re density was not nore

than 30Q papthchess/ HBpEsiBehOt Nc6gBihfgs Aadnd B exhibited

nunber of drill bit coatings were subjected to Raman ,

speﬁﬁﬁegtopadhaﬁapysi’fso\/\/rfé”r%i fnidd peafksint R8Pt i €8CHEasing
ch_sa e coatin obht ai f at

R g R e

rel at irvelis hersb Raghhetved enBity beakbuseofthabotrri@l toatings

about 0.5 indicating a relativel ting. Th
Sbor Ea%ur P TEBE oot nepn IR SRS Hhl B8 mecro-
bardtichlesi Nt stackoPf fbherolass ibeartk hpvtdige@ relative

to carbon coatings with higher macro-particle densities

which is thought to significantly increase the life cycle
of the drill bits. Furthermore, the added combination of
the disclosed carbon layers being deposited at different
negative biases means that the inner carbon coating has
reduced stress while the outer carbon layer has increased
hardness relative to each other. This means that the
coating is overall of high hardness, reduced stréss and
exhibits reduced cutting resistance when used as a cutting.
tool due to the fact that the coatings are substantially
free of macroparticles. Hence, the disclosed coatings
overcome, or at Jleast ameliorate, some of the disclosed
disadvantages of the aforementioned prior art by
significantly increasing the 1life cycle of the cutting
tool.

The disclosed carbon coatings therefore overcome the
problems associated with high wear rates of such cutting

devices such as drill bits.
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total thickness of 5 nmof the type used in PCB

manuf acture and the nunber of cycles were recorded
whedoowe22adri | | bits becane dull and needed to bBRCT/SG2007/000179

repl aced. For conparison, non-coated WC-Co drill bits

wer e S bjgct e erat| n and
t he C§%|§§§?e§brd%§p%9 %?etgaese %&ﬁugb%% & ariP %T?%tlons
aee deadapa alvd onepl @ edhe A isarpltd oetw0fl 2080 a@pialrenBi tiso the
were tested for Coating A, Coating B and non-coated

RRFFPRpi Tiet Ll ¢ R r é§ﬁ| t3Cg;i \Pe%t% {LARE Y pEhEw, foregoing
JABLEdAesordichghy. ddpLan e sesn fram b&%&ata@l& halope of
the carbon coated dril'l bits exhibited an al nost

thar ihykdtiiroreaskod nexbmptyel e lkhbagborghar et solosed drill

on- coa ripll _bits. nce, it wll be .
gbp?é0|£$ ﬁrth%?tgﬁg cgfbd%a%gg??ﬁﬁgesiﬁﬂgfiggﬁny use are
pactLastathe cyeleul feirof pbR dhbhlifhbtsren PGB will be
manuf acture. The pl asma deposited coatings al so
SRATBF 1 8l ax ddFtent hadREstoRdso 196 PR [dibikls, bihgs can be

e n ir c ed.t c g

et hods TENre L Ve TRy bacadye Tha coazpun? pite.

@@@CengsrbnlﬁheldtehﬁedltShateeSMbsEﬂmﬂnambﬁlﬁneetmbns and
rticles, they, exh | ower I ng_resistance,

TETREROLOLS CarBoRTEBati RS APOROhPGhEReaEPEpRR: PLpdns-

densities which is thought to significantly increase

the life cycle of the drill bits. Furthernore, the

added conbi nati on of the disclosed carbon | ayers being

deposited at different negative biases neans that the

i nner carbon coating has reduced stress while the

outer carbon | ayer has increased hardness relative to

each other. This neans that the
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coating is overall of high hardness, reduced stress

and exhi bits reduced cutting resistance when used as a
W@ eaovie27¢ ool due to the fact that the coati ngBCHBG2007/000179

substantially free of macroparticles. Hence, the

di scl osed coati ngs overqgge or at |least aneliorate,

sone of the disclosed di %%%%tages of the
1. af of epRPt i RGedodl | @smPELshigsi gni ficantly increasing

the life cycle of the cutting tool. The disclosed

car bon cadP®@ys t herefore overcome the probl ens

associ at ed w I g ar..rates Cc utt :

devi ces gucﬁwﬁtéén?ri ?F&% tosg I Ia%vvi %a%% gg%ar%%?gt r?z:\ft said

varbedg; okher nodifications and adaptations of the

invention wil] be apparent, to the _person skill.ed in

the art afterl3EYin eﬁ%ﬂftoﬁ’degoicﬁ§%6)|nscl §SGFEN t hoat ot

deparii Dgefir oM the Spkhttirgdeggepeefc the saseskhenally

For~ exanpl e, although the disclosed drill bits, their

et finde obf nmAaGtacParelignadstheir use are particularly

useful in PCB manufacture, it will be appreciated that

the coatings for the drill bits can be used in other
2.apphi catitong stwdl aasmaderimedrin | cbats. lHendeeréini said

i ntended that all such npdifications and adaptati.ons.
bo@ B me WPERSE Sthe s%%b%n%%fl?ﬁi gzﬁﬁlé(n&)é)d’ Y %Q&P%ﬁ&g‘?c“al
axig” cutting tool conprising: a body; a cutting edge on

at | east one part of said body; and a plasna deposited

carbon coating |layer provided on said cutting edge

that is substantially, free of _macrQ-. i cles. :
S-cutti ng ?ooICISt‘_slré? ai f?&?ﬁi n ¢faj rél%l?@ervéwr!élﬁn s(‘fl]f%lmA 2r
comprising a tool engagement end on one end of said

cylindrical body, opposite to said cutting edge, for
engagement with a tool capable of rotating said

cylindrical body about said longitudinal axis.

4. A cutting tool as claimed in claim 1, wherein said
carbon coating layer has a thickness selected from the
group consisting of 20 nm to 5000 nm, 250 nm to 5000 nm,
250 nm to 3000 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.

5. A cutting tool as claimed in claim 1, wherein said

hard coating layer has a hardness of at least 10 GPa.
G. A cutting tool as claimed in claim 5, wherein said

carbon coating layer has a hardness of 10 GPa to 60 GPa

or 20 GPa to 45 GPa.
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body conprises: a cylindrical body having a

| ongitudinal axis. 3. Acutting tool as clained in
wW@k@p92270 conprising a tool engagenent end onPGREGENT000179

of said cylindrical body, opposite to said cutting

edg for engagenment with a tool capable of rotating
sa|§*c9VFEH? anEOdVSa%%%%m%%|anldﬂjpﬂhd1nawh§%@§n‘ﬁald

carb%)rput:bbﬁﬁlntgooiaﬁels %lo%‘t%% i Thgdal 'Boln ridRerebn p%‘_alrﬁjary
carbon coating |ladyer has a thickness sel ected fromt
lag&%mmm%du g §afd2 wpnkhngo S0D0aM a25©cn>mdar0’ layer

2 t.0. 3000 250 n1to 20 nm
IEE)OQ’% S % 2360 prol“t‘arﬁioggl’% B e oF %%og]aﬁ 860 °F
sai ts‘ecﬁﬁﬂﬂaﬂynla@rtd: 1O hiyhdr G:l’%}QOSJIiH Brimfrguldyes.

tool a s clained in claiml , wherein said hard
coating |layer has a hardness of at least 10 GPa. 6 . A

8 CUt td NGt PPhg a%o%halargedcwuﬁé@' S o1 4T ¢l ggﬁ@ir@ig said
‘carbon coating 'ayer has a hardness o 10 a to 60
prdpmy ayriGPaas oa4baGlaces. of cutGRagte odd GPaclaamidrechid

S Sed S TR TE G prov g o Sl

working end and a secondary |ayer provided on said
prlnary | ayer, wherein the hardness of said secondary

9. aydr FSthHiBGetorharSsaftrHredmiy (Cdypdm 8 .Wheé”ﬁﬂfll rpid
pﬂfﬂg Pas QhﬁﬂnEdsé@oﬁé #917C%@§Q§56|nég@|§ %r have

| ayer has a hardness o to 10
resgeoridarey  Itdyierkreessess haridrieiss dmﬂOﬁﬁ@doﬁﬁ(Phnw to

ut t t ool al ned claim? wherein s
2%9qA :%ﬂ31§%855329§6 Erébanﬂﬁp Rd&APPy MHay &nd Yt om
txfagnﬁp&hwe t hi cknesses within the range of 10 nmto

2500 nm 250 nmto 2000 nm 500 nmto 1000 nm and 800
nm

10. A cutting tool as claimed in claim 1, comprising a
metal carbide or metal inter-layer between said cutting

edge and said carbon coating layer.

11. A cutting tool as claimed in claim 10, wherein said
metal carbide or metal layer includes transition metals
selected from the group consisting of Ti, Zr, HEf, V, Nb,

Ta, Cr, Mo, W, Fe, Ru, Os, and combinations thereof.

12. A cutting tool as claimed in claim 10, wherein said
metal carbide inter-layer is at least one of titanium
carbide and chromium carbide and said metal inter-layer

is at least one of titanium and chromium.
13. A cutting tool as claimed in claim 1, wherein said

carbon coating layer has been deposited using a filtered

plasma of carbon ions.
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to 1500 nm 10. A cutting tool as clainmed in claim1 ,

conprising a netal carbide or netal inter-I|ayer
whedmeen?7eai d cutting edge and sai d carbon coaPCT§G2007/000179

| ayer. 11. A cutting tool as clainmed in claim 10,

14 wher educ sphgl B8bal agardlidecer MBI 21AYE5, 1 BELYLSS saig
 transition netals selected fromthe group consisting
fildergd phasmg of/ cappon Taon€r hakb, b¥en BeneRateGs frand a

catGyRi natd thereof. 12. A cutting tool as clainmed in
cl ai m 10, erein said netal carbide inter-layer is at

| east one of titanium carbide and chrom um car bi de and
said netal i n%er-l ayer is at |east one of titanium and

13- chfonfiinr 108, tROLUES rgtabetd asncicdiad@d 1n eharsin said
cutWiefeitdo3aiig %@%ﬁgﬁﬂﬁQﬁkiﬂﬂany AEE;$§§?5 e
usi ngg a fi Ilt ered plasma olf ca%rbg]o I ons. 14. %ﬁ%ﬁ ibnlgc'
tool as clained in claim13, wherein said filtered
pl as ..carpon-,iqns ve been generated from a, )
16 Cal g’%‘lltgé%/rg ugérgno%lr %.S 15 AN PG 838 s EGFRER sRid
cutthiaigmtbol \ilereiprisaded Aitduid 1RRIrd S(redl 88 r bit.
circuit board (PCB) drill bit. 16. A cutting tool as
claimed in claim1l , wherein said cutting tool is a

17.Pr BMAE G Ut boPORLd dRHled oM e fishy A7 (ACHILT NG54
tool as clained in claim2, erein sai'd cylindrical
cylpodyikad dathanbeaer aselintetef r oaltheedr dipntonsé Stirdgp

. _0.001 o) .01 mmt mm 0.05_mMmto 3 nm
Con%&(?glg%%] A zéh%?zl %59%%t g ?9113010%5 frfin 8 00; 50w mm
to adufd; 05.0% e O35 2Miam ;180 . A6 Cht itdg o). asy PAigedy o

in claiml , wherein the body conprises tungsten
0.5:3mppHe An@ocBBalte. 0185 Mveutting tool as clained in
claiml1 , characterized

18. A cutting tool as claimed in claim 1, wherein the

body comprises tungsten carbide and cobalt.

19. A cutting tool as claimed in claim 1, characterized
in that the carbon coating layer exhibits Raman intensity

values of between about 0.3 to about 1.

20. A cutting tooi as claimed in «claim 1, wherein
multiple layers of said carbon coatings have been
deposited on said cutting edge having generally
increasing hardness in a direction from said cutting edge

to the periphery of said carbon coating layer.

2l1. 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
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in that the carbon coating | ayer exhibits Ranman

intensity val ues of between about 0.3 to about 1 . 20.
wol@ane2ny tool as clained in claiml , wherei PCT/SG2007/000179

multiple | ayers of said carbon coatings have been

deposited on said cutting edge having generally .
W FﬁréhsFﬂ@lhdﬁ%ﬁﬁﬁﬁﬁi Rfa BPF ekt dn s sxldnegicphg body

al6g9e ts%i'dhelgﬁﬁif’a&{r\fai’f a%é."sql C%ﬁgo% ceatidyl a%Ri- on an

21. A nethod of coating a too It conprising a

opgPshdei eald bollyshadi dpdy | bagiskddi nadohxesgagemealt end,

agement end _on. one_end of said body for
t@%g%%g%%@t%f?%r%S%%%lt%%p%ﬁ?% %#‘rotating said
cylingdyigebobotlyngbgil teakd boRghkUdiardonaXichs At R said
wor ki ng end on an opposite end of said body to said

"Bt nengaferreht TRHY, At KeHROhGIPALOT | SRHETL Fbeqegy that
181 suk@)afiepepiy i ped 1 bt Shed: gl asiipo gasbon fons onto

sal rking end to forma c on coating | ayer
thereon that is substantially free of macroparticles.

2. nethod as clained.in claim?21,. conprising befor
th epﬁ( gfi,gﬂf)%e &t PEAHFCI (BT & thy Soﬁﬂp§§ﬁan@e£ﬁ§°re
sEOPPLAS) NghEasbOPsi@Ns in an inert atnmosphere, or

under vacuum froma cathodic vacuum arc source; and
(c) t?)teenpgasangd pl &msbediedd saBBraftngl [opnherovions

14! LnMBGEQPALLLEI SR ANEr &l Q23 v AL RRIO% B & AldBhaic
in claim 21, conprising, during éYep a) , the stép
vatuurl Brappdbyted; asndl t ernati ng bias pulse to said
morkinp e of said tool bit, said bias pulse .
al t eFht iﬁ%ib%?%%n 14 RIFWMY RGN nddat iR Hiartially

r@bee ANl @ad oV egative bhase PHSE.

23. A method as claimed in claim 21, comprising, during
step (a), the step of:

(d) applying an alternating bias pulse to said
working end of said tooi bit, said bias pulse alternating
between a relatively high negative bias pulse and a low

negative bias pulse.

24. A method as claimed in claim 23, comprising the step
of: |

(dl) selecting said high negative bias pulse from
the group consisting of the range -500 V to -5000 V and -
1000 V to —3000 V.

25. A method as claimed in claim 23, comprising the step
of:

(d2) selecting said low negative bias pulse from a
floating power source or from the group consisting of the

range —-50 V to —-1000 V and -50 V to —-150 V.
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24. A nethod as clainmed in claim 23, conprising the
step of: (dl) selecting said high negative bias pul se

w0 e@a002220 gr oup consi sting of the range -500 WeDS6B00000179

V and - 1000 Vto -3000 V. 25. A nethod as clained in
claim 23, conprising the step of: (d2) selecting said
| ow negati ve bias pulse froma floating power source
26. orA fRefhehea gr 6LplBeAsiBt FAELIBf 2Phe CPERGE S1HE \FtS Step
Of:_-1000 Vand -50 V to -150 V .26. A nethod as cl ai med
in claim?23, conprising the step of: (e) pulsing the
bi &s) omuldengubsérafesabnatheegubstyack @ teo fieduency
£ or u _t& 5 kHz. 27. Afget od as clainmed in claim 26,
of e 10 HH8 PhIE ng st effife) conprises the step of:
(el) selecting the frequency fromthe range of 1 kHz
to 3 kHz. 28. A nethod as clainmed in claim26, wherein
27. sahd pritkeahg a3 epclaimednpri sezlate stop dgfheyel)y said
sel ect . I on he group consistin
pul%ﬁng %%nglgg §§$§§igﬁéaﬁ%€2%{%§n%féo ?o 58 ms , and g
e (&0) 18edctiR§. tAenéirbqdeasyc lfaiomedhien relngiemd6,1 kHz
wherein said relatively high negative bias and said
to ¥Polfifiegative bias are alternately undertaken for a
duration of time selected fromthe group consisting of
0.1 seconds to 20 seconds or 1 second to 5 seconds.
28.302 Usetlypda asolchaimédr bri meaivi rehi t Weerein pasid

pulg§ggfg€égr?é)tggmégggegi%hgogpéﬁsggg:

(e2) selecting the pulse duration from the group
consisting of 1 ps to 50 ps, 1 ps to 25 us, 30 to 50 ps,
and 5 ps to 10 us.

29. A method as claimed in claim 26, wherein said
relatively high negative bias and said low negative bias
are alternately undertaken for a duratioﬁ of time
selected from the group consisting of 0.1 seconds to 20

seconds or 1 second to 5 seconds.

30. Use of a tool bit for printed circuit board (PCB)

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 carbon coating layer provided on

said working end that is substantially free of
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a cylindrical body having a longitudinal axis; a too

engagenent end on one end of said body for engagenent
wawaok/oee2t@ol capabl e of rotating said cylindriRal/SGmdy000179

about said |ongitudinal axis; a working end on an

opposi te, end of said,body to said tool engagenent end; .
m%ﬁﬁO%?ﬁFh% SdeHB§F?é8 Y bRAT-E 0BBENg SPAYRICIRHRA deerking
el $RIrd o kit engdntbatrs substantialdy frescp gs said

of macroparticles, wherein in said use, said coate

cybkriRgCcahdoddy ess arfbheeilnabotheisabdongtiéudfinal PEBis.
as said cylindrical body is rotated about its
| ongi tudinal axis. 31. A nethod of neking a tool bit
3Ttonmai siehgotihe fStepising | a( oddr ovi ¢ angrﬁ@@hgb!ﬂhe steps
onprising a cylindrical body having a | ongitudina
Xis, a tool engagenent end on one end of said body

for agel®eity W4 hya I a : ti,n ' Q
eyli veri og bgj&y\ﬁgtab%uttto%% dB?gngéuctﬁn |ln%ﬁ§xﬁs?cgﬁid’g%ﬂcal
bagy kiaygiesdaohoaniopgoskie asnd,ofe saicd bodyedanasdi dend on

00l _en enent end; and (b) depositin | as ar bon
Oé%ngngn%%g§§l VB?§Yn§°§n§ Q??%ﬁ%H21%gPﬁoﬁ:E%é; capable
of heseabihdpasaia sybshamtcall yddearfutmasdopardhgl©@Sdinal

32. Aprinted circuit board (PCB) drill bit or router

At g cORPr AsiMRF KT yERAdPRcaln RBe kg ngnd of said kf>ody
o) i ol i S o) en enment end on one end o
tAsa.id %3%?9?6?§%%%§§§ﬁ%n§$%ﬁt%ﬁg tool capabl e of _
r ot ath ngdspodityhgngiliacala bodyo@boiibnsabatbonrgiidididwiting
o . , . .
ergcgzlgésggﬁﬁr Ellng‘%r%?dmnd Ofafgr ogggjsflegrel %ﬁgtOfissalegbsbtoagr%/tia(t)lly

free of macroparticles.

32. A printed circuit board (PCB) drill bit or router
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 shank end; and

a plasma deposited carbon coating layer on said
working end that is substantially free of macroparticles
for boring a hold into said PCB as said cylindrical body

is rotated about its longitudinal axis.

33. Use 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;
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a pl asma deposited carbon coating | ayer on said
working end that is substantially free of

wora@popardi cl es for boring a hold into said POBCEHSGHAT/000179
cylindrical body is rotated about its |ongitudinal
axi ;. B3olusdgelyemdn@ol eddit ohorohor bng aMosgidnkedineror
substrate of .a printed circuit board (PCB) during P

e Wr eWithe tdol t€6kpris#PRPla cyf ndepEatibedy said

cy1BHAYS chll AR U 8 85 And u&ﬂ%ﬁQQQEP%;end on

one end of saiid body for engagenment wth a tool

capa@bl eogkingt a&richgosaiath cybpoditealerbbdyfabeaiid shbdy to

[ l.tudi nal ;axis; a working end on an opposite end of
Saég{l]%}ﬁg%y etn_éj’sa‘—’\né]1 shank end; and a carbon coating

layer earbahd ssuking argehei 88 HRd aRbradinyg fERE Weing

macroparticles and having a thickness of about 1.5mm
supstagdd aldier efheen @fe, Bar@opantiAdepayemdorbsvang a
8 Y @ S, RC trat said cylindrical body

i's rotated ?boutci%ts or%lﬁtlﬁe I'Mal axis. 34. A printed

ci r elietrejoarich ((REB) dwmivd ngoabkengr 1apee bokes thalolkavieto
sab%en (g%red vvithta tool bhit, as flai med in claiml . 35.

met Hiod SO BEARg a° h6Pdd ntBLHREr $eBLt Ay ofSg rotated

abplitntied QigneMitiudaeard sRBEB) conprising the step of:

(a) drilling a drill or router tool bit into the PCB

board substrate, the end of said tool bit conprising a
34P! @ I t Qon tin er_thereon that is

BUba RETATEY FrelT b nhEREbar PrefLe ndvisid 280k r  froze
holes that have been bored with a tool bit as claimed in

claim 1.

35. A method of boring a hole into the substrate of a
printed circuit board (PCB) comprising the step of:

(a) drilling a drill or router tool bit into the PCB
board substrate, the end of said tool bit comprising a
plasma deposited carbon coating layer thereon that is

substantially free of macroparticles.
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