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WO 2004/ 024421 PCT/ US2003/ 020785 MJLTI - DI AMOND

CUTTI NG TOOL ASSEMBLY FOR CREATI NG M CROREPLI CATI ON
wOCW4B2442H ELD 5 The invention relates to di ampaw/us2003/020785

machi ning of mcroreplication tools used in creating

m croreplicated structures. BACKGROUND Di anond

machi ni ng techni ques can be used to create a w de

variety of work pieces 10 such as mcroreplication

tools. Mcroreplication tools are commonly used for

e O R i

m croreplicated structures may conprise optical filns,
abrasive filnms, adhesive filmprprechanical fasteners

having self-mating profiles, or any nolded or . )
ext r Tethvpeiianselatey itmédiamond prephipg 9%@@@@9]&@#1@@ tasfls used in creating
nﬁ&%ﬁ%ﬁ%ﬁ&ymﬁﬁﬁﬁ&;di"enSionS’ such 15 as di nensi ons

ess an approxi mately 1000 mcrons. Mcroreplication
tools include casting belts, casting rollers,

i njection nolds, extrusi sing tools, and

the like. M croreplicatiggfpgéBgﬁﬁgﬁ be created by a

di ampinordBEibhiiMSteBirRGRS Sar B W¥Bd € crdat€ Wikidd eSS work pieces

assenbly is used to cut grooves or other features .

syqht a5 npiprereplisatinndpolp.c Migrenplentipn topkearp eeraaenlyyped for extrusion

. i . . . ti '

B, Mo Acful BRERICERL) PRbatls ot Ralitlph s, or the ke o
csuoviiRYYreplicatge steucalres. t Fre mioxceepicatad stsuctliresembe corhyrise optical films,

ut.ti togl assenblies th jnclude mul.tipl.e !
s e’ Qe BE e LB nan Rl proffes, or any
bl dRR @5treda pads heaeh mitraERtbied Gatidbs @r@lﬁﬁﬁ&ﬁ kgl Bin®Asions, such
tool s .or other work pieces. In particular, the
afimensipes ]8$Séhﬁh%i§3r%‘fmﬁtﬁ]é( 1000 p61ABS-t ool assenbly can be
us edpiQofpfigiin 1014 inlgfuge 84s8RY geclts%asﬁﬁil%ﬁle S gifs,aextrusion

. L S 8]
m croreplication tool during a single cutting pass

or ¢rabaossing idsilsy andyhefike hMierbieplicaion todlpeambermmdatadiiyen diamond

0. I, ti tti t ool
R AR T N —
irtto the naindieplicatianabel. Mhe rozossif excadd 4 SiddSteplcabh tool using a cutting

2904/ 0&4421 PCT/ US20Q3/ 020785
tool assembly can be costly and time consuming.

SUMMARY
In general, the invention is directed to cutting tool assemblies that include multiple
diamonds. The cutting tool assembly having multiple diamonds can be used in creating
microreplication tools or other work pieces. In particular, the multiple diamonds of the
cutting tool assembly can be used to create multiple grooves or other features in a
microreplication tool during a single cutting pass of the assembly. With the ability to form
multiple features in a single cutting pass, a cutting tool assembly with multiple diamonds can

reduce production time and/or create more complex patterns.
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The cutting tool assenbly may include a nounting

structure and nultiple tool shanks nounted in the
wonmatmeagistructure. Each of the tool shanks caarastione20785

a dianond tip used as a cutting tip of the cutting

tool assenbly. The dianond cutting tips of the too

shanks may be precisely fornmed to correspond to

grooves or other features to be created in the 5

m croreplication tool. Mreover, the tool shanks may

be precisely ppsitiaoned i.n.the nountin structure

cuch TEreqteg Pl e e g e PREN e gug e ia il ol tool shanks
ntbubfe@ iiethe reduARRS stsucare BB oFthe FosleshRhks@hn dsicd difiBond tip used as

apart from one another. Accordingly, the different

agnEiRs i of Mescugmetted agsgmbith gTheskamondsaiiging) tips phghe tool shanks may be
PEELLEHER ol NSRRI e
rrg'gamiph%io_dé@dln dbrégyet, hi@ toolt s{h'mﬂg maydw_tprmsplwpositmed in the mounting
sgl;lc%%g I[s‘uﬁch: thgtsc'élgllllr% lgés{a 1§1§’F|0? herrElilglﬁtGOIf gl%;e:cgfﬂe%ﬂp ég?.dm{c):ﬁc}étalrg] She or more pitch
spaciig® et fremtone Bndtbe] AvByrdhgly, terdiffaentatiarfontitipsfof €@ cutting tool
In particular, fewer cutting passes of = the cutting. L
GOV TBYEFASTEP IRy BEICHE gEA9V ST ERAMIEh | bgrageaieskinithe igoreplication
1381 GARHREh 55Re0 e tbfy et o 168 oh € GURE afaRhil BYs.
costs. For exanple, if the cutting tool assenbl
i ncl Buasing wanlidghle domesd cutting tipuimites saofe q3sesgdy, theeepaitionedf the
. . 1. N ) . epl. ion tool can be
o059 SRRl DGR 6 B e B o
thervngiohig teod tassendbhyemedy Hé seeded tochiuatie rpdodviepin th@ynhi aedephietion tool, which
different. features to pe created in the . :
T PRI S PG TDIon T Ehetied0! e nclys two diamonds,
tHidufr®E Lo paddeh tdqfted fortk th%??&ﬂ?@é ke hflcr&refRdaBioh Y81 €4n be reduced
nore physically distinct features may be avoi ded, and
by ors-palf- e assenbly can be used instead to create two
or pfa f&’l,‘c’ﬁl%ﬁinle%nﬁ#)&i D& inb QRS Sididnk I?i%s 69y define (ﬁfferent
m croreplication tool. Such techniques nmay |npyove the
fegtwagsi to Pe ofeatetl én tie amicroegplicatmnitond. Totlat caas)dhecase of diffeeant cutting
the ti nd _costs associ,at.e .t h e creation of the
tor%P%srs%rplggfis I%% g}ieiitg fflw? 85{11’ore Wisleﬂly%sqqgi %?tuFFé);naéﬁcl?eeae/p}dgéﬂ ag;d a single
agsetiblg @at beusastteadss oeh@tee ovnbie ichllyt diSBHcefeatfuatih @R
m.croreplicated structures. Additional details of

of .
M GESBliGEHAN HohePuchrisdaiqventosy Hprrokethe aslity of tempigroreplication tool
artad TRRRY 'tﬂ%gimezéxddd'oét\é‘”agkgl?iagﬁ %&ﬁlﬁﬁe 856! oqttlileo%icpcﬁjﬁ@W'ation tool,
O her features, objects and advantages w | eco
whispan tum, thayorfiettieelylegioed the costs apatialedwitin g, uldmate treation of
nﬁct}greﬁltic%%erass QRIGEF DESCRI PTI ON OF THE DRAWNGS FIG 1
1 SU&P op VIBHUSF a mul ti - di anond cutting tool assenbly
conf Agditienh] detaild dfithesd@né bbbt dibodiments are set forth in the accompanying

drawings and the description below. Other features, objects and advantages will become

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a top view of a multi-diamond cutting tool assembly configured for fly-

cutting.
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2 WO 2004/ 024421 PCT/ US2003/020785 FIG 2 is a top
view of a nmulti-dianond cutting tool assenbly

woanfsiogured for plunge or thread cutting. FlI GPCB/US2003/020785

nore detailed top cross-sectional view of one

enbodi ment of a nulti- dianond cutting tool assenbly
configured for fly-cutting. 5 FIGS. 4 and 5 are nore
detailed top cross-sectional views of enbodi nents of a
mul ti- dianmond cutting tool assenbly configured for

pl un . thread cutting. . FIG, 6. .is a.front. view of
Dhe. Sltbots R VIPWich e (P difErcRo eieng a6l bty Gogigtied for plunge or
tigercalingal perspective view of a nulti-dianmond fly

cutting tool assenpl simul taneously cutting two )

gr ooVES Jspimge defailedrtep eroshsestional et froap empadimsat of a multi-

j _perspective view of a

d{r?ugﬁnldcﬁt%g%%é a%ﬁ%lﬁggogﬁ%ﬁdﬁed; yc‘%?c i’rl%ﬁg t ool assenbly

si muFtGhdound ISyare motd degpiteditonuroswestiaal vieys vhembprdaatitoer a multi-
of amcroreplication .too FIG 9 1s anot.her top

Gl SR G pr- SR HRBE R g Bl P B BRE g ool
assert.\6 is a Flott vid® of sheasheiddBtient dmsithtedMnOFIGAS.

nulti@i anmond fly cutting tool assenbly. 15 FIGS.

11A- e 7d_F a cg%ﬁep%\@rgpeéqp&gg{esv(é@f pgzﬁgq.ultr@ﬁm@p@ﬂg cutting tool assembly
sirhul1tdBdJudll icBfing ol kfdovéld (ﬁﬁ‘ﬁg Ghe GtHtioh 9 2 hRQoredB SRR 101,

cutting grooves into a work piece, and the resultant

gr ooVEs &ipmd copseptuplpeirapastivienagw obmmphi-figmondiplunge ¢rahread cutting

i < . iti | . . .
R S eRO St A B8 Pl kot argiopspfcaion

taolitt i ng tool assenbly cutting grooves into a work
20 protr.usions

i ec nd the resultant groaoves an [
P e Pl e ke o i pLanep pdhropd CRuing tool assermbly.

per SPRE:oVLanotiRWt Y vidw di 2 ARNE dfahdhd 83 Rultfe Wit dsse bR,
mul ti-dianond cutting tool assenbly. FlI C% 14-27 are

addi FilohalAdrl§sye gaiqus ernas-secipnalitensietvs 11lvstratingiamgulti-diamond
o e : :
ol P o et A ASALL 6 BRI Bihos o
POESGRIARAIONN B éorimed émthi ovork pieck.r ected to cutting tool
ass eﬁ]ﬂg. FI‘EA-t 1%t are Q&iitlilgneal gr“o'ss?—ée%’ligna? Ito%n\ggvgssﬂlustratin g a multi-diamond

cutting tool assembly cutting grooves into a work piece, and the resultant grooves and

protrusions that can be formed in the work piece.

FIG. 13 is a perspective view of a diamond that can be used in a multi-diamond
cutting tool assembly.

FIGS. 14-27 are additional cross-sectional top views illustrating multi-diamond

cutting tool assemblies according to various embodiments of the invention.

DETAILED DESCRIPTION
The invention is directed to cutting tool assemblies that include multiple diamonds.
The cutting tool assembly can be used to create microreplication tools or other work pieces.
In particular, the cutting tool assembly can be used to cut a plurality of grooves or other

features during the creation of a microreplication tool with a single cutting pass of the cutting
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The cutting tool assenbly can be used to create
m croreplication tools or other work pieces. 1In

weoaodioeu2ar, the cutting tool assenbly can be BEEMSE@®3/020785

cut a plurality of grooves or other 30 features during

the creation of a mcroreplication tool with a single
cutting pass of the cutting 3 WO 2004/024421

PCT/ US2003/ 020785 tool assenbly. Thus, the cutting

time associated with the creation of a

m.crarepl i-gati.on tool .. n _be red d r re_conpl.ex.
SUELEPED) OB wPRt i A0 GieEAMES rsfioptt g RpEion too
chibsredosdnar more kemple PatdrnOtanbedbenelss agiveh @arivd dhtithd eln this
ultimate creation of mcroreplication structures can,
%n?fg_ﬁ’ﬁ e&a{m%%cweaé baa%?_cwﬂgwe 4RI8 §reAdgn Ygmucroreplication
sBhdfiel Edrlst relite@OMH MO oduchioR PFReR PR AR, Th Bition, in some

di fferent di anonds nmay 8ef|ne.different features to be
eppbedifisgtsi the difterentidipmemdpiniay: definsrdifferent featnres Fralpe eraated in the

] i;St i i . i .be .
o R fh 001" ) Bt enb i B9 o ERUn AR IRRT P e bG iy be avoicea,
and 8 empleymokinfabetediagiing tosk aschnlily car eaised inszad o erestetwo or more

hysi.cal |. jstinct features in the mcroreplication
PFS%PhY%ﬁgxgﬂ%%WﬁﬁnvbﬁPﬂ§§§%ﬁ%¥§nHﬁ@-inc|ude a mounti ng

St r UThelEting@d] zi'ﬁldélhlblgn@aytiﬂélhd%mﬁﬁin ;Bu BN AROmbApiehtSol shanks
mounting structure. Each tool shank geflnes a distinct

mpuBiee iethe impountipgstrucire. g Fadhdpd sharki deéinprea distinct digpond tipcand the
: _ : o ; .

AR HE P PNE Yo IFEH: eh LSS RndrBeitC TR Glhuddly e

mhgrprepbication tehlf The erting maf asgemiay inoiysissuntbatifferdhnngnfigurations,

oA on bl SRR P e o e e o
shanike tjgsoflige diamom®ds it Sheltgoll sBKs REn befhMbAEGSg lappifg techniques,

r%ndin%,techniques .or focused ion beammlling )
g‘g? B echniquagorifacised ipadeam apliingipsecessss- Y paousghapes aesl sizes of the

dfab@8id BpSardlaiB dB&SI6Ed, REfen W SOuTRY iPGe l&fe%&%{} %é cﬂ]t_fg%ﬁts o

creation of different mcroreplication to
njigprepbeationiqoly. ripcpsed dersbaasy millingoprotdssas| mrpartivalar peaytisaded to
r i.r.ed shapes.of the dianmond tips
p%ﬁ?hﬂ§§%$§ﬁgh gégfa8€%m¥wg%»FFW@F&%?H?%%PH%Hanks of
t he Tht diffagnt tool shaslseThhe/cutialy thel RTiHEehn B i thiaRfounting
20 structure usingenicnoscoghc posi tioni ng techni ques.

SIS KR FACTOYARIC PR HATIGR ESIHEYES] Robrxpeple, e tedmiqyes may involve
the @6¢ biNGtoBlifd ARFAREpNA F((E)’s@t%%rﬁﬁgoéynﬂglsp L frﬁ’ér%scoé@ t&ﬁlebe used to

.M croscope can be used _identify and neasur
idswféfiytand measure e pasitiom atithe diasond lips jelasive to aresnathet fethat the tool

SR} e B R A BB P oo
prozided & quantfy thepositioningpottthd dainbed B & lei, dnihe Gordf oft d@gital readout,
an%iloagrgfggc%ua | g?asp}ﬂcedis%leiy, Iorn th% Eﬁe.f ’?ﬁen%egcflbagk gelm iet uasled {oeﬁggéjetlﬁ position
the different tool shanks in the mounting structure. Once positioned, the tool shanks can be
secured in the mounting structure by any suitable securing mechanism. In this manner, the
tool shanks can be positioned in the mounting structure such that a cutting location of a first

diamond tip is a defined distance from a cutting location of a second diamond tip. The
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25 anal og readout, graphic display, or the |like. The

f eedback can be used to precisely position the
wdizbdsgent tool shanks in the nounting structuPeT/USE®8/020785

positioned, the tool shanks can be secured in the

nounting structure by any suitable securing nechani sm

In this manner, the tool shanks can be positioned in

the nounting structure such that a cutting | ocation of

a first dianond tip is a defined distance fron1a

Sibl) D387 Prsdingh 17 B50 e AR AL hlch et e iy o accuree

tomnﬁms@mmﬂmksoﬁhmsmMEg@ﬂonnmmmylmﬁmmmmch spaC|ngs and
acc%{ate to within .a toler Q%e of ] ess t.han

aphr 4 MIEOSHPRe B PosHiRRing e dbgekfo meewalg@aﬁeo%@ multiple

tPSIShinkeMitheh the ety itticRi€Einsdkire PRSEhERDT tHRRliamond tips relative to
nmul tiple tool shanks within the nounting structure

Qo8 ANA P E0lprraces pestyiredfor effectiie dpaling of mperoreplieationgoaly In

eff
p?f)tg&l'ﬁﬁr 3)'591 1Bﬁ]51§ ?&gp‘g%}&% g&{‘fflglrs]to%egﬂ]l%sr &qesfs ?fgant 1OCrSJI%}dn¥ and more
ppefsiablydess rigant ]omicmmad:andmgckmevdrd Md)mb*mr,qmsmnmg olf &&sdmmond tips to

than 10, mi crons, refera | ess t

Pyl 5ot anP B Bl o sLoriet s O o gn b achicved
wingrmoelinlgirpisrdsCopel 116 @at &Rrib&] 1RkdiN e Shéh (288siaPhb & ent is desirable
within tolerances on the order of 0.5 microns can be

forstfesterrcredfion ol mcrorplisatign 9y Batespdelupsdeior prapting a wide variety of
rﬁ@ﬁﬁ p’h@@cgd BRI sush Q@mf&@r"éiéﬁda% oghééﬁ?ﬂ[fﬁy trmbl%rephcated mechanical

desirable 10 for effective creat
fatenersy epirprenkidagnd aborsive ftlma,tmmamemxeataé edhefsme fitmg at iedika.

w de L at .ed str r S
micr g}ﬁ gp'll ?{é% (gtf u(t)tfo ﬁ%o 2% n}b s Dqyine gy @Bf ‘Eﬁls in e assembly can

impive amd:sainphf}aﬁé eﬁ&ﬂi(ﬁl oﬂﬁn@fc@é@l@hﬁcﬁﬁb@l@ b? bé’cﬁ&*n?_@hef tunfBer of cutting
n1crqgﬁgllca esive fjlns, or the |ike

PRFEXH BHABE tnleF to grsate b FRPYSS OB theapicHrepstigpiogl. Such
sHhhRITRAE dal HB&IRBSR AR YhEMits ab%fa@b\ﬂewﬂﬂgxe S eRd %r)éatwﬁeof
creation of mcroreplication tools by reducing t

HerRERHCHed Hiciuresy 15 passes of the assenbly needed to

cr eaFﬁ? tihe ag%ﬂ)ﬁgﬁ%f 9?*1&1&1? Iy %gsgmg 4 10(:tﬁlt L S %(%eg ?\go tooiJ ghanks 12 and

Sln'p ication can e Ively reauce
13 sxonied iea mouhting dtectukd 14THE1ﬁt1ﬁ‘g ol as_@émlﬁlﬁ/ 10 is conflgured for flycutting

d st { t
i R AT s ot it L e soraupiewisouBty 10mansite
rribanﬁBl@ to 4 AriOSHAKEIS, (hich cHPHE 31'1% b%/tarrH&tBi-‘Biea t%éhn%ﬁélﬁﬁ’ég(not

tool assenbly 10 is configured for flycutting
SRW o rpdaie %Pl}ilblyolq é\’l@m@g sduciwre J¢ nzay camas%struéune for holding

tcﬁ?f sel%1 aYg zve did! ceretg) nfSablL éal}k(g&? grnay sha Eormed from

tor o
ammadhm@ c(omppsnesmat(mal mnl dmmmde casbestolingd idshah 1y, 198y a

s1§0 {aﬁﬁalpyrp%rn]ignerﬁ?gecunn me %masmSt rrllajlgé.lylcr)r? nflocl)lrnturl]g Ltgulc?u%e 14 may include
features to enable attachment to drive shaft 16.

In order to secure the diamonds in tool shanks 12, 13 and thereby define diamond tips
17, 18, a substantially permanent securing mechanism can be used such as, brazing, soldering,
an adhesive such as an epoxy, or the like. The tool shanks 12, 13 with diamond tips 17, 18,

can then be mounted in mounting structure 14 via a temporary securing mechanism such as

5
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tool shanks 12 and 13, that have dianond tips 17, 18.
The shanks 12, 13 may be fornmed from a netallic or

woanpagif2e material, and di anonds can be secur edTHS2003/020785

shanks 12, 13 by a 25 substantially permanent securing
mechani sm I n addition, nmounting structure 14 may
include features to enable attachment to drive shaft
16. In order to secure the dianbnds in tool shanks 12,
13 and thereby define dianond tips 17, 18, a

subst ant,i al | er manent seqgyrin hani s an be ed
B SRR bl o181 Sie o Qe A el RZige Sl Agfesive such as
a@[@PXYY, oPfinotiee mork permitidht b&ating hdetkHisi’mayl Be Wdetifo secure tool shanks
di anond tips 17, 18, 30 can then be_ nounted.in . L
LivinimAgpndipg SiERqinE 144 In/4my case, Eiepise af §ioolipg migigscope with positioning
cBRE M BFBsiidathca8edbacin200HE BRABLHRAE 19520043/ P20 BRined within

one or nore bolts, clanps or set screws. Alternatively
nuatingigirucse dé siahghat alinnaiiddips V& ISuashpesitionad radptiveytp ong another
r . ent, .secur | nism.may be us :
LB R SoBETRRHeodBHEL PR E SRR S IR R el Womin
strdctuderi 4anyy teas @ shdpeehat aBowd cutingoobl 43geniblE 10 sCiepidsanictl nto a

osi tionin ontrols and, positigni ng feedback can .
B alnginachie S e taling g C[%ye i) Biflemond turning
ritdchinb BorkFi gisd ot NG-cBiting &t Whidh Iife ety tB&l%Ese%b?snB'}%aEeE ABout an axis

7, 18 are positioned relative to one another

1
viafeivgshat §6.on required for effective manufacture of

! sron ! t . .
T L e s —
chiging neehangui that defaes dhie arsatich éfoodistingt featind ofca wédgiidte such as a
TR A P P e BN e

cattthg tody adse@blyADS BRI twh tdodbiinRé 129 UdacRAavAS Sne difm¥hdPtip 17 and
drive shaft 16. Each di anond ti and 18 of t ool

17
18trthresmarldgionalitgol shanks it C_ii@n%f eyl used Bpareendence with the
pg%a'ési%ﬂ'epgf M ERRM G Th Q@&itigﬁﬁﬁ%ﬁ‘ﬁm}éﬁ'@s &F]&ﬁteﬂ BB m& be exlt]ended for

I nct feature of a wor ece such as a groove

uge Witle digmepds thattdefine oot the pregputtinestipgetr dlamonbie

enbodi nent il ted in Fl utting.toql .

ass e% ?@‘S&ﬁef‘ nel ud Zst%F Jos! Plbag}% ]s% %ﬁﬂ(@ &9 Pog%?negé’& fpounting structure
L andhnat @rvattibigasaakion bf @p 17 @06l shanld B isaldefiRddfistance from a cutting

addi tionaJ tool shanks with dianond tips may be used

lqcptiopf Sipgrrtdoctishankt He In piutipeln thesdefined datandeviasit agigspond to an
b ordaric tne d :

g o B A D5 M BBt o e
distaacechptweang woiadjagent fefitaaotode cratead ih astorlapieds. i As $HoGn i FIG. 1,

ol PR, B WL PO GBI et
and pitahoe. gs mniitch Bf tting wef issatblgil6f AMeest sudMedmeitl ddyRell be
generally avoided in this disclosure for clarity. In other words, unless otherwise specified, the
term “pitch” when used herein is reserved for reference to the distance between two adjacent
features to be created in a work piece. The distance Y would be equal to the pitch of features
in a work piece when the integer X is chosen to be equal to one.

Tool shanks 12 and 13 can be positioned in mounting structure 14 such that a cutting

location of diamond tip 17 of tool shank 12 is an integer number of pitch spacings from a

6
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20 location of tip 18 of tool shank 13. In particular,
the defined di stance may correspond to an integer

wauandage4i pitch spacings. In general, the terRCTRISE@®B/O20785

in this disclosure refers to the distance between two
adj acent features to be created in a work piece. As
shown in FIG 1, distance Y = X * (Pitch), where X is
an integer. The distance Y is also sonetines referred
to as a pitch, e.g., the pitch of cutting too

FERE Ty Sk Rl Ty RGBT LBt opg s 17,18

cﬁ)ﬂi b@posvﬂhhddi relativie @S SndivetientSwitlsip acolblagch oftléss thdn€lOnmicrons, or less
tch" when used herein is reserved for reference to
el BRCITAED B0 helerancRendbg ofdert -y migrefise Suplypiseision placement

6y RRIR bl Br WREK VP LREEon JHBicRr iR R tgol‘évﬁbgdcfop@reﬁﬂféal

to the pitch of features in a work piece when th
niigroesplicatod stectmiesseph avonisaldimal adh@lmlmswnam%@lmSmm@amcal

f?SﬂB%eIJSSOI'% 1Pee IB&%B&J.:H% %S ?hel cﬁm S Ori']g'l Sh y O?é}#l?gtl 11 éll'{f) tp)e created,

a cu cation 0 annn
tlsenamk sﬁ@mgsna;nbe letseth e appusrtimntedf 5000 theibrogay desk ﬂg@ abproRingately 1000

024421. PCT/ 003/ 02 78 cutti.n tio
‘me %ﬁ@n@m"i’éﬂ% gﬁ%fm%%?n ss)tgan REBI%XIE%@ Q%C]H']CF%PS less than
afproR@ebly | OB micfonslBss S aﬁﬁoyﬁﬁ‘ﬁiﬂew Qﬂﬁﬁr&ﬁl R_ld thsn hidrSfifately 10
another to within a tolerance of | ess than 10 m crons,

ngerongdess thap ahpryxmaéqlb A migrgath less thap aapnomrmteeln & anigront 4nd may
@ﬁg&rh t@({ toﬁ)efrélc@"o cro%%@gcng% &Cdlérh(g‘ﬂi sqge{@nt may be
esira Ion ©

or e ectlve m-croteplication
t ool I s?esl aftqr viewedt umgtl—ﬁlamomd oniEpk tammfselmblyrdmﬁgme& for plunge or

e f e filns
vafigaits s GHLPE coBhe oL Hembly Fin SRR B maEne vork
pittéreriRtinatsloodtionk eorihieFvals i ki def@dmbo ol té BthBEloB4tRAE &Fbut various

the pitch spaclng]Hllr y be Il ess than approxi mately 5000
SHAOLFH Sther fghures aHregduginerintianlyn teadigmee shiEingnEloweeysin thread

chtBAR ARG 23d1 T8deRibly RPQ dhEL esto 2{121 Pink %Pk iece fo lcinéer periods of

approxi mately 200 °m cron appr KT mar
timg@o pitdengibreatieskgootean Cattmg(boml assembly BDmay als@bes yseld éasscribing or

{
g SR DBy b et LoD iSocsf Sslelrinwerk pigee very stowly.
m cr bike ammblmw SHHIGO a,cdmtﬁdgaoémls@h@mm SF FIG:. 2 imblede® Rultiple tool
(%ik isdla nd tips 17, 18. FIG is a top view
SRRREL T IS G RO PP vioe SHictsss Sbnn grdeniorspeur &g diamonds in
tdoPShaRkd /093 Qﬁd tHe ng%gflﬁ@(ﬁlﬁlh&ﬁ} tlljﬂsr%phf?‘ %gs%bs(féﬂtfail? %ermane?(t securing

cutti ng t ool asse nge I'nto a nov
mefheaisnpgandefuiserbsich es Eblf 47008 Sﬁlthrlnlgmreirdhadilse gichtas aeepoxy, or the like.

ot her l.oc t var| us 15
L TS\ 05 305 e AT o
24 viapl ternpEayuetirig. métkhwamrsuch 4R onBoeAdre Boltsdl4i8ips or set screws.

utting tool as enbly 20 i di spl aced into a novin
A&Bﬁnﬁ ﬁ?}é]&l‘émflg,rso dggg%ranﬁgpq:sg\@§u@$ as an epoxy, or another morg permanent

securing mechanism may be used to secure tool shanks 22, 23 in mounting structure 24.

The use of a tooling microscope with positioning feedback can ensure that diamond
tips 28, 29 of tool shanks 22 and 23 are positioned within mounting structure 24 with the

precision required for effective tooling of microreplication tools. Mounting structure 24 may
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time to cut long threaded grooves. Cutting too

assenbly 20 may al so be used for scribing or ruling,
wonomhnenzi case cutting tool assenbly 20 is di spCamsen03/020785

t hrough a work piece very slowy. Like assenbly 10 of

FIG 1, cutting tool assenbly 20 of FIG 2 includes

multiple tool 20 shanks 22 and 23 secured within a

nmounting structure 24. In order to secure the di anonds

in tool shanks 22, 23 and thereby define dianond tips

28, 29, bst an |aII t,secu chan
hber B Bttt ftind os) aBSRER 200 neRetli o AEREEH B8ne
miiife @nfidhre@ BSPplungdreuttin g thidse cuttlﬁgl%cﬁlﬁﬁg oShainks 22, 23
w th dianond tips 28, 2 can_then be nmounted in

mounFIChg 12 poe dtailedsop Grpss-sCiithtipw o) carempedigent of a multi-
di%%ﬁ@@dtﬁ%ﬁ)%f&s&ﬁbl R6n %ur oEfhebliBg. FimsarﬁrS &€hore detailed

SCrews ternati ve razi ng, sol der i ng, an
toaeths&smowozmvaef anbcelpomys ofor mahlodlh@pnwfenga@pmﬂ%nhly configured

uriln nt s 0]
S BRGSO A DA R Y 08 BEsb e SRR RBRNER .5
Inmaeﬂi o8 Qﬁamung latr@aﬁﬂetlnpmmgmeﬁ@baclhde:m @nNBete arebh3i A, 35B 35C,
anmpnd. tip 29 of tool shanks 22 a d:%% a .
3%%50@1%}1{@13 s ﬁﬁhtonrseﬁwq the TeSPGe ERobs Shaksy; Ateay frpmay be slightly

1aRSe® Hai 'tl?anregp%%'\ber 861 dr@kseh bRBE 10Vistre Blat B 861 shanks can be moved
mcroreplication tools. Munting structure 24 may 7

wthnz@@arﬁ@za PEPeRCPPHBI0O8 AGRORESips hefors the stvajseare iﬁlat:d in place.
C I 4 enbl t. 0 a
of YR YL 9L RETELY 060,08 fASE il
cutt Inrtgderttdn pm@bmmb t00|'n ghankc 12, 1B g2 r23rwittim gle rédpectivé manting

a nor et op cross sectional, vie one .
(BBBH L Sk SoeAED P R e R Gt P Eotto BT S0Elay ko Tool
Nféﬁé}f d Wr@s@o%@éoﬁrhé&‘cﬁﬁ& bl di@ble T oEPFryér @8EpayaTE IR, Rlinnesota
detailed 5 cross-sectional vieéew of enbodlnents of
inglugeg ctomralhaﬁdwés fenmi¢ragnaagginggitianeds of thodinmend eefting tps of tool

sl{ahjgﬂgﬁ%) g% tof n(g{e %ﬁ?ﬁh?luu tsl%ﬂr)lg,tggeé Fﬂe&ﬁb&%ﬁ&@p%{ﬁﬂgr& %éa%\%eg)frowded and

quantified byga dem Chex 200D digidareaddB demige.i conimedaalbynavaiinble from

o e B8 R Sl G588 Rheren

wﬁlurnghu dcturabpfegbired foabifédtiRe CRANGCH merdraﬂicaﬁchatﬂm TRe use of
order to ensure that the tool shanks can be noved 10

Nikionionl MakerzrMicsoscapgangises Ruadse Shex HP0idigitay raadeideirpean
mg%sfgc e&ﬂ?n ?@%ﬁt 8f fhe E/doi( %nkgWRhggjﬁe{ Ilngl%elglgl%ﬁugfﬁfe%uch that
dlﬁﬁlpnd ﬁpschsscvcnmzd with t@rtdtdrshanks pmspdsmonect tektive ol orehwapthsr to within
ti élzz Zgo th|n the respective nounting

0?@%%1%& e Pyder 950-FUROBS 248, a tool i ng nicroscope can

InGeirtithiea, achRling a8 Ehent o th d{ﬁﬁbn'ﬁ(l@s to MPéfﬁ{ceQS 1eM ©hO$T Bf@ons, and

commercially avallable fromFryer Co of Edi na,
mAeeierably less than 1 micron is desirable to create ef ectlve microreplication tools that

can be used to create optical films, mechanical fasteners, abrasive films, adhesive films or the
like. This micro-positioning can be achieved both laterally and vertically so that the diamond
tips are correctly positioned laterally relative to one another to define the desired pitch, and
vertically relative to one another to ensure desired cutting heights for the respective tips. Both

lateral and vertical positioning can be achieved to within the tolerances described herein.
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15 includes controlling dials for m cro-neasuring
di stances of the dianond cutting tips of tool shanks

woeb@imye1t o one anot her. Mreover, feedback oPCThS2003/020785

positioning can be provided and quantified by a
Quadra Chex 2000 digital readout device, comercially
avai l able from Metronics Inc. of Manchester New
Hanpshire, in order to ensure that variable Y is
defined to within the accuracy required for effective

t f | [ t
CESENE I T T U -
b k@utedl intfoehel@otintd@\straetuana oMBAEINGTE bplts C]aﬁip@ ror set sCrews.
al i gnment. of the tool shanks within the nountin

Alieraively drazing spiHgne, an & € $ohas 38 EBYaPLAINAESH Seqyeing

nMnishanks @cg Positioned relative to one another to
wthin tolerances on the order of 0.5 microns. In

par t FE@$.aranddchie eaicepfualipiegpnentive Vistvstofi audfi-dismend ciiing tapl
0 .
a%JSI‘ J@E{el%g.@f §0 }Jgegdzto %@ta%eom r c[alﬁtg‘{%g g(gel%ls Pﬁ‘gﬁlgﬁ% greg P%%?fea

nﬁérf)@hcattbnmbcﬂ WQAG(EIG Gabr B2B (IO 8). tlhalie exaamlebof BE@S 7and 8, the
nmechani cal fas abr asi.ve

re(f:s{)%%é/g Hggtt LS ?%1 t&ﬁg 2 Gpropyises a|casing r%lﬁrgitkough other microreplication

tdBlLdueh ROSAstih ©PIRinfedRoP BioRKE tix@uEen BPéMbds@he Ecdld, Yr 816k work pieces
vertically so that the di amond tips are correctly

cpigd plsp b etgated baing cpting Eqoh asseiably d Ok eutéing £99é asse@blyed0. s shown in
H®! e7 gﬁtﬁhg Bsbi Qésteﬁlgly dl@'lﬁay ]%Fesrekﬁrgé‘lcd & \ gsﬁ%lt‘t \f§ hﬁg Gttached to a

another to ensure-’desired cutting
mowmﬂcoitshwn):tlopstateButtimgC&ﬁblla%bed 10eabdut/ar dxiisc aﬂluttmg tool assembly 10

e e BB S A P S8 st

e wey. OREthE ¥arROink | iidRde pHRGRI tbEIE7TIN BEPBERRReSotlan axis. As
t he d|E|taI readout, the tool shanks can be secured

cpipg taohassersblyt 10rgraated diamand ipa 1§ Ad BF cutdnte thsgpicaoreplication tool
78A %m?alté?ﬁatﬁl tma?ﬁére ‘%cordﬁlcgﬁf WG ELbGYare RiAGH 12 sm%Iﬁ cutting pass

sol dering, a hesi ve su n epoxy, oOr any o
obatiing gl asmbladoslmgancmmphw@n tépl Fllzﬁss 7 and 8 are

C ool R St BHIERE Kl Xy BGmBly Ty DeseEBRary  diticPilapoting

ngblﬁﬁ&l%t}dup(bsli’tg)nk AR ctRgttbelnseinbdy 20ﬂel‘dt1% il cgerby mﬁuon tool 72B,
%f @ 7) or 72B (FIG .8). In the exanp
1gayes %ﬂﬂtﬂg tophasserpily 8@& g8 I%Prélr Gresprisciat 11]@ﬁtfftt%by the arrows)

rel#ive WMl rieforél e Ainl tB(Sl 78 |a¢ 13 LhRughe, %E&% elphcauon tool 72B may be

m crorepl ication tools such as castin
rqtﬁf@@hqubhn wgs.dBiamend tapding maghine it owgiba gomfcgmlrcsd toguass the cutting tool

at ed

it N TN R —
1n0<ﬂd&h:0\mt grnoveE hﬁhe ?mcmtetphbam@n 601728 getehiayvel), dimyoEtooling

q&ur&? a dr shaft_16 which js attached to a
machine 74 may be conflgured or scribing or ruling, in which cutting tool assembly 20 is
displaced through a work piece very slowly. In any case, grooves can be cut, and protrusions
can be formed on the work piece. The formed grooves and protrusions may define the
ultimate form of microreplicated structures created using the microreplication tool 72A (FIG.
7) or 72B (FIG. 8), for example, during an extrusion process. Alternatively, the formed

grooves and protrusions may form features by displacement of material in a work piece other
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notor (not shown) to rotate cutting tool assenbly 10

about an axis. Cutting tool assenbly 10 nmay al so be
wonvEd2#elati ve to mcroreplication tool 72A i RCrASeal20785

directions (as illustrated by the arrows). At the

same tinme, mcroreplication tool 72A may be rotated

about an axis. As 15 cutting tool assenbly 10 is

rotated, dianond tips 18 and 17 cut into the

m crorepli cati on tool 72A in an alternating nanner.

Accordi n gr.oo e for In.a si
e oS B AR SLEE et o v comloved
béveEPERIRA G 1©8L ais@eﬁnlil? ob aﬂd?ﬁe ShinB @D 74 thabteCeives the viittihg ghol
tool assenbly 20 nay be secured in a dianmond toolin

amhliyn Foraxapiple, theossiitpd ferve Kan whkals the crigag topd asgmply 2dor
crreﬁtk %tfcﬁlM{regﬁR{ n%a}fl 'rrﬁ&ofe@ﬁ!:atlz)g Bool 7§ﬁ and noves
ecutlngto asse , in lateral
di r eBedaosesth¢ astting lags assanbid 16y2Q im@lanMS/\m)lltlp@I taol shenkspand thus

mﬁpfql%n@g%gﬁci gqtb § aﬁ? gqv&eg g!ﬁs‘%ﬁ 't ébft:utt‘inlgg? ?16‘ ag er%blﬂ?fe needed to cut the
gl & onBhé rderepBedtion oleThik 0 réduddgyrodieticm odstsgindagecddahe
pass . the cutti n?? tool assenbly 20.into a.r

pwﬂwt&necgplp astorigfedvgih creasign pf H%PH?HE%"“BP tqal e‘;faa% ofjarygerk piece
C;Inetﬁ!?é'hdﬂﬂfff not &k erg%netéésé%uqn(%%b?é’tfo% of Bwd Bemore diamond cutting tips
m croreplicati on tool 72B. Alternatively, dianond
withiol qwttglgzaolraa@mhhelwlo Herysimeltangeds @Uﬂ@d)ffgmovswanmd@e the
g tool assenbly 20 is
pré’dlsl% n Cé’glb t%?grﬁc °na°f\%%aﬁlm%| ece very slowy. In any
cas eForgalxamp}bSﬁGl&ncduﬁlgCtUcbl asgentbl pinoludessiwansol shamkslzach a defining

T PSS B e b8 TR, 10048, A0 ied tocu

glr@océsqmm Ihf‘e%r@ﬂloﬁﬁ&mbme@an% eaduest bypbitOhdif¥@lative to an assembly
m croreplication tool 72A (F 7) or 72B (FIG 8

tlrabmcblﬁmsp@gle thol phrrgka Adél)tlpnqqu)qj rihgnke gay ¢dd further bene%lts in a similar
rfahdd! AR % tple {éékerg{l)%dé%ﬂpé”cpor%r%oo‘f% hac!}‘?he"&lg BHc?s' %H&h may add

may form acenent materi a
s1m]rakp1mdm1mtgzﬂ3hmﬁts RAAOcAG 0dstODsdAdtePETh lﬂﬁﬁﬁéh%y/oﬁm ﬂﬁS

it ol o BFh Bt B iy BBt b a0 erOGubT A e wamare

c&@tﬂincﬁ&ﬁ@fﬂ?&;ﬂm&@dmt&m rrachl ne tool 74 that recei ves
the cutting tool asse exanmpl e e fast tool

ser v %félﬁmvn%m f th%@Ob&lil@@kSrﬂ& ﬂ%@n 22533 @ity ajﬁozt@ splyect to a wide
v}%]fe%faf ks oﬁ‘h@ Qi%sj &Wﬁfﬁpﬁ%ﬁ l%scfgglﬁg& Y & drnore varlables as |111ustrated in

oreplication too cause the cutting t
FHs e ntstllydmg(lhe 2atingddigreHD, Sh&mitﬁmgﬂmlth O%), asthaaiable (e‘(r) defined

B N T e —

pREQAME Haf Alsb be réfeeEDaR Itheczﬁttirfgruepmo IThe Thitieig Gadth (AU W& be defined
production costs and speed the gr oduction cycle

aSa%lg SYSTageP iR WdBy ehis lébﬁl%lr in R & tgympepupbeitingopiith of a tip. The
VAR (199etRfs t8 tQfidtaRk BEveen adjacent tips, and is defined to be an integer

number of pitch spacings. Another quantity that can be used to define the size of the cutting

tips is referred to as the aspect ratio. The aspect ratio is the ratio of height (H) to width (W).
Diamond tips created by focused ion beam milling processes can achieve various heights,

widths, pitches, and aspect ratios.
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can take hours if not days in sone cases.
I ncorporation of two or nore dianond cutting tips 10
weizb@i4ut ti ng tool assenbly 10, 20 for sinul PanES®3/020785

cutting of grooves can reduce the production cycle to

a fraction of that time. For exanple, if the cutting

tool assenbly includes two tool shanks each a defining

di anond cutting tip (as illustrated in FIGS. 7 and 8),

t he nunber of passes required to cut grooves in the

m cr licatlon t a ced. b

ot bbb e el i R P TR LYo BRI g pan
appiaxiknatolyl 00 il2nés, Iemharsi@ﬁk@maraw Mdmf:mnts hesrs t]hmr@farokﬁnately
in a simlar nanner. nmul tj pl

1O PHERNSofFsHihan APPIRHIAIESY §Q RETRSA %n SRR L igrons, less

ttfih Aphrdki ki@ W Ot thiétdnY oPB & hAL HprdResibtely 0l GRS Additionally, the
associ ated Wth the creation of the "microreplication

vatigble Y mayihe defined torhgyess pprreximataly S9Wduiceons Hessdba approximately

2R S5 0O e Syt 0 pcon,

lesothhn 8]!5I&ninmak2y IG(BmmroxﬂZﬁssZBaﬁmpr@dlmatebfé(Brnbrmt le$sahan
The .siz of the ti

w de s s ti ps may he
el o Bk e iheh wPTABrED SEtsrpRaliet e i A mately L0
nh_'dr@l ald mhayGbpidatda 0.5 enibleh td1BENAEL 1 16 REmE Ehses, tab earﬂ.%t dppRGiated by

and vari abl e (Y) defined above.

F%Q:tlpu (ng%sg Atend A, theedistanes X may hedashiban &@mlﬁﬂt Qféhe topleshank, and
re?erre @ghggh% aﬂ@%?@#ﬁgvgk&ﬁﬁbd et%%%%@%%@U ‘dth
(W 'Hieeyaspect dagio maybdefimsd toHe gm&cmtgzm apptaximetely A, fpreater than
as l.abel ed.in Fl tting wi dth of
it BRRY oL Pedirhery pp iRy 1) B oSl or sreater
thadjaﬁﬁeiltmatdljﬂs 1. datket 6r Gefllen@fedtQathR nddy dlw&%mevéﬂlﬁm%r focused
pitch. spacings. Another quantity that can be used

1061&’368111?1}1@& Hécss Gidergrt shages aud sirehgnast hopslvprfagespe for gariqus
chifpisaspect ratio. The aspect ratio is the ratio of
helght ( to wwdth (W. Dianond tips created by
f ocuEwwyse ﬂnb@%nnﬁﬂmgrﬁgsprmpmss5$nwahhamhiamhawgﬂﬁmn@xm are

5B 3a e S Bt Bl G35 il WP SR i  Ponat o

refdrledacdd ablationg WhelidaeleMfiog angaieurh ﬁh’nﬁﬁﬁlytr@mbﬁa 4655 froMaRe
ﬁ&@ §X|natel 500 mi crons, |less than_ approximtely 200
digmppd,o an piauiby; giom béi%iar%?&?()ﬁﬁ@l@mymg esbnigies g, Watgiggpors may also

bd 28 ARV tﬂ@f&luyecﬁgn Bk Rlﬂﬁn%% t bﬂ@ sﬁ%i@%bff@& flnbeam

10 mcrons, less than approxi 0 m cron,
miliag meeline i Midrieatmeddpl %OQ mrmn@mallxz\dmltabbrfmm ij,EI I:nheof Portland

O%gé%r a%élngraf( fg'%\é%cg %{1 %ge{m nﬁﬁ’in% ganbl‘jse% oS tfp%me%) Y el precm%n tipped

rons han
diamonds that correspond to the features to be created. One exemplary provider of focused

ion milling services that may be used to create one or more ion beam milled diamonds is
Materials Analytical Services of Raleigh, North Carolina.

Focused ion beam milling is generally very expensive. Therefore, to reduce the costs
associated with the creation of a multi-tipped diamond, it is desirable to initially process the
diamond tip to be ion beam milled prior to submitting the diamond tip to the focused ion

beam milling process. For example, less expensive techniques such as lapping or grinding
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1000 m crons, |less than approxi mately 500 m crons,
| ess than approximately 200 m crons, |ess than

wapprgzearat el y 100 m crons, | ess than approxi nRCEIUg2@6/020785

m crons, |ess than approximately 10 mcrons, |ess
than approximately 5 mcrons, |ess than approximtely
1.0 mcron, and may approach a 0.5 m cron tol erance.
In some cases, as can be appreciated by 10 FIG 10
(and FIGS. 5 and 6), the di stance Y may be | ess than

o e A Y Rl mitin

pldcpss nldyeenasp eledt ohdbr orkRy tlimhﬁeﬁmm d)r fatibes lgteiatheve can be
t han appr oxi mat reater than. approximatel e
aghigved BEEMHW ﬁp%?ﬁﬁ%sasgﬂhfa@émnéﬂa prigiig oeq R fedm milling, the
aﬁlﬁﬁﬁt%?f kPRt &I ¥n Beakn nfiling liBRrEJuirell k&?&eﬁ@ RleXla Rhn®e¥mMnilied
Larger or smaller aspect ratios may al so be achi eved
dulgiong tip e betpduad. Leppibe safeusiie # pPregess Pheeseoviigf m@tpléﬂtfrom the
SRR SR 02 S5 SR AL PR Bl g e
rgmoed $oni the dianwind ueing an abmhvmhagla fikied i m d deiumaJT @ubstrate.

acce t rd the dia rder.to m)

ot onElG. 1t Y S ceshe Frodens EiFiing 3 cBtipg 130 Rserbty 110
cah@ ki hds mt'th?wéﬂt%ﬁéc@ nad. Brhebxaalld, o MG NI AVBIC, R @M Ence (Y)
atons fromthe 20 di anond on an atom by atom basi s.

qveRsibied ebysivequidbe %lhhﬁoqhﬁa@whs ik @thWaW@ﬁdS apiiegeiajue(X9 gefined
ai?&ve%%?dﬁeoe QP%%%@ ﬁﬁuﬁ?l?lfs%% ion beamm | l'ing

process. ocuse ‘ion beam mlling

machi ne i¥=t(1§©*l\(lPlIch)on nodel 9500, conmercially

avai | abl fr E*l e of Portland Oregon. In

general , h be]am mlling can be perfornmed to

Irclbe&aélﬁarpm llsmqm a tiopPesttioftl &POAES illRahtinpol MERP@RRoidcutting tool
the features to. be created.. One exenplary provider of

agsgRpydd satting 3 ixstises crfggr%%fﬁw&wlqmceﬁé% 3d FlGellR {5 a cross-
sécti6Rdl %‘opoﬂgw?flluﬁ@a&ﬁg cﬁ@m? %@dpa@ehkxﬁﬂl 19 cﬁgﬁg%islgﬁ?ﬂ set of grooves into

Mat eri al s Anal yti cal vi ces of “"Ral ei

wey pibdentd 2. Fgublétisiadep biewriilustdatingigpe |cmagrdrvmrhpieye affeerryonly two
e'..Trf 1nl Qureduce e costs SOCI

p?sé%shd}%h%%g rtoeoggs %%1?’1 13 Q’V?r iPIeCE 52)%8121& Icgmﬁan o arpjgrorephcatlon

tdd)iass suliried abovs, aitlicugh khe 1pVaLies & b BecesladiOnditdd iR tﬁa@ ré@;ﬁect A
grbeammlled rior to submtting the dianond t

PHERE TG 18y RrRekioRPed Wi 2 b ceralagureddpr Hy s\aﬁane Wit ¥ =

Pﬁ&ﬁs expensi ve techni ques such as | apping or grinding
11 WD 2004/ 024421 PCT/ US2003/ 020785 may be used to
r enmovEGS| IgA-1712 arstcrgrarseqtionsl top viewe iltlistratorech mitkti-difinend cutting tool

o£889%0 LORRSA L P8l 5337, e TSRO LRI, 28 v, oo
inttezer value (X) defined above would be equal to 3, and thus because:

Y = (X) * (Pitch),

Y = 3 * Pitch, when X = 3.
In particular, FIG. 12A is a cross-sectional top view illustrating cutting tool assembly 120

OA

cutting a first set of grooves into work piece 122, FIG. 12B is a cross-sectional top view
illustrating cutting tool assembly 120 cutting a second set of grooves into work piece 122, and

FIG. 12C s a cross-sectional top view illustrating cutting tool assembly 120 cutting a third set
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achieved. Still, by initially processing the dianond

tip prior to focused ion beammlling, the anount of
wobaocugedizion beammlling tinme required to crelCeUSk®3/020785

final ion beammlled 5 dianond tip can be reduced.

Lapping refers to a process of renoving material from

the dianond using a | oose abrasive, whereas grinding

refers to a process in which material is renoved from

the di anond using an abrasive that is fixed in a

um or substr 11A-11C a e.C |0na

{%Bo‘(ﬁs él%g WOTK PI&SS L #g}cﬁa&s a]tﬂ% Viewd lusérS @8%%16 fr eél wori( piece
afEdtohlytBred hARYELSE dufing téol\Wedelabby BZI)E Algbﬁl wofik pilaee E20a0pY €orrespond

of FIGS. 11A-11C, the distance quantified
t%@wrwaom@owﬁrhneé by ia‘Fh%l the hn‘@PH%‘? 15\ preesspfily limited
inl tﬁat%gsg)éctv alidea (sﬁ{ﬂllag Bhttin %gzchlﬁ a?‘@é*%éifo@&e@ Qikdla doBing tool

one t hus because: = Pitch,
assrebly Xorfigured for Bacuitiog with YF=| P!IICh Ais a

Cros I 0 I

cut tI|§Ir(1}3 %?Es ﬁ‘e?%g:%ﬁ’x% W éﬁ\ﬁﬁ’f 5 iifgl%]lg{lj tzi‘%(b 19 &nq}é s&%urgd @[Bos?gol shank
algi’ thevessd iimi cutihog t()opaseﬁﬁblgzl Djaracid IBD(ﬁlay]cheslﬁ)né te amyssf-diamond

0 o 2 edbrliave ok v B SuEaLs pifhondRin oy Beind cuing

tig 1—?'-2 détin&d by 4CGehst th'i‘eé RPra¥dsq®1-isby. L@drfa@&d 49 sbhgd S8 %ty%@ created by

work piece after only two passes of cutt

grangliemen lgppinatechndques (And sray beperfegiedloy fosussd n@nglvec@rrarmlhng techniques.
m CrefaPh 4 53418y v los Qlitu?%j{olo% %@%g@&? ‘é@a%gbé Yb%@f&u% he

invent1on is not  necessarli respect.
erAb@Iﬂmsntsmf the imehtiom FIGS c il Guis, B8,y22b24 pret 2@il lostchtanassdmialies

nf| ured for fly cuttin with.ly =
cqpfilueet 35 e s pised oibe sGinE bty avperess Hos. 15, 17, 10,21,
23,16 usd Q’Nllu@@ata asfembliestoaTBREd f#tilytittng. OBk carﬂﬁa%ﬁ@cﬁétedb the
120 cutthgﬂ%rooves into a work gleceglzz | e Y

exaRpigs 106 FHPS. R thegins ebthe digmeonds By theeaspepesive ©0of shanks may be
fogﬁgd fbed%zl@?ﬂy & av\pfﬂlla %ﬁ@&;@gﬂé{%{)gst a%d:élzlg]?n d thus because:

when X = 3. In
par tIFQr@Kanple,FdS@m\mm Fi&Salé amlsla‘i Siantondigh 145 p48/0fwol shanks 141-

il lustrati |y, 120.
144 AR el RRab ity SBRE B S ing i} i Bpipapond tps
163- IHMS@(EI gldnko 16l - 160 May defvie tlgfhdré&ﬁdhﬁ?éslvﬂgl Rattdgsndn tHabEase, the
[ set o0 rooves i nto work

ssenb| y. %go utting a secon
S@? BN Ees 16P 68 Bavalaper sud alcdinmond tigsdi§>-168 define
p})ﬂuﬁiﬁ 1'11&: sH§§e% ifh ¥t fpk! TROsiHO R ASIRERLY aibaBnG bt 168188 may

hird set
form obtuse angles relatlve to the surface of mounting structures 169, 170.

As shown in FIG. 18 and 19, diamond tips 185-188 of tool shanks 181-184 define
undercut side walls. In other words, side walls defined by diamonds 185-188 may form acute
angles relative to the surface of mounting structures 189, 190. As shown in FIGS. 20 and 21,
the different diamond tips 203, 204, 205, 206 of tool shanks 201 and 202 (FIG. 20) and 211
and 212 (FIG. 21) may define different shapes and sizes. In other words, a shape of the first
diamond tip 203, 205 defined by first tool shank 201, 211 may be substantially different from
a shape of the second diamond tip 204, 206 defined by second tool shank 202, 212. Such a

configuration may be particularly useful for the creation of optical films. In that case, the first
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WO 2004/ 024421 PCT/ US2003/ 020785 of grooves into work
piece 122. FIG 12D is a top view illustrating the

wonreatediznor Kk piece after only three passes oPCTmiS2i0g20785

tool assenbly 120. Again, work piece 122 may
correspond to a mcroreplication tool as outlined
above, although the invention is not necessarily
limted in that respect. Also, a simlar cutting
techni que may be perfornmed with a cutting tool 5

GRPETED EpS. 0% oAby B bbb 3091 b Serlhe hstprrisy

chdnatterBao tdie Geted 1ﬁdhe dS}itmaBﬁ]hQ 91|1d gbasdond diachonb eip 204,06 defined

b_‘lf gecg togi shgq%éh(g}]o lgirfaggigége a .Jvf:gon cg)dtlc%]g:%a@g pgbg‘gtlrg %%Pegged in the
oftRAVEIm. ARAEHRENN diafhoﬁh@assﬂrﬁmg @hﬁ(’)’ﬁ%ﬂﬁh& 3ehpEPMhaf &lid Bhildr benefits.

cuttin ip 132 defined é/i, | east three surfaces (S

Far esal)nplgeseﬁrahatvésn EGS. 28204 e paye teplsherd 28y, 206, 223 (FIG.
08 P ST, P 5 08 A3 o
thaﬂeeartmq]xe diaeesad @ps ﬁmtsinmﬂ@netouxs]ly cagimg mdvasdlﬁﬁgm gdngigcutting pass of

i oo oty U35, LY Bl 4G P SCghp ool shink s descrbed

het€IRf arguh@Cust@ o que URGAmE gkdovB®.g. | Witk 8ékpeidndi d3Bper cuts being made by
scribing or rulin whereas FI.GS. 15, 17 19, 21, 23,

difireghdjamends duiag sasequesspastssiob shedepls iy ptherweigs, a first diamond in

|
the séﬁ‘ﬁiurhé} 511% E_SQ&;H’O . ngei nggl‘?% S&:'toﬂ% SPLIIBXd H;tﬁ g’l’i’m{%ﬁéﬂﬁ%% same

groewpiectdeveer doph dstiagits nastypake Omarshambsumayrwsod)eamydm{nga;uch

ety of shapes and sizes. For exanple, as
Suwﬁeg@ﬁm%assﬁ% 14 and 15, dianond tips 145-148 of t ool

S hank§cah4ak-apﬂ14:éiafm)l')ydﬂi}8m ;su bﬁé aﬂSdth‘t bf the g&ﬁ blRdhgybar, 242 (FIG.
anon

24508015 850 (6T 201 S Ak ST 3001 9 Ha g U o dermed with

dighsRRIhMdbhind IhﬁftlpIeQH)% pet Hlaﬁibl"iﬁ l‘ﬁﬁﬁlcufap Gs %Qisﬁrhtgg 9@ shSks 242,
defi ned %ém anond tips 165-1 taper suc
ot

253 Ao A62,177h end BE2 are Soraetliwith mpi;drtamedl diajnoads Him example hmulti-

f.ined di
e 8O LSl R .
applicdtian aumbemﬂlllml,m ﬁleﬂ lM‘etyLB% 300650 Bilyztﬁ et ASaril@iifled Diamond
Ofg 1&3@%{,19 dIS s 185-188 of tool shanks
g 1RRC Itna% gBseqan pesordapceoy it fhepsingigles of this
disdlskerenarte enf bRt (;B’U di ;ﬁ)‘ﬁ'ﬁ@aﬁﬁm %ﬁéxbéﬁﬁ)/ %921‘5% e Eorporated

25 angles relative to the surface
bygefegrnee hetsing gheserapd. othes f@h@mn& of dmn@ds may an dembletfmevanous

apﬁLHt%ﬁ? 2 cc%hﬁ'@g %Eéslfz %fi%ﬁ%ﬁ%)o %%?ns ogglge ]%%Pf{t]((%gla@\ within the

scyie) ofrtieycldigisi ne dlfferent shapes and sizes. |n other

, h f t h dt 203, 205
A BBbRiod SpyRERR et hechimiioed TSl - ciamond cuting oo
asSentby Bit{Hedh UdscAbdd BF 88in [i28Mnd tooling machines. Nevertheless, various

modifications can be made to the embodiments described above without departing from the

scope of the following claims. For example, the cutting tool assembly may be used to cut

grooves or other features into other types of work pieces, e.g., work pieces other than

14



a shape of the second dianond tip 204, 206 defined by
second tool shank 202, 212. Such a 30 configuration
woayodmesqparti cul arly useful for the creati on oPCopiSe@®al20785
films. In that case, the first 13 WD 2004/024421
PCT/ US2003/ 020785 di anond tip 203, 205 defined by
first tool shank 201, 211 nmay define a first optica
characteristic to be created in the optical film and
the second dianond tip 204, 206 defined by second
t ool shank 2 12, efine a second tical oy
cHFRERRT i AGOBIEDY St b FpTion e apSdimppis are within the
S&ﬁ@bﬁm@ﬂﬂb“%kgggﬁgs assum ng various other shapes may
d simlar benefits. 5 For exanple, as shown in FIGS.
22 and 23, three or nore tool shanks 221, 222, 223
(FIG 22), 231, 232, 233 (FIG 23) nmay be positioned
in a nounting structure 224, 234 to define three or
nore dianond tips for sinultaneously cutting grooves
during a single cutting pass of the tool. In other
uses, two or nore di anonds nay be secured in a too
shank as described herein, and then used to cut the
same groove, e.g., W th deeper and deeper cuts being
made by 10 different dianonds during subsequent passes
of the tool. In other words, a first dianond in the
sank may cut a shallow groove with a second dianond in
the shank cutting the sane groove to a deeper depth
during the next pass. O her shapes may al so be cut
during such subsequent passes. As can be appreciated
by FIGS. 24-27, one or both of the tool shanks 241,
242 (FIG 15 24); 251, 252 (FIG 25); 261, 262 (FIG
26); or 271, 272 (FIG 27) may be formed with
di anonds that define nmultiple tips per dianond. In
particular, as illustrated, tool shanks 242, 252,
261, 262, 271 and 272 are formed with nulti-tipped
di anonds. For exanple, nulti- tipped ion beammlled
di anonds as described in copendi ng and commonly
assigned U.S. application nunber 10/159, 925, filed
May 29, 2002 for Bryan et al. and entitled "D anond 20
Tool with a Multi-Ti pped D anond” nay be used in
accordance with the principles of this disclosure.
The entire content of U S. application nunber
10/ 159,925 is hereby incorporated by reference
herein. These and other formations of dianonds may be
desirable for various applications. Accordingly,
these and nmany other variations of the invention are
within the scope of the clains. 25 A nunber of
enbodi nents have been descri bed. For exanple,
mul ti-di anond cutting tool
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assenbly has been described for use in dianond tooling
machi nes. Neverthel ess, various nodifications can be

wardg/eei2t he enbodi nents descri bed above w t hoBCT/US2003/020785

departing fromthe scope of the follow ng clains. For
exanple, the cutting tool assenbly may be used to cut
grooves or other features into other types of work

pi eces, e.g., work pieces other than 30 14 WO

2004/ 024421 PCT/ US2003/ 020785 m croreplication tools.
éF i ngly, other inplenentations and enbodi nents are
wthin the scope of the following clains. 15 WO

2004/ 024421 PCT/ US2003/ 020785 CLAIMS 1. A cutting

ool assenbly. conprising. . a nounting structure; 5 a
#irst£FWBPg§%%ﬁﬁgﬁQJﬁP§Enﬁﬁgthe mounting structure,
the fdmsinting@tru@hank defining a first dianond tip
that corresponds to a first groove to be created in a

wor k iiisicieol shagk mowedindhe BeIntigsHRchn. Hedisttpoltshank defining a

! I _ 0ind.
SRR ) ELH Skl SRCONLIA e SHALK 81 s By
t 0 be seecwslited shmkttheuntet ik the mowtingwhrecteientht hecohid tedl shank defining

and second 100} shanks gre positioned in the upting .
asste?%rb(f (ﬁ?,rgo%%t&%lhﬁfolnﬁg%on S {-9 stqu.rﬁl groQuetp gﬁ C]il}":lte. H%&Fl“fog]f piece,

di anoitrdih fhei fstand eédone eboll siEhRO%&E pbiaced if telth\hting structure such
gocatlon of . the second di anpnd t%p, the defined _
St lBsing obthe fird diamond Spdvot eefiied dissice E9m & qualing location of
tRPRICOXd MBEBhY tig, And U@ A BistaBee Doty fdhilatd a&&@an@ééﬂ%@tl}{m

of claim1l, wherein the defined di stance corresponds
approgfmataly 10mpiergas.- nunber of pitch spacings, wherein

each of the pitch spacings defines a distance between

two adjacent features to be created in the work piece.

3. Tiecuttihg ngpl iaembysEenithl, WhereinahdlicdineWMaBtRc cdrit8ponds to an
first and secoFd t ool shanks are positioned in the

TR ﬂuﬂ“ge“s?fyﬂhfe SRS T HA Ao theitch spaciss defiens agkistance
befieeh it 6 hdjdd RPRARdsitO bl Sreatd@ PR WXL PBLL! Y one pitch

spacing fromthe cutting | ocation of" the second

di anond tip. 4. The cutting tool assenbly of claim 2,

3‘.’\'h er %@ ctrltjﬁﬁg Rjo'i &éﬂelﬁf?@%if @gnh §, \gvﬁesfginttﬁeafi]rst and second tool shanks are

positioned in the mounting structure such that the cutting location of the first diamond tip is

approximately one pitch spacing from the cutting location of the second diamond tip.

4, The cutting tool assembly of claim 2, wherein the pitch spacing is less than

approximately 1000 microns.

5. The cutting tool assembly of claim 4, wherein the pitch spacing is less than

approximately 100 microns.

6. The cutting tool assembly of claim 5, wherein the pitch spacing is less than

approximately 10 microns.
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approxi mately 1000 m crons. 25 5. The cutting too
assenbly of claim4, wherein the pitch spacing is |ess
wohem/02anpr oxi mately 100 microns. 6. The cutti RQTAUS2103/020785
assenbly of claim5, wherein the pitch spacing is |ess
than approximately 10 mcrons. 30 16 WD 2004/ 024421
PCT/ US2003/ 020785 7. The cutting tool assenbly of
claim6, wherein the pitch spacing is |ess than
approxinately 1 mcron. 8 The cutting tool assenbly
of claim 1, re| rat.i CUutti
Thei ghﬁe S‘ftt”tgt'ié’o nl?1§ f’f h\ahetr?tgﬂ} EE |SP/aeC”tgols %SS than
aﬁﬁbhhﬁgﬂymdhanﬂf the first dianond tip is greater than
approximately 1 to 1. 9. The cutting tool assenbly of
claim8, wherein the aspect ratio is greater than
appr
T ol Ry T ey o L T Ml AR AL P p;*ght of he
fige dianend ¢iptrelating toiacuitiong ofidthes thet firairdiampenddid isgreatey o0
anicgog%ﬂ %%. The cutting tool assenbly of claim1,
L e Y (t%ast one of the dianond tips defines 15 a

substantially strai ght side mall 12. The cutting too
assenbly of claim1, wherein gst one of the
9di anEH*‘aC‘ttPlﬁ%tOS]e%SP%‘%lY Ogﬂa%é’e‘t’lﬁ‘tm lefSPehFatio ipgregtgr than

apiBxigiatdiy A f.00l assenbly of claim1, wherein at |east
one of the dianond tips defines a side wall that
defines an obtuse angle relative to an adj acent

1? (L)I rf & cﬁﬁ%c:% 4881 4&?&1%1& e ﬁ.lal%v\:{it L{%elf&g I eJIZLlrSt a;l;?%eccolﬂ?tdﬁ%nd tips define

asse ‘erei n t
cﬂsﬁgWMtlys d)fSieQ thanyepptaximagely 280 assend| y conf igured to be
rotated about an axis perpendicular to a cutting
direction of the dianond tips, wherein the first and

18.2COMRe £:102@hg ©BPRKSNEY 8f ARMNT 8fhdrdin bhBadiBHNbS Y diamond tips defines
structure on opposing si des of the nount i ng

a §yhstpatiglihestraight side wall.

12.  The cutting tool assembly of claim 1, wherein at least one of the diamond tips defines

an undercut side wall.

13.  The cutting tool assembly of claim 1, wherein at least one of the diamond tips defines
a side wall that defines an obtuse angle relative to an adjacent surface of the mounting

structure.

14.  The cutting tool assembly of claim 1, wherein the cutting tool assembly is a flycutting
assembly configured to be rotated about an axis perpendicular to a cutting direction of the
diamond tips, wherein the first and second tool shanks are mounted in the mounting structure

on opposing sides of the mounting structure.

15.  The cutting tool assembly of claim 1, where the defined distance is less than a width

associated with either of the first and second tool shanks.
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15. The cutting tool assenbly of claim11, where the
defined distance is less than a wwdth 30 associ at ed

woizbdr/eiwher of the first and second tool shankeT/UsZ00920785

2004/ 024421 PCT/ US2003/ 020785 16. The cutting too
assenbly of claim1l, wherein the first and second too
shanks are nounted in the nounting structure on a

common side of the nmounting structure. 5 17. The

cutting tool assenbly of claim1, further conprising a
securing nmechanismfor securing the first tool shank

in the nounting structure relative to the second too
hankrhe £8tting isd] @skenbYoofichdh 1asseiehl tie fifst @hddeddbnld tool shanks are
wherejn a shape of the first dianond tip is

8RR tﬂFedPPliﬁt’élwngFlé‘it@ﬁtonfarc@Fﬁl%PnM thasy mpmsmgé%ﬁare

di anond tip. 10 19. The cutting tool assenbly of claim

1, wherein the first and second dianond tips are
Yhapddetcuttiog éesl essgmbb'\af@aim lafurther eomagpisingat seomrirtgonéchanism for
steaﬁfn Gl 1&?1%?&31 gl?m tﬁ ugﬁc'rﬁss?rélgt%re?rrrﬁl:aﬁ Eot th% 5609%% fool shank.

m cr rep ica ruc ure
assenbly of claim 19, wherein the n1crorepllcated

tructure ris ch ni fastener that
of 1 1158 CHiciog 40T el B leWbein AR ohths R flgmond tp s

sabsafRiY d#ferdpk o aldhap é’@ﬁﬁ@bé&oﬁ&ﬁaﬁﬁbﬁd 9%9 plicated
structure conprises an optical fil 22. The

cutting tool assenbly of claim 21, mhereln a shape of

he L, 4 b | fro
97 gk RS SN AL ST
Sﬁapeétto cheatﬁgrmbvest inp wefdrepcator ﬂoD]S:hat@:ptresmhd to features to be created in

char ac er| |c to be created in the optical film and

A HETLLUSHET S HAHBnd tip defines a second opti cal
characterlstlc to be created in the optical film 25
3. The cutting tool assenbly of claiml, further
onpriie FHEnE 1aoh pssembly it C?ﬁﬁﬁ§ Whisuein & migroreplisaied sivedtvig

c§1tnf)H§ets Wrﬁ‘echﬁrﬁ@al ek dndr @0 esi gg@%lfgrﬁgt%r{% ﬂr}gfﬂ% third

dianond tip that corresponds groove to be
created in the wor k plece wherein a cutting |ocation

f ip.is @ g'ﬁ%gln d distance from
Rhe. ol bIURE ek BerBnT of SEE 1ot Hieamisrictcgiod pigature
cem@ﬂnﬁaﬁep@mﬂﬁnﬁd dlstance bei ng accurate to a
tol erance of |ess than approxinmately 10 m crons.
22. The cutting tool assembly of claim 21, wherein a shape of the first diamond tip is
substantially different from a shape of the second diamond tip, and wherein the first diamond
tip defines a first optical characteristic to be created in the optical film and the second

diamond tip defines a second optical characteristic to be created in the optical film.

23. The cutting tool assembly of claim 1, further comprising a third tool shank mounted in
the mounting structure, the third tool shank defining a third diamond tip that corresponds to a
third groove to be created in the work piece, wherein a cutting location of the third tip is a
second defined distance from the cutting location of the second diamond tip, the second

defined distance being accurate to a tolerance of less than approximately 10 microns.
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18 WO 2004/ 024421 PCT/ US2003/ 020785 24. The cutting
tool assenbly of claim1l, wherein the defined distance

wommeunrate to wthin a tolerance of | ess thaaT/us2003/020785

approximately 1 mcron. 5 25. A dianond tooling

machi ne used for creating grooves in a work piece
conprising: a cutting tool assenbly including: a
nmounting structure; a first tool shank nmounted in the
nmounting structure, the first tool shank defining a
first dianond tip that corresponds to a first groove

to be created in the work 10 piece; and a second too
Zhankrhewutting dod] Asseh®dlyaTehiin1g whérelhcthel definet ligst R e tudcurate to
toaql shank defining a second_dianond tip that

VWEHR 8 dperARRe ‘ifgesé thag 4ppraxigraddy & MieoBe created in the

wor k piece, wherein the first and second tool shanks

are positioned in the mounting structure such that a
But t idngamesd tqobng srachipeuded fercrefitiaggradved ip 4 work pifesk coreprising:

di st £ Ut ing. | ocati on of the second
dian%ﬁ@ﬁggggﬁkﬁgngggﬁgggﬂ%istance bei ng accurate to a

t ol er ance amhount@isgstturame;appr oxi nately 10 m crons; and

an apparatys to.receive the cutting tool assenbly and

to contr ola%ﬁ%?‘{l isgziﬂ?(ﬁﬁ‘_’uélfe TR & TR STERP, ggé%mogf shank

rel a_tdbﬂlﬁn% @ firdl @ikl i tRRorrdPordy-to AMst R AGLE ORhtEMh the work
machi ne of claim 25, wherein the machine is a

f1y- PiFCeEiang machine the rotates the cutting too
assenbly g Q&f&‘ld b1 §’nR ’md'ﬁﬂféfi% ﬁlre%ll%cgmﬁgg %t?i&@&é,qt]g §ec9{1jdr teool shank

includes a drive train couplingt ng struc

t o adefiniog a s&pnd Aiapwnd tip ghat oorkespesB i b yecondrprdost fgbe created in the
25 a nting,structure; first ol. shank .nmounted in
25 o MBS B T Bl b o b BB PR Bning

a f stiwturdisacingt & duptirdg8datieR bf B8 Piedt dfankddd@ipfib b 8bfined distance from
groove to be created in the work piece; a second too

) (P , _
shanR CHBHAIEGIeHO e serarhipmgnd p.dke defaed distansebengiaccurate to a
t ool sittante otedsk MHafl SpprBxBEE 1o gﬁ&[ﬂgsg dnd I P that

corresponds to a second groove to Created in the
wor k 2 irpagatusgtadecevg tERGx0 0124sk2db1 PETd t0SRO0R/ [DREI6HIRg of the

cutting tool assembly relative to the work piece.

26.  The diamond tooling machine of claim 25, wherein the machine is a fly-cutting
machine the rotates the cutting tool assembly about an axis, and wherein the apparatus

includes a drive train coupling the mounting structure to a motor.

27. A cutting tool assembly comprising:

a mounting structure;

a first tool shank mounted in the mounting structure, the first tool shank defining a
first diamond tip that corresponds to a first groove to be created in the work piece;

a second tool shank mounted in the mounting structure, the second tool shank defining

a second diamond tip that corresponds to a second groove to be created in the work piece; and
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means for securing the first and second tool shanks in
the nmounting structure such that a cutting |ocation of

woheosfoee1 di anond tip is a defined di stance f POmMUS2003/020785

cutting location of the second dianond tip, the
defined di stance being accurate to a tolerance of |ess
than approximately 10 mcrons. 5 28. A flycutting
tool assenbly configured to be rotated about an axis
to cut grooves in a mcroreplication tool conprising:

a nounting structyre. a first.tool shank, mopunted in a
i r otuegtir St HeTionngt<Sbe 0P e Piul PPl dplp e such ths
asduaig lochﬁgﬁl ef the ifim?_d&nidnﬁﬁ&) iglh adifﬁia:db distgmce hﬁgn a cuttir;]g location of the
corresponds, to a first groove to be created in e
SREQRA Graamanddiny it Retips) fflst%ma Bying gy f%ioﬂf%gﬁ et "Fﬁ%ﬁ'@%d
apProk MadIPUDHiAgnst ructure on a second side of the

nounting structure opposite the first side, the second
tool shank defining a second dianond tip that

orres t ' 0, t .
Bor o e B RERA o A% bR LERL PP WP erooves in
msihandpbication tpadsotipdsieg i N t he nmounting structure such
that a cu?tin | ocation of the first dianond tip is a
defiﬁéﬂ“@l§$§ﬂggn?ron1a cutting | ocation of the second

di amamsttibd shdn@nohedd if adirélisile AN GR MUNAE g BGEHIB] Be Fifkt fbol shank
tol erance of |ess than approximately 10 m crons. 29.

defiging pfigsidignagdiipdhat segesppnds top fastaronve 8o bewrepted irHke

ekt linsbangg is | ess than a 20 wi dth associ at ed
mﬁ%hﬂkg% Sr&%f the first and second tool shanks. 30.

The flssaond taoh ghanbahouasdentileynaintiog airunti#8 on whseronid mide loé the

def j.ned di st ance. corresponds to n i nteger . nunmber of .
rSEP S Skl GBS B G5 i e astoud el Hyidefistee  second diamond
tigitdt @0ieEspbedswe & Redonl grodiie AR dredt@BINURER ofkDHifR, Wh&BIEAEL first and

In a work piece. 25 31. The flycutting tool assenbly

sgond fool phagess argparidprediip dhermeupting saucie sweh thfel cusingriention of the
fdt QianRRidp O 8FideR didicERYRL Rt lg&'a‘%itC)H b tRYEh i mond tip, the
the cutting location of the first  dianond tip Is
defppdchidtanse bkipg eemirgsé tachtolepance nfjlefy than gipeodmiatelyntp microns.
| ocation of the second dianond tip. 20 WO 2004/ 024421
PCT/ US2003/ 020785 32. The flycutting tool assenbly of

28] ai Th@fAycudiver tedlrssensiapeciain 29 evhkidthé deirRA@REankE B 168 than a

width associated with either of the first and second tool shanks.

30.  The flycutting tool assembly of claim 28, wherein the defined distance corresponds to
an integer number of pitch spacings, wherein a pitch spacing defines a distance between two

adjacent features to be created in a work piece.
31.  The flycutting tool assembly of claim 30, wherein the first and second tool shanks are

positioned in the mounting structure such that the cutting location of the first diamond tip is

approximately one pitch spacing from the cutting location of the second diamond tip.
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substantially different froma shape of the second
di anond tip. 33. The flycutting tool assenbly of claim

wagposaherei n the defined di stance i s accurate POT/US2003/020785

within a tol erance of |ess than approximtely 1
mcron. 34. A nethod conprising: defining a pitch
spacing for a mcroreplication tool; creating a
cutting tool assenbly by positioning first and second
t ool shanks in a 10 nmounting structure such that a

A T R S

sibs@tidliyffbesaiéna shipeaf #RGechddiianaddipt i p associ at ed
with the second tool shank, the defined distance
corresponding to an integer nunber of pitch spacings,

sywher '?hé‘ﬂ%ﬁﬁlr%etgblrh@&ngﬂyﬁ LEGe I8 wAGCH! BE BefiedWidditcp isaaccurate to

t'ol erance of 1ess than approximately 10 m crons.
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35.  The method of claim 34, further comprising creating a microreplication tool using the

cutting tool assembly.

36.  The method of claim 34, further comprising creating microreplicated structures using

the microreplication tool.
37.  The method of claim 34, wherein positioning first and second tool shanks includes
adjusting a position of the tool shanks relative to one another under a tooling microscope in

response to positioning feedback.

38. The method of claim 37, wherein the defined distance is accurate to within a tolerance

of less than approximately 1 micron.
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