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abrasive films, adhesive films, mechanical fasteners having self-mating profiles, or any
molded or extruded parts having microreplicated features of relatively small dimensions, such
as dimensions less than approximately 1000 microns.

Microreplication tools include casting belts, casting rollers, injection molds, extrusion
or embossing tools, and the like. Microreplication tools can be created by a diamond
machining process in which a cutting tool assembly is used to cut grooves or other features
into the microreplication tool. The process of creating a microreplication tool using a cutting

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 featuresin 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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In addition, in some embodiments, the different diamond tips may define different

features to be created in the microreplication tool. In that case, the use of different cutting
tool assemblies to create two or more physically distinct features may be avoided, and a single
assembly can be used instead to create two or more physically distinct features in the
20  microreplication tool. Such techniques may improve the quality of the microreplication tool
and can reduce the time and costs associated with the creation of the microreplication tool,
which in turn, may effectively reduce the costs associated with the ultimate creation of
microreplicated structures.
Additional details of these and other embodiments are set forth in the accompanying
25  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-
30 cutting.
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DESCRI PTI ON The invention is directed to cutting tool assenblies that
i ncl ude APl assommbly siplanegysly cutting two grooves during the creation of a microreplication

tool,
FIG. 9 is another top view of a multi-diamond plunge or thread cutting tool assembly.
FIG. 10 is another top view of a multi-diamond fly cutting tool assembly.

15 FIGS. 11A-11C are various cross-sectional top views illustrating 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.

FIGS. 12A-12D are additional cross-sectional top views illustrating a multi-diamond
cutting tool assembly cutting grooves into a work piece, and the resultant grooves and

20 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.

25

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

30  features during the creation of a microreplication tool with a single cutting pass of the cutting
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perfect the desired shapes of the diamond tips with extreme accuracy.
The different tool shanks of the cutting tool assembly can be mounted in 2 mounting
20  structure using microscopic positioning techniques. For example, the techniques may invoive
the use of a tooling microscope with positioning controls. The microscope can be used to |
identify and measure the position of the diamond tips relative to one another so that the tool
shanks can be properly positioned within the mounting structure. Positioning feedback can be
provided to quantify the positioning of the diamond tips, e.g., in the form of a digital readout,
25  analog readout, graphic display, or the like. The feedback can be used to precisely 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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- microreplicated structures.
FIG. 1 is a top view of a cutting tool assembly 10 that includes two tool shanks 12 and
13 mounted in a mounting structure 14. Cutting tool assembly 10 is configured for flycutting
20  in which assembly 10 is rotated about an axis 15. For example, assembly 10 may be
mountable to a drive shaft 16, which can be driven by a motor of a tooling machine (not
shown) to rotate assembly 10. Mounting structure 14 may comprise a structure for holding
tool shanks 12 and 13, that have diamond tips 17, 18. The shanks 12, 13 may be formed from
a metallic or composite material, and diamonds can be secured to shanks 12, 13 by a
25  substantially permanent securing mechanism. In addition, mounting structure 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,

30  can then be mounted in mounting structure 14 via a temporary securing mechanism such as
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use with diamonds that define more than one cutting tip per diamond.
As illustrated in FIG. 1, the tool shanks 12 and 13 are positioned in mounting structure
14 such that a cutting location of tip 17 of tool shank 12 is a defined distance from a cutting
20 location of tip 18 of tool shank 13. In particular, the defined distance may correspond to an
integer number of pitch spacings. In general, the term “pitch” in this disclosure refers to the
distance between two adjacent 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 sometimes referred to
as a pitch, e.g., the pitch of cutting tool assembly 10, although such terminology will be
25  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

30  location of diamond tip 17 of tool shank 12 is an integer number of pitch spacings from a
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_di spl acewntting, guthingriop mjembbn@()ps é@elaﬁdrlntlo@ng@\rlng)wpﬂmgcecffn longer periods of
time to cut long threaded grooves. Cutting tool assembly 20 may also be used for scribing or

ruling, in which case cutting tool assembly 20 is displaced through a work piece very slowly.
Like assembly 10 of FIG. 1, cutting tool assembly 20 of FIG. 2 includes muitiple tool
20  shanks 22 and 23 secured within a mounting structure 24. In order to secure the diamonds in
tool shanks 22, 23 and thereby define diamond tips 28, 29, a substantially permanent securing
mechanism can be used such as, brazing, soldering, an adhesive such as an epoxy, or the like.
The tool shanks 22, 23 with diamond tips 28, 29, can then be mounted in mounting structure
24 via a temporary securing mechanism such as one or more bolts, clamps or set screws.
25  Alternatively brazing, soldering, an adhesive such as an epoxy, or another more perrmanent
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



time to cut long threaded grooves. Cutting tool assenbly 20 may al so be used
for scribing or ruling, in which case cutting tool assenbly 3Q NAR Wi7spl aced
through a wWydRips@2very slowy. Like assenbly 10 of FI G pdyyisbisiiagsst ool
assenbly 20 of FIG 2 includes multiple tool 20 shanks 22 and 23 secured
within a mounting structure 24. In order to secure the dianonds in tool

shanks 22, 23 and thereby define dianond tips 28, 29, a substantially

per manent securing nechanismcan be used such as, brazing, soldering, an
adhesi ve such as an epoxy, or the |like. The tool shanks 22, 23 vvith di amond __
tips 28, 29, can then be nmounted in nmounting structure 24 via a tenporary
securing medhse simpe tiuh abeswsomwting topimsseniidy 2@ to b insasted dnto seliamenddoplingo 5

Al ternativel razin sol de oxy, or anot her
nore per nane‘ﬁ?c @@8#&}{8&% #&ﬁ?gﬁﬁﬂﬁﬁggd%u\s&gn slg?ﬁghﬁ% shanks 22, 23
in nounting str UCHIGF?1s?a41nore'ﬁaﬁﬂu&&paiosa-sémhaln@emtmmnmﬂhmmm of pasilti- oni ng

f eedback can ensure that diamnd tips 28, 29 of to angg 22 and, 2 re
posi ti oned \iaRpRH %m&tpwgismh&x@@nf 4 10§ Hyrcytie. N8R aFemgredsi

effectiv it VRGEH enfidkinRit tmln%uml\@aﬂ&ﬂdr&uﬁigrtu&tddge%ﬁ cdtig ea 12
MAR 2007% V\%%SOM %%2421 PCT/ US2003/ 020785 have a shape that al I%lws Cll,lnf-tl ng

t ool assenblfpr ﬁl@ngmrbbreadlgmmg dFIIGn 6ds afrditaienaf the smbpdimenhidisirtediviftglr ed

for plunge thre I

et al 1 ed t operdbese e Pifa fHiut T oh e P A afcibdh B siihoesh 5 SREET
cutting tool3sEs&enddiyels@idak gﬁ)rteded‘ewe thd nespbuﬁfzd 0@l shEhKsS. Aréaﬂhiin@ w salgnﬂy e
detalled5top cross-sectional view of enbodi nents of a nulti-dianond

cutting tooll2egssdam e respaftvGied ghanks in Grderig&ngire that @56‘“& ghankngan b moved s g
front vigw of; t&ﬂﬂl&eﬂ%‘#%gﬁﬂéﬂ? #&éﬂﬁ)tnrtﬁé &dmbild FpShetdre ﬂllé"sh%ﬁﬁshar@ AgR&d 1n'ﬁl’ét':@t i ng

structure 14, 24A I ncl ude one or nore areas 35A, 35B, 35C

(col |l ecti veIanm}rea@e:SBE)CGISdlr(EK‘eN@laNH@Orbe@pﬁtmmé\denlﬂtfﬁ 3%hé‘i1ﬁ6§ed Ar eas 35 may
be slightly Iar sﬁ r that
t he tool shanks ggn %p?d]n%&\?%g ﬁé@ﬁ% n fr%é ar eaéa ?l%g}bﬁlg?%%ea%gl he

di anond ti pssthaefues B, Lhe249h@iidB, ateling xsckosodppacise use@nBosxampleca Nﬁiame]’cli
(FIG 4) may al so _be p03|t|oned I n areas %5, L f desired. é&order to
posi tion t heMelgsis Micggsrapecommesciglly gvailable fripm Fryer Q‘Pfépqzlé(ﬁg na MIRRSERIE i ng

structurg 14111013&35 c%ﬂtfblﬁﬁg B foxamid?&—h‘leﬂﬂm'ﬁg S PREARS tAMalBnd'SREng & 15&'r onéftﬁ”m e,
a Ni kon Tool Maker's Mcroscope commercially available from Fryer Conpany -
of Edi na, M shadssaelative to one another. Moreover, feedback of the positioning can be provided and
quantified by a Quadra Chex 2000 digital readout device, commercially available from
Metronics Inc. of Manchester New Hampshire, in order to ensure that variable Y is defined to
within the accuracy required for effective creation of microreplication tools. The use of
20  Nikon Tool Maker’s Microscope and the Quadra Chex 2000 digital readout device can
measure precision alignment of the tool shanks within the mounting structure such that
diamond tips associated with the tool shanks are positioned relative to one another to within
tolerances on the order of 0.5 microns.
In particular, achieving alignment of the diamond tips to tolerances less than 10 microns, and
25  more preferably less than 1 micron is desirable to create effective 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

30 lateral and vertical positioning can be achieved to within the tolerances described herein.
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72A 1n an alternating manner. Accordingly, two grooves are formed in a single cutting pass
of cutting tool assembly 10 along microreplication tool 72A.

As shown in FIG. 8, cutting tool assembly 20 may be secured i a diamond tooling
machine 74 that positions the cutting tool assembly 20 relative to microreplication tool 72B,
and moves the cutting tool assembly 20, e.g., in lateral directions (as illustrated by the arrows)
relative to the microreplication tool 72B. At the same time, microreplication tool 72B may be
rotated about an axis. Diamond tooling machine 74 may be configured to pass the cutting toof
assembly 20 into a rotating microreplication tool 72B via plunge or thread cutting techniques
in order to cut grooves in the microreplication tool 72B. Alternatively, diamond tooling
machine 74 may be configured for 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



notor (not shown) to rotate cutting tool assenbly 10 about an axis. Cutting
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microreplication tool 72, in turn, may effectively reduce the costs associated with the ultimate
creation of microreplicated structures.

20 The diamond tips of the tool shanks 12, 13 or 22, 23 may also be subject to a wide
variety of sizes. The sizes of the tips may be defined by one or more variables as illustrated in.
FIG. 9, including the cutting height (H), the cutting width (W), and variable (Y) defined
above. The cutting height (FH) defines the maximum depth that the diamond can cut in a work
piece, and may also be referred to as the cutting depth. The cutting width (W) may be defined

25  asthe average cutting width, or as labeled in FIG. 9, the maximum cutting width of a tip. The
variable (Y) refers to the distance between 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,

30  widths, pitches, and aspect ratios.
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Focused ion beam milling refers to a process in which ions, such as gallium ions, are
accelerated toward the diamond in order to mill away atoms of the diamond (sometimes
referred to as ablation). The acceleration of gallium ions may remove atoms from the

20  diamond on an atom by atom basis. Vapor enhancing techniques using water vapors may also
be used to improve the focused ion beam milling process. One suitable focused ion beam
milling machine is the Micrion model 9500, commercially available from FEI Inc. of Portland
Oregon. In general, focused ion beam milling can be performed to create precision tipped
diamonds that correspond to the features to be created. One exemplary provider of focused

25  ionmilling 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

30 beam milling process. For example, less expensive techniques such as lapping or grinding
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sectional top views illustrating cutting tool assembly 110 cutting a second set of grooves into
work piece 112. FIG. 11C s a top view illustrating the created work piece after only two
passes of cutting tool assembly 110. Work piece 112 may correspond to a microreplication
tool as outlined above, although the invention is not necessarily limited in that respect. A

20 similar cutting technique may be performed with a tool configured for fly cutting, with Y =
Pitch.

FIGS. 12A-12D are cross-sectional top views illustrating a multi-diamond cutting tool
assembly 120 cutting grooves into a work piece 122. In the example of FIGS. 12A-12D, the
integer value (X) defined above would be equal to 3, and thus because:

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

30 FIG. 12C s a cross-sectional top view illustrating cutting toal assembly 120 cutting a third set

12
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t ool asdeiBlEspeeh Alsed wlar aEgachaique spaydiegsiieunedwish 2 SUERE 941 wor k pi ece

112. 5P Guselrbly dhiiguib@Ror iPiirdidd, WithiLinopiidhe created work piece after only
f ol asse

two passes cutting t l'y 110. Work piece 112 may correspond to a
m cror epl i caffl@nl3 i apkrspective tviewnaith dipooms] 134 thiteay he sévuradrinterattpelshank not

necessarily limted in. that, respect_. A 2 imlar _cutti t echni que may be
por f or ettt ep i g Pinlgl ol R opiefiofa 430 M SomrEabbid (ol SEADRRNG T2

12A- 12D gk §7 CI3038, 790k Edrbead hbdvel A&isBW¥&Em id FIEs 1B Adihmendl Iihhy ddinenmadingut ting
tool assenbly 120 cutting grooves into a work piece 122. In the exanple of

FI GS. 12ia-1B20efineddeby 4t fpasigibiree sunterss (S&-SHefSurfaees dove 29} Maple eagidyo 3, and
h because: L= . x (P = B : e .
thuggpe ?{,ﬁﬁﬁféﬁlp{]fﬁ t(lgci%ugues( aﬁ&ﬁﬂ be ?erfec?edtbago&fsgdl 81%1?191%1%1% tedHhi

par ti cul cross-sectfona VI ew | I"ng cuq[ufsl'ng t ool
assenbl y 120 FIGH1 ¥4-2ihara tdp views sdutiorfg tgolossemsblien bacovdinktopiagions 122, FI G 12B

o SRR Bl PRl TR M 8 Bl SRS 120,
ﬂ] ."?3 - zgt@hﬁ%}@d fok PRin¥é 8tihsg, tehd &ltiRlg s&ititg HdulifelwiRsae by, 15207,99t41,ng a ‘
23, 25 and 27 illustrate assemblies configured for flycutting. As can be appreciated by the i
15  examples of FIGS. 14-27, the tips of the diamonds in the respective tool shanks may be
formed to have any of a wide variety of shapes and sizes.
For example, as shown in FIGS. 14 and 15, diamond tips 145-148 of tool shanks 141-
144 may define substantially rectangular shapes. As shown in FIG. 16 and 17 diamond tips
165-168 of tool shanks 161-164 may define tapered shapes with flat tops. In that case, the
20  side walls defined by diamond tips 165-168 may taper such that diamond tips 165-168 define
( pyramid-like shapes with flat tops. The side walls defined by diamond tips 165-168 may
\ form obtuse angles relative 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
25  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

30  configuration may be particularly useful for the creation of optical films. In that case, the first
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12 MAR 2007 WD 2004/ 024421 PCT/ US2003/ 020785 of grooves into work piece
122. FIG 12Dis a top viewillustrating the created work pi é¢&ARd6&er only

three passgg,qf,a4iding tool assembly 120. Again, work pi eequk3es/iayiss
correspond ?o a mcroreplication tool as outli ned above, although the

invention is not necessarily limted in that respect. Also, a simlar
cutting technique may be performed with a cutting tool 5 assenbly configured
for fly cutting, with Y =3 * Pitch. FIG 13 is a perspective view of a

di anond 130 that can be secured into a tool shank and then used in a

cutting tool assenbly. D anond 130 may correspond to_any of diapond tips '
17, 18, 28, d2eoddtipR0bedS dobinest bysbrssiaplihani2(y, &1 1 may defingtiat aahmy defi ne

a cutti ng | f I’ Sl |
S2 and 33 rrg%%cjf stlg?o op %gatg%mgb? h@%ﬁ%ﬁ]&# (g g%:&%%o@ltﬁem ) qu@ﬁma%g égi)?;@&e
perfected byykaets el siank 621 Qinhdy definé @ sdvond)optical clﬁt@nsﬂdm caeaed ingbesi ews

Phvent i on_ Fpgasl . Aqgtions dsgmds Suspe RIS s SIS B SO BRetits
conf i gur gd %Qfe)ﬁhif)’[ls%ﬁs %WIH@_{GS hiead 26 Uhtdet mosé fooPinafksO221; 81,003 (FHERT eas
FIGS. 15, 17 5 and 27 illustrate assenmblies confi ?ur ed for

flycutting. 225 2519.@33323@@1%@%3@& bp positienedin & mpwplinsstycturg 234, 2141 opdefinghe
tips of the,djam e
any of a w ABCONOR tndrh SaEE Pl SRS g b PEVRRR SiRE® |,
and 15, di am@tdolt II@Sth&ﬁﬁseiA&o@f Iﬁowdlambﬁdmhﬁaylﬁb]sﬂc&édlmmgooﬂﬁfalmEs described
substantially rec ul ar, shap As shown in nd 17 di.anond ti.ps
165.168 of HEEI é‘i‘i’:ﬁfi‘g useg 10 %&EW&P?%G E-ab”é‘gélﬂe%eﬁ%‘g% CoRFL G srtreé?g ‘E%%e 5
that case, Gl dRintRdVling sdBldgiaf pReCofanDRAI. tinRthet Glordsd 8 fifd Wid@m@in SUCh
that dianond tips 165-168 define pyramd-|ike shapes with flat tops. The

side wal | s éhersaplemapguics shatiew graope Withsseamddigmonddn thesbrls tipahe SaPe| at i ve
to the surf I nd 19
i amond t1 peTYE o SRR QRGN FRLIRT, O e SaPUGo bl ditn 3%?’

ot her wor ds sulsegientdskes. defi ned by di anonds 185-188 may form acute

angles relative t oth surf ace, .of gstr in
F1GS. 20 and 21, Afan B FRPCEd b E@:gl‘tﬁp@ 550 &’2(6 g‘s*‘ BG4 42 @?&n
shanks 281 awy 280250FFIG. 280 26822615, 28N dr 218, wEI(ﬁG Zi)marwe fiemeaeidi f f er ent
shapes and sizes. In other words, a shape of the first_ dianond tip 203, 205

def i ned by fiamands that dedme mulizng iporer dmonse Ins pastieulas psilpgiraeds foof slhanks 245m
252,261,262, 271 and 272 are formed with multi-tipped diamonds. For example, multi-

tipped ion beam mmilled diamonds as described in copending and comumonly assigned U.S.
application number 10/159,925, filed May 29, 2002 for Bryan et al. and entitled “Diamond

20  Tool with a Multi-Tipped Diamond” may be used in accordance with the principles of this
disclosure. The entire content of U.S. application number 10/159,925 is hereby incorporated
by reference herein. These and other formations of diamonds may be desirable for various
applications. Accordingly, these and many other variations of the invention are within the
scope of the claims.

25 A number of embodiments have been described. For example, multi-diamond cutting tool
assembly has been described for use in diamond 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

30
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a shape of the second dianond tip 204, 206 defined by second tool shank 202,
+212.+ Such a 30 configuration nmay be particularly useful foryjthg gpeati on of
opti cal wd hdsBo24spy that case, the first 13 12 MAR 2007P¢9U§R19§/:) 55421
PCTI1 US2003/ 020785 dianmond tip 203, 205 defined by first tool shank 201, 211
may define a first optical characteristic to be created in the optica
film and the second dianond tip 204, 206 defined by second tool shank 202,
212 may define a second optical characteristic to be created in the optical
film Additional dianonds assum ng various ot her shapes may add sim | ar
benefits. 5 For exanple, as shown in FIGS. 22 and 23, three or nore tool
—shanks 2@itrorepPigatiopgolé.FAGordingly, oth@limpRadenta2iass {1 agxbodBnentnyre vathobet i oned
in a noynting.st re, 224, 234 to define three or nore dianond tips for
sinulta%8%ﬁ§?§w€%h§%ﬁﬁcﬁ?%%ves during a single cutting pass of the tool. In
ot her uses, two or nore dianonds may be secured in a tool shank as descri bed
herein, and then used to cut the sane groove, e.g., wth deeper and deeper
cuts being made by 10 different dianonds during subsequent passes of the
tool. In other words, a first dianmond in the sank may cut a shall ow 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 forned with dianonds that define nmultiple tips
per dianond. In particular, as illustrated, tool shanks 242, 252, 261, 262,
271 and 272 are formed with nmulti-tipped dianonds. For exanple, nulti-
ti pped ion beamm || ed di anonds as described in copending and comonly
assigned U.S. application nunber 10/159, 925, filed May 29, 2002 for Bryan
et al. and entitled "Di anond 20 Tool with a Multi-Ti pped D anond" may 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 di anonds may be desirable
for various applications. Accordingly, these and nany ot her variations of
the invention are within the scope of the clains. 25 A nunber of
enbodi nents have been described. For exanple, nulti-dianond cutting tool
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assenbly has been described for use in dianond tooling machines.
Nevert hel ess, various nodifications can be nade to the enbodi #9100

descri bed above wi thout departing fromthe scope of the folloﬂfﬂé quins.
For exanple, the cutting tool assenbly may be used to cut grooves or other
features into other types of work pieces, e.g., work pieces other than 30 a
14 12 MAR 2007 WD 2004/024421 PCT/ U52003/ 020785 microreplication tools.
Accordi ngly, other inplenentations and enbodi nents are within the scope of
t he follqﬂtgﬁw lainms. 15 12 MAR 2047 CLAIMS 1. A cutting tool assenbly
conprising’ "a mounting structure; a first tool shank nounted in the
nmounting structure, the first tool shank defining a first dianond tip that
corresponds tg a first groove to be created in a work piece; and a second

t ool shank m@nﬁ%@’%tﬁok%g%hﬁ?m%ﬂ%r ucture, the second tool shank defining
a second di amamghuntifg tthatureor responds to a second groove to be created in
the work piece, wherein the first and second tool shanks are positioned in
t he mounting gtftrtideal skankyeeintasdan the wouting glredest the Airg ool ﬁleankidﬁgmmaia&n%nd tip

is a defiped dist i ' ond, di anond tip,
t he defiﬁéd 3ig?gﬁ%&gH%%@ﬁ%ﬁﬁﬁgﬁ%uﬁgﬁhgﬁ3%?@§$9951ggﬁaﬂg y of the cutting
t ool assenbl y aaeanberah ghamkonruated ih dicl rominnig gz asseib] tie efcondheot sitatik defirtiool

assenbly t t ol f | th imately 10 m . 2. Th
cutti ng. BoB1OMSHERAIY PR SPERORSS GAPEIT Som i Ps HEHHILPAREEK i esponds

to an integervhBrirPBE fipdt aRd t&bn® RAEIHAGRS ar¥p&fiined @agRk ntfuntiRestRichhsgpaci ngs
defines a distance between two adjacent features to be created in the work

pi ece. 3.tharpeuttiglqcation oidhe Hsx displopd op icd dafied disiones Bpm aweing lpeationnt second
t ool Sha'?o se?(?]rgi c%iﬁgﬂ&l'g?'?ﬁedde'ﬁ'ﬂe& H@Eaé@%&ln@%e?& Bé*&teHrpﬁotStlﬂ)Calgse%h% oittnce cutting

| ocation I'rst amond tip
cutting tool assembly and being accurate following assembly of the cutting tool assembly to a

tolerance of less than approximately 10 microns.

2. The cutting tool assembly of claim 1, wherein the defined distance corresponds to an
integer number of pitch spacings. wherein each of the pitch spacings defines a distance

between two adjacent features to be created in the work piece.

-~

3. The cutting tool assembly of claim 2, 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.

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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approximately one pitch spacing fromthe cutting | ocation of the second
~dianond tip. 4. The cutting tool assenbly of claim2, wherein {tZH#RpIECh
spaci ng“;é do§esbnan approxinmately 1000 microns. 5. Tpﬁ/%giotog’,ﬂg”gsool
assenbl y o% clarm4, wherein the pitch spacing is |ess an approxi mately
100 mcrons. 6. The cutting tool assenbly of claim5, wherein the pitch
spacing is less than approximately 10 mcrons. 16 12 MAR 2007 WD
2004/ 024421 PCT/ US2003/ 020785 7. The cutting. tool assenbly of claim®6,
wherein the pitch spacing is less than approximately 1 mcron. 8. The
cutting tool assenbly of claim1, wherein an aspect ratio of a cutting
~—hei ght of. t heThesuttinggpoldissemsiiof ¢igny @ |veerajethe@itsh epacirieriglofs Wam of the first
di anond tip. J.s ter than approximately 1 to 1. 9. The cutting tool
assenbl yapg?ox&pgﬂfg@?c
2 to 1. 10 10. The cutting tool assenbly of claim1, wherein the first and
second dj anond tips define utfin idths of less th appr oxi.mat el.y 200
mi crons. 811, %W&Wgﬂ%eeaﬁiya @@%bﬁ)” el%%?%%,ra%gtrnae‘fu%%oﬁ(qlgggf th?‘%ne of
the dj anpRfahingia ggiemsﬁs to & 2uf@ing WaEh 3N tHedirbodi Shdrd 1 Vs gidatbetib@l | . 12, The
cutting tool assenbly of claim1l, wherein at | east one of the dianond tips

def i nes approximgehclto kide wall. 20 13. The cutting tool assembly of claiml,

wherein at | east one of the dianond tips defines a side wall that defines
an obtuse angle relative to an adjacent surface of the nounting structure.
14. The gutt i Tige ¢uming taslsasduhbly of clail@s, mvlkreintteraspact tane ic giettenipat ool assenbl y

is a flycutti.n 2 senbly configured to be rotated about an axis
per pendi &R nﬂ@lyj@uaf
and gecond tool shanks are mounted in the nmounting structure

10. The cutting tool assembly of claim 1, wherein the first and second diamond tips define

cutting widths of less than approximately 200 microns.

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

15  asubstantially straight side wall.

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

an undercut side wall.

20 13, The cutting tool assembly of claim 1, wherein at least one of the diamond tips defiries
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
25  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

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

17

WNEr ei n t he aspect ratio is greater than approximtely

ting direction of the dianond tips, wherein the first



on opposing sides of the nounting structure. 15. The cutting tool assenbly
of claim1, where the defined distance is less than a width 30 agsomiated
with either of the first and second tool shanks. 17 12 NﬁPb%R@imlwgﬂE

2004/ 02442 VPEPHIEIBY3/ 020785 16. The cutting tool assenbly of Craimi,
wherein the first and second tool shanks are nounted in the nounting
structure on a common side of the nounting 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 tool
shank. 18. The cutting tool assenbly of claim11l, wherein a shape of the
first dianmond tip is substantially different froma shape of the second

di anond tip., 10 . The cuttin 0 assenbl y. o i rel first
and second d*érm#g‘etcf%@gg? as%ﬁlgtye‘glctladmc g"ﬁ?‘élngtp%gl%sggﬁq %Ecgﬁ%ﬁ)gf%@ep i?n(e:ati on
tool that cops@Rfondhd RolRRigiresulencoitat Sk dMhe Motitiigateplucat ed
structure. 15 20. The cutting tool assenbly of claim19, wherein the

m croreplicated structure conprises a nmechanical fastener that defines a
sel f-mating py of ihR.cydihe 1Jd1Gsdettibly HL1HRCI, FRRREERNMisH g £icdinihclRechbiRition t he
m croreplicated structufe conpri'ses an optical film~ 20 22.” The cutting

t ool assenbl secingathafirst @] shank metha neoustisgsiruofure tekative testhe decond hepl shaski s
substantially different froma shape of the second dianond tip, and wherein
the first dianond tip defines a first optical characteristic to be created
in the optica. fifHocanRglést asREMR0of difym)Mheteirpa staibé 0fthe dirs efzmichdajptis cal
characteristic to be created in the optical fjlm 25 23. The cutting tool
assenbl y of wbsprHally different droneashape of thg seropfh Aiagond 8P shank nounted in the
mounti ngystructure, the third tool shank defining a third dianond tip that
corresponds to a third groove to be created in the work piece, wherein a
cutting | ocat9. on T cutimgtitnlmesembly dfsclam ks adorvin e firsiend sicond diemond ¢ips ahe
cutting | Ocasﬁllaf))gd tgfcreta eegrgc%r%(s) E]nda I%Lxc%gr%g]gcah'og tooi El?it csoef\r%glg'o%d to features to be created in

a microreplicated structure.

15 20.  The cutting tool assembly of claim 19, wherein the microreplicated structure

comprises a mechanical fastener that defines a self-mating profile.

21.  The cutting tool assembly of claim 19, wherein the microreplicated structure

comprises an optical film.

20
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 filin and the second
diamond tip defines a second optical characteristic to be created in the optical film.

25

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

30  defined distance being accurate to a tolerance of less than approximately 10 microns.
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30 defined distance being accurate to a tolerance of |ess than approxi mately
10 mcrons. 18 12 MAR 2007 24. The cutting tool assenbly of claim1
wherein the defined distance is accurate to within a tolerandd ¥R 18Es t han
approximately I mcron. 25. A dianond tooling nmachine used for creating
grooves in a work piece conprising: a cutting tool assenbly including: a
nmounting structure; a first tool shank nounted in the nounting structure,
the first tool shank defining a first dianond tip that corresponds to a
first grogve t reat i e work .piece: d .a.second tool shank

mount eq 1t hel TR aRieie afe bRl S P woBleB e 0RO K PRled MM one
di anond td (pletdnat oflesy espappilsxiinately sedomd groove to be created in the work
pi ece, wherein the first and second tool shanks are positioned in the
nmounting structure such that a cutting location of the first dianond tip is
a definedsdi stapgmohd @WIing nfedhink Nedl BCAtRR ot HiRy SRERNHedicafBAsngi P, the
defi ned di stance having been defined prior to assenbly of the cut%lng t ool
assenbly and eiviipedecpssendly vicludichg assenbly of the cutting tool assenbly
to a tol erance of | ha roximately 10 m crons; and an apparatus to
receive the cuttinégﬁ%g$ma§ggﬁﬁfy and to control positioning of the cutting
tool assenbly rel atifita tha shivgk moritedinelemo@dting Blrectdicaneidsttt@dishanlg machi ne of
claim 25, whergi.n. the machine is a fly-cutting. machine the rotates the
cutting tool  ACHBRBAIISHRORH mRRCor, AN e
drive train cqyRkif@ the nounting structure to a notor. 27. A cutting tool
assenbly conprising: a nounting structure; a first tool shank mounted in
the nounting st ructigeeondip@ shankgnoundest in granrundiagistipeigreathe second tagl siold ti p
that correspo ] {'r s he. Sh&ake &md?gﬁ)gqgg RL5C&i, R SECONd
t ool shank nngﬁﬁgﬁgﬁ%e(ﬁg%kg%%@ﬁﬁgh%??ugsgﬁ%,gt%g decond t ool gﬁanw @%fining
a second di anonsk picpe.tiateio drerfespoddscond ta! slembnare posiovedtio theenameiaged i n
the work pi ecei;’trugtﬂge sucjz'lgthat a cutting location of the first diamond tip is a defined distance from

a cutting location of the second diamond tip, the defined distance having been defined
prior to assembly of the cutting tool assembly and being accurate following assembly of
the cutting tool assembly to a tolerance of less than approximately 10 microns: and

an apparatus to receive the cutting tool assembly and to control positioning 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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12 MAR 2007 neans for securing the first and second tool shanks in the
nmounting structure such that a cutting |ocation of the first dianond tip is
a defined distance froma cutting |ocation of the second di anonpg MAR pga7t he
defined di stance having been defined prior to assenbly of the cutting tool
assenbly and being accurate foll ow ng assenbly of the cutting tool assenbly
to a tolerance of |less than approximtely 10 mcrons. 28. A flycutting tool
assenbly configured to be rotated about an axis to cut grooves in a

m croreplication ol i skng: nt | tructure. .a first to hank
mount ed i a Pest REseERER O R R PRt PSS e Rl el

def i ni ng acuttineSbeatioandd firstplidnvald tipak b ésfosddibsiar@e drohi 4 &dttigy POMBNtD tHee
created in the. mcrorepljgatjon toaql; and a, second tool shank unted in

t he rmunﬁeﬁ@]gsdewmddrpeﬁﬁrﬁeﬁn@%@atﬁw%awg&f-’ew%*neﬁ%ﬂ?fttpﬁ@%wﬁu%fttg?@t fosi t e
the firstside@miihasmSREE har! fohaRk adehbl ST e REaoRe dighmpe, 41 p  that
corresponds to a second groove to be'created in the work piece, wherein the
first andolewocondetsdbin appanksatalvel Ogoisians.oned in the nounting structure such
that a cutting location of the first dianond tip is a defined distance from
a cutting location of the second dianond tip, the defined distance having
been defilsed px ofuttiig @skBrdmhbly obnitdnedavbt rnged owdut as seiptl ¢ut gradvéehnag
accurate follow ng assenbly of the cutting tool assenbly to a tol erance of

| ess t harMCHBFERIMLPRI SPMIGISCr ons. 29. The flycutting tool assenbly of
claim 28, whergnhdhendehidigd, di stance is less than a wdth associated with
either of the first and second tool shanks. 30. The flycutting tool assenbly
of claim 28, wastdpel shivk metritedei adirst edved theonp ey pastycti, thgdirstnea geanknunber

of pitch in N ' [ def | [ bet ween two
adj acent c%gg%ﬁrage%mtd\é\g}ﬁé%é Fpe@? tgéé)trri%pr{)oi&\%%ralr}grﬁtl gg%vgqgfgc%ﬁéhw &%ut ting tool
assenbl y mfcreetmdicati@lpobed ei n the first and second tool shanks are

positioned in the qgour]t [ng str uc@urﬁ such. that the cutti ng.C{ ocation of the
first di anond &FgPddoe éb_ Pt OHEIBIPE UL BE Mg e F PBImI4HY Ut ti ng
| ocati on Rbunting sPRIQBApdsAaRRT ikl dide, R sdcbnlYRRRI SR defining a second diamond tip

that corresponds to a second groove to be created in the work piece, wherein the first and

second tool shanks are positioned in the mounting structure such that a cutting location of the

first diamond tip is a defined distance from a cutting location of the second diamond tip. the

defined distance having been defined prior to assembly of the cutting tool assembly and being

accurate following assembly of the cutting tool assembly to a tolerance of less than

approximately 10 microns.

29.  The flycutting too! assembly of claim 28, where the defined distance is less 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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32. The flycutting tool assenbly of claim28, wherein a shape of the first
dianond tip is substantially different froma shape of the second di anond
tip. 33. The flycutting tool assenmbly of claim 28, wherein thejzdekingd

di stance is accurate to wthin a tolerance of |ess than approximately I
mcron. 34. A nethod for creating a cutting tool assenbly to be used in
manufacturing a mcropliation tool conprising: defining a pitch spacing for
a mcroreplication tool; creating a cutting tool assenbly by positioning
first and,sec t 0ql. ks .1 . Jount i [y re.such t.ha .cutting

| ocat i on%c%f ag@lgrﬂg? &ﬂ i"§tr3€§ﬂ%9%%‘?‘€'y3’§§§§? g%’ew Jmeslﬁﬁsﬁ%?;é O?Ttl?e&gr tc{lec')[g{"wgtﬁoa’r%k is a
defi ned dubdaniaRy tiffzrena front 4 shape dbiraatdcond dibmanddgsond di anond tip associ ated
with the second tool shank, the defined distance corresponding to an integer
nunber of pitch spacings, wherein the defined distance is accurate to within

a tol erange qfelgesuihd R AROHONIITREG ¥8 W0hdmif HIRNRindPdisthh& ivBihes @f claim
34, further conprising creating a mcroreplication tool using the cutting

t ool assewtliya tdganceig lese o dppoxatasgim! 3dcrohur t her conprising creating

m croreplicated structures using the mcroreplication tool. 37. The nethod
of claim 34, wherein positioning first and second tool shanks incl udes

adj usti n@4a posinkthod fafcrédiag beotting aih ksemelyab bv esdddn engufabetihga under a
tooling mcroscope in response to positioning feedback. 38. The met hod of
claim 37,'“'\%[?8?‘@? LP‘I’lleCOH’é’f'?ﬁéd distance is accurate to within a tol erance of

I ess than appryephiBh@hivh §palingt8h m&toreplication tool;
creating a cutting tool assembly by positioning first and second tool shanks in a
mounting structure such that a cutting location of a first diamond tip associated with the
first tool shank is a defined distance from a cutting location of a second diamond tip
associated with the second tool shank, the defined distance corresponding to an integer
number of pitch spacings, wherein the defined distance is accurate to within a tolerance

of less than approximately 10 microns,

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 | micron.
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