El ectrof ormed Thin-wall Cutting Saws And Core Drills Inpregnated Wth

Abr asi ves Rel ated Applications [0001] The present invention clains priority
to U S. pabento/amsBi cati on serial Nos. 12/203,920 and 12(C26820@20p0300t h
filed on Septenber 04, 2008, the disclosures of which are herein
incorporated in their entirety. Field oft Invention [0002] The present
invention relates to electroforned thin-wall cutting saws and core drills
(or hole saw) that are inpregnated with abrasives. In particular, it
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whi ch are ipregna anon articles to allow fast, "clean and dry
cutting. An advantage of the cutti ngaAppysives i n the use as a singul ation
saw for nodern sem conductor or mcroel ectroni c packages. They are al so
useful in cutting small and | arge objects with or without coolant. The core
drills allow fast cutting of cores with | ess bulk material renoved and give
good finish on the cores; an advditlaigéApplitaiionhe coring of |aser rods or

drilling of holes in.valuable.materials t Chi bLY ceri
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known. Suchysawhhades ard §2/7831921, botthalcH @nrS eptember ©4] 2008 itrcdisdesugessefns and
band saws. G rcul ar saws nmay be made by bonding abrasives in a binder (to

form so calwhich srslhietein insprporatedhindbBRis§ntBetypy coati ng abrasi ves on a support
disc (to formso called sintered bl ades). The outer periphery may be
continuous or discontinuous. One of the purposes of providing

di scontinuities on the outer peri pfiekdyofdotdntiog edge, in the formof slots,

is to allow free passage for the qutflow of parti.cle braded fro e
wor kpi ece dMPZhssoci akhedPresiat dpyention gelalss ig e‘i‘@f?fgbea @@"3’8 Icu{‘t}?én%saév\r}v bl ade

as well as 4nf cue"tﬁ}ﬂlsR@f haie E@sﬁ) 5t € 'ﬁﬁf}r%gﬁ’eli&d @fth abrasives. In particular, it relates
to cutting saws made of thin-wall corrugated electroformed nickel which are
impregnated with diamond particles to allow fast, clean and dry cutting. An advantage
of the cutting saws is in the use as a singulation saw for modern semiconductor or
microelectronic packages. They are also useful in cutting small and large objects with
or without coolant. The core drills allow fast cutting of cores with less bulk material
removed and give good finish on the cores; an advantage is in the coring of laser rods

or drilling of holes in valuable materials that chip or crack easily.

Background

[0003] Saw blades for cutting semiconductor packages are well known. Such saw
blades are made in the form of circular disc, gang saws and band saws. Circular saws
may be made by bonding abrasives in a binder (to form so called solid resinoid blades)
or by coating abrasives on a support disc (to form so called sintered blades). The outer
periphery may be continuous or discontinuous. One of the purposes of providing
discontinuities on the outer periphery cutting edge, in the form of slots, is to allow free
passage for the outflow of particles abraded from the workpiece and associated coolant.
The coolant is used to cool the saw blade as well as to flush particles or debris out of

the blade.



the bl ade.[0004] These saws are enployed in the sem conductor industry to
separate individual packages one from another by cutting streets or
separ at i onOochewmed3s i nto t he packaging material. Typi calPCiiseaondoisonded saw
bl ades have been made with a large range of thicknesses, for exanple, from
about 25 mcrons up to about 500 m cron2. [0005] Each separated package is
]'ngaln po?nect ed to a substrate. Nunerous types of substrates are used that
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specification. This means that the saw bl ades nust be replaced relatively

early before the, blad
y [0006] Some seIGnslco%rdleJct%P P ckages zXe smg\ry)lated using thick saw blades because of

requirements for thicker or wider streets. Even these thick saw blades are also
destroyed by the filler materials in the packages. They also clogged up rapidly with
plastic and metals from the circuits. The clogged up blade then requires more force to
make a cut, and cuts at a much slower rate because the diamonds that do the cutting are
ineffective; in addition, £here is often littla room for the newly cut debris to be

removed. The newly cut debris abrades the blade material causing excessive wear.

[0007] Saw blades of the solid type have a tendency to form a bullet-shaped profile
edge after some use. This causes them to be rejected by the microelecronics industry
because as the sides of the blades wore and the bottom of the blade becomes smaller
and the semiconductor packages being cut grow directly with this wear. In
consequence, the packages become wider and out of its dimensional specification. This

means that the saw blades must be replaced relatively early before the blades are

completely worn.

[0008] When clogged, these blades also have a tendency to make rough cuts which can
smear or destroy the exposed circuit pattern, especially when the smear occurs at a

conductive pad or bump on a substrate, in some cases, ripping them out altogether;



[0008] When cl ogged, these blades also have a tendency to make rough cuts
whi ch can snear or destroy the exposed circuit pattern, especially when the
shear ocowp208¥022336onductive pad or bunp on a substrat e PCIISGaMMIEGAGES,
ripping themout altogether;these mght cause electrical |eakage between
them In addition, rough cut edges also3fend to have burrs. [0009] FIG IA
shows a known cutting wheel 10. The wheel 10, as described in US Patent No.
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exactly opp groove er side. The area of the cutting
bosses 1 1tdnd tohee Bgtsal to area of the grooves 12 and the effective
thickness of the wheel 10 is muintained the same. The wheel 10 enploys a
resinoid binder of a mxture of ingredients using |ayers of nesh and grains
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i nventi on, ;a@@dwnsoROdrill NOLmaddwith airithg i bindekand dbeastiver pstidés.t he i nventi on.
Rather, it is to present sone of the inventive concepts of this invention
in a generalised formas a prelude to the detailed description that is to

el ect rof or ML NG R e o e o 1. abr aal ves. The
cutting sawcomuzhiodR®ughmoy thertrisld need to increase microelectronics singulating speeds
yet giving each packaged device clean cut edges. A clean cut edge or surface has
minimal edge chipping, inter-layer chipping, metal burrs and metal smearing. Despite
development in thin-wall abrasive impregnated saws, there is a need for a new higher

performance saw.

Summary

[0011] The following presents a simplified summary to provide a basic understanding
of the present invention. This summary is not an extensive overview of the invention,
and is not intended to identify key features of the invention. Rather, it is to present
some of the inventive concepts of this invention in a generalised form as a prelude to

the detailed description that is to follow.

[0012] In one embodiment, the present invention provides an electroformed thin-wall
cutting saw that is impregnated with abrasives. The cutting saw includes a core drill
whose cutting edge is annular. The electroformed cutting saw comprises: a thin-wall
corrugated nickel electroform having a plurality of raised portions and an equal
plurality of recessed portions, with each raised portion alternating with a recessed
portion, the raised and recessed portions are s&bstantially parallel and are connected by

transition portions so that a top surface of the raised and an opposite surface of the



whose cutting edge is annular. The electroformed cutting saw conprises: a
thin-wall corrugated nickel electroformhaving a plurality of raised
portions woadoswn2expdal plurality of recessed portions, WPCH/S&aaly/0nesilsed
portion alternating with a recessed portion, the raised and recessed
portions are substantially parallel and 4re connected by transition
portions so that a top surface of the raised and an opposite surface of
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circular; the rai sed portions forman outer ci rcuI ar cutting edge and the
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such that the notches are level with the raised portions and they describe one or more
circles or lines or the notches are staggered to form two or more concentric circles or

parallel lines.

[0015] In one embodiment, the annular cutting saw is a core drill and the raised and
recessed portions are part circular; the raised portions form an outer circular cutting
edge and the recessed portions form an inner concentric cutting edge. The notches in
the chucking/clamping zone describe a circle or staggered to form two or more

concentric circles or spiral circles.

Brief Description of the Drawings

[0016] This invention will be described by way of non-limiting embodiments of the

present invention, with reference to the accompanying drawings, in which:

[0017] FIG.1A illustrates a known cutting wheel; FIG. 1B illustrates a known core
drill;



[0016] This invention will be described by way of non-limting enbodi nents
of the present invention, with reference to the acconpanying draw ngs, in
whi ch: [ OW02p10A2@G331 A il lustrates a known cutting wheel PCEISG2009B00310
illustrates a known core drill;[0018] FIG 2 illustrates a cutting bl ade
according to an enbodi nent of the presen$ invention; [0019] FIG 3
illustrates a corrugation pattern of the cutting blade shown in FIG 2;
[0020] FIG i SHr: L0 i ] i : [.0 tern
Shoun i n Fi (2009 FIGER NS0 bRLRL BRAL Mforiingol b bRt 8F i potiat
depressed poweiigors in the corrugation pattern shown in FIG 3; and FIG 4C
illustrates two concentric rows of notches and associated partially

rai sed/ depressed portions or internediate steps; [0021] FIG 5A illustrates
an annul ar paYe]PFREIS ifiastRe: AckRIgaifEpdRrPehBehitifEBRAE REMm 8 FI1e; present
invention; and FIG 5B illustratés a cross-section of a corrugated

connection between the annular saw bl ade and a support disc; [0022] FIG 6A

ill ' f- f hol .di d t K
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hol di ng and3;younting the cutting bl ade of the present invention; [0023]

FIG 7Aillustrate art of a band saw according to another enbodi nent of
the pr esentF%\Aﬁﬂlf%ﬁ?tew@laﬂsr@lﬁ%@ﬁr@ﬁfé@llmmre&s?d BPBIORB AN ERPIBEMNIGE t he
present inv, HOBhawr! iJhustrates part of yet another band saw of the
present invent ihgﬂ’:o anlg'\l?(g(c):3 hFI G 8Aillustrates a core drill according to
yet anot herFliéhbd€i nbudtratss twe pomesmnt rowendfi owichandadd Gss@ited | pestialpt es an
end view of _the, .core gri |l shown in FIG 8A Detailed Description [0025] One
or nore sper@fSF&/gegﬁffe PPRUIORS.OF PlerBediBlgit®fit s of the present invention will

[0021] FIG. 5A illustrates an annular saw blade formed according to another
embodiment of the present invention; and FIG. 5B illustrates a cross-section of a

corrugated connection between the annular saw blade and a support disc;

[0022]) FIG. 6A illustrates an exploded view of a hub for holding and mounting a
known cutting blade; FIG. 6B illustrates a seetion view of another hub for holding and

mounting the cutting blade of the present invention;

[0023] FIG. 7A illustrates part of a band saw according to another embodiment of the
present invention; FIG. 7B illustrates part of another band saw of the present invention;

FIG. 7C illustrates part of yet another band saw of the present invention; and

[0024] FIG. 8A illustrates a core drill according to yet another embodiment of the
present invention; and FIG. 8B illustrates an end view of the core drill shown in FIG.
8A.



now be described with reference to the attached drawings. It shall be
apparent to one skilled in the art, however, that this invention may be
practi sedweizbtvonar3zguch specific details. Sonme of the detrarliss20mypo0800 be
described at length so as not to obscure the invention. For ease of
ref erence, common reference nunerals or Geries of nunerals will be used
t hroughout the figures when referring to the sane or simlar features
common to the figures. [0026] Fl GpewmiledPseriof! €ctrof ormed abrasive
i npregnated cutting blade 20 nade according to an enbodi nent of the present
invention. As showmn in FIG 2, the cutting blade 20 is nade by

uspended

el ectroform ickel matrix.-on ndrel i.n @a bath.containi.n

i anond. panbi2e] QR roffspeding pnd alBRRN ot iuch Br (R R ASURSRIEORIL ¢ he
cutting bl agev BOdéseribed Wl réferéhcaltd hien@tdched BaneRs. ROhhT ®8Sppdedid decessed
portions 24. A cutting zone is_|ocated along an outer periphery of ‘the
cutting bl a&dledan thgharf.choveever, hi thig/inyeniion gnayobrepiastised cuithout suchaspegifisul ar
regi on bet At u REE: I ' ' LY. [y

bort i ons. 20eas, {onfé bEheRRKR 1y ni b AlchBCL 186k R0t 16 BOSMIS BR, |
22 from t hénveaties.dtd epser dfirefesenzd, conmhort fefidrendequneraeor eoies bﬁnilﬁnd elﬂlalsewiﬁht he
recessed rtio 24 are spaced art laterally and longitudinally. The
rai sed pop%ed‘ﬁg‘{] Bpoughaut e Tredzesce tsfsring tstho zange or sipylar feaAturss CYMMOR:  and
are each iRy pleafRsest hat are substantially” parallel. By adopting a
corrugated shape, the cutting blade 20 is strong and rigid in its planar
cutting direction. Al so, the corrugated shape assists in renoval of waste

mat eri al dygj tting by generatin i rf.l ow around,the cutting,bl ade 20.
The gener a?@&gﬂﬁ#l év@hgﬂ’rsﬁ?egle%@f)g{l% ?Wa%%% I‘Wﬂ’&%‘?‘ec} ﬁgglgé_t{?lf%gg% I'%?gig 20
during cut tabdtgdink @92 lendbddiniéht Gftid prgsedt afentéh. AAaHBwhliATFIG! D.0Re RAfitngoN 26
has an inclination relative to the raised portion and recessed portion of

about 45 dbdpdecdd isTnade; by pleptaefosnings nicked ratein ontd Brangrel in abathecansainingr y

dependi ng Q pEH@ed'Jl&rﬁQH@B i s.OIX c&p rggxd%]% Qortrnetfgﬁ rih h1attt?1ebe
b alefeect il o Serigagidh By

cut. The inclrnation can S n egrees, ess n grees and
cutting blade 20 is formed with alternating raised portions 22 and recessed portions 24.

A cutting zone is located along an outer periphery of the cutting blade 20, whilst a
clamping/driving zone is located in an annular region between the outer periphery and
an inner periphery. Transition portions 26 of the cutting blade 20 join and separate the
raised portions 22 from the recessed portions 24 such that the raised portions 22 and the
recessed portions 24 are spaced apart laterally and longitudinally. The raised portions
22 and the recessed portions 24 are substantially flat and are each in planes that are
substantially parallel. By adopting a corrugated shape, the cutting blade 20 is strong
and rigid in its planar cutting direction. Also, the corrugated shape assists in removal of
waste material during cutting by generating airflow around the cutting blade 20. The

generated airflow further assists in cooling of the cutting blade 20 during cutting.

[0027] In the cutting blade 20, each transition portion 26 has an inclination relative to
the raised portion and recessed portion of about 45 degrees. The inclination of the
transition portion 26 can vary depending on the intended use of the blade 20 and on the
material to be cut. The inclination can be less than 90 degrees, less than 60 degrees and

more preferably in the range of about 30 degrees to about 60 degrees depending on the



nore preferably in the range of about 30 degrees to about 60 degrees
dependi ng on thedesired use of the blade. For exanple, in the

m cr oel ecwoaenioge733ngul ati on i ndustry, the preferred i neCirsskowmoefot he
transition portion 26 is about 4515 degrees. [0028] Inclination of the
transition portion 26 is also inportant 706 nake the bl ade 20 flexible and
sel f-aligning when clanped by a hub or fixture on an arbor of a singulation
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cl anpi ng zone. By varying the nu portions ssed
portions 24prefemed ipclimpton ofthe ohndition fairiole2@ B, absucdddS deprers.bi lity, may be
varied. [0029] In another enbodi ment of the cutting blade 20, the clanping
zone is near the inner periphery. [0030] FIG 3 shows an edge profile of

the corrugyppsh) Pindigatied cHARahdidd gﬁd'tign 28Sis E‘B‘é@]dgﬁgﬁi ﬁ‘em%(e iR S1leSiAnce

between the top surface of the rais portions ottom surtface of
t he recesseliexple and self-aligrdeg whersclamped by ahdb br Dkturevbi amarbsr of ansingulatodn cut

on a workpiece.by.the blade.20. The differgence in height hetween the raised
portions 22‘“5‘%&“‘%/ ﬁfécrf‘r‘%ﬁ%%fgtae BS?SWW ‘Ztnsogg] "raﬁe"@amé‘élgrt fpRe gpPng- g%yi ef
depth D2, wﬁn%fmaé nishbéBfahSedBorbas22M8Ad kecebddl Poreohs 28 Rherlfibpdritlor Wal |
cutting bl ade 20. {)0031] For exanple, in the mcroelectronics singulation

i ndustry, ttheblade 0,gugh Bs fexibidifganytheomriebout 25 microns to about 500

m crons. The thickness T of the thin-wall blade, i.e. that of portions 22,
24 and 26, is usually about 10%to about 60% of DI, and preferably about

one-third qbo29) .InFmothex @mpbdimenhenthehwittiyr bladn202the cPAnping dobisatear efeout 50
m crons thick each, the blade 20 can have a kerf width D of about 200

mi crons. BIBRREPEIBIY A oxi matel y 50 microns thick have been made with a
corrugat ed surface having 120 rai sed portions and 120 recessed portions.

el T f1at ¢ aoneh FARE3 Bofs SATAEL brofRORr Bt ABREE SEGAEIS SO K an
edge pr of i Ishowh imFbGit 3,ithgdisfanckebedReancthotsh n@fdce ofideifaied portions 22 and the
bottom surface of the recessed portions 24 defines a kerf width D1, which is a width of
cut on a workpiece by the blade 20. The aifference in height between the raised
portions 22 and the recessed portions 24 defines a corrugation or relief depth D2, such

that D1 equals D2 plus matrix thickness T of the thin-wall cutting blade 20.

[0031] For example, in the microelectronics singulation industry, the kerf width D1
ranges from about 25 microns to about 500 rhicrons. The thickness T of the thin-wall
blade, i.e. that of portions 22, 24 and 26, is usually about 10% to about 60% of D1, and
preferably about one-third of D1. For example, when the portions 22, 24, and 26 are
about 50 microns thick each, the blade 20 can have a kerf width D1 of about 200
microns. Blades 20 appfoximately 50 microns thick have been made with a corrugated
surface having 120 raised portions and 120 recessed portions. These blades 20 give a
clean-cut edge on a workpiece, and are rigid and self-flattening when clamped on a hub

or fixture.

[0032] FIG. 4A shows an edge profile of a cutting blade 20 according to another
embodiment of the present invention. By comparing FIG. 4A with FIG. 3, the edge

profile shown in FIG. 4A has an intermediate step 27 in some of the transition portion



enbodi nent of the present invention. By conparing FIG 4A with FIG 3, the
edge profile shown in FIG 4A has an internediate step 27 in sone of the
transiti omoporwd2eas26 such that the internedi ate step 27PC3/Sgas@lobesioto the
rai sed and recessed portions 22,24. [0033] FIG 4B shows an edge profile of
a cutting blade 20 according to another &nbodi nent of the present

I nvention. The edge profile shown in FIG 4B has partially raised portion

22a and parid é\héhYthBF@}?esﬁler tﬁ{ate %Qp%éaasgjr%gme;m'f@gl ﬁf‘s\éd%g Btk Bl iggat ion

dept h D3, I's snal ment e parti y raised
portions 221922141d partially recessed portions 24a are adjacent to each

ot her; in another enbodi nent, they are spaced laterally apart from each
other. [0034] Referring back to FIG 2, the cutting blade 20 has notches 28

that are | opedspdric) 4B&h6Wa R age%rofirel ¥f agcuwgeblaw@on&%sm £ ahothB? @

circle that is concentric with the outer and inner dianeters.” Each notch 28
i s seen to debddinericpifthe presend ineeationfThe gdge peafile showr neEKb dtBobast pastial4 such

that the nq rti The tches 28.t hus
bri dge the Jf‘gs?‘zéd‘%‘ rziz?\éﬁé p %‘Eﬁ%%&rgnssﬁ? E%n ?S?C(rf?&g?totheyo‘? c?ﬁ‘é‘ﬁ%n%’f t he
corrugati oruepﬂnDBhe/hinhammgerzma@ Dials eﬂe bmbadmieatmh@ partibBy) gaseaingorionn Fl G

6B or centrlfugal forces when a cutU% bl ade 20 is spun, for exanple, to a
speed of 152808nd paetiallyo regesged | porHARY AR @ﬁbé@l?“rﬁéhttoo?acbh@th%t i 8RothERde,

Fl s 2 and iR BGT A ol o2k U ARk Sier 7 Tt tTng bl ade 20
according to yet anot her enbodi nent of the pr esent |nventiont AISI shO\Q/inSieg
port i on 22305 et e BEEIE an P st bt oreq ot Bk gredesled T he
bl ade 20. Thé aaf@u@eémﬁ&lﬁ zb.ye tihe ot @RE DS Fortd a hEle MRkt GO BFncéRtricAVRID RS

shown in FIG sone of the internedi ate steps 22b are formed wth areas
| ar ger t harpumraandotnn@hélanmtgedEmh natele 28cid soon o dasformed fom E@O%i obwr i ng

or after QSpeVY?\%r re@es%e& Sgrtlog gh Eha?rhel IEOItC &R fevgl t}? glel faised po fotngd by a

The notches 28 thus bridge the raised portions 22 and minimize deformation of the
shape of the corrugations in the clamping zone caused by a clamping flange shown in
FIG. 6B or centrifugal forces when a cutting blade 20 is spun, for example, to a speed
of 15,000 — 30,000 RPM. In another embodiment of the cutting blade, the notches 28

form two rows of staggered notches 28, as can be seen in FIGs. 2 and 4C.

[0035] FIG. 4C shows an edge profile of a cutting blade 20 according to yet another
embodiment of the present invention. As shown in FIG. 4C, some of the intermediate
steps 27 are formed as partially raised portion 22a or partially recessed portions 24a in
the cutting zone of the blade 20. This is permitted by the presence of the notches 28.
Also as shown in FIG. 4C, some of the intermediate steps 22b are formed with areas

larger than that of the raised or recessed portions 22, 24.

[0036] During or after use, wear and tear of the transition portions 26 is exhibited by a
partial concave profile of the cutting edge. This is in contrast to a bullet-shaped cutting
profile of the prior art cutting blades. The concave profile of the cutting edge of the
present cutting blade is due to the difference in the volumes of matrix material in
contact with the workpiece across the kerf width D1 as the cutting blade 20 is spun. By
forming intermediate steps 27, partially raised portions 22a,22b or partially recessed



partial concave profile of the cutting edge. This is in contrast to a

bul | et-shaped cutting profile of the prior art cutting blades. The concave
profil e oVotzhw/ui3Bi ng edge of the present cutting bl adeCrscduw/oves1o he
difference in the volunmes of matrix material in contact with the workpiece
across the kerf wwdth DI as the cutting %l ade 20 is spun. By formng
internedi ate steps 27, partially raised portions 22a,22b or partially

recessedpo rﬁdrﬁ 2R ot ARSI ixOhafSRbls! 3&{%%@% 'tkglilfﬁ\al%g{ ?3 Zar% gﬁ%&e rf

width DI are nade ndre uniforman iS glves

subst ant i al hyresqpiform andt thisngjvexde quttifgi blede P0@3stbsthtiallySsyuafeonsting pdgen Vi ew
of a relative y | arge annul ar saw 30 nade according to the present

i nvention. PfAB®saw 30 conprises a thick netal blank or support 34 to which
is attached a blade 32 fornmed in the shape of a ring. The blade 32 is
corrugated as shown in FIGs. 3 or 4A-4C. Such bl ades 32 are easily

f abri cat ed [Pe37Hi EFle64rshows aiptanoviewof e relatively tarsasmnubl saw Oopeleaot@ding cut

material s hl y _and w thout, cl oggjnhg. [0038]..Fl G shows an en] ar ged
section in 8%?/8%@15 Iﬂ IPYﬁ?i 0o fhq Féﬁggkb’% A ﬁhlglﬂmefiﬁﬁ’lﬂﬁ%ﬁr ?WBB’&QJ“s'iﬂpport
34 is proviwigeh W dthckedcOblatl@3l Estnicdna thdsHapé of BQiﬂﬁd‘fhe Blade D &s edinudatiar
surface 35 is forned with a corrugation pattern that matches that of a

nount i ng f l1asBewn e BIGs: ot Yhate Bh blades 88 araiepsily dahsicated im diagistars abfm
surface an ' f f ' . { t.he bl ade
Sb Lo or e PR AT 098 SR R RATELARY o180l Sl
attached to the shoul der 35 by nunerous known techni ques. [0039] FIG 6A

shows an expl aod view of a hup 60 used for, ho] ding and. mounting a prior
rt cutti ndbEhaC: 6B Shius Anish BeEst o RieTIn HeGRon e PARESt Xeok FIhGAI hub

62, a suppofye duthEREREpER 34 'f@ﬁ%id@é*wfit'ﬁlﬁonggaéﬁ‘?}?@: sﬁéérgltkh‘é%exf 94 1l di ng

and nounting the cutting blade 20,30 o esent i n tron. As shown in
FI G 6B, tlIshowldér s0faces35lisdomedewith @fcosrufhtamgealttdrutha? mathes ahatuppHart hub

63a. The fl anged hub 6 S 0 b 63a are npunte an arbor of a

si ngul at i Oﬁmﬁglglﬁg &ga:nger $1in ﬂﬁg@g&hg% tB‘He corruga lons O the sﬂoxﬂger surface and
mounting flange 36 are of the same pitch as that of the blade 32 but of different
corrugation depth. The mounting flange 36 may be attached to the shoulder 35 by

numerous known techniques.

[0039] FIG. 6A shows an exploded view of a hub 60 used for holding and mounting a
prior art cutting blade 10. The hub 60 is made up of three parts, a flanged hub 62, a
support hub 63 and an insert 64. FIG. 6B shows a hub 60a for holding and mounting
the cutting blade 20,30 of the present invention. As shown in FIG. 6B, the hub 60a is
also made up of a flanged hub 62a and a support hub 63a. The flanged hub 62a and
support hub 63a are mounted on an arbor of a singulation machine. The flanged hub
62a and support hub 63a sandwich the cutting blade 20,30 and, in turn, are held in an
assembly on the arbor by a clamp nut 68 on one side and a spacer or collar on the
opposite side. With the notches 28 formed in the clamping zone of each blade 20,30,
the insert 64 is no longer required to hold or mount the blade 20,30 on an existing

singulation machine.

[0040] FIG. 7A shows part of a band saw 70a according to another embodiment of the

present invention. As shown in FIG. 7A, the band saw 70a is made by electroforming a



62a and support hub 63a sandw ch the cutting blade 20,30 and, in turn, are
held in an assenbly on the arbor by a clanp nut 68 on one side and a spacer
or col | arworrotone7pposite side. Wth the notches 28 for mea/SGrodvleeo3ad anpi ng
zone of each blade 20,30, the insert 64 is no longer required to hold or
nmount the bl ade 20,30 on an existing simnQulati on machine. [0040] FIG 7A
shows part of a band saw 70a according to anot her enbodi nent of the present

acorr ugat e RUER g il S48 120 deckidfhe Bl BRlrd MR ch B B DR A el ™ 1O

i ntegral elsafjgad.e strip 74. [0041] FIG 7B shows part of a band saw 70b
accordi ng to anot her enbodi nent of the present invention. As shown in FIG
7B, the band saw 70b is also nade by electroformng a corrugated cutting

edge 72b agegfl FIGL 98!sAbwD Bhrt 6PLHARAH 708 biddrdififio dbrii? UbEHinkEpOHIEN!
as shown in Fl 7C, the corrugated cutting edge 72b is connected to the
el ongat e stprésent7 4tvelntiom Asr shoyat enl Eléct VB thd hapdtsawndObhers @sdbodadeedy (not

shown), the corrugated cuttin dge 72,72a, 72b has rtially forned,raised
and r beess ArpBitaNES pritedbelOd ol T4 i nREd Bohofimobts R e
core drill [grandflef eh¥dfiterACaPERIWE ik FIGNT)ahe RBROgHEE BhtiaE ddge TbeRent

i nvention. FIG 8B shows an end view of the core drill. The core drill 80

i s made up connegtedde theyelorghte sripTgbpora ¢asrugated seaiopekn yah anothen emlendiment

i ckness. dfot ool Torlhy SRS B R 2R 220 v ey SRR R s, g

al l ows for ré®ssedpaitésnsdike tiosbshaveivElG. add t herefore uses | ess energy to
bore a hole or core a rod. The core-drill 80 has been tested for cutting
| asing rods froman ingot to near finished sizes. The test results show

superior s gl?adcﬁf’ 16! §A%ﬂo@gg ct)gal &'Flgglf ﬁéle Qv 80%ckFinB o LAGhSHGRLIdiAkN d2l

Si zi ng process tine IS reduce e conventi onall process, an oversi zed

rod i s cor ¢ presenaineptiae $3Gr 88 shawean ehd viewt afithe oge diridr Phe careldsilla8tisgr ound

off to fi n?rllad%iuzpeo gfc%;'r%ggtgcli ic%plilg %;ortgoqle& formed in a cylindrical shape, which is
integral with a pipe portion 84. In one embodiment, the thickness of the blade T is
about half the kerf width D1. The core drill 80 allows for less material to be removed
and therefore uses less energy to bore a hole or core a rod. The core-drill 80 has been
tested for cutting lasing rods from an ingot to near finished sizes. The test results show
superior surface finish and tolerances of the _lasing rod such that final sizing process
time is reduced. In the conventional process, an oversized rod is cored out and excess
rod material containing micro-cracks are ground off to final size before polishing; the
ends of the rods are polished and coated with optical coatings to form partial mirrors
and full mirrors for a laser to work. With the core drill 80 of the present invention, a
conventional processing of 4 days for making a lasing rod from an ingot have been cut
down to about ten minutes. Besides, there is a lot of savings in the raw material as
waste material is minimized. Further, due to the slight concave cutting edge across the
kerf width, no chipping at the entrance and exit of the drill allow a manufacturer to cut
an entire core material to final size. Further more, the core drill 80 allows higher drill
feed speed of about 10 mm/min without coolant to about 130 mm/min with coolant on

hard and brittle materials. It is estimated that a laser rod manufacturer may save about

US$10 million a year or more by using the core drills of the present invention.



ends of the rods are polished and coated with optical coatings to form
partial mrrors and full mrrors for a laser to work. Wth the core drill
80 of thewpnremanr3dnventi on, a conventional processing ®CTAGIaPH06300 naki ng
a lasing rod froman ingot have been cut down to about ten m nutes.

Besides, there is a lot of savings in tHé.raw material as waste material is
mnimzed. Further, due to the slight concave cutting edge across the kerf
wi dt h, no clyppfi t : 4 f ri I .

TanuT act ur RO oo Pipe SriPkng Al pflich stV ff HId, A 1t cPlinarical
the core drsurfacé) lal drofiser hingthoelimelrtj Ithe tledirpidadping pdrtiot §U0hasvihe sanvd t hout

cool ant to about ..130 m brittle mat ls. It

t?l w th cooal ag% on hard ang r|fa
is estimat e%?rfl}gﬁthp‘f ot PG GONBRRITHER b 8P fREPESHYE éBlb‘EFF COSFPRA 14N a
year or nor&iéalidillifg biiRh&e! B 9&'dnbﬁlepémbbﬁn{éhe%ﬁ@&hﬁdﬁﬁﬁ%lmanggﬂ n The
pi pe or chucking/ cl anping portion 84 shown in FI'G_ 8A has cylindrica
surfaces. |§ havtheesamarboraigation patterm ashthekdomigecpaation 88 puriotdes 28ak(aet t he

Sa <ot U A 647 8RR R PR HE l R FRBRES bl L

the chucki nghteea2Ba ag Psygetedto Férmh &S0 bhosfFvsC The Hed bObtetads 28k hagbel he
coring portion 82 but notches 28a (not shown in FIG 8A) are forned on the

out er sur f KOBCHRH? OF sPHpleWith the;petches 284 aaeanyentional gheckhes kpgun gridling
st agger ed txﬁaéh%er%ﬁ)}'\@e %ed%ﬂﬁth@ Qe ;eﬁs]&égg iﬁ‘ﬁes&ft 11{{1%;1&%}? S 28a may be

concentric or spiral. th the notc a, a conventional chuck of known
drilling machine may be used with the core drill of the present invention.

0044] Saw 2 0 core drill]s 80 de accordi to the present
i[ nven][ i on *@?"[ﬂ%ﬂ B{ﬂ‘.ﬁeﬁ %Sﬂ@nﬁl &Qfes drilly %@&Fa%g&f’?‘?r ﬁlgstﬁetggé’r%*n%%gr%ﬂﬂ“per

second wer ex&8tésId sl the HBS Qide8S bisiti ) Wé?eeﬁb d 50
km Conparing with the eptri or ' art %&%gﬁegﬂﬁ gsron%irll%géro%&%%@mn perr%grgg(g'nd and

500 m of cukhestitpstsi gave cutier livew df| betieeen®53dabidl ko IGompraring viith the prive aptr esent
i ti | 0t bout 100 ti th i t
bl ades) ar i 15000 BB erChr 0 HeRdtr Forni b od B urine T Bh S Blade 2030ane

i1 l'ustrat edindicord @rill 80 of the present invention last about 50 to about 100 times longer than
prior art blades/drills. )

[0045] While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the
invention. For example, the transition portfons formed with intermediate steps or
partially raised/recessed portions have been described for the circular or annular saws
but are not so restricted for the core drills. Besides, other abrasive particles, such as
carbide, cubic boron nitride, corundum, and so, may be used instead of diamond

according to the hardness of the workpiece to be cut.



under stood that many changes, nodifications, variations and conbi nations

t hereof could be nade to the present invention w thout departing fromthe
scope of wbeoion2esssi on. For exanple, the transition por PCHss260000Edo W t h
intermedi ate steps or partially raised/recessed portions have been
described for the circular or annular sass but are not so restricted for
the core drills. Besides, other abrasive particles, such as carbide, cubic
boron nitri EAHglgrundum and so, may be used instead of dianond according
to the hardness of the workpiece to be cut. CLAIMS: 1. An abrasive

i npregnated cutting saw conprising: a thin-wall corrugated nickel

el ectroforrqrhavi ng a plurality oi rai sed portions and an equal plurality of
recessed polti ondl aliapiye gRpIsShaled eYtRGIAN MBI nat i ng with a recessed
portion, the rai . : 1 1@l and
are connected byastﬁ?%?s%ﬂt({ogﬁgg%gslilégﬁg E!s?gtl&t%ﬁgt}itf1 %gﬁtﬁg |¢S)aI @t%dflig}(': (Igy 6@5’6??%&?%?85 ed
and an oppasidtan spalf glomligh of tesessed pertiods, puith ¢aghgaided portion altembiimgievith a
cutting edge with a kerf width DI, matrjx thickness T a rel ief depth D2;
Cnd aby asi JEesiid pRES, thectaitsd Pt AoRaS A Ao Ae PR B kel
el ect r of or rBonktREE DY tRAGIH0E PosticiBWo RSt & t6) SiPAcR D Othe Fhis¥d B8d 2R Wppadid sai d
cl anpi ng/ driving zone has notches that bridge at |east the raised

portions. 2urfage efitheseopese pprtiagn slefive ¢ gentinuguseniting edgedvitya kerfovidihp 1,
wherein song tg;( tﬁi@ﬁletsg?%?llfi%éé?e?flg@%ﬂﬁgﬁ? connecting two adjacent raised and

recessed por?l ons are Nto one or nore internediate steps

that are paral | edbrdsivet farticléss efie Oimpreg@fcE dinPahd | thin-wall Adrrabitadi Mickel
i npregnated cutting saw according to claim1l1, wherein sone of the raised
and recess&EHOfAMons are formed with internediate steps or partially

rai sed/recessed \pnlih ORgn MY Ghv Hab PALADIR! of ribE ZRALSEY LRE L85Gne/

portions, the distance
driving zone has notches that bridge at least the raised portions.

2. An abrasive impregnated cutting saw according to claim 1, wherein some of the
transition portions connecting two adjacent raised and recessed portions are further
formed into one or more intermediate steps that are parallel to the raised or recessed

portion.

3. An abrasive impregnated cutting saw according to claim 1, wherein some of the
raised and recessed portions are formed with intermediate steps or partially
raised/recessed portions, which are parallel to-the raised/recessed portions, the distance
D3 between opposite surfaces of said intermediate steps or partially raised/recessed

portions is less than the kerf width D1.

4. An abrasive impregnated cutting saw according to any one of claims 1-3,

wherein the saw is formed with the following cutting edge: circular, annular or straight.

S. An abrasive impregnated cutting saw according to claim 4, wherein the circular

or straight saw has flat raised and recessed portions.

6. An abrasive impregnated cutting saw according to claim 4 or 5, wherein the

circular or straight saw are operable for singulating microelectronic packages and give



D3 between opposite surfaces of said internediate steps or partially

rai sed/ recessed portions is less than the kerf wdth DI. 4. An abrasive

i npr egnatwo 20102733 saw according to any one of clains PC3SGabmwroednot he saw
is formed with the follow ng cutting edge: circular, annular or straight.

5. An abrasive inpregnated cutting saw agcording to claim4, wherein the
circular or straight saw has flat raised and recessed portions. 6. An
abrasive i : t or di laim4 or 5 wherein the

i oul ar or® SHARERSesE 1 bF ShABASERROEIR il AriFipriine st eBier e

packages anwalythickmessasffabblii SBOaficrobd. of about 25-300 microns with a
correspondi ng corrugated netal wall thickness of about 5-80 mcrons. 7. An
abrasive inpregnated cutting saw according to claim6, wherein the abrasive

particles e di : i lJ e eed of
Bbout 350 i por Saggug ipbrenftl btk SAVMELIENE R0 iREAD U BRI
to any one mpHrtidtsamslidmohd addetheicnttingesawaallosvs audryilingal febé speedaddbo@BIOM 9.
An abrasi ve i regcnaéed cutting saw according to claimb5, wherein the
notches in €0Sed portions of the clanping/driving zone are forned

| evel with the raised portions and the notches describe a circle or a-line.
10. An abrasive inpregnated cutting saw according to claim9, wherein

adj acent notchesAmrabrasivggigenreghatesl feiting tsaw ascording te amyeone ot chilme|1e%, or

two or nor ewlg)ea}gigldleeéa“;,i?&@ﬁgg#éé%égﬁg%ve i mpregnated cutting saw

according to any one o ‘ein the straight saw forns a band
saw. 12. An abrasive inpregnated cutting saw according to any one of clains
4-10, wherein the annular saw is supported on_a netal blank. 13. An

abr asi ve i ripr egri¥t abrasive tnpigenaled eitung snaccrrling o ¢lnim Symksreinithe netckasnul ar

in the recessed portions of the clamping/driving zone are formed level with the raised

portions and the notches describe a circle or a.line.

10.  An abrasive impregnated cutting saw according to claim 9, wherein adjacent
notches are staggered to form two or more concentric circles or two or more parallel

lines.

11.  An abrasive impregnated cutting saw according to any one of claims 4-10,

wherein the straight saw forms a band saw.

12.  An abrasive impregnated cutting saw according to any one of claims 4-10,

wherein the annular saw is supported on a metal blank.

13.  An abrasive impregnated cutting saw according to claim 4, wherein the annular
cutting saw is a core drill or hole saw and the raised and recessed portions are part

circular.

14.  An abrasive impregnated cutting saw according to claim 13, wherein the raised
portions form an outer circular cutting edge and the recessed portions form an inner but

concentric cutting edge.



cutting sawis a core drill or hole saw and the raised and recessed
portions are part circular. 14. An abrasive inpregnated cutting saw

accordi ngvoaooler3izs 13, wherein the raised portions formPam/SGRo@00e1o cul ar
cutting edge and the recessed portions forman inner but concentric cutting
edge. 15. An abrasive inpregnated cuttingqgsaw according to claim 13 or 14,
wherein the core drill is operable for coring lasing rods and give a kerf

t hi ckness of about 10Q- 250 m,crons with a.correspongdjn orrugat ed
retal el | Uit cRBasivemstenabt Fulng st ectag o ARG FLETHE SRR s oo
cutting sawcre afillds BferhBle FoY i 18ing todk Rd 2R WokerPMici@less DO absirg0vL
particles are dianond and allows a drilling speed of from about 10 nm per

mnute to abWumicrgns withpe compspanding rorruggied presai wall thigknesh af ebowt iG-13y saw
accordi ng H%k%&% one of clainms 13-16, wherein the notches in the recessed
portions of {he ¢l anping/driving zone are formed |l evel with the raised
portions and the notches describe a circle. 18. An abrasive inpregnated

cutting saw according to claim 17, wherein adjacent notches_are staqgered
to form twolfr ndRebESHEMATeEnated, UG sapy acording g Anyeonendf elgias brleut t i ng

saw acoor di gt ik Bblibd partES Bl iafbACERNIBAK AREAILA e BBRBIEMoLOLT O M

two or nore spiral circle asi ve | npregna cuttin

accor di ng tromapey moinetead abdwil 38 mb3 pdr9nimateer ei n t he cutting edge across the
kerf width is concave, thereby reducing edge chipping at entrance and exit
of a cored hole.

17.  An abrasive impregnated cutting saw according to any one of claims 13-16,
wherein the notches in the recessed portions of the clamping/driving zone are formed

level with the raised portions and the notches describe a circle.

18.  An abrasive impregnated cutting saw according to claim 17, wherein adjacent

notches are staggered to form two or more concentric circles.

19.  An abrasive impregnated cutting saw according to claim 17, wherein adjacent

notches are staggered to form two or more spiral circles.

20.  An abrasive impregnated cutting saw according to any one of claims 13-19,
wherein the cutting edge across the kerf width is concave, thereby reducing edge

chipping at entrance and exit of a cored hole.



