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Field of the Invention: [0002] The invention rel ates

to ophthal m c and other types of surgical and non
wanoogitees use bl ades and mechani cal devi ces. MCEUS2005/015016

particularly, the invention relates to ophthal mc,

m cro-surgi cal and non-surgi cal blades and nmechani cal

devices manufactured fromsingle crystal silicon and

other single or pwgoORPYRUAAIONBYREFERANSE and

processes for manufacture and strengthening of the
afl90thEhe pisae applidation centaie vilject matter rilated toathelt of five U.S.

0B P AP P o Kk 03P o ed et g Method

stor d[eﬁMaﬁthfaétﬁfeﬁcﬁﬂStﬁ@EEl@i@ﬁé%@ f1ed Mea6lh 1 (ELdod ShayiNg
n%@fl ecul i ar_advant ages and di sadvantages. The

Rtitled oetest andelathad dei the Manudactnse lo& Rigadal Blades”,
gﬁ eﬁ‘i)e%&fﬁ &J 36%0§t g%al %\Fc* gOBb§Q§§],eet%ﬁ gsg sgﬁgent | d I\/Pe?ﬁ]o%dfor

r ou vari ety erent
uCtela‘aBg) hlrrealsdmﬂNgfm-ﬂmleaﬂ‘EfelnalﬂBs dakilidonasd @’th@‘@iybt@]l’iﬁb MMiterials

s el eCLotﬁ &gm caL} oI i shed to achi eve shar p
ot - 1005, Serinlcle. qUQ3HER, emiipdBiicon
pBEEhié‘é"f’o?Sﬁfg@é'ﬂlﬁﬁdNBﬁ §£‘°Uste@ S %&Bglsﬁpbﬁgéﬂaﬁg%%ﬂal No.

i gh vol'ume. The test di'sa tage of
p@%@@ﬁsws entstlttdw‘ iﬁllutdmeﬁwgigel Rladdsi and Msthwhbf Mahefactitehfiled

BTSSR SRR Pl ekt o
'101383@5739 eftitndd ‘ggﬁteﬁfﬁﬂ%&hb& &t the MEhadgned sﬁsg\?;{@ lades”,

can ran e from run to 1000 nm [0004] A rel
40,2008 thel entirgsontgnts @f ell eaid Ipoips pryiisiomal and mrhe

f.grindi

?T%‘?Saﬁ%lﬁ pliEGlont Beine Ri@tP S ber et it Sd Befrate
sharp edge. This process has been found to be nore
econom cal than the grinding nethod. It has al so been
found to produceB 6@5&@% M%&HEWMH@%S

aglg?ﬂglﬁyentme di sadvantage of this nethod is that
t'he sharpn nsistency is still |less than that
40002 V'Enb ibyerttion rela‘amqa}bhe&dm: armiathaaypdsi STGuidi ¢ 85Enon-

t al des | soft tissue surgery is

Th
e u élﬁet gl@&%ﬁd %w% viceyy .ﬁé%spamc@la&yﬁheawnﬂn@ relates to
o;ﬂSg fHAUBK, Hﬁ@bisﬁbglcaﬁ 0P Rdn-Hir a&ls%ﬂﬁﬁ‘ne%ﬁg% {:eﬁ%egl%sd

ndard in sharpness in maRy surgica
aspwEiciirey fiom sihgle opistah silindic arslioth er smgte ok poly-cbystatlimeimaterials,
k?ang %?c?c’cegsrcase fcﬁ*r}lola\l\rﬁlfetlc?ure Gnd streng%hemng of the aforementioned mechanical

devices, surgical and non-surgical blades.

Description of the Related Art:

[0003] Existing surgical blades are manufactured via several different methodologies,
each method having its own peculiar advantages and disadvantages. The most
common method of manufacture is to mechanically grind stainless steel. The blade is
subsequently honed (through a variety of different methods such as ultrasonic
slurrying, mechanical abrasion and lapping) or is electrochemically polished to

achieve a sharp edge. The advantage of these methods is that they are proven,
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cleanly cut soft tissue wth mninmal tissue

resi stance. The use of dianond bl ades is al so desired
waele@stiew4shei r consi stent sharpness, cut after BOI/USMOZ015016

hi gh-vol ume surgeons will use. dianond bl ades since the

ultimate sharpness and sharpness variability of netal

bl ades is inferior to that of dianond. The

“E(EHﬂBﬁ‘ﬁéa‘Ff)fJégssQé' R85 Us5fabieb E?inqh Z91‘?1{?3%1‘621’&&

enpl oys a | appli ng process to achieve exqurs

s duacb/aatage oﬁthssespmMSSQKig ¢hat b adge qUddy iesatiabbetudhl thﬁtelchleving

era|| ran om5 0 nm. . The di sagdvant a
PR e amuloRL il pus S 4 Qellonsh T i oy g (o the

rﬁmhﬂmﬂ@t&@sﬁfﬁ rgBeRY dgueds
r anggs flr om1 $500tt6’gp $500%@&fl'hu%rﬁef o?% ?ﬁéﬁﬂgfkg?gg‘g?%orgm fo

@ mar reuse applications. This process is currently

| ess .ha erla such .as rubi es_.and
“E"a"gﬁf RaBlalfiy aefiohoq R PRl h Bl pRuGubiars iomag sef®
cstainlestgeevR lieu Whpfigdihge S&e&ﬂﬂﬁ% bitRedvafly télea&emlcauy
ruby_ and/ or sapphire surglcal quality bl ades still

sB‘f fSés% trashiavpe shapzdgan b}g@rqqq@ﬁ has rbéen: famnd ¢ be more economical

nu I t
SR Sl S S B
hslaemess amsBtencyl. h@heﬂmaézmmge 8£thil raehed iy thatstht Shdrpriess

reuse and.limted res pp|| ations.[0 06] There have
beRETSEP R SHldpdhisthepe hieed bt dapopdblafe BgRgeeRIme

b#}l%@@sﬁ YR Qe Sf ﬂqétﬁpéladé'skﬁ’l‘@éfﬁ [1ssu'e @ul%@ﬁlalb ?Fﬂa}f}aﬁl{ g)‘al% BEE to their

ese processes are limted in thelr
néispsalele gos aptl drbissimprovesirquality. conf i gur ati ons and at a

dj bl e Many of the sil.icon bl ade patents re

ol BB ET B33 des freche S O3 i Retppcss iypny Sitgieal markes,

aébp@éi&l![}@i@ﬂ the BpIRHAIRAC Pir@&SSRarkst, INEMYAE bRIEN G *h6Wh Mbe able to
highly directional, with different etch rates in

¢1ﬁ¢néy ewftsofitiseus Wighminintal sye sesistanceaThp nseiefdiamonhblages is

c to the natur

é:i%)&c Jée%gre& 9 c to tﬁg\f\ﬁﬂ%%ergﬁﬁ%rﬁges& c‘,}[la;l g&grh élg e]g/fogﬁlagh-volume
i mgawre eifd ayeadhamaﬁ(ﬂ BRdtdhcetBOulienaé HaifiRds aldEdhalpleks
ani sotropi.c etching processes, such as those enpl oyi ng

pwggmﬁf my‘@} bherepds indexipr to that of diamond. The manufactunng process
cHI SRS ATLARLALEBhSEACh PRl AR i
ashaqr indarwhﬂstlemrf;@b addivn €T Ilpi mmﬁtahobla?m@elea@ ﬁiﬂgé from 5 nm to
: ane, t ca t ane in
e?‘?r?leo ﬁ'ﬁ% évmr@e&% g*rlear%ﬁsws f rw% ewgari 288 dUpptapwlt, the
| fst ﬂ%"rnﬁiuféc%}@ sWaf @151?10%1&_ Blaﬁeﬂaﬁ% elﬁorﬁ $§b fes44obh T?Qrefore,
I C na to

i ncl uded bevel angle o een fou
bibessitilades atd wldrfmaa:wptap}biﬁoatloms rites pmucsgrmalrrenﬂy used on other,

3&8? | C(gﬂ]g%ns Js §Jc %8 b b1tesuasnd sap}ghlresat% aciu%% !th%nsahse s e\llrglqess ata

lesser cost. However, while less expensive than diamonds, ruby and/or sapphire

surgical quality blades still suffer from the disadvantage that the cost of manufacture
is relatively high, ranging from $50 to $500, and their edges only last through about
two hundred cases. Therefore, these blades are sold for reuse and limited reuse

applications.



technique is applied to maki ng doubl e bevel bl ades,
for the included bevel angle is 109.4. The process is
wo oshexsg i mited to the blade profiles that itPCHENS2005/015016
produce. The etch planes are arranged 90 to each ot her
in the wafer. Therefore, only blades with rectangul ar
profiles can be produced. [0007] In the nethods
d¢e006] ractehavebealLlowdftbabdalsTet O vhRfufAPRIY bAGIYIch Wlades using
surgi cal. and non-surgical blades and ot her nechani ca
dexice sHeveyersinione derm pr arjothesdbeselpirecessestarqiwitedircthbir ability
d C i into.the.brittl ilic
e A de it 8o Rofinb il i b RispiiBleagts Many of the
Ceisicksbladdpgients aerasahes adsshopiostehifg 0 esiliddl. P arfotropic
crack initiation points in brittle materials. These
pEiCAPE PEQSESIS OBe Wihieke the stchingds hishprditectignal wish different etch rates

MRCA ABlchPirdd G¥AS SPni VBRIt LGN pAfick QA5 Bliinsle! gésﬁgWGver, due
& I 0 pro@ cg

[0008] Ot her nethods are we nown
steethpeatec efdyeprocesspit idibmitédbyrie Hladenshupds@nd indludddibelel angles

hot K. i long with an isotropic wet or dr
B O PeeRtined U o FRSiaRPis ctehing BRORFARS, SpA ascnpeesraploying
. h _' . ] X
?%&Qﬁuﬁﬁ AYEbEMe IOH)NGhGIhe Hﬁﬁn{é‘gggrtc% thdl ]?lggélﬁﬁgx?%ethyla-

e entire perinmeter of"the bla es t

f lydrexethdtrampenathedtgeide (AMAH trathse tichialpgaqruuticilarkystalline

B E Y AR K Ehts BB o G B 11 iR sieam <100~
Tizengea k4173 foheihe SRS andnthesilt e steld ol ér.(e&tg% %{"Gﬁﬁe with

their carrier is dissolved (requiring an additio

dareintleded basicbanglogf $4.€h)whidhhas biesn Boint to bethihicalninadedbtable
i.neffective for. vol une praqduction of high quality, )

SRFReSE syrgical Wh{:mﬂ%aé tc& ) ’]]?1[15 aplicyticmsis gy @nworse when this

begaige ik hppitdso ﬁialfd%% dRibld WevBPMRCEY Eﬂé]ﬂ(élggé;cfﬁe%%l angle is

[ 0009] There are al so significant cutting

g9t rEhe poovssy iaifmttiser ilinkitedeto thet adeprofifes tiee fican PRkluce. The
bevel created by this process is limted to an _
i ieh Plangsarg ajanged PO% tasgach othen in thie isferd dharedorgnonly blades with

[ %@ﬁg@%c offeﬁggﬁég@'-e bevel bl ade. Further, the

wi dt eve erely constrai ned by the
H06@Asln thomathndxdevoribaf inqireatéd doed] bew b mkhFaaweg sdgical

waf.er for .a_sjngle bevel blade and one-half the )

e sl blades %Véf perrgechanigal davices &om sikivonelit is mossiide that
b . il | o

s BE il o D 0 SR 8N A5E5R o mor

[ thcohadtiining steps dirdclexclips stratohanaddosbhty @ighs altl et ak baick

adg.r{ass t.he .sho ]tgco i Ngs % t he. net hods dj scussed . .
I0E5TriG 12O RERAR o st PO tHEv P Siate Gaoelis filure
oEMnd¥BHAcal devices when they are loaded or stressed.

g

[0008] Other methods are well known to produce sharpened edges in blades formed
from wafers in which a photomask is used along with an isotropic wet or dry etch to
etch through the wafer to form an ophthalmic blade geometry and the cutting edge. In
this process the entire perimeter of the blade etches through and forms a sharpened
edge. This thru-etching occurs only while an etch mask is in place. The mask defines

approximately where the cutting edges will be created. The mask is then removed
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bl ades with the sharpness of dianond bl ades at the

di sposabl e cost of the stainless steel nethods. In
w@adastiowess the system and net hod of the presenPCT/US2005/015016

i nvention can produce bl ades in high volunme and with

tight process control. Further, the system and net hod

of the present invention can produce surgical and

vaidi theibladed B at tiep @hed fthdit @eﬁlﬁér Mﬂdlsﬁolbea Ge%thﬂﬁgﬁn 3idltional die
non-|inear blade bevels. Still further ystem an

nEYHGPapmest®) pLBisdnboth Mﬁ@ne@trmﬂaneﬁf@m eﬁomh)élme productlon of
th |
ER RIS, RATR0E obRBNBRE plall 143 e iieispBiat ! s seBs to the

anhnﬁanmmMmmbcak devi ces are manufactured according to

t cesses descr.ibed herei n. SUMWRARY OF THE
| AISsP) Sigpiicant sYEng edeq gaomptiyi constvaints a@‘@senatqathls

] rere
q}ggéééggigagﬁ{é%lﬁ%%{@@ thi 1‘8 esgl @Ig%gd oA ing Jﬂeélﬁg nléér a single
revelddadcoindtdnemipadetit acion lfd)ﬂlﬁd&fbleslb’évgl El@he bﬁlﬁﬁﬁ? tﬁé QAR of the
crystalline or poly-crystalline material, such

Jevelds pevergly spnspraing e dhe priocessdo Ermfhlmumg)fohe tines Geethickness

18 SOOI YR LR B B,
cdolub]egiewal:hlﬁe These Iga@hbtﬂeﬁlreiéﬁlfﬁi bed)ﬂh%ttg{g tool as evidenced by a
0 stal i ers are then inmrersed in an

q§%¥ %Bl%}%ﬂﬁﬁﬁﬁggﬂﬁ¥?ﬁﬁmWHm@h uni formy renoves

(60 "ﬁi‘uts ea{néeﬁ%ﬁfstsocg n'fﬂ?llu?a%mrg $10E {hQFa(%Q@ésg ﬁgomléllga of the

in ofder to forma cut edge i A

afethodstdissusset alqowd i 'This éystens gnid nﬁe‘;}l&guﬁ' ftlidp’whrg@hymventlon can make
tem nmet hod . of the invention

3056t 5B Giargnern S0 hirmend Boeind5g Gopaskil sert o At less

QfecPmethobé. O fdAont ﬂle%yit&h%ﬁh U REESE thé qu,‘ggrlt 1111\;en{1§n can

t herefore an objecf of "the invention to

Peadveel blades wmerigh weltmeiang “athstlghg prm;lesshioaﬁe]. mmef |t1$e $igtem and

unt | a silicon or. stal line
R 0 Bl AP P i vaSlRy oo of
bRabs With GofEneaf alDiich- i RPBREAS beve1R Sl ﬁInh%f Qﬁe ﬁfsteh{‘ﬁld
cr¥stalllne or poly-crystalline wafer wth a
Qs oh the preant [nvisation epn remOVE ithesaechanmbctassa,ge dndrloediinto the

[ 1i.n l'ine
%\igl?(élﬁ b{yg{a lg’fre?nﬁag%féalé%h%ﬁ%ﬁ%d%g sruég% |OT BPE agl}églcaby ?heétn;eﬁgamcal
tedcssurgimmabfabladier comdith tasbepiobesRes dderisdd bk Gal
bl ades. [0013] It is a further object of the invention
to provide a nethod for manufacturing a surgical
bl ade, conprising the steps of nounting a crystalline
or poly-crystalline wafer on a nounting assenbly,
machi ni ng one or nore trenches on a first side of the




crystalline or poly-crystalline wafer wwth a router,
to formeither linear or non-linear trenches, coating

wo b@sfliogust si de of the crystalline or poly-cryBtBEUBI08015016
wafer with a coating, disnmounting the crystalline or
poly-crystalline wafer fromthe nounting assenbly, and
remounting the first side of the crystalline or

pol y-crystal | i ne veTBIMARY OF THRINGVES8OREND! V,

hining .a second side of the crystalline or
E@\%g,lﬂ‘.r thqveidsecribad disadvangagien grerdverooptermd agiwiebeobf sdvantages

C 1L - t . fer to, formon r

o 3o B U PRV O R AR Foll8] Bl i o0l P G the
amdnufseenig ofgirgioe ategifoal a biysrtihe drpRbrybialling ndkdddl, such
a fulrther obj ect. . of tﬂ;_; i nvention to provide a nethod

£ BrSURR RV P9 Hidessfor thegnackining affeenchevisra astallinger poly-

sd i [elek ' S tall]i.ne .
CrpRaiae wIRMSY Détidhs Soiat 3 iy EesHb R By SR E bl Fonfiguration.
t Fhetopdenagiergstilling br polgerystallifeewafeysdra thdnigndrsed in an isotropic

-crystallin er. wwth a router, to formeither
Feﬁ%}é% S%Ptl Wh Cﬁﬁlﬁ%ﬂ{lb’é‘ﬁl&lﬂ%?,lamrgﬁ lyeiRf mojecules of the wafer
anytetigl] inl dieerab fH9h ¥ chftingleabd 6%1M%di}15,%hto?§udfgcigpt quality

mount i ng assenbly, and renpunting the first si
tiaeseft Ysspe pungery applipasiops.c The systan med wafhed ofthe ineention provides

' hi ni ide af the
PRy P ARAE TRk SO6 0l 1 Br 2P0 e tualihosipgrat blages.
f[6012] €t ishikerefore amobject oTalt invBRRM th PERGAES melloghbng t he

Sez?xgllrtld side of the crystalline or poly-crystalline
Riactyine s sirgisal tladdseraprasing the steps oA dwantiegpavidicen ogother

rysiBhe & pglf-%r}%faglﬂgeg\lv%fep&l 9 ﬁloﬁﬂg%%gsrsgll%hgju Hiiﬁ%ﬁalgtqu or more

material t orm rdened sur
denghesan afimideds ofithd castdiitel drpoly-Oesiallingivedbs Wit &suter, to

[ Olsibéelii is yet jnot her Icl)bj ect. of the invention to_
JS%F * geal ko Biept Emphentishimgdhe Srsbsids of Giecaystalline or
RoBd&ssthline WRIFENB O ond :GhAS %&%i&a‘]‘ biadB€ %fntgrllaglﬁg the @ gical

brain, re-constructive and cos I'C surdic
(hlasles ging assembling thessungibal bdmlev.ar i ous non medi cal or

=bhol ogi cal use nuf act.ured in accordance with
{[‘ﬁ(gi 3&%‘& 18 gg'éﬁ@eg Sogqqcig thg fnvention todgggl}ie pimethod; for manufacturing a
3Qidakbladk)icesipriegtthestbiVeIHh dudfink @ PY@Mii 2 i
and met hod f?ﬁp [ ngreasi% the s?geng h 5&‘?@%@%%}%a line
Jaihr B mentingragseably.anachining sue off mate tidnablesson a first side of the

t i.nale or. poly-crystalline. .
LR NN Al T p—
tEndhes contimethedhstdtducsfithecryhenias or pbRUktallihe Wafer with a
therefore an, object of the present invention to
B LSO ¢ prstadfingpr poly-crystalline wafer from the mounting

assembly, and remounting the first side of the crystalline or poly-crystalline wafer on
the mounting assembly, machining a second side of the crystalline or poly-crystalline
wafer, etching the second side of the crystalline or poly-crystalline wafer to form one
or more surgical blades, singulating the surgical blades, and assembling the surgical
blades.

[0014] Tt is still a further object of the invention to provide a method for

manufacturing a surgical blade, comprising the steps of mounting a crystalline or
-6-



an isotropic and an ani sotropic etching nethods that
has none of the prior art deficiencies, and all the
wa@adwanveges di scussed herein. This nethod al | oMeT/US2005/015016

conpl ex bl ade geonetries to be forned including, but

not limted to, single and doubl e bevel varieties of

slit knives, trapezoidal knives, chisel knives anmpng

0 Allfe ' i

i A A R S i RS B el
t &irss sigde of thecomystalline ot golpfcrystedline wafentithawentet, do fareeither linear

R IE B AL e B R S o
baaftng feerbibily! AitDref@IAEn fhg]tcﬁ}ﬁ silestane CI?E@HHI%W 9glr¥—crystalline

according to an enbodi nent of the presenf inventio
c vaker 68 theyaowntierssenably macuning dgeengdzside afdlehenysteliine or poly-

t usi a _conbi nati on. of .
RFRRER o O R R, DS RAR oct jening the
asetond yide b thieregystdlEnd 610501 ¢-cAREAIARY WAk OFbm ohd 6f Hdtd@irgical
r P tive ion etchi n(%) the V-grooves can bhe forned in
aﬁ aﬁ?ﬁ FORVEEISRUBBEr A1the ciystalline o5 pelvzarysieline metesial tonform a

; . . , l.g.
e SRR ing B Lo Bkicd BB Bh R B LG B SRSIL A blades.
f H0ABHIt is Yt ahothacdiyectwd tler iavartientit providedy 'eeex’abﬁkd(ijxq)lary

maskl ess wet. i sotropi.c etchi process descri be .
R R ] GRS B Sk PeE G Goe el ey Sagprain,
eflg@ns@ddtive A cOEnGIcaat G6hl ABIRbItTo JAEPERISPI N1 S vatdas non-
DRAW NGS [ 0018] The novel features and advantages o

t medigaleos @an-biglogiel uses miahifapiurd ih ecaondhmcs wothdhenethods .

r . e 1.0 the detailed description of the preferre
egsgyﬁggﬁF%RMhich foll ows, when read in conjunction

WOoh6] hes acaRpanybieet i tBMnVestion 10 pANiga s9&h 8hd Fethod for
1 illustrates a flow diagramof a nethod for .
nisiersiRg theistigngth @8 myrchaniea) devises andsurgienl and nen-ewngical blades

i L: ' ' . of ..t he,. t ..
e AR SR pB b S R IR Rl B 3 Bring to
aorvadr moate b theprovessastdesdrivgd deimgl e bevel surgi cal

b rom silicon according to ,a second enbodi nent of

t “?@ijﬁr]&?ethtﬂef% &n bRt off theprepentiinyention (o previdgeerethod based on
¢ . _ . '
A i Pl A0 ol e Hacsing of o prfor ar
sddficznnies,and atlithgadvantgehdischssnitieéine Thisahethdalpsvesaniplex

Hﬂ\ﬁ{%@%ﬁﬁq% Q&rﬁ%k@%ﬁ’g iﬁé‘%&hlﬁdﬁt 213{3@%93%69; Lihgl%nan\a%g%le bevel

varieties of slit knives, trapezoidal knives, chisel knives among others. The

aforementioned methods of manufacturing blades using the isotropic etching process
according to several embodiments of the present invention are constrained by the
availability of accurate mechanical methods to form the V-grooves that will
eventually become the cutting edges of the blades. The method according to an
embodiment of the present invention creates the V-grooves without adding any
mechanical stresses to the wafer. By using a combination of photomasking, wet
etching (isotropic and anisotropic) and dry etching (isotropic and anisotropic,

including reactive ion etching) the V-grooves can be formed in an unlimited number
-7



[0023] Fig. S5 illustrates a silicon wafer nounted on a
mounti ng assenbly with tape, side view, [0024] Fig. 6

WO bdoagosst es t he use of a laser waterjet for PCT/US2005/015016
pre-cutting a silicon wafer to assist in the machining
of trenches in the silicon wafer according to an
enbodi nent of the present invention; [0025] Figs.
7 B - Eﬂnjléﬁ%foﬁéi oﬂieﬁie@%a %hbéx%gl?en? ?&Mcﬁ uhet t'gg ﬁf’ef%’l%“?&l bevel
to machine trenches in a silicon warer according to an
eniglei Ovn¢ theﬁmtlthfgrw@s (o1 tranehés) have l@&ﬁifﬁljmdﬂi (he tBnched
il tratst of a dicing saw bl a
tWngﬁwe& G ﬁ‘ﬁlgl;%% Kssuweideotepie ﬁlaawq&aﬁwqﬁalbed herein.
aacEiAbRde tgeorﬁary%ﬁ&p@khaﬁﬁ&g%u Ag%dgésegaﬁ%eﬂ W&eétb@n
[0027] Figs. 8A-8C illustrate a us [ots
machi ning trenches in a silicon wafer with a d| CI ng
saw bl ade according to an enbodi nent of the invention;
[0028] Fig. 9 illustrates a cross-section view of a

di ci ng saw bl aBRIFRGESTRIPTION GRAHE DRAWINGSON waf er
that is tape nounted according to an enbodi nent of the

plAMd8hThe poveh fsadires pbadypniapessof thepresend imvention wild beshbe
| t b
B8P HBR oHASE B Bl U

cwhidhrfglleslgy @vlreﬁseablhl cmﬁjtmctumidﬁh ithe /eopaBMELdwivingsath which:

(0038 Pl o afeuateae %ggrgh?%ﬁeﬁ%'e%ggé&olgg&f@qﬂwadwle bevel

f
Zﬁ%f%fa’?‘en%%%@%&“?ﬁed°ﬁﬁé‘;%ﬁlin%?§€é*ﬁ?.eéﬁmﬁf}%%%%f f ppeffinvention;
i (0028} Fig 2sllwstriates aklo diggram off 2 methot] forasamifectaricga singlg bevel
system d.to chi ne trenches in a.silicon fer

e A o8 TR RD ot one Yor Seaeud shudaiment Rt R eromn
[BR8gdori 9. 13 illustrates a diagramof a hot-forging

@em Used to formtrenches in a silicon wafer
al931 HFigg 3 ilnstates atflook disgranoéf auredteprative ntethiodvientianwfacturing a

0033]. _Fi.g. 14.i]1 I i th
LPRER beteiShetehn bl RERT i o i R B eratitncte ppche
np@b&mﬁﬂzeﬁh@ie according to an enbodi ment of the
present invention; [0034] Fig. 15 illustrates a

cmagl Eige ¢ iﬂémtrateéwszifcoa vesiferipgpied by BEntRE#Esebly, p view;
SRR Tk Bl h S8 et Lot R e

side view;

[0024] Fig. 6 illustrates the use of a laser waterjet for pre-cutting a silicon wafer to
assist in the machining of trenches in the silicon wafer according to an embodiment of
the present invention;

[0025] Figs. 7A-7D illustrate dicing saw blade configurations used to machine
trenches in a silicon wafer according to an embodiment of the present invention;
[0026] Fig. 8 illustrates the operation of a dicing saw blade through a silicon wafer
mounted on support backing according to an embodiment of the present invention;
[0027] Figs. 8A-8C illustrate a use of slots when machining trenches in a silicon

wafer with a dicing saw blade according to an embodiment of the invention;
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[0035] Fig. 16 illustrates a cross-section inmage of a

silicon wafer that has been machi ned trenched on both
w@k@sgomssor di ng to an enbodi nent of the presePtT/US2005/015016

i nvention; [0036] Figs. 17A and 17B illustrate an

i sotropic etching process perfornmed on a silicon wafer

wi th machi ned trenches on both sides according to an

efo008} Figny ilnfsirttes aRFdREE8dton NG bE 8 RicidPO lafld 8SchidB@ a trench

and 18B illustrate an isotropic etching process on a

sy stlireniater thi is hanedeennirdaccerdingioanemisdihergiof ds present

aRPefionoati ng layer on one side according to an

enbodi mént of the present invention; [0038] Fig. 19

i [0D20jt Figs. 69 Avande OB illastrate aisilicog seg@sl Mad@w@@%@ix?l@ﬁé’x%‘l cutting
ical .blade with a coating on one side

siJicon syr

G0 & 3o SR PiGe T 0B RIS Ren Febve s clen gespresisesy, made
i el ' g%ﬁr Lk vari ous
éggﬁgﬁggﬁﬁﬁggﬁag?ggg&%Fa egﬁ%ﬁg?&%gﬁk%@$ﬁnnufactured
i [0030)clogdbindlestratea bloek dizgtandoD4 laséresystegswset] to machine trenches

TN N O
tjoesty FipM dabtiatesa bldcRaReF-ARBES ﬂmiagbr@d"m‘i@ﬂﬂfglg Eg%?%néﬁfsed to

the present invention, and a stainless stee
Bhachene tganchegin@silicoyrwaferascording toesmratiodimént of fid(ptddent
FhdSioplA and 22B illustrate a top view of the blade
edge orf’ a silicon surgical blade manufactured in

40032]dtgcks itusthateyn ¢iafasi oI Hot Tbroinles RIS to form trenches in a
|nsﬂvent| on, and.a stainless steel blade, at 10, 000X

P M adet aeeprdingde e embpdingent pHthe resentjavert@n; and 23B
[ te: ater ;@ ' ' on silican .
(0495 A0SO 005, SHEEL N A g e coun
@ppli¢dity theyrachined side agpeding & &i dabadisefitthMBe h1@séht invention;

f 43 . rgb di ment of the present_ invention; [0043]
FE*)J{# %rlgﬁl _L@P%ta%t%%a oBoeridl vew i aetising sov bladg aipghiaing a
38shud RHEOLERLIBLPAS RN B ASERR SR G Pottbddiment of

an enbodi nent of the inve
dsmpresdng stventien;pr of i | e perspectives of a bl ade edge

7651 B 3 rEes s S R ican bt s becn

GRAHIBES HOACHI Vaoth §iesAHE HHHRI Y6 S initd dfifle TP AR JTBI ¢ Of
the invention; [0045] Figs. 2Z26-29 illustrate the steps

#1VeulPHg a router to machine |inear or non-linear
[0036] Figs. 17A and 17B illustrate an isotropic etching process performed on a

silicon wafer with machined trenches on both sides according to an embodiment of
the present invention;

[0037] Figs. 18A and 18B illustrate an isotropic etching process on a silicon wafer
with machined trenches on both sides, and a coating layer on one side according to an
embodiment of the present invention;

[0038] Fig. 19 illustrates a resultant cutting edge of a double bevel silicon surgical

blade with a coating on one side manufactured according to an embodiment of the

present invention;



trenches in a crystalline material according to an
enbodi nent of the invention; [0046] Fig. 30

WO bdoagogst es a fl ow di agram of a net hod for roRPCT/NG2005/015016

| inear or non-linear trenches in a crystalline
mat eri al according to an enbodi nent of the invention;
[0047] Figs. 31A-31C illustrate a doubl e bevel

n{d(Bz]SF%sfm@Izo@ AQrNBRH{ RS ARl a%?ﬁg@am&geg gmég@ be

an e ment of the I nvention; 1004
i man@ﬁaﬁiar@l in ageorilaivcavitothb hnestineh thdpeedent imrenfiot ur ed

T
Stla@é fahufatRERSintddadrd SR With éiﬁ&ﬁ'bcfdi’heﬂﬁﬁtﬂ@f)f&é}lt #dntion, and a

ot her m cro-sur |cal pur poses manufactured 1n
atiaigiasapleel sprgien tbh%ien%tti&ﬂ%( magmﬁeatmnemmctwnkye ntion;

[ | ustrate v manuf tu.ing .

o 0001 pien 9220 AAELH ndsbpd 8 Lo R b8 B 81 tficohbureiat

ablde ﬂﬁﬁ@i@ctﬂtddhntabeor&ﬁ’wédhﬂﬁﬂ Endditnbet JMNEPHek@ invention, and a
[ 0051] Fi 35A and 35B illustrate an additi onal

nﬁ?ﬂa c5% Bie M@}iep alr HHRQ0 m@gmﬁc%tmngreém:ctmeb{de
RO 25 L 298 A Mt VoA BILIBINS B o

Cmtb amabimedftreach angne Qrﬂe aade coaiing lafyer oldreei®®site side according
tured fro taqr?sé and. bl ades manufactured from

S OIEi 5 W%‘E{}’HF e Diesnt fYen'%odi ment s of t he

P04 LigiDaviathH8s a 15&@5%1 adsbidlblydf al HahHRlA k&

%falglade
conpari son of ranges of surfacé roughness for
niaauiaeiueddn a¢gosdance wdth anrembvldiers oﬁﬂmma@ttwned from

ol 0B Fich 272 EREAE BB Pri e p PRI ER P St Ble Slifmmage of o

dd;r@@ﬁl&ﬁb efateialBind AthlAd® edigh hadBREH @@sbﬂllﬁleqﬁat\%hﬁl' tﬁé}rincludes a
surgi cal bl ades accor di ng to a fourth enbodi ment of

t ST CRpEFTPIPB ProqesD S ccqdanee veith arBembodisientefdhe itvention;

S accordin .
SOASERRIKSto SRt PERRESAL a5 RRLEl AL ornon tinc
dieswhediad drysthliige ndria] pfdingtodmh enfodd@ent dfiisd ndbmion;
t@ﬁﬁ ults of etching various depths of silicon of

igorpdustrates a BoWoliagiam el gangthohor rewfmedinenr or non-linear
rt?egféflgs ihQ alIﬁFI? Alpnes §c08f1déﬁ$ L%ﬁ@o?@ﬁent%é 2924 on;

Figs. 53A-5 ustrate t conparisons
ni047]bEgsvSd A -3l1 Guittustrate a double bevel multiple facet blade manufactured in
accordance with an embodiment of the invention;

[0048] Figs. 32A-32C illustrate a variable double bevel blade manufactured in

accordance with an embodiment of the invention;

[0049] Figs. 33A-33D illustrate several examples of surgical blades that can be used
for ophthalmic and other micro-surgical purposes manufactured in accordance with
the methods of the present invention;

[0050] Figs. 34A-34C illustrate various manufacturing parameters of a surgical blade

manufactured in accordance with the embodiments of the invention;
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bl ades, netal bl ades, and silicon bl ades manufactured
i n accordance with the enbodi nents of the present

WO pwsnvg48 Wit h respect to peak stab force, preECEFUSE05/015016
required to cause wound gape and force required to
penetrate test nmedium [0058] Fig. 54 illustrates a
cross sectional view of a wafer with a photoresistive

MRI0SH | Blgs IOk $55 ﬂt&mb@ﬁﬁ@a&ﬁbﬂ%ﬁaﬂﬂam? FehMElePSf a

a surgical blade in accordance wth an enbodi nment of

t fregisaldyada mpgifectiiednin a¢@odake with theenbodimestsraftsprasent
C{Q,%ﬁti ectional view of the silicon wafer of Fig. 55
WETR A First patterned phot omask placed on top of the

p[ooser Byl 86 illeietes Bebm@arsop@Tadatg dflelp@iiddl fof blat&nt ,
and Fig. 55B illustrates a cross sectional view of the
sepegeiugedriam gretatiagd bilas mepelectuyeddsam silicen fthaccordance with

Uhl'e bag&%%%aﬁﬁgsggm&qﬂakﬁ%gﬁ, t he photoresi st

devel ope rst patterned photomask renoved;
[ MO68] Figi B illstidteandompitisonlofsinges of sunfae astjghaessffor blades

pl acement of a secon tterned phat omask and exposure
t apy ?t&(ﬁdcff()é? n}qt% ﬁp,g blades papuipgrraddom sYligen Hugesardapce with
Fihg $mbaaheifoRRBpIQ08 Hveatign, 57A il lustrates a cross

sectional view of "the SIYICOH waf er of Fig. 55B after
pHOS#bFigadd diwstraigs e flowadiagrgmivdls metbod fordhamemfdctogg dfeilicon

an e i pent of. the present, invention,. and. Fig. 57B
PG R ShoctiipkdS a R RinofHER sy indollian O,

VE0SS] Piigs.F39043 tiRBratkd Bk siiiBn WGk 1AP bfocBseafrding to the
process has been converted in-situ to an isotropic

einetiod ¢f prepelastyriag cdican sergicel bladestisscrited dal FigeAB; of t he

] Welah 6 ig..58 ill. )
CIRS6T i 0y BRORIE f t Bg AAER B  same
pedupbad cusdy didhadidoaing a8 tRemdn Rapard©ahs §6othaEe bd tHeGurfaces;

to still a further enbodi ment of the present
i #fention, [0063] Fig. 59 illustrates a cross

3995718%%% S‘éLA@%@ﬁlhfsﬁgte“iﬁé fhurpd oﬁog?;aﬁggﬁ é%&e%&&gyﬂﬁnond

deve phot or esi st | ayer renov
i blhdest matabbladess and silis@cbliadesahanufstnred i fveowhhes with the

e b el BT Bl el Laver,
YRR S st DA SRR g,
al0858IbFig. Peilluktridbsaeross sectional view of a wafer with a photoresistive
material (photoresist) layer for use in manufacturing a surgical blade in accordance
with an embodiment of the present invention;

[0059] Fig. 55A illustrates a cross sectional view of the silicon wafer of Fig. 55 with a
first patterned photomask placed on top of the photoresist layer being exposed to
ultraviolet light, and Fig. 55B illustrates a cross sectional view of the silicon wafer of
Fig. 55A after exposure to the ultraviolet has been completed, the photoresist
developed and the first patterned photomask removed;

[0060] Figs. 56A and 56B illustrate an example of placement of a second patterned
photomask and exposure to ultraviolet light, similar to that illustrated in Figs. 55A

and 55B;
-11 -



[0066] Fig. 62 illustrates a cross sectional view of a

wafer with two partial etchings simlar to the etching
w@booFi1gp4868 to nake a different type of doubl ePrtyEUst005/015016

bl ade; and [0067] Fig. 63 illustrates a flow di agram

of a nmethod for the manufacture of silicon surgica

bl ades according to an enbodi nent of the

| (0061} Fiph 5D Thkduiates RelelsEH oM %W-Uﬂﬁlé:’ ﬁ?o%%@r of Fig. 55B after

ENBODINENTS [ 0068] The various features of

pPatigranisetrepisainhins has qmmedqumgiwammlmmmf the present

EHE B 6l S0 RS VA Sl S R

f 561 afiérthe dms&fdp\ilé Etemngfprddé§ s e b e oM ISR t@taﬁ%otropm
best. node of practicing the invention is not to be

t SRRAS PFPCESq aCﬁwidmggtO%ﬁ@ér erpbrdimentoighe g@aem@n;xom,o r

t o I | e
B AR A RN R b VS BE e BB e s aer
maﬁflsdnﬁetus‘utmpid aichipg bag (ﬂ:eﬁrrécbacob‘ftﬁng'r’&mﬂﬂmmwh& &hbodiment of
A1mFﬁlcal blades to be used for incising soft tissue.
g P¥9Pef erred enbodi ment is shown to be a

S|0E3 A I

llfgbr [ gp;i e!é’é ?ﬁﬁggt?éé?ﬁ%ﬁ%iec%k){lﬂ V%gprr%llte ho uss égﬁt Yith the
dtetvaldpeclbph@wesmhbygfrcmeved t will be appar ent t 0 one

S@bé%leﬁig‘@ TSt Srost Al B Ao o but with the
ﬁwamﬁsuﬁamgmgmmﬂ%ﬂﬁ@@us ot her types of cutting

vi ces can_be fabricated, including, for exanple,
rﬂ?ﬂﬁﬂaﬁ igr Gl Blustratesmerosssectionsd crcavmﬁa Wefst neith, twoamaptiad etchings

B B ARk R oM it SR ST B itk g dowleevel

Qﬂsmgnwand met hod of the present invention can be used
gﬁ | ades in other, non-nedical uses, including, for

066]1 188 &llpstrjesib eropsassHenab view elas wafer with twogsttial etchings

e oRans “EREe S EE foymlke SRR R Rl B fades ana

r[Oﬂ@T] dhg @i%j ﬂkustrdt@mﬂowfdlamﬂn ofih mtglﬁﬁi foﬁ &ieliﬁﬁqufﬁuﬂﬁre@g gilicon
not ted to, rt, ear rain, cosnetic an
rogt %ﬁfﬂ ﬁaﬁdﬁﬁ f‘?‘\?édlg%: Py ‘?I’g]%"d"{n@@)t?‘tﬁth%nf’ﬁ@liﬁlh wel | known
to those skilled in the art, the terns single bevel,
doubl e bevel and facets shall be defined. A single
bevel refers to one bevel on a bl ade, where the
resulting sharp cutting edge is on the sane plane as
the blade's primary surface. See, for exanple, Fig.
10A, discussed in greater detail below A double beve
refers to two bevels on a bl ade where the resulting
sharp cutting edge is on substantially the

p_.n
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same plane as the center |ine throughout the resulting
bl ade, as depicted in Figs. 10B, 20A and 31C A facet
WO 3008/160448%8 edge present on a bevel. On any bl apeT/Ustves/e15016
can one, two, or nmultiple facets present per bevel.
Thus, on any one bl ade, there can be nultiple sharp

edges (or, i.e., nmultiple sets of bevels, and each
bevel BRPATEBNS ISEIGRPTAIONGE T RAODS
34A-34C il lustrate additi onglﬂg?gl\}rsk@o a]:igrgl caPM NTS

bl0948] ?h@vmuffaatms efithepreferred elmbodimentshwilimow be described with

di t he Nt ti Fi 34A,
VRO el diihares th yheispats eideliod et tesume
FRiferécd @b Rictekd) ETIEd ﬂﬁoﬁiﬂgt de@&ﬂtﬁ)ﬁg)tflﬁhe Isﬂesenus» céﬁfeﬁip@e@éd best
Ienath and profile angle are a own. The val ues for

e pﬁpraﬁfml@g thgiihyengion fispot tef bp mkdn fya bmitingsess byhis provided

f th | d
ofy RE AR et Bk il dB RIS bt Pgptiom g
n[ﬂO69}JTE¢ si}fskenli) biedlgsthod Sf dRSiedcheivbRiaVProvideyRy @ie mbhiffacture

profile angl e of certain surgical blades manufactured
i of sesiealbhiles talpe peodHesiacismerelidissum Aléhavwghdhespraforied

BB PO UL L BYERBR My g

sfahseateq’b nnédcbﬂlaacegwgh thmfmethmdst disdhssegirin kdetadthem\m e’me‘re)fbre it

ticular blad rafile ccordanc with o
Zwﬁ AR O 9t kieddn e rhOLHE Fpfgntip fat e refersaes is
8510 ahLii 3 81adbONBlouBRER MRS UisclsRild SRRRrBROY Ber ty?es of
[0072] An Taddi tional inRdustry term and paraneter we
kevstime devicdsesr be Katiricated, mhlsdmgt for sxarhpleeunigdicalaaiars, lafcets,
the bl ade. The "cu radi us' ' d| u
olind nelSs sEbkicPRedih il ind S8 EERH SRt
exaditibhally) eheCilades Fharipittiirad Hdcerdifefo) thekyséh eéﬁd method of the
mat eri al S/ subst ances. |f, for exanple, a surgeon is

UBTesRt dvisntierecandeciped g9 bladlesi in othen nopemedical yses, inshiding, for
L%ceaéﬁb sh%ﬁ% mfabofa{org ebs%{ ét sﬁ«la Saréglﬁigg:] %x%gglé%gﬁ)y, although

i teffateideds matl &ue@@ﬁmt thdidissugiond b@wv@toccqjht}tdhmbalse numerous
manuf actured jn _accaordance with an enbodi nent of the

pPtBeppes ofyaeicad sesdngfude bt qrg ngt g 10, 6¥ey heprhear, Arain,
oéosﬁleﬁggn&;?ﬁo Mstrfid s%%én Bl ades (surgical or
a S: act eg

non-sur gl c nmanu i n accordance with the
ej00a] Athowghokell kmovp esthade skilledrit itterarg shalierns sibgld bevel, double

oLl q%wf;@?@%&}?ng@a&ﬁ%? S i S e e PRI bR, where
t ﬂﬂ@ r@URRR Yhatp AN Qe iCAMHR %Xﬁe 49 ene ‘tﬁ&ldeusc‘}tn‘?rﬁ'lary surface.

about 40 nm "Tables I" and |1 | ustrate raw d
abesu farleatmgle; Rignd04udisenssadsin @tea@m‘gi@tall below. A double bevel refers

to two bevels on a blade where the resulting sharp cutting edge is on substantially the

same plane as the center line throughout the resulting blade, as depicted in Figs. 10B,
20A and 31C. A facet is a flat edge present on a bevel. On any blade, there can one,
two, or multiple facets present per bevel. Thus, on any one blade, there can be
multiple sharp edges (or, i.e., multiple sets of bevels, and each bevel can have single

or multiple facets.
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radii of netal blades and edge radii of silicon bl ades
manuf actured in accordance with the enbodi nents of the
w@e@saod48s nvent i on descri bed herein bel ow. Thi BCTHEER05/615016
summari zed in Fig. 36 by first curve 362, which
illustrates that the range of edge radii for blades
manuf actured in accordance with the enbodi nents of the
POOTEN Figs YRNBH NSRS AdIRShAPVIBWE of b SweRAPHERE g@é y
smal | er than the range of edge radii for netal Dbl ades
aglagweeradin preprda@gelwithsacaniabdimenteof 3grpregent irnlehiéon. In Fig.

rot g VR BN Rl R Tl i e, thesice
ButbSlen@th( 8p-td Blodds Qe &id profildigld 436 alllsREIRS. '@h% Values for

be manufactured fromis single crystal silicon with a

peash@araspter Widk differ; dppending aavthe Hesignyand expepied usage of the blade.
. . ol . _  her.
oBEake BPReRln b SRR b Fyl R S Wb

ekladg (@5 dssctibabbelory, dosrewtr) the@rofiletaftlc of cartaid Sdrg@aliblades
<111> can .al so bgq‘ used, as wel]l as silicon wafers

dBpRHfaciiredp pesnadance vath theseynethersyiap e mads smater than typically
| 8¥Blifteredl F9r pWPbSLsor TRREraRb eglgggﬁnéigl?!ltt ?(; bagef H'a ﬁl%iting sense,

used, such as silicon nitri um ar seni de.
Vrodite dnglemaf aboute0p @an be obtainkd forsepaticlarbimde grofiletii @ccordance

base material. In_addition to single crystal
Tt N pabodigiept of (e PraseRHavaRioRs Figs S4B bIAG bstraised
t%&@cﬁﬁfﬁ&‘aﬁ%&rﬂi&&k&é&abﬁbédes- Exanpl es of these

S

poly-crystalline materi a i ncl ude pol ycrystalline
s00i72JoAn atiditigndllindvestnydens smslphrarhettr whik khewmto those skill in the art

" talline" d in.wll.b to.refer to.,
ol et of B 0k ARGt i of elomagibe s ghe adius of
[ 8@ étdrpdir@reak ottt ciith thd dkin, Rfe ﬁﬁ%&@é of SpHRBmEhdeb Bt other

in the art of the invention that although reference is
midtsriale/substarices nifividk example s puggoous using s dlafiede usisirdnsse an

a f ¢ alorenentioned .oaterials in.c j nat i on
oobs e fECie B LR PhbPRE T SR e 0t R starp o
Whdskible) &Figa 35 AUmdSFBANLSERM the@figd RAIRIE20EgiddlvRALT ON,

as well as other suitable materials and orientations

t Waruipgtuted b accordanss Hiithap| eboplpuems pf fhegpresent invensionathig 35B

o ' ; f . facturi .a ;doubl e .
o oA RraBBRhERR bPFig R0k BRI G SR P Spraicad
eminodfacteret iohcdohdanpe edtanhe émb@iinents of THegreghhiddestion as

eneral |y descrihes processes which

Figs., 1, 2.and 3
c%ﬁ%g%@%ld%edg belotta e Basie apdas Tadiisin dlirigneset ahogbiRnm to about
260t Hrfdin bRe bRBOBIRDE B th PYRBA i entibREN $ave b Edge radius of

about 40 nm. Tables I and Il illustrate raw date accumulated in measurements of edge

radii of metal blades and edge radii of silicon blades manufactured in accordance with
the embodiments of the present invention described herein below. This data is
summarized in Fig. 36 by first curve 362, which illustrates that the range of edge radii
for blades manufactured in accordance with the embodiments of the present invention
described herein, is considerably smaller than the range of edge radii for metal blades
as shown in Fig. 36 by second curve 364. A smaller edge radius produces a sharper

blade.
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order of the steps of the nmethod illustrated in Figs.

1, 2 and 3 can be varied to create silicon surgica
whbadaessss different criteria, or to neet diffBRCENE2005015016

manuf acturi ng environnments. [0076] For exanple,

al though Fig. 1, as shown and descri bed bel ow,

illustrates a nmethod for manufacturing a doubl e bevel

bl ade in accordance with a first enbodi nent of the

invention, this nethod can @ ﬂlzed t o manufacture
mul tiple (|. - threﬁD@ERﬂ?ﬁ[ ﬁ%ﬂ% r cutting
edge. Flgs BlA-Cillustrate suc e, and is
oot aor  daot Al hal ow Lo har nnr + ho
|9 | U | T I Uy ot T ToT u, Lot
S .a IS . AKV-; dﬁ‘(n Aloen ha 1141 L7zod tn
F UCTSUT 1 AT TS e O 1 1 CTUO -t O
N ae—doupte bev_w%ﬁ&&%ﬁ—oﬁm&ﬁe_s
Hg—3R g 3351 S [at Sodeseribed—in greater- IHetai
et oW, qlu th off d' y,[ @S @ Hi?hcf %&lﬁé_vfofg a éi Aet-e
Iade Sn 1 WO134 f U'l'fé C ll2| g pul CtS 2’8 U1
1101 227, - ngT
RF‘@Z be le' angig , |[TNe prades rrroustratea it 1 gs
p nd 20D cafy nuf-actured th—themethods—strown
gnd deSC@IDGG BT M, Wi thydifferent tevel—angtes—for
tthe mil Tigpl ¢ Dy p@eS [edges. | AS suc(r, the mettod of

i gs. |1, 52 andyAiar & geant| TouRe [epresentative of
deoendl anbodi panpt s|of thel net hod| according to tne
present ipnventizep, ijn that| there are many different
per nutjat Bong wopsh i[ncl udel the sape steps that can
nesult| i@ ajmayghaciured slilicon purgical blade 1n
accordande W tipaohe |spig3 t| andiscppe of the present
[
f

iAGentli on  [00AD The nethod of Flg. 1 is used to

anuf dctdre Mhl & bhevel| surgic hlade, preferably

|

wi-th eystal 80e—frat-er sueh—ps s:!-con: in
JTTOT Jange W t{E-an :H?E"l uq4vf he ipventipn, atd
bedrRs Wit NSTRgpl002Z. T nijstep 1002, the siticonwafer
ils mounted on m@ant i ng asslenbly 204, Tn Fig. 4, the
silican Bafer 902 j§ mounted on a wafer frane/ UV
tape—ass y-PPdunting assenbly)! 204 The nounting
TSSE Lly?zoﬁi%%; ebrib gc%ﬂé@—% hande—silicon

Fer material 5 the sentjconduct |.|“|duistry. &ne
$KiTTed rn {he@pt can appreci atel that mounting tie
silican _gcrystzhi ne) wafdr 202 upon a wafer nounti ng
assenml y5204 i1500at | neE¥sdarg1dor the manufacture of
gurg cal—bl ades accordinglto the lenbodinents of the

invention [0078] Fig. 5 illustrates the sane silicon

waf er 202 nounted on the sane nounting assenbly 204
but in a side view (left or right; it is symetrical,
t hough that need not be the case). In Fig. 5, silicon
wafer 202 is nounted on tape 308 which is then
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nmount ed on nounting assenbly 204. Silicon wafer 202

has a first side 304 and a second side 306. [0079]
woedosn04488) again to Fig. 1, decision step 1004P¢DUBTINGE015016

step 1002. Decision step 1004 determ nes whether an

optional pre-cut is to be made in silicon wafer 202,

in step 1006, if so desired. This pre-cut can be

performed by a | aser waterjeipfifid; as shown in Fig. 6.

hi Fig. 6, |aser wat A2 recting |aser

beam 404 onto S|I|06§ﬁdg$A 2%%ﬁxaﬂgmﬁD?% nmount ed on
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> D P P 3

E
“d
s
‘@ P

dr+tingTtoots;
ul tra-soni ¢ machi ni ng tooI 100 VWi | e
devices is novel with respect to the enbodi nents of

t[tl@73] MR Baks @ MhatdrRAEthIEME %ﬁﬁle?@zﬁl Eﬁﬁiaﬁuﬂ%ﬁg@%@??sﬂﬁl@ crystal

known to those skill Int
Fsrlwntmﬂn@pm&ndd@rmlfomemdom oHsweverpotheedriant2dds pf éilicon are

tsgltémg,hds r\]AIfel

S oﬂ?er ma%enals that can be isotropically etched. For example,
silicon wafers with orientation <110> and <111> can also be used, as well as silicon
wafers doped at various resistivity and oxygen content levels. Also, wafers made of
other materials can be used, such as silicon nitride and gallium arsenide. Wafer form
is one particularly useful format for the base material. In addition to single crystal
materials, poly-crystalline materials can also be used to manufacture surgical blades.

Examples of these poly-crystalline materials include polycrystalline silicon. It will be
-16 -



in order for silicon wafer 202 to maintain its
integrity and not fall apart during the etching
w@e@saswss A | aser beam (e.g., a |laser waterjetPdDRSING/015016

exci mer |laser) can be used to scroll in elliptica
t hrough-hole slots for the dicing blade 502 (discussed
in detail in reference to Figs. 1A-1C) to begin

n‘mﬁ-fersmamhhﬂtﬁa RS chyhtalind"GR mlsmﬁ&ém%% B sB B fefet to both
erimeter. The nechani cal nmachi ni ng devi ces an

Nﬂﬂﬁé&§“?@?@%E@yédwﬁﬁbnéywﬁt@b to create the

R G L e G
Faltjlough rd:fhencreem tmale@p “silicdi wiedsO @ ou g thes@Bisb@s1oAY any of
%b% r ste§¥$806 (if through-hole fiducials 406 are

ajorergeniioned giateedsin cogipynatign vgtheyssions odeniAipnE0an be used in
I ste
S SR RS P T R oo
suiplkle an@enahs:dimblmbmtajidnh thas tighit ®etdime bwilable.

OB ik es & Tt ivvrem ot acacthod G rbinwisoyginegr double bevel
Sduk i€ 1R RIm $i%iden I&Iﬁ?cﬁn@foea ﬁFsY ﬁ!)le% p@idtﬁe E)H%{entqg\%ntlon

be used to nmachi ne the trench epen
n’ammqapqh ef Elgsdo Acindi Jogeseralipt deswbdepnonmemmcgmambe el to

e 3l Bl Bl e B Mepens ekepitny ditwever he

mraefmf ﬂhmq;s ofyhé ethodMlwbicasFig. MBC/HIT B Eé)@ined%o create
hot - f or gi, agh rocess or a router. O her nethods for

seitaenspredcat hlades efdifferentaiteriz oz ko wiept differedt wonsfeetdring
ted trench that is nmachined by any of these
QﬁigﬁggrOV|des the angle (bevel angle) of the

4007f] diwlr chdraple, althouth@id. 1 caxchowahl descePed BEIBS, ARistrates a
SI ld{lqlfgfégm er 202, silicon nmaterial is renoved, either

H}ﬂggfag{au}qg@ qaubi er]quvgldq,lpclﬂ 1ada§corg1m;:ep>gfh @ﬁrst embodiment
fo‘f "tﬁ’@ﬁﬁvéiﬁlohhﬁuselﬁeﬁgﬁ lcant Qec‘&ﬁl zefl rto h{&ﬁuﬁg{u&ele{nggfp?% Q% » tlg%e or

an ul trasoni ¢ machi ni'ng f 00!
mhegesiaces pal cuttingleiger &gt BrlA-IChlllub!eate asch Dblade, dnd | llsﬂgescnbed in

e R
@ﬁﬁz&ﬂo&ﬁéﬁrﬁi‘éduﬁje layaBiBlle AOANE HERS bR, as éﬂo@vﬁ% ‘Fga g% OfFlga 32is

hot - forgi ng process, the silicon wafer
ﬁlﬂ%élefiqn fink @@btee detaﬂ @nlow esddtlormdlyyasenfut-tver ﬁ{aﬁ;pl@af:zi‘lsmgle

e 0 nens onal. formof t desir
PP LR By b BT 4TS Sy Slal mpro e Pl the blades
$1l'hist1@teﬂ 1M\/Efg@r ZOB:@ﬁd D@!D @Q@B@m@ﬁuﬁ&h&d@bﬁ?ﬂﬁ%&ﬂods shown and
"machi ni ng" trenches enconpasses all nethods of

Hasirtibad hereing yithdifiensaisbaval anglss|fprtba nwefiple bladas Edges.nds such,

the method of Figs. 1, 2 and 3 are meant to be representative of general embodiments

of the method according to the present invention, in that there are many different
permutations which include the same steps that can result in a manufactured silicon
surgical blade in accordance with the spirit and scope of the present invention.
[0077] The method of Fig. 1 is used to manufacture a double bevel surgical blade,
preferably with a crystalline material such as silicon, in accordance with an

embodiment of the invention, and begins with step 1002. In step 1002, the silicon
-17 -



t hose nmentioned specifically, whether by a dicing saw
bl ade, excinmer laser, ultrasonic machine or a

whoedaosflargs ng process, and equi val ent net hods nBCT/US2005/015016
menti oned. These nethods of machining the trenches
will now be discussed in detail. [0086] Figs. 7A-7D
illustrate dicing saw bl ade configurations used to
nwaftr EmbiReC B faoufitife SsbhBRRMATE FAACREA RGN WAraD02 is
enbodi nent of the invention.” In Fig.” 7A, first dicing
s¥hevel meentebon a wyaifdyifrasedHy| taperasseinbly (wiohtieg sssambhf) 294. The

b ' angle of the surqgical hlade after the

Fobid £Stibiy 28 0 Gpon staitiotiaiie stiofh Sedey epialTn e

78 niitondationiriustsCORE siiled 0ths aw cbh apiee8iBe thaMrhSurkig the
surfaces, each exhibiting a cutting

angl ed cutti_ns; i _
afﬂgmél (erystallipe) waien 203 pen eawfenmewntivg @pseenbly 04 isauhé necessary

5 ' ' | ight.l .
S8 AR S 0, SO g o
bl09d8] Big25 ilkisgates el samigsilicoh emafer Joaundintet ¢ the se@@/mounting
o2, 08, L ang g S suraces, sl mlartto
Abd heesdr).e 08, hifen e H2S8 o%)t%ﬁ on té&% 0839fich R8en

ot
and 508 illustrated in Figs. 7A- ave e sane
cnpwited om mpuetifg assembly 204b Silgmavafat 202chas adirstdidd 2l aml a

trée a(ig. t;@é the cutting angle can be different for
i éﬂ? Ses of the silicon based surgical bl ades.

| [007gI0R éfeRThg Aa8invib [Fig. e delisien 586 d 00 FM@wsatepl IUBLE Decision step
silicon surgical blade can have different cutting

eHidetgrnmedinhether ar optieylabpreraut istddbg maderie siticoseaén @02, in

i Gl S I e o i ngcrease the .

] Py o WA, X SR Cont Rk Bne ) § 38R by bfict 402, as
sshbivadn Firasedn Fiy. 6] daer Whget 40is sisvaddieeetinklasePPeam 404 onto
surgi cal bl ades . that have two or three cutting edges.

\BRHG O peafes 2kan Bichds mguated oaaBwHing Apsembhe 204 sAs saele sagn in

o ey A0, RO 8 S e i
beafar 202aasondsujt of the ampdatt afithe 14@OB&Im 404 pithisilicodiveif&r02.

IRt hSen wekES el Be Togbeam gty tiapiline the laser
Heagermannptidhe Siiib8n SRS bbb Eﬁa‘lﬁkﬁd% Qﬁeeﬂtv.ér%%él&%tﬁ 110 one

best resultant surface finis € mal ntal nin

antepinditewhieh usdsi f @licobheafer e whveldigtitihai viglds aive tdsedgults is
ed with a at wi L.l shape the resultant

' h fil,
OGA AR s el eipeied b3 o Yk dosen dpshiotier pes of lsers
Cah behad®astwelt. h[?ard?ﬁéi%ﬁi%lﬂ/stmiﬁéj@r y-l%}‘}glsfa]‘zlﬂ{é Akef l'ig g%ed, then

For instance, surgical blades typica ave 1 nclu
nslvasiwaynlghgths aditaserdyoes thayobe thbrd appadpriatr.  si ngl e bevel

%%jﬁ th%nrgsurl]t%tf th}orl]l%h-lﬁ%?edﬁ uec\llaﬁé 4(%] &l p?gra{ig/agf holes can be cut in this

manner) can be used as guides for machining trenches (discussed in detail with

respect to step 1008 below), especially if a dicing saw blade is to be used to machine
the trenches. Through-hole fiducials 406 can also be cut by any laser beam (e.g., an
excimer laser or laser waterjet 402) for the same purpose. The pre-cut through-hole

fiducials are typically cut in the shape of a plus “+” or a circle. However, the choice
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range from 15 to 45 for doubl e bevel blades. Selection
of a dicing saw blade in conjunction with etch
wa@eovdilog48s provi des preci se control of bevel BOMUS2005/015016
[0089] Fig. 8 illustrates the operation of a dicing
saw bl ade through a silicon wafer nounted on support
backi ng according to an enbodi nent of the invention.
FoBthréhghlHoks fithadi & Shigeds apestad by Eheosfpeéiﬁg hﬁnﬁﬁcﬁﬁiﬁgk{bﬁg &nd
machine that is machining trenches'in first side 3
oenvdTonmesh apg thas ngepnotibg linhitesl texmfplheetwoeafyrementlhmd shapes

di i . = 502, .5
SRR Bl Padfier BRRTD) 62050 0380u0P98 e over
bingcleantdd aichihingShabibds cah aBolbe udod eTRdse st lidba Forldiem iple but are
blade configurations of Figs. 7A- 7D are not the on
BRidjmited f@ogrﬂlﬂlag topls, sipshanieal grindingdoels and @auhr@rsomcam@lmng
S@) PO Rile %E?o £1Re h!?\LIEe?StIE abes \X?thclreg@e%t kL 031 eWts of the
I cing saw e machining a trench irn a 5

V\HIfVemtldd’] tite desiceapel ﬁhemrgb@ﬁalacse arghvely khewa fo thﬂtmﬂmnama the art.
strates a cl ose up .Cr.oss

o] i nvention 9.ill

@Q%Qﬁﬁrew%% i ?%aerg@xf?éd&? licen waler 303 aéoagoéaﬁ%myng trenches
S B Slitlon RafRE DR aRERCHS B By i bR Wi
peloleing arasesd. |A {dser heam (el cajlg!mriwdterm A0vaf exciBiélasdn)itan be used

N NN Y A

aREdre@® tb TigN AN Bedlf BthchRindB&tthBd AGil@h vva}tldzmwumn its
vi a, hot - forglg‘%) a single bevel trench. For a
gnigalan

biesyapeter, tTheym ngggvd@qlgqg;@nd@nethghy(dmcuasﬁbabove) used to

(e B IS RRIE O B Yoo e ISty ot o

(well.nol ded) on each side of silicon wafer 202. Figs.
10A andﬁé% illustrate a silicon surgical blade with a
siORBtleRefsrang agan fnkjsebidhe aerd stepds tep A0S ovhisheean follaweither

V!té i a@r@]e‘(gfekmw g YRS ﬁcrfrqgiagéﬁ‘(% ﬁg%ﬁtl Eoéﬁﬁ&}d G&?ée}’zqﬁf‘grosé%ﬁs 1002

an e ment o I nven
Aalddll 094 whietl isatho giticos vafes ncamtiak step h{%tqﬂ’t 100ationdthghysical

licon wafer 2 ecially if di saw bl ade
apprTaguE Sen: e e Reon s nchided ol eaie e B cut
' Iﬁ&lﬂlﬁaﬁnﬁ% broE Q8 aﬂ@f‘c? 'iral%gl%eé)n Ifi‘slfeﬁslbggj rq‘eﬁbﬁ@sla?é mtaanfl%}feinto

throug e fiducials, 1. aserwater-je
ofirsesidé B4 of silscem, Wdf@t 209 rﬂercaam severalirhéthodsthatpuan pe siged to

Rec t hoIe fiducial s e used. b

CRabine Bl RepobS, debertrl of pradafiiGin condiias g HestrBd design

Sdﬂthé:ﬁﬁlsmfﬁﬁco%%giéhluﬂb@etp&&ﬁ&h machine. This is
Be0|all usef ul when maki ng doubl e bevel bl ades,

H8083]sEha methedsfon taskisingrian gnypey eithsr o gjsing sa blade laser
téj}gteﬁ‘i, lalll fiffhsonic machining tool, a hot-forging process or a router. Other

mr&un%ﬁthe

methods for machining can also be used. Each will be discussed in turn. The trench
that is machined by any of these methods provides the angle (bevel angle) of the
surgical blade. As the trench machine operates on silicon wafer 202, silicon material
is removed, either in the shape of the dicing saw blade, the pattern formed by the
excimer laser, or the pattern formed by an ultrasonic machining tool, in the desired

shape of the surgical blade preform. In the case of a dicing saw blade, the silicon
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waf er 202) nust be accurately positioned to ensure a
properly manufactured doubl e bevel blade. Slots,

whowsuessss are used for a different purpose. SlBCEHUSI0®HOS016
the dicing saw bl ade to begin cutting the silicon
waf er 202 away fromthe edge (as shown in Fig. 8),
W t hout splintering or breaking the silicon wafer 202.
ThirgichPb1afa WilRJE BER strafbht dzed MMhe ilftter ko nftfhods, the blades can
Referring to Fig. 8, it is apparent that if slots are
nbe esscrtthlly-any shine desizers Naghecase wfe iohéutging psduwss the dikcon

oA iR 3o AP BePl 4 g SeRERE g B R0 ome having a
SttrécdithengibRil foin SF Gidebigclntdnthéd tohaeindlded’ RS Ehh R8s,

and smal | _stresses _can cause it to break. That is, the l
naeHeahdeisibiron water.Eerapurpgsesrphthissdipepsiion.s imashining) trenches

r .ol di t I N er o P
shilotlgtics SETRARSUcIdhoh Aok Sl #Ron ol fiyging
mhioge Mmiegiichedrsgedifieally, vheihepb wy didinppsasf Blade) ek Eigher laser, ultrasonic
t hroughput, Fewer silicon wafers 202 machi ned |

aBeIEP AE? hot-Torgns grochts md,ravelen amethodsgwt grentioned. Jhese

' ' ) LS : w der
?ﬁlgﬁﬁtg ﬁgfgﬁagﬁgﬁégﬁé%@gse%ﬁlaﬁ%& i%g%sg{ésﬁ%gb t%l'al | ow
t 98d] Figag7 A4 iluatriee tiwirgsaimrisiedd @ohfigntations uted tb agichine
hi ni ng at. the proper,.depth. Therefor t he dici )
SBPPLen e Vol SRPiRE t i eurodmeni i the Biciare A Fig. 74,
20t WiidBsalt blade mémﬁ%wg% %m%ﬁheseaglagg be the resulting

splintering and breakage; The dicing saw begi ns

t angleiof thhenrgidal bdesfiénthe entira manofdchoimggirocanhasheeasompleted.
i 1. . i dt . Fi C.ill t t i f
Figt 28 ik Rroned i eanEbtat s iR b i e Sorfies,
Ldch GRRibIR{Es ?La&%% aﬂg@é)&.lh:ig.' A ithdrhibd ok iﬁ% sé\% Bl28€ %06
a ase trenc

s

di agr am of system Used to machi ne es I'n
awhichiatsorhag@fittih g aagle r®libughisa slipheifidofiérsmrdonfifurtatién than that of
invention. The trenches can al so be ultrasonicall

nieshilicag 9y Hlade?0% digi 1D Hpaptensa ub dirigs saw blade 508 with two
" . et :
n%rf%i%@‘éﬁﬁ%é %1}%%?5%:515“ 2"2 W2tz :tgg?enaa%ﬁ&?@%ﬁ%%eagéuﬁ@ﬁ“eglé #

nwosY) Agtoughchch oftHeaRcifigbdw BRdeNSR, 50D I06and 568 lustrated in
crescent bl ades, spoon bl ades, and scl eratone bl ades.

Frigs. 747D hays thegasee quttgigemigles Peid Wil be eppeaetiita ene skilled in the art

N ey Lk THp——

9%l4desarel addifivh,tds-vaXibe dRnEseabeldRg Aaitiosd 11i88sunbitalblade can
rests_on base 908, O course, thelaser nachi ne

akavetbifgreniontisngmedges with sidiprteangles drpdided therging Second dicing
PASPLIRLY 54 BRI HAta ik e ntiB SRR LaPRSH) 187 bArBthtar

design of a silicon based surgical blade, or, produce silicon surgical blades that have

two or three cutting edges. Various examples of blade designs will be discussed in
detail in reference to Figs. 20A-20G. In one embodiment of the invention, the dicing
saw blade will be a diamond grit saw blade.

[0088] A special dicing saw blade is used to machine channels in the first side 304 of

the silicon wafer 202. The dicing saw blade composition is specifically chosen to

-20 -



[0092] When machining trenches with the | aser machi ne
assenbly 900, the silicon wafer 202 is nounted on the
woremstldgags assenbl y 204 which al so i s adapt abl eP¢DUB®05/015016
mani pul ated by nmulti-axis control mechani si sm 906.
Through the use of Iaser nmachining assenbly 900 and
various |ight beam nmaski ng techni ques, an array of

bSR30 PRI TS b RAPTRE e e
@‘v&@lﬁt}& dieing saWw Bladerioshapbd &ith ragprsﬁllelthalmlﬁafhmpd thb resultant
V\,here i.it is not i ntended. For oubl bev uf %‘ladteq)evel

‘Flﬁ’@ sidieers Water ifie n L Risehanre S HGpEreitg Fﬁ%f
1tat18H a%%glgﬁaﬁ 7% Su rg?t%@%la@és tg'gg&'lw ﬂiv% 1ﬂ&§décﬂ56vel angles that

nent to accurately an
pfaﬁgd: frehyl Stac hﬁﬁﬁrtsﬁgmtevphmam raad half Siocluddddren elchnighes dlsat
an "abl ation profl e" in reference to use of a la

i 7#nge EPIHSY to #p sforgpu@e Dovel ladse SelEcHomRS agbiging aw  Blabe in
Zéoé);]]lﬁf?gor\f@jlt%reeék ﬂlo%r po%c?ets 13%1c (%;H' 1 Xﬂe\ywéltszn?l'g[ opi ¢

step I SCus

I POBYEFRIGES iltustrhi@s tHle, opét'a‘ﬂanb(ﬂ &&)cm@v&dﬁ blade tteowghnd sititon wafer
and the use of .internal | aser Ilght beam pasks a
useHnted op SunoFt RagkingragFIASY AR eRbadimant Bﬂ?'ﬁﬂ%‘ffﬁn%% Fig- 8

Sil LSR8 W8 géraﬁ&?of ﬁﬁ s%%l%de At @ 8 SadchBE krdrRhes in

Ieved th as s a ang e es that
cﬁrst sidpdtdiof mlmdeafthQh hlsthiseqampbdalt}mf thédiceng sgpiwdalhdes of

cER oL TR U0 Bs B b i B e Riis ot B i

t Ulﬁ@t%(ges | ﬁ%ﬁélﬁdtatk@tbe%ﬂe@ﬁ)oﬂm ﬂiefblhdl’d SonfRaRtioh  8f Figs. 7A-
step. For exanple, an excinmer |aser or |aser waterj et

ATR apcamotitles ord possitie corfi@iratings ithayan heciertel Aerrdigiag 3w blades.

S8, £ ARER G L5 e B AR AR DR i en i

vaiedengfehthat is3sfe Momus® heosdingXo ﬁﬂéiﬁﬁc&hm@ﬁt&)fﬁké investion. Fig.
in the art can appreciate that | aser heans with

c 8 illustratesia ¢loise Hp CFRsS GRatin Nl%@f the fgae BicingseWhpkpdgassembly

il %88.‘] ?l%%a#ﬁ&? ?trr S I £ é‘%(xf %)?agtr %%tl%ege&?that dicing saw

Ubl‘adéiS@leﬂdbs macbéfnetra@ eftlyvhg mym}madgh siliomcwhfee 202, dnc Harsa single
in a silicon wafer acco mbodi nent. . of t
PR PARPEAES BRProRE T SMIOOYabe ARG Lo gy Hlgy 202
bﬁfhfé%gﬁ@es% gﬁfﬁieﬁﬂdms%%}'rﬁ%ﬂuhﬁllé (fo"f‘%m&lﬁgt\ﬁg hotlﬁﬁ'glhg)aa{ single

isth o0 nmachi ne abr asi ve slurr
f bevel trenddhe P&@é doublsé:cmictusbyjms&ﬂl&ngfsamhladeom W@Y ef the

202. The t.
RS TR B e 55 PR 8 bz v
Sﬁgﬁlamﬂec}’%ﬁg(otr Rf1ded) on each side of silicon wafer 202. Figs. 10A and 10B

illustrate a silicon surgical blade with a single bevel cutting edge and a silicon surgical

blade with a double bevel cutting edge respectively, made in accordance with an
embodiment of the invention.

[0090] As discussed above, slots can also be cut into the silicon wafer 202, especially
if a dicing saw blade will be used to machine the trenches. Slots can be cut into the

silicon wafer 202 in a fashion similar to the through-hole fiducials, i.e., with the laser
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t hrough-hol e fiducials 406 for alignnment.[0095]

U trasonic machining is used to accurately and
w@e@sile®By nachi ne trench patterns into the siPCT/OR2005/015016
waf er 202 surface in preparation for the wet isotropic
etching step. Utrasonic machining is perfornmed by
ultrasonically vibrating a mandrel/tool (tool) 104.

Toater-jé14r dogmenRierCRiteivd a0RY aifferdMt F)hrp%bé | R%ll\”tﬁﬁﬁﬁe through-
202, ut. is in closegrommt to silicon wafer

apele @kie?lﬁlé@ea%ﬁeébwhe enpbrpachom ipprdgsée wquoﬁie]inPOSItlon the
LA QRL 208 NE e Hnbh ficlife 2Bls if KhecillS wiieh! PR Sine

waves emtted rce aprasive urr

edmtulnee Béviel blaﬂesy\béoauSeZtﬁa stcont heacEDidE@RARE bttbsRakide bPthe silicon
%F machi ned on tool 104, [0096] Tool 104 is
A% MYt be apqurataky Pogitioned fenstrea Rsewrbsmawfécwred double

dbév%hﬁfa&? .ﬁigfshh&lf r.(FPMed hPa Gf ffe?%rﬁ D %s | SIc dsha w the dicing

pattern. Fesul T ant pattern on W E8 S
\/\@Meblad@ﬁ) begir exiggtiis stlwoh Imalt’enM(i)lZ @Wayﬁ&mﬂmfﬁdge ¢hsahown in Fig.

Bk mithP o hBEHBaoD bRt Re Realicmiv s 2 | 857 R ghe smbodiment, as
eRishéWn ¢l Fig. 9A. RiekdrERPt10BLES, il g?ﬁ@nt"tﬁé(teif E‘ngéeaﬁ'QHé‘t used, and

bl ade trench patterns ul trasoni c machi ne
sthadren¢hes aremheghinads shewoahs niashined sﬂlaotdwa&lr 202 well jae

' gﬁ@%(%%%ise t4 %Feagtéeoalﬂ?%ﬁ%irﬂ%: eg&]gmafreé bg(ga?u;s% ﬁ%ss% er is

agipii Gvtlyvhidnérin $hade Q€S Sand[se2W refded canlchuksé 1146 biedk € Fhat is,
a_di agram of a hot- forgln systemused to form

t the maghied siligon waicg ghFigaf 3¢cka@@mtamahggxdaya fosmsrsithisentthe
gééhidgltew#f@%’ @Fﬁdg ogtg T{fﬁmtaﬁlﬁﬁ&pmﬁ&m; Wt ?%?Qﬁlé?%@ & Slglual more

orge er surtace.

engitl ayd ldadsto inpréved mafudictinngthraighpatb IFewepsiticér Wﬁfers 202
The .waf er suyrfac bsequent l'y pressed betwe

techined aeRarding e %ﬂ% 3oyl break Hegdlidsg ef Big Sehs Shewn i Figs. SA
Ofndtdre gt it ?H&He Wigh ¢ Q@lggawsélh%% g.ﬁd Y %ﬁo&%o allow

pre-héated in a heat c can
dbm:licm%aw lﬂydedpéleanseund ruito htdaﬂaeginhmzmmngwmhe ﬂaﬂa@ér depth
uf ficient

h 202
R ARV E N I TG
vy@hﬁwu?g%w\drdrd bﬂﬁ@lﬂ”@aﬂﬁ@é salifg ahl %Peakkl%?@ttﬁg Fi%h e sh@Hlade

i s forced down upon silicon wafer 202 Cl ent
gregBs e euttvoheanripisereyvingin andeaizonial inannye, ofit es tesigmideo do.

JA25 Mh Rl s SRR ot s 7 iliasifioon

twﬁ&cmas of various bevel angles, depths, |engths and

in order to create
[0091] Flg 11 illustrates a block diagram of a laser system used to machine trenches

in a silicon wafer according to an embodiment of the invention. The trenches can also
be ultrasonically machined as described in reference to Fig. 12, discussed in detail
below. The advantage of these two methods is that blades can be manufactured with
non-linear and complex cutting edge profiles, e.g. crescent blades, spoon blades, and
scleratome blades. Fig. 11 illustrates a simplified laser machine assembly 900. The
laser machine assembly 900 is comprised of a laser 902, which emits a laser beam

904, and a multi-axis control mechanisim 906 which rests on base 908. Of course, the
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virtual ly any bl ade desi gn i magi nabl e. The di agram

illustrated in Fig. 13 is greatly sinplified and
wexaggenst ed to clearly show the pertinent feaPdr/e@s200$/015016

the hot-forging process.[0099] Figs. 26-29 illustrate

the steps of using a router to machine |inear or

non-linear trenches in a crystalline materi al

apeaHhdishd &s&ﬂbl? 500 dh RS c@% 1§18, &cﬁi@gé és@abf)f Y network

26, through holes 622 have dri N t e silicon
\Aaﬁ@faczmhlchhaml@eammmdﬁmtclauftyt he present invention,

ol ol DOty okl B Bk 08 kil At iticon

6%afef 202 mnaad@d b@ﬂfehﬁoﬁtﬂng%@gémm 804 %Q?chbasrsd i a@aﬁﬁaﬂ?@ to be

several different methods, i ncludi ng use of
mtamuk%ﬁﬁ by mulhias eqntrol mhammméoﬁa%roughtﬂeer uqe@lf 1aser

The n r _of through holes 622
e A50en 1 006 ot VR MR ool iy B0, e e
t hladspﬂdmrbam% @facBed. CheHpR Ueym Bhskl ie ﬂﬁiateﬂ%ﬁ’sﬂé“la%f@bZ and
hol es 622 are need for each blade (to begin and end

t Eouebeereiy) desigpyisipesnts laperd 02 fra phisting silicemmatsriakuhere it is
YD i S A
6@dnthtreerédeatrchdmifdrs 206 A 2 M6Boorsfidvictdnd 0dafoe ali Qﬁﬁent t he

- 0h 5Lt PO it ol Sibpregisrx aRcR e FoBG R gRlalso
Orferftdl 6 fas bh “Mﬁl&ﬁeﬁﬂﬁﬂr’%‘fﬂf&eﬂ& tBleé‘ OPF é\? ggo telghefrrflerst side

rotational velocity. The router 62 '
d&&] eresgcetusintide 36chisilicon wafert 202 ld@mpamilodlotf ¢t Wetrisotropic etching

.S ig. 27. ..
S G EP scfoden B Pat Rleranggin i 6 A s pticais
| eoneroEand @B dsé of inenaMRer ngg%m th&sk§ FeRls8d Rfhastet e

X-Y direction the router 620 travels in silicon wafer
2goremgntionetabigivaprofilesrinalicamwaler202. YAsl a resuiti oeontoured trench

o gFl%@}ge%ztg?%?ag Eﬁz%ltosréve Jn}sﬁléj(f Y5 é%% c%{:}g?progg g‘ﬁ‘{h gwlsncﬁ iS required

Sfiok giecsakgibd] dikels pusdet. fVﬁH@EQﬁi’\fﬂlﬁea@ PEGTILS PStteE A can@RUichRved
bl ades of specific included aggﬁes as well as of

sya éiis procgsss i Thees argpeyerad gynes o isersilat cambe ysedje thipmachining
'régéfﬂ. EforQ% mef)fer ?rﬁ %&gﬁ%‘@?sé%&’ 'idsPlg\aJBtEﬁ ettAd2! G0 Be WAL L Ti02-

exanpl e e- beve ade requires an
emgtebaeth afithe excn'fneﬁmsertgﬁ)e canudrzk batvgden 1S e shd®8kbh. Other

0010 f uter 620 provi des a reI atively
[ i%é}%ﬁdf‘?@fﬁgf faggr aﬁﬁéﬁlﬁefﬁ‘ﬁ A Slengihol Aon nmaragiers. Of
td’o%%,h&% NI ifithd SOBanVppRiciaAO that ASerihs Wit deBrminiWavelengths

within the range of 150 nm to 11,000 nm can be used to machine trench patterns.

[0094] Fig. 12 illustrates a block diagram of an ultrasonic machining system used to
machine trenches in a silicon wafer according to an embodiment of the present
invention. Ultrasonic machining is performed by using a precisely machined
ultrasonic tool 104 that is then used to machine, with abrasive slurry 102, first side
304 or second side 306 of silicon wafer 202. The machining is done to one side at a
time. For double bevel blades, the opposing side is machined the same way using the

through-hole fiducials 406 for alignment.
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singl e bl ade can have both Iinear and non-li near
portions. Using a single, inexpensive tool to create
WO b@stioesehes saves tine and noney in the bl adeCT/US2005/015016
manuf act uri ng process, thereby reduci ng manufacturing
and sales costs.[00102] Fig. 30 illustrates a flow
di agram of a nethod for routing linear -or non |inear
t (089S Eitrdsonie wAchTiAY IsiRed Richrally eis 09 nhRnA trench
enbodi nent _of the invention. In step 4, a“separate
iy the edison wiar d82 sereceri grapetation ortbe wef isbtropiglktching

P%{e}t? erlﬁéag%ﬁlﬁ ndchin hns r‘g]]b}f@l&g{%e%q%’ Qltrgicﬁ]ic%ﬁé/ézolpéggg ! manére]e/tool

r gocl) i%aToolleédbésynotICBMeSn corigdttvaich diféch WhRr D0F Bhut is in close
throw%p hol.e 622 to the desjred depth. The software

IR orairopr e and exsiles albh'f’él‘ie@litl’@r 1¢2by epsratiahi ofg
t
dlg’glbfb?a@\gg\ieg re'nﬁﬁgc} gﬁlyﬁgﬁ% S’Pﬂgeﬁtﬁ b cﬁ’lgc @6‘% err]%ﬁ%cg{n( foQl 104 force

r@éﬁs@f@ Sy 162 tr Qroddn ﬂhb(HSWaﬁhE(dmghhb ob@espdrding Phitoa i1t is
the router 620 to be retracted (step

enab
%hmef]héltﬁpioﬁess can be repeated as many tinmes as is
Ne0SSISBsal 100 iPinachin&, Vhey
SI|?§OH mafe; 202 (step 6%%%%%%%%%%% @&B€§%Eﬁ g%ﬁp
tRehiEpe (%Dl\ﬁetomme thertrenele atterm g The emches pamm eﬁtthd)ﬂﬁachmed

l, Following step 1008
vﬁh&%%{'#elr enc eéoqlng ﬁ’ﬂgﬁ Pish avas mag 8&“% 1494 theof
S’cldlvamauge ofafsarg 20dtrasoniteahdhining Mefodis e R @xcﬂn@r lafer is that an

as to vvhether to coat the silicon

I Si tep 2001,
%S“%t)%fs ﬂFfrO@l wafgr 202 gathesie aemeroys blade trenglf pﬁttemst h a
a I N dt
Sﬂtg%!‘)ﬁlg% Hf eﬁﬂg% %@?g Farll‘fé]\é {lltﬁe a’rl;ﬁlgsﬁ‘g edﬁ%% sttad]g relatlvely
pnexpenmw nAlsny likerthe Ieimmer:laeérlmlg;hirﬁng ProeessaPiidug @urvil'ﬂﬁﬂr
att1 1102 can a pl| to first side 304 of
?F?i‘ ‘?198?%*}“%&2’ Ei’(e g G’G@Pe&%cor ding to one of

W]E?%E? :lgﬁﬁlsagégat in 11&0% 0':Pgirlﬁjl S'gtgln[nuse?ri'gcf tge[nghes ina

stlichn mgfar ancardingdndn mepdlmﬂndef thel divtentiol| Thé frem@itdantiSurations
| aced

l.ad d Si | f 202
T B e B ooy e
&Dénﬂile@dlé bRl Bic wier surfa@@é 44d 's{l‘lgsef_lﬂ&tlfylp%ssgc[ ﬁc,?wgéhdmo

the trenched area - is coated wth a [fayer
diq thalgncarpetatedhe p&@mpatternnmtme@wm mmltmuatana@sl 102

to.2
R 2 0Dn 3l AP pic flidn A Porl Sy Oracaraisbe Rt cogmpletely
bp bﬁﬁatldsmafhdatml tBisé ieBibef COMSTSdd WhRh sWRDB 'waf3202 sits. After
,, coating 1102 can al so be conprlseg of

cjficall
?‘ffﬁalﬁpt%mﬁ? ¢lpvaied fpmnfrauapmhasmaﬁsed; siiedruwater 202 wél become
{nalhamw  Thdd, h6AB §leq5s %(éﬁfc&&%bwﬂ%{phh% oS V962 with

, titahium carbi de
sufﬁc1ent pressure to impress the negative image of heated die 1052 into first side 304

of silicon wafer 202. The design of die 1052 can be such that there are numerous
trenches of various bevel angles, depths, lengths and profiles, in order to create
virtually any blade design imaginable. The diagram illustrated in F ig. 13 is greatly

simplified and exaggerated to clearly show the pertinent features of the hot-forging

process.
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boron nitride (BN) or dianond-like-crystals (DLC).
Coatings for double bevel surgical blades will be
walc@suewmesl again in greater detail below, in redPUSIOB015016

to Figs. 18A and | 8B. [00104] After coating 1102 has

been applied in optional step 2002, the next step is

step 2003, disnounting and renounting (step 2003 can

o B A o3 Pt o AR il b non-lincar
Sﬁenahes ni azérysfaline nderinl atcmma]iag tb amembodlglenmﬂthﬂ eveiften. In Fig.

PR eb PR P 5 bt SBED e e YAlP R0 I hperappgiment

t 9f the féé&lt'lﬁ%nh@ﬁ kth@ ﬁﬁ@ugm%st mkare hed¥8airy tEhRAGE nlide
can also be used in lieu UV sensitive tape 308.

Atradeing ufs discessed ahove; @ﬁtthl@ugl@)b@llp%&% t4n keonadeaibghe sitigon wafer
o BBl G0 R e e

f ﬁfablﬁﬁmgpl,asdrporm RBpavadtéoet, helong Bt ArtHodeNnThe AGmBEr of through
second side 306. [00105] Step 2004 is then@gerfor med

oRolss $22%cis depgdent unon theameynt 9f bldas torhedprpedingpe silicon wafer
o6 A, 0853 5 B LSO ARy o
send the notamg® dmsm:lvgj, tdas eﬂnb@dimnt ¢fithe pikSerit ihventiomisamt imited to

crosssecti di ci ng saw bl ade 502 nmachi ni ng
aa@’e‘&"é?msrf’?gﬁ %Vﬁ‘f’qgsiq?zzcon waf er 202 that is tape ‘
gﬂ@gbﬂd @Eé”r%[l%@gesh‘éd %oﬁ%?ﬂ&ém h&k bte&?dhﬂé@{ﬂtth@ﬁhcon

ourse, exciner |aser ul trasoni ¢ machi ne t ool
198fep202,Hke touterf6ap gwhighpshowe s sowder-dbdoviberaasa asyiewed from

PR ohes eI o B S0 e SR ErE iRy @2 corain

SRARIMAaLl VY. THeQoSOE 2FisIbWiged Bbtheldesitdd depth MRfB6ves in the
202. Coating 1102 is shown having been optionally

apsired dlrﬁwogta@g)@umto spityyare cogirolarivge B 29h dherspliware control
r gonlfroisdﬁg dgpstﬂ Qhei ro%peﬁj 69ﬁ lljsbllo%epe%\/(gtlxd Paﬁjsletcl v{lﬁ:ﬁggﬁiﬁ%@ cme{Qted)

as be

vvafee(-m&cﬁsls tﬁetl’oﬁ’@r 620 arbvdld mg;ﬂadmgl veafEr 202, andihegpeed it moves
bl ade_assenbly. In 10B, a.second trench_has, been

miche el dineeidons i Rw,t eppetryjs dpyenchyythg required slope angle for
AREeN i B

beegeire Blaﬂesmﬂ’:;pbaﬁe ahcfhnttegl angles bd wdl as of sﬁeoffmahsngm tFigg28
cutt

dgﬂgﬁrgé&g@g Ié opg gtéqaré)u@r 6;&%1‘@#’?@8 w%f@ rqu}qn@giwr s 1g%n \gafer 202. For
ﬁ%%af?pn égﬁé H&ﬁ)lie Brdedblat &ghﬁés% AMRfo8Ed & r&% of‘ﬁg’nﬁl%%uter angle

trenc I des, accordi
estyatd weergoeof the i nventi on.

[00101] Use of the router 620 provides a relatively inexpensive means for

providing linear and non-linear trenches in a silicon wafer 202. As seen in Fig. 29, a
single blade can have both linear and non-linear portions. Using a single, inexpensive
tool to create the trenches saves time and money in the blade manufacturing process,

thereby reducing manufacturing and sales costs.
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[00106] Figs. 31A-3 1C illustrate a doubl e bevel

mul tiple facet bl ade manufactured in accordance with
waroosirags ment of the invention. In Fig. 3lA PEEUS205015016

doubl e bevel multiple facet blade 700 is shown from a

top perspective view. The double bevel nultiple facet

bl ade 700 is a quadruple facet blade manufactured in

am@cbazjan g, \Bi0ti HudttaeesEAGW dfgElRs 61 b hﬁﬂlda%ﬁfdﬁtm@ﬁﬁéﬁ dthon-

d ctswgge |ncluded bevel angle of the firstset of

S0 arerysfalling anaierial @C@T@QS ite a1z emhedimeot ofitbel invention.

\ e cets.7Q4c
F%loﬁ%’?m%g sebatt RRoARE BRSteSSiiroPided BE b o Botin hotes
d@.ﬂlhesllinen etafen202i fih etep 606taﬂék ﬁﬂz&oﬁ@ﬂ62@ﬂasﬁﬁen brought up to the
nuf red of the trenchi ng net hods descri bed
R Rt eRlotl it mpriosbiia 9o STd aRongh tele 655 & the desired

n@spkl. MEhd Sh)ﬁvxta[‘éeaﬁl%f tﬂeﬁ %&I @qﬁ&%‘&ﬁé g dté} 6{39}0901 i Q%O the

bevel multiple facet b aser beam
riRseribed pattern, pm@@clmhermhmj dasifddristvel erngt&dhdcdés@lf(;ttéﬁ 508).

e b G T P RS G s
seaRn 620 focbeabiradib kK @Wpse10).t MRe pioksds N |bE k%tegtfeg QY ﬁlany times as is

bl ade 700 can al so be created fromthe h
fie6es83Y to pradur g aptimpne ameuntd)éﬂaéadles o & kilices mﬁar 20@ (step 612).

0810313 HE %g%%fc{{% gmeWErnggﬁnggrrﬁ% nl(ljlggs cr P§,| attention is

above ' for h|n|ng trenc

raghini rpdheeo’terdem Ehed . tRolloonng e 1008, @hie\ R tréﬂéh&é Be®nachined
de 700.as illustrated in Figs. 31A-3

[l’fbf@ﬁfét] sidq 304; of siliwom wafer202ap Hegisien mbbemb@m én dmm step

[ e var.i abl e
00118 3l (AP SRS i) Pyl ¢8O0 S

adthor singleenachinkd ltﬂ&achmith addatiigsspliee tb heneichinedsilleSacdbrding
g %!ll ‘5%1% fth the bl.ade tip,. then becones nore
2 8“11"8 GOt the PLaseRt igwtion. eEfLﬂ {O02HBE Isrfo ke gppliegathen coating

l.e
$00 e e RS AR G 2 B e o

e Pﬁ@avhtqchmneesdwmnéobhoselskih]ledaieth%&z?t afdie eention. Coating
f the trenc |n net h descri bed
g@gﬁl gas%i%he%qo g%gbftg% q? q¥idg éS%gl@)aaltsgength to the

reahimolideedps. eBitibord ¥af@n0R ilak@vglk dep
doubl e bevel gbI adeo705l Laseikﬁ%eam 8 2 %Stlﬁﬁ]b éﬂgﬁkﬁerg the

£Btgdle sidee30dpfisisra wadsrd02byinpludinigrihefattdnen and the trenched area

| di f
civcoapvfty B BRI (G ONDY b bin n e sl
dackmhssmanhmgbrf&&h @d nhi 12 frﬁkﬁ‘oﬂiﬁ)tTHeCUogtl 1 I0G8DR comprlsed of

descrlbeE reat r detail with respect to Fig
{hat 1s apﬂg: siiegndgeystalline) wafer 202. Spemﬂcally,

coating 1102 can also be comprised of titanium nitride (TiN), aluminum titanium
nitride (AITiN), silicon dioxide (Si0,), silicon carbide (SiC), titanium carbide (TiC),
boron nitride (BN) or diamond-like-crystals (DLC). Coatings for double bevel

surgical blades will be discussed again in greater detail below, in reference to F igs.
18A and 18B.
[00104]  After coating 1102 has been applied in optional step 2002, the next step is

step 2003, dismounting and remounting (step 2003 can also follow step 1008 if no
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descri bed above for machi ning trenches can be used to

machine nmultiple trenches to formthe vari abl e doubl e
whewsliodaBade 702 as illustrated in Figs. 32A- 32Ca/UF20g5015016

32B and 32C illustrate two side perspective views of

t he variabl e doubl e bevel blade 702, show ng how t he

bevel angles F3 and F4 vary on the variabl e doubl e

besating WRAepI&D. ¢ sep d00R) silidof maif@ e i§ ARMoLMR from tape 308
[.00110] Fi 20B and 20D also illustrate top

Lé&%@% theysamg isg"\snéaréfmmgmﬁh@ec (e :m@gémyfsrmmlicon wafer
"8 o AR RO RS A W 0 o 8 B

f tackierssilosv tablo sehenh celenst Papkicgs alsd B8 ugewlin2fd. of U E&isitive tape

e £ tti .ed has a different bevel angle. In

Fi @ gﬁﬁ? e’@%%{%’ﬁé? ErarEeBhifoncuter 4§ @adesasihlifted from

efehafeARoiANe. %iﬁ’do%%[t@{%ozsﬂs E}%}nq‘eﬁ'b}lgtg&%ﬁh DEYRY side 306 facing
ach bevel "angle can e or

angle. Additionally, e ave on
magy, en preparagion for machond tdhiagof secohldaiie 36e shown f or

e ar u es onl and ar.e not nt tolimt
BTG o on R S refinepriatod fictibuelr Bot hoten 104 trenches
[ &0 hlathinkalihte Wedtad FRIIBOBR L 1RBE v aPdren22004das Bnd $E5ts) 9008, in
nmust be made in decision step 2005, as to whether to

ePIdpr torseeaip diibde hevchsilieon basad burgios] biadesn Figfldrill@@mtdsra cross-

S - rq.ch l e chi ne trepnched silicon
S I o g el DBt OB RO G BRI Ui Ve
PO thatnie thpeyn@unted; ba@rdiagtdineabodiasss ofiBaMvERidh. - Ofdburse,
exciner, | aser, or laser waterjet 402). D cing provides

f o prdases S0yt lesae F?shitl%t 16Q enthe h@t—fprghlemrqq@;sa%an also be
e A e S B Y et PSR OB R G biace

affOfZi is shcrvuph'xacleiﬁhigi a:jugcqmdlt@&h B opty sf.beﬁbllatbﬁdgm@oﬁdiliécﬁlg[?afer 202.
rw .machi ned. trenches on both sides, accordin
%oiwg@&b% if SooMn ingrheen PREIIR LY 2pDksH instepr 008+ Efﬁsnb(?A and
SERPSHbAL REAYIO RS &by " -
di srr%unt 1218 I%Slrﬂg%n t apelé]%lg%&ddg?{?éé’gﬁm\ggkesﬁg%ﬁ? sIntFngr%OA a
plizgle dutihas heamihede drotie s ivdn iwafarX@desultiggini cafingepile @ in a
g%%g ﬁ@th 140% Thgﬂetchant's 1402 tenperature, L
¢ hlafls pssgmbhh dndige-1198; 8fecond tenph has heen mashingd intp gidicon
Pyt . : i . -
ORI @y b1 Blo diienEhichdlBhER Mactliif AOLGAR) fith the same
ranglei as the fickt tramch. Adetremltds adogblbApyelGiliven basdisungdadl dhsle,
and concentrations .can be used to achieve the sane
S RSB Cutiie o e g2 cuttingamelseo b cneliined dogblagsel angle
| cpaci A; ' k | G di fl.ouri de
A2, il CinosRi®ys Bofon ALY B 1Ol eSS
machined trenched on both sides, according to an embodiment of the invention.

[00106] Figs. 31A-31C illustrate a double bevel multiple facet blade manufactured
in accordance with an embodiment of the invention. In Fig. 31A, the double bevel
multiple facet blade 700 is shown from a top perspective view. The double bevel
multiple facet blade 700 is a quadruple facet blade manufactured in accordance with

the methods described herein. Angle 6; depicts the included bevel angle of the first
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of imersion etching, can al so be used to achi eve the

sane results. Another exanple of a conpound that can
wheooadedss n gas etching is sul fur hexafl uori dePCDUS2005/015016

other simlar fluorinated gases. [00113] The etching

process wll uniformy etch both sides of silicon

waf er 202 and its respective trenches until the

0 Q&lclﬁ'fi&tst FRACTH4B! 2id :!u‘%ze é)zgﬁ ?fc?set%% 1%%%d%%5}6]%f§§egof%gg second

be i mediately re rom et
r setod dacetsc4t land 7604k urs. The expected cutti ng edge
by .this rocess ran

ST OB elsebe ters s nithe devble beyebmae Gestblade
t hag cé.rﬁbé"&ﬁﬁjufﬁ&uféﬁgﬁiv g’ﬂf H&?&cgﬁﬁ%&ﬂbésode%ﬁgg%ﬁ | ¥

t he manuf acturi ng accor
oﬁxemde deses beam 904 ean bcmsedttbl enachihe nhesmﬂcheetorfbnﬁ tHesbevels in the

ro chlnlng escri hed above
| &8 ﬁ%%?%‘%eﬁwq%@*é%% bregeal G re poss,
piRbhinfeQNfidshReRBRAS fft §t1é‘18ft% Wi, M@E}ﬁﬁm@ o firsd t?&{cﬁ and the
bevel bl ades are desired, the non-nachi ned opposin

siake a genad @asss sritabbespared, thmachinea seond diench. sblkew;cse,cthe first

e (b4 9 chleve t he desired

ChEM 90k HRAE 700 8L H nt CeRed bPMT ARy foTBma Bt eSeribed n
t greatet detaid W1tht1’e@e¢aﬁ‘oa¥”1gp130ffhﬁ'&3nﬂ0ﬁre @S fMhé'eheflo@ Bescribed
f il because t he desired, edge geonetry is too delicate

QrietPicmastaning drenghasican he, uf??é‘éﬁ arichie matipletienglgs to form the
f R iC
e?‘?zﬁﬁ%“’"@g‘?@hﬁﬁe g1 BRI SOTARRNIR s, dPRETRT
i B940Y)pi dnﬁa:g ¢2Bathe vitiable dléub]s&)evellbﬂddg(ﬂoglﬁs showi ﬁbmgﬁtop
t he exposed silicon, d rofluoric _acid .
BV Fewo i ab BrionRIS hovelbide 0 e b oz geed in
didcURiheith gk &Qﬂh%d?&&@ﬁﬁe?i e?élﬁ ¢ 'A?lglecé%rﬁergﬁlls oBluse at th? blade

conposli tion, t enper at ure an agil t on 1 sTnecessar

aﬁlbllthetebercemeahﬁubé gcute fowaids thé SbL1E, ﬂe@ulﬁ‘h%ln anbfe 03, This design
silicon wafer 202, with no coating 1102 as been

p$t§‘é’§@e¥lﬁthie§5¥rpé}j’i of the ¥aisbla @ublﬁd@VeNQi@@e {®at each

I I
9 B S R B P E An oe
amenufmmmdtb@dmty@f el&x:ﬂnemhimgrmeﬂ‘k&iseie%ﬂﬁﬁ abé! MeelksmPR, laser
the S (ijf | ayer. after another of no|ecules is
% ‘?eﬁé’ mgehingtheitiggch todomp dhebeye! inrfhe ¥aniabidpuble

(l‘)ev%l bliﬁ@%ﬁ %&Elcﬁéanpb@ﬁj@cﬁl bléb _L{Jétehhg 6‘&3)\1@ t@'?Jrﬁﬁle b]eéélooy

(of first suragical I ntersect at
tmeclpmng thenrestellinh eyatarad agooirdiegl ta softweee preygtans aogictalikewise,

SRR B0 O T HSS Fbees

f Qusomsbd ilNgteatdriadtailt wigh respect to Fig. 13. Furthermore, any of the methods
described above for machining trenches can be used to machine multiple trenches to
form the variable double bevel blade 702 as illustrated in Figs. 32A-32C. Figs. 32B
and 32C illustrate two side perspective views of the variable double bevel blade 702,
showing how the bevel angles @3 and @, vary on the variable double bevel blade 702

according to distance from the tip.
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sanme angl es have been mai ntai ned throughout the

i sotropic etching process, except that |ess silicon
wondosnoeBs r emai ns because it has been di ssol veRIChyS2005/015016

etchant 1402. [00116] Figs. 18A and 18B illustrate an

i sotropic etching process on a silicon wafer with

machi ned trenches on both sides, and a coating |ayer

O[0001¢] SiFdgs. 26BGAd dongﬂéoquagt@ett@ etiveBnéwobf 4 RRltiple
present m%entl on hi Figs. 18A gjr%%lq%@ tape 308 and

coytingedeeidaden thas C%b@lmaélﬂﬁ%‘@fﬁds\ﬂth el beyel gugles gThe
?ﬁg{ho%ig]&e hﬁ&i e cgﬁ g%a%uf;al%we Bfalid ?&%&aﬁlﬁ&?ﬂgﬁeﬁ}lﬁ% in Figs.

ICOﬂ war er IS no necessa

w20 and20Ioshdreisl cach twdffg ddd g atdﬁﬁ‘elemdivvelgalmeo CIﬁS:'ﬁi gs 20B and
this is on%% a manuf acturjng option. ain, .isotr
\a

et P, thesg &ei rcmte}g TPk 30 pA5h comba @ {Gepnk singlo s double bevel
V‘?Jg% K@&u 1941 %‘%}41 e{ﬁ%leséah'}&%‘ HBSENhOA! fad Q%s 'd@.%ﬁ'bed

ter anot But main al ni ng the same angl é
netsivien é‘ﬁeserars sleqmﬁﬁ)@ 4x¢thplagumepodes snlysarsbaronadt meahi to 11m1t the

306 As a r AN silicon based surgical
b?rﬁel%@mf%tﬁﬁ’f B%ené]ﬁﬁ d;g%g) %%@W he same angle as was
Nl e d FolloWirPRadRiSiraid stO2b0400dddidist mubidse Iﬁgcfe 1n declslon
because of tagg 308 and optional coating 1102, and

s¢fe A0S a@l@ whaherde ctohidhe d@dxh opflnetr d siligop wafer 202 in step

ves ayers of s
SR RE 0 peolble e rostpid S PaBE A B R e’ Bicing step
VB 16y cad Bé peersrmié bybg aitirtt alvesladd, 1kt beat! @W. ok cimer laser, or
additional strength to the fini shed silicon based

slaperiveaieri o A&k Difing propjdesder the respbipnirsiipsde basiched (in step 1018)
Oﬁ& @9@844@4&? %ﬂ%of@ﬁ k%bﬁ%&%‘s&é&%ﬁ ﬁb%f&vf | rst

Icon ma tha e cu tlng
e[:llDQIZ]t h&igs. 13A amddBrilastiatencisotsopie btchﬁlgqmmmpﬂf(ﬂfned ona
coating 1102 (which is preferahly conprigsed of a
ofilieon ¥ hWHPtchbgbedttlﬁa?heﬁﬁé’@&%geSsﬁ‘i% B8 1R 4) agfiment of

p HRReEsthtGRvAtah. m?tcﬂﬁ’lg%te@' 1018 e MRERIMER Ll?lca_th%fefr 90% is
appl yi n

e process o ating 1102 results Iin a
cdltsmlomyeda thom thp@aB08§. sSisicorowgfer 26 ¢k thren plackd ialal veafer boat and

ciengRe frincrtae bu habingl HRRGnagl 5480 bheeriR | n

CeiHcamtativh alid ERflonl de 84 RFIILARE AARMISAthe ﬁﬁi?fbﬁﬁi@y 8t iheGtch
bl ade devices. Table Il illustrates ty&:{ca

sproesrgt Ahegotrapicretrhepletd(Riused ismompoisedoiyidrefbroriszasety nitric

| ade d
b s e (PR O SOl 2 Bhe i Pt em be sea to
TaBldvelthd san@hidSdseY Ton Qxﬁnﬂ\l@ dudterScan DeeQcln@¥d fashd fRtic acid.
nodul us of elasticity)

Spray etching, isotropic xenon dlﬂounde gas etching, and electrolytic etching, in lieu
of immersion etching, can also be used to achieve the same results. Another example
of a compound that can be used in gas etching is sulfur hexafluoride, or other similar
fluorinated gases.

[00113] The etching process will uniformly etch both sides of silicon wafer 202
and its respective trenches until the opposing trench profiles intersect. Silicon wafer

202 will be immediately removed from etchant 1402 and rinsed once this occurs. The

expected cutting edge radius attained by this process ranges from 5 nm to 500 nm.
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measurenent of a material's inherent stiffness. The
hi gher the nodulus, the stiffer the material. Yield
WG@R00sng4Bs i s t he point at which a material, uneer/ubmas)iso16

will transition fromelastic to plastic deformation.
In other words, it is the point at which the nmateri al
will no longer flex, but wll permanently warp or

bfodak4) AféRfopsd &féhﬁ@al CWhid}as a‘ﬂré&%a@i@ Ahdd 9 réﬁa@% silicon in a

t e etched silicon wafer 202 i's thoroughly rinsed and
ﬁmdn@mer ehﬁh@ nmnufacamn@mame@s advanding O ephbkodimentof the

usteates ultant, c i e
Seng gt gor}j ev e‘1va flfrc o] pg‘lﬁa e, vag pgodigc?,é HH %‘e mgcﬁnmng
C@@bmm DOV mnﬁfoﬁﬁlymﬁu@mfowﬁﬁd X6 F0EAVil0the Prafile on the
enbodj nent of the present invention. The cutting edge

1eeppsing sideaiithe wa@r 6if pinglepsvelfblales gredrsirph tlmreremschined

B A5 L LR R i
procchizse ﬂfe desieql HIBdSsHagmebewhil pprebaringdhe blalé agle. bAgesIpts to

sur gi cal des n_be npunted acc¢ording to step. 1020,
wiREseCt ghet gaieal ymﬁﬁﬁtmrrgga lonefoal begeyie %trgcbedge geometry

ZiQ ng délQ:QtJththE@ ah@ ‘fﬁeriﬁ %H(‘Hl 1?1{10 fla %ﬁ{%gnal;@rces. gch of the

I'i con based surgi cal a can
sacm@l campandgnts @“tlsmomas:ham (e:tthame)alrzﬂé)zmlaaa st findtiamin

i B P B30 pirdl Pl Pathogd s enate (o A tecondly,

| @b fuorR acRi RefovesthedRIE@zdiBAIdN AceaPatiakhbistab8 diluent during
silicon blades fromeach other. As one skilled in the

alhis rseeesapBresise aeniroljof semposifion teraperaiure anshagitation isgiecessary to
Wk%?'nAﬁQSmﬁﬁﬂ§Sﬂ&f 150 nmto 11,000 nm can al so be

28t a laser in this wavel engt h range

| PORTS]EX Ch e, IVASsﬁEconWt&‘eﬂEOZ(}Iw@thQﬁﬁco@ﬁng DH)?J B&steen placed in
waterjet (a YAG laser) is that it can scrol

csiyRis fie ath; 1408+ Nejt at eagh sureicsl bl@d@,rfgswgeal badied 404,
p&gé{ﬁ@ﬁﬁ%ﬁ;g‘]@olﬁ%ﬂlﬁf 08Cadd filrd ts{ﬁ%ld‘a:l ﬁféﬁ@ '111(5 Yorel c%nH%ﬁgd to each
Vi rtua ge

an unlimted nunb non- cut'ti ng
bothele Ay e:téhdne $402ZWeerkis @aaehe sikit@t, pat layeﬁﬁt@ asbthemsfimdlecules is

wat er wave ui de t hat Ilowst ser. to cut _like
areelgﬁeg g&%t dgcreagingothe 8@3 iths/d cw @ > theessupgiFal dfpde) until

%@Wo Gholbd) %?@)ﬁ/ bn | 1 £12N@ £ BRE Binldfan bl FAba I)aiate[’%%@f At WHbint

above, can on ce in continuous, stra i ne
pehg¢re rtlmy ar¢ PodeltD themesdt emgm@Ewadmésesondgmdgtﬁ tlaslarlg06)al The

Sili | ades are ce bl ade hagn
et BV sBreie bR (R EAop el 3P s e T Mol pat the
Ie8 ha¥¥ b&hn nﬁaﬁnﬁﬁfeﬁ FhrouPAd kH&s&l‘Bin@ét@lﬁhQ Grocess, except

however, the etched silicon wafers 202 (being mount éd
that less silicon material remains because it has been dissolved by etchant 1402.
[00116] Figs. 18A and 18B illustrate an isotropic etching process on a silicon wafer
with machined trenches on both sides, and a coating layer on one side, according to
another embodiment of the present invention. In Figs. 18A and 18B, tape 308 and
coating 1102 have been left on silicon wafer 202 so that the etching process only acts
upon second side 306 of silicon wafer 202. It is not necessary that the wafer be

mounted on tape during the etching process; this is only a manufacturing option.

Again, isotropic etch material 1402 works upon the exposed silicon wafer 202 solely,
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on either tape and frame or on a tape/wafer frane) are
radi ated by ultraviolet (UV) light in the wafer
worMsti09ags machi ne to reduce tape 308 tacki nesspCBUB2009015016
waf ers 202, still on the "reduced tackiness" tape and
frame, or tape/wafer frane, are then |oaded into a
comercially avail able die-attach assenbly system

Reg@)vind ¢ibéoraiaésial (‘onlé\/ﬂ@eﬁéﬁéﬂéﬁ%@r)t Bl $iGirERE s@he angle as

certain steps can i nter changed according to
- (2 m&%hia%ﬂla%@m?(?(}ﬁlg(bmwser hifis second Give 36 hAe r aesoltein Fig. 18B,

N L e R T

[ ﬁﬁdlﬂﬁc}d iiseepdi 1008 bh@20049 58 €1 siHeHOH BEPasd dftaﬁmeean*dfb%uonal
|nd|V|gggé etched silicon surgi cal bl ades fromthe

FRalng AR ionsseondisise3 Oonbecapteaisotirpie atpbam/elfl@z removes

C Hi.sa bl
¢ 3 f0Fm 1306k W kot KR EFRuED Elopl e PRIBEL 53k sBRES Fifside 304
Aof slipamyw afer 20thiessinot bednl diched atJ ﬁl@,g)rbﬁdmggﬂﬂniohgl sttéBgth to the
r ass met hods can be used to
aﬁ{‘rlgtéﬂ:ﬁ]i nllﬁ‘émé?als?(ﬁ%ﬁg@ﬁﬁg%&al blade to its respective
at I r [

L IR e e el op il e 2002 APRALokAL 182 to firs

L%é@ $Q4 ofrsikicampw. afGQEQZ idthatfthe b\syttlag ségﬂxlthﬂjﬁst iaclgined trench side)

S‘#er&lﬂﬁg%edboﬁfdes V\ie]:({; (ng}fgl is préalii’%r ggik & ﬁgglasgrsol%rsﬂlcon

agit-tie)l t%pé&eésb@stﬁﬁ@bﬂﬁia@ﬁal ﬂlﬁpé’tlleé fhan e ia9é &ﬁkorphﬁ%al
[00123] Anot her assenbly nethod that can be used

nhifseora, theqprpesss af apnlying cwmgt 14 OB aespdis in mowiting sdge that is

af d
DG a3 ford Bl Scoatinl T 07 % BHASHEISHR BT 1 R brace

asmdfamwhwh&eﬂ bt degirabld ﬁebaﬂememm inQontabewth §ieBiinS aw

bl ade to eng?ge the sil | con wafer 202 when machi ni ng
e Aerdpror g blafiseeyices | Beble EH llustrates typien) stength-

r

AofiRanR %%ﬁ°5tibffs'b?&§%l;ﬁgﬁgé&§us§%aﬁ by rEEhed fjfou
Fiogting 111 02 (sﬁlcsh)ea:hdsmtlg taxing il 621 @1]2(4&211&&13) had two
sl ots 2404a, 2404b created in its holder interface
regi on 2406. These interface wth posts 2408a, 2408b
of bl ade hol der 2410. The stgisucan be cut into the
silicon wafer 202 at any point in the nmanufacturing
proc@@@“ﬁbut preferablymbah be done pr i |cfilicongNitride

Si ngt e—sttgisat—blades—Prhertobelng
i nt ehyf(’&%e Odu%(dgé hesi vgl %an be applied t3(%3 t he

appr omidsangth g3peas, assjufi ng a tignt nhol|tg THEN, TOVE
2412 can be glued as shown, to provide j[a finished
appearance to the final product. The purpose for

i npl enenting the post-slot assenbly is that it
o@MiSliesYoung's Modulus (also known as the modulus of elasticity) is a

measurement of a material's inherent stiffness. The higher the modulus, the stiffer the
material. Yield strength is the point at which a material, under load, will transition
from elastic to plastic deformation. In other words, it is the point at which the

material will no longer flex, but will permanently warp or break. After etching (with
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additional resistance to any pulling force that bl ade
2402 m ght encounter during a cutting procedure.

WO 0@12dd4s¢Havi ng described the manufacturing prBCEES2009015016
a doubl e bevel siliconbased surgical blade, attention
Is turned to Fig. 2, which illustrates a flow di agram
of a nethod for manufacturing a single bevel surgica

b
A e o M A Lt

Fplganesl t@rfén‘?‘ﬁ‘eaus@ﬁiéuﬂcﬁ’fchah‘el49§t0ﬂmnhlqaﬂd ustrated in Fig.

OET% f Ic])?r? 4 errlfagn u a&/%t?fraf ‘??g‘h?ng P i Wﬁ‘%gﬁ Bey FP%]P%R’J‘eS“IgicaI

db]faﬂewsthlarcotahﬁg Medtie ﬁa@manﬁﬂa@uareh%@@rdfﬂgqmah%%aﬁﬂ&ﬁ of the
for manufacturing a_doubl e bevel blade,” and therefore,

wPIepeng @V&P%% sErarytiingiedes; 11602 [tmqa:klfar]hasmracbw w°gs ot ¥

1 e n whet

RoRriEas TR EhEHlat o CHTBRT s OEH o B mamptectured

simutlcless wa;t eAﬂﬂDﬂhBtetdh@g&;ﬂ’éﬁdﬁb bystd® 4018 hastteen perfiéined, silicon
hSJ| %rs 202 were to be disnmounted (in

<bBRT T Bifds o b GRaURiE ASHTEHE tp 6topd OAPeBhichds the same as

S tep 1016. In optional
?lg%glr%slﬁﬁ?qggg%&%amoie silicon wafer 202 is
lp

dio9iAnt Fallowing mewwsingGeput(20] the siicoh based vargidad bihdes(silicon

A AP R b 0 S o
V\@‘aﬁfthﬁﬂ@h teofediding @bw biladR; lase?'ﬂehlﬁqg g\afsef wggg 402 or an

apart into strips) In step 1016. Dicing step 1 can
bekchHRelgsene or wela%ﬁablen@eans ads,epa@i@cuhﬁemcbrabbdesaﬂam each other.

d th
5Bl R the A1 et lle DB BT ohin A SerEl: bithh
inanga msofnnwaf BY, 000k af diss GUssall AR et 6@& bof RedseMh-this
FoI rhg elther the dicing step of 101 t he

T8 5Ep eFpimey gser. ofha wequraess afdhe lae@r?wt@n@;ﬁa YAG
ac n
g‘fass | )ﬁg@heat tevhﬁrex @@I)élhlc?%\gﬁn %ﬁuﬁ@htﬂ ?1{1% n tggn age tlJixbs rgwdes

i i<} Blanﬁfaetprel@lﬂfsﬂe)sblﬂlhptoeha:ltu viguailyesn unbihhicsd tidshed bf fad¥utting
above. Thereafter, steps

d |
f‘%‘%@b a@%ﬁ%’ﬁ %alﬁ%tf %‘2@# Bics gwiream of Bietegias a v ayagude that
herw s desasdr e eut lﬂiedaec;aﬁﬁls \@b‘i’lﬁ Pnét%fe%bglggfgﬂ Wih ttl!ﬂs-em}rrent state

manuf act ure of a doubl e beve I con surgica
tifdlereart disthgtrhanharfesy whigb, ascmenllEHdd st vbecati dyidiee th continuous,

Fig. 3 illustrates a flow di agram of an
Zﬁ%&ﬁﬁg{“ﬁ% i‘?%esthod for manufacturing a single bevel
Joorzigal ibdtasl e0d4r @8 s BighlafeduAs GO 5 BcBY blaBePark Bididd and placed on

blade handle assemblies, according to the particular desires of the customers. Prior to

i

actual “picking and placing” however, the etched silicon wafers 202 (being mounted
on either tape and frame or on a tape/wafer frame) are radiated by ultraviolet (UV )
light in the wafer mounting machine to reduce tape 308 tackiness. Silicon wafers 202,
still on the “reduced tackiness™ tape and frame, or tape/wafer frame, are then loaded
into a commercially available die-attach assembly system. Recall from above it was

discussed that the order of certain steps can be interchanged according to various
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enbodi nent of the present invention. The nethod
illustrated in Fig. 3 is identical to that illustrated

WO 0oFi1gp4s®, through steps 1002, 1004, 1006, 10P8r/usdon®015016
step 1008 in Fig. 3, however, there is coating step
2002. The coating step 2002 was descri bed above in
reference to Fig. 1, and need not be discussed in

de@hifhctagag Bavirbhtehs Wre ith ER@nsloatd Ae seheer diigdliteon and
sane as_was _descrj bed previously: the pmachi ned side of

stadiation bitd\e Higlto shess steps cary be inferdmngedH neeessgyo128]
F ' ' . i.liecon - o
oy 2, oo - BB By S b SRR ekl Giticon

e o e s sty o,
t Wel attagh doe slicpm Sé}?gl%f}(lﬁ’ilaé@ﬁ to,gheis Fesze%wﬁaoﬂ?és wEhR tﬁﬁ desired
L LA L U e e
hasgemblyanctbedscah be dsedtoddtach theadmor surfival hlatle teedstespdctive

B R

& duiRiie %Sndlﬁg.sﬁﬁﬁﬁrgﬁtzs%EQ{@??,QHé &lly dskem®Itd kiliGors gllx?-lﬁ:gﬁlblades

bl ade. Fi gs. ustrat'e and describ

swihandles, ate nackaged te ensyire sterililyzad spfatyy peditranspgeedfdr use

[001 i.9s..23A and 23B i|lusi.r.ate an isotropic

tenicnte 5 B2 deetfoARE st irelBURG: 1 B Ty ned

t joenz3] omiter SbsdmblypmdthddeRaichnBe hsdas nundtheGRAHE] biade to
si de according to a further enbodi nent of the present

i itvlderanvolyes aneter peseaf sy Rlotss ps disissefeabor e, uop b greated by
Ct‘i’l@tl%sglgw%t]eggat ap Qidirgg%fagerf sl dBlerdle t’%ﬁ) o%é G oig)echiﬁ £ the
nmou ) 0 t

nted onto tape thus coming i close conta
wiitingishw bdslesb enmgnge thdsiticor?B4fer 32 whanmaeliieing2fEAches. An

then. placed jn bath 1400, .which contains etchant 1402,
addpfdnal gy slogs &t 05 tp PERHYR2 TeEFRAGIR D %&&%49_38{ PR qrgore
SR MNNAREORH: 94 HushAes bl SfiGerme] 17 Fld 90NGHRA

2, renoving one |[ayer after another of sil7con
neirgicail tdade 2402 duas badoevd slots #1044, @d04tsérbatedim Msliadderd0Rriace

vt e e
CQ8isIchE bd &8dnto kRS siliEStvhiek 20Radrlyi foddt il e thalf fa@aiR process,

singl e bevel silicon based surgical blade. AUof the )
apus ipeeferablyonae deddvea prieglesinguldtianiof theessurgitdl bladesi Prite being

R S 9L PO b b
1Bifen, dSErantk dh bd Q0dBEY shbiv@sto pt¥ide @ Enishkd gﬂbﬁe’ﬂ@ce to the final

vari ous exanples of silicaon based surgical Dbl ades )
product. The purpose for implementing the post-slot assembly is that it provides

additional resistance to any pulling force that blade 2402 might encounter during a
cutting procedure.

[00124] Having described the manufacturing process for a double bevel silicon-
based surgical blade, attention is turned to Fig. 2, which illustrates a flow diagram of a
method for manufacturing a single bevel surgical blade from silicon according to a
second embodiment of the present invention. Steps 1002, 1004, 1006, 1008 of Fig. 1

are the same for the method illustrated in Fig. 2, and therefore will not be repeated.
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that can be manufactured in accordance with the nethod

of the present invention. Various bl ade designs can be
woreovafieastir ed utilizing this process. Bl ades w¢hus2005/015016

single bevels, symetric and asynmetric doubl e bevels,

and curvilinear cutting edges can be produced. For

single bevels, the machining is only perforned on one

sHOweodr, tHeanethdfor MéRUEREEi Iaaéﬂxeglebeéak c%ma@@dlmiﬂsem the
such as single edge chisel 20A) , ree ed

chgXd &tep( §ieRy 10U Bpm the methadder m&@o@nagp doEblg. be:zeicb)lade and

20D tab, one edge
h'efefor%gw{u ﬁ@g@éﬁﬁwﬁf{aﬁ' Y one ’eng sharp (Fig. 20F)
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dn & gbcorzwfeam wagdismoyute@ instes 104R; thenraptibhalty the

nd ustrate
AN el 207 o o o SRR S ot SRtSish i in step
NEN16f AXiting ettpi 1016 cEObEIpRERmH b a&ﬁolﬁg‘%‘ah F%Im&flastep 902, or
i.nvention and _a stainless steel bl ade, 0,

rlasshMratElst Aoh Dicg e sleseloy the sgmiltant stiijes t@lﬁfefemh@d@e step 1018)
Bgtgu Efh tfyl es %?ﬁtﬁgﬁvgfg%%?%g@ﬁc sseg‘%ﬁ céét Belﬁ{g‘/ﬂef‘gl'lowwg either

ithe émtngxile,p of51 0o cthe divboiuneng aﬁﬁ offDO E2, WA ileGhabhid®arentA8tep of
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BOFY) R pdRems fiuf?remw agiuring y ggistexelisiliogn based
cd’m@a@ie% st %I)’SSt@lle O F@lﬁeeéthlﬁhg std dW R hgsdﬁre%gg Been

na a crys [ ne mat er €s a
Ghﬂwmum detpil @be@s Theraﬁen Isthps ¢ 620y 10b2 anmze ahd (li():m’emlloﬁzf all of

LY A T
tuaeel%uhﬁ)hrba&&i S1Rdi8A1 b de! ShBhBRYrE8b 8bi ﬁ’éed%? Bé d%&'isgéd again.

etching the silicon wafer. This step can
480127] ¢ hEkg'ré illepiiatea iftory diagrani efancadtewretise orethadr for

SRR ShEAe eSS Dot pt B onaBeheitag ariind
\Avhib@l‘llrﬁérﬁ e tHeprevet iaweRisad The nhdlh@ Mektrabd th #BE3 is identical to
substrate/ bl ade material. The benefit of converting

it illuptrpieddn Bg. 2nthranahcteps d 082.d0RMOLANG, BI0S: Hetter step 1008 in
DSt h&WEver, there is coating step 2002. The coating step 2002 was described

above in reference to Fig. 1, and need not be discussed in detail again. The result of
the coating step is the same as was described previously: the machined side of silicon
wafer 202 has a layer 1102 over it.

[00128] Following the coating step 2002, the silicon wafer 202 is dismounted and
remounted in step 2003. This step is also identical as was previously discussed in

reference to Fig. 1 (step 2003). The result is that the coated side of silicon wafer 202
-34 .



material is that the new material /surface can be

sel ected such that a harder cutting edge is created.
w®@aaosuod4ske a coating, the cutting edge of thepwl/agmos/015016

mai ntai ns the geonetry and sharpness of the post etch

step. Note that in Fig. 25A and 25B, the depth of the

silicon blade has not changed because of the

cmrfuear@ovano@mmsl&mngalssen{m goﬂepﬁé}e&ﬁertéﬂ@ps 1018, 1020, 1022,
I1%)lcon only b I s equa (the depth’ o
S

8l 1&2§dékwlm all @mehélamwm@scm&@@ de{aﬂ@lbﬁ@e] The net

of . sur.gi cal
ol S g B s R A R B A broviaa
menth fadgyer o€ doatingald 02 rtel ﬁﬂp&@v&\kﬁehﬁ’eﬂgh ABE BeABIIRY of IR surgical

33A lustrates a slit
P ERE Fih (A s im hiliswie B desstioe e sopahe hevahposted surgical

c ACr purposes. Slit blade/knife 720 has a
flgltragét be\?%l&r%g{lyn% and a second bevel set 722b. The

f [003 29]an FigedAdnd @3B illsstate APiRatropi? Blehingrpré&saos b Blicen wafer

ff | doub
o5 1ERBfted feniih n ST S48, oo AH 1auGTgRe: SrpSiREe according
b@\tefurthiet en{BotBmerft?od thé s 1IWéhttldlp | &5 84St AR

1
well as one or nore facets. The conbi nati on on’E Slﬁ‘fcbnwa or
i feas copfingibl 02ragplicd toniinsksides 304awhiich isithen nufunfedamtcstape 308,

. hat . depend .
g N W e R LT
aplacedtin tbbthclamob@hma @Uﬁt&ﬁis @Echantac00) 4 digbutfa iBEAAYBove,
dl'ﬁt@ﬁ ig%gerel n in accordance with the enbodi nents of
t

egips, rfichothe spepnd side 306 ¢ top side?’) ofistlicoatverfer202,
%ﬁfo@ﬁl?t(ﬁ%e %S%r Ejft ofttet of HtorfAB ?l?ley Sgﬂsl gpé}eg 1me\:/ silicon

(LASI K almc surgery. emec
bNaf'dEZQQMashasthmhmesb extzicedBp etchdiit ¢HOZ amtilzecaid @Y 308 comes in

et e Sreciad and shiige! | B ade sesuBiing cibene nirde coated
MR AOBSE E‘i‘hc&hﬁés‘%@“surgﬁéif bltag% éﬁ 89 'tlfegdgo}e%kr%ﬁ&ﬁned advantages of

|IIustrated in Figs.
Hevisigrg, sibgon rawiler(oi @daltqd) blade bdmplﬂmaﬁyw thietypt oftblade as

d 726. Hol 728
de %ﬁgg#lsg b egg’chlio f%‘gr X%t@dnll crokesztorrea

ersn] 72 SRS E @9@5}1 [
qbq %3CF}gI%%(§%?g?glslﬁ§rag%\é ket gbk | ade/ kni gco%ls%ggtﬁg%rglgagnblades
lat g

g1 Be many fecrredsin aspordmaderwith the mpthad oflfhepmsmkemventlon
as a
SOSN8 B R S st

ibsvels,afmmictde allililisyhﬁnétﬂls degsieBéved, and curvilinear cutting edges can be

produced. For single bevels, the machining is only performed on one side of the

wafer. Various blade profiles can be made, such as single edge chisel (Fig. 20A),
three edge chisel (Fig. 20B), slit, two edges sharp (Fig. 20C), slit, four edges sharp
(Fig. 20D), stab, one edge sharp (Fig. 20E), keratome, one edge sharp (Fig. 20F) and
crescent, curvilinear sharp edge (Fig. 20G). The profile angles, widths, lengths,
thicknesses, and bevel angles can be varied with this process. This process can be

combined with traditional photolithography to produce more variations and features.
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ot her curved shapes (such as elliptical shapes) can

al so be used instead. The bl ade can be a single,
walonbi1a9488 nul ti pl e bevel blade, or any conbi netT/082005/015016

thereof, as discussed above. Fig. 33D illustrates a

crescent blade/knife 734 that can be used in cataract

ophthal mi ¢ surgery. The crescent bl ade/knife 734

i [dous1y atrigs. 20AFInG 21B3Dutrite @sidk RiweoBdliextpdurioaR e
bl ade, Agai.n, the oval _shape is preferred but not

eBgBWRetred infqecosdanse avith a1 eralegdinpiteof HEinmersion; anda siinjess
e AR 490 g, L AO G Sy

ghﬁween Rips alfﬁaﬂmi 21B. o‘glégamyA ?@Imbtm@hbﬁheﬁdﬂﬁﬁﬁ@% um’sffSrm Figs.

o e. [001 Referring tq Figure 1, after
#é% a&%ig@ \éeteé‘gla qu“é?]qféléﬁeb lpde %cfgﬁ@é PtSII%CHE suigiqah blade
(Hlﬁﬁhﬁb@fbdqh %E’co]-%a"nf%)a withf arferRRRER o2 O?g?dtlo‘gsan{i% Pfinless steel

adde rom decl si on step
Cbllad@ rag il@;ﬁO(D)éyre‘gme:aaakd eebpectnﬁelse pAg4if lthe Biféeremictietveen Fig.

b b R A28 Bal S Borerer e et B e S pofile fot

nehbeHmRACTRRS vk @icH, ?somﬁé}?—gnodmé‘r D8 DYSRE 8hFOrmP flﬁﬁ?ﬁéstalnless
requires di ffusion or high tenperature furnaces.

stibeltblage@f Fig. B8Bt ed under vacuum or in aninert

R TR e (L R—

cafystaltint ethtabcad tatiidesige atde 38 a drysRflild maeriaNBatth@ides a
tenperature they diffuse into the silicon. As they

dlay§1LEOBVETRIOB PEOFESST deerdangsayith amembadiment ofche mvenfaﬁn In
U ghoipdr y&l‘é[#}p? OFRQ YLy §h,q{: . ptggﬁblg &3V &?‘%ﬂ%ﬂ"tﬁﬁ éhe surface

create usi on an chem reac
soffixhe sws&aﬁeandtaualttm e newnityiial @564 afiatdicting theailivongvafed. This

R B e Do A RGP SFSRRan. SRrif EorHIRS e Sllicon
p&a?&ﬁx% %oﬁv%rstl&%f thbSilRBh bedce® E‘t‘% XO%?]er c%?@&r&ds%@.n Rk cfdikd

converted layer 1s different
s‘iﬁpsndlag en sdhichhalerbrtd eresgijosad so interbet widh theedbstifibegblade material.

| t h th it f th ted
ErSher et eto i wis 6 TR Gds 1 2 ASupALO Gy Sihgirae
SiR@tREK ehafBetlchaiaielialsutfite BRAERE ERIVRAIuEHK 113t a hifler cutting

surface al so_exhi bits superior fracture and wear

rwigeds erpeted.t Bahurdlknmoabn& e @ﬂtnm edis of Bye Wadawyaintpindthe

LS bR BoepBif SE S, o e MHRIRR AL IS 0ot B om. e

adepitgoohy Silhabrh blage AR Shirszet @dm@@l of the@a2rsibn hrickdrerp1”
ex%ﬁyle of a manufacturing ste&: hat can be per or med
Ot

vithardepinel thasibieerantyelida) iy saupkior W2 ihedspthi ofithmsiliearpblade
KB coS i RESH fbly@’zé’@,?_n manuf act ur ed

[00133] Figs. 33A- 33D illustrate several examples of surgical blades that can be

used for ophthalmic purposes and manufactured in accordance with the methods of
the present invention. Fig. 33A illustrates a slit blade/knife 720 that can be used for
ophthalmic cataract surgery purposes. Slit blade/knife 720 has a first bevel set 722a
and a second bevel set 722b. The first and second bevel sets 722a, 722b can be a

single bevel each, of the same or different angles, a double bevel each, of the same or
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in the enbodi ments of surgical blades, the silicon
surface of the blade will be highly reflective. This

W@ 2005ha9488 st racting to the surgeon if the bl adeCT/BS2005/015016
bei ng used under a m croscope with a source of
illumnation. Therefore, the surface of the blade can
be provided with a matte finish that diffuses incident

| igfeber bngley, ar eacmrbdvsu £ﬂ$223¥ 7t%%nt&q9uﬁbré meﬁ.téagi @&lwell as
procedure, for exanple), making it appear dull,

opRReEEotedaedts. nlhe Cmé)lnﬁtou@ffos:ﬁﬁ@ngles, tdacblmneltﬁ ﬂyckness and
B e S S e RS

spatitilacugeaifties 4l baidd/kels F0, £ whiktecalberhashfi@gie@Ascording
are made_in the _shape of a circle because that is
gthsanetheds disrdossd hgremyin acperdanserwidhithe sshodisaents of the prgsent

t hREaf§Ed not be the case. The di mension of the

circular abl ated regi ons ranges from 25-50 mcrons in
dcadB4ler ,FigridBadlastratessa mhéqrekatstomebidale 72dehatean baatadiar
{ﬂ%&t?épe of Iaser used, The de%th of the circular

1 SUGEARTY.0 bemigrekgatome tedes it b one
F'ﬁé’ w}ﬁéh r&%l@%r 28 g foed dbaslh B! r\S{tﬁ Eﬁe onmggefacets. The
total percentage surtace area coversd. circular

atrimbiedtioreef tewel. anftes, abdtatpdateneai ard mngemynt théread foitthe

5% dul he bl ad tlc fromits normally

SHESE ﬁﬁé@ﬂ%‘}w@ R gffgé)é@ and afsaRliewher: el 76 §ssentially

ain'mtlé@@ fhe Ali@Hkdragh mﬁa&%a 1ﬂ1§§tra§gs Q%hbfehﬁv@f‘ 7”2r60 rﬂdl‘lfse728a

fect of the bal ance of the bl ade. erefore

czmdcmSévrcaa bl axsesifor ewpuotisg ‘eheemam@ram:tne bladei@Pptot a hatmlle, as
aﬁd%rea of the blade, but in a random fashion. In

p eﬁ@f‘ %% graphic file can be generated that

r @odssy y Flg CBCEBuéthRestERI R EEH1AMFkni RUI3 0384 @M B8 ub&Fin cataract

desired effect of a specific ablated region density

aonhthalmiomeds. The ppekepbledeknife TH) élugﬁr@tpch incFigi 33C bagn single
b&&ﬁ%@%ﬁﬁ’aﬂ%ﬁéﬁ g%j adg M %%cg? 's‘ﬁg lélp %fglﬁecg i)o\.gls ATk essent1a1

a compu ona ure

| othbreslvddeshapss (tuhm dsre8lgftichl dhapes) tarb &k BE usbdIThGES. The blade
manuf act ur er Iog: or. the surgeon's or hospjtal’

reRdegsingle domhlpeorinputiple beye plards) ormpyi combiyation ﬂ@%mfr §s
FRSaRSARE H5edsD UBEETAS JUECTBEADIS ] s i
sctammactmpht}mknmesn@ew dbe eregtent bidd/knife 784 iltustrated id Bigt 33D has a

but not e, as, the gantr Si.nce .t he .overal |
aRgle &E‘}rOY%l ereansas Aspiy t %%@égweﬁ%mf%@m Regf essential.

dTH@&Eidén%lE@é?ﬁlﬁfeO%thas Ehﬁeﬁﬁf V@Slﬁ@é@@\%@%&% e gﬁglg,' 15(}? theSblade

a useful tool IS ca f novi ng tho
malnlhermetngls Opécvubé@b@mbblam ovithdéach bavel haeinglohe abinateficets, or
rangfl c%rrhb?rtl ation tflereofoas (%sc%%gedfa{b\c/)e seconds for a typical

[00136] Referring to Figure 1, after step 1018 a decision is made to convert the

surface (decision step 1019). If a conversion layer is to be added (“Yes” path from
decision step 1019), a conversion layer is added in step 1021. The method then
proceeds to step 1020. If no conversion layer is to be added (“No” path from decision
step 1019), the method proceeds to step 1020. The conversion process requires

diffusion or high temperature furnaces. The substrate is heated under vacuum or in an
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surgical blade. [00141] Fig. 37 illustrates a

conparison of ranges of surface roughness for bl ades
worevafieasir ed from netal and bl ades manuf act ur ed/UsNS/015016

silicon according to the enbodi nents of the present

i nvention. [00142] An additional paraneter of surgica

and non-surgical blades is the surface roughness

c n

P AREG bR G0 2 DAL BHDREST Shi GO SPBR gl regpetered

mitite tHeaflrmmbe teconrotied thirehiraidas afd 8 a tdaglt bftHeidgh Ritperature
is made by the bl.ade gkgﬁ A rough surface wll ten
y

t Hlegﬁiaféussrm@ﬁ‘a? gilipon gHusg iipithg silieanithgy 9966V B the silicon
Wilal ned! {ihdund! RidBR YR ﬁe@@fn%ferﬁyg réatﬂéad @3':' &ﬁgﬁswﬁ%g h
ade surfaces can cause tears of
vmlnmeaiarsa;:tlsvn avitlr the subbstraeerathhethsu agpig:mg(a @aﬂnguh@ ok gihal

Séf?c?re GheEne® o iatCen bugisdipecd et apntonal bieht ofthe

rl»‘l%@gesfs 'i@!ﬁ‘atsthb lop Al iflcRGE HHRAGE owﬂe*&oh%ed layer is
enbodl present invention described above

c dififeesuit ‘tfmntth@tmf élxet substedty se thedidlesppéas & beedistednThalcblpr

surf ace def.ect and
-ty i S S BS GH hn RPHE iRl 8% i B floess.
Y 87 e bingfeiry falBRbatatdinaial tﬁ&ﬂla_g%l%l‘}cdﬁverted at the surface
illustrates surface roughness neasurenents for
s#lep exhibiy %@éﬂ%ﬁi@ﬁt&@taag agar resigtepen than eaon cpthrteé blade. By
e ).
OPREIEAE Surbloc kR BAIGED Alterial I8 Rlal FHAAL LREHaRR0 16m crack
nindtsatioaditacard dléwevetalgngafrydtdlindplanks. is FédiceB7i | | ustr at es

first curv 372 and second, curve 374 t

iéb‘éaéééxf Sﬁﬁéﬁer %@plsp 3 g iasturigg shendhy C@afﬁs egrfmmdowh

Sidr c
o O e et v manu factured
( nithe meudmnﬁﬁcﬁ)sumwhl bristled, thel sililen susfacooftthe biade wall H§ highly
ﬁﬁé& V. . SURFACE NESS I\/EASURE FORVETAL
o ABLEAT Spitgysed under a
Shlidr &4 BlARES oL AR 1t 3]]1u1f1:ingtlor3 STHéréfdﬁet bRl s%?fa@é‘of the blade can be

additional method for the manufacturé of silicon
sprogided With aeietie Hoisb it diffises ivnidentlighdi(fremta logh-itensity lamp
t i.on. The

RS et kL PR ER e B e R SRikipe Arhietn 66 ns gpnosed to

t §tidy. aTlee matte finish is created by radiating the blade surface with a suitable laser,

to ablate regions in the blade surface according to specific patterns and densities. The
ablated regions are made in the shape of a circle because that is generally the shape of
the emitted laser beam, though that need not be the case. The dimension of the
circular ablated regions ranges from 25-50 microns in diameter, and again is
dependent upon the manufacturer and type of laser used. The depth of the circular
ablated regions ranges from 10-25 microns.

[00139] The “density” of circular ablated regions refers to the total percentage
surface area covered by the circular ablated regions. An “ablated region density” of
about 5% dulls the blade noticeably, from its normally smooth, mirror-like

appearance. However, co-locating all the ablated regions does not affect the mirror-
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sufficiently strong to be used in place of netal

bl ades manufactured for simlar purposes (i.e.,
we@plished4ss c surgi cal uses). Many of the steps PeBUsI008015016

in reference to Figs. 1-3 can also be inplenented in

nmet hod 380, but have not been di scussed for purposes

of brevity. For exanple, the steps of dicing 1016 and

aglEé efledt bLhe®AKAES bPheb®RI ThedebRe, 18 SikciabMied regions are
i mpl emented in _method 380, but have been left out, for

t ARPlied renghnut thersupfaee ase vEthe htpdiet busia h irgndowhfashion. In practice,

e 0P B AR oo A a8 B e e

| desfrad effsct oflaepedific bblatieagion Béisitqlahd eatdbninBss tott@Ppattern. This
appears_sim |ar, but actually involves a slightly

dEkeplic dile can Rerreasd mepraliye o5 pyformplcally bk prestgneineheameputer.

n : E I el
B L L L

f mdoefactirer hogoegdr thebwegeordnadr hodpétal’s haps on dinobladeitself,

[ i.cal_ equjpnent descri bed abqve (e.q,, Iaser_vvater‘
§ HRSF oD B e Tageh gan b Savg doicisate hf aneds Anishowghe
0b1R&EsSor £ gﬁvi"-ﬁeé@ﬁgertrﬁa&ﬁ&@tﬁetf&%gr‘?@él%,eﬁutaei%rﬁmsel eapc):curate,

descri bed bel ow. [00144] Method 380 begi hs w
38nl the latter fast, buttmohasnenrateas. the garfiyy . Si8&; the asemll aoturacy is

nunber. one creates chrele fiducial.s, 386 ho in Fig.
i O0F i 3L Repf ity SR 2008 lehead ke
| Raein@iRd dseR LN Y i§lb &bl &‘%M%ﬂhbusahﬁ§ 8f mltnefi§B& second,
one also creates crosshairs 388 that are fiducials Tor

aProyidiean Qyerallablated regieasetoh timeof ghait tfive seednds forariypical
difb0g egs prent, and slots 390 that are to cut to
create the side edges of the blade (see Fig. 42).

[@0148] [Fig. 37ustAf,a dongpabieotedSraddhs ofs@rfideqaBei8M@ss for blades
according to vari ?us net hods and egw prent

as
degetipgaedifonymetal apd hledss manespared deomn siligon agpprdingto the
S&ﬁﬁxﬁﬁéMSb?ﬁﬁzw&gﬁwﬂvgﬁﬁ%.t“D creates horseshoes 394,
shown 1n Fig. 41

e resultant trenched wafer 420 is
sio0¥2]i n Ami aglditidal paradytef of suegicdliand nsh-eprglé@il 8laddhss the surface

Iasglil_gcutti ng sgep§ ?an creat e .nechani cal dama1ge .
| TOHEES FREATISTREC SPYTHACE ROHARPESSiiagn IRt parameter bpcause it
TRerBEARINGG SEBP tHAMRY §SmABal TRELARef ﬁieldﬁiade%‘f &t initial cut is

damage. By renoving the nechanically induce amage,
smadeshy bohlrdatedge. i Srowgh wrcawdl &hd to sregwr evare dlsadkin og

in.a.signjfica Increase in the yield str of th
e B e AT ol bR s it SriBF PLMBSRovE blade
ssukfaean taldeeciRbefipg or, ih B wohdeScA888@nRAG, Ntaliftethe Yilob&(in a
and noncutting edges of the blades. The etchant is can

bRrgepedde e 8y} @Fretie instsiqn. SpicH scenarios are extremely rare. Blades

or mechanical device manufactured from silicon in accordance with the embodiments
of the present invention described above can exhibit an extremely smooth surface,
substantially smooth of surface defects, and much smoother than metal blades. Table
IV illustrates surface roughness measurements for a metal blade, and Table V
illustrates surface roughness measurements for a silicon blade manufactured in
accordance with the embodiments of the present invention described above. Both

tables represent the surface roughness as measured near the tip of the blade. Fig. 37
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nitric acid and acetic acid. Cracks, chips, scratches

and sharp edges all act as crack initiation points in
wheiostibEssmat eri al s. These points serve to initPEr/@sS2005015016

catastrophic failure of mechanical devices when they

are | oaded or stressed. By elimnating or mnim zing

the crack initiation flaws, the material becones nore

dHfu@Qﬁt@s tv{rd)al}éz@l fifs® Eﬁl‘?f@@?ﬁ afd Qé'b'og‘l@ c&}v@@ﬁ@ﬂﬁ reﬁ{g’s‘%nt the range of

| ades can be nounted (step 1 si ngul at ed
mlzf_a)se rgrighkesd vahigs Blaa”oresihczcm lﬂpdezsaﬁz&mmndeqb acicagekince with the

SRR o giea R E R Bl laor g G s 2 ot el

am@a@,(s@da,gdww@gmpur poses of brevity their
descriptions have not been repeated here. [00147]

Figs. 39-42 illustrate the silicon wafer as it is
processed according to the I%olgfof manuf act uri ng

o eon suigi ol i anea SRV (o g 20 g

n r(;I_a,t;(;cw_all ng to the nethod of one enbodi nent
afBl sent -inventi on as descri bed above in

r 0020 ) 1 38 through 42. Several inprovenents
i B.‘,t 0; 6 bves the nechani cal strength
ChaZLaCté QO:\ES'I E‘i) whi ch will now be discussed in

fegt 61"4821 &t 'QOG.EG exa_rrpl e, the horseshoe shown in
O 4040.4 rede targer in this enmbodi nent of the
resent rhvention—than was preV|ousF9&B% éﬁ Furt her,

| aser cut Rl ﬁﬁ&F%

Fig. 38 in st egﬁlégfz}%mg%étszﬁtﬁﬁe sl ot sgg?)%g I"Eat c?%%

tthe edgdsgligf |t heefbl adeg. |This is done in such @ way to
dBlady [t Re (AbXiRufA) éRa H of the Anead®) s non-cutting
gk tlo B2lerigod6t chi3f |(step 1 Awhich in] turn
ha#i2cal 44Prlength of the bl ade. Laser cut
nunber ofdd allsod2d entdds It he flSidgPev.30% (shown in Fig.
43)4 Nak3Hy tlhe388 angdé2 |l arger prélbdes for bet ter
efd ned Eﬁcccﬁﬁg 2cH i s created in laser jcut
nunber two (step 384). Additionally, the trenching
process cuts each "snowflake”. The "snowflake" pattern

enerat ed 23/ the trenching step 1008, as shown in
43!]0 Thidiged SilkustEsenin @skhm%n@t@@ior theenagugacaire of silicon

CslﬂEr cg%tléféﬁ? Ecco?cﬁn ?J‘&Yg %n%( mergt cﬁ‘\f ver?]c%oég ; -E[é );neglﬁod for

I NCT eases € necnani Ca ren t

Vvaﬁmrfacﬁﬁﬁng Mlitdn suegiasldblides Hb@rﬂbe@ 81 Figl38 prdducdstbldds that are
pﬁ!ﬂ? retically possible to vary the pul se wi dth and/ or

denthpiong toRe pieddn@res of pml blagesananiagtared for similar
ripeuas 6., PATRERICBrdidkE usds).| #RRy of the steps described in reference to

Figs. 1-3 can also be implemented in method 380, but have not been discussed for
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purposes of brevity. For example, the steps of dicing 1016 and adding the conversion
layer (step 1019) can be implemented in method 380, but have been left out, for the
reasons described above. Additionally, when possible, and to avoid confusion, certain
steps have retained the same element number as used above. In other instances, when
it is clear that although the step appears similar, but actually involves a slightly
different step than previously discussed, new element numbers have been used.
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[00148] The nethod 380 described above in reference to

Fi gs 38-43 can be used to renove damage induced in
waewsned4sgli f f erent machi ni ng enbodi nents, suchPEEUBESE015016

abl ation, routing, dianond wheel grinding, ultrasonic

grindi ng, |apping, polishing, stanping, enbossi ng, ion

mlling and plasm etching nethods (i.e., RIE, DRIE,

| BRtheRdbsEilRY. beldai bh@dh@ﬁﬁnﬁﬂﬂ;té}is%ﬁ tlRBCHAL forldcih S ERYEng
the surface quality created prior anisotropic or

i Bédnciad phroughholes, @nfl pthep plops %X th@&ﬂeru@elsequwnentsiembed above

ll—‘ll\lg te %Bﬁgﬁrlﬁ%ﬁé e %a r{&% LﬁR% ?"HK%%IF esa%mong others) can

dxammt@m/eamdhl@fda’lﬁmeseisd&mifbleﬂbélow i C03| UPder pr oper

th t rm

AU0T oct r Mefhod 5AieBEs P 3520w th iser ot grberRse In Fig
PEY, sset aﬁﬁ"uﬁltb%poxgéi'\ﬁg%até cqrc;é h&llfc%l? 28'@ gsIhB%EIn ﬁ%%%%lr aligning

and the silicon rari
TSh]l@)nt\yap;fer Ofafe 202 onthelates anahtrahdhnsgjmfcﬁrg@um@k IDyaser cut

SES R AP 215 Tt RS T S D Ap A ciRl Tor phgRE A Chgenches
Skth AGEECt 36 thekdneh altidgAdduipnsiek embi si £890 ﬁﬂ}’ &refo cut to create the

spectral mrror-1ike appearance, a surtace

%@@?ﬁg@sgf@nbdad@(sﬁed"eg% 100 angstrorrs [00150] Tests

een sa of SI| on that
Q?oce sed a c epd 03’3 @‘8 b%eg?lr%rg HEdre ‘é% cﬁ‘é’iﬂhrhgot&ygnf’?? methods
repldekaipeeent 8s disgbeiBinddeatchWetl HBYP (8 FR. 48).| INGRdp IW4Claser cut
known as "coupons' The strength of the silicon coupon

VRN DeE A e, P@atea@@emﬁs:ﬁ% sheyrn Holfigi 41.n%ke tﬁ@@lﬁant trenched wafer
RfQGE Cr : gelc}fa a%?tfér Jta’ﬁﬁ'# Et% '165% C’?ﬁ%}as T cu %g Lf%ps can

met ho einre nce
grreme hi)ec]hmae damsgd induseddntoulse ﬁflcdrumtatéhal MIS dsittle. The

sur 3- pai nt hendi ng, tests. That dat a descri bed
RO S M08 e ePhaBIABY Bk demmagag i Tsmoving ihe
TR&haRicw uﬁﬁaéfcg(ga?u ﬁ%ugn%% ncé’rﬂfjatfaﬁ §Qﬂe(ﬁﬁq %Ilﬁgﬁflhesultmg

that are prep accor ance\Mt
_ emamgmﬂcmnt ufcretah@mpthe gieht stranghrifi thmrrmtermh(m/rcoﬁ)l dThe isotropic

descrj b d in re ren to Fi.gs. 38-43 t he other
SRRE bR SR T Beeudoin Bicdne Bh theruiieg md non-
ARGHT; d@es b0tht BRIASIOPIEH BN BisRhn bB %oﬁbss%%f hf'y;?)rﬁ?l%h@ Beid,
[00151] Due to the brittle fracture failure

ﬁlmﬂglaéldcﬂmlﬁcaﬂlc gdidl.i Coacks,ichipacsraidessnd Blyalp @dgasaﬂl act as crack

[ |
T R R T S e
I’ﬁfh&@ﬁ&@eﬂ dehiepiwBaeMby bMeM eI sBes6d.| B?@hmmatmg or

minimizing the crack initiation flaws, the material becomes more durable.

[00146] Following etching step 1018, the blades can be mounted (step 1020),
singulated (step 1022), picked and placed (step 1024) and packaged according to the
customer’s preferences (step 1026). Steps 1020-1026 have been described in greater
detail above, and so for purposes of brevity their descriptions have not been repeated
here.

[00147] Figs. 39-42 illustrate the silicon wafer as it is processed according to

the method of manufacturing silicon surgjcal blades described in Fig. 38. Fig. 43
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above. Average MOR and statistical distribution values
are required to characterize the strength of the

woriosnoess i n a nmeani ngful way. [00152] | n carrpenygSm$/015016

the strength neasurenent tests, a di anond wheel diced
edge, an edge cut with a short pulse YAG | aser
manuf actured by Gem City, and an edge cut with a | ong

pilluseatydExiliase §uxgi%ﬁllﬂﬁla&é HACHAN DY nHRPIBrNE L& oBYRL YRR Fnethod
Furt her, these three surfaces were tested after

ePlonernhodimes af dhe meseahmvanticrasedesaiibed atfove i Baferefice to Figs.

' [stress .
oo RORACI2” PRl R OSehhed FTBY Bl 38R e RN e mstieniv
cetrengthsahatreteistics, whictewhliceov bedistusved indfredtbAstiE dror example,

t ) keni, defects. [00153] For each
B E5rsrefte sipBh4n Bindars matceraskindhis o e hearevt
f R [ D ln eac
CEMICR, @ WS ple RO, Phinfer it B e ohl, 8Rihea above
singegdrd ¢aRig $8 imstere 382 dutshie duis B@_gr e}lialiVIa%\a};ceTﬂhte ce)dgés&ffth?e blade.
[ in Table VI. | .
USSR B b ot i
NdR¢ 3 URderSABrchRRgTbtbp 101H) SFhiR it Ren %@élﬁhmﬁgﬁl %ﬁlgth of

. ?rfc?&ls
any chips or scratches in the sidewalls, as shown I
Fthgblagda- Easer cnt wingker ond alsQ crepfes ithredilarmes 396 (Fhowaupbig. 43).

Lo KBS oce EuB0ER 0 £ A8 P EiRBes ey jscpeed i

Vigeict rivigbes Owrp Cstepy S84 MA ddiinalipthé fehdhiEprdcess cuts each
catastrophic crack substantially decreases. The data

f SROpHekes. dihgnarpwideked patterpis senetsteddncibp ticoshing step 4808, as
i i, SR Loy SRR A
dissowflidees? (revels 802) eThis fHeeeasiatihe frietisanical o éth and integrity of
Stk Wb rstandie e aroteiime ToadcetAtcaR RO to vary the
M S TR0 T D B e

(tvsi@wmn. with Gem City Laser: No Etch 164.6 Cut with

Gem City Laser: Etched to 250m 693.3 Cut with Synova
UQQk8] No Brthermetbed 880 described above in reference to Figs 38-43 can be

used to remove damage induced in several different machining embodiments, such as

laser ablation, routing, diamond wheel grinding, ultrasonic grinding, lapping,
polishing, stamping, embossing, ion milling and plasma etching methods (i.¢., RIE,
DRIE, ICP, and ECR). Method 380 can also be used to improve the surface quality
created by a prior anisotropic or isotropic wet-etching process that uses, but is not

limited to, KOH, NaOH, CeOH, RbOH, NH40H, TMAH, EDP or HNA.

[00149] The etchant solution (HNA), is an oxidation/reduction etchant for
silicon. Under proper conditions the solution will very rapidly form micro-
electrochemical cells that act as anode/cathode pairs that etch away the silicon
substrate material and the silicon dioxide that is temporarily formed. This type of

reaction acts on all surfaces equally. This means that any surface irregularity tends to
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Cut wth Synova Laser: Etched to 250m 1205.5 Cut with
Disco Saw. No Etch 507.0 Cut with Disco Saw. Etched to
wQ2@s1dR49. 0 <111> Orientation to=400m Cut w t PCTZA2005/015016

City Laser: No Etch 176.1 Cut with Gem City Laser:
Et ched to 250m 1245.4 Cut with Synova Laser: No Etch
315.0 Cut with Synova Laser: Etched to 250m 141 1.9

Cu¢ sustatiail san&eoutiNe wakkdl dHR8The Fashtid sﬁrfﬁ?‘:e%%?e s%@@fantlally
Et ched to 250m 1218.0 Coulgon orientation is parall

t defetafree, lnuiom weetral aniftor-1i aappqamnm@,[amdmfacrmughness on the
fg}dfep gl ons can be drawn with sone

con gfence&gaselg on the test results: The_ dept h of

dpgpase Pr Od’T‘Gﬁﬂh@é Hebfe cgﬁcmcgglt&ﬁ slaﬁﬁfers Otf %lll%glg Baf kv%%nﬂrlogessed

greater then that of eit
I mrdlnmths nmﬂtodah:sd:rﬂmd%nvﬁntlyfelraﬁ:e tto Fﬂgi%M?ﬁ)Tlﬁﬁ@samples

S5 5L OB B8 005 B U oo s
aﬁwﬁmé@% &Bhow 1tHAE b }?IGQ&@G(P Uks @13 t&éﬂsgx 1%%9%11@% ﬁk@neg the

saw (502 MPa). This i Ies a greater
f wethod éeWﬂ?G@ abovesa rrefereap@tq Iﬁgs 68#435@331@ 1nnmamsnm modulus of

I lLts.f he Dis
SRR A BB Ry Pl S G b b con
V‘@é wed tVESIBp4Te iR stik@Btht ofintR hadic ldeORR8s @ﬁré‘i&? aﬂﬁﬁérﬁsur ical
that were di ced and not etched. [00155 53A-5

i blpdestthataze prspared énpqcerdsnce wih s methed wﬁd@ L pihodaent of the
AR BB on B Ang Re 83 Rl G R her G718 B tpptter

psiBsmnhanufasninoprodesey ddseribdddieesin acdoadifig totheentbodadéhts of the

i ndi cat es, .bl ades manufactured fromsilicon
RIGFLEVERURR- i n accordance with the enbodi ments

[00151] Due to the brittle fracture failure mode in single crystal silicon, it was
necessary to test coupons that accurately represent silicon products manufactured in
accordance with any one of the various methods of the present invention described
above. Average MOR and statistical distribution values are required to characterize
- the strength of the material in a meaningful way.
[00152] In carrying out the strength measurement tests, a diamond wheel diced
edge, an edge cut with a short pulse YAG laser manufactured by Gem City, and an
edge cut with a long pulse YAG laser manufactured by Synova were evaluated.
Further, these three surfaces were tested after etching off 50p of Si and after etching
off 150p of Si. The etchant serves to remove damage/stress concentration points
created by the cutting method and can also be used to reduce the number of finished
edges that have weakening defects.
[00153] For each case, 10 coupons measuring 20 mm x 7 mm were pushed to
failure on the Instron using Flexural mode. In each case, etching the sidewalls after
cutting significantly increased the average MOR. The data is summarized below in

Table VI. In Table VI, t, indicates the coupon’s initial thickness. The higher MOR
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of the present invention described herein above

exhi bit a higher peak stab force than di anond bl ades,
wa@rooa/1bgsgct i on of the cost. The silicon bl adesPtiEUs2005/015016

better peak stab force characteristics than netal

bl ades (conpare first bullet 532 (dianond bl ades),

second bullet 534 (silicon blades), and third buIIet

S3flu¢@inde daridRekd thelddhl@dotiink! 'oﬁpéh lg%e& scratche

[

manuf actured i n accordance with 't he ment s o
pFidewails, pheho larflgse@cﬁz bbdFige 72, afbmde:ammheb@upon s ﬁnal

neaa{n q]%L +M?&ﬁ]?ﬁ§)§ fa anfy ¢ %Srnﬂ?rfa’l%‘?‘fadeﬁ“ %%W@E{ﬁﬁ?&é)verall

smhﬁbamf isitbd Wwithinmkd tvioh RamBEthal cdpliagiss i@&s&@ﬁﬁﬁ cRer
above in reference to Tables IV and V). [00157] Fi gs.

sSpstantalbadecreasess thad@tatfmaremheé to25Qo(witlr the emeeptian ef those

DFIREEY he BRI AGAGR ar B Eh anB Tiari 1, a0l o A0 has
ObechatdAEE aﬁdlfheldﬁafﬁmtio%rhn\édytzéh r T—'ﬁ@&ﬁa fits% RrFRP gi's&ibution with

required to cause wound gape and force require
pEhAverage MQR of h2ut Mie[200 258hddidalestatips 06453 MPanet hod
600 illustrated in the flow chart of Fig. 63 can be
i ncorporated into the other methods descri bed above in
reference to Figs. 1, 2, 3 and_38 for the manufacture
f surgical or non-surgi cafl ¥E. The nethod 600 can
M&E%A% BUNGEGN 6F GlUFHRE METHOR ANR MATERIALIXENGVEHBNE TCHING
t hose of the other nethods described above. Method 600
i s des€klilpeQripatationi n ter ns of a Span:cbei5Swmher 202. As
one skiokB@aLin the art can appreci M@R ver, nethod
600, asutweith Gam CiReLakheNomeithods desggaided herein,

can useuWakeGemA9d, MRAe Bighaalto Ot her material s
|ncIu %D but not" limted to, SiC, ébg%:re al um num
anon S

oxi de g ot her types of materi al ese materials
can be [1ine material. [00159]
thhodhé ﬁ}g E@ﬁ%n&%ﬁgﬁﬁter t hr od8-thol e fiduci al s
have @EWIQU$YHONﬁéa$%eET§h¢d@&§%fer 120§ er) 202, in
step 1004 according to the nmethods of Figs. 1, 2 and
3, andCwtvath BB2o SewoidNti Fight o t he net lbod.cof Fig. 38.
These (hiteidei Bisto 84%: B&BEH o2 58Wi gn t heaywer 202 in
various nmachines used in |later steps of the

manuf acturl ng process. In step 2000 of method 600, a
photo 40 is applied to a first side of

t he _ éa%%llglsulustratedln Fig. 54. If a
doublw%ﬁ (ed 333 i s desired, then t he phot oresi st

| ayer 1§y setp Mo Firhsi des ofl7fHle wafer 202.
This i@t él‘flﬁ’c@%gdtylr?s@fr &tgbed telet ai | below. In step
2002, 25A photoresist |ayer 504 is biks¥ a

Cut with Synova Laser: No Etch 315.0
Cut with Synova Laser: Etched to 250u 1411.9
Cut with Disco Saw: No Etch 498.0
Cut with Disco Saw: Etched to 250p 1218.0

Coupon orientation is parallel to flat.

Sample size for each is 10
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patterned photomask 544 is placed on the photoresi st

covered wafer 202, and then the wafer 202 with the
whaksdogbot or esi st | ayer 540 and patterned phoPOIESH005/015016

544 is exposed to ultraviolet light 542 for a specific

period of time. As one skilled in the art can

appreciate, not only can ultraviolet |ight be used to

expose the photoresist |ayer 540, but x-rays can al so

be used as well as other types of radiation (dependent

0 type : R i ). _Elther

ROLER, ¥ O TG ORHAE EHcRkioiR b babraBitn s §8iidense based

Aen thedestkéshlted in the art can appreciate, the

patterned photomask 544 will be different dependi ng on

the desired bevel angle and the type of photoresist

nat ghedk i i

resals SR R BRNIA Y ine BeliPCfy s R BhiiSndly greater then
sub#led oé eithet dicehp pntbe SyndvhadagehoParteaitoh thagen Giddlaser (170
bec3@§§agaﬁﬁﬁrn d phot.oresi st hgger 541 and the

pat F P hEs &F Hioge FHArdhe Sknovedases (329MPaht ed

|t PaftdEutRA! i

o FiCy LR MG RNapSL PR NIPR) e Uit % gs didhe s thoso cuton
photherdiste dicingt sami (202 MRH). Thisemplises gteater depth of dyBagy for the
ul t gaviol.et or other radiation is the part that is

re \ylé%v(?l}ﬁ?eﬁ'g devel opnent. The opposite is true for

negatdhigs PFSDR0E Rafdri Nefy sindil '

Cross ‘gggct [ ongl \%agévaaggévt%lyg@v\%@?g Eeggéﬁolr@ég.ﬁfsé@h\%% 9 %lﬂ)a) cut
a f pndthefomoes heet quhOB66H4ERa)5BoM of thessdvabuestvwage aiord then twice

phot or.esi st .1 aye 0 bei,ng,exposed tq ultraviol et

i gAY St ,aséﬁedgaﬁ{sgtﬁé%ée fhlclg‘a%‘?‘f’é?té’éc@gcr oss sectional
view of the wafer 202 of Fig. 55A after exposure to
the ultraviol et has been conpleted and the photo

1815 | ay dfigs$8AnENC Hlustnatd reaeagtschficomparisnns meade between

RE: hot i.St | ayv.er l.and the first .

R G50 8 BB AR B el oo it e
antbolbiferits bLiht padsentdivintion dexcaABBd Berefn 4096 CAB Rlg. 8B Adndicates,
cond patterned photonmask 544B and exposure to

M adeamagrectiregfiomsiron ansanstised in am‘cmdlamebxltvish thﬁ%aﬂlnllbodiments
S PR SSpnd RIS b bifs HE S e tan

fdeamaritebladdsgat asfrabeionof thefeost. A0 .silidd@ biddes hovd K¥terBoak stab

te 002, .the met hod 600 proceeds to decision ste
36768 chagactristss i 8 rtaldyladss (cnpomsreet bolict 30K diamond blades),

Sbadad BL11ved 2 (s7R8n BRged, drdfifikd Bf’i‘ﬂétgggg&e&? Blagsp! St
| ayer 541 on it. In de€ision step , It 1S
cﬂ@%lléﬁhi ned SikesnHdadea ntoufcwrdabinalccdidanke wish the ebtbodiments of

ﬁenrﬁbjrf]egec ﬁ{vggﬁonl (fiesgriltaje%%élre?n gt?c\)/v%l caltl)lb%qsﬁbsltgntltaﬁy gﬁarper than metal

blades (and can be nearly equal to that of diamond blades) and can be substantially

smoother than metal blades (as described above in reference to Tables IV and V).
[00157] Figs. 53B and 53C illustrate the results of comparisons made between
diamond blades, metal blades, and silicon blades manufactured in accordance with the
embodiments of the present invention with respect to pressure required to cause

wound gape and force required to penetrate test medium.
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("Yes" path from decision step 2003), it is then

det er m ned whet her both sides have been processed. If
whodok/18d488s have not been processed ("No" pat hP€T/0R2005/015016

deci sion step 2001), then the nethod 600 proceeds to

steps 2000 and 2002 agai n, whereupon a second

phot oresi st | ayer 540 is deposited upon a second side

of001 58] waf eThe82ps efitle ifettdem03 M atddna BEAR Lhsk SEFIoS63 can
baked and a second patterned photomask 544B i s pl ace

obe IperPeEteshiatothe otes methods dgsoribsd abovera referanelto Figs. 1, 2, 3
DI B LN B SIS SEREER Rud] 50 hSls00 o
sewed tal cieatetbdades df pleateo baafslckiy than Mifose of @flther thétBods described
o0 6r uBor S GadesenietTeiays mgrnont & Hiron waisy 402, 86 one skilled
138 205 IR o ILECRERARE RN BN

wafer 202 in which one eve
bésseripadeiendinotan neel wafers 20X th¥dstp phdtheif mawtisle ¢hadidifg, but not

te 0 The .nmet.hod 600 then deteym nes that both
ShBe G Sl A R i Qe U TaeT (ybopefmagarts. These
f i 8tetigle e bOinSle®P pd stali pPQReeds to step 2005.

In step 2005, the wafer 202 wth both first and second

s0AE] c ov e rMathai 000 i3 implemented alterriliropgh-helenfitiicials have been cut

oL oS . 540 tively | .
(L E STLSA wafbr P PR, in YL IoRRR e Toithe mthogs afis 1,2
sadGpdndstep 88Nactopding &y S nfthddeorais. 384 OthesO ARRIAS Sre used to

r enoved. di scussed above, what partsof the
@i&@ma@%a@% By wsioys maghinessussd imlate steps of the mamifacturing

qﬁéf@e'sg g@%&@?bs%m&ﬂo@m Q%ﬁot%pesg? gaé/te]f %/%dellg %Pplied to a first side

phot or a negative’ OF posI
pthowest 302. nHhieis ilustrafbdinTig i 168Aotible bepsleCBRESist®Rsired,

Thusarencl B S 3005 B o BT ane
228sdel it SredfRt QA g%ﬂmrlﬁts%egt%@?,%ﬁpg&%%sisp ia?lgf%dﬁlsls bked, a

not be manufactured ( ro ecl st on
Tetened peotpmasls§4His pldved eh thel phegresistebhadd GAGrPO0carRIdEen the

t 2005. .| t 2005, t f 202 with I _
R0 RO 0 i B0 M S i
RRPGRH & lilaviodt eigh b fo?agﬁéé?ﬁ(gl@&%d%ﬁﬁné. h&l ﬁeeélaﬂég} the art

hot or esi st ? T

portions of the first patterned p ayer
&P 2PREAYIYE dnot Alyevandilissaelctlight be usdibio eppotesthephatheesist layer

t t st layer, 541A that 1s .devel oped, and
P AR U g PPl o 0 PR ebBgtefp (hEiediton e
ggatfiphetonssisgp asitdrla¥ @sddy PBitRdér ri@@ﬁwércﬁ?oﬁﬁv_gﬁh@cbfe@ist m#fial can

thod 600 then proceeds to step 2004, which is
g? u8eds s@ﬁor}erﬁkgl}e@dp dhe abeas appErsiaseythe patterned photomask 544 will be

different depending on the desired bevel angle and the type of photoresist material

and etch method to be used.

[00160] As aresult of the exposure to ultraviolet light 542 and subsequent
development, the photoresist layer 540 becomes patterned photoresist layer 541 and
the pattern of the patterned photomask 544 is replicated into the patterned photoresist
layer 541. For positive photoresist material, the part of the photoresist material that is

exposed to the x-rays or ultraviolet or other radiation is the part that is removed
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[00163] The patterned photomask 544 used on the

phot oresi st |ayer 540 is sel ected based on the desired
whewsliowss)l e of the cutting device to be forneBCT/US2005/015016

Appropriate patterns are sel ected based on whether the

etch nethod, step 2004, discussed in greater detai

below, will be wet, dry, isotropic or anisotropic. For

edainy developgnt. 5B, oppd BRI G2 Géy aipiRAordbibi Bhe i
vﬁ]tter nedﬁghot omaskol?gA because I(lzlelrgfﬁf&e’:rentoetlc H%il Flsg >5A

uptrggs %J%r@és seoRal ¢ @%Pﬁ@ﬁ ey 200 of FihiSAgvitlr @first patterned

&()eliﬁ% | te (rj%%‘ftgg f]osn Ctt% (}ﬁgsgiq l%?'r?§ g%(g@%lgg 8%%‘?88& tay

V\alyrawblee Lighti4e, amdFigi 5B mumuteaa Rfdss b&etidBalaviéw BF tHeNBafer 202

e a first patterned photomask 544A can be used,
‘P]éﬁga%ﬁ pHST eXpefirein tﬁ% yliravedet has Seerorraneted endithg photo resist

R SIS AR iy SRS e
t patiemnediphotomask 6 A has beendemored efigalsoveand 568 flRstrate another

PRESS o PratsBeptofere S bitePasdalvuamikisridtand supeieeio
Olir@¥iBRE WhistShd AevabMBEnt! MREI1aPlo }he0lIu \Aﬂ}a@eﬁf 'g'efﬁfigé @§Aaaﬁ8%’5B Ifa

et chi ng iS used to create a trench nes
stouble bavel blpds e dosiradnstepd 2008, and 2002 sar boeegeattbite the dber side

4&? &f2dpr enching is generally perforned in step 1008
e Tt hods illustrated in Figs. 1, 2, 3 and 38 by

v[anmqs nedrdlvingag stel 00X $hd Methedicg pr&u&dsrteheélbﬁh*st%ﬁ 2003.
cuttl n%@?s with a dianond saw bl ade or rout er,

A #rsult pheteps 2000 and 2892 the firsh side 0f n@fenféw?- e 1 i paiterned
tﬂh%tc;rﬁs‘?ﬁq E54 16 1O G%HLIES tst%{) ANED Qt Pty ?‘1%}511%*&1 whether a double

trenc e patterne €S| st
rhewehtdatlcdn tb bnjnhanufaﬁafedeﬂfih dowgble Bevrt blade 188td be@nanufactured

l,et é_ terial renoval process and actually
o ki thiEh Pz ehien SSAnD3bit eibenlederadncday ke gt sides have
B B edsed. S%ﬂ@ﬁ%esrﬁ%@n g IE e ? ?é%d 6%0’61{%6 ex?ne&ie ﬁlg,n step

above, it allows the rranu actu rodu
GOfp), @b@nhhathdﬁog msqcekdectolstips QOO@Jhﬁd P00 deiveivbiereupon a
nul ti.ple bev arious profile angles

d
Bitsitins el LayRESHT qeREe e 5 sefoniidest Towelst 393 and in
Respt2DODalle BRBLAERIS iShakleaURY a%éléond aﬁea b@lﬂ%ﬁ 9@@15 placed

V\herever the patterned photoresi s ayer
@ahe gnserd patoresisielapsridde d'handmmiyphntpresist érye2H40 isithén exposed

di th l.ect
S K T e T
phyiemasié 3448, dis h@@duﬂtytHe%Bécﬂﬂgﬂq@tdr&@st UBRFBA( Yecdnel B&ond
patterned photoresist |ayer 541. This’is ill ustrateé)

pﬁtte;r]n%dsphcgqrgsm@ﬂgaréﬁé gge method then returns to step 2003, where it

determines again that this is a wafer 202 in which one or more double bevel blades are
being manufactured on it (“Yes” path from decision step 2003). The method 600 then
determines that both sides of wafer 202 have been processed (“Yes” path from
decision step 2001), and proceeds to step 2005. In step 2005, the wafer 202 with both
first and second sides covered with first and second patterned photoresist layers 540A,
540B respectively, is developed such that certain portions of the first and second

patterned photoresist layers 540A, 540B are removed. As discussed above, what parts
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[00166] Fig. 57A illustrates a cross sectional view of
the silicon wafer of Fig. 55B after parti al

WwW@riosabsepi ¢ et chi ng has occurred accordi ng t OPE@NUS2005/015016
enbodi nent of the present invention, and Fig. 57B
illustrates a cross sectional view of the silicon
waf er of Fig. 56B after the anisotropic etching
PoOMe paiterasd PRABreSiBIMPEs 841 A NS B4 hhLarB 1, bea%efd%hq movyed
et chi ng process accordi ng to another en‘g I‘ment o? Phe
pAersadt on wiether i phetotpsish & 4 hdgative ot mitivedyseset photore51st

Sﬁ%ﬁe’rﬁp 1’11?12{8? :686 :ﬂ}: 3 l | Cﬁsgto\#g UYVF'@g 18, 651}33% greater

td)etﬂlﬂlbelﬂ’bzodl nment of the present i nvention. [00167]

FiO%' 57A|IIustrates an exanple in which the etchant :
[00d62] v 1 effr Bl adgst s %@F@t&tﬁpscﬁooﬂhedﬁaﬂ i indatermined that a

PORILY 6P h1aliE%EH ngt‘llge mﬂ?&a?t[élg El&r’lgguﬁ%ﬁ {;ll%ci]\stlon step 2003; i.e.,

|netance I'S an ani sotropicC
(@singletbreugiibdadv), Erethdh 600 plroséede te kepl 2005 am 08Nghe wafer 202

54 th f th {t
mﬁﬁaﬁﬁ%'@ PNt S coustad with the Grst paferparboliarerigdeyesite s
541 R@Ed bas tﬁﬂ%ﬂﬁﬂt oktihs & Yigd ?ﬁ?ﬂat&ﬂ?etd%h%%rés&st ll@é? 541 are

. 58 illustrates use sotro
mvﬁ@ Ps disesssedlnyveswhbat parts gf tetretteched phbtoﬁdmv eyexn 541A that

er t he hods il |l ed in Fi 1,
[ HEL05S o rhS TSR n whhartthe Byetbrogistiviediceniye argpositive
| typ& 6f pldtbresibedateialt MBe M&%’éhokl%@bﬁ:ﬁ’éﬁ ﬁo@éeﬁ? kﬁﬁeﬂ’ﬁ&ﬁe which is

and retains its orlglnal structure (conpare to

Lmseeﬁééagv@r@rdeedbeWFug 568) [00168] Fig. 57B

iobigdir at e ed an sotro

J?gt r p| c fqelélé;ﬁt{\-?%%ﬂ $itg ?%aﬁﬁgé&’ c% tBFB %@Ees{s WBW%&S
\belpeted\basedoon the deditbddeeblemgRs sTabe BitBAy dGA&R0 HeTofth&lt.
57B, the second etched areas 548A, 548B are forned by

ARRAEPEtE PalfgrEn s selseted pasedion whesherdhestolpomtliod, sem e,
LH?Q:%Eseﬂllﬁ‘ e?qgiq{ltb'eﬂ)@zs vx;l{l A Wet S(H'V ﬁé)tgopgcp ora s rtoinfep For

et chi ng. I's results 'n tThe wafe

Fixgmple7 Rigs THied, 5 SBrendpiicd; 868 used difRrett @a@é’rﬁed? Sfskk 544
i,nsitu f? t hat .t he eéch roceeds isotropically, The
RICEss JitgpRi ety mpthads wil Focysed t iy éptr@ma@ans of etching are

%Qéﬁfefegircﬁﬂns' c%i(r)if%fsg I%gflend %éh%ﬂ%}ﬁ@ g%rgﬁ&?g)@rf&rﬁg almost

58Bbavel apgle. B3ywaeolsixainple, sed BI:ﬂlo wgy trfa:enﬂ tb e a\/hnﬁi'tlhg example, a

plé’?t ! Eﬁll‘n:gfl pﬁl A Veﬁiéggﬁarb 3 w& 5¥ Ig:idnggod then a second
Paftéee PhotbRass S4B RIbHR BYIRS it er a L&Qﬂ@ &kh ﬁ&&hod%

illustrates a cross sectional view of the silicon
\L&QW] of Filp step@B04fetehingiofiibe wasat208 piles plachi Bphhms as

ACSHHLE Qbo@el, ksot}% BI%CEJ% of remoxlfls o]iary%%i of tﬁé grr}]lsatgltﬁnte (r)naterial the

wafer 202 is made of to produce a blade (surgical or otherwise) or other type of tool.
In this instance, etching is used to create a trench which defines the shape and angle
of the blade. As described above, the step of trenching is generally performed in step
1008 of the methods illustrated in Figs. 1, 2, 3 and 38 by various mechanical methods
including, but not limited to, cutting with a diamond saw blade or router, or using a

laser or ultrasonic machining device to form the trenches. Following the etching to
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substantially undercut the patterned photoresist |ayer

541 . This results in a shallow V-groove, or third
we@t@haa4ss ea 550. In any of the above descri beRCBUSINFIQIS016

processes (and various conbinations thereof), the

et chi ng process needs only to proceed about a few tens

of mcrons (a fraction of the wafer's 202 initial

t i o 1 oy

e B ) o S L 1Y ST Ridiona

bétalling i waforaied Fot dropketeghs tneferiaDeaqoviahprahess land hetusidyf form the

202 is etched . .usi any,.one of the etchin rocesses ..
aeatDef it araR Biado ALPRRET bietoeset BopionBRGRST Colplicated
Pa disuBQsd 4D398,af ARwilthé AkRAfaBhderits pfRIBY 8flrdniel$ t&Bplex blade
2006 by an appropriate wet chem stry (solvent,

céestams cingludpiganeltiplerhepplermulpiple hevel , ad Va}riqus pepdtieangles.
' . Fig. .59 i trat :
D48, R P2 s b s

Walér 341¢isrirtiAlyechedhoWaersérsthe bﬁtyei‘ﬁecﬁlgﬂotéleﬁ@t\/l&%r 55ihss been
wafer 202 will produce a single bevel blade. Fig.

60
i devigloped outs the %‘1%8%1 wderlyigg §iaferi 208 vl otgheawyr Bleparghngen the
F. . _ . '
o L A BB, DL Sl hr st o
béwerklylrbmrdduceRhe gedindtry ¢fl the pattetrms] ghotoresist 1sgertSddndhis is

' f f ith t tial etchi t
iR BG ST s 5B S8lohi ng of Fi'g. 59) to make a
del6e) bev eFigme@mugeﬂafeg iaté:P&%(ss Rédtioph AW Rl BInShafer of Fig.

| ayer 541 renoved, and | 2 illustrates a cross
s&ud alerglartidl @nisofropic wiehing 29 oceuirted acorydingrto ianlembodiment of the

PRI AT e T
PHORIQ! F6B sfter! tBY isdtébpid @EMME groc[e&%z beed ¥R eft&iPinsitu to an

patterned photoresist |ayer 541 has been renoved in )
sisefsoro eshingpsogess aGeardiyg wrangther embodiment pEdy Presertrisvention.
20. i . | Gk P .
5 T B ol bGP SRR Dk {lcBR ot P8 PR gl
| Wetsib@tpop2a1dhing hboo¢vukled absvidiay td hmembodfRnDSS the Present

bl ades. Both of these steps are described in greater
dE¥EtoNahove. I n step 2012, the nounted wafer 202 is

r d from,t l: : i j.Al
oESREAY ! T ohie, 2P SR SR ide ) PR, DBl
ceptodotesdhe gemmethef the pittnGthotdresistrieyanSds. The ttohant used in

t hods descri bed above with reference to.Figs. 1, 2,
igeaceE 60 pasetoth 1<Set Voo CLORERHE B GRERN | Bhufishetched
Sdr8R sUBMBand I 1RIBCrep Satéthe ;gggﬁérgﬁtegm@pgﬂahe& bERSresist layer 541. In

however, that can be per
Fig. 58, the wet isotropic etchant has undercut the developed photoresist layer 541.

Fig. 58 illustrates use of the wet isotropic etching process discussed in greater detail
above in reference to the methods illustrated in Figs. 1, 2, 3 and 38. The patterned
photoresist layer 541 in Fig. 58 is not affected by the wet isotropic etching process,
and retains its original structure (compare td the un-etched wafer 202 of Fig. 56B).
[00168] Fig. 57B illustrates the results of a combined anisotropic and isotropic
reactive ion etching (RIE) process to form a V-groove, or second etched areas 548A,

548B. In Fig. 57B, the second etched areas 548A, 548B are formed by a two step RIE
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i mpl ement additional features. For exanple, a coating

can be applied to one side of the wafer 202 before the
WO s@snaepEss etching step 1018, as di scussed aboreT/s1005/015016

reference to step 2002. Additionally, an optiona

dicing step can be perforned as discussed above with

reference to step 1016. Followi ng the wet isotropic

eprizbsrg Fikt, #HeePatPIR istdiheBhAG DI RRRCRRERiohS tlﬁatt ?é%ul% Aish
(opti onal addi ti on of the conversion layer) if

wé‘@lmpéq ethigg. Ih48§e$31éﬁsn@theo4/afmw asahownelpFlgbzmA Then, the

BRkE ey of Bk ot B ichpraseBl eoac i, he
mm;soﬂe@cue&hammmts thé pﬁt%ﬂnédbmﬁbrbﬁﬁtl Ism FHicRaidbe seen by
as descrl bov The V-gr.ooves E%QI fi rst
S g b Fak 205 eRELE. 87B Jghew QOZ%@)gSaﬁ%B and 57A. By

bEa&HﬁFTlg s{:/l@%ﬁ‘fglﬁé 1iRY widls Hddg@gﬁgglgtnée S %51 }é‘% RIE a (g}roplc

extre rp cutting
t bertiph afithe am]nro‘aadaesnztda tbprovged ktehﬂﬂel@hefamﬁﬂb/tbdi] ambetatto
[ i.nal t rg h| ckness. The wafer 202 is. then
t@ﬁ E#]er r ed ? %H Ustrates @ CE5s serbipaaliyiew of thesHlinopafesof Fig.

r 561 8fler aRE i tARESetBhifg hBEHechlBe W1 Udhl%%ﬁj% W3Rkt ‘fé?)%bﬁeeq?hant to

wi th handl es to create useful ni c cuttin

( Mianmll}slh@ﬁm} thepatiemed ph@drqrs{mt uyemiHr ’Hm; mks)hltsa:hm;/fallow
on ri W

I‘ & f rZ(aneC 81' &%I%r g&‘j‘][e aﬁeagléﬁn,gﬂq gl?}g/ éﬁﬁ aﬁ? Ctlﬁﬂéi‘s g pI'OCCSSGS

Hawne vertiousi dombindtioBe theesdd), khe ﬁf&eis‘he&&%ﬁ #brob&d about a

inthe art that it is p033|bleto enbody t he |nvent|on

i f?Wsts@wﬁm@rqr@r(wﬁra@m%@f thpaefarisade lnmat) thecé@mm ereste the
T e aone
i e A R R i

Thledexenpl ary enbodi nent is nerely illustrat | ve and

not bhe cansidered restrictive in any
Sc’@ﬂ(ﬂ oHorng ste 200k dn whéch the Wefa 2@@.{1& «rtﬁlgedd@mg:@y one of

f e @lcﬁin\égfr&fes&?‘s d‘f&rci{sfsteﬁ até%eggmlﬁﬂlh%or{sciﬁ{l:%%ﬁhg ?attem

form ng trench 1 n the waf Crys
arhotoresistdayes Sdbisoemmved irsdtey 2006yt spbrapriatd et dhemialy

SR B P B oS b
T e
fibe patirgnest photerssist layer 541 removed. This wafer 202 will produce a single
bevel blade. Fig. 60 illustrates a cross sectional view of the wafer 202 of Fig. 58, but
with the patterned photoresist layer 541 removed. This wafer 202 will also produce a
single bevel blade. Fig. 61 illustrates a cross sectional view of a wafer with two
partial etchings (two etchings similar to the etching of Fig. 59) to make a double bevel
blade, with the patterned photoresist layer 541 removed, and Fig. 62 illustrates a cross
sectional view of a wafer 202 with two partial etchings (two etchings similar to the
etching of Fig. 60) to make a double bevel blade with the patterned photoresist layer
541 removed.

[00171] Once the patterned photoresist layer 541 has been removed in step

2006, the initially etched (or trenched) wafers 202 are mounted in step 2008 on UV
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one side edge of the blade in the crystalline
material; and wherein the etching of the at |east the

wo oostiomsgle of the crystalline material conpriBE&BUS2005/015016
etching the at |east one side edge. 3. The method
according to claim?2, wherein the at |east one side
edge conprises a non-linear portion. 4. The nethod
alasardiding tape, Midahisdgh-HORS $6t8 J00Grd O ihioRBSMyaRe 20208 dtéh 2010
hor seshoe shaped. 5. The nmethod according to claiml1, ~
viRdPEn the nanccutiénggdegs of thefdades.cBoth afdhgse isteps afeateséritpddn

fi : h&i first bevel: .and th
i 885 K3 P90 20] 200l Y P o e
ctaps tral ¢leaned imbeubntial bathigné f@soveldebiif gnd Hi@atit hEE nReMBE

to format | %E%I first portion of the at |east one

SPrfagaRonge The O therireiiaas Fiba gnatlepds idgsambsd above with
Weh&icR tb Pessf P nRgg QE, foMerfolf rf&ﬂrg%gc@é ing gsn%%%%gﬂ)e%nastep

second pattern conprising a second beve
etMRBi ddersfare houmber ahitiortabsteps, howewdrdbafanttd@erformed to

. . ; s x .
Ry PG oo S PO oty S oORTERIIY BDGEL i Rne side of
ahié Wafl 200 86ford the Tébr Q82 6ER"01 §9s liRcidsBd B&re with

wherein the first pattern and the secon% pattern are
gekrence tesienA0@h eAdditienally de optiortahdicingystdpadahibeeerformed as

j.al he first v and the second .bevel
TR g L Pfelge o 11 1B BB s e Wt sorapipiening of
whapr K18, the nietlast procdoto &tbe1619 @Pﬁalm 28Gi66R I ARILBT&Sion
gorrprises a plurality of bevels fornmed on the first

e the methed pEtig [l inlcing fdloved, orrstep KROWEoaktng), if the
RASth&Jsbf Fgs Ihfaﬁr??g;?glbgg%ofroﬂb‘ggd.t o claim1, further

conprising” form one slot in the

dOQER2AI | i ndn et etchiiag step 101 8thé waiRO02 &irivey Wbt dt6@sltin@an
portio a _noncuttjng edge_of the blade. 10. The _
HAeBtF Hb ek %Ssﬂ‘engamvg, Thp &rgeavesier the fisstngpcond or third

[ il BN h
e K, S o) Sy O I TR o HNIOG Bl
sstondyrshapeutingiededs asihelseietthedwvet thephgasduefices to bring the
G évgf%%i)lades to its final target thickness. The wafer 202 is then transferred to

an etch stop wherein it is thoroughly rinsed. The blades are then singulated, and
combined with handles to create useful mechanical cutting tools (medical sharps) as
discussed in greater detail above.

[00173] The present invention has been described with reference to certain
exemplary embodiments thereof. However, it will be readily apparent to those skilled
in the art that it is possible to embody the invention in specific forms other than those
of the exemplary embodiments described above. This may be done without departing
from the spirit and scope of the invention. The exemplary embodiment is merely

illustrative and should not be considered restrictive in any way.
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pl acing the wafer of crystalline material wth at

| east one bl ade profile on a wafer boat; imersing the
wowrdosnodasat and wafer of crystalline nmaterial PET/OSED5/015016

| east one bl ade profile in an isotropic acid bath; and

etching the crystalline material in a uniform manner

such that the crystalline nmaterial is renoved in a

UWE QLAINBNNer on an exposed surface, whereby a sharp

cutting device edge is etched in the shape of the at

| east one bl ade profile. 12. The nethod according to

claim 11, | ' j C .d bath conprises:.a
m xt ur g’ of %‘?ﬂg?ﬁl E%r%llééﬁlg%c:%@?{%ﬁ ‘?uﬁ"&g g%vll%laé aa%aecgli o
acrystallih8 matéreal etipeirec cor ding to cl ai m 11, wherein
the isptropic acid bath conprises:a m xture of

hydr of B2 Beqch m the waler aigrystallige matetal on 4 firgtiside of a

; j | ajm..L: in t e i n te
oy iR R e hench A ing LS hd HRS et ARl and
wi t h attchipgst least¢hdfimtisidpodihic lceystallime mateenl todadm at least one
Surttaﬁi n(&ga spray etchant at the wafer boat and wafer

0 &%/% fline material with at |east one bl ade

profile; and etching the crystalline material in a

uni form manner with the spray etchant such that the

cryst a¥l i neThnethod edosding tooletn il nfuathencdroprisimpfonaingon least

0 f . wherehy,,.a sharp. cutting .device
e 5%@5&2?822{8 b?%%tlﬂgﬁ]es% %lllg?maﬁ aland 2¥TBne bl ade
profi | the gfbﬁingﬁfehmum;ithecfﬁars@hertgth@cxﬁrhtanﬁib Tnatéh¥? cinBrises
.et chi n% step conprises: placing the wafer of

th

sung fhejah leaptans sidgiedgpt h at | east one bl ade profile

on a wafer boat; immersing the wafer boat and wafer of
crystalline material with at | east one blade profile

in an 3.sot rHipi methedacotding twoelhige2, Whidrbiurthdeasst ues id€edge
or _simlar fi.uori nat ed gas environment; and etching

tRBPESGET BRN-{IRRAr REFIOR al in a uniform manner with the

i sotropi c xenon

4, The method according to claim3, wherein the non-linear portion is

horseshoe shaped.

5. The method according to claim 1, wherein:

the forming of the trench comprises forming a first patterns comprising a first
bevel; and

the etching of the at least the first side of the crystalline material comprises

etching the first bevel to form at least a first portion of the at least one cutting edge.

6. The method according to claim 5, wherein

the forming of the trench comprises forming a second pattern comprising a

second bevel; and
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di fl uoride, sulfur hexafluoride or simlar fluorinated
gas such that the crystalline material is renoved in a
wairiosaogrssranner on an exposed surface, wher ebyPEr/ERENP015016
cutting device edge is etched in the shape of the at
| east one bl ade profile. 16. The nethod according to
claiml, wherein the etching step conprises: placing
t he wafheletcbingCotths al lehdt eheBEEGARL s b EHSQ&I'ILG%&E i Bmprises
bl ade profile in a wafer boat; 1| mersi'ng {'e Warer
bejelting the sredrsk beye! lorfpan at leaste sewdrelrioatiomb hseadnd edting edge.
one bl ade I le i.n an.electrolytic bath; and etchin
the cr ?’st aﬁﬁ%@eﬁ:\gfl &f ?nghngﬁo ﬁfaﬂﬂ i0f W?‘ﬁ’ieﬁga‘i_liﬁ Shieftmiand the
edeecid pdtietn SrepabifiofeCn tRdHstisR SFHSERLhIRE éﬁ@&ﬁl} Whereby the
:Aﬁrérermved in a uniformmanner on an éxposed surface,
Feaxpl andstha seromd bevelgreismaredkapadge is etched in the

shape of the at | east one blade profile.17. The nethod
according to claim?2, wherein the formng of the at

| east &ne sTilemethgd acaiing $e6laliel7] WREleRht 848F e 3fQhd Rt and
cs%g(zl%fl line material froma | aser beam from an exci mer
I

RALCLS| COuPFISGRA %ltuff’é‘tty ofjgevelsfarmest orode dirsioidti afghe o
Cdrdtiife mARSHLEIN Y {36 HRE %t;f/@? of the at |east one slot

conprises delivering ene 0 the crystalline

material froma | aser beam from an exci ner | aser or a

| aser terj.et. 19. The.met hod according to claim1,

wher ej érl1vat hehi?rlygtl%‘gﬂ F‘???édlﬁﬁf%?lﬁléﬂ‘ %C‘g‘ﬁg?ﬁ QEPrising fopping at least
2 sTden 1HRICPRIRES RLAHAD tﬁeos;&t'c%hifs?%irn%@ geragﬂ e{r}%&ﬂgn of 2 non-

formng of the trench conpri ses: otoresrs
|t eglge ofithethladet si de of the crystalline material;
patterni ng the photoresist |ayer, whereby at |east a
portion of the photoresist |layer is renoved from at

| east 1a. fi 'Eie methdd adtobding teclhind 9 twikdréiR RS forfighe of the at least
crys]t alline material; partial I%betchl ng the first

(PGF 8106 FoBprises anapimizingihg dength efithe nen-cuthingiedge ofithe blade.
to formthe trench; and renovi ng the photo-resi st
| ayer before the etching of the at |least first side of
11. The method according to claim 1, wherein the etching step comprises:

placing the wafer of crystalline material with at least one blade profileon a
wafer boat;

immersing the wafer boat and wafer of crystalline material with at least one
blade profile in an isotropic acid bath; and

etching the crystalline material in a uniform manner such that the crystalline
material is removed in a uniform manner on an exposed surface, whereby a sharp
cutting device edge is etched in the shape of the at least one blade profile.

12. The method according to claim 11, wherein the isotropic acid bath
comprises:

a mixture of hydrofluoric acid, nitric acid and acetic acid.

13. The method according to claim 11, wherein the isotropic acid bath

comprises:
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the crystalline material. 21. The nethod according to
claim1, wherein the partially etching conprises at

wo e@stiomse of an i sotropic reactive ion etchinpCDUS1008015016
first portion of the crystalline material and an
ani sotropic reactive ion etching of the first portion
of the crystalline material.

a mixture of hydrofluoric acid, nitric acid and water.

14. The method according to claim 1, wherein the etching step comprises:

placing the wafer of crystalline material with at least one blade profile in a
wafer boat;

spraying a spray etchant at the wafer boat and wafer of crystalline material
with at least one blade profile; and

etching the crystalline material in a uniform manner with the spray etchant
such that the crystalline material is removed in a uniform manner on an exposed
surface, whereby a sharp cutting device edge is etched in the shape of the at least one
blade profile.

15.  The method according to claim 1, wherein the etching step comprises:

placing the wafer of crystalline material with at least one blade profile on a
wafer boat;

immersing the wafer boat and wafer of crystalline material with at least one
blade profile in an isotropic xenon difluoride, sulfur hexafluoride or similar
fluorinated gas environment; and

etching the crystalline material in a uniform manner with the isotropic xenon
difluoride, sulfur hexafluoride or similar fluorinated gas such that the crystalline
material is removed in a uniform manner on an exposed surface, whereby a sharp

cutting device edge is etched in the shape of the at least one blade profile.

16.  The method according to claim 1, wherein the etching step comprises:

placing the wafer of crystalline material with at least one blade profilein a
wafer boat;

immersing the wafer boat and wafer of crystalline material with at least one
blade profile in an electrolytic bath; and

etching the crystalline material in a uniform manner with the electrolytic bath
such that the crystalline material is removed in a uniform manner on an exposed
surface, whereby a sharp cutting device edge is etched in the shape of the at least one

blade profile.
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17. The method according to claim 2, wherein the forming of the at least
one side edge comprises delivering energy to the crystalline material from a laser

beam from an excimer laser or a laser waterjet.

18.  The method according to claim 9, wherein the forming of the at least
one slot comprises delivering energy to the crystalline material from a laser beam

from an excimer laser or a laser waterjet.

19.  The method according to claim 1, wherein the crystalline material

comprises silicon.

20.  The method according to claim 1, wherein the forming of the trench
comprises:

forming a photoresist layer on the first side of the crystalline material;

patterning the photoresist layer, whereby at least a portion of the photoresist
layer is removed from at least a first portion of the first side of the crystalline
material;

partially etching the first portion of the first side of the crystalline material to
form the trench; and

removing the photo-resist layer before the etching of the at least first side of

the crystalline material.

21.  The method according to claim 1, wherein the partially etching
comprises at least one of an isotropic reactive ion etching of the first portion of the
crystalline material and an anisotropic reactive ion etching of the first portion of the

crystalline material.
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