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Field of the Invention: [0002] The invention relates to ophthalmic and other
types of surgical and non- surgical use blades and mechanical devices.
Hl%gs})l%si&llarly, the invention relates tq ophthalmic, micro- &edbBi5016
non-surgical blades and mechanical devices manufactured from single
crystal silicon and other single or poly-crystalline materials, and

processes for manufacture and strengthening of the aforementioned

mechanical devices, sm}a@ﬂq@@ﬂgﬁmﬁ&scription of the
Related Art: [0003] Existing surgical blades are manufactured via several
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from 30 inn to 1000 nm. [0004T A relatively new method of
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sharpness _consistency is still less than that achieved by the diamond
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surgery is prevalent today due to their disposable cost and their improved
quality. [0005] Diamond blades are theﬁgﬂgld standard in sharpness in
many surgical market$ [ @é?y market.

Diaagepelagesaigsknown to be able to

§0002] The invention relates to ophthalmic and other types of surgical and non-
surgical use blades and mechanical devices. More particularly, the invention relates to
ophthalmic, micro-surgical and non-surgical blades and mechanical devices '
.manufactured from single crystal silicon and other single or poly-crystalline materials,
and processes for manufacture and strengthening 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 with minimal tissue resistance. The use of diamond

blades is also desired due to their consistent sharpness, cut after out.

Most high-volume surgeons will use diamond blades since the ultimate '
&%sgnd sharpness variability of metal blades is inferioF ¢S HRP G/ 015016

diamond. The manufacturing process used to make diamond blades

employs a lapping process to achieve an exquisitely sharp and consistent

edge radius, The resultant blage edge_radii range from 5 nm to_30 nm.
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$5000. . Therefore, these blades are sold for reuse applications. This
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used to make diamond blades employs a lapping process to achieve an exquisitely
sharp and consistent edge radius, The resultant blade edge radii range from 5 nm to
30 nm. The disadvantage of this process is that it is slow and as a direct result, the
cost to manufacture such diamond blades ranges from $500 to $5000. Therefore,

these blades are sold for reuse applications. This process is currently used on other,
less hard materials, such as rubies and sapphires, to achieve the same sharpness at a
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

" isrelatively high, ranging from $50 to $500, and their edges only last through about
two hundred cases. Therefore, these bladés are sold for reuse and limited reuse

applications.



technique is applied to making double bevel blades, for the included bevel

angle is 109.4. The process is further limited to the blade profiles that it
werRdiage- The etch planes are arranged 90 to each otherpipriur2eesBE5016

Therefore, only blades with rectangular profiles can be produced. [0007]

In the methods described in greater detail below for manufacturing

surgical and non-surgical blades and other mechanical devices from
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ortcomings of the methods discussed above. This system
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[0007] In the methods described in greater detail below for manufacturing surgical

and non-surgical blades and other mechanical devices from silicon, it is possible that
mechanical damage can be induoced into the brittle silicon material during one or more
of the machining steps. Cracks, chips, scratches and sharp edges all act as crack
initiation points in brittle materials. These points serve to initiate catastrophic failure
of mechanical devices when they are loaded or siressed.

~ {0008] Other methods are well known to produce sharpened edges in blades fonmed
from wafers in which a photomask is used along with an isotropic wet or dry efch 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 ocours only while an etch mask is in place. The mask defines

~ approximately where the cuiting edges will be created. The mask is then removed

b



..blades with the sharpness of diamond blades at the disposable cost of

the stainless steel methods. In addition, the system and method of the
resent invention can produce blades in high volume and WLH%,F 00 015@16
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can produce surgical and various other types of blades with both Ilnear

and non-linear blade bevels. Still further, the system and method of the
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blades with both linear and non-linear blade bevels. Still further, the system and

method of the present invention can remove the mechanical damage induced into the

silicon crystalline material when blades {surgical or non-surgical) or other mechanical

devices arc manufactured according fo the processes described herein.



crystalline or poly-crystalline material, such as silicon, which provides for
the machining of trenches in a crystalline or poly-crystalline wafer, by
various means, at any desired bevel angle or blade configuration. The
machined crystalline or poly-crystalline wafers are then immersed in an

isotropic etching solutiogmﬁqifgmgrﬁq@%}@fter layer of

molecules of the wafer material, in order to form a cutting edge of uniform
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to form one oy more surgical blades, singulating the surgical blades, and
a?@é%?&?@% & Rigli€al blades. [00131 Further, embodiments of the

inyention seek to provide a method for manufacturing a surgical blade, |
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photo-resist layer before the isotropically etching of the wafer.

{0011] The above described disadvantages can be overcome and a number of
advantages are realized by the embodiments of the present invention which relate
to a system and method for the manufacturing of surgical blades from a
crystalline or poly-crystalline material, such as silicon, which provides for the
machining of trenches in a crystailine or poly-crystaliine wafer, by various means,
at any desired bevel angle or blade configuration. The machined crystalline or
poly-crystalline wafers are then immersed in an isotropic etching solution which
uniformly removes layer after layer of molecules of the wafer material, in order to
form a cutting edge of uniform radius, and of sufficient quality for soft tissue
surgery applications. The system and method of the embodiments of the invention
can provide a very inexpensive means for the manufacture of such high quality

surgical blades.



poly-crystalline wafer on a mounting assembly, machining one or more
trenches on a first side of me crystalline or poly-crystalline wafer with a
router, to form either linear or non-linear trenches, dismounting the
crystalline or poly-crystalline wafer from the mounting assembly, and
remounting the first side of the crystalline or poly-crystalline wafer on the
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crystalline wafer with a router, to form either linear or non-linear trenches,
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of two-dimensional geometries and with excellent control over the
preformed bevel angle. Once the initial V-grooves (or trenches) have
been formed, the trenched wafers may then be subjected to maskless
wet isotropic etching process described herein. A final blade geometry
and ultra sharp cutting edges can then be created. BRIEF DESCRIPTION

poBFCTHRIDRAVIINGS [0b8hTihe aceelibatiteshanidadvaniagesoftiehes on a
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haadsemblyfiop, v:agul:{ﬁﬁ@?»h@gr@dh]éﬂaﬂes, amsilieorwblierntounied i blades,
mounting assembly with tape, side view; [0024] Fig. 6 illustrates the use
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of trenches in the silicon wafer according to a embo iment o

Suw@@émaﬁ%mmh@@é@%@@cmwm dirtrgararbiadee-consiructive
an@Qfighiations Lsed i Barling! H%G@%&%%ﬁwé}{smﬁ%gg& fn-

an embodiment of the present invention; [0026] Fig. 8 illustrates t
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Figs. 8A-8C illustrate a use of slots when machlnlng trenches in a
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illustrates a cross-section view of a dicing saw blade machining a trench
one or more of the processes described herein.

[0017] Embodiments of the present invention further seek to provide a method based
on an 1sotropic and an anisotropic etching methods that has none of the prior art
deficiencies, and all the advantages discussed herein. This method can allow complex
blade geometries to be formed including, but not limited to, single and double 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 may be constrained by the
availability of accurate mechanical methods to form the V-grooves that will
eventually become the cutting edges of me 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-
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in a silicon wafer that is tape mounted according to an embodiment of the
present invention; [0029] 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 present invention; [00301 Fig. 1 | illustrates a block
diagram of a laser system used to machine trenches in a silicon wafer

of ageaddinghteoan] erbadimanimf thehpsesemiinvention olRQ3hd higotded bevel
an” lés ntc(:aestﬁlebll%(f\xlé . K rz%mV%]; %é]r#yéralc ensl rQ\a]C%iin:g glésl;[: t}lljes ?1% tohed wafers
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embodiment of the present invention; 100331 Fig. 14 illustrates a silicon
wafer with a single machined trench with a coating applied to the

machined side ?ﬁﬂwgmm@@w%%%agvmom

[00341 Fig. 15 illustrates a cross-section view 0 Ing saw blade
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" according to an embodiment of theé present’invention; [00

unfirstené Saeissense ttidhe drigiast desfiitionarctnar¢al geembodiments
wHRACRINGH {renghed on RO Sides: ae<er @ﬂetgc%&ﬁ%zgé%ﬁ?&&f&ﬁ‘& in which:

present invention; [0036] Figs. 17A and 17B illustrate otropic ‘etching
[oeropess netfosmadonsywilican-wafer withmachinestenches:2n-h8ilble bevel

sides according to an embodiment of the present invention; [00371 Figs.
surggoabblgdegiomy siisen s GeediBgitoct diiFig proedisg et of hiepresratenveRE on;

machined trenches on both sides, and a coating layer on one side
1007 8o dfing (0T Bt eHRRTAMe AR WD fHessT g axgnele bevel

suifusiraied aresulianieultiosenge eha s e eyl silisoprsugisalchtade
. with a coating on one side manufactured according to an embodiment of

InYERIMRasent invention; -9 WO 20051109488 PCT/U520051015016
[0021] Fig. 3 illustrates a flow diagram of an alternative method for manufacturing a

single bevel surgical blade from silicon according to a third embodiment of the
present invention;

[0022] Fig. 4 illustrates a silicon wafer mounted on amounting assembly, top view;
[0023] Fig. 5 illustrates a silicon wafer mounted on a mounting assembly with tape,
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;
[6027] 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;



[0039] Figs. 20A-20G illustrate various examples of surgical blades that

can be manufactured in accordance with the method of the present
inventionj‘é00401 Figs. 21A and 21B illustrate a side view of m‘e}.ﬁ@g‘%mi%m

WQ&&QW& flicon surgical blade manufactured in accordance with an

embodiment of the present invention, and a stainless steel surgical blade,

at 5,000X magnification, respectively; {00411 Figs. 22A and 22B illustrate

a iemnggtEﬁupé&@% g%&%&&&é%%%@@@ic@ggmmﬁ 1B & trench

accordancé with an embodiment of the present inveéntion, and a stainléss
stiwet bilichs: wele B0 pamisioded aceespivativon qododinmys o8 S predent
2%@,& ate an isotropic etching process on a silicon wafer with a
machined trench on one side, and a coating layer on an opposite side

af@8628InGign HWkiandd 6bhBlgimtan oificrn stagmsl bedetidth i00ugs RyeRqutting
il N e .

oA £ b Oh RS HI D16 D OIA A 8 R Epectly, made
Figsiceemiancd it} mhoéimenﬂeﬁdbmﬁnémmmibmde_edge made of

o BT S P i SR e oLyl Wl
include’s a~layer conversion process in accordance with an embodiment

oftivesiioemNmfe]@0aB Rig s 26 aubtdinenbafitheepscot vierfianouter to

lineay r maler
{3@ a@ng %}r%ggg%grfﬁgggtfhe inv%érgit?gr%;%%%% Figx.%%gﬁﬁgtrates a ?Igow3 ised 1o
dragehinecrenphesio® Mlicouwaicnseeprdinmie-srcmbodinetms ofihe present
c;&@&g&material according to an embodiment of the invention; [0047]

Figs. 31A-31C illustrate a double bevel multiple facet blade manufactured

inl0888bitiantd inpateenbagimment obwicimgingieriqoous fdorm trenches in 2
3eiedn wilkis Ualt: i 0 DiGHRBISBRVE! lademantiaciiigd In

accordance with an embodiment of the invention; [0049] Figs.”33A-33D

i@ &icFie i allasaniss a siieon Nyder pidh esnglearchmesagnelwith a coating
opRiBRIMICRE thahRlA 0 RIMGIGALRY ROSED SAARLIRT Rsent invention;

accordance with the methods of the present invention; [0050] Figs.
U Eigu b MBERRAACREHERAERINIG B akalicins ery Wargisedbiaies 2
MgHaciured i AARISIARGRAIE: RS HNROAMED IS r ity Y §H Wb odibhent of

WO 20051109488 PCTlUSZOOS/OlS?ig(IS
the present invention;

e

j0035] Fig. 16 illustrates a cross-section mmage of a silicon wafer that has been
machined trenched on both sides according to an embodiment of the present
invention;

{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 mvention;

[0038] Fig. 19 illustrates a resultant cutting edge of a double bevel silicon surgical
blade with a coating on one side manufactured according fo an embodiment of the

present invention;



[00511 Figs. 35A and 35B illustrate an additional manufacturing

parameter of a surgical blade manufactured in accordance with the
Wh‘%@@m of the present invention; [0052] Fig. 36 illustratgg-frszoes/o15016

comparison of a range of edge radii for blades manufactured from metal

and blades manufactured from silicon in accordance with the

embodiments of the present invention; [0053] Fig. 37 illustrates a

COypRaYEPILOf IARIRROH BEEAC Y AQHEN BRESPR U ERS RPPMRE RS AR

metal and blades manufactured from silicon in accordance with the

eniBERsHEd I Recordarn Witk heometbod of g rresmmi diveraiomow

diggtam ¥igsmeladdon haimandaciae wbairehe BYEical3daSilicon sirgical
according to a fourth embodiment of the invention; [0055] Figs. 39-43

il RideaRamaRsHEs i aesoriance Biscen smbadunrmhng E@%@Sﬁﬁ’é%@]@t@nﬂ and a
MaRiAGH BRG] SR PHISHE AR B s g HH ﬁ&ﬁl&sﬁ&&({}%ﬁ] Figs.

44-52 illustrate the results of etchlng various depths of silicon of sample

colffisd Eiasoy et rd B illistsate 4é§erglwre§%h@@ﬁ@@gﬁ@gﬁ,ﬁ@ggrbmgcaz
th%m@maﬁ&@%%%%&%%%ﬁ&% Seatsr&fent invention, and a

comparisons made between diamond _blades, metal blades, and silicon

bl RiBIase Ateel ot ah 1000 Y aneeifigaiioe. BRSSEYRRALS of the present
Yoo i) $33DAS! 1B IARBUBAS MR IERCES B15PHSBor waer

wound gape and force required to penetrate fest medium. [0058] Fig

il ih e mackined Beslu R PoRRdsr 3 areraiing %m&a%@%%%@%ﬂwdmg

(Phetorasish %ﬂdﬁ%ﬂ'ﬂl@%ﬁéﬁ@lﬁﬂ&%@:ﬁurglcm blade in accordance
with an embodiment of the present |nvent|o 0059 Flg 55A |IIustrates a
Ylssireies foroficein e

crdQe Figd
PheismastuRlaGRGRrdaRce MftR ﬁh@%@&ﬁéavsfhw %ﬁr@sﬁ»@ged to

uItravioIet Ilght and Fig. 55B illustrates_a cross sectional v,
silkO9A %i &mﬁwﬁﬁﬁsm{m bl sdge made ofa

%ﬁ&ﬁﬁetﬁﬁt@m,og@é@md@@@%ﬂaae@ ecfe toEnecHahoigmastdes
removed; [0060] Figs. 56A and 56B illustrate an exampleé#%acement of
I

2 LG RO AR OB S S ASE RSP Y B AR S TP QR TB X TR AR 0
thpsalisytrapedis Podsiubate RsRDB of using a router to machine linear or non-linear

trenches in a crystalline material according to an embodiment of the invention;

[0046] Fig. 30 illustrates a flow diagram of a2 method for routing linear or non-linsar
trenches in a crystalline material according to an embodiment of the invention;
[0047] Figs. 31A-31C illusirate a double bevel multiple facet blade manufactured in
accordance with an embodiment of the invention,

[0048] Figs. 32A-32C illustrate & variable double bevel blade manufactured in
accordance with an smbodiment of the invention;

[0049] Figs. 33A-33D illustrate several examples of surgical blades that can be used
for ophthaimic 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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-ii WO 2005/104488 PcT/uS2005/015016 [0061] Fig. 57A illustrates a

cross sectional view of the silicon wafer of Fig. 55B after partial

wanmaiieguss etching has occurred according to an embodimenteiftisesos/e15616
present invention, and Fig. 57B illustrates a cross sectional view of the

- silicon wafer of Fig. 56B after the anisotropic etching process has been
converted in-situ to an isetropic etching process accordrng to another

e {005 Himst 35 AhangraSBritlinuedion afEEa] At ipahefibistiaggwment

on W silicon.wafer fter .partia tro
o e I B R R SR r%
pmsmtiunventron [0063] Fig. 59 illustrates a cross sectronal view of the
W, 1 ut with the develo hotoresjst la empved;
O R BB R e O A o RE, bt
m:lanhﬁqmtéﬁmﬂ piztibeediblddyvanmmbradeddban| Higoh Inlisstidienawith
%gsss naI vrqg\é}(g)fawaf rwrth two partial etchings similar to the
etc

ang prorcness SHowniH 1*—3@ SRS 578 to make a double bevel -
b[@083] s Hidutitaits stcatepaisrn s mwm@fmgmfmmmms

partial et srmrl a[‘b% hing of a different type of
R T S S
nikttencbfelitiminafitifapresend isveatinnsurgical blades according to an

D@%ﬂ%ﬁ %@Wentﬁngl% WOQ 2 ﬁ%s:/@ ﬁ%?é% P r/USZO 5/0158flszhcon

[GoBa A héatariouoidmg tos Ghtnid mﬁiedrmbﬁmlﬁdmmnmm now be

| f rawin are
cﬁeﬁrig %?e%(%/ Ebrﬁae%sﬁairﬁnge&%égerenge charac erseilhég %‘ﬂ&wmg <EJB“;:}Scrr |on 0
tmmeﬁmmmtw@wbwmmg@mmmmn is not to

b@é@?rgg he genera prrncth%es 0 tr%ef I?r‘i%%’ﬁ?&%%%%%%?ﬁ%%iys o angmnpie

memmie'rﬁ@wndmstm ssvicissrégrh éorfiwritactirese b thy iwafaces;
bgﬁges to be used for incising soft tissue. Although the preferred

[0057] Figs. 53A-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 peak stab force, pressure
required to cause wound gape and force reguired to penetrate test medium.

{6058} Fig. 54 tlustrates a cross 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 fight, and Fig. 55B illustrates a cross sectional view of the silicon wafer of
Fig. 55A afier exposure to the ultraviolet has been completed, the photoresist
developed and the first pattemed photomask removed;

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

and 55B;
wila



embodiment is shown to be a surgical blade, numerous cutting devices

can also be fabricated in accordance with the methods discussed in detail
wBSknaddaggefore, it will be apparent to one skilled in the art BCHIES2005/615016

invention that although reference is made to "surgical blades" throughout

these discussions, numerous other types of cutting devices can be

fabricated, including, for example, medical razors, lancets, hypodermic

ngeodEs Rigninla llbdentienscaos dectiodabtiewnoé dieaiibbanpeafer of Fig. 55B afer -

Additiopally, the blades manufacturegd according to the system

R P BB SRR O e BB B T FBL ey O the present
NeRveeidicalndRRs. ifTRIdingrdts expmplectibalindeanst thbeibiton vwedes of Fig.
(i.e,. tissue sampling). Additipnally, although reference is.made . .
(B R A RGBS AP SR e BT Sy oopi
tygenink medinsluseriingicmditraraalilisiteotheyesdnb arventionhrain,
caosmetic_and. re-constructive surgeries, [Q070] Althoygh well knowa to,
BB PER R T B e AR L S s 208 afer
shaliihe Wefietopisiiginbtueloeintedaonediny eb otilhdfatierebmiithent of

resulting sharp cutting edge is on the same plane as the blade's primary
PR RESeELIVER S mple, Fig. | OA, discussed in greater detail below. A

doodés oEie SEtitstigdnodasalsctomiblde ofitheortiferreSHENE Ehang with the
cutting edge . is on substantially the, same plane as the center tine

th%ﬂgﬂg W@?ﬁﬁ?‘%ﬁ?ﬁ%@{’g epicted in Figs.10B, 20A and 31 C. A
fojustes) aflgteadigiestrase atoomasbetiebaDrieanyp Dikeleatioe o Bign Thééutwith the
or multiple facets present per bevel. Thus, on any one blade, there can be
nﬁﬁﬁﬁf@pﬁﬁgﬁt%%g?&%eﬁrgm ?ﬁ’l?fgple sets of bevels, and each bevel can
h3gessgig. 61 iliubipirfanatss-SWRING0H 20848Fer with two partial etchings

PCT/US200Q5/015016 [0071] Figs. 34A-34C..i t diti i
TR e IR B TRt I P o7 A B R e iR b e

thisiggesent invention. In Fig. 34A, various parameters of surgical blades

are illystrated..Fqr example, the side cutting le, Ip- Ider. :
a@#ﬁf' éga%alﬁﬁgf‘%%ﬁss% Wi, Sﬁeg\%%gg%o?pégac %aﬁ%%%r%v%ﬁ%%%ﬂgs
depanaing s diehitasidiFan dfexpmelecudifgesot thpetifdeubBduagbblade; and

th its of the method for manufacturin rgical %Eg‘}%adf siticon
blg§@?§%§éc%e %eeﬁg'w ?‘ﬁncj@\j\/ag;%tﬁ ﬂ{ea g%% |§&;%5%%¥Hc%%ain surgicall
blagdgial blades according to an embodiment of the invention.
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manufactured in accordance with these methods can be made smaller
than typically encountered. For purposes of illustration only, and not to be

wakmosineashiting sense, profile angles of about 60 can be ohigires:tesaiseis
particular blade profile in accordance with one embodiment of the present
invention. Figs. 34B and 34C illustrate additional parameters discussed
above. [0072] An additional industry term and parameter well known to

those SKIVBTATEED DESCRITIONIS D@ REREREED BMBUDEIENTS
A B AR S e T v

exafiepincats tig epiming SipgrashiadehielClik Op eI $eederyRed vai hate Rhnile

is very impoytant, if nqf.critical, that the hlade used be as sharp as

pd: ?%?&?g%s%i{saﬁ%h% éﬁnmmaaa@ 5%&7&%%@%%‘&&3& best
mmﬁaeﬂpﬁdﬁmﬁrwdﬁml ittty ﬁa]g%mml . ' fiﬁf@fiihﬁﬁifgﬁajiﬁglmfiéipfbvided
Fig. 35B .is g view along_lines A:A of blade 350 of Fig. 35A. Blades,
(SIS aE o R ABIAERLSS Ga g avention.

erjliEsi ¥int syetdheniosetion v Thiepr MWMWE@M§%?WWB
have an.e radius.in the range of.about 30 mn tg about 60 rim, and.in

o AP e e B ne g S st /o i o RTAERC
almmiiotBunmt i ahtesn tarlsk 4 sirgicaldiaw, dalacaeas iilkigddiices can also be

measurements of e radii of metal blades and edqe radii of silicon .
i e e R R e
inveliherapemenibiecshe iillatiavheldrisod dia ieventiomdnz abiiougly reforbyce is
first curve.362, which.illusfrates,that the range of edge radii for plades

o O e e e e e t9pes of

invattiigrd atiserimabe éxbiivdeddnslodieg fos matrpih ancdheaangegfiancets,

e radii for metal blades as,shown in Fig. 36.by_second.cyrve 364. A

SRISa R R MAE, SR i R YA S Ve

Pa&dditispely/ GikSblibesABliEab&RG &mg-tMﬁEAysﬁM Hdhedsfthe

Siggg/ tﬁv&d’eﬁ( ot Sa Ltlaelyl r.lest & aBs lglazdoeszi?l%ther, non~medical uses, including, for
example, shaving and laboratory uses (i.e., tissue sampling).- Additionally, although

" reference is made throughout the discussions below to ophthalmic use, numerous
other types of medical uses include, but are not limited to, eve, heart, ear, brain,
cosmetic and re-constructive surgeries.

{00701 Although well known to those skilled m the art, the terms single bevel, double
bevel and facets shall be defined. A single bevel refers to one bevel on a blade, where
the resulting sharp cufting edge is on the same plane as the blade’s primary surface.
See, for example, Fig. 104, discussed in greater detail below. A double bevel refers
10 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 {oz, i.e., multiple sets of bevels, and each bevel can have single
or multiple facets.

-13-



3 97 4 0 Std.Dev. of all MetW Blades 5 345110122226 nm2110 210

380 4117051740 134224 212503905 49405 1220 1183 281 | 19A
WG200960@8841 A 1670 -15 WO 2005/109488 PCTIUS2005/@C3F#2005/015016

TABLE || EDGE RADII - SILICON. BLADES Blade Mew, Radius Aye.

Stdev 1 Avg. Radius all oicon 2 54 33.7 47 td. Dv. all ili 456 9.77 5 48

49,25972119 28 244225222 3.32
[0071] Figs. 34A-34C illusirate additional views of a surgical blade 340

mamufactured in accordance with an embodiment of the present invention. In Fig.

34 A, various parameters of surgical blades are illustrated. For example, the side
cutting length, tip-to shoulder length and profile angle are all shown. The values for
each parameter will differ, depending on the design and expected usage of the blade.
Because of the benefits of the method for manufacturing surgical and non-surgical
blades (as described below), however, the profile angle of certain surgical biades
manafactured in accordance with these methods can be made smaller than typically
encountered. For purposes of illustration only, and not to be taken in a Iimiting sense,
profile angles of about 60° can be obtained for a particular biade profile in accordance
with one embodiment of the present invention. Figs. 34B and 34C illustrats
additional parameters discussed above.

[0072] An additional industry term and parameter well known to those skill in the art
is the edge radius of the blade. The “cutting radius™ or “edge radius™ is the radius of
the sharpened edge that cuts the skin, eye (in the case of ophthalmic uses) or other
materials/substances. If, for example, a surgeon is using ablade to cut or incise an
eye of a patient, it is very important, if not critical, that the blade used be as shatp as
possible. Figs. 354 and 35B illustrate the edge radins of a surgical blade
manufactured in accordance with an embodiment of the present invention. Fig. 35B
is a view along lines A-A of blade 350 of Fig. 35A. Blades (surgical or non-surgical}
manufactured in accordance with the embodiments of the present invention as
described herein below, can have an edge radius in the range of about 30 nm to about
60 nm, and iz one embodiment of the present invention, can have an edge radius of
about 40 nm. Tables I and II 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 berein, 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.
-14-



13335439539.83.35 412825 339 443530356.20 515232
333 37 528333.3928 35 315 453126.27.85[0073] The base
Wihatesiatakest the blades will be manufactured from is single cBGTAIS3H#ESES6i6
with a preferred crystal orientation. However, other orientations of silicon
are suitable, as well as other materials 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 IdklddEdaterials can be used, such as
silicon nitride and gallium afSeERdRAWafMEBIMBIsABES particularly useful
fnrmatfnr the base material. In addition to single crystal materials,

dMpRs n&dﬁ!ﬁaanm_bﬁﬁmfto manufacture SUI’GI(‘H|

16-400-2005/100488 1296nn1
J OO0

VIO OO

I oo
porycrystantiie-s liee 5 VAt

P Sid. Dev, of all Metal Blades
1345 1101 222 269 nm

CC2

1740 1342 248

IACC3
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1670 1448 14%

ACCS

1116 | 1135 265
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-
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understood that the term "crystalline” as used herein will be used to refer

to both single crystal and poly-crystalline materials, [0074] Therefore, it
wiilbr apRagent to one skilled in the art of the invention that gitwyugkves/o1se1s

reference is made to "silicon wafers" throughout these discussions, any of

the aforementioned materials in combination with various orientations can

be used in accordance with the various embodiments of the present

invention, as well as other suitable né@igtsiand orientations that might

become available. (0075] Figp&iiRaraieSaifow Baghm of a method for
manufacturing a double bevel surgical blade from silicon according to a

firskesabodEnant oktheprescaAbVeniQiged NE method oT Flgs 1, 2 and 3
generillyjdegcrithes p¥bcesises which can be u . 1 &8
surgical blads dccoffing to the preisent inventi
the-steps|of the neﬂ'{i‘? illustrated in Figs.. 1,
( i i blades—of.dif i i
o M :“,::@;'f*féﬁiﬁ?
I ) . 9IIII1CIII.D..II \viw ) J Ul TAAI
SNOWIT arm (fb(.. IUE%&’BIU\A , MUSU
dquble bgves blade i accofdance With a firsTembodiment of The
invention!| this methoghcan pe utilized to manufacture multiple (i.e., three
ort_more)| facets per gatting ed?g. Figs.33A-( illustrate such a blade; and
isidederidedin dreatdt dethil below! Eurthermore, the method as shown
and-descibdd-chn add be utilized fo manufakture-a variable double beve

bl’\rlr\ Ao Al a 22 i 29 o Alca Aakcerihoad b Aaroator.dotadl
AT TS ST W -HR-t Ty TIY T O arSU-Ttporrigcutigreatecr-octar

X%

b.)—

betow: /—\du'itgnl t ot ) ||p§%3f aisingle—btade-withrtwo(or
mMpre} cutting su T&C%WII WO (orinofe) bevetangtes, the btades
illgstrated n#-1gs$. 208%and; 20D can be manufacturéd with the methods
shown and_ges¢ribegighereain, with different bevel angles for the multiple

blades edge$, As sudh, the method of Figs. 1. 2 and_3 are meant 1o be
renresen atiﬁpgf_gex@al embdfliment$.2# the method according to.the
pr S‘,‘Sﬂt 5 '_\I_\vle?:\ltio oo thaora are rnnn_\_L rilffo i ]

T ot e et TS,

2
s blacla s o By th A4 fa Aoaili
INEryee-tme e ol.cg)i that-canresultira-manufactored-siicon owglbal

blede T gecyrdance YatTtire-spirit-and scopejof the presentnvertor.
[0077] The TReThod 03¢0, T ISTESET;T0 grpgittacture a double BeVel
surgigal blade, prefergbly With a crystalline miaterial such as silicon, in
ag¢cordarice fvithl an _®fnbodiment of the invention, and beqins with step
1Q02_1In steg 1002, th# silicon
4 22
s 131 26.2 7.85

[6073] The base material that the blades will be manufactured from is single crystal
silicon with a preferred crystal orientation. However, other orientations of silicon are
suitable, as well as other materials that can be isofropically 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, snch as silicon nitride and gallium arsenide. Wafer form
is one particularly useful format for the base material. In addition to single crystal
materials, poly-crystaliine materials can also be used to manufacture surgical blades.

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



-17 WO 2005/109488 PCr/US2005/015016 wafer is mounted on
mounting assembly 204. In Fig. 4, the silicon wafer 202 is shown

w@%}ﬁg&g a wafer frame/UV tape assembly (mounting asseiablit 04015016
The mounting assembly 204 is a common method to handle silicon wafer

material in the semiconductor industry. One skilled in the art can
appreciate that mounting the silicon (crystalline) wafer 202 upon a wafer

W@W@?ﬁ‘&%ﬂ@@ewﬁ%ﬁm mw%aﬁw]@ﬁeﬁmqﬁth
ades according to the emhgdiments of the invention [0078] Fig. 5
s lR s SehReY

ill s nted on the same mounting
oL e e o T P e o
need no e case). In Fig. 5, silicon wafer is mounted on tape
P R ARk T W DRy oteion [B6Te AP SEBen AR of
ahesiRiftenditlonttBakeReh SilaniReida0F Y Refeuingiasiaiivla £i8 bb used in
decision step,1004 follows step 1002. Decision step 1004 determines

Srage 5B %%@Bﬁ@@%%@%so%f fiﬂ%ﬂf@mﬁféﬁn@s@z 3 gl ps other

1etieanicsadesiednd bisdataronk ¢as bahetessae sudalsiser waterjet 402,
as_shown in Eig. 6. In F@L% , Iﬁser waterjet 402 js shown directing laser

6
b&4H°A dlieo hiSsHRISH SRS SErah R A LABOM Hon BATHGGRTRE 2 double bevel
asachl b RA4 f&GANdRE SeRRdM g a HirdpEaUS Bfecatb@Ie Bre@knt invention.

T THIRHRCPLTIER Ik PHCA APR0E A WARSF S0 OB 0% GREBH
veaten2iens slicie Girgidat basids keaseddtdtoline pritiiahveatlascHIbR@ME, the
R SR SR S ARt S D
yilitothentytal Maidisos diffedmaneemeer o ipicdifatyitpdiiicaniAe

laser, thou%% other types of lasers can be used as well. If a different
cﬁ%’i’éﬁﬁﬁe poly-crystalline material is used, then other wavelengths and

|61 6] Fer exaypie, mtherghFiniate sA0FH]ahliciseatbiatbétvay dhutedess 2
fidugjals 406 (a plurality of 0|% an uf in this_ manner).can pe us .
ket SR R e R e
16Dthdelos)ices tiseialbtiibd ciaibg sdlirbiadenarafheise ea:iG @i ehrtheor
CSRALFR TRt e il 05 con e, S SR SS e
peesetst thuatl dlsibvele Furthermores, the method as shown and described can also be
ufilized to manufacture a variable double bevel blade, as shown in Fig. 32. Fig. 32 is
also described in greater detail below, Additionally, as a further example of 2 single
blade with two (or more) cutting surfaces with two {or more) bevel angles, the blades
illustrated in Figs. 20B and 20D can be manufactured with the methods shown and
described herein, with different bevel angles for the multiple blades edges. As 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 mapufactured silicon
surgical blade in accordance with the spirit and scope of the present invention.
{6877} 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-



fiducials are typically out in the shape of a plus "+" or a circle. However,

the choice -Is WO 2005/109488 PCT/US2005/015016 of through-hole
whskpiaighgpe is directed by the specific manufacturing tools @at/Us2665/015016

environment, and thus need not be limited to just the two aforementioned

shapes. [0082] In addition to the use of a laser beam to pre-cut

through-hole fiducials, other mechanical machining methods can also be

usealfsT aseumttdde fesexanm pleshtilya?64nGh [Figte dm dlitomgwefis202 is
megchanical grinding tools apd a ra sonic machining_tool 100, [
PR LG MAR AL DT R B UFTS PFaly) S04 The
inyemiiting hesdmbbe®0drid dheingenaraithsd terkandit kilivamwaiironaterial in the
skilled in the art. [0083] Precutting,carn.be performed to silicon wafer 2
oSSR DR e LIPS A SR FRILP OB ok Lo
indcisy argstuilital) aads POCingothe veifhingpitogssséniblse?(daamofaeressary
a laser waterjet 402 or.excimer, lager) can be used to scrqll in elliptical, .
O TR P P a0 B A T G A AP BRaF of (e mvention
refoGy8L Fig. BigdustAtdOhiheagisilicacmfsg2iembestdd sitidenswatan@dfting
within i imeter. The, mechanical machining devices .a ethods .
(TR S T TS VP GBS bk R SRR, LAy as good not
udeite cieaite BFithfughebo v statdiasiswedhin{o0 84 [iipefdt8ngkiainia then
Fig. 1, the next step is ste 0 ich can follow ejther step 1Q06{jf -
TR TR Ao b LR W AT A mae iy
arsechpd4iaeB68.is the silicon wafer mounting step (“step” 1004 is not a
physical nufacturing, step; e.decisjon e in . s
L R SRR L SR Y ORGP HO02. rsision sep
traffdaicareninas hetiiéntm dptibsil e@odibisditidermadécn 20R:cTivesfen?82, in
seyer thods fhat e used to_machine.the trenc
S R R B e T e SRR O
suslgpeat bidtig. @rodhBig @) d5)cFiveaterieh 402 oshowohdfiengivg lesenptey 404 onto
either a dicin ade. laser trasoni ini -
G e S0 e s TR AR S R RO e in
udtid. Gactmonl predistske dontiuongi-hely dduieialsd dlfmachinaddisdanyilicon
of thes thods provi I ) ftQ?ﬁ s&ﬁ}ggﬁﬂ Ql@ 802,
AS gr?(g%i Y mac mgﬂ%ér%%g%%%ﬁ%%%\fv%%e%%g% silicon materialEj
[0080] Silicon wafer 202 is ablated by the laser beam 404. The ability of the laser
beam 404 to ablate the silicon wafer 202 is related to the laser’s wavelength A. In ons
embodiment, which uses a silicon wafer, the wavelength that vields the best results is
1064 nano-meters, typically provided by a YAG laser, though other types of lasers
can be used as well, If a different crystalline or poly-crystalline material is used, then
other wavelengths and laser types may be more appropriate.
[0081] The resultant through-hole fiducials 406 (a plurality of 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 trenchss. 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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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

- wookgstkesdesired shape of the surgical blade preform. In the@Hs820658015016
dicing saw blade, the silicon _19 WO 2005/109488 PCT/US2005/025016
surgical blades will have only straight edges; in the latter two methods, the
blades can be essentially any shape desired. In the case of a hot-forging

prcemmmlmﬁmmmﬁemmmmmmm@m and
on ionalform of the
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canfiguaiatiotis dsad@mﬁﬂﬁmgmmabhssmmﬁi émmterthxmkﬂi@m the art.
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eghﬁ?goégr %%cﬁnch v? e3seh |<'in§'('/jI eaf§e§cﬂlw§ ang(l"en'wfc trenches
sdrgﬁrdbbfadam&eﬁmammmmtw sadwas e agxm”dpﬁng dhe
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meacﬁ‘lmmmg lomiingring M@ﬁ@ﬁhh@@h@mahhee) used to

di g t
tk%%%%aei%:u. g}%%& ?l%gg%%%eﬂﬁ%r% sgeé?qlﬁld In thgzért t \é?ots a

thwedlitting angle can be different for different uses of the silicon based

B

inglrnI LM Eldinouduhels Bidieipls 4Abhieiensrositidon m@%mws 1002
the, s agiding %@@@ﬂ&ﬁ%&&%&ﬂ@%‘kﬁ" 2 $iieRt: Qi%%ﬁ%hrysmal
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surgical blade, or, produce silicon sur t have two or

cmgfé_@!g@gg\m% Gbeéidﬁm@tww@ daciisied woililbs e tastadain
manufacturing process and its variances). In step 1008, trenches are machined into

first side 304 of silicon wafer 202. There are several methods that can be used to

machine the trenches, dependent on manufacturing conditions and the desired design
of the finished silicon surgical blade product.

[0085] The methods for machining can employ either a dicing saw blade, laser
system, an ultrasonic machining tool, a hot-forging process or a router. Other
methods for machining can also be used. Bach 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 ulirasonic machining tool, in the desired

shape of the surgical blade preform. In the case of a dicing saw blade, the silicon
-39~



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

veliciaessawdalade is used to machine channels in the first side ggod 26015016
silicon wafer 202. The dicing saw blade ’composition is specifically chosen
to 20 WO 2005/109488 PCT/US2005/015016 provide the best resultant
surface finish while maintaining acceptable wear life. The edge of the

_ diciagekalbiddeevidishapeontyidira gbélizdhainilshapetiheregotinthe blades can
channel in siJicon wafer 202, This_shape will gorrelate to the resultant .,,
bl PR A S 5280 o O Araeod P g iicon
inchigetivByaang iwaltbaf nialghkomied pricsdh] losiaiagliadeutl, blatame having a
and half included bevel angles_ that range from 15 to 45 for double beve
o SERAIORAD Lo O U B ARG e O G SE ot R s
preyidrsHiasifRE MRifel. Ofeyebanglef BRGNS 8] ustiskagrbe trenches

operation of a diging saw blade through a silicon wafer ,mounted on )
U FRETEBARHR 6 LEE PR BRPERR AT R, geluding

illugisaiasdhgonne speoiTiohitychaehely bl ditdrip ashibiatirobisimachissn diltrasonic
trenches in first sige 304 of silicon wafer, 2Q2. Int%fhs xample, a%ggt%gese

dicTAF LIRS i &L B EREPIPASD) IEFRCEh AL

creaéthiin siiepaiiasgobetgittebialicnetoes dischauitinlbadic

ungler. that the blade configurations of Figs. ZA- 7D are nqt the onl)
oL B o R S SRR P T AL gD
illugtmils: ancishcaaciafeyirvoniitgdicinpesthodingat vbthi hingntidte dnfFig 7A,
a silicon wafer that is tape nted accordjng.to an embqdiment of the _ .
B RS Vo SR AP BE 6 SO SRR Do gosiling
dicingis vt hiARRASHUTIIY 28BOWD dnthitmSmausmiimenetaingsiigancompleted.
wafer 202, It can be seen that dicing saw blade 502 does Q%g penetrate

all ¥ife VB LInFEates SSreBd dicng sepblte 104vgihiwo ptting surfaces,

- PepgirAlenaRpio¥ Raiely 2(18Q00 pitherthikkaess ohsliaRinyaier 2Ade 506
This a}pplies to any method used for machining (or molding, via

alppdanvsingaesie &hdmt ey aslishiie G8wms copfigrytingifyn that of
say Blade, 0t anyiRi iR maghinmaimetheds BRRFCHMA AR %0’ with two

the thickness of silicon wafer 202 will be machined away (or molded) on

eashgdidouitisigountnate s 2ok iigBizl OB, @ﬁ@hm@iﬁrﬁijsgrm@laigme@ale ®.
su 5@}%‘&%&@5{‘ e%c%@gl%g 3?’0%& g&%gﬁ@%es@ﬂgﬁé' %%'hé&ﬂ %géiiustrated n

Figs. 7A-7D have the same cuiting angle @, it will be apparent to one skilled in the art

that the cutting angle can be different for different uses of the silicon based surgical
blades. In addition, as will be discussed below, a single silicon surgical blade can
have different cutting edges with different angles included therein. Second dicing
saw blade 504 can be used to increase the manufacturing capacity for a particular
design of a silicon based surgical biade, or, produce silicon surgical biades 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 diarmond 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
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blade with a double bevel cutting edge respectively, made in accordance

with an embodiment of the invention. [0090] As discussed above, slots
WA A085W488cut into the silicon wafer 202, especially if a dicirRCIAIBIRINI5016
will be used to machine the trenches. Slots can be out into the silicon

wafer 202 in a fashion similar to the through-hole fiducials, i.e., with the

laser -21 WO 2005/109488 PC fUS2005/015016 water jet or excimer
|ammtb@mammpmmammmmm@mﬁfe The
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th e areas, and small sjresses can e it tq bregk., That is, . the
e DI ReHHOE G S0l B AERS SH I ARG LR EB e egghes in

thﬁmﬁa&ﬁ&%ﬁémhﬁ&mw&ﬁr o rﬁﬁﬂﬁsrarimﬂl@g)my@ma%ﬁiﬁawaﬂh&s of

e T s S e A (Bt R b el

Figjade ﬁg@dmhuuﬁl glusodife xaniéxﬁﬁoth&sl ﬂia&lmﬁﬁieomﬁmahanstbﬂ?zgs TA-

di ade, and | en ht aII the
m?égr aat |n %ﬁ?mﬁxéblnorﬁ%c mr%“ﬁ% propeéﬁn(?’ Yﬁ% Wefb 5?%%11%13% blades.
d Elgg%ﬂusmmm isetizatevipl nf audithe: stiwdriade tendifidindddrindd in a

dO\{vn Tv‘ghlch u%&swpll&nnn I%‘%‘nd q’?ﬁm‘%‘% tpf%dlcme%g 20 pig.
egins 1o cut RNt moving N&an Rorz manner, as It was
dés@mﬁm eloldﬁsgug%@:aimmﬁea mwr«ﬁﬁmfmmaﬁummhiedbtmﬁsf
o%tﬁ'\? acﬁll s¥ epene r 20%11 0091 e g2d I ”i%' 2h2 E%Sséaegl%alf dicing saw
dlagram ot &laser System use 6 machine trenc
blade 502 does not penetrate all the way through smcon wafer 202, but, for a single

bevel cut, penetrates approximately 50-90% of the thickmess of silicon wafer 202,

This applies to any method used for machining {(or molding, via hot-forging) a single
bevel trench. For a double bevel cut by any dicing saw blade, or, any of the
machining methods, approximately 25-46% of the thickness of silicon wafer 202 will
be machined away (or molded) 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.
{0098] As discussed above, slots can also be cut into the silicon wafer 202, especially
if a dicing saw blade wiil 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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in a silicon wafer according to an embodiment of the invention. The

trenches can also be ultrasonically machined as described in reference to
wobosz1ghggussed in detail below. The advantage of these tvwerwretaohzo15016

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

ma@ﬂﬁejasmnﬁm&miw humqarimaim ﬁ&r@@@mfpbkeh Bietigdl dhiztdhe through-
4. andam ontr an|S|m 0 hICh s on.ba
ooibls PLGR ok SRSL R 5360 e DGR L the
maﬂima emﬁamﬁma&ﬁmn lsnabing rlﬁm waspenmﬂ}ambﬁrbgﬂnbiymahng
ter e, which ha been o itted.for clarity. [00921 . When
R R B e (€ P L G S (3% 0P RAELS il of he slicon
Wafmfa(m)ﬁ mmmmmatmoﬁn necscenNy Qﬁmyekﬁyhmimfastured doubie
ulated axi ntrol mechan
PR PIGE L SLoH B e R AR S R o0 AR oar e AURT s dicne
m&wmmmmmmsiﬁcbmmr@m swap henmtheledp a8 Ishown in Fig,

or T AP B8 T e A re I G Ao &

Foisadhubie haig) 8fadRsidhimng ppbiing, side pprameit Mﬂmmﬂamaysed, and
usj re-cut chamfers 2Q6A, 2 B or cial 406 fo a
i S e G e plA
pastespifbisdo nam@buimg dre mhmmmmwhesmeauememmmfar is
laser) into r.first SI 304 or se 306 of
pre;élr"éﬁlor?&&%ﬁm ?roplc etc sm%p Which ia"sg s%%s\%%%eéxﬁ%%gta tis,
withs efecbied wiicon ﬁraﬁ%eqﬁ B lwmmmmmd&hmm Bfis to the
inte nal Ias li sks a ed to ra f.

8? % %@ r@ﬁ fera§ s?h %%11% 2 VP, tgre %%%h more

abla IOﬂ pro esin I|ICOI‘] Wa Sa res a contoure

achg;mmm shptowdmgteaskupieg mu@paspBMMa@mﬁmzﬁz
e e@r theén: %b'%ﬁﬁ% %ﬁ%ﬁ%ﬂés‘é %%e@r Qﬂx%x@ﬁ s, 84
cah pe achieve IS rocess ere are severa es of lasers that

caar.ﬁéBBséEb mict‘msmw?dmdmgﬂstaﬁh&émemm blals,exdihoogleseugly to allow

LA B SR i O A o

Iastﬁmcﬂmamﬁutgambb@@mcessmm etd itbe @ficon wafer 202 while it
is moving downward, which causes splintering and breskage; the dicing saw blads
begins to cut when it is moving in an horizontal manner, as it was designed to do.
Fig. 8C illustrates a series of slots and machined trenches in 2 first side of a silicon
wafer 202.
[0091] Fig. 11 illustrates a block diagram of a laser system used to machine frenches
in a silicon wafer according to an embodiment of the invention. The trenches can also
be ultrasonically machined as deseribed in reference to Fig. 12, discussed in detail
below. The advantage of these two methods is that blades can be manufactured with
nén—iincar and complex cutting edge préﬁles, e.g. crescent blades, spoon blades, and
scleratome blades. Fig. 11 illustrates a simplified laser machine assembly 900. The
laser machine agsembly 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
o



course, one skilled in the art can appreciate that laser beams with certain
wavelengths within the range of 150 mu to 11,000 nm can be used to

achine trench patterns. [0094] Fig. 12 illustrates a block diagr. f
tzéogaﬂi]g‘rsﬁachining system used to machine trenches in a sﬁﬁ%&’%ﬁp 15{}16

according to an embodiment of the present invention. Ultrasonic

machining is performed by using a precisely machined ultrasonic tool 104

thelt is then,used to r’qtr
SI

chine, with abrasive slurry 102, first side 304 or
o e D Sl e R PR B LR IR Sagevork
at anttirfees Felzido le bese bibkiitkab fah elamiiyosing side is machined the
sa sing the, throygh-hole fidugials 406 for alignment. 2 iye
e S e R e S
to aedaraf2ysanshptetmetenachitag enehiilatbiehs/hith e $8istapialsiteto be
202 surf in prepatation for the wet isotropic. etching step, Ultrasqnic
R R T SR e
10rhachinbi oS notE anbvinoas ighvtithsicanivgieciguil kisafay of
clqse , proxumity to silicon.wafer 202 xcites alrasjve slurr b
o RS B R e e A, R TP A GAL BRI B0 002, anc

entittedigh 4ol Obinicpreniomsivecs DO (167 thlathdesiiboomaritd] 2Qizdoit ic

the carrespondi attern that | achined on.tboi :u04. 0096] Topl 104
o B R B S 005 oA i e way
(EdHity theqreatetttimtnfors! 2o cPdcBhe fedudiaist4dstformbignthertnachined
sil fer 2Q2.corresponds to t which wa mac%iggd on tool 104.
e e e e e b Peligin oo
lagefeisdh ét smareibizisioepod Silt on refden@ORycan bbw asarhiato sitieofiest side
tr tern ltrasonically machi t.the same.time. Thus. .the . )
R s S e SR L F i W 1S gppio ctohing
matsipi dvlgjolr sodisepsrad dn siclail #nitbarfpmafie pdfigris stepm 1 Bichidulidaxis
vi IS pr 009<] Ei illustrates a diagram of a hpt-forgin
M B e g T
erafisdinsohonddlabliticopiodi T sisicoh eafifigiiaticisa comiyscmidwed trench
fo ?b}{é w [ { mploys heating the wafer to .
e S N e S B R
bawdepsuwgcal blade product. Various curvilinear profile patterns can be achieved
via this process. There are several types of lasers that can be used in this machining
step. For example, an excimer laser or laser waterjet 402 can be used. The
wavelength of the excimer laser 302 can range between 157 nm and 248 nm, Other
examples include a YAG laser and lasers with a wavelength of 355 nanometers, Of
course, one skilled in the art can appreciate that laser beams with certain wavelengths
within the range of 150 nm to 11,000 nm can be used to machins trench patterns.
[0054] Fig. 12 iliustrates a block diagram of an ultrasonic machining system used o
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 nsed 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 2
time. For double bevel blades, the opposing side is machined the same way using the

throngh-hole fiducials 406 for alignment.
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die that incorporate the negative pattern to that of the resultant trenches.

[0098] Silicon wafer 202 is pre-heated in a heat chamber, or can be

heated completely by operation of heated base member 1054:p@5has/015016
WA/ EESh wafer 202 sits. After sufficient time at elevated temperatures

has passed, silicon wafer 202 will become malleable. Then, heated die

1052 is forced down upon silicon wafer 202 with sufficient pressure to
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acdbrsdprgaavaree emisidihiarivol 184.ikkaalsrestnicigraves, amitad bhisek! 04 force
AR U 2010 e T el 0 P Bt 1R o
crakitiged erdigeliz8éd above, the through holes 622 can be made in the
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least two through holes 622 are need for each blade (to begin and end

thednsntegs) of bsing er wHrsseRin SeArhininEMasthp AT an FEATRRT 135ehis that an
lirgifeel d@B¥£HH&Q%£HQ%BQ¢%%%&Q%%%@E&%ﬂMSWGd

through holes 622 have been drilled in the silicon wafer 202, the router

6 20snmRadiyonechinel e avar ks rJiave thepmerisds 8 aab erlativaly
'%@5@@&&%@ Ingughhnle-famaliatd: BaRRsnHiAEN YRR G8YRifRear

rotational velocity. The router 620 is lowered to the desired depth and

mbhSEpatsTRIceATRE GRBlaTeH HadBismgaRssoftware control. See Fig. 27.
Thgesaiuagereoial-c @i the de Q%%:é%ﬂ?&)@?&iwﬁf §5-felenches in a

raised when routing is completed), the X-Y direction the router 620 travels |
insilipsarwidte poodingdarse gpbedmenbobthe invention. The trench configurations

can also be hot forged into the wafer surface. This process employs heating the wafer
to a malieable condition. The wafer surfaces are subsequently pressed between two

die that incorporate the negative pattern to that of the resultant trenches.
[0098] Silicon wafer 202 is pre-heated in a heat chamber, or can be heated completely
by operation of heated base member 1054, upon which silicon wafer 202 sits. Afver
sufficient time at elevated temperatures has passed, silicon wafer 202 will become
malleable. Then, heated die 1052 is forced down upon silicon wafer 202 with
sufficient 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

. virtuzally any blade &esign imaginable. The diagram illustrated in Fig. 13 is greatly
simplified and exaggerated to clearly show the pertinent features of the hot-forging

process.
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in the X-Y direction. Router 620 geometry is driven by the required slope
angle for the future blade shape. For example, surgical blades used for

W 'Bg;l@y ses can require blades of specific included angg;
a?ec%i 4{f%)d %ﬁﬁs‘%ﬁ;‘&omm

speci esigns. Fig. 28 illustrates the slope the router reates
when routing the silicon wafer 202. For example, if a double-beveled
blade requires an enclosed angle of 30, the router-angle should be 150.
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to coat the silicon wafer 202. Fi%§4 illustrates a silicon wafer with a

- sirfstdlinrtionAsrprdinaroseEmae et d Ssalienichiersafiare control
acERKang e apempodime R @%@@%@Aﬂ%@@%ﬂéﬁﬁ%&%é%&&%@),

applied, then coating 1102 can be applied to first side 304 of on wafe

208575 te RGO RN & Oorey e ijiawe Rt @83« sfihe prsseit moves
skifiaddrxte i GlHICROYERIID £8BINY; is driven by the required slope angle for
the future blade shape. For example, surgical blades used for specific purposes can

require blades of specific included angles as well as of specific designs. Fig. 28
illustrates the slope the router 620 creates when routing the silicon wafer 202. For
example, if a double-beveled blade requires an enclosed angle of 30°, the router angle
should be 150°.

[60101] Use of the router 620 provides a relatively inexpensive means for
providing Iinear 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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1102 is supplied to facilitate etching control and to provide additional
strength to the resultant blade edge. Silicon wafer 202 is placed in a

W ezﬁgg%?iﬁg%]é:hamber where the entire fast side 304 of silicon waRica6ia/e15016
cluding the flat area and the trenched area - is coated with a thin layer

of silicon nitride (Si3N4). The resultant coating 1102 thickness can range
from 10 run to 2 microns. The coating 1102 can be comprised of any

mpysy ] thakis, Beinstan hasHianehy Sl neinvair 2Agingnaeiication-
coating 1102 can also be comprised of titanium nitride (TiN), alu%iilum

titipranrErRE A e linconalmiatrepsTding e invention.

titgy i) ST DIk paFIED mkaR: Py BV Rl eanslitikereansin s bk holes
Coatings for double bevel surgical blades will be discussed again in
o k% HLE G SRR ED P DRl ASEAOA ARG up to the

CoRl 1A AT PReHFPRIIS Sif-ARIANB! HieR:F08Z:iBR MY 6ER ihedeiired

2003, dismounting and remounting (step 2003 can also follow step 1008 if

néeptls \Kies suRER o bl pEoRsets (e oY WsIoRIFuD apirdine iy the
SieR:2R834 d@%&?&ﬁ,\ﬁ@é&ﬁ&&& sSAlisQaag-Lonedara 3Guddidng Rep 608).

same standard mounting machine. The machine dismounts silicon water

20ty Fasianing ThreieTs the iartidreusidale 439 sehwfrreniRLemssips the
regiiee #20 %@%@@@ﬁe&@%wm)hqﬁe;smm LRRDE 26passer A8 MSAY #Hines as is

lieu of UV sensitive tape 308. After sufficient UV light exposure, silicon

WRTEFSSRY S RTPRSE iy FRERYB AL 45 & s AR S KR AP 255 612)-

- theoremoupiadnwith aReenthsiss S0 fatiels fos BHAHAEEeRCHRE, attention is
machine trenching_of second side 306. [00105) Step,2004 is t

en .
BT OG0 CUVIREAS 3080 R s APRRlch e PAned
SepehsdRISOGirsinemn waler 202, Penishdansibstend 0aidssiemeey
to_create double bevel silicon bgsed surgicgl blades. Fjg. 15 illusttates a
R e o
inyalice BiMadehadiddh atdpciepeiiwesktds agplied g tie ameiiedding nbofrding
the invention, Of course, excimer laser 902, ultrasonic n}%ghin@t ol 100
of 178 FECASHAEE robe SEST AT oi P P AREHHS ARARRHSh A faR e
imsifizeniriasdbd tnfrig sif Bicing stvohaderS02 is skp\Roonackiniig: to
a second trench opto second side 306 of silicon, wafer 202., Coating 110
SRR SR NS SRR 08 OF e A G0
1102 is supplied to facilitate etching control and to provide additional strength to the
resultant blade edge. Silicon wafer 202 is placed in a deposition chamber where the
entire first side 304 of silicon wafer 202 — including the flat area and the trenched area
- is coated with a thin layer of silicon nitride (SisNg). The resuitant coating 1102
thickness can range from 10 nm to 2 microns. The coating 1102 can be comprised of
any material that is harder than the siticon {crystalline) wafer 202. Specifically,
coating 1102 can also be comprised of titanium nitride (TiN), aluminum titanium
pitride (AITIN), silicon dioxide (Si0y), silicon carbide (SiC), titanivmn 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 te Figs.
184 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
-6 -




| OB show the resulting single and double bevel cuts respectively. In Fig.
1 OA a single cut has been made on the silicon wafer 202 resulting in

cuttlng angle a) in a single blade assembly. In Fig: | OB, a se %gl,%
g%% peY éa 5016

achined into silicon wafer 202 (by any of the afo jorie
trench machining processes) with the same angle as the first trench. The
result is a double bevel silicon based surgical blade, with each cutting

e xhiRiti tting e bevel andl
Zg)g.&lé%ﬁmi%giﬁgg tratés a Cross- sei‘, on |mage o?{ﬁ (Iia(djn Warer at%g%sge 308

b@éﬁzm&ﬁmemwm&&d mmnmecdﬂmachmm émhodﬁﬁeiiﬁmﬁn wafer

fac T%? c%:ﬂ mm{?g%fa%ﬁureg %8% 3%1‘}%%"%@5 WI an Oe?rlebédlm o tkcprgduce its

inlackiisss. | ey tekar radoldske bpectamallipte tmedtibHeeci AV ssiritive tape

fr VB ble.bevel mul et bl

a%qjéadl& l‘piacei lt ﬁ%ﬁl%g?%%% %hgggo ancaeagl eee it hh%ed from

dQQ:WGMMngAEQI@Bmﬁ&l@Qﬁﬁsdimlrﬂmmm«blvaﬂgmmﬂdﬁf%@ﬁcmg

/ set 704a 704D, and

an 1e p%g%i mél% ﬂ(?l Q%g %*%1%?8 the seci‘})éd set of facets

70HE. 85 784eh m:mwmn’em@musihmwafamed i ttep 200k Grenches
gé@% g};ﬂ{_!@ g d f the

trenching mett]%g%ggﬁgg%gg}%egw“am%gﬁ’la‘gﬁv eﬁg%h g{bswé) 1008, in

berdect menaciidelethetebnidives hammﬂdwb@m Hig. toilhigtistass) cross-

@ggt 395 %%% Eag%gb Qg] %% ?%%
mac |n|ng aflrst trench on a first side o r?er mac%sier;ilmg a Eisﬁonwafer

tré¥ i ritape moakied, @mﬁmaasgnmwoﬁdhmmm @f course,
RO RRG 07 USRI ASHR I PopFYCUREE L GAR B0 U oo be

created f e hot forging process descri greater C

ré@S@é@ aiyne $reraaepedionch m@bmnemf@rrm deFigitdd ditiog eawrblade
%W%@ AhINSONRlS, gi RTINS0,

double bevel multiple facet blade 700 as |Ilustrate In Figs. 31A-3'IC.
[eredaE h 15y ishavmbarrabrsteptivae sty appieddreenid WHo\iigi ok A and

a0 BEFREENS.EY SHat R fouble Revelalads 702 THE 1015,

manufactured in accordance with the methods described herein

beigiis sbtheebsetavsiags th silican eden?82 wesnltingutecisiizg doghe® in 2

Shouldef.se SIS 2RO O30 R NSdEIA Y rench has been machined into silicon
wafer 202 (by any of the aforementioned trench machining processes) with the same
angle as the first trench. The result is & double bevel silicon based surgicai blade,

with each cutfing edge exhibiting a cutting angle of @, yieiding a double bevel angle

of 2¢. Fig. 16 illustrates a cross-section image of a silicon wafer that has been
machined trenched on both sides, according to an embodiment of the invention.
{00106] Figs. 31A-31C illusirate a double bevel multiple facet blade manufactured
in accordance with an embodiment of the invention. In Fig. 31 A, 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 8; depicts the included bevel angle of the first
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strengthens the sharp tip of the variable double bevel blade 702. [00109]

The bevel illustrated in the variable double bevel blade 702 can be
manufactured by any of the trenching methods described aboy&l, b 005/015016

W ,‘fﬁ%er beam 904 can be used to machine the trench to form the

bevel in the variable double bevel blade 702. Laser beam 904 can be

adjusted to make the variable bevel by machining the crystalline material

according t a rogram ral, Likewise, the firstmultiple beyel

o G M FO4F SHLAR R P AP 1o Bl Bl MR pecond
greatef deied Wit rasb@e4do Fig. 13. Furthermore, any of the methods

desgri abqve for machjning.trenches ¢an be ysed to machi ultipl

wol o, P B R R P 0 S RN AR e lade
Figr)(Bed B2 faamidactisi wnehd dCttUstaisiy ensiliedgeaispetitdabiows Bér

" the variaple double beve] blade 702, . showin w.the bevel angl 3 .
P 55 G, SUATE BB 7 500 BB oA P RAED 1 o beves i the
disfanbRr teve! taa lipl2 WWDI200300.00468 Ban 962080404 first pass,

[00110Q1 Figs. 20B and 20D also illystrate top perspective views of a X
A L B R R e b A o R
angieke 1 beroné thed ssizskivheddadr einmehinen séachdrerdleldekjlfewise, the first
example.those shown_n Figs. .20B and 2 wherein each. cutting edge . .
haglg%ﬁ%% (?P{F]jé\?é\lé?r%:l é?(ii‘na’ﬁf’;]%? %@tan%b%ﬁ?ﬁjg rtei%ar%q% it F%glfﬁ?r%esmhﬂ m
edgestandeedlvitandspyet to @ifeicnt Rinileranriguinipdfdhe imatiglds described
Additionally, each bevel angle can have,one or.more facets,. as descri
abé%%‘.’ﬁ%?g?%ﬁﬁ%“% %%Séxe %&5‘%‘?‘1 p%l) r’ﬁ%aé’é]‘%“ 5N E,ﬁaﬁd3 greex}%o%%%)eqagn the

to imibibbeeshhndiipniscef el ériddrisoithatmtei ad Figsed L AP 1

Following machine tyench step.2004, a.decisio m indecisi
O SRS e e e o BB 78 B e e
waferspediive st . 108 varishitedbubiichdviel hiadh TR2 teen bieedasitifistnvedfisy
202 in step 101.6. Dicing step 1016 can be perfor a dicing sa
R B RS D S S BB e
Praiidaeiuctmmasnbas hsttpm il ticbeshiiesiapdiaginiangis®NThis design
fixtures in lieu of wafer boats (diSC_USfed i g}retail tL I%\g%.) 1121 Figs.
17%snethers e sham tahat Biropiiad 8&%@’ GE¥E %ﬂ d on a silicon
wafgsh MmagkipeckiBRehesom IR Siles: asabldinydbtanientbaimbat
o manufactored by any of the trenching methods described above. For example, laser
beam 904 can be used to machine the trench to form the bevel in the variable double
bevel blade 702. Laser beam 904 can be adjusted to msake the variable bevel by
machining the crystalline material according to sofiware program confrol. Likewise,
the first multiple bevel blade 700 can also be created from the hot forging process

Libes

desoribed in greater detail with respect to Fig. 13. Furthermore, any of the methods
described above for machining trenches can be used to machine multiple trenches to
forra 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 @; and ®4 vary on the variable double bevei blade 702
according to distance from the tip.
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the present invention. In etching step 1018, the machined silicon wafer
202 is dismounted from tape 308. Silicon wafer 202 is then placed in a

‘%&ag%{ P(ﬁgt gnd immersed in an isotropic acid bath 1400. The etchant's 5016
veci ﬁgerature, concentration and agitation are controlled o HRZMDE

the uniformity of the etch process. The isotropic etchant 1402 used is
comprised of hydrofluoric acid, nitric acid, and acetic acid (IOTA). Other

tvtalnel e 4 Ay _
- ool OORES0R MR AR TG B JOPEHOY T S utole
etehifiggisiaedpidseiieh it baneny fesatedingtlemui 6 ide bowdi englasinghim

liew @f | | ' \ i e yesults. T
B R A R e e e B i
he3Hh @od d6Domeremstatineutiing iedge dagasdtffomt bevengktchinggs. 20B and

pr ' j ' f silico fi nd. it
o paiar el sl el dloans IR ARy couicbve
wahgle2 gRiditicbelly sasdibesisl rnplovee rom eterambdrsReatsdasnsdibed

o A S e B P T AR DR ot e
Pemhydreasyof Selevptivtaasuibsgibarhimmical etching is a process that

is r Si i if rl tur ) -
310 SR SR UG P 906ET EAAUNION 1 coiion,

suitrical8fe it bether prcdieic B diombianarhdntrinsgclissulibenl \ﬁb’f@v@ﬁ)ﬁ in step
UryEgnly ﬁf%f@@é&ﬂ@ %ﬁ%&%@%&fw&%%%ﬁ%?g&,ﬂgmg step

. of the Wafer (if single beve esired, the non-ma

oﬂ&lﬁ ﬁgnéfrmaifm @B’rﬁe@éi@ EBW Mémﬁ?@%&kﬁ@t@mﬁ@ﬁs laser, or
USeeLinRteiet: &@%& %%?%%W@ﬁﬁs@ﬂ@ %‘i‘:%ﬁrﬁ%&; Sep 1018)

the blade angle. intersect the water profiles by machin

alEheusimp Sahiuee %EM@&%@@@&@W@&M@% withstand
thﬁ)ﬁﬁﬁf‘ini ( ?‘?ﬁ%&%ﬁé‘ﬁﬁﬁ&?ﬁ%ﬁ%@&ﬁﬁéﬁo ormed on 8

components of isotropic etchant (etchant) 1 has a specific function in

iseiispr Ve wiln maciuned Senehee e fordxrificesanrerdigmetnsiabntineat of
SQ&QB%enh%ﬂt‘a{m{i%%ﬂﬁ@9%?%6@,%@&%@9%@&%&9?%@%5

as a diluent during this process. Precise control of composition,

tehapaRied B SNedeh iISHeer s R e hsrniaprstimpwatss est and
immersed in an isofropic acid bath 1400. The etchant’s 1402 temperature,

concentration and agitation are controlled to maximize the uniformity of the etch
process. The isotropic etchant 1402 used is comprised of hydrofluoric acid, nifric
acid, and acetic acid (HINA). Other combinations and concentrations can be used to
achieve the same purpose. For example, water can be exchanged for the acetic acid.
Spray etching, isotropic xenon diflouride gas etching, and electrolytic etching, in Heu
of immersion efching, can also be used to achieve the same results. Another example
of a compound that can be used in gas etching is sulfir hexafluoride, or other similar
fluorinated gases.

[00113] The etching process will uniformly etch both sides of silicon wafer 202
and its respective irenches until the opposing trench profiles intersect. Silicon wafer
202 will be immediately removed from etchant 1402 and rinsed bnce this occurs. The

expected cufting edge radius attained by this process ranges from 5 nm to 500 nm.
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[00115] In Fig. 17A silicon wafer 202, with no coating 1102, has been

placed in isotropic etch bath 1400. Note that each surgical blade, first
wiyisAblade 1404, second surgical blade 1406, and third syigisathladigisers

1408, are connected to each other. As etchant 1402 works on the silicon,

one layer after another of molecules is removed over time, decreasing the

width of the silicon (i.e., the surgical blade) until the two angles, 1410 and

1Addqpdff 'fswsiﬁé\bﬁéﬁ%al%n iﬁ'%ﬁﬁ&‘séiiﬁﬂﬁfﬁsé&h@m filiton in 2
joined to the next surgcal blade (second surgical blade 1406). The result

is gw@w&%%mﬁ@ Qs of the
thakdhs: SABRHAAOIRE WaKs Reenaiaivad &%Meﬁﬁ%@m&cmng

etchlng process, except that less silicon materlal remains becauge it tg?

Reay s s svaidermly Auoughioione igatersstmidibanietleae
ﬁwﬁgt%weﬁemﬁmﬁmtmée%m@m

sides, and a coating layer on one side, according to another,

erfBBRFRB AL wpsh@'%fﬁéeeﬁiaﬁﬁféﬂhéﬁ mﬁerﬁg@%&%es sRpg Boerh order

CoR NGO thb a¥e R Hell: rE2viRst R BNRISIRHIRY Attempts to

‘process onIy acts upon seco |de 306 SI|IQOI‘] wafer 202. It iIs_not

nediaserl ey AaeRER G AR S PriguFR R dRIERp REssRsometry

thig %&&éﬁ@aﬁ@%‘%ﬁ%&iﬁ RelRURRICAII AR Hadcbd0Rach of the

works upon the exposed silicon wafer 202 soIer, -30 WO 2005/109488 |
KSSHBIRREED A6 SRIFABIA St B ARirhansh LI 08 rhes 4 meskic THRee

b%@&%ﬁ@ﬁ&m&ﬁ?mem%ﬁﬁcwa mw&w%memsemwy,
this is second side 306). As a resylt, in Fig. 18B, silicon based s
Lﬁ%{f t during

b@aégo@aeﬁc fS’@G%%VfSG*%BH’M%FFE%BFHB -t gé%
INgERPSA008. a0 Rl 3pa808 is necessary o

optlonal coatln 1102, and on second S|de 306 because isotropic etchant
A Eﬁ?ﬂlﬁyers of silicon molecules along the machined

trqnamls} rfage P?’%fﬁidﬁi%ﬁ wifelizgop, willend 03dnag nodhaen biehehatd in
all, prOV|d| itignal strength to the finished silicon based surgical
blé%?éfq% ARtARP-H YR § sﬂ&ﬁ%%b@#%ﬁ{%ﬁé@ 1404,
C%aﬁ@éﬁgléelfu}sﬁﬁd@@%@ﬁﬁmﬂmm@@1@31@%6%@4%@' ®Ogeh
(the_ first machined trench sjde) is co osed coating 110 %thh# fes i
prefafabiySRERs L 6% é?n&?lg in fiid 34T PLITBHGEFs 18
madaiivearorertieR tasrdhadpge siidervmatatitibon (i.e., the surgical blade) until
the two angles, 1410 and 1412 (of first surgical blade 1404), intersect at the point
where they are joined to the next surgical blade (second surgical blade 1406). The
result is that several surgical blades (1404, 1406 and 1408) are formed. Note that the
same angles have been maintained throughout the isotropic etching process, except
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 frenches on both sides, and a coafing 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. Itis 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,
- 30 -



Therefore, the process of applying coating 1102 results in a cutting edge
that is stronger and more durable. Coating 1102 also provides a
wear-barrier to the blade surface which can be desirable for gg
315016
WO MEA2E R act with steel in electromechanical reciprocating @ﬁzﬁb@} 1
devices. Table lll illustrates typical strength- indicating specifications of a
silicon based surgical blade manufactured without coating 1102 (silicon)

Nr%m%ng 'S Mo%%s 'fo%g%%gg%%%&%ﬁg té‘i%’urﬂo S&&? angle as

[ooﬂ@sm%m@m whepl 200 (hRosuaeais a@menﬂ@xﬂﬁa@ﬁ)f elastmsy)t;smmg 18B,

the s%??e?fg%ﬁ F%\%%érlaﬁ%%lstre’nggﬁéh{#g %%?n AW hegnégr%'é%er%# Wi

urigieeharzed, iwvistapa i 0D andrd 084 | antiired siirsiddd béoamsatidiiape 308and optional

permané ﬂ%%%%%%%gn g%tlﬁog longer fleé 1%%59 ﬁ% sves

ygtielpayhiheddteheld ssitidon. \Fafgrside 304

I T

beﬁ@hﬂt&@ﬁim@mﬂ sizgieahidade.coating on one side manufactured

1 typlcal asa rac%EH g fgél%egﬁgnano e%gk}? '&ﬁ%@éﬁ%ﬁ‘@ﬂﬁ%& fo first

WMM%; Bubetdhetasting adge Eﬁkﬂsﬁxﬁéssa@hma&m& side)

R A R

saHEds thebpptegseteionsy zatuistapcpeus:qtoube Rstellipep material.

m t n
be?gﬁl%%%éted n% %%e%psgilgz whlca m%%% %‘;ﬁ}con FH% out gg
astRRERD Aah meze dumbleiriGosinenld02 Alsearowides gev@m@nm@etﬁmbiade

Qe B Ay XA AR e BRI LRI SHEARIE: MGADS AeRa @i lesticon

blades from each other As one skilled in the art can appreciate, lasers
wilseermasheniralossiproclingbisde devices. Table IT illustrates typical strength-

mdicating specifications of a silicon based surgical blade manufactured without
coating 1102 (silicon) and with coating 1102 (silicon nitride).

TABLE HI
Property Siticon Sikicon Nitride
Young's Modulus (GPay 160 _ 373 '
Yield Strength (GPa) 7 . 14

[00118] Young's Modulus (also kmown as the modulus of elasticity} is a
measurement of a maferial's inherent stiffness. The higher the modulus, the stiffer the
material. Yield strength is the point at which a material, under!oad, will transition
from eiastic‘ to plastic deformation. In other words, it is the point at which the
material will no longer flex, but will penmanently warp or break. After etching (with
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range of 150 nm to 11,000 rim can also be used. An example of a laser in
this wavelength range is an excimer laser. The uniqueness of the laser
waterj et (a YAG laser) is that it can scroll curvilinear, interru E‘E ISR s016
WOHWLEE This provides the manufacturer the flexibility to %a ’eﬁg& )
virtually an unlimited number of non-cutting edge blade profiles. The laser
waterjet uses a stream of water as a waveguide that allows the laser to
cut lik ggﬁ {#jc nnot be a hievedtw_i e current.sta
: art%iﬁ%oqnl?ac ﬁl%—v h, gse%li]eeﬁt%%%oéla oere%%]ﬁsg?ﬁﬁl/‘o [ l%}(]j ﬁéﬁm% %%
cowirmodi s retnaighallinesidattbetrh 04U cheraiegid 024 the singulated

surg%,%' ilicen b re,picked and placed on blade.h | vy .
assembl H '@pﬁ%s %%ﬁ%&%ﬁ% Seire eg(%%ﬁ%dac%%‘at‘g%g’r%‘%ﬁgrc?g surgical

s, actording to esires

actolafigpidtirgcatihg lecions $idemennficarsit hechsding tovuafensddRu@ginfihe
m0|,_ntedt .on ejther tape an

) frame : a tape/wafer frame) are, radiated
by%ﬁ?g}\})lé?gt % lig 7t 5h The v%glaggr?f%%ﬂ?ﬁ%g%%ﬁe o‘}%ggcet?g%ea 308
tackinessi<BilwbivhvafeirsiR02p it ofiatisirest oadiedt kilsdss bt paaamictured at
frame,;or tape/wajer frame, are then loaded, in mmercially:-availab
e aae s P e AR Hipe e T RS Bt R afhcon
ordesaf segieil blajrs can benintentithbagediagrtor diegy 1020andich 32y @ame as

20%?&&%%%8 PSCI'IE{%SZ%Q&/O 6 manufacturing environments. One
- such examplearet eaéﬁepse% Sin

gulation and radiation by UV light: these
stej8 124 beFelforcingnyounifing steps HR0[0igd dBpIinbasie surgbtabbladnssilicon

sy ill ve ipdividua gli ical blades. fr
,,redt%?gsg/{:g%%ggg g‘ﬁe‘r&%{hﬁ%akrgé%hﬁ%‘%%%@? ram%cglr?# 1‘:v?/llﬁ a tachﬁ ot
theap#iit Smsgiyitseldfl adésing sawibledndesirdbrttére withen Walatisgifdd or an
tolerance, AN 8P hesi I t

oot an AR A R e dafie e U e s cnch o
sudyicaicibiiizddrithecsp et apprulian dasen ovildl ngrtadawstedliengths within the
ult ' ' ' [ eldi test] ing:
e R e S
hamdletzrgth prrgcigen wramanzso e antiseresy of thtlases portedelde YAG
Us : : . . _
e Ty T Bovides
hotiiemavefsesran i Sexibdly domalgisigualyhocusei ebevabsa afnon-catting
Cre@f@b@ﬁe profiles. The laser waterjet uses a stream of water as a waveguide that

allows the laser to cut like a band saw. This cannot be achieved with the current staie

(>N

ot

of the art dicing machines, which, as mentioned above, can only dice in continuous,
straight-line patterns.

[00121] In step 1024 the singulated surgical silicon blades are picked and placed on
blade handie assemblies, according to the particular desires of the customers. Prior to
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, ave 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 fo various
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the laser water-jet or excimer laser, and were used to provide an opening
for the dicing saw blade to engage the silicon wafer 202 when machining
“gﬁ?w% Ag% additional use of slots can be to provide a receptacle égotﬂr%% 15016
ade’forone or more posts in a holder. Fig. 24 illustrates suchrAfpS2005/015
arrangement. In Fig. 24, finished surgical blade 2402 has had two slots
2404a, 2404b created in its holder interface region 2406. These interface

il aele-aARE an edORRARD 120l NAIAFLAAAS. ' 0I63 BRI n

the silicon wafer 202 at any point in the manufacturing process,

preddiziing Sar-Delihive theen Sonsngu bt dntattmgndrifioaeessatiis. Prior to

bein intorf ' : . " i 3
221 RIS R BV S0P SO e slicon
previgisal hiidetup feuaimivead woldiest depdvod Walsmon tapséwfeler frame, and

in ) N ) (i ; e -
o o a8 AP O B PR A AR e agsired
cuiniserpro e apciooI efiberivergitl dsrritrstithuowetthédsta iy procatss Other

‘ il ol ek 0

2 ) R AL S G T D Ml
bespbistatgi dadivdiss hesheiakiog, dovsrdisgtedns slvrmeninmelding iewt welding
th 9_;5% iyeation: < A0R4 iR GBS a1 b
sagmrpéé for t I"e methgg ﬁ%?t?gf‘é% Qlﬁ }:6;99 8 2%%&%%@%?‘%%?@; al blades

repétnbandss.\wo neobsged dueswE Fiarditp esfonioycnddveateertaddor use
mg&@ggﬁﬁél@qﬁy%igﬂ@ﬁéﬁ@éﬁﬁg@é&@g@é'blme differs in the next
orm

step, step 1010, fromthe method nufacturing a double bevel blade,

arl§Ciddlefortnothirpeseminy seethadithai pqobezepd-tiswing e prgiosl blade to
deisigMeishvbid SIRIPINEMIGHICSIBG MAGRINRLLAIRR WY Deated by

will be dismounted from silicon wafer mounting assembly 204 If the

sifffidarenBiaieniss 9 parirecD bEan et o ore uhsh et darBepenEdpT the
thﬁ&ﬁ%fk'éw BiRRUB AR RE ARGt S0 R NAT IS I B IGP M RedN An

optional dismounting step 1012, the silicon wafer 202 is dismounted from
tapddiirnatmsef siets sap batapaevidme troentpeinaribe ot e prsacBare
Wgﬂ%‘ﬁaﬁi%@@ Q@ﬁi@&@@s&%ﬁ’a@%ﬂg@%ﬁﬂy}&?ﬁé ibaopnaier
202 can be diced (i.e., silicon wafer 202 cut agart into strips) in step
surgical blade 2402 has had two slots 2404a, 24
yegion 2406, These interface with posts 2408a, 2408b of blade holder 2410. The

slots can be cut info the silicon wafer 202 af any point in the manufacturing process,

4b created in ifs holder inferface

but preferably can be done prior to singulation of the surgical blades. Prior to being
interfaced, an adhesive can be applied to the appropriate areas, assuring a tight hold.
‘Then, cover 2412 can be glued as shown, to provide a finished appearance to the final
product. The purpose for implementing the post-siot 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 siticon-
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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1016. Dicing step 1016 can be performed by a dicing blade, excimer laser
902 or laser waterjet 402. Dicing provides for the resultant strips to be

ggk%ep 1018) in custom fixtures in lieu of wafer boatsp{cizrsiaeedi5616
in detall ow). Following either the dicing step of 1016, the dismounting

step of 1012, or the machine trench step of 1008, the next step in the
method for manufacturing a single bevel silicon based surgical blade is

St@@o%r,%@@nbﬁi&ﬂ i&ih@mﬁgﬂ sitifieibeag alighdy Bladndiffers in the

discussed in det ve. There ft r steps 20 1022 1 4and
ot SR XL e 8 P bR R and
thensenriciiiie,o tisssinpkion ldewsl. S|I|con based surglcal blade, and

therefore do not need to be discussed again, [001271 Fi trates a
ol ORAS) oA e R A SR 1o L LGRS SREHDeD By pischined
suglicah Riade ol erERARAICIHINGON mi@naﬂémcﬁﬂﬁﬁﬁ@ ﬁﬂ%ﬁf@elm&% If

g |

invention. The method |IIustrated |n F s identical to at |Ilurf6 (é]
Fighosipgi Erneheplcrsoe Hpaped, @é
hopeer Jiiess ﬁﬁﬂﬂﬂ@&é@ﬁg@@ﬁ&n&h@ﬂ@ﬁ%ﬁﬁ@@@%\@ﬁdﬁﬁbnbed

above in reference to Fi nee iscusse detall
T TBeUE FE i e e TG AP e G itzing
th@g{@@ﬁﬁg\gﬁiﬂﬁg g{&hﬁﬁgmfﬁﬁ@w has a Iayer 1102 over |t [00128]

Following the coating s 02, th SI| icon wafer 20 ismounted
rediSd d| ﬁ’ﬁ%gﬂ% i s%é\? %F@\ﬁ’
dl%ﬂi&&@%ﬂd@iﬂ%ﬁﬁ%m @@MQ@&T ez liparﬂiﬁtdlsmpshindtep

id f -34. W 005/1Q9488.PC' 005/0 16
?A&% R OV 7 RE RETRPEOY FLFLaR BPt TR o
OB2er #24jend020Didialipieides S eheveiaiithastrhrso Hestibddiinstep 1018)

Sﬁdlgaléggbove The net res?# @%@%‘%ﬁ @vel su %%ﬁg%ﬁﬂi fhe first ¢ cithor

Imﬂf@aﬁﬁi@ ﬁ&gﬁﬂglmmmﬂmamatmﬁmgfmpwmmlzmm FigshifSfemntl step of

ord A BTN, P ben AR IR B e oL Ghci g

pF@ﬁﬁ.ﬁS@ l&la& H@@fhpvmeﬂ \Bitkpd Bl adhithedtrbimg vtep oni didesahdaly been
Fg layer ?%Fﬂ’i%ﬁ OSII&SIde acc rdln%zl;g qéggh ﬁmbngg% ﬁfa w, all of

Iéon wa
WhlGh have been described in detsil abmre in reference to the manufacture of a double

‘bevel silicon based surgical blade, and therefore do not need to be discussed again.
j00127] Pig. 3 illustrates 2 fiow diagram of an alternative method for
menufacturing a single bevel surgical blade from silicon according fo a third
embodiment of the present invention. The method illustrated in Fig. 3 is identical to
that illustrated in Fig. 2, through steps 1002, 1004, 1006, 1008. After step 1008 in
Fig. 3, however, 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
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202 has coating 1102 applied to first side 304 which is then mounted onto
tape 308, thus coming in close contact with it, as shown in Fig. 23A.
W?}g@ﬁfwﬁgr 202 is .then pllaced in bath 1400, which centam&eﬁgf@@gsmsms
as discussed in detail above. Etchant 1402 begins to etch the
second side 306 ("top side"} of silicon wafer 202, ‘removing one layer after
another of silicon molecules. After a period of time, silicon wafer 202 has
itsq ekl o8 deesh ineieh adiedddy 207 TRERRASIAL300 CAMERL) 1022,

contact with first side 304 and coating 1102. The result is a silicon nitride

coet RinHidtiake Rars Alha wlish Arva Msmecssind e detail above. The net
alRER i onett ddvaniasss-0 bihdy GRSl eRE: BIHICRQLeRRIAE) Bidderovided

edge apply equally to thls type of blade as shown and discussed in

refBiRAdae pigosiing 1185 imanvotestpraik apd el ofitgsurgical
vajigdis exaipiesabisironnssad sdisakladrssiat 6R0dP8oated surgical

manufactured in accordance with the method of the present invention.
I ertedsiails can be manufactured utilizing this process. Blades

wmgmle p@eﬁémmﬁE&@émm@&%%ﬂm&% P¥E6E2e@BH a silicon wafer
curV|I|near cuttma e %gs can be_produced. For smgle evels, the

AR GBI 8 dSRALIAG 1RVETD YA ABRRSEREide according

pngfﬂea:ﬁ@ﬁ &ﬁ'&mm:ﬁl&’fﬁ%‘sp%eé@ edeex@hlseis(ﬁecﬁ‘s)é&) abWESEREE wafer
chisel (Fig. 20B), slit, two ed T:%P 20C) slit, four edges sharp

(I%B %b“)" &8 1302 spledia iy wich s HiongRevRsLon pe 308,
2R srmﬁwwmmaéssﬂmwﬂgﬁgm@omcaﬁw@fm is then

es, widths, | hicknesses, and bevel angles can be varied with
fﬂb g@ihr @ﬁf iSRS A AR ot GLERROHLP Geta above

2005/1034%88 PC/ 2005/%&%%&ﬁa%%?6 21A %%ﬁZﬁlB ill o a2,
r/lU an | Strate
B I o A SR e

eRARRE 02 e ithitivent eadand Bﬁéﬂiﬂ@@i@ﬁhﬁﬂﬁ@dﬁ@ﬁ@ﬂ%%ﬁmmes in

5 000X % flcatlgs€> l.%%%pectlvelﬁ?g ﬁﬁ&th ffer B%%‘F bgetween Fjggs ﬁ@z&téd
Z%glmmm@wam@ﬁﬁbg&ﬂabﬁ@d Qéetiod s m&m&blaﬁ&mages of

CHHBEE S S0P O DR HoGHHR IR SRS AR SRscfh e =

Gbvesadsig ;eiaénaadjm@gzzaqsltamaﬁmﬁmrmer the result of
tf}gdygé?odﬁ%goigg %b%i ﬂustrate various exampies of silicon based surgical biades

that can be manufactured in accordance with the method of the present invention.

Various blade designs can be manufactured utilizing this process. Blades with single
bevels, symmetric and asymmetric double bevels, 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. 204),
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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embodiment of the invention, is much smoother and more uniform than

the stainless steel blade of Fig. 22B. [00132] Figs. 25A and 25B illustrate
waakie/arLspectives of a blade edge made of a crystalline maperiatisacehalse16

blade edge made of a crystalline material that includes a layer conversion

process in accordance with an embodiment of the invention. In another

embodiment of the invention, it is possible to chemically convert the

suftis1pf tFegs i asedr A iR ilhistoate nesidendteviaf 2 Slicoft enzgichligate

silicon r This step can also be k o n as,a
co ver"’\sfl%n or sﬁﬁ:%orﬁr.%nar %conversmn 0 ?1 ils@i%:on é%%éeg’gste%lmws
Otkteelcmngpaliblid st HOMIEaenilimdind ;ngspm&né}@t@mmreme
all to. nte WI'[ S /blade ate

E%Y?‘H’gﬂ (%1 %éﬁ%ﬂ?& 5 %18mgp])oun ?ﬁﬁn B%S} l}f'%orm Figs
mmamsmmmmmmmm/eﬁmmm@gsﬁlemmm hlade
harder e is created,.But unlike.a ¢ at the ¢ ttl e, of
h B %cgf'ﬁrg(ﬁw %%@%eo‘r”n’&lﬁy 5 8&5” Legi e postﬂe gtsetsamless steel
NditadapdtibORIO0E Thagnifizafinthesptepively tb@mh@ﬁm Idiﬁﬁbeehae hmiWeen Fig.

GRS B & B A0 R SRk SRS By

- commmmﬁmmﬁem]ﬁghsﬁmmw nstraterstorer

%ﬁﬁmﬁ Eﬁﬂlades that can he used for ophthalmlc purposes
&8t |n accordance with the methods of the present

|n\{6ﬂ!|mi F@gﬁfﬂﬁxmmﬁéﬂ mmagmmm bblaée@dm made of &

o A, e N O Rt LRl S I hnotydes
seisyéﬁﬁmvmmnm@edammﬁm m@m@mﬁmon In

| double bevyel h, of tk
o O SO RS R R e RS Seie b chaniians 2 the crtace
beufﬂdei pibshetetsatentl asweil axatonsl 860 aReipoting te shiepinwader. This

evel ang | l
des n crlter|:18[?1Efﬁcanaéggch;g[r%fzjgggIle pen%ent upon%;t?&pgiréﬁgilsaféé%c%?
theshiddadetnsion ebitarailiohictntacc stepa et oroopavodrdiag biereated

;)nre é\god % sidisglogadheieinn aeeoianes Wik ine AMBeHIDGNS AR de material.

ention.
The beneﬁt of converting the surface of the blade 1o a compound of the substrate

material is that the new material/surface can be selected such that a harder cutting
edge is created. But unlike a coating, the cutting edge of the blade maintains the
geometry 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 conversion process; “D1”
(the depth of the silicon-only blade) is equal to “D2” (the depth of the silicon blade
with a conversion layer 2504).

[06133] Figs. 33A- 33D illustrate several examples of surgical blades that can be
used for ophthalmic purposes and manufactored 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, 72Zbcanbe a

single bevel each, of the same or different angles, a double bevel each, of the same or
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[00134] Fig. 33B illustrates a microkeratome blade 724 that can be used

in refractive (LASIK'h) ophthalmic surgery. The microkeratome blade 724
has one bevel 726, which can be either a single or double bevel, with one
WP HER$3€8%s. The combination of bevel angles, facets, placg%ﬁﬁé’ﬁﬁ’ms"m
arrangement thereof, for the surgical blades illustrated in Figs. 33A-33D

an’d also elsewhere herein, are essentially limitless. The microkeratome

724 illustrates a ble bev, oles 8a an 28b can be
SRRy SRR o 208 94 oyl Gach, s well as
dewmemfmdﬁﬂmmm&oﬂmmﬁﬁgmmwmﬁﬁesm

can be_use catarac hthalmlc surgery. The pocket blade/knife 730
SR i fags 3 e, S b AP erL G BAsab R e
C|r@MGMWa$WQﬂHﬁaMﬁGQ@§§ﬁ@Hﬂhcﬁmm%ﬁﬁﬂé according

S b e S 1

diseivaeaeidmbove. Fig. 33D |Ilustrates a crescent blade/knife 734 that can

catar tha mic su y. The crescent blade/knlfe 734
|IIU@§S‘§1m I§: %%% eélﬁ&'é m%ﬁ% et B R Hal
shmm;pm@m @ﬁmmt@kgiﬂ CHeSeeRhbiadap it d840P8as one

fer b single bevel angle blade, but the blade can be a single or
HORBYE i PO @lgaﬂ BEALR 2T FRPBlscDBY tharEhanser mowets The
commmmwem%m e dRPAROLRRIeIRA B & Sk the

after stggg%é)a% ecision is madet convert the surface (deC|S|on step
%’Jg P S 1o et e also RitAvTRSHS RESEIRiGredessutially

1%@0%%@6&%&3@% meatEmdids 4 AeuBIethestines. Holes 7282
procgde& to st ?é)f'g)no conve ion layer is to be added ("No" path

froft TREPHRA %W@&@’&éﬁ%‘%@ﬁ&% g pdrandle, 25

comm pbogess requires diffusion or high temperature furnaces. The

5 QT3 00361 S0 ST Eh b BART s L) A B ced yoaterac
50@&@@&9@@&9&%@ woekst dlafRdaifftoTdeiflinated inaurlolietas a single
oSBT A S DR ey eelie
fomiher vevwvebshppir@ud rasem}mam}mﬁ@rt%ﬂ alstani e dayciffag oM lade

can be a single, double or multiple bevel blade, or any combination thereof, as

discussed gbove. Fig. 33D illustrates a crescent blade/kmife 734 that can be used in

cataract ophthaimic surgery. The crescent blade/kpife 734 illustrated in Fig. 33D has a

single and oval-shaped blade. Again, the oval shape is preferred but not essential.

The crescent blade/knife 734 has preferably a single bevel angle blade, but the blade

can be a single or double bevel blade, with each bevel having one or more facets, or

any combination thereof, as discussed above.

{00136] Referming 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

diffiision or high temperature furnaces. The substrate is heated under vacuum or in an
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chemical reaction with the substrate rather then applying a coating, the

original geometry (sharpness) of the silicon blade is preserved. An _

additional benefit of the conversion process is that the optica&j@g %05/015016-
AR EPihe converted layer is different than that of the substraté so

the blade appears to be colored. The color depends both on the

composition of the converted material and it's thickness. [00137] A single

crystal substrate material that has peen conveyted %t e surface also

ex SRS Y ERIF AR b FE R E S 1 sRigesh oL R8N G resles £9F g qaetered
By n4dane mehtee Bletaea IRADAATaNe @idha eRdapey ®khih temperature

substrate to form crack , initiatjon sites, and cleave algng cryst

] alline plagpnes ...
is g causoBio e Rieother e S STBrITHa thi SRR f?%ﬁ&@&%ﬁe silicon
be RerareRwEbmPemRl I Nteich aROeHb Hixéril esariRxdinishisianoOfaN.,
especially when manufactured in the embodiments of surgical blades, the

silieBemiGrdeacHemEititae ShFEasTEHG M enplying ooz B AHEH

to IR BIBEQRR ) aftisIRIBE K1aa6l iy ReseA dRiChasEAME M Renefit of the
source of Jllumination. Therefore, the surface of the blade can be

prFRBEETIRRPRCRSSRES tAt ha on RGBT o Din cpverted Jayer is
Ok R e@ﬂ@ﬁg@@éﬁﬁeﬁﬁ@fﬁﬂb . hﬁaw&mgé%),mr
it appear. dull, as opposed to, shiny. The matte finish is created by
ro AR ROBY B RO P0G (A EAETAE. TS SR RnFet b s
blaghd Byfaceanseriingsta speailic-nasiers tiadensiticsolhatsailathe surface
regions are made in the shape of a circle pecause that is generally t
< SRR RGN SaGHE B. HEB0 GRS  ROR GFRNEASH Ol BY
dinepasiaip dhéharRice wos BitiethiegianhsangesipoT BR-bEbsustorsftim crack
diameter, and again js dependent upon the manufacturey and type of
<R S HE PN Bl GNP BB RAPTE QRS T es from 10-25
mi¢opnsg]00 139k Hee calenpit/o0f st akiatcdde diencarebersedoiited with
total percentage suyrface.area covered hy the circular ablated regions. An
SRR PETTHESE 31 p BUP ST HER S eRe LA TR, ek factured
NofMNEly BB oGk eRirod slikgc sl iladug ke s awesiatace dotatiblyddlwiie be highly
ablated regions. does, not.affect the mirror 38 | 051109488
P T e el e SR P TS BORRRS bR G Bk 18 PRI Brgfmder
thenicriseupatiatied segionstilinminptied. tMiasghny] thesauiiace titecbbidhean be
Dl B o Ol KAt O s et Tight (from a high-intensity lamp
used during surgical procedure, for example), making it appear dull, as opposed to
shiny. The 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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a graphic file can be generated that randomly locates the depressions, but
achieves the desired effect of a specific ablated region density and
randomness to the pattern. This graphic file can be created manually, or

WA A8R5H08488) by a program in a computer. An additional featBfeF (HEREH§15016
beiimplemented is the inscription of serial numbers, manufacturer logos,
or the surgeon's or hospital's name on the blade itself. [00140] Typically, a

e

anﬁ)ﬁﬁ&mﬁugﬁﬁﬁ e gurticasRecigie Eﬁ&déﬁﬂ&ﬂ%@ﬁﬂ&ﬁ@ thpieve H'practice
accurac ot vital, and s of manufacturin ectIy affects cost, the

gafb%fﬁ’é e s e t%e@ﬁﬁaet deBERAgbut achieves the
th@ﬁﬁ&ﬁ&&dﬁbﬁﬂ%@%@ﬁpfﬁhaﬁr ﬁﬁﬁbﬂi@h&aﬁmgﬁm This

etch aboyt five seconds fgr a typical .surgical blade. [00141] Fig
ﬂ?gst%% %’ﬁtﬁ?ﬁ?ﬁ%’bﬁ*’r‘éﬂf 9’0‘? E\aﬁéﬁ ﬁ@ggmfg&e@mpu SL.

maﬁuﬁamtt&xgifmfae%atam @ﬁg&m@abﬁagft'amééﬁ%wmmletﬂmm
to the embodiments of the present invention. [001421 A itiona
patatﬂlﬁﬁeﬁﬂm?ﬁstéaf’at%f ﬁ@%ﬁ’@&& B T ORied ks -
chioemteyistiqybissagear Wﬁ%&lﬁ&mmﬁﬁt@r&rﬁmﬁmﬁ%ﬁ the
determines ho e skin Islldes over the blade after the
A8 02 2 GBLTE B PR e, e 1A s R R G Bt
snaié el sibn @rfam,a&etmbta@d@memé gwtllﬁﬁewmawm&mw is
overt lad blad surfac se tears or rips, o, i
A S e B R AL oe e e B TR e
erratichineifiornsSit toste itdsospatdefinovaly msﬁwesmmmmmcz,
device anufactur ilicon in.accordanc the em ments o
e R R R
susimmal%hﬁantlally smooth of surface defects and much smoother
th al be IV illustrates surface rou ness measurement

ol e e 4 R L e 1 T e doC e Y Blacis
measafechantsifononsHisiomd biddeswmnnfds nmdﬁommhcdameomdihghethe
embgd ttc‘so“tlﬂ grese tlnventlon described above. Both tables

ac

represe e sur roug ness a5 'measured near the tip of the blade.
Fig{a#2B9 \AO@005Ek|0488RE tlldG 2005 Md5Mt6surgical blades is the surface

roughness characteristic. Surface roughness is an important parameter becanse it

determines how easily the skin or material slides over the blade afier the initial cut is
made by the blade edge. A rough surface will tend to snag or snare the skin or
material, and a smoother one will allow it to move easier over the blade. Rough blade
surfaces can cause fears or rips, or, I 2 WoIse-case scenario, cause the surgeon (in a
surgical use) to make an erratic incision. Such scenarios are exiremely 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 biade manufactured in
accordance with the embeodiments 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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illustrates two curves, first curve 372 and second curve 374 that represent
the range of surface roughness values Ra for silicon blades '
Manufactured in accordance with the embodiments of the pr $2005/015016
W8 &8s cribed above (first curve 372) and metal blades (secongﬂ i
curve 374). TABLE IV: SURFACE ROUGHNESS MEASUREMENTS FOR
METAL BLADES Blade A 60 201 Aw 2 5990 5666 4680 4 6800 Std.

e

320Bc8TRGTEsQvihesiBE M@iﬁ@ﬂﬂ%&%ﬁ%@ﬂ&%@@%@ the
5 33 3.9 35 5 0143] Fi st tes. dltlo
utac ure ofosﬁ}3 1%%‘?%’%%?% a e(g accg w?%; (o) Qne e%% g’i nt o

thblmd@riuemnﬂlmmﬁﬁé}j for manufacturing silicon surgical blades
described in Fig. 38 produces blades that are sufficiently strong to be
used in place of metal blades manufactured for similar purposes (i.e.,
ophthalmic surgical uses) Many of fﬁABI@‘fs\ﬁescnbed in reference to
Figs. 1-3 can disaie : (31
discussed for purposes of breV|ty For example, the steps of dicing 1016

an@hadiingRhelconversion layer (step 1019) can be implemented in
methdd 302BtArmdAben left out, for the
2 159901 5666
3 14680
4 16800 Std. Dev,
5 14840! 890 !
6 14040 -~ TABLEYV:
SURFACE ROUGHNESS MEASUREMENTS FOR SILICON BLADES
Rioht Teft |Avp
Blade| Ra(A) | Ra(A) | Ra Ave, (A)
1 329 461 | 395 3975 A
2 406 492 | 449
3 449 429 | 439 Sid. Dev. (A)
4 316 388 | 352 57.6
5 336 369 13525 :
[06143] Fig. 38 illustrates an additional method for the manufacture of silicon

surgical blades according to one embodiment of the invention. The method for
manufacturing silicon surgical blades described in Fig. 38 produces blades that are
sufficiently strong to be used in place of metal blades manufactured for similar
purposes {i.e., ophthalmic surgical uses). Many of the steps described in reference to
Figs. 1-3 can aiso be implemented in method 380, but have not been discussed for
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 ofher instances, when
it is clear that although the step appears similar, but actually tnvolves a slightly
different step than previously discussed, new element numbers have been used.
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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
W RE 199488 ctually involves a slightly different step than predfel/gi§2005/6015016
discussed, new element numbers have been used. -40 WO 2005/109488
PCr/u52005/015016 Further, described below are the familiar steps of
trenching (or dicing), .creating fiducial through holes, and other steps, and
EERA F%‘Ef?ﬁ% ﬂwégﬁas@anawwémm&@ Shinal SISEE

M gghinin thrdiah aa%aud%@st&%z%m QR HORIEMER BBiPARAMAGEEBIR sbove
the features as descriped below. [0Q144] Method 380 begins with ste

385 Bt RISt NP ORE TAChiBing glipseend v > G ) can
Citdarfidligidte RS théshamrint insaRdonaligning silicon wafer (wafer)

202 on the laser and trenching dicing equipment. Laser cut number one

al i@t fdhies crddetharsdSadeRms JralisiapiaRe withigsenent mrmbhen anscHadis.

WiLB, RsBesit RuiRBF 6ne RiiGHG R IR MREMIsRN SO hal 309 f8r Gibning
to ¢reate the side edz{?s of the blade (see Fig. 42). [00145] In step 1008,

thilisaneTe s Svaten 0 drHine lasraim B RehteGloans savinmerk ekt

angieseribed dncreater delathaboyes(8ee Mond)idR SeRI8SMndaser ldlrenches
num@ler two cre%;s horseshoes 394, shown_in Fig. 41. The resultant
trSAEhEERA & B%WS&%@“&%%@%@?‘FBF Sttthihet erelorpi &0 gysate the

lagige iR G SIROBIAAN (WERE. n;g;phanical damage induced into the silicon
m tg{% which_is brittle. Th etchi%tep removes_the mechanically
in

amag® TP KR8 thig eeels s i Ranshed geeerdias i arigns deethods

cendafiginnpainissafidaldn pemeyasisaulEog (483510 Al aRt drgr 884 aser cut
in thegield strerillgth of the matsegizfll silicog. The isotropic etchant
rfaf;

pOHERRE T STHLEOIFREoRs PRI BBttt BRESUHAT Urnehhwater
: -ﬁugm@[@m ﬁgﬂi@ bﬁd&ﬁaﬂﬁﬁ &&ﬁﬁg‘bﬂ@;ﬁﬂl@ﬁgﬁmﬁﬁﬁﬂlﬁhg ﬁteps can
rofluori¢ acjd,, nitric acid and_aceti¢ acjgd. Cracks, chips,.scratches a
S e Fana PR e TS B A Shae PP e
petoltrganep feritiied theatrekiopbitl i c0idnashanBaiesidcis Waen
S SSRGS g o

_efehinjeat@patitréhe: hindes/tad demgtol ek @igpridZ8)icon). The isotropic
etchant polishes the surface of the material, in this case both the cutting and non-
cutting edges of the blades. The etchant is can be composed of hydrofluoric acid,

nitric acid and acetic acid. Cracks, chips, scrafchés and sharp edges all act as crack
initiation points in brittle materials. These points serve to inifiate catastrophic failure
of mechanical devices when they are loaded or stressed. By eliminating or
minimizing the crack imitiation flaws, the material becomes more durable.

100146} 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 déscripﬁons have not been repeated
here.

[006147] Figs. 39-42 illustrate the silicon wafer as it is processed according to

the method of manufactoring silicon surgical blades described in Fig, 38. Fig. 43
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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
WiSra906)10848B descriptions have not been repeated here. [001£ﬁrﬁi]8§®
39-42 illustrate the silicon wafer as it is processed according to the
method of manufacturing silicon surgical blades described in Fig. 38. Fig.

43 -41 WO 20051109488 .PCTIUS2005/015016 .illustrates a silicon
P A e S PR CE SR LB RIBE oo facthod
erspeiaehbaitimnse sensieaaninrsiiodescdbagibhbsoive fafesframado Figs.
Figs. .38 through 42. Several improvements in method 380 improves the
AR e GEeeh SRR RS FRAR FEPErRY QB paical
lgrmgﬁ?@i'a&giﬁﬁ@@ Wﬁfﬁhﬁl@ f63¢ boaisstinsd mri]l W%&amaﬂﬁ'l example,
arger in this embodiment, of the present inventiqn than yvas preyvious
ORE R FISEToRR Hi PRk B S ST Ppent
38riveniaih I8 GHiS pherRiais R aheleaiddhe edgrmbbihed)ldideusdedisbove
is done in such a way to allow the maxi ngth of the bladg's
m%*a&mﬁ&&%é&%ﬁ%é%%&#%%ﬁ%%@é%%ﬁ% ?ﬁﬁc?gg?eglad&
meshaRisahskebsih afwiiadider tnsenthbnuhetontiel ke atenietting
flanges 396_(shown in Fig. 43). Making the flanges larger prqvides.fqor a
o G SO RO FEEEL R A S POBeBa PRSP AERP YRS et of
3843 airditionally ctheiabehing gikecasstesthefiahzdshosfihke/n Mg, 43).
"spowflake" pattern (s generated by the, trenching s 10Q8, as,shown in .
e e e ok B VRO DR ] firtated in
"shewftakeanibevaio 3e2p T84y inddtisesiihdimanirhing pstwesg thumrdch
integrity of wafer 202. With.regard to the laser, cutting, if is theoreticall
o BBRERS S y  TEER R RED O BB ARHR FER T o o
tosinimia Fipethanbeddansdgeriadbewlcdpl. [OH48 pthe crt ietdsa the
described.abgve in ref ce,to Figs 38-43 can be used to remo .
AT Bl g o B BRI A et oty of
laseifattetioWidutiag:diantenBsshestigpndisghottretiatiy présiitegp vary the
lappjng, palishing, stamping, embessing, ioR,milling and plasma gtchi
e e R R R M R AR Sl e
totonpeaikctie surface quality

[00148] The method 380 described above in reference to Figs 38-43 can be

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

5/015016

laser ablation, routing, diemond wheel grinding, ultrasonic grinding, lapping,
polishing, stamping, embossing, ion milling and plasma etching methods (i.e., RIE,
DRIE, ICP, and ECR). Method 380 can also be used to improve the surface quality
created by a pricr anisotropic or isotropic wet-etching process that uses, but is not
limited to, KOH, NaOH, CeOH, RbOH, NH40H, TMAH, EDP or HNA.

[60149] 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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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 (ETNA), is an oxidation/reduction
VEECHEME#8488silicon. Under proper conditions the solution will VBRI fE$ARE015016

form micro- electrochemical cells that act as anode/cathode pairs that etch

away the silicon substrate material and the silicon dioxide that is

porarily formed. This type of reaction acts on all surfaces equally. This
gﬁ@%ﬁ@%’ PRy oraded AT SRERes R 1d Derauting Grriases gt substantiaily

qua@emmﬁa suipRIRflakpsoaraded aHk QT MIaROR tinddi%n the
resu éﬁf éﬁsurfaees are substantially de ect free, have a spectral mirror-like
apP AT ace roughness on the order of 100 angstroms

[O%bg@gﬂir ests @Q g%déﬁ%%% 38 %16%‘ sflllaon t e%?e Emcess ed

processed according to the m OVG in I’ erence IgS

38agaoriingse @mgﬂ'émdﬂm"bma@m m\mfasemno@;gs IRt stidngtrsatiples
th gﬁggg@l .it had been
pr%fi%g%%gg%%ﬁﬁ Its |nd|ca?e us P{h hcog 8%%0%“’3 s measured
ab@@ fmestarefibovoitigd E@M{gma@@l |M%Mm®mﬁ usmg the
%Egu g%&) u:.li:,ie g‘@ﬁ C@Qj'n}ﬂ teéLS‘“Th R’%Ydata d£§ iCanb Gius of
e used o C of m%b??aﬁ’lca

W can

ompare the stre gt evices,

A8 m@@&l‘eﬁh}ﬂé‘?ﬂmmgw’@d Fhatodaieodescaibweillbehev can

descrl edin r%@g to Flg{ﬁ %%H%&g%g ?l!uéa%rg s%% %%%%Nn%ﬁl%a%ﬁ

prbh@bgébaammweémmpmmthe methodinféhtssofbidnpms s n
‘fﬁ@é&&?ﬂ@%ﬁ%@%%%ﬁi@é%ﬁﬂ% Aalire {B%qﬁ o ingle.g" %lther

silicon, it was necessary to test couonst at accurately represent SI
pré@l@émﬁ@ﬁmawaa desondedigrein\pensdingfo ﬂmm@odments of the
methads plthe present invention described above. Average MOR and
statistical distribution values are required to characterize the strength of

thé0fitrial in Durctarfigfuitiafapooesziiwecaegng @mghe:m@ﬁ_gthcon it was
MEBSALGRIEH lamandwhes A 98 % BAME R WD B ctured in

short pulse YAG laser manufactured by Gem City, and an edge cut with a
loAgrptiaecy Kith aaB PRp s TareRRshady afves @resan snvgntion 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 wers tested after etching off 50u of Si and after etching
off 150p of Si. The etchant serves {o 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 % 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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Further, these three surfaces were tested after etching off SO of Si and

after etching off 150g of Si. The etchant serves to remove damage/stress

concentration points created by the cutting method and can @g‘?{ﬁﬁb&?ﬂs‘ﬁm
W PR 4He number of finished edges that have weakening defects.

[00153] For each case, 10 coupons measuring 20 mun x 7 turn were

pushed to failure on the Instron using Flexural mode. In each case,

O B B R B S e,

thesidowplis)' gsishisvatic Kigedt-The highes. MO52, 4 indicizo s tosesgs final

PGIIUS200510 . tri i
ar%/m ﬁ%ﬁr%ﬁ%\%g side %I|§£ g%%wﬁ%%%ﬁ%ﬁ%@?ﬁ&
AspBtnben ol teewithindbepongoti valuthicthet ssnByiatoo tatagiophiergrack

chi r scratches in the.sidewalls the overall .nu r of.sit ithi
SR B A SR B e
degdgasey tihadatgifpipaideseirhesith 36Kt abouxGoPian sfdtioBE0y) has

edged by the Gem City, devices at ap et h;f‘% tgfro about 300.to.about .

PSR R 56 L0 P ST FORE o] oo AR5 O PO SR g on with

nogAkeis Uil aitlzsanvinerage MRRaT d2a4abPerand BBtandard

deviation of 455 MPa. TABLE VI: MOR AS FUNCTION OF CUTTING

METHOD AND MATERIAL REMOVED BY ETCHING <111> Orientation

Span: 16.5 mm to=300 MOR (Mpa),qg% i%é;em City Laser: No Etch

164. tw'ggjésem City L.aser: Eﬁ% 93.3 CL;%%@? n

Laao O RSN oY R MR 4 Yy BV Eppemvc
w:. No Etch 507.0 Cut with Discg Saw: I%tghed to 250 1240.0

pan: 16.5 mm

ith Di
S111> ORLHE BB

to=300u MOR (Mpsa)
Cut with Gem City Laser: No Eich 164.6
Cut with Gem City Laser: Eiched fo

250 693.3
Cut with Synova Laser: No Etch 336.0
Cut with Synova Laser: Etched to 2504 1205.5
Cut with Disco Saw: No Etch _ 507.0
Cut with Disco Saw: Etched fo 250p 1240.0
<111> Orientation

to=400p

Cut with Gem City Laser: No Etch 176.1
Cut with Gem City Laser: Etched to

250p 12454
Cut with Synova Laser: No Etch 315.0
Cut with Synova Laser: Biched to 250p 1411.9
Cut with Disco Saw: No Eich 498.0
Cut with Disco Saw: Biched to 250u 1218.0

Coupon orientation is paraliel to flat.

Sample size for each is 10



Cut with Gem City Laser: No Etch 176.1 Cut with Gem City Laser: Etched
to 250 1245.4 Cut with Synova Laser: No Etch 315.0 Cut with Synova
Laser: Etched to 250 1411.9 Cut with Disco Saw: No Etch 498.0 Cut with
WOiSMPEELched to 250 1218.0 Coupon orientation is pardifel {Boal/015016
Sample size for each is 10 44 WO 2005/109488 PCT/US2005/015016
[001541 The following conclusions can be drawn with some confidence
based on the test results: The depth of damage produced by the Gem
City laser is significantly greater then that of either dicing or the Synova
- la rts cut.Qn the. Gem City Jaser (170 \MPa) are half as strong. as
R on v TS SRS RS 70 S5 AR B B O bssed
(32btheRegt assuttbout 60% as strong as those out on the Disco dicing saw
(502 MPa). This implies a greater depth of damage for the Synova laser.
Etching off 50p. of material gave very similar results for the Disco (1230
MPa)Teidtdeytl $TSyRemidsessyy thaQMRaly Bath Ridbastyallascater then
were more_then twice as strong as the parts that were diced and not
etch .‘“[86?%%‘]" wsghﬁs%wa BRE AL AN Br 5 s H S HdasadLT0
betwagra)dinrRafthbindas, selatdtates tandyaiicanhlaessnapsyfactured

in accordance with the embodiments of the present invention described

héreih BB SUE OB SeigyRaR IRt Gics Mitakiees shavieRih ASSHNS &|iBese cut on
manufRANIEES dReRRCRAR0E ma)tmﬁwa@%eaéﬁm%%age for the
a

invention described herein above exhibit a higher peak stab force than
diamBIPBEEE: at a fraction of the cost. The silicon blades have better ,
. Bal IR e (GORALSTIESh RYAIS6 MPs) cut
532 (diamond blades), second 4 (silicon blades), and third bullet

536 @REIBE BN ens0 £l St M Bla ifheseabns WareBIersben twice
with thaesmbedime pistethat were diced and not etched.

f00155]  Figs. 53A-53C illustrate the results of comparisons made between
diamond blades, metal blades, and silicon blades manufactured in accoﬁ:dance With the
embodiments of the present invention described herein above, As Fig. 53A indicates,
blades manufactured from silicon manufactured in accordance with the embodiments
of the present invention described herein above exhibit a higher peak stab force than
diamond blades, at a fraction of the cost. The silicon blades have better peak stab
force characteristics than metal blades (compare first bullet 532 (diamond blades),
second butlet 534 (silicon biades), and third bullet 536 (metal blades)).

[06156] Silicon blades manufactured in accordance with the embodiments of
the present invention described herein above can be substantially sharper 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). |
(001571 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 io pressure required {o cause

wound gape and force required to penetrate test medium.
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the present invention described herein above can be substantially sharper
than metal blades (and can be nearly equal to that of diamond blades)

W%n% {b&gssubstantially smoother than metal blades (as desgFasha@a1s
IN Tererfence to Tables TV and V). [001571 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

thgppiesent inverfionithraSRREHININES BISHARY HE thioTeak SRaVeE R, 63 can
ga?ge §§§ force required to penetrate test medium. -45 WO 2005/109488

POy isommeied sie ghgethaspethedsdecribred Shnee BB ME IR Ate it 2. 3
thenfioys et abhRalhrats b iRcaRosaieshiatedhnpiermethetifod 600 can be

described above in reference to Figs. 1, 2, 3 and 38 for the manufacture

ofusaife srernbladss of EPur resnime: R thaspathetbeisegth g desribed
blaglessof isatesrprplRXidan i seeiib e Pinekne hars sescibashe skifled

above. Method 600 is described below in terms of a silicon wafer 202, As

orie HheRetran MmBrasiata P appresimethng f80cs et msdtivoethss meheds the
othel st adsifest RRARERINCo NN afRR2 A2afAdR HR RHBIBSut not

materials including, but not limited to, SiC, sapphire, aluminum oxide,
atiBiipbined peppiimaitnaR I REde AR P greigrals. These

PohieRARRS 2hr 001291 Mathed:e@Qiia implemented after

through-hole fiducials have been cut into the silicon wafer (wafer) 202,

stiiPAH4 accohdrtiod GPR isiambamented; glen thyoughhpls fdugigisdgye been cut
ageRy dRGinhewRrinakei 9036 sthesedidkeialgiasad archietmilnbiftes. 1,2

wafer 202 in various machines used in later steps of the man

b Rt el e R e e i A L R

a fighysiewatiheonafer24s Misimdluneataddriitpadrifie sambRcturing
beveled blade is desired, then the photoresist layer 540 is applied to bgth

 siBESESth RERL Ao RS 30 A BEATESTE AR PR A I ERe e fuyrst side
2@%&%@@@@@%@%@“ % D@ﬁ%@ﬂﬁ@tﬁ@a&;ﬁl@g&ﬂs l&eshlred
placea on tne pnhaqtoresist coverea \warer , @ then the wafe Wt
T R e v R B R R T

- togdiadeieh igbibAddian aapecilie Repodey, e HeRpssldiessodhebakied, a

can appreciate, not only ¢an_ultraviolet Ii%ht be ysed to ex

ose t
BT PR M APHETS LB D SR AL R PP g oen te
Oh¥ 2P0 (e Pe dRREOPHE®resist layer 540 and patterned photomask 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 light be used to expose the photoresist layer

540, but x-rays can also be used as well as other types of radiation {(dependent on the
type of photoresist material used). Either negative or positive photoresist material can
be used. As ons skilled in the art can appreciate, the patterned photomask 544 will be
differént depending on the desired bevel angle and the type of photoresist material
and eich method to be used.

160160} As a result of the exposure to uitraviolet 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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type of photoresist material used). Either negative or positive photoresist
material can be used. As one skilled in the art can appreciate, the

attern otomask 544 will be different depending on the j
@néﬁeg%%%gﬁe type of photoresist material and etch method tgﬁ)’%é‘eﬁd%%em
[00160] As a result of the exposure to ultraviolet light 542 and subsequent
development, the photoresist layer 540 becomes patterned photoresist

laygriag bRt iRe Rt aN ahURLRIRIDSS Ei@gﬁ?ﬁ%ﬁﬁ&éésﬁtrﬁﬁ@&ﬂﬁ%% 554

into the patterned photoresist layer 541. For positive photoresist materia

thilpgratss erpmcastionst wenerbitn watraBoeblim thovithafrspatterned
v 1ot . _
Ogﬁefeeéﬁgs@ 1@{&@@%@1&% H}%ﬁ%@@faﬁggﬁ;@%ﬁo%}%@gsﬁ fo

u
2005/109488 PC1/1JS52005/015016" during opment. T posite is
trireiplehlialieodRotpreBist M dilustmtigs B5roskleettiona ievoetthe wafer 202

segtpakyieunel s alet 2 ﬂfn%i&zf?é i, 'rébﬁ%iﬁéﬁ%%dﬁﬂé’}ﬁ{%%sist

544A placed on top of the photoresist layer 540 being ‘exposed to ‘
ultpaorotéP hgnbsapderriopsl sBriube sreisemerdoshoserssih xaeff biatskthe first

Walelealla (ibfhasbARNCh RAAGI0VEE 'ﬂ?"%ﬁt 03P R8ERustrate another

completed and the photo resist layer 540 has been developed to form the
p&ktanHYg ?ﬁﬂi@@%ﬁﬁy@@%@ﬁfm@?ﬁmﬁm&% GTSTEEBRISIEIIR
hmﬁp%ﬁ; ddUSiopfie. ANt AR I GlLRIA ANOKRET - PRMBIAL g 55B. Ira

placement of a second patterned photomask 544B and expasure to
ulteisideNghlate s dosisgntéans 0ATand 2008 rrsharsneriad for hemthegside
SBwi@, agxible bevel blade is desired, steps 2000 and 2002 can be
repeated for the other side of wafer 202. [00161] Following step 2002, the

m boo préetieydng ﬂ@t&%ﬁsﬁﬁmgeﬁi Q0 precsgoodepisionstsp 2003.

ang 2002the itst gs0akwaiRi28g has: 3Lt PRURI S R&O&%&%w

541 on it. In decision step 2003, it is determined whether a double

bRliptasctistaveaitkastirelr fesition slemdled Hidadetcrmbed vahnthes qudogble

(‘Mar! BR oM iasisiaRsier083) dlis s arkesminer WoaiberRaled
sides have been processed. If both sides have not been grocessed ("No"

pAtk FrorprdeBRe Aesisionten £ onitie fradstrooigt bptagisies have
2606h 30602603 AFHRHMVENRESHRRA 8t BESPPRHRRS gﬁ@”‘ PYBI 240 Secision step

degosﬂed upon a second side of the wafer 202, and in_step 2002, the
s

&gr
Gl Ger the marbed -5 sesititp airemedP P rab A vidiceannwharmey 2

second photoresist layer 540 is deposited upon a second side of the wafer 202, and in
step 2002, the second side is baked and a second patterned photomask 544B is placed

on the second photoresist layer 540. The second photoresist layer 540 is then exposed
to ultraviolet light, x-ray or other types of radiation through the second patterned
photomask 544B. As a result, the second photoresist layer 540 becomes second
patterned photoresist layer 541. The method then returns to step 2003, where it
determines again that this is 2 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 patierned photoresist layers 5404,
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
~ 47 .



on the second photoresist layer 540. The second photoresist layer 540 is

then exposed to ultraviolet light, x-ray or other types of radiation through

w%q]ggﬁ(%%gs%%gatterned photomask 544B. As a result, the secqnSrns005/015016
yer 540 becomes second patterned photoresist layer 541.

The 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

mapifaptied aNghbdesisPaied %%e}@?@‘tﬁﬁ&%%%io 8 MARALGEY

then determines that both sides of water 202 have been processed ("Yes"
paiepausin otcrhathertapPhotorysish i proegatiys wr pesitive Grpa Aiphptotasist
theaieT 29RaiBi Bl alAT ReAR e SS9 BRI INEShA0E in greater
second patterned photoresist layers 540A, 540B respectively, is
defiggadideadostich that certain portions of the first and second patterned

. . tl , . "
p*wamgls ayegg %4%9%%%%,&6@%%%?&%%@ that 2

parts -47 WO 2 ] 15016 of the patterned _
pliisihisshevielind e i1in nothemant tactured €1 DpE paftufiemmdsisionsiumngdls; ie.,

on, WhEID 8L YeHBRLP RRIBhIS shH AR RIS MY P HBHUSS SfiS wafer 202

material. The method 600 then proceeds to step 2004, which is discussed

inwitenaly deedirgands cpyemsith Grdiat peltqrned phesugrisiaysrsddds
ané@e‘i’Qg&i Rdptshmineainat Rl Bue IRACISIRRALYS tayer 541 are

manufactured ("No" path from decision step 2003; i.e., a single béevel

biseyvadethedibonssed abee halprrioob e nelsrpobphetrremistdayng 254 1A that
WHD QO IHSAMSE SfooRY S Qﬁ%&iﬁ@ﬁi&%ﬁ&ﬂﬂﬁ%%%ﬁg&%ror positive

541is deVeloped such that certain portions of the first patterne L
prizsreSphatgrepistmateeialehovaething 60%-hesamansedrto st Hiks BhifR 1S
PRGNS ishdaneraddA that is developed and removed depends

on whether the photoresist is a negative or positive type of photoresist
mEeHEH The m%hﬁm%éh%@m@mm@mﬁﬁ@ s Al

in&{%@@@i'&?@%&&&%&%ﬁ@%@@%ﬁﬁmﬂ RAfeusaglan

the photoresist layer 540 is selected based on the desired bevel angle of

thArRreRTAGRReTes sEerrlered beppt oprmbehatdsechmsthed sien 804
onpuhatharithe-sieh methedicien 2004 weisgHs sesibp Ry eperdaidiic. For

below, will be wet, dry, isotropic or anisotropic. For example, Figs.

55A
SRR EAESS BB AU AR Ad kb pied diffTemt Aeftesned photomask S44
becaunse different etch methods will be used. Many combinations of eiching are

possible, and this can also extend to multiple mask and etch iterations o form almost
any bevel angle. By way of example, and in no way meant to be a Iimiting example, a
first patterned photomask 544A can be used, then a first stch method, then a second
patterned photomask 544B followed by the first or a second eich method.

[00164] In step 2004, etching of the wafer 202 takes place. Etching, as
described above, is the process of removing layers of the crystalline material 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
11008 c;f the methods iliustrated in Figs. 1, 2, 3 and 38 by various mechanical methods
including, but not ‘}jmited to, cutting with a diamond saw blade or router, or using &

faser or ultrasonic machining device to form the trenches. Following the etching to
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because different etch methods will be used. Many combinations of
etching are possible, and this can also extend to multiple mask and etch

%r&“@&@&&form almost any bevel angle. By way of example g?g]ﬁ‘)@gmsm p

way meant to be a limiting example, a first patterned photoma
can be used, then a first etch method, then a'second patterned
photomask 544B followed by the first or a second etch method [00164] In

st (&
agﬂérﬁ%egégg%%l%%%@o%ﬁg e materla the nal
eoiaater(slagrivay i potkesnisg eotuatheform the
ty%ﬁ, | et t WhICh
deflnesétfliﬁgt-ﬁé glﬂgpeéaflr?g&t ?r% %%ﬁ ggrg%&s%%g %]ggove c?néph?ated,
tre%&ﬁmga@eéahgmytpamm BOtEE0® piddaon ettrewe!usmatkt biade
Fi hods cludi 0
limite to cuttlng %Mamon %&d@gﬁ roUT éerpor §£%0§%I%%eﬁrl%fangi %
UKL machin awmmma@mmmﬁggmmm@mm

bi%ggﬁg%%%{]ﬁgéﬁg layer 2%4 SQ%%%%%%%%@#&%%?&Q&?I% |g41 hes been
pedfyiaiondd oo thplexpasns mmmammamumpmdmgm the

o e P s o

ﬁi@ﬁ@m@mbm %a@oméggrﬁhmpaamdmhmaemé RipThis is
qu C?ngles [00165] In step 2004, the wafer
202, while masked Wlth patterne photoresist layer 541, is partially

etM@Vherex@&tﬁé&ﬂéﬁﬁé@%@t@%m@@@m @ﬁ@@@éwon wafer of Fig.

deysgioned %ﬁﬁ@fb?ﬁ %@dﬁé&w&ﬁ%ﬁ& ent of the
Dependlng on the selected etchant the etchant will either un cutt e

pﬁimmgmrﬁmmwmmgwﬁmﬁwafw
p%@ge@@%%@%@y@&oiﬁ etE R A HRAL 952 A8 Rl Pfn

58. [00166] Flg 57A illustrates a cross sectional view of the silicon wafer

ofiftlonic Bielfug prrratsarudingicoaapther sabodiner o themmerptényantion.
ePROEANLOIHAC, RIGSRRLINEWIRR o2k Ei8cod B MSHRISS 345058 r partial

sectional view of the silicon wafer of Flg 56B after the anisotropic etchlng
prEEEES R b eisHiBg e ReerhacroBinESuBprEbrdimgnb RIdBsprosent

aGeesding to another embodiment of the present invention.

[00167] Fig. 57A illustrates an example in which the etchant directly
reproduces the geometry of the patierned photoresist layer 541. The eichant used in
this instance is an anisotropic reactive ion etchant (anisotropic RIE). The first etched
areas 546 A and 546B replicate the geometry of the patterned photoresist layer 541. In
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 pattemed
photoresist layer 541 in Fig. 58 is not affected by the wet isotropic etching process,
and retains its original sirzictufe (compare o the un-eiched wafer 202 of Fig. 56B).
[00168] Fig. 578 illustrates the results of 2 combined anisotropic and isotropic
reaciive ion etching (RIE) process o form a V-groove, or second etched areas 5484,

548B. In Fig. 57B, the second eiched areas 548A, 548B are formed by a two step RIE
- 4G .



Fig. 58 illustrates a cross sectional view of the silicon wafer of Fig. 56B
after partial wet isotropic etching has occurred according to an

mbodj t of the present invention. [00167] Fig. 57A iIIustrwwsmsme
RGN

which the etchant directly reproduces the geometry of the
patterned photoresist layer 541. The etchant used in this instance is an
anisotropic reactive ion etchant (anisotropic RIB). The first etched areas

54 AeRlicale I %&Eﬂ}?ﬂ SishiR
54?@@%3%5@ , the Wetisio{?t}r?oiitg)ie?:géziggﬂr%ﬁméﬁ %{?g ﬁ?g‘ércut the gté%’gloped X&'én

pheniesisiting 1 Thsgese s thaselr 20} sschosmindenié biehlign. the

pr S&%gﬁ chissadsi ' i e RInsHhods,
illustrated’in Flg;%%g 3an B%gﬁ‘li' e pﬁ%&é?%?%esist layer 541 in The
Fimgm@mmmm@mmmwm@hmmgm by
0“86%%45-{6 %mﬁﬁﬁghmﬁﬂﬁé*w&@%%ﬂﬁg@- 8% 574. By

[00168] Fig, 57B illustrates the results of a combined anisctropic anc ]
ismmﬂ&ly@d@nﬁeg&méinnmgd@aa%tb@é@a&mmainggma@mc
gtgls?ﬁoﬁfmééﬁﬁ\mi%g&&g %Mﬁc aes0udGiabeg Aransaddfie.

48B are formed by a two step RIE 49 WO 2005/109488 X
PAILE005/0F5n 158 itlesdenies Frmstiseciionel view efsherrilicongealer of Fig.
Plagma gandifionshasiesiitin. 3s SRRAEORIA RIENGe TUSiEERUlR Brthsnt to
wafer 202 as shown in Fig. 57A. Then, the process parameters agéﬁi

chehgtratistlymdermut frenatéornd pbetwrasstisprding . THeis meguloR grballow
etqpapl Afecising arHeinechp3alom iRy ek 3dviiichfRA Qﬁ}ﬁﬁsg BB¥esses

comparing the wafer 202 of Fig. 57B with the wafer 202 of Frié;s. 55Band
5 7iandyarnaus Rafphinrtions herea i gtpking Bracens resdv enlp de s sdebout a

RIB RSR P E-BRSR TRt SIRCRRMRDasI AN BEaR Q) ditgtafithe

rates into the substrate. [00169] Fig. 58 illustrates a cross sectional view
of ¥RETERRYA Frhes it withisumes hoaitingwige Rrimghan tecinighed

allgyying the wet isotropic etchant to substantially undercut the patterned
photoresist layer 541. This results in a shallow V-groove, or third etched

ardB0EEY. |n anyolendngsdor A% madck s g esetehsd veing gy one of
compbinalinpsihaeed e QI g R ASESHINS AR AR IRBIN IR § ARAME

few tens of microns (a fraction of the wafer's 202 initial thickness) to

crohpiorrsishBpRsSrtAts FranerekitsienAPBe by e eRmnty Relgdemisty
Presinves, eBhe: e 8o stripper, or the like) or it is ashed off in an oxygen plasma

apparatus. Fig. 59 illustrates a cross sectional view of the wafer of Fig. 578, but with
the patterned photoresist layer 541 removed. This wafer 202 will produce a single
bevel blade. Fig, 60 illusixates 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 2
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 beve] 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
-50-



blade. [00170] Following step 2004, in which the wafer 202 is etched
using any one of the etching processes discussed above (or
combinations thereof), the patterned photoresist layer 541 is removed in
WQ 08598y an appropriate wet chemistry (solvent, commef&a /013016
stripper, or the like) or it is ashed off in an oxygen plasma apparatus. Fig.
59 illustrates a cross sectional view of the wafer of Fig. 57B, but with the

R R B il A0 0 el o SR A 2010

200fofuk the ﬁamnmgtbdg,m pﬁMMB&lOMﬂﬁt@@é@rs%& ipnRyeEhddis

wafer2 will also produce ingle bevel blade Fi illustrates a
R b RTR B LA SR T RPGREAe T Rt g e e
stapiécantd dieansfcin mﬁﬂm samwﬂmmu@ KeV6ghiae endiliatiB.

atterned hoto |stI moved, and Fig. 62 illustrates a.cross
sec?%ﬁéﬁ’/% %&%fﬁ ¥ %ﬁm ve with

srafmm@gmnlagaoﬁﬁ@%%&ﬁm iBotenMehamnl RlaecnBbdhestep

hotoreS|st layer, 541 remo [00171] Once the patterned
e AR SN S
: / / 5 d§§ @_@g dwﬁ@”ﬂ@ﬁm%mw
05 1 01; F016 aser dicin pe, an throygh-hole slots
§88 areeéétg%{’g?ﬂ{gﬁgfg {ropis eick "@f&ﬁ’g{ﬁ i hRTT ey es
abfereinadesteB a002f Anditteniiprediastohe diting Ww@aﬁ@sz
the moynted wafer 202 i from the laser tape and
#é%ne%fgab%q ﬁ%ﬁ?&"f ?}é} b% ﬂ&?&’%ﬁé%% rEckie of
|a@ e rﬁxetina&ﬁ@@rﬂmdmturﬂ%ﬁdﬂl@ (@pﬁlﬁ%ﬂiﬁﬁﬂﬂ@ﬁt&b%ﬁ@&iﬁm
to Fi nd rform isotro ing as
B i 672 e e R G T e oo B
pnethndmo&'@mmrmm&wimngfﬁﬂlum For example, a coating can
ed to on of the wafer,202 befgre the.isotropic etching, s
T o s e Bt e i e A 0 et o
wwmmmmém@mm digenssad atihy Gwilizeeiatonchind
to st 1016 tis o ic etchjng, of metho
;%éé%%are% Ste g%’l%gﬁ (\)Nhga Lt %%M@M%O creat egne
extremely sharp cutting edges as it also eiches away the planar surfaces to bring the
‘whole wafer/blades to its final target thickness. The wafer 202 is then transferred to
an etch stop wherein it is thoroughty rinsed. The blades are then singulated, and
combined with handies to create useful mechanical cutting tools (medical sharps) as
discussed in greater detail above.
[60173] The present invention has been described with reference to certsin
exemplary embodiments thereof. However, it will be readily apparent to those skilled
in the art that it is possibie to embody the mvention in specific forms other than thoss
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
iltustrative and should not be considered restrictive in any way.
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layer) if method of Fig. 1 is being followed, or step 1020 (mounting), if the

methods of Figs. 2, 3 and 38 are being followed. [001721 In the etching

step 1018, the wafer 202 is now wet etched in an isotropic HNA bath as

described above. The V-grooves (or the & at, second or third etched

areas 546, 548, 550) are brought together by the HNA etch to create the

extremely sharp cutting edges as it also etches away the planar surfaces

to bring the whole wafer/blades to its final target thickness. The wafer 202
WE L transferred to an etch stop wherein it is thoroughly rinsed. The

blades are then singulated, and combined with handles to create useful

meghanical ' ' r iscussed in greater detail .

abo?\'/e. [Od%l?%}@i?e%f&é@ﬁ%ﬁn r% r%a% %éegl’ilevggcﬁl e v%fﬁ@(ef’ér%’ﬁ%@"m
MatR A FRMPERSmplary embodiments thereof However, it will be readily

appaneirigta trees Skilhedwiteher aryshaline sressiblnte RRARY &he orystaliine
matgﬂl"é?,ri”@[ﬂ'é%&o@&ﬁ&igaég]gﬁégg g%ighoes%o% the £ é%@g ar

empodiments descri ove. This may be done without departing from
the'3PTRPIGAY KispbDAinEast &idkstHidecrbithpl srystafibeomatariaisto form at
leastraebytithgsitiiveandsihy aldeaet beoaRAIdeIRg SCRERIHR DAY pMRe. 51
WE CLAIM: 1. A method for manufacturing a cuffing device from a wafer
of crystalline material, comprising: forming a trench in the wafer of
cryétalling AaRFIRPE RCEArING;te SRiEchy Simhviccomarsiag, fereinaratteast one
side caiggpoting Fadedstine erpdedlinprofdeciiodpladesangd isotropically etching
at lgas I j r ine material to form at least one cuttin
o o 3 e e SR, S Elsc Pt somes
amhm%gfﬂﬁéta{ﬁéﬁraﬂ?gsﬁmﬁ-l, further comprising forming at least one side
edge of the blade in the crystalline material; and wherein the etching of
thesat lea | i I line, material comprises etching the
2t Bast ot aile g ot AN RS R B et e
COMPLISES G PBriRe8H R ®Bmprises a non-linear portion. 4. The method
according to claim 3, wherein the non-linear portion is

4. The method according to claim 3, wherein the non-linsar portion is
horseshoe shaped.

5. The method according to claim 1, whersin:

the forming of the trench comprises forming a first patterns comprising a first
beval, and

the eiching of the at least the first side of the crystalline materiaf 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 & second paitern comprising a
second bevel; and
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horseshoe shaped. 5. The method according to claim 1, wherein: the

forming of the trench comprises forming a first patterns comprising a first
waezﬁ%@@gs%he gtching of. the at I(-?-ast the first side of the CrySF%%ZOﬂSfﬁ 5016

material'comprises etching the first bevel to form at least a first portion o

the at least one cuffing edge. 6. The method according to claim 5, wherein

the forming of the trench comprises forming a second pattern comprising

a secon %hig PCIL/US2005/015016.the .
etching o% ?h‘e at etgt%e&é%i&gig%ﬁég %‘Fy%%%?ne é'%ﬁ%%%ﬁ'ﬁﬂ?gg@pm“
eteirlpgitee sceontitsrobiadoomatdehsh starcmdoputiarida séastcoiitg sdge.

cutting eglge. 7 ﬁ%@ rding to.claim 6, wherein.the first patt
and the %econé[%%t%em ar%g%g%iﬁ%@ﬁrs %%?%3%&%?%6
REGSS] paftraTewy pesitivnedondha fdtsthsideatiic brystilline spaatsl, apiasteby the
8@&%@3@@8& &gmﬁ%ﬂ[% %,avgggrein t least one of the first and

urahty

second patterns comprises a p of bévels formed on the first side of
the crystalline material in a snowflake pattern. 9. method according to

claim 1, firther i‘ﬂ@ﬁr ' £8 % Iﬁg onﬁ.sl inthe crystalline matgrial
the slot cgémprismg a%%%gst a por |(§1tt%fca nocr)i’ i ﬁrr?éne%%%a%f%% IéﬁeﬁISt md
16¢ecPnd padeTos cosepriging wlwielity o fibkresisifotimeetbomthe fifsthwidatftint .
oes,ggggiﬁg [Ses fax %!ﬂé EHQ | of the non-cutting edge of the

blade. 11. The metho%)%%acor mg%o clai

m 1, wherein the etching step
comprises: placing the wafer of crystalline material with at least one blade

profile og a wafg| ?%E:im@%ﬁmq e\%@g& bgat.and wafer.of a materi

with at least one %)a(je profile in & t%o{;troplcrl’acl atﬁ?%ﬂﬁ%?gh%?i%% gleast
cApssiph&thetenatatline metsmislnthe slotsworptining v e @ intiomeferiain-
iscm%\%gbf\ﬂiggm_manner on an exposed surface, whereby a sharp

10. 'Ihemgthodascordingto claim 9, wherein the forming of the af least
one slot comprises maximizing the length of the non-cutting edge of the blade.

11.  The method according to claim 1, wherein the etching step comprises:
'placing the wafer of crystalline material with at least one blade profile on 2
wafer boat; '
-irnmersing the wafer boat and wafer of erystalline material with at least one
blade profile in an isofropic acid bath; and
etching the crystalline material in a wniform manner such that the crystalline
material is removed in a uniform manmer 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 hydrofiuoric acid, nitric acid and acetic acid.

13.  The method according to claim 11, wherein the isotropic acid bath
comprises: |
-53.



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
wGIBRAsEEsa Mixture of hydrofluoric acid, nitric acid and acetiPCRIE2G5/015016

The method according to claim 11, wherein the isotropic acid bath

comprises: -53 wo PCT/US2005/015016 a mixture of hydrofluoric acid,

nitric acid and water. 14. The method according to claim 1, wherein the

etching siefixtarepfiagdrofiianicgtit; whfty efidedadizer material with at

least one blade profile.in a wafer boat; spraying.a spray etchant at the o
wafer bcijl ‘an%ﬁ%@?@?&ﬁﬁ%ﬁﬁt%%ﬂt lﬁ%ﬁé%ﬁg@ € r%?ﬁ:&mses.
and etchphgifietheywtabing orostiiihimaaisial withanRasivibe Hisdspafile in a

‘etchagnt, such that the crystaffine material is removed in a uniform manner
o] ed surface, whereby a sharp cutting device edge is etched in

the shapgeiyihg aipestrbentiade Rafie bbat dbwarihofoapsaliivgiaterial
claim 1, wherein the etch[gé step comprises: placing the wafer of

oY mHeast ans RIrARATE GO ne blade profile on a wafer boat;
immersingcHigpiaf erftdlias chwafbll oh erusiedineriaian akititthakjeastichant

one blade profile in an isotrapjc xenon difluoride, sulfur hexafluoride or
e i TR LES B O I TP B e G R R O L SR

a {RdRWRaRDeaWiirhargal deldocadp: iibusitdan shtfdhiyexalitheritdeast one

or, similar flyorinated gas such that the crystalline material is removed in a
u Hdtther on an exposed surface, whereby a sharp cutting device
edge is etched in the shape of the at least one blade profile. 16. The

Rk Crtbn R X REE S Bt Egt S
boat;  placing the wafer of crystalline material with at least one blade profileon &
wafer boat; -
immersing the wafer boat and wafer of crystalline material with at ]east one
blade profile in an isotropic xenon difluoride, su}fur hexafluoride or similar

fluorinated gas epvironment; and

etching the crystalline material in a uniform manner with the isofropic xenon
difinoride, sulfur hexafluoride or similar fluorinated gaé such that the crystailine
material is remnoved in a uniform manner on an exposed surface, whereby a shap
cutting device edge is eiched 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 profile in 2
wafer boat,

immersing the wafer boat and wafer of crystelline material with at least one
biade profile in an electrolytic bath; and

otching the crystalline material in & uniform mianner 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 stched in the shape of the at least one

blade profile.
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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. -54 17. The method according to claim 2,
wherein the forming of the at least one side edge comprises delivering

endrgy to the BRSedirrerRding e Heim 3.1 adwreiadhe fsmingrithe Aicersiane
siderdgdasenpnste faliviBing kmengtho thacepsdingdoreinin fronheraiatbeam from

an eggﬁmgg?aggggpaai%@ﬁ%r%;ﬁ ?§Iot comprises delivering energy to the

crystalline materia a laser beam from an excimer laser or a laser
waterjet. 19. The method according to claim 1, wherein the crystalline

mat@rial Tasprsssdsiicondiag 1d bieimehatsreRoIknerisicdmtts whessine
' r ises..formi hptoresist layer on the
o R R IR S e g o ar
eXCIREASE) AtadaRtr Y8878k of the photoresist layer is removed from at

least a first portion of the first side of the crystalline material; partially

etching theﬁgr%g%%@n of the first side of the crystalline material.to form. .
the'trénphl; and removiﬁact%rgig%o!tos-%égﬁg% la eﬁ%%?e The 8[5%‘.%‘5“8]: hegre
compriggefilitdide of the crystalline material. 21. The method according to

claim 20, wherein the partially etching comprises at least one of an

IsoyopIC fEACHGaR %tEéBF@n%f {heliEh PPrign.o fiéhﬁ}ec%smmneo%terﬁ%nch
and an anisotropic reactive I0R etching of the Nrst portion-or the Crystafine
materi&f’S23. A method for manufacturing a cutting device from a

cryitmfiingznpateciaisishayaethotcimiss & thadingatine asiens; blade
pro;;gﬁén'uﬂé”ﬁgrp?tfo%ﬁégsw%@J?U@:@%by’ at least a porfion of the photoresist
layer is removed from at least a first pbrtion of the first side of the crystaliine material;
partially etching the first portion of the first side of the crystaliine material to form
the trench: and
removing the photo-resist layer before the eiching of the at least first side of the
crystaliine material.

21, The method according to claim 20, wherein the partially etching
comprises at least one of an isofropic reactive ion etching of the first portion of the
crystaline material - and an anisotropic reactive ion.etching of the first portion of the
crystalline material. '

22. A method for manufacturing a cutting device from & crystalline material,
the method comprising:
making at lsast one biade profiie in 2 wafer of a first material; and

isotropically etching the wafer to form at least one blade comprising the at least
one biade profiie,

wherein the making of the at least one biade profile comprises:
forming a photoresist layer on the first side of the crystaliine material;
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isotropically etching the wafer to form at least one blade comprising the at
least one blade profile; wherein the making of the at least one blade
profile comprises: forming a photoresist layer on the first side of the
crystalline material; 55 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

th%&ﬁé? etk tBﬁo%Yﬁ@%'%éF‘ gkl farmediieAbleast el aitoresist

profile; and removing the_photo-resist layer before the |sotrop|cally etchlng

iayerc (REERLTOR, aﬁ*ﬁ@%iﬁﬁ&&%@&aﬁﬁa@t "ElieS, IERETng PatraRy
etqlairiglic ettipingabaafilsigstiriomr witbe Tssitsiggcafdhetirpstatiiet chatgraf théorm
the a@ﬁ@éﬁ%ﬁ@&%éﬁﬁoﬁl@%ﬂume material and an anisotropic reactive ion

etching of the first portion of the crystalline material. 24. The method
acmﬂ%@élaﬁﬂtﬁew&% bRioTe SRR R HEhnsREEEEShg
the wafer comprising the at least one blade profile on a wafer boat;
maeTSInHbCHABLD AL GAH N Bl romPrising e Ahdeaske blading
profile in an isotropic acid bath; and etching the wafer such that thé flrst
°°m?ﬁa?ér%i| IR PR RO rSOHRRIG BRSING Kb SEINGuRalE TRbRASYPY o the
crystaliaeprhidsiebdge isrewhisutropithecsshfipe oithechligast tkmeﬂdsltadermofdé the
c s@ﬁng%%md according to claim 24, wherein the isotropic acid bath
comprises at least one of a hydrofluoric acid and nitric acid. 26. The
method according to claim 25, wherein the isotropic acid bath further
coﬂ#prise‘%bﬁ leashomeamtacing acidcii WEterwBérdihetineetisoiopic  etching
ding to claim 22, wherein the isotropic etching comprises: placing
the Wafer comprlsmg the at least one blade profile in_a wafer boat;

SheaiPe BRI A LI SRE A RF R B RBATCB MRRERRFthe at

Ieastn*tarﬂ'iglmbvmfdﬂepamhd the wafer comprising the at least one biade profile
“in an isotropic acid bath; and

com

etching the wafer such that the first material of the wafer is removed oh any
exposed surface, whereby a sharp blade edge is eiched in the shape of the at least one
biade profile.

25, The method according fo claim 24, wherein the isofropic acid bath
comprises at least one of a hydrofluoric acid and nitric acid.

28, The method according to claim 25, wherein the isotropic acid bath further
comprises at least one of acetic acid and water.

27.  The method according to claim 22, wherein the isofropic eiching
compriées: '

placing the wafer comprising the at least one blade profile in a wafer boat;

spraying a spray etchant at the wafer boat and the wafer comprising the at ieast
one blade profile; and

etching the wafer with the spray efchant such that the first material of the wafer is
rernoved on any exposed surface, whereby a sharp blade edge is etched in the shape of
the at least one blade profile.
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etching the wafer with the spray etchant such that the first material of the
wafer is removed on any exposed surface, whereby a sharp blade edge
is etched in the shape of the at least one blade profile. 56 28. The method
according to claim 22, further comprising singulating the at least one
blade. 57

28.  The method according to claim 22, further comprising singulating the at
least one blade.
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