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Opht hal m ¢ surgi cal

either a single crystal or

bl ades are manufactured from
poly-crystalline material,
preferably in the formof a wafer.

The net hod

(m mTERNsHQNpIn epal(m'rgom PIBLESHIGIUNDER YHE BATEDIT COOPERATION TREATY (PCT)

Lty
\ r "'

processel  WEthods for IIIHIHiIIIItlllillsﬁlthlﬂllllﬂilﬂullIIMMIIIHIIHIIIIIIIIIIIIII|||||||I|I||I||I||
form?t tﬁ eve}l Bl ade surf ‘S nclude a di anond
th > achi 0

System gltraso
B A e g

sotropl d ani so

pesses aﬁk@%’a@°“a§&s‘g§§°§ N

I c_and_ani SOII

tent Sherilctibi ndPHo

I SO[ I‘ O
D I'é i

1N

oHegt he@%’l"ggg%h{t R

@) IMafa6s Gpiatdeampaced in an et chghi,s

cltudlng reactive on
Street{h %ohasset Mass-
ttila TUS/US]; 113A
, Massachusetts 01845

i sotropically etches/uslvesoangiers i@sacHiVg: Zpgmnr[amgrm Mill Street, Lan-
(22) In%eg&ahonta%g J):ﬁy er2§ AQII] 2(565 bﬁ§$4@bd5 ne Odaste (Magéacﬁlfséﬁsmab |(IUS’)Ie

(25) Flhng Language. English
(26) Publication Language: English
(30) Priority Data:
60/566,397 30 April 2004 (30.04.2004)  US
60/584,350 2 July 2004 (02.07.2004) US

(71) Applicant (for all designated States except US): BEC-
TON, DICKINSON AND COMPANY [US/US]; 1 Bec-
ton Drive, Franklin Lakes, New Jersey 07417 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HUGHES, James
[US/US]; 37 Summer Hill Road, Dracut, Massachusetts
01826 (US). DASKAL, Vadim [US/US]; 17 Church
Lane, Watertown, Massachusetts 02472 (US). KEENAN,

(74) Agents: HOLMES, John et al.; ROYLANCE, ABRAMS
BERDO & GOODMAN, L.L.P,, 1300 19th Street, N.-W.,
Suite 600, Washington, DC 20036 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU,
ZA, 7M, 7ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: METHODS OF FABRICATING COMPLEX BLADE GEOMETRIES FROM SILICON WAFERS AND STRENGTH-

ENING BLADE GEOMETRIES

{Feom lood =n FTes. 1,283
AmD 382 Tn Fre. 383

{F@M 1006
T Fres, App Provo- ResxsT
L33 LAYER
2005 L

BAKE Prom-ReSTST ;
Exposefhe-Erct FATTERIY
20O T Bdom RESTS T

(Aol Lres Warer Wy
> Tt srer! DeveLop e
2004 =T rrHSL PHOTORESTST|
\L Nooos
RevMove ArpToRresTST | 2064

Eron Mas Kk

I

| Mou MT WAFER ]A;ooa

[ Cer seoTs |-ac0
L

[ ceean warsr  Tracin

l é“rc\H l—»w(g

[

ﬁ\O?il FI@"Q Z\o,;o_; Fies. 2.3 & $8}

(57) Abstract: Ophthalmic surgical blades are manufactured
from either a single crystal or poly-crystalline material, prefer-
ably in the form of a wafer. The method comprises preparing
the single crystal or poly-crystalline wafers by mounting them
and etching trenches into the wafers using one of several pro-
cesses. Methods for machining the trenches, which form the
bevel blade surfaces, include a diamond blade saw, laser sys-
tem, ultrasonic machine, a hot forge press and a router. Other
processes include wet etching (isotropic and anisotropic) and
dry etching (isotropic and anisotropic, including reactive ion
etching), and combinations of these etching steps. The wafers
are then placed in an etchant solution which isotropically etches
the wafers in a uniform manner, such that layers of crystalline
or poly-crystalline material are removed uniformly, producing
single, double or multiple bevel blades. Nearly any angle can
be machined into the wafer, and the machined angle remains
after etching. The resulting radii of the blade edges is 5-500
nm, which is the same caliber as a diamond edged blade, but
manufactured at a fraction of the cost. A range of radii may
be 30 to 60 nm, with a specific implementation being about 40
nm. The blade profile may have an angle of, for example, about
60 . The ophthalmic surgical blades can be used for cataract
and refractive surgical procedures, as well as microsurgical, bi-
ological and non-medical, non-biological purposes. Surgical
and non-surgical blades and mechanical devices manufactured
as described herein can also exhibit substantially smoother sur-
faces than metal blades.
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