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Rescription : INPROWED AUTCN%TIC SURG CAL DEVI CE FOR CUTTH%%#%
GORNEA BACKGROUND OF THE | NVENTION 5 Field of the Inventl

The present invention relates to a nedical apparatus used duri ngml'oﬁe
‘performance of eye surgery. In particular, the present inventlorqﬁzoqqq,b
directed towards an automatic surgical device for cutting the co

of a patient's eye and creating a hinged flap 10 of corneal tissue, More
particularly, the SOUTOTMATERIALYiDELIVERY SNSTEM mRthlEURNk@Ht\gt)n i ncl udes
a cutting head assenbly which is specifically structured t¥Y nove
across the patient's eye along a general ly arcuate path, and further,

i s readily usBackdround: pfeghe Inven§iome patient. 15 Descri ption of

the Related Art Thi BN n@ie tWK Sk td P Idete il 1 W &y Metd il t o t hat
of a canera and is 1llustrated %enerally(in Figure 1. Thejris |, or

col or ed QGFLFVGFTYOFYFI’%@“@yé% nages, #Rd MeTS RS 45%% P shut ter
to 20 regul abgilhfateryal delivelily aEddmed for tweditemagenifal o eye.

The cornea C qr clear ndow of. .t he eye, d the l-ens L, which is
| ocat ed behin uffﬁé‘cﬁﬁp%‘ cg‘e %Fo(ﬁ?&’ta#é“qqeg?ﬁ ‘ays from an obj ect
bei ng viewed onto the rgheng rlés@tntt Heveartkdicaf Hawe papeticiilear, thouglina t hen

(ransni <t he g Sl BRSO DA b Pt ool

retina, see daemddonidmetom rRitemisd. .2 Ahe mosmommon qurﬁﬁlsor! he di stant
obj ect tggbe %%%'ﬂnq.'q%te' 'fng Yna@:’l‘illg‘:ls%?({ldbnductoxDQt\éI@ﬁﬁls id Qfﬁé he nor mal

shape of the corneal™ surface, howeve produce err .refraction in

the visual pr6&eshradsiiamethodin 3@‘101}35&9%§W§B’f 2 sf R he i mage
of tthe di st angoiRiceCina®eriiRa is meltidd@owrsine cruiblks withixirated in

Fi gure 2, hypero la or farsi ght.edness,” is..an err.or refrac I n
whi ch the |i gkt B&F? (i.e.q @mcav'ytﬁq"ﬁ]arﬁr% f%%ﬁ’o@%tf?%“foc%%fgt a
poi nt behi nd Dhee the mmeiliving qs:‘dd’ehs:aﬂsacbd]gp]tétee so|sakd |¢1esstalAs anot her
exanpl e, .35 ated.i [ a NGRISE atdS an
error 1§ of "Pé‘# é ghq"hn dl(%'r.]gjfhe q“{%gm]%aéy)s %rom stant %% ect are
brought to foeungalgem’ermnm:m‘h ttthe melithan dhe miamiag b’%i“%CPPéO
lines, such thal I wh tdes ,_Qﬁ-cé%re
sttlréq]c e O?Hﬁ%é@f‘y Wit ifra o

di ver gent, form ng a-ci fusion and conseque,nt_,lL
monocrystalline ingot from source materia hlch

solidifies around the seed.

20 The source material must be replenished or
replaced after a certain volume has been removed to form
one or more ingots. Replacement of the source material
ﬁay be accomplished by shutting down the furnace,
removing the crucible and remaining source material, and

25 placing a new crucible in the furnace. New solid source
material is placed in the crucible and melted down. It
is better not to place all of the solid source material
needed to form the melt in the crucible at one time.

Some solid source material is preferably introduced to
30 the crucible after melting has already commenced in the
furnace. To accomplish this a delivery system extending
_into the furnace from a source of polysilicon outside the
furnace is required.
Presently, there are delivery systems having
35 fixed chutes which extend into the furnace over the open .
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2 bl urred i mage. ' Until about twenty years ago, such
Fefractive errors could only be treated with eyegl asses or contact

| ens, both of which have wel I known di sadvant ages for the user. As one
exarrpl e, a patient 5 having a | arge degree of refractive error wll
commonl y be prescribed to wear a v@ry thick and cunbersone pair of

gl asses, which the patient should wear at all tinmes to correct his/her

ext renel y pookopi sfotihepscracdibiier foradeld verdma @olishsourahimaterial gre
desi gned to ftg theeekltifier, t@l%w%%fe&ea,thf‘earfl%dj'éﬁdé‘é& tmdéit 10 insert

and renove, in any_event, must be carefully cI eane cared for.
Even t hen, coﬁ?§€F9P€H§-¥sbﬁa§L°§tatteidrr9§ﬁ HO ©Ofe: fige of tl’é%/é‘sr‘%ﬁllﬂ‘ﬂ)se

pati ents who bﬁaﬁwar thee® must be rooﬁprfsfo&qtma Isluaed Itﬁjﬁtdh&ioswh@ém ]
years, resear as_been 0 suyrgical, operations.tq change the
refractive cof@"t &R ?5°°“&P°Fhé’1§3’e%% 5\?3%3%3&%&3 s‘b%cq‘él

i nstrunents h&r&clib&a, and dexi gxittdhdfrmv.raperdﬂ)ruﬁmg.ngdts Upwakdf £1som gehey .

One such techni ker to Bar r aquer
of Col onbia i~ el blf949% % ? ﬁedm}te(r}gcﬁsg{éﬁg@%%pl ng %ﬁf‘ﬁe cor nea.

The goal chiiteonsealtr eleaa,merrgd att omudisiy the aanten ok et he

cornea, 20 th fl r ng on
fhe " “pari SrieLnlel Rhich e, e e e R e
passi ng LBroughet Rél&ornea will then be refracted to converge directly
.onto the retina. Kerato%'e&@'a&d‘@is@“ﬁe@.@dbﬂ gldmiﬂes whlélo @eﬁémm
because it required cut 'Sﬁ(‘ltﬁﬁ to segﬁarate a. m)veIHg E

| ayer or sect PSR SPTEBF %tqul 1°nlré‘§/ § THe
corneal cap, phecchatbablwe:tgt(bjfe |dent:tetroaf rtdm cruc:.kslkeatp&;emnﬁbtﬂmmg
replacing it d suturi_ng b

Ker at om | eusi gﬁﬁagnﬁgelﬁﬁa ae% o%e? m%?léiglel‘%‘fln&é:rhseof%ﬂ‘ﬁ% rr%locr?eag% t he
requi rengéht oftensehi dort kbhec omysdlal ipddld ngndranass ng Hawaxak, the into
place.  Autogg %@Qgggqﬁgl k¥ AL HANa *9 of %aaq%rﬁng goligurgi cal

techni que whic out ker at om | eusi s,

wherein the epeurgef F“P§1er|4@|4=b§d> Wea“t?r]&paé'-f ‘“U1t1P]z9né'sat4w’é1r Logakiom@n a

?;Jct ) 03 ri ngt hE I&hécgﬁnﬁP h@igr?ya?lttmlaﬁ thecgm&fnade/t pgsn'dr athd heoTDd nea
ermed "centration".in or eing cu a ver

m crosur gi cal “‘F‘S??FF‘&HEHP E:ﬁ'% wn, the h%edrd%e x %fﬁ’cjr%ﬁté?atorre

i s generably anbllede dosmwpinddy towamkthee dergtermostt tihe neuxradg. pushed or

mechani cal |y GELYERAID Aas the WIS UL AR50 G VIRIA LA49

si mul t aneous
PCT/ US97/ 01668oves -higher and higher above the meltg It is not

desirable to deliver solid material from a location

spaced too far above the melt because the solid material
25 tends to splésh as it enters the melt and the polysilicon
' tends to bounce out.of the crucible. Thus, in practice
the telescoping chute has no capability to deliver solid
source material from selectively variable radial
locations over the crucible. 1In order to operate, the
30 telescoping chute requires the hopper holding the supply
of solid source material to be located relatively high
off the floor, making the hopper difficult to reach.
Replenishment of the melt can occur
substantially at the same time the ingots are pulled from
35 the melt, and involves the addition of solid, typically
pelletized, source material (i.e., fluid bed polysilicon)



not 6ri zed novement of the cutting el ement, which novenent is

transverse to the direction of the cutting path. For treating - nmyopi a
pursuant to ALK procedures, the microkeratone is typically used to
first cut into the cornea so as to raise a thin |ayer of 5 the anterior
cornea of between 100 - 200 mcrons in depth and about 7 mllinmeters
in diameter. Next, the microkeratone is3then used to make a second
pass over the cornea tg resect or_renove a snaller part of th cornea
general |y aboti® Bheomglki duripgetbe; goyrgeody crystalypulding ¢

di scarded. Thpeg@éenhi @bnaeeneakrecaay\ei&aqh IscUt TH thiday) tébdﬂ?é first
pass of the mc oker Qne _is.then pgu %ggﬁb % I ts oggﬁiqgl osition,
wi t hout sut ur ™ erFﬁ ﬁ@aFFR&epésBE whigg the furnace.ds5 % this
procedure is dparathencor Thasyi thehfuenacecdoes notuhaatelns ecalne of the
resected tiss whi gh, proy| new fractin r.fac 0, correct
the patient' s&§Wg?‘ﬂ§I tﬁﬁoﬁifg%igie %Sﬁ&ﬁcﬁe(%.%s %:Fg“%é% ect %%fboe“}%sp?'a
under ALK hbbeisrto bbeundersubodotha&tampﬂenﬂahmanﬂI%slnnnjan)nnke a
sinol e deep PasEeNEl1bBCto repiLaiRneTRE SHle WY, S G MG e

their original posit any renova any other tis
Because of thas@dpts extend thpeusefuli Ad fienpfadde éﬁ (hﬁﬁﬂﬁ?vmthln t he

eye causes a ggplaég@gﬁgnhggrgﬁugggdpornea to again, provide a new
refractlng surface efuII mnll correct, the Ea&ﬁgnt S origina

hyper opi t ondltloﬁePh-enls ent| Fangok, be, caris éh | ear ned
tﬂat I n usi ngdé]ﬂﬁvery sysﬁemkahabmeudv@utsl mtlmbrwiﬂtce. anathtlhaﬁa{:lgmlpL |

t he cornea, the ante or cornea unaesira e
Loe Cornes rBocn, TRaRE bR oPRESthE cBRERE or e 'ddcinlell Yt Ep

t he corneal capnbaalbspacbomustnrsmaam opean fegr wpuldling tde amytshsls.
because the aphgrlOhrS°BREREnthy! BER4C itk AReted QPP g 11y

reconstructed econ o now known th ow ng
reshapi n§5of eneetoPaBEionhefcshaeapPesasophefi $hse camcihlia.y Havever,

Freflsel¥ ag'ﬂﬁégebéﬁﬁtégtﬁav55n6[EQb&&bﬂ%%@f'fa& %&e&@%‘%@ﬁ%ﬁ%ement
efractive orPbr theCHRLEqteriTch 1 2nBRChRICEt S6R e Hrid

m'hcrlogelrat Omaséiiﬁdé_dmaﬁérialerleghethépc‘eltm(lgsﬁ (o 4 Q%ﬁ lmmdﬂlﬁleaag 35

shou eave a portion nnec or ., e t he t here

formng a raised | ayer gﬁugbr ESFetﬁés E%Eeﬁﬁgaifbrﬁ & i hd as a
corneal 20ap Sourteumatetrddli defigery 4ystem sahgighf prea:mtlts solprdbbl em
however, is tQaf BéeaQEEEXa&”QW“PQ‘?Eﬁk%&akﬁ%PsQﬁg‘H%igﬁ% put Y readily

permt the formatron of a cornea WO
97/ 28768 dlfferent radial p051tlons over p@ﬁ/gggmﬁgﬂgﬁa In

4 known QH&iQKSﬁatEHE§e'@éohiﬁoangéﬂf%%rOf QAKX FRle HPtigT M ni ng
where on the e to stop_cutting mgvenent of the m ¢rokeératone acr oss

the cornea so¥ écbothﬁrﬁ;PWeogoFﬁé&ﬁ feyycermatsaial; joes not jam Andiple

I ssues thet aifUWHEER BhRedsolodcmAtesdehll ha(‘sorsi!ﬂb@taitlamlqp difIRstg ucti on,

the three nns%e£g? iint fact or 9 %1t

downwar o%ponent as it is dropped

into the crucible.

Summaxy of the Invention
Among the several objects and features of the

30 present invention may be noted the provision of a
delivery system which is capable of selective adjustment
to vary the radial location at which solid source
material is dropped into the crucible; the provision of
such a delivery system which is capable of radial

35 adjustment while maintain the same height over the



t hi ékness flap size and hinge size. Anot her advance has been

rade in nore recent years in surgical procedures to correct refractive
errors of the eye, nanely, the i ntroducti o cedures to
acconpl i sh the reshaping of the 10 cornea. dHiS SHEET HAST gEppdlr e,

known as Laser Intrastromal Ker at om | eupi s, (R@@A@D Is currently
consi dered optinmal because it allows scul ptTngof—the—eorn W t hout
damagi ng adj acent ti ssues. Moreover, with the aid of conputers,_ the

| aser can be crucihlsy dhe@IRvision ebreueh i (e LhYery yFbemt Whighount

of tissue 15 jd Epihe SMdradidlnidd rhé/nt déspEs NikbgLaREiQPt i ons  for
t he reshapi ng of the corpea, Un LASI K E)rocedures t he eég is still

typical |y posiYSTBIRFRLHYS AL _GAQR r‘F‘Pl‘BP te Ry Bkt ingnEa

thl cally usett%ﬁlsnﬂegm;; a:ﬁéwepmmbommﬁ%ﬁé@ L&lldselﬁvéhy nsyayein whlchgf
t he corne escribe now rred.that a corne p be
f or med. 25' gﬁ%ﬁ ca?ntsfjggmrﬁ S:Dé cglé (irﬁ'%%ert‘%tt? L2 s %o?ﬁg'éh'gf | ap
shoul d have aaﬁe;pafrtm‘c]rm dmsd sdudiancdBDe et bownsn anolving componertshaf 160

m orons 10 Y1 ¥l S TBLY Sdd, [{neBbel BFon o HRLRC ! eTtod:ina

achieving this resu surgery'r Xtrene ci se
i nstrument as system ovluich pernits die | pagtiches al@‘@]l}&lllst—otOnﬁ OWousandt h

O It et o e | B5EInS W AREaneAS; tne £haPLELOR0GRCBLOR SSUC | ¢

t hen gently pus t 0 expos res api n e cornea
by the | dder. deddstaineysten Hehich sweﬁme*eumec%t%e% Paeaaeﬁﬂ-eyeused

to reshape theiGidemteésial w1ﬂ@§ﬂrf@éhl&h€’&rdé’§:iﬂr@fﬁceﬂbé§$ ahgt the still
used to cut into and 30 to ralse hi n Ia%!gr of cprneal tissu

A
S gni {1 cant pRISTERION of SRS SSLivery FYteR| YARABuEe 2P EkEPabShe
devi ces do not offer Gertdmeab[leg.ree ﬂirmeelsym\emdoenmeg ipedediting

properly and . oo G'Sh-M&LY %&Eé‘%h SOLaeAL &é‘fn 'E‘étfﬁg nﬁ%ﬁﬂci Fagal
cap, ‘let al'onea corneal f aving a AT RENST O nge of
35  curiént | wiiddig M@@etptinwmtmwae@mgrl$mr®v§WEMtﬁheu for
Further, it hag H&’%h mf\f@&é@fﬁgatﬁérﬁ%eﬂ@f%frtﬁé Hifn&bﬁ@

nt as

shoul d be prese neters, for corneal
reshapi ng by thellaser® cieible yitepesed Heithinarthanfurinse ghedl for (o

{Me) 39?237% ge g Wi sl edandt Sr DEL | 661168 BélEde ee;/e%dsﬁ%{geﬁcted

5 than atfPh&FIEHHERT JRterial verreuey Flberlé%qfsg? re BcBERhte
correcti @0 of soefircetiyetlee rmmacé)oshngl]sohé\m\evem crgoibde ahdtmelts a
sufficientl y lt'EHeth athl ev%!e :{%i he ﬁygoffdpr& gf %%ﬂi@éf’?sggstﬁm fo‘ﬁ[m ch

i's not possible W known mcr o
exanpl e, knowfemdingrfkowajsle cﬂobx)@lmamrngltemmyesearan@ellveryut:gbey

woul d likely X@fﬂ_g@ h frame be
| ocat ed Iowgr ﬁ&e‘i{n ﬁ;ﬁ?ﬁ_%}’ %l rt the e elgnﬁlé fﬁrna?% %?ggé% to
expose a gr eatgeneyakivmkowe ddie oepibleass |§eilvermgp§e| hre| gnpe

very di f fdecul lodtd SITMERY T8 VEShdteutYe £61 $O8ELviRg thénkbaigons of the

eye socket.
y material from a source outside the furnace shell. Means

mounts the delivery'tube for swinging motion relative to
the furnace shell, by which swinging motion the radial
position of the delivery ‘tube outlet relative to the top

30 of the crucible is selectively changed. An actuator
actuates the swinging motion of the delivery tube to
selectively radially position the delivery tube outlet.

In another aspect of the present invention, a

delivery tube comprises an upper end portion having a

35 centerline and an angled portion having a centerline
extending laterally outwardly from the upper end portion

\
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Finaliy, known nicrokeratome devices typically cut across the cor nea

Ik-n a linear direction along a horizontal plane. That is, known

fi crokerat one devices typically cut across the cornea in a di rection
starting fromthe side of the eye near the tenplE; gg

hori zontally across the face towards the nose. AEH%§SHF§: ﬁg ven if
such microkeratomes were able to be effextively & anst uct a
corneal flap, let alone one of the currently desired nore preC|se

di mensi ons, tlaE Amgewglms t iThe cingle betweeh the cénberibuedofetbei ent ed

at right an I t f e Lgnt, which
IS 1 ngt he vgrt | éieﬁ: %‘fd?é%j[%n béﬂ&kﬁwbg%%%éfdiﬁﬁnogl %ﬁgoﬁﬁgiﬁg nost
optimal to commmn deothibplys an amount\greateri Haea BBetABAlRNPER s
oriented tO CRULRMWIBE vu;@ ddBid maté@ial:[ al blinking action of the patient

in the vertical "plane. %kg g@e bellevgd t hat known

nm cr oker atbnes cannot rnﬂ&a?? r?@Pt T agpeCl Pt the PFefelbecause of the
rﬁstrkl ct hogs rirrﬁﬁa{ﬁb f&}bya}l] td@llverysml@e%omﬂsm@s@ aﬂCixppei-opa’eElbn,_tan
cheek and brow banes of the there is

need for an |ﬁﬁ¥§ﬁ§g eﬁF?ﬁ?ﬁ%ﬁ%rgﬁ%ﬁﬁglly OVEV%ﬁdggtﬁﬁa?Fcﬁpg €and
consistently pfron tthe hepger nedioiomf @andlan cwthetl pbrtponaedtendihgal | ows

for even more Leci 20 $OISLIVEIARY ar anOfudls £PRCEheLAG1SE BSrERcRESUIt

in a flap thicknes ess ni crons and 160
m crons, ldhd &hHe amtsigeof the bk:m@m mahhle 1diameterneefr thenoutdebt er .

There is al so g, necth TMdin ataﬂéégpréyggtaytonated m croker at ome whi ch
nore snoot hly “cuts acrossS§ he cornea in forn1ng the corneal flap so as

to permit it to be - Hie:ﬁfse@@ow%m%%ﬂn@a i PEe8eREi ABVeBE4PRi on
on the corneaa deliwds vumetékﬁngszeisé@@lm péhepﬁﬁtﬂeﬁ, afleahgYedany such

| mpr oved aut.onat e okerat one construction of the
cor neal f|apIHPEﬁﬁ9PE§%ﬁSPé ?E??ﬁﬁ%%doﬁ V??@ﬁ tﬁg ?ngemkrpm
WO 97/ 28748 the upper portion, and an outlet ﬁﬁﬂtiﬁﬁ?éﬁﬁéﬁdlng

§ rary 25 O GUHESL AR SRLESRRREY | 0E 01 il LA O Okt VEASYB 1o

Summary of th ent I nventon
satisfy the ndlus anglerd P@rtl@mth%mda|hubb¢%%t%ﬂdtwhﬁﬂél§9‘nbﬂh79ﬁd the

| nproved aUtoq?ﬁIéEigé&Eign devi ce known as a m crokeratone. The
i nproved mi crokerato present invention is adapted to cut and

raise a thin layer of tH%ther °b1%$%%aa%@ fepburestof the BrESEBtcreate a

hi nged fIlzap ofuﬁ%rr@i&n w111 bé Stlepartd NepPpa£erdt ahdVvent pafti posAeadt o
conpri se nmeans fo alnlng and positioning the eye on which surgery

Is to be ‘ﬂ% %. uttlng head assenbly including a cutting
el enent p03|t|oned therein for cutting the cornea of the eye, and a

coupling menmbeg, { o el aCH1A0! ¥ COMPLALOELGi AEEA! NI g and
f FIG. 1 is a schematic front elevational view of
a furnace system including a solid material delivery

25 system, with parts of a shell of the furnace system
broken away to reveal internal construction;

FIG. 2 is an enlarged fragmentary vertical
section of the furnace system showing details of the
delivery system in a material feed configuration;

30 FIG. 3 is an enlarged fragmentary vertical
section of the furnace system showing the delivery system
in a closed configuration; '

FIG. 4 is a schematic plan view of a gear plate
and drive gear of the delivery system as seen from the

35 vantage indicated by line 4-4 of Fig. 2;
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psztioning means :and cutting head assenbly while permtting 15 novenent

of the cutting head assenbly relative to the retaining and positioning
freans al ong a general |y arcuate path. In the preferred

enbodi nent, the retaining and positioning means conprise a positioning
ring having means for tenporary attachnment to a portion of the eye
surroundi ng the cornea to be 20 cut, &nd which expose and present the
cornea for cutting. p03|t|on|ng ring |nclu ui de neans

t hereon, preferably drsﬁéged5 is apgeghigppérken, A& éﬁ@@@ and ext endi ng

in a generallynalgaahg line Babhof Fig. 2; The cutting head assenbly of
the present invention i 5 structu nd- di,s osed t | east
partially received in tﬁéé 6 1§,8fc© ﬁ@é{ﬁgl&natlh £ 8 ﬁ?‘%ﬁd’e&a’sl ti oni ng
means and to bebdrbfehe deliwvesiasystleny with patrteoipdokesl awayercd he

cornea of _the_gye sg, as ,cornea and forma corneal flap.
The cuttrﬁg hggéw 1nte§§§&nEP§%t§%§Fég dtructured and di sposed to be gui ded

by the guide 30 neansFaE.t e iseraiseictdonandajes tinotihey pidwmes al ong a

general ly Uk, nt of the assenbly thereacross.
The cuttlngi hsaggé%bﬁy7|§&seeée?§ conprise a main housing which

carries a cutting eIeneﬁﬁGpo§|ﬂﬁoﬁeérﬁﬂwﬁ@hﬁrahGﬁiﬁﬁﬂi&u?QQﬁlon of kheing -
and rai sing taglggggeahuggaghohanbhqt@r%ng@Qdegﬁpodlnent 35 the cutting

head assenbly 1 ncludés fl ap r.ecéivi r Wi thin an
under sur8ce’ t her eof forF\%&"r'd SofLs RE @tﬁ‘aﬁ%r%de ﬁ%ﬁme{n&aw vieyt §%@ively
recei ving t hegeeaneabef b&ptme deddveriyoyet ey dduked in ftitevalel ivemeyrent - of

the cutting hgug asse Further, the cutting head assenbly is
structured ang“dfép8E d to be nnvably WD 97/ 28768

PCT/ US97/ 01666 FIG. 10 is an elevation of a sleeve aqfHuhed to the
posi ti oni ng r wh) e TR thiRy to diRiAcANnsoUDl es
‘the cutting hggglg§§§ﬁ§?% dgﬂh Eﬂgltlonlng Xw ﬁb and yet, pernts
nmovenent 18f tﬁ@néﬁﬁvpﬁQOWead assenbly relative to the positioning ring
along a general |y arcuai@i@isponding referﬂaﬁ@r&mracuéﬁeerﬂnmatwther
conprises driving neans,.for drivin the t|n ad assenbly, over t he
retai ni ng andCorrespeBeing, PR e o l:t‘:;“ﬁ?e 4R

i ncl udes st opdrawingeans, which are structured and di sposed to Irnlt
novenent of the cutting head assenbly across the retaining and
positioning neans. 10 The stop neans nay be forned on the cutting head
assenbly and Begailed De S B ! abut the

gui de neggs of the ' I{gesansarﬁ)tolrmt
further %gvenent Fk Iggrng heagfasseﬁgg' poi nt before the
cutting el emrepRrticulgas t@a?é&:} donm# &@%F%Jv&rqwgz(ﬁr%‘éﬂ' t he eye,
thereby form pgglsated GRMAA1TY At A, NG BHOHDIHIKH Nt VE 9eiY - typd the

preferred - enbodi ment,  the drive ans are, operahly connecte to t he
cutting H§&EF £8s GrOW, W%W@&@&%ﬂfc c&'r%ra’rrég% QL of
st oppi ng shown) which are processed to produce semlconductor

"~ 25 wafers. A solid material delivery system (indicated
generally at 12) attached to the crystal growing furnace
is capable of feeding high-purity polysilicon in pellet
or granular form to the furnace 10. The embodiment
described herein will refer to the use of fluid bed

30 polysilicon. However, it is to be understood that other
granular forms of polysilicon which are capable of flow
may be used. Together, the furnace 10 and delivery
system 12 constitute a furnace system in the preferred
embodiment. It is to be understood that although the

35 preferred embodiment described herein relates to



and:reversing the «direction of noverment of the cutting head assenbly
once the stop neans have prevented novement of the cutting 20 head
assenbly in a first direction across the retaining and posi tioni ng
nmeans. A primary object of the present invention is to provide an
I mproved autonated surgical device, for cutting and raising a thin

| ayer of tissue fromthe cornea of an eye undergoi ng surgery, 25 w t hout
conpl etely severing the layer fromthe cornea of the eye, t her eby
creating a colemdcondaetor productimbt Hdte myimgiples f Whe tieventiont

I nvention i's hava SHodR&er appa_riddmr&yed -automat ed surgi cal device which
forms a corneal flap wherein the hin, d ortion of Ihef

oriented so as to 30 cOFeHYSRY 9RIW &1 %n%l t her eby,

assi st proper shell népediiichodisn@apablad lcgmrmmSﬁnttm:qarm@laﬁiﬁ@ ©het he
cor nea f ol low,n

ry. s also an.object pf the
present i RventP&REds P glﬁzgglﬁrnace ifrﬁﬂnb\):éi? gt R ERFORSR e
whi ch per ni t s Theser desodefdned evitthin mlecisrd ]l ard & @l kirgtdyambest 16ict a

corneal {1 ap g L0 GREAN rowth \idi eSS O A9 HESPedR0LA30

m crons and no mcrons.” ° ure o
present invenfirom eachhather . .pe@iamicible 20 umydhe t@}@@mbegmmhneter of

t he cornea wh by
beT/ LS9 7] OIGGEﬁmeEIthBV\Q%n dgadle of holding sol:ﬁ@p&ﬂf&fﬁcon zﬁ1| Bt ers

so as t olfer nthet Relioformed koh thie agldiqibsilicony; ghercryeibke 720 this
| arger di anet g peereraiaienalie: Shiquirts so I MSEAPI Chiningee neRe

til I d A bj ect_.of th t

Mnvent i on i o BELYPOVRGE el 1N e AR < O T whi ch
mor e smoot hl yccr:uicibaerdssopen fidre reweisaindg e dolgid hei Licoealntd aphso as
to permt the (i appg. SHILIE A AL PG L dfPe 05201 N2l

pOSItIOI’] on t orn O oW ng
A furthei5obj 5@@ @bttaﬁeqa eslerttha rahaitl grtis Achpapmttﬁe Imaqur amcﬂrpaoved

aut omat ed sur e o L PR or-12N

patient's |ef tgh%iaﬁnaq %P&%l‘ﬁ‘a‘dﬁ tb%aqﬁﬁ Lg’ts"h gzbj ecrtld gﬁﬁﬁg present

i nvention is £8 ﬁﬂoﬁgﬁegro"’thar?h%é‘@ M%rﬁsﬁ@“%‘iﬁ‘bﬁje]a}r SRR ahadtng a
cent e[ hOf 9[ auhEiyzs re%wédtg.v@l?f,atﬂrp@':i\.@l élh i %@F&Iﬁ&ée{“i?’ f@nt ered t
over e patignt's An i,ona 0 presen
invention is (f:i d‘%’leﬂletoy%hlz?n SRR Y ﬁt%t%@%ﬁ'@i 1108tk which -
exposes amd pknns'wns in thecuairtti fiprofsimdla gmyshaeilnrﬂﬂlm o=y steel eye

w thout a gr eg&é%:ﬁtth Pyt %l%a&%%ht%%i%ﬁi ¥net:CHod3 OS'Z{A O&é}%aef%ﬁofyguclgo

Yet anot her hée "present Tnvention 1s to i npr oved
aut omat ed suréu@aaceemsc@hmﬂﬂmm mpdeds AQ0Q5IG i tl\sara;ﬁmmured by Kayex

Corporatlon, a unit of General Signal Corporation,

Rochester, New York.

25 The f£luid bed polysilicon delivery system 12

| delivers polysilicon from a storage hopper 30 through the
shell 14 of the crystal growing furnace 10 and to the
crucible 20. The hopper 30 is of known construction,
having the capability to meter the flow of polysilicon

30 from the hopper and providing protection (e.g., as by
quartz lining) for purity of the polysilicon in the
hopper. Thus, only an outlet portion of the hopper 30 is
illustrated in the drawings. The delivery system 12 and
the hopper 30 are capable of being isolated from the

35 surrounding environment to prevent contamination of the
melt or the atmosphere in the furnace 10. The fluid bed



péth'of travel, facilitates the formation of a | arger dianeter cut to

the cornea, without having to |ocate the assenbly positioning t he eye
to a |lower position about the eye. 25 Brief Description of the
Dr awi ngs For a fuller understanding of the nature of the present

I nvention, reference. should be had to the follow ng detail ed
description taken in connection with the8 acconpanyi ng drawi ngs in 30

whi ch: Figure 1 is a schematic illustration of a horizontal
section @bhyﬂ;kgapn, although meli@, 2is scapglkhenaf i gravitgt fdewon of
a hyperopi c eﬁomF; &rﬁé rtﬁ?z’:&i’?ﬁa&’ﬁe%’é‘l’ﬁ&ﬂ% y8teRi 1% Bghtrd the
retina; 35 gure Is a sch Ic Illustrati'on of a nyopic eye
wher ei n caryHd @ 3ys converge at a point which is short of the
retina, Fi gur @é‘féﬁrﬁ@q&@«m@olﬂg@trﬁtam of ahQOdeBavei—yan eye
wherein a corneal flap has een create deli g & 6@) 1

per spect i ve viSKFLS oM LR rCopRrise a delivery tu 99?5%?3% Y

PCT/US97/0166&nd1catedréﬁéﬂzurWhiww @wseﬁd@nfﬂgnmnahecattondongsidethe
pr esent |nvent|on

i's an expl oded |§ﬂﬁ§& VQ‘%F&%P OSItlfnlq%ﬁ{ﬁggfur%%%%d1ﬂg%? gg@e 5-B

retaini ng and poot timmmg:hemmrmdzglmbothes sntepl.esentThavent i on,

whi ch i ncl ude ga toothed
track; Ity %f“l@@é% ?*é%‘i%‘%é‘%@é%?ﬁ%ﬁ% or, (EABRcBREan | ol ng and
p05|t|omlﬂgrngﬁﬂ? ath I huran rpgled portion 3B ggxkerdiBgadte®pl oded
perspective Vi1 fhsn tlid i é‘ﬁaﬁbﬂ@lonﬁséﬁdbéﬂ eﬁeyédlﬁgremsntme

coupling nenbe accordln to t rese Fi gure
7 is a side vidrdf § Q%é%ﬁt}g eﬂ?¥5h°?n4%s%%ﬁ§}%8°8éd ovegs: FSnd in
position on adjpaén e:nip Soﬁou:m@acruclble 20 férgdrepBing theafluad bedss

sectional view of t rese n i I f n n
posi tion on aﬁ? ¥e o o ojéhe ééﬂ@ﬂéig ﬂnaéﬁgggkggd Qﬁnéf ggk
partial , Jérossieﬂeotematubeem is flam@rpxatmgdmeuplanbebl shaper iEQWed

lines 9-9 of Kiguy qegmhower éﬁéﬁﬁ&f@iéﬂgoﬁeﬂufééﬂa£uﬁée¥@ §HLERY the

cutting of the cornea ure_9-A illuystrates the

“cutting head #sansds upwarditeitae hoprepodffen fﬂeébﬂgaélPﬁa befat i on
W th the positdgiy sﬂﬂlidzcﬁg @@dtﬁ@edelweﬁyl@Iebereﬁﬂemthnéenapper The

Faure o511 Histiares e ot aa bert boserbly Tpving oo cetinguah o

Figure 9-20 i | lambisdinesnt hebwtithay dbéaaddassenmbiyiconaocrouehent suitable
materials depending upon the particular application. The
feed tube 44 is made of quartz, but could also be made of
other suitable materials such as silicon or silicon
eoated graphite.

25 A rotor assembly (designated generally at 48)
located in a rotor assembly housing 50 mounts the
delivery tube 32 for swinging motion relative to the
shell 14 about a generally vertical axis. The swinging
motion permits the radial position of the outlet portion

30 40 of the delivery tube 32 with respect to the crucible

| 20 to be selectively changed, as illustrated by the solid
line and phantom line delivery tubes shown in Fig. 1.
The rotor assembly housing 50 is mounted on the port 34
by suitable fasteners such as bolts 52. The rotor

35 assembly 48 includes a rotor, indicated generally at 54,
comprising a first sheave 56 and a second sheave



st opped position wherein the abutting or stop means are in contacting
relation with the gui de neans of the positioning ring; Fi gure
1D-Ais a front schematic illustration of the present 30 i nvention in use
‘on both a patient's left and right eyes and - illustrating the cutting
head assenbly in the initial position; Figure 10-B is also a
front schematic illustration of the 9 present invention in use on both a
patient's left and right eyes and depicting the cutting head assenbly

i n the novenentinstiopdwed 35 igweEntioretwey areferencecaimétrap 585 been
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the cornea of fifA ighdave 156 (HYadsscPbéd® hidt§efalli Relt@ynart ey egbrand
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create a hinged flap f T

tissue createfonIoLhk lfcf@o'b]r%evﬂﬁ?n%‘?‘lﬁ%?P?sg%\tso oriented so as to
cooperatasai th t he The niirgt adhednee ey has | aweengt sal getybular hub
Referring now_ i qur =\ .- - l.C | udes
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for being

adapter 70 and the port 34 have channels 72 through which

25 a cooling liquid is circulated. A sealing ring 74
received in a groove on the underside of the flange 68 of
the first sheave 56 permits the first sheave to turn
relative to the rotor assembly housing 50 while
maintaining a seal with the adapter 70.

30 The second sheave 58 is connected to the first
sheave 56 by fasteners 76 (only one is shown) which
extend through a hole in the second sheave and are free
of fixed connection to the second sheave. The lower end
of each fastener 76 is threadedly received in a hole in

35 the first sheave 56 for fixed connection to the first
sheave. A belleville washer 78 received in a counterbore



térrborarily attached to a portion of the eye surrounding the cornea on

whi ch surgery is to be perforned. | deal |y, the tenporary at t achnent
means include suctioning neans. For example, | positioning ring
32 preferably includes a connection nenber 37, 35 which as illustrated in
Figure 5-C, is in fluid conmunication with an undersurface of
positioning ring 32. Connection nmenberl®7 is adapted to be

i nterconnected with a vacuum hose (not shown) which in turn may be

connected to dnvaheumolearin (thles@eanmnd wheaves kfh biases Hahe vimead saft i on

goeurs. Jthe URHR" ekt W) Whid'Grdius the first and sdfénd

11 f or ns sheawsls SouSSakdWard ang mawdiutta aueRIR LR rbeaning t he

eye which is aBqyles0 G%Qde'hﬂﬂtigﬂgaeﬁdéll':é#itﬂl% waddtfers I et/ $h&fm) may
positioning ring 32, acconpanied by the suctioning, acts_to properly
position Bhe b&r pdaced gy the goupterbars Hndanithe mead of Jhe i on during

Isurglery' ?IS g’e|f|astgﬁ\é|@4 G 1Nf a2 k ! Qfar@é)lﬂfd%ti_olr’; o cties ﬂiré%oaﬁdsea

evel w e used. r et ai nin sitiqni means

further incl u&&cﬁﬁddéheavesnes%seslpo %r‘%ﬂf‘q?e%g're . J(ﬁjioto%rl%%a% ¥EEHR9%be

Iﬁr med ?LI’ ect lthatn sprind led enesits @ihey rihemn 321 lsoridkld ovdshens egoald t
erewith, or er er S enent .

n-any event Do begd B enolfiRHA I Frchf) S U ehE o f SR AL Sl

posi tionilAg riimyention3? Sheapeaniphariesmf fthe firat SRePN@f t he

cutting head gheava®Seml bOGhdlisaiSisRf R8s WY 4k BEvSHISaCEh SUlting
of the cornea. Referring.to Flﬁuges b-A and 5-C,~ in the preferred 15
Fshiqm

enbodi nent, gGrERleEEREany FHorinG epgagenent Rhokhe 41,
42, which ext ghéavalsons ,a Jeengith ahelbdaisig aRFL Fexke. ofThus iPoshéi oni ng

ring 32 and preferahly, on er surface qf ositionin L ng, 32. It
WD ai'so be’ ZR5ABLEA SAEARR HEASRy dpteat £xam R ARG L0r 588 5
ext ends asr ossgheiaves3%6d,n 5 aare Hpakire 2f campengating dy padning As
depicted in Fi - -,{ge*tnqﬁ{ . £, rd ed,
generally "C'"s zta-’:glé% sépra?g%lor even %rlna% | nv%ér:'?é(;%) ﬁ‘lié “2%%%%‘3?9?{5
structure, whwaishexrsoFér &st \thadhitha aphiar does giptugpreonerjammedf ring 32,

such as desi gnabaghdty tHeWedridy Wllers 60 USiHaiHeid Nofi BYELEiEn Bognd
5-C however, in the nost_ preferred 2 enpbodi nrent channe] menber 42 is

5 ]
formed by t he thet &oteh &4 ingmadims Lixqdyolisear £2%1 th Hheeiy, an
upwar dl y 2and esitairdlinesxsfenslicdipper porteis 386 f arediehipesyt tabeng

ring 32, and oQth track .43 igh is.interconnected wiih sidewall
S ST alr B e, BoRician ot ik Badfiad SR R E GRS AT
positioning riregaid I exparssEcon tand rednideadtionpfirthy wotonr cuat el y
ext endi ng si dewal | 3. gvi rd . f réff'r% PEhe SYLEBRA
t hereof, and . extené‘\l parr{i%eﬁaﬁ d?%r%%]agrrp et%hégl%kﬁg, %t %east one
si de of pbsaveofign Py e B2 84 ulamder one) isish ek® cenmasbednent ,
the 26500t RALH A 14 igeat 38 itk dP 4ie aner Bhker coniest ed sRaktdge
35 38 by way of mati n% structure. For (f)gmpkl)e, fhe mati nﬁj structure
88. The shaft 88 is mounte v bearings 87 on the rotor
assembly housing 50 for rotation relative to the housing.
An O-ring 89 mounted in a groove in the rotor assembly
housing 50 maintains a vacuum seal with the shaft 88.
30 The shaft 88 extends outside of the rotor assembly
housing 50 where is it connected at its upper end to a
handle 90 disposed to be gripped and turned by an
operator (not shown). The handle 90 and drive gear 86
‘constitute an "actuator" in the illustrated embodiment.
35 The delivery tube 32 may be swung to a selected radial

position over the crucible 20 by turning the handle 90.



can-be in the formof a receiving groove disposed on the under sur f ace
of toothed track 43, and/or by way of conventionally known fasteners
39' such as screws, rivets, etc. which nmay pass t hrough positioning
ring 32 at apertures 39 and extend into toothed
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12 track 43. As further illustratedin Figure 5-C, toothed track 43
is seen to include a lip 43 _ which iis sized and di mensioned to

protrude beyoRbet H@S\}EllPiﬂc&FE phendeddvesy fpbg dengversgherigrucible 20, ge
means 40 in tha Eaérrbaéla. genefalthe fGrn"ah:%pG.d) Cannel gsydlighed 42 is

conprised by the c d structur,e of si 00t d track
43, having | |I51ﬁ§a thTPUghe & VisW: Iﬁ’é’ré:ré% e sq'“;’]s.‘ho(ﬁ%1
5-A it is cobyemalra‘iﬁgst H&btas&mtﬂaiﬁp]ﬂ.@d ey the exdeanide cnﬁ)urhed to an

upper surface_g ositio ri n e rface of channel
menber 41g |t T PE BésSHﬁﬁnggP (ﬁaq 3F%g§&#ﬁ§%£ﬁ§3 cooper at es
with the drive nmeans 80T(:meero|€|og:uassembly A&nmebtl Pnlgo iss qapable eof he

cutting head ésaggng&tiﬁgai?gsnzhezg.alp@ﬁgn%agg aﬂqzo%?uraa&f&{em'y

di scussed bel er conprise a rigid
upst andi ng nme#Beconstrugied. §90§€'@16h Jemeing &Wﬂﬁjﬂ 3 gskesteiemPFeans

30, and 15 = ggaer athpQ&E(i%'vﬂ%.t@E £ afb NGk bed poa.ﬁléﬁiic&ga' n be

appreciated fromthe draw.,ngs, iin the preferred odi_nmen wher
posi ti ontfg rWHSHSEhPsdGﬂlé(eE‘é’arSY&rt@ﬁ‘ dape m%qririb rfih oft, ei®er

44 conpri ses arye&hlrrgmd@eﬁn@ FRAtiacR] W ocdyadhted frommthé’:ﬁpél@ 5y ng
32 on an upper ﬁaoe her9 of at Mely réear a tltp 29 E‘Q{her From t he
expl anati on whi ﬁ VEdWS 9% mpuntesh e plate 38,0 member 42

and rigid upsaasénmgmmnnmsmer min the dpwcpnammg:meaﬂ tat&enbl y 50 of
hi f f
this | nvent! OfehvleeORGsren 1%, Ad ¥idd Qﬂ\ﬂ]&f réqﬁ&gw edrynls\f%ﬁwﬁg on

the positioning ring two pl aces ermtt cuttlng
head ass&hbl yb§@12831V180 96e a@éo@{ﬁwl@pw sin dd aR’RG YRRSY | Rt

ring 32 alongsz of %h%eﬂ@l@;lv'e‘zkyart‘iﬂﬁ gat lpo bﬂd&y tf-l'fe Pl Mpd A Os é@n

about rigid Upst.an Ref err no 0 ure 6,
the present i ﬁ\?eﬁpﬂoﬁspgast%emi‘teo 1:J"""-”n"’“ﬁ'enc,1I(hc}'%“'oén iﬁ?}’qéé'd %Y'é%

A P[I mar yI pur n?b@ ak tllsewa&hdxfavﬁi laaaaﬂaqf mmn?’te/ &ﬂiw?ﬁ;o thcbsas? toI
cutting el enen ure utti surface operatively
exposed t her eftr 8f?1°atl°n Aélsé:u 5%‘3[ %@@Ut‘f hd‘%d assenbly .50, with

t he cuttRfg el emenfThe0 feleei rtglha)\ﬂdd eadrersis tumvaﬁtﬂhea)utet@f riege wi t hi n
positioning r 3 e G y tt
el ement 70. %)Qg'%cc%g‘lvé s?%ot Tﬁ% cut%ﬂe Jl%q{“gaq{a{:sgl%bﬁé%’sw nécln%éllgtglng a

mai n housi ng 592c9ﬁﬂa|anth1@et Iﬁ@“lhﬁrt E elll’té?@rﬂn 7]031'195161?14 inmblyy,

i ncluded in tgﬁ%ﬁﬁbﬁﬂi‘w%‘r@ cohtra I BIRS Bl Rowrd £0d UCITHLE Aling 102
di sposed to drive_neans 80 to be operably connected thereto

(see Figures ha&nanlfpnaﬁ@rt @rtq%rreeﬂw&mw%éﬂ&t%% Yithgy 44 which
25 acts as a spill trap to catch dust and escaped fluid bed

polysilicon to prevent the feed tube from jamming. The
fitting 102 is sealingly connected to the tube member 104
by a seal ring 110. The upper end (not shown) of the
feed tube 44 is operatively connected to a carry plate

30 112 (Fig. 1) for movement with the carry plate axially of
the feed tube. The carry plate 112 is connected by a
slider 114 to an alignment rod 116 mounted at its lower
end to the alignment plate 100. Above the carry plate
112 the feed tube extends through another bellows 117 and

35 another fitting 119 connected to the hopper 30. The
carry plate 112 is capable of being moved up and down by
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13 assenbly 50 across positioning ring 32 in order to effectively cut
the cornea. Further, as the cutting head assenbly 50 nust be driven
in a snmooth and controlled manner across the cornea, housing 51

I ncl udes tracking neans 60 which are structured and di sposed for 5 mat i ng
communi cation with and tracking within tBannel nenber 42, of
positioning ring 32, in order to precisely guide the cutting head

assenbl y 50, amwd adtaradiar e(ndfe shawn heatmeeted 70; thenglifer 114 tefined
arcuate path. (Hpaldng fgééiéﬂéﬁ“i$fﬁggwééﬁl¥r Gﬁe& 51tloﬂrfﬁePﬁe

I nvention is to cut a portion e cornea w thout | ete

severing it, &fdtvery dubg oi? ntBig. & and ppwekeck ed POfh kﬂnsépﬁéetihe
p]yrltogse oIt @dﬁﬂ?&wﬁé r;&breé q%agioif Wamt§ﬁ§| y3). Tﬁéqpalnawéhgoaoverrent
0 e cuttin lead assernbl y romcutfi ros he
cornea, tiat i A% Mk shehans t?%slsg]gat%ag%%dgg%ﬁp?‘é}gﬁl§4ov t+€he
cornea. The atpaxtm;ng;mg sity debab m?dsteld:S preferabl y di sposed on the main
housi ng 51. These featyres be .disfu ai |l bel ow.
Still referring to Fi gut@%ﬁ%h@p?%f@?e%aiﬁb %;F ?6 ?h St8x present
invention is assemndEgn 48 ischenisitiveupd i the erdsendd. of dustCoandi ng
menber 90 is r se W, ﬁg# e t hRo
head assenbl y%cgﬁlﬁlf%ﬁr%%y %nl (rj]rﬁé) 1@ E@g%e&? cehd fg%?rrﬁﬁ?énggusl y
pernitti A novadedeloivane t'et&h@.% ih%a%I n&wwm for earapevelto

posi tioning rigyy321idn iidtStERd ashiD FADW &6, and/orcw@bfnssgeﬁbzy 90

.conprises two segnents a) a retaini e
seghent 95, e it 8 P tloss telérancany apokbsba (o
be fitted ont Gdmd mgﬁflcsamf aspad®® must beflafk nbdoweengthé and ofly

I ncl ude down rdI n I S r nd gri
a portion of %egecget% r%%e%&%gﬂ?g nte]ﬁ‘le re%g?' n{;ﬁg&s{% 88?#'¥§59 g P
i ncl udes 1&n apmheJrBéz 94 The rmeinimum $pm¢@|lnetmeenrtbepﬁﬁeldtb\JhpeMuaBd58 of
housi ng 51. g;&a, eLi, [ C u | ow
passagg of théﬁ%hIVI tlibe ﬁﬁ % ?ﬁe %%?5%%98&99% Pg%é? Esmﬁéfmﬁ I gures
7 and 11) thmélrf‘@tgﬁ%@ff%lﬁ\%tﬂlah@r]t’%@eP‘BgY%-’rl%ﬁ‘énhﬁ%j%?n5°5iallThus
in assemy £k fRiwn ﬁwltm d@ﬁb@ér‘?otuﬁe§ec'ﬂh8|&uyetaﬁ§ d2bliyles
coupl ed to head assenbl s a result he_engag nfnt of E g 3§

dri ving means SRFARINT ¢ cihﬁrﬂ?@ﬁrtﬂ? @% ?Etgﬁﬁiﬁﬁ L¥GREnFuEs 32
Turning tamt hesnbu/rd megferdbDy bé redptedgasembeh 88, possible. Thus,
structured anq: | s 0S8 agn 9 ‘pﬁlgﬂu&gdf%g ri__t%g &lgsé%gghgg PEPBeEhe 44 of

positioning ri r& 0 pernit cou accordingly,
the cutting hehmluesemmnquOB%dha@cbedntaelecbedtbo minimize escape of

dust from the joint. Fluid bed polysilicon is highly

elastic so that it is difficult to contain when put in

25 motion. As shown in Fig. 9, the distance D the feed
tube 44 is inserted into the upper end 42 of the delivery
tube 32 is preferably about 30 times the maximum radial
spacing S between an exterior surface of the feed tube
and an interior surface of the delivery tube. In the

30 illustrated example, the maximum radial spacing S is
about 2.5 mm and the distance D the feed tube 44 is
inserted into the delivery tube 32 is approximately 75
mm. The maximum radial spacing S is preferably selected
to be greater than the maximum particle size of the

35 méterial being fed through the delivery tube 32.



W 97/ 28768 : PCT/ US97/ 0
14 pi votally nove about post nmenber 45. Preferably, p
includes a bushing 97 having a bore 96 forned therein, whi
to receive a substantial height of post nmenber 45, thereby
it therein. Further, in the preferred enbodinent, the 5

1666

I vot segnent 95

chis ~ sized
captivating

pi vot segnent 95

I ncl udes nai ntai ni ng neans 46, see Figulkd 5-C, for mai ntaining rigid

upst andi ng nenber 44 within bushing 97 and engagenent

means 98 for

mai nt ai ni ng bushi ng 97 cA/egapi@ihietweenutpisealmh'rerg emdbef YHe Reédrtubg now

to Figures 5- t;]eg[ r
enl ar ged head 1‘% 1%dup£?éapn{ I ng me 4@%%(1

éPbJazX | EE' yde an

annu recess

48 or taper atmmferabl}r h@mi@%@ct|waevenps¢<almaargceembehenantpsn

itlustrated i gﬁgﬁ onprise a
t hreaded shaf trtH:é Q}fééent tp%slériegs%%p r@gg‘slﬁgﬁgﬁ?g ﬁ#@ﬂé%ﬁagg can
be sé ectﬂ%%n%mlsﬂm REMT IRED- upgr%ewaal@lm @rgap By 15

rotating handlgh @k Cs?lﬁéﬁlIElr HaP tHE SRd11osepLPgieé

Ogi$€, which

annul ar recess, 48, thereb repoval _of. t vot segnen 95
fromthe upst a"rﬁjlrrﬂj"qu@ﬁbé/n Qﬁr}éntqg%r%’eﬁ/ 5 tRet TJ‘F%CB"?‘ t1°iert will

be therefore [Btaggd emc&tme:ktm lttheasem@I@ﬂ tfl@éngaph@ is
means 98 and nmi nt ai.ni ermt 20

00 and outts nqHRpt AL Er Wea 0 IO Henee B igd or R4

engagenment
upI L ng_nenber
?q'r‘B‘éV‘ 44

whi | e préwent inagiilajsrap@:m f$om®f |©h>1mgpe1p the pelysbiicon uptlandl ng
menber 44. 1t Wiyl sidie ARPI&Gh éé%f@f&les hax»{hrganﬁ)éfﬁeio

upst andi ng rrer’:rlber 44 acts as additio

or ena ng t he

cutting head &Yerdis P 1 Prldihe smal than ghe gprliest farmedin a
snooth and gttt |fihe BNGe FSIPSSlicon. poﬁﬁttmlﬂﬂeféﬁﬂe§2 and thus,

t he cornea C. Ref.erri 0 F| as, to, Figures 7
bnd o the © embagiment nahe tkERs ! serametir o ke FSea Bintrig I how

be dsscr idpproximatelyedqual #s tpinevimahyal entiamelter

hef cuh&i ng head

urtace cor " SO e MRS hd g ey CLee | A5, P L

defining a frds tded ﬁqﬁl@rmeamreth@pmrml/ Qlfstpbee@elmery tubend face
54. Because during surgeﬂy 1% %Mﬁaﬁ‘ﬂehﬂ?ﬁt""éﬂﬁé’b& ¥ ofe fluléidbga' ven

across positioning rlng an arcuate pat front

ace 52

preferably deﬁ?q;ééela'-%%r@dl%c%%céw Eeprie fRed twee 44 apdcuat e path
of channelg merdeari vy '%Lﬁ:ﬂaaézpr%&&tﬁdyaﬁ@%é@?e&rﬁoly51li@bﬁ 88YsERH S

structured to contalnthe cuttlng ment 7

.
cutting surfaletMrsedh V%’Eﬁft? 32 a%%%%ﬁ

aiively expose a
%bx?rﬁy be forned

integrally w tdbnfﬁbﬂérhﬁltsﬁ rlgméldelmé:hp system 12, the delivery tube
will become jammed, preventing its radial adjustment.

:I‘he present invention permits the dust to fall through

25 the rotor assembly 48 rather than collect in

the rotor

agssembly around the delivery tube 32. In that regard,

the sleeve 64 is constructed for holding the

delivery

tube 32 for conjoint rotation while permitting fluid bed

30

35

polysilicon to flow through the rotor assembly 48 between
the sleeve and the delivery tube. The sleeve 64 has a
flange 120 near its upper end which rests in a
counterbore in the hub portion 66 of the first sheave 56,
and is connected by screws 122 (only one is shown) to the
hub portion. As may be seen in Fig. 5, the sleeve 64 has
spaced apart internal ribs 124 extending generally
longitudinally of the sleeve. The ribs 124 engage parts
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15 preferred enbodi nent the main housing 51 includes an interior
‘chanber 88, see Figure 8, structured to receive and naintain an

i ndependent cutting elenent 70 in a cutting position. Most

preferably, the.cutting elenent 70 is disposed within the main 5 housi ng
51 at about 20 to 30 degrees fromthe Ho¥i zontal plane. Al so, a
cutting opening 56 is forned at a bottom of housing 51 so as to expose

a cutting surffcthef upperi porsliomedt of tdhee deiljexry tubeg 323 with a
preferred enbgdi Uttt | t LS es agle, ing a
shar pened cuttggiﬁgeggtagi?tf,h&?%g%c%???ne §a§ o¥ If\/\tlfli cf&lg‘ay i]:;sél pr efrg?l;%l y

formed to havBign BmgRigreasprdlsnddl gefige betwaarn tdigw nakatesrelyto 10
degrees from EEE‘FEOI’sbAQEEaEOQ‘Xie%c% ed€¥1uid H@@%lfyaﬁqudaﬂ hes .pdde bl ade

itself is_operab onpected to ye renpvabl e from .a_ bl ade holder 72.
Bl ade hol der l;‘zgrpilg p& bpﬁ.eeve 6fohskress Eg‘ec d@ﬁdﬁw FR% 3 ande
Figure 11, cosheckadetwe .15 housi ng .51 through aperture 58, and drive
means 80 inpart an scil l.ating noyenent .caysin l,.ade. holder .72 and
bl ade 71 to mve bl SAIvEEI CobRrA A e O FA LS o1
t he surroundi hhe f£lowsodewsidapedr Ediikde bedl gollymidiingrb Wwhider archiefringt he
dnterior C e i.t:hin . housin i) ' t |
ctting 20 B Labh coffgesdid ol e Fosbe! deneihsy 4, | L MHeimat
osci |l atifig cuibeng2foeéntihe slesyee 64 emgadeoHiengledivery tube 32 at
Additional |y, ¢iyB 8%481140 sPRlcEd 13catadnEUon Hhet it ti®n 36. be
renoved and reﬁlaced, hgu5|n 51,|nclug§$ access neq?s 5. C,@ie_ltg_gough
_the access medf€ 53TRby LPF& 4% on &hegoubedt syiriaqe, of; the ,in
the preferredshaped Upper and a2 Ofl e deQd vieryFitgibes 32. The ag@®siEd Means
55 at | east pirti?Llﬁ torn1b§ ton1§@II of. ousiqga_l %; near. re %gnd
face 54, and 888 P‘?, 8’3m9f’1 Ca Y& &SP WP Jh(flhg% y
connect eti5t 0 £bemedr douadisug teblensisnnesr weicly @s by Hgsiag reeaquasrik f ace
54. Door membes 87008 oTRAAOIRIGIEE Rubet 1990 d aldnoviieid \GuoRdd | on for
surgery and an open position for pérmtting a used or contam nated
cutting el enefiiamgtes BE tdeoded ivesni thbe 32 Viguash@londits ¢PRR%d with
a _ne\t/v or Zt _erpt;ﬁtsalht BBY Q'l'x%_”?.!htternal d@%retr&mwlo‘i?lﬂlm l;.ﬁﬁ)éﬁ!{éf%'ﬂ?' y
mai ntai ned in e.cl osed posit,i onventi onal Iy known fastepers as
depi cted in FFEBRENE. spgs%qqtlggﬂy 5 o é:é"q‘ Hﬂﬁlﬁtglﬂ%r%"‘i“hajfrﬁoor
menber 2@ doAA ineermediatenpozttdion 2sd@etiWeerc wHe hgldl eshmped Quppéri s
bel i eved that tAhQi ructure is_sturdi nd, | ess fir-aqil han t he
structure of Eﬁgwﬂz and %’?‘ rg‘l?gll’%t EE: ,lo\ﬁnilg§ Zﬁf ﬁrosrsﬁréa]tlgeqlbeo&%e%ent I f,
when the cuttdihgmeter andnmdioes notnsemtedt itthd sidst Y24operContAdiyned
wi thin the . .
PCT/USQ?/OlGGghe ribs 124 with %%Ezﬁéﬁﬁve?y_tube 32 a§u§wo spaced
nm cr oker at oneapart locations helps the sleeve 64 to hold the upper
25 portion 36 in an upright position and to prevent canting
of the delivery tube in the rotor 54. However,
substantial space is provided between most of the
overlying areas of the delivery tube 32 and sleeve 64 to
permit fluid bed polysilicon to flow through the sleeve
30 outside the delivery tube.
Releasable connection of the delivery tube 32
to the sleeve 64 is achieved using a bayonet connection
having connector elements comprising three radially
projecting pegs 132 on the delivery tube (Fig. 7), and
35 three inverted-J shaped slots (indicated generally at _
134) in the lower end of the sleeve (Fig. 10). The pegs



Alfsc') in the pref erred embodi ment, housing 51 of cutting head assenbly

50 will include depth adjusting neans 75 for adjusting the depth at
‘Wwhi ch cutting el ement 70 cuts into the cornea. As 5 illustrated in
Figure 8, the depth adjusting neans 75 are preferably di sposed at
the front end face 52 of main housing 51 and format |east a portion
of the bottomwall of housing 51 near fx%nt end face 52. Preferably,
the depth adjusting means 75 conprise a separate nose segnent 76,

whi ch is strutB@ratet dopatedconelthe jotertmediasepastbiamiadi ddmnected with
housing 51 bysugyQ at Bav Pt hen%hbﬁlarlxolséga%segneﬁ%&g:?&g 4G A

screw, a bolt, etc. era rlses an

_engagenent se@ﬁfbh’!’el’Y 5]41?6& ﬁﬁﬂl FesE in a ggst poHtdan ﬂéﬁo

Engagenent segppaktéd-or e&at—abhm' %badqslstanea tﬁf rﬁﬂ@'sl@@lzé%mhl Ofp i S
f or med to define an i vert ferably extends across

an
‘the wi dt h®of Fﬁ@oﬁﬁsé &ﬁil’fi"e%’ tu%e 3?h|f§'°§l eve ‘%ledltan"cﬁ
confi gured t01b£tédcapved abeet @h&e@bgs 1320dut A tHY MRS Pk tibndi d,

al so shaped | ap_inv f orne WI hi n _hoysi ng,51 .on a
bet ween oppos#%gryp‘ﬂi"’ﬁ?ﬁ %8 move EhgoRE0E LL qﬂ%eﬁﬁraf’r%\?w"t end
face 52. It pbktibas2038 afipthe aledtst,hand mrmmtdnoppmb dmmndwt aofi ghly-

stabl e nestin r dwel er a i 0 51 even
as the cutti nghg S]‘eﬁead asbsg‘%f:%flg&)l orF %D c?fpaea‘%“}@rhpagrhé}agé pa ath over
poSi ti onmg sleeveng43is agr:pmilshsd ﬂolyugtervamdngx&healﬂceremng pl ate

menber % preferably integral with engagenent segnent 77 and is

di sposed 25 su stantially .in.,the horizontal, plane. Vari abI e depth plate
menber 78, has a dE'Bth&é&P’@Fé’dté’?e AR s qongiriakedtidh i s a

di‘ rreRsi on fapikigatecErdwbyft Feudidr wﬁdlymmleﬁﬂpmﬂmtﬁ&sid@hr@pt h
of the

€ Cornea. ﬁ'&g}m f.i,cant fea.ture of the

present i nven?Foie?ggﬁgagsoiPPf}é’S& ﬂ‘Fﬁf“al W &P sté’gerré?ﬁlsys%l Rach

i ncl udi ng5a paasebsﬁahtau.amyhamﬂ.ug\nard|sﬂ:maﬁntﬂrpndi:mmsnmiat portidmpt h

"H'. It |
rel ati on\émhl p %gt 322%11&? hﬁi;%@a%ﬂﬂg;]_'igg %8%8'%2%#%%%& %}l%eter cf%af];/l%{ of the
cut to the codadivaryt héb§u3f3| bgl@@a@h@sy@mryem 42 h@rﬁ&é@d@ﬁ@rmd

during surgerynhbnnhifR1¢ é@ﬁbt% gb1 ilfiréo%fo%m %%boxﬁiai ﬂ? on
the cornea. For exanp having a Iarger ept H'

will shield nﬁ?élﬁFthE“-bPaHg‘rQuS& tlltﬁgol?en upisE eRdvheiBnges 0 e rrenber
78 havingoa Sﬂﬁtéﬁﬁameaib.meUerV\Mbhld pro&&la@s@uﬂfrae:e@‘ fRicdnhgphhe the

o st = 11 g5 BBl ek B e pIS oSSR SRSl A S,

PCT/ US97/ 0166Permitting the polys:n.l:.con to rebound off of the"searchangeabl e
with differen d dept djs n cisely
meet the needgh#é%és ?R EP@ jJ'(E:'Ier ggﬁ%?u§“£%d§%ent’ Ithiq% Ill%tpéﬁ 1Spr_esent
i nvention wi |d1@me§ertw§ thef deénvewsutm 32 aessacte It s 76, nanely
one si Zeﬁ'sfOrs&ﬁQtHhE&Q!ﬂiga@%ﬁn%Eehpb%&: e?xd 4326Qd“tQIe0'&1ﬂ’ﬁEt§ Hion

currently the nost_ desirabl into the cornea and
exposi ng” sanefor H@gﬁgﬁrngpreferably the 1nternal iameter should

remain constant for a distance greater than the distance
a polysilicbn particle will rebound when dropped from the
hopper 30 (e.g., approximately 10 or more internal

30 diameters). _

As shown in Fig. 6, the upper portion 36 of the
delivery tube has a centerline Cl which is oriented
generally vertically when the delivery tube is installed
in the rotor assembly 48. A centerline C2 of the angled

35 portion 38 extends laterally outwardly from the
centerline Cl of the upper portion 36 at an angle «o. The



AS has been described, housing 51 of cutting head assenbly 50 al so

i-ncl udes tracking neans 60. Referring to Figure 6, tracking means 60,
‘which in the preferred enbodi nent are di sposed on a | ower 10 peri pher al
zone of housing 51, are structured for mating . communi cati on

wi th and tracking wthin channel nenber 42, see Fi gure 5-C, of
positioning ring 32. For exanple, trackliég neans 60 may conprise an
outwardly extending flange di sposed on a side of the housing 51, al ong

the | ower edgengier evfoetaieenmbhe glentehd ires srequil £l b dnange
about the houg ntil’slo?r{evfi"latte{dg:f@gt‘@d%han tﬁ?g&ﬁl@ idyy Rdpdid HEMDEE S

di sposed thereabout. In the p rre e Iment however, the tracking

means 60 are &ilyicsbedpalysiddsion. They@ngke Rf kapRSYsiadd @re integral

¥v:th angzpl ang&ga@etsl&eg\f@%iga@tg wl}ichg:quéfiﬁﬂe%i%.lgﬁim port h:Ebtéé)Ign ?L a
ange seé Figur . referably, flange ext ends o eypn e

peri pher y5def %ﬁéﬂ’%ﬁy%eglnr&ﬂgr&ﬂﬁ i 'simrfg% u’rf%ﬁ%?‘igp?g]tiy‘? icon

gener al IK pgrﬁ@ndioﬁagﬂﬁjyo 26°. rairﬁfjiaﬁg]téﬁgs e dnglidrportidwah tilces

cutting head as . | signed t.0 receive nqgse s

havi ng var i'abf”é‘%glgg‘b% gﬁod:tlgontas'l' Vrcfefg:,eé ﬁoayﬁgle%q@hi]é%gé&%%%%%@ly'

therefromis eklacied donks grdadieghtthem dthe angle eshorepesrl, dhieclesst i ng

conmmruni cat i on it h d t q}%ilr;}% .30 ?cgbqn:ln | dTE

positioning r F‘#&‘E’sf% ang]ﬂ t({?(;ug ég"%lgiég cou gwex't m%ﬁ%“f% oen one

side of £Re hoeFenpreferadly iqxqadstdiemnglefodierIne bY Ayaamuns

di sposed on e3elsSitPRin about BATEAMRD InRHACRIFE AL YRR edS, thd CakdVe

facilitating use of the_ 30 present Jinvention qQn either a patient's |eft
or right eye. ©f repose by &f AmqundyilRRS FhaRaRIPL the ned HHidRE ng 51
i ncl udes - attilleld pPrvici @8 ngaoEt mivtdd 9 Wrhd thavlpen (fosbd dby | thet i ng

50 acr oss' posFELOR, ABTRRG A2 Ped T R Pt fe 08 8835 reand

65 are fabnedaggledalportdion dag suppdrissl Bt @an angleindli figom hor Ezombal |
t t 53 d a0 s | ' I f h
structure AR A élsv&%ln J%@Wél%ﬁﬁglgfgr’ tg?rfﬁg-l Bt he ané‘i?&t ﬁe

juncture between si structure 5 ear end face 54 0
housi ng 51, WRCERi&oul der is sized to be too |large to pass wi'thin the

gf;?gg$|68m3”ber 42 of t heeRdA6 dFE 3w 45 BREr Y the outlet portionVHb

_ PCT/ US97/ 01,666 .
18 pr ev&ft the A8/} ivamhdrbs Rt MRS & i"cﬁ{l%rLi[’rfée ré%&’é%%’é%ﬁ*% 50
across pa9iti genegalllyy dwnwandhaet anitdrngle ergadenodntoscidse C2 of bet ween -
shoul der 66 ang c I r.42,, by ' ' Lying
means 80 can l%g’es[&g%g%di g)‘r?\)% oéln%}se'verﬁs%f"%%a%ief’mﬂﬁle émrr%?/e%%ﬂgﬂg)%{ t he
cutting head sesdesling) 01 ishowignisd gatierakiypywertically. 2@ ma¥ been

descri bed, itbgageg%enﬁ% dEl’Etdﬂ d&5EMUo ?%.Zéfects %‘%‘ﬁ\ﬂér&n per form ng

surgery on the .corne.a', the |l ayers “of the cor are cut should

not be conpl eedigpifdrantdy £xam fhe fend ok the angkeq ipoxiien 3B heathe
assenbl y 250 ap@dt@b 0 tHOVIRHGH t1Y tife didmditbr dhecke/tdutDe®fpdbheisar nea
results in th%of % %%L.leo rianfata lceoarsq:eaaltbout 1 and preferably somewhat
exceed that ratio. The elongation of the outlet portion
40 permits it to redirect the fluid bed polysilicon for
, substantially columnar flow out of the delivery tube 32
30 to the crucible 20. '
Control of the flow of fluid bed polysilicon is
also facilitated by a bulbous end 140 on the angled
portion 38 of the delivery tube 32. The bulbous end 140
is a generally spherical section having a center at the
35 intersection of the centerline C2 of the angled portion

38 and the centerline C3 outlet portion 40, and having a



fl;'ap') F, as illustrated in Figure 4, which is also safely preserved by

t-he assenbly 50. To preserve the corneal flap F, housing 51 i ncl udes

‘a.flap receiving gap 59 formed within housing 51. As " illustrated in
- Figure 6 and nore clearly in Figure 8, flap 15 receiving gap 59 is

di sposed generally near the front end face 52 of housing 51 and nore

particularly, is defined by a gap fornet7 just forward of the blade's

cutting edge 71 and just rearward of vari abl e depth plate nenber 78.

Thus, flap reaaidiusg RyaEeEd it© the iditsposedd madias wildrlverdrgbedf housi ng

gap 50 ext endB LR ey T dhe ¢ fgﬁﬂ%%*{%%.%%ﬁ e Yend PRy "R 0

51. tnemdmmg:tncnhet FInig s Pl ysilEconl o Qlavheabwst ng head
assenbly is ilgLligtsAl Qﬂ;ﬂ@;&f@l Pl id nsarggjr | {9 {Megent in
a cutting path_over the cor nea bel ng‘{reatleaf Ig?l mnary 25 step in
the cutti Ry t Fdosgimen atrithe @@Jﬁtdém@@fh)“lhe ret ai ni ng and

posi ti on: ngdrreansb?»o barml ﬂall éiqfdar#b lxﬁ&@eﬁi ﬁﬁﬁ@i@il’y%tbrm?(d DRuUphed 23
previ ously descri y C i.ng ,menber racki pg nmeans

of the head agm?ﬁes@%w H)]\?é’r?'r}%rﬁ]é’}q’;?’ealy ﬂ'ﬁéﬁ?nﬁ}? cted to the
gui IO:|e nmeans 4@>o<1&rs1aic.fsjddmmmg:ne RO LI, | 'l\t?éﬁmidéxé Ccﬁﬁtyl'ta)eiérj/étaleeln
in Figure A that fi ont . end o as_been matingly
received i n cREEPSHEach SHeLL ga i Bvimeandd Ho X YERGEC" Tho "The
wor m geail0120 pressungnedid/ an 1nem1:@'aﬁecblmh tasptaregbn rie keigecwiapedi ti oni ng
ring 32. Turni Ri 50 has noved
i iti t@’%&‘@’h the s 05|t| oni ng(j Iﬁﬁﬂﬂa cutti f]% 0 o

Into position acr 0ss t the cornea C

i s taking aghiyaded-itqu rI@aé'- ¢he |q}§m1%ﬁe%°tw@fc&1mﬁdo¢m tR_smBedbty 50

ina pOS'AHdl'tl\Mﬂ%{lelpb 1Sa'.tc.Qﬁ1 NRANEIRR B et @&l 1 veirg hapgedm negber
42 of the pos:aé oni nSgW‘“ TQ’% mt land ref er abI y lT):'grec%{ent any
further forwaPd5est % >P° Y§4 Jvﬁ‘?rf gttt ear

WO 97/ 28188 1Initially, the ball valve 96 is cloééﬂ'/éiﬁ!ﬂltlﬁ)éﬁﬁ@ed tube

19 e norOM BAOUE Lt iiled Tl SIORRETL ROZINL Ul IS LLY B! STON

70 has not nobved Co across he"tor neéa has
portion of thé’h@ohmam Atand tdals.mmtsystremtlmgp:ae d@rcnwht to aflap

which is Teft g ?I%\s%&fée 1%Pré}?airﬁ§r@9$d§’@d@r&¥méz}ﬁ? @ﬁ(?atﬁe paei ked

"F' which is shown | e ure 9- eover lustrated in

Figure 8, thevVédvisedis mpaned catthe ieeddatbeali4bciedlovwered,te (@oek imr d

movenent 20f t ka0 Idha éiéQiNai o BHH 14Y of |3 deliveEPi iBE 32Pas9 of
nd kept clear of cutting el enent 70.

housi ng 51 toﬁ& eserve
Once the asse "Syg’n 'opped as in 10 Figure 9-C, the drive neans
80 can be reversed to peymtiun‘nism_;rmhe handld 9de métdelgu}'enpl taslsend2y 50

nth te di
141 0nPost % Suhil Wodlllhn che WRALCPEERIS 48 AR LIRSS
flap F out of riaddalr gosiition gmiatlve 39 dfhéhcopemotdid. oﬂ'mlse eieaibbad

assenbly 5 %0 T &lgUr NS L3 QI t‘?:h”ez5 out 0PI LA bANY QRES (e PGS 16004841 N
Figure 9 t he head asse
about over the center of the crucible 20 (as shown in

Fig. 1). Fluid bed polysilicon is then fed from the
hopper 30 down the feed tube 44, into the delivery tube
32 and out into the crucible 20. The distance D the feed
30 tube 44 is inserted into the delivery tube 32 inhibits
escape of the fluid bed polysilicon from the delivery
tube. However, grains of polysilicon which do escape the
feed tube 44 or delivery tube 32 are permitted to flow
through the rotor assembly 48 between the sleeve 64 and
35 the delivery tube. Thus, polysilicon does not readily



can- be di sconnected fromthe retaining nmeans 30. The corneal flap F
can then be maneuvered so as to permt the cornea to be reshaped,
‘preferably by way of a |aser surgical procedure. Once the surgery has
been conpleted, the corneal flap is returned to a covering 20 relation
over cornea. Anot her uni que feature .of the present invention is
not only that a corneal flap can l8 created, but significantly, that
t he corneal flap is positioned in such a way that the blinking of the
eye will not coplegktrin phei robort hesembiyah 8f fapthert Hahddrikdag 5

foll owi ng sur eLfLn | es 10-A and 10-B, the

I nvention is 2%%%%%?5§glﬁﬁéi?ng?ﬁgggghgg&both a patient's left and

ri ght eyes. As depicteBolusiligrrn eptaringf shendeljveats tafoe 3@ £lowswor k

envi ronment C@Qn@f¥985ﬁheéh@ hRgtBa pestibAn3ef oROWRe IRl Hur  On the
face of a_cl ock. hus Fi gure 10 t will be noted 30 | that, with

k n, -A,
respect td t HELERPPENELQIPRE Bpeauspethe: APAdenbalbe angledemantismin the
initial poswmﬁnebwﬂtm Ehébﬁﬁrﬁlizéﬁﬁaidiét g@eat_erhﬁ@l&@lr &Hey afigle &l ﬁde
position. . Wth respect . fo t atient! right eye, the cujting hea
Posembly 50 | FOPRES AEt Fhe WAEPELBA| sThe outlBrIphEEIoH a)ant ot o
general | y sevienlbbukoekdpngdt ofinthéudeligedy tubew3Ro rediuweetl®@Hs the
cutting head ; | h a d r gQsition
Gener 'y a | BREESRLLROPRES, BoPdRttBatobRen so REEI AR AT ARG 0 )
means 65l@re eéxitsuthengubighgperhion ih a subghantdalignicolusmasf the
positioning ripgedq. S¥hllst hghe@BYufiHr Egﬁr polysiﬁ.?.'&:%r d Ml 100
assenbly is prevented. I{ wll thus e WO 97/ 28768
PCT/ US97/ 016682 bounce out of the crucible 20. The bujbous Fﬁﬁﬁﬂéﬁ}ated
that regardl ea:sls@; inhebheéhbmeggﬂhgi aél tnéoaad%ee pdrtion lwrfglg pg(r) for med
on a patient's left or [ight e e.cuttin ea asse |
preferably aligned geneﬁégPyt§%tWeg tﬁglggmgggpgcghe deﬁ&&ﬁﬁﬁ(ﬁébﬁtiéz||
al so be Bpprecantbd SwungFbgyradl@hB peatiphkey5of m@wlopemgtw rmefaltHe ap F,
femail ns attac@f?cﬁ.?lé.hﬁocﬁﬁﬂﬁﬁ Ehe?‘ﬁaindle 9BRe ThRola e FOfthe
Consequent |y, ol Towi ng the “surgica procedure to reshape the
cornea, the ogrewtht rhambert B8 dsr newl open fPraEr@AWINGb@ in general Iy the

sane directi ofoAsctPatadtihal silicol! HAKbR] Faeh @he melltal ifhe it is
bel i eved that _t he domnmagd 10 blgnkln .mtion of the patient wll tend to
stroke the coffiiveryapube 324pay RRJPeRdtigpedsiear kihen BehiRheny RE t he

corneal 20ap tRepépefr top ofr €hpogiricéblen 20h € o0 adéd ngo ke & lavial bdde
devel opnent of ' '

. { t . Ref ' tq_Fi J1l th
present | nverPPhYELHEERRCE0, EBS BRAbeifekhE GOUBEENCE SrAIrd AP e
cutting head erxgpetdls $0ContinmonesBerhargeezoghiraldkici.bedhsyebal | :
o Haty - _ by f y ot
Crement 0 1 noLehphErbBoche geTEoRE Rung S0k Ayt i, WA N0,
means preferapvgr the ppenuliepaofotbe cyucipler @0alisy ashdemed aileper at ed

a“g nost220 inﬁEQiﬁ?h§1tﬁe”EﬁEOEEtQhecéﬂEQE% Sor@AtrAldond Alt e Giked ant
an horizontal plane. Thus, polysilicon is dropped from the

same height over the crucible 20 regardless of its radial

position. Moreover, a minimal amount of space in the

furnace 10 is required to permit movement of the delivery
30 tube 32.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above

35 constructions without departing from the scope of the
invention, it is intended that all matter contained in



uni form speed, regardless of the |oad. Specifically, under nornal
circunstances the natural resistance encountered by the cutting head
‘assenbly, as it is driven over the cornea, would result in an

i ncreased resistance in the winding of the mcronotor, which would 25
tend to cause a voltage drop and therefore a drop in speed. Wile

sone known systens attenpt to avoid exce¥sive drops in speed by

i ncorporating an overpowered nmotor to keep |osses bel ow a 10% sl ow

down, the notbheleboye drecyiptden oy @howsn ins Yheefagcamnantingped to
ToNi L0 CUT I ekl AYNENENEr SeNoiGp el 3B YITHEHROR TG Hot A1
utilize that infornpation to control the applied voltage and mai nt ai n
the constant @péaMitirgi 8eRdki-t ori ng and conpensati on, soneti mes
referred to as | R conpensation, thereby permts a conventi onal ,

regul ated 12 V supply to be used with a DC notor in order to maintain
the effective constant speed of travel over the 35 eye.

Referring now to Figures 8 and 11, the driving nmeans 80 further
include a gear box 81 into which a notor main drive shaft 101

extends. Fromthe gear box 81, and specifically concentrically

t hrough an engagenent hub 110 as shown in Figures 7 and 8, a

WO 97/ 28768 - PCT/ US97/ 01666

21 cutting assenbly main drive shaft operatively extends. The cutting
assenbly main drive shaft. conprises two primary sections, nanely: a) a
t hreaded drive screw or "wornm' 115 shown in Figure 11, which is an

i nternedi ate section that extends-through the engagenment hub 5 110; and
b) an oscillation shaft 130, also shown in Figure 11, and which is the
i nner nost section and extends through the worm 115. Turni ng
first to the engagenent hub 110, shown in Figure 8, ° it is an outer
nost section that preferably extends downwardly from t he gear box 81
and is structured to be matingly, and preferably 10 t hreadi ngl y engaged
within the threaded aperture 58 fornmed in the mai n housi ng 51. As
such, the engagenent hub 110 functions to secure the drive neans 80 to
the cutting head assenbly 50. Further, it will be recognized that the
drive nmeans 80 are thereby permtted to enter the cutting head
assenbly 50 through a top 15 surface 56' and are thus, generally :
vertically disposed. It is believed that this feature results in |ess
interference with the surgical field and facilitates finer handling by
t he surgeon than is offered by conventionally known m crokerat ones.
Speci fically, known m crokerat ones  have typically provided for

hori zontal |y 20 di sposed drive neans, which resulted in the'surgeon
having to handl e a cord of the driving neans, which if not held
properly -coul d cause drag on the operation of the m crokeratone and/ or
result in a different pressure being applied to the m crokeratone.

Moreover, the structure of the present invention maintains its 25 center
of gravity substantially over the center of the eye, unlike



ofd:systens, t her eby providing i ncreased bal ance and ensuring that t he

cutting head assenbly does not inadvertently tip away fromthe surface
‘of the eye during use. As illustrated in Figure 8, the
oscillation shaft also extends 30 fromthe gear box 81. Turning now to
Firgure 11, the oscillation shaft 130, which extends into the housing
51 t'hrough its aperture 58, is peR@ferably an independent el enent

that extends concentrically through and protrudes from both ends of
the worm WHAT EHLCIAWED otFbn shaft 130, which is preferably

structured to 35 freely rotate relative to the worm 115 includes an upper
drive portion 132 which be wel ded o, shaft 130 but.which is in
any event, drivingly erfy a@%]d"%"f‘ih %%fné%}}m%}'sﬁ%‘ﬂ £8Eured to the
not or main driﬁ&cs:twj tedlild nitcenrTh Dof yom r ot édbubee ointdeanbudhace foihi n

15 et il o LS AOSALS 8 558 Bt o

22 osci | lshteldn ﬁmamuld@ﬁhntli-lﬂcy hisolat ng udhegintértentef them an

opposite gnd ijﬁfrrﬁ e p| 'Lséa%x?é‘nhﬁi‘éfélsel?gsé @{'tdﬂfﬁ'ﬁﬂl%tkﬂPanQ

135. The "osc er abl ased

to maintai n erfgjehdinr p#@sémgz the t9el td A FRT ER mtbqgnglteqis Eheuctured

to extend int %ﬁl&lwze Belﬁ@réads&ﬁ;@@e&pp@f Seéd B eng mat@f:.&heti%ég?h
hol der 72. such 3l§$n axj al - tatl on of the oscil | n shaf

the oscillati d’ﬁ‘ﬁ)ltrPFl ?’Eﬁ%ﬁesa a heaf e%%‘t"é‘?%m?%%@u‘glﬁqnc%h?er and
al ternatingly W SIS | f&r heatsmgletleélg@ﬁu@ibwp sh@tsa’hdof t he bl ade

hol der 72 to re al ter pscil) ati ng npve he bl ade
hol dor 7300 EkEriaTl delivény 71 PErAP et DYEd th Chatl
oscillating shaft 130 fLatdmhvencyud.dsea:ﬁet]me\d&ymleryesystempbst| on 133.

The oo eoonder Y Ao Us D 4094 ge kOB, 01 sfSR0RCEE T brg T1 7ot

interior drive @ cont al né first
interior dri véwqweﬂsl cenreealbly wibbove the gemueiblie ngtesdeliiveryo an

nterior driveafiadiiy iditlet aidebelabl dohdehudesaarsecppdelpiagi or

drive gear 105 d| spaqsed I hereon in spaced aparf _relatign fromthe

first inf@&iothe iSRligbdpaterial girom & sopFce lfblbtﬁs:"%? athenfvrnage

oscillation shafglll30, the 20 second interior drive gear 105 al so
connected wth t |n erio drive gear

rot at es. ' Dri vi n%l% %Pe} ecg nd
105 and struct ur ed TOREEARAIFFH BH TR r° fm?‘ﬁ% b%%r Bﬁx 81,
concentri caI | dethirnvmagh tulee efiopa gewiong idg bndtiidon i seldeivéreadebde furndceve

screw or "wor 5. ar box
81 incl udes arg reljl\llle’ h??’%@ﬂ#ﬁ?ﬁ%%‘é‘? ﬁ%?a%féf ﬁgglgg??ogfdrl
gear 10520 Adhe dsuivery jotbe utlet welative to theckeprofirthe shaft

104, the wor mgllpiG0rd esp o det 4,4 Bf adesnged; W thin the housing 51 of the
cutting head assenbly 50. Further, %at ably_di sposed within the

housi ng 51, in operativebREAMRIE B °°W‘%¥P‘F‘h%dv\%9ﬁ1 aqtuating gaid gear
120. The worgwigffiingl #btion of the delivery tube to selectively

radially position the delivery tube outlet.

2. A solid material delivery system as set
forth in claim 1 characterized in that said mounting
means mounts a portion of the delivery tube for rotation
about an axis, said mounting means being constructed to

5 compensate for deformation of said mounting means by
thermal forces caused by operation of the furnace so as
to keep said delivery tube free for said swinging motion
at all operation temperatures of the furnace.



prefterably includes an increase dianeter central portion 122 having a
plurality of drive recesses forned about a perineter thereof and
'structured to engage the exterior threaded surface of the worm 115

such that the central portion 122, and accordingly the entire worm 35

gear 120, rotates about a horizontal axis as a result of the rotation
of the worm 115 about a vertical axis. Rt is noted that the screwlike
t hreaded surface of the worm 115 enabl es the worm 115 to rotate

wi t hout noving vertical 13. antl selidssavetiakndelivehe systenrasesetcesses
on the wormg s 10 i.on r : s WO
e ?ﬂ{'ﬁ_cé WBLALLR ed P Rt v oaa e

23 Ext endthFaetembaed ckittlale; but preferably both vertical faces of
the central portion 122 ofrdtier WopdtSerelylcbinécPePbSs20as8al ivery
125. The propul sion shaft (%#25, whi ¢h, conpri ses addjtional_ tracking

means; is tr RPTLR X (ePPIOHRE HECLR R FheYeWtth 2853 of 5  the
mai n housi ng SHorstth e ged ef dh et h@PhAE ddé £ Gea¥Bo Ncdensat iGASHE 88180
ring 32 such that_.upon rotation lgf théatﬂwor m gea 120 agd accordi ngly
rotation of tHHt NGPLHE? <988 e erots %?%‘E)uf’%?o’ﬁogﬂ 1PRi25 rides
al ong the toothed track ESaming dnears suppotrte thetirogohefidrasstabliyn50
across the posjit+.qQni i y and at a steady and defi ned
pace. Furt her%'ln‘f’l;()ir‘-’g‘{,y‘|H=Ig %é%%%f&@nac%%é%, reversing the rotational
directi oft®f the interidrh@ir¥ekor comphbsing ofingt himdtsecondrsheaves, the
direction of rodiddQibtdd 8 arraf§ed dd g&ptnd h&@ﬁé’é@()l%@@w&‘@ﬁ”tﬂéar 120

are reversed tqQ effectuate reverse drjven povepent the cutting head

assenbly 50 oieavVRe® HPT IRLSIVING Ry PREHAR . of patd Rearing mears|itate

novenment over therebetid@d, (ke kf Hsttndhd Nbedod dbRePéd HELHGOEaphbles
preferred that the propul sion shaft 2?5%? t

rtio f the wor ear 120
i nclude a of, F§1ak1Y T i R R Tt %ﬁa‘?’?t %fs%‘?@?e]géewﬁﬁ’és to
permt 15 nmuhe efHesxtesve al i gnnment with the curved toothed track 43 and

20 novenent thereover ..z f I e ﬁg?‘j n tor 100,
it is preferred that bla’?lfn%emec%%r]ﬁ%éeéc}gb@% 1Foo pae%‘?al é%‘r?o ke
act uati on neamhegves [fwoward onesanetthers oot pedal, it is preferred that it

be a dual function sd B9 IbeSethg ShEdhd Nedm §ﬁ§@am%iﬁriﬂf€§iaf to
drive the notor ”ﬂ n 25 drive gear 101, and therefore the cutti ng;head

assermbl y 50 i vhgels maupted o rREIHIOD ARPYHSWRRRRE L2 HLY waradlele
themin a revensss, the fliesls Weidg rpdeitidied systEiatey porcednt 6fa

manual node whereb doct or t affirmatively reverse the direcgtion
of novenent, c()er‘—’lc(i1 X”heaﬁil "]‘;%t]ge-‘%eejv\’aég}e%%%n vﬁ‘fé# e‘?r@/ﬁ%ﬁ ’fﬁ% %H?gnﬁn ead
assenbly 50 3®@ecandh\slieawes tef nehe nmotaolr st ance it automatically reverses

di rection. In either case, however, the notor 100 will preferably be
equi pped wth a sensor to detect an abrupt_ current increase.
Speci fically, when 4 he &A1 iy W%&éﬁ?ﬁww reyeten amesetop neans

65 and f d el firDroed n MOWAEE ik Sa£id h@éu&e{ﬂgg%éangrigorml etely 35
resi sted, an abrupt cur,reqr;i| jncrease wiJl, 6 occur in e nptor 100, That
abrupt current® at%%tfsré;z d dhakoantiiam Nepns @F (fR1d (Hrunting

| means inhibits collection of particulate solid material

5 in said mounting means. ;

5. A solid material delivery system as set
forth in claim 4 wherein said anti-jam means is
characterized in that a sleeve of said anti-jam means is
constructed for holding the delivery tube for conjoint
rotation with the sleeve while permitting particulate

5 solid material to flow through said mounting means, the
sleeve having spaced apart internal ribs extending



p6mér to shut of f, or the reverse novenent to conmence, depending

upon a doctor's deS|red setting. Finally, it will be appreciated
that the present invention can WO 97/ 28768

PCT/ US97/ 01666 24 be utilized on
both eyes of the patient. Specifically, as worm gear 120 runs through
housi ng 51 and juts out of the opposite22 surroundi ng sidewal |l structure
53 of housing 51, the cutting head assenbly is ready to use on the

opposi te eye dbngitadisally dfhthe sledare tformeayagimh tthe dekivexie to
the symmetric pe _of. _t t Lve ans
50 newd onl y SEbPengdaoent ming HepMnd Hp AR Thokebueddiy Kol CrlBite

90, wher euponofi pacra:n.culateb@q]e.d)maémmhaﬂud:egledﬁlé lesee \betwedm
opposi te,gye a Sld}ﬁfﬁﬁ%]_y Ppdifd '%g%_,

vari ati ong anghghgﬁglégeq? él-'et al Ia}léﬁansleeve' to Fﬁe déESCI’I 4
preferred enbbdbgeds chagreteniand dn that a beld ishaprfbanprr end ehtters
in the foregoichg dRIGHeRY %b@dlasyﬁ@w outer léhxtﬂéﬁ:élféri&m_ﬂ}i@ Neh&lr awi ngs be
interpreted ag il lustrat, e4¥1 inali |n . sense. Thus, _the
scope of the PR @l’ﬂ“@éﬂ %I l;émel§leear& gensrad CeiferRRR) 834 % and
their |egal eghevalestve, a lower pdi¥vidmaiaviliry lam/emum émsfatw@n
gg;fbgg?ﬁalGGSngaglng the QNBé%Q§¥3rf%s of the sle%ﬁf generally

Cl ai s adjatentAasuogpesiitee ence df mhecuatltemga,smxiaanl ally across a

cornea of ‘an me%tneala%@ BREre 1 el ﬁ@gmgp%m% f the 3 . 2

pOSI tioni ng rin avin npor ar attac pOI’tI on of
the eye surrodediNgrih ua@r Rasl ttélebéower PQﬁHlOfbalﬁii%dﬂﬁﬁmﬁ@Pgaﬁﬁ% ng

defining an apeirtyon Pedtly Lveriifiet’ space®@THdiRIE IRIHUDNFES &€

cut ;
20 the sleeve.

6. A solid material delivery system as set
forth in claim 1 wherein the delivery tube is
characterized in that an angled portion of the delivery
tube extends laterally outwardly and downwardly from said
mounting means, the angled portion being held by said

5 mounting means such that the downward angle said angled
portion makes with the horizontal is greater than the
‘angle of repose of the solid material and less than the
angle of repose of the solid material plus about 5°.

7. A solid material delivery system as set
forth in claim 1 wherein the delivery tube is
characterized in that an angled portion of the delivery
tube has a centerline, and an outlet portion of the

5 delivery tube has a centerline extending generally
downwardly at an angle to the centerline of the angled
portion, the ratio of the length to the diameter of the
outlet portion being at least about 1.



b) .said positioning ring including guide neans forned on an upper
surface thereof in a generally arcuate path; 10 c) a cutting head
‘assenbly including a cutting el enent positioned therein for cutting
the cornea, said cutting head assenbly being structured and di sposed
to be at least partially received in said guide neans and to be
driven across said positioning rizg al ong said generally arcuate path
defined by said 15 gui de neans; d) drive nmeans operably
connected to said cutti 83 h@dadolid madessmil yie‘]dwaxauss’ys;:emmﬁt of said
cutting head assegbliy 896958 7 chara}iehid i Hh o aﬂﬁwg

oscillating novenent o utting elenen

coupl i ng menmbef §hﬁuétellrlé’@r:¥n(!iutljlies;b@§e@ thbﬂdmhwclﬁlﬂ yextend:.ng)d:pg

cutting head éﬁée%ltie%”%o‘i%':.@rpo%'ﬂé PRiIHbUS HhBBLing a JdidMling means
for permtting novenent oOf said cuttln head assenbly relati've to

sai d p03|§|onFH&eFﬁﬁélaFGﬁ§¥9ﬁ %M%H&w%l%?nter atytdhigtintsrgect on of
2. A surgicathdeventead ine® ofd the @Jn@lradl oMtdlchi arfRitthe outleditting

head assenbly further ¢ ses stop ans for .ahuttin ., _ e enent
Wth eard gu BELhUSR: SRET PEVERG & MRS ‘%‘I’alsgﬁ tne radips 9k Hhed

assenbly i n aahgiletd goredonon of novenent across said posi tioni ng
ring. 30 3. A surgical device as recited in cIa|n12 wherein said
stop WD 97/ 28768

PCT/ US97/ 01666 9. A solid material delivery system as set

forth in claim 1 wherein the solid material delivery
system is further characterized in that the source of the
solid material is operatively connected to the delivery

5 tube by way of a feed tube for delivering the solid
material from the source to the delivery tube, the feed
tube being mounted for generally axial motion between a
docked position in which the feed tube extends into an
upper end of the delivery tube and an undocked position

10 in which the feed tube is spaced from the upper end of
the delivery tube.

10. A solid material delivery system as set
forth in claim 9 characterized in that the upper end of
the delivery tube is generally bell shaped, the internal
diameter of the delivery tube below the bell shaped upper

5 end of the delivery tube being substantially constant for
a distance equal to approximately 10 of said internal
diameters of the delivery tube, an interior surface of
the upper end of the delivery tube and an exterior
surface of the feed tube having a maximum radial spacing

10 in the docked position selected to be greater than a
maximum particle size of the source material, further
characterized in that the feed tube in the docked
position is inserted a distance into the upper end of the
delivery tube equal to approximately 30 times said

15 maximum radial spacing, a smallest gap between the feed



26 L REBBWWﬁgR @gq 'hg head"%F§se N Al a x| ) i :
causeFB:% g e‘éﬂéﬁﬁ h sai d qui dmgﬁ§§§ﬁjﬁpmtﬁsﬂ%ﬁé@@m?ﬁ%ﬁ
‘movenent of said cutting head assenbly across said positioning ring

prior to said cutting elenent being driven conpletely over the 5 cor nea

of the eye. 4. A surgical pgdevice as recited in claim1, wherein
sai d cutting head assenbly |nc?udes a flap receiving gap forned

Within  pube SndNGRE QETRAAYOubal dncﬁiééldlﬁm horataE ’br?tff‘g'? fla|oOI f
recei ving a sai utting hea e orward o
said 10 B'E{I?‘E'F?Fg %%ﬁrﬁ%@?’%#&?y&ﬂ‘@ "a fq mﬁdﬂ:ﬂ} ig‘b‘r neal
flap radial bgpacingy cithe mxteroadndiameter of the Fead §Mbg| belingevi ce
?ﬁ reClh t edagyhr %Mdﬂ | I reo'%%hg fl.htﬁtgrnal didfaedy g &@d@l&&&é&
roug op | e \Wa saj d.cutting

O aur of e KRV e Yekeh s5% 18P A jameyns SHAL, B €B8 YopsrRRcheans
of said poforltimrr@trerﬁgﬂcmﬁaml'@edalcmmmtummer di sposed on said
positioning ri ng and extending at |east partially t her eacr oss.

7. A surgical Vi C C|te | ai m 6, , wher ei |t|on|ng
ring has a genefJaT I ?‘ ‘iea'Jr vcﬁzarp%yhgpgc’ﬁnﬁsga*'a T Halterdy ﬁ%g %¥ends
across at kpesemofer stamlicly swldd magerhabntaraucible ingdde a

8. A sur gfﬁﬁa@@\@m&@w@@ﬂq@ water2hln /s WY RN 1R @eliveryJuuBe neans

O et POshi RIS, 4 Gl RSP b5E02 &' Ghilerine WA BACWASITETCCT
menber , annoz;timtnﬁrmg @ wentedd ias extending slajfenadiiyt icowarddy REPBH .
sai d CUtt'Qﬂi&Q%bé’é%ﬂ%ﬁ@te%n' Bngle, the engle between the

centerline of the upper portion and the centerline of the

angled portion being 90° plus an amount greater than the angle

of repose of the molid material but less than the angle aof

1 3

repose plus about 10°.
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sai d general |y arcuate path. 9. A surgical device as recited in
cl,aim 8 wherein said rigid ; . WO 97/ 28768

"PCT/ US97/ 01666 ' ' 27 upst andi ng
menber is a post nmenber secured on said positioning ring general ly
near a tip of said positioning ring. 10. A surgical device as
recited in claim8 wherein said c8bpl i ng nenber includes a pivot
segnent structured and di sposed 5 to be |votaII and renovably secured
about said rigid UPRRERJMA §ERIAL Dﬁ%ﬁﬁERYOF SREY BBér%iEHﬁN@CFing.

11. A surgical devicevas recited in claim1l0 wherein. said coupling
menber includes a retarn'no seone t structured and di sposed to be

securely and REELLS . 5 said cutting 10 head assenbly.
12. A surgi cal devr ce asa rsmidadnatreﬁﬂ rddllivdwey esystsénh dfor a fughade

neans further sai,d ri nenber w thin

sai d coupli ng sa q’t %?%t#gia%ﬁa%}?s i ?’oq%f ?’1%9 tube for said

coupling rﬁerrbérom&aauj ]tmatstr eatisial s seitthin clrhmlﬁdrn&@e whieheis al ong

sai d generall as recited
Yoo 1863 r}:ot:or asaemblgxéﬁf Aé; Lec df@% upfdi&f

in claim1ll mherern sal I'ng menber
i ncl udes a bu@tisidiening in the fwsrace e a hereeible zbg thereceive a

substantial | gy, Saﬂﬂa rotor ldd&hbibs t ) dbdWs tBRdESd t@ocompensaéé A
surgical device as recited in claim 13 wherein said wg;tgg i ng menber

i ncl udes meand 9% thAEMAL SHRAPLIATY AR (SARFFRFLION caused

10 furnace so that free movement of the delivery tube is

achieved at all operating temperatures. The rotor
agssembly is also constructed to prevent jamming caused by
particulate solid material in the rotor assembly. The
delivery tube is formed so that flowable solid material
15 will flow in a controlled fashion but without clogging to
an outlet. The delivery tube and outlet are shaped to
drop the material in a substantially columnar stream into
the crucible. ' '
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menber within said bushi ng and sai d pivot segnment includes neans for

engagi ng sai d bushi ng about sai d upstandi ng nenber. 15. A

'surgi cal device as recited in claim14, wherein said 25. nmaintaining
means conprise-an annul ar recess fornmed within a neck section of
sai d upstandi ng nenber. 16. A surgical device as recited in
claim15, wherein said mai nt ai ni ng neans further conprise an' enl arged
head formed on said upst andi ng nenber. WO 97/ 28768
PCT/ US97/ 01666 28 17. A
surgi,cal device as recited in claim15, wherein sai l _g%genent means
conprise a shaft passing through a side wall of a ng and
bei ng novabl e i nto engagenent within said annul ar _c gf

upst andi ng menber. 5 18. A surgical device din Ia|m 1,
wherein said drive neans are operably, con ted ut I ng head
assenbl y through a top surface theré o {tihat [Hal neans are

di sposed I'l'y vertical |ent tijgn.
surgi cal device aégcgéggﬁg in claiml, ﬁy nd [ |4§?head
assenbly conprises a main housing includi d&; /Py ace and
a bottom surface, a front end face ace,
a-surroundi ng sidewal |l structuré pe 1 ST ac : d faces
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f% . sai d housing having an interior chanber structured to receive

and maintain said cutting elenent in a cutting position, and a
‘cutting opening fornmed in said bottom surface for exposing a cutting
surface of said cutting el enent. - 20. A surgical device as
recited in claim19, wherein said 20 surrounding sidewall structure of
said main housing is slightly curved so as to define a tapered nose
at said front end face. 21. A surgical device as recited in
claim19, further conpri sing access neans for accessing said cutting
el ement within said interior chanber of said main housing. 25
22. A surgical device as recited in claim2l1 wherein said access
nmeans are at |east partially formed in said bottom surface and
conprise a door nenber hingedly connected to said main housing.
23. A surgical devi 6%§ér cited i ' wherein said door nenber
I s novabl e between Zfbl oper at o3Mgn ap%gg WO
97/ 28768 . ' 7/ 01666
29 open position for renovi M cing said cutting el enent.
24. A surgical device as recitedg It 1 erein said door
nmenber may be sel ectively maigyain sidi CI/%QQ position ' by
fastening neans. . 5 25. i| g ﬂ vice as recited in claim 24
wherein said door, nmber i s _Npil Age onne¢ted to said surrounding
si dewal | uééggeneral et |$ Qi ’&%ﬁ face of said main
housi ng. 7 - A surgi I| Gl eciagd in claim25 wherein
said /02 1z
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door henber I's structured, sized and disposed to be adjacent but 10 at

| east slightly to the rear of said cutting el enent. 27. A
'surgical device as recited in claim?21 wherein said cutting el ement
conprises a blade having a sharpened cutting edge and a bl ade hol der
means operably connected to said bl ade. 28. A surgical device
as recited in claim27 wherein said 15 bl ade hol der neans is operably
connected to said drive neans, and said drive neans include neans to
i npart controlled oscillatory novenent of said bl ade hol der nmeans
and to said bl ade. 29. A surgical device as recited in claim
19 further conprising tracking neans structured and di sposed to
provi de mating 20 comuni cati on between said cutting head assenbly and
sai d gui de means of said positjoning ring. 30. A surgica
device as recited in claim29 wherer i tracki ng neans are

di sposed on a Iomer/ﬁgﬁ¥2gﬁﬁal zone 106 housi ng, said
tracki ng nmeans bei ng &t ured and SH01S r f% tracking within said
channel nenber of said positioning 31. A surgical device
as recited in claim30, wherein sa i ng means conprise a flange

\

di sposed on each side of said ngin

h n ext endi ng
substantially thereal ong. A ﬁ?&%?gaevice as recited in
claim 19, wherein i //& O

1782876
PCT/ US97/ 01666 J L | |l Ze mai n housi ng
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further includes Hept hjfad) usting me ; /o3, A surgical device as
recited in cIa|T1d ) mm,relﬁW§y|d r| :Séi
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depth adjusting neans format |east a portion of said bottom surface
near said front end face of said nmain housing. 5 34. A surgical
‘device as recited in claim33, wherein said dept h adj usti ng neans
conprise a nose segnent structured to be securely yet renovably
connected to said main housing by way of conventional |y known

fast eners. 35. A surgical device as recited in claim34, 10
wherein said nose segnent conprises an engagenent segnent and a :

vari abl e depth plate nenber. 36. A surgical device as recited in
claim 35, wherein said engagenent segnent includes a term nal end
having a generally inverted "V shape sized, structured and
~configured to be received 15 and to nest within a correspondi ng void
formed within said sidewall structure of said main housing.

37. A surgical device as recited in claim35, wherein said vari abl e
depth plate nenber is integral with said engagenent segnent and is

di sposed in a generally horizontal -plane. 20 38. A surgical device
as recited in claim37, wherein said vari abl e depth plate nenber has
a presel ected depth dinension to - correspond a desired depth to be cut
into the cornea portion of the eye. 39.. A surgical device
as recited in claim38, wherein said 25 vari abl e depth plate nenber

i ncludes tracking neans forned thereon. and structured to extend
beyond a periphery defined by said sidewal | structure of said main
housi ng. 40. A surgical device as recited in claim39, wherein
sai d tracki ng nmeans on said variable depth plate nmenber conprise a
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31 flange structured and di sposed for tracking wthin said channel
menber of said positioning ring. 41. A surgical device as
recited in claim19, wherein said mai n housi ng includes a threaded
~aperture forned in said top 5 surface for operable connection of said
driving neans to said cutting head assenbly and for disposing said
driving neans in a generally vertical orientation. 42. A
surgical device as recited in claim4l, wherein said driving neans

are operably conne rough said threaded-aperture 10 to a worm gear
positioned and di AL i {n housi ng as to transmt
notion thereto. gical gcited in claim 42,

wherein said Wol, ng and juts out of
opposite sidesAQ?

‘ ¢ S ggkz 44,
A surgical device as recitgd inlg ' e NETN sA rm gear
conprises additional tracki LOF N, O oot hed track
of said positioning ring/in ‘ Z onéggfd
cutting head assenbly ackQss 5 A
surgical device as recited) rnlgedf

i ncl udes helical gear fprpe itHAn said
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Iﬁast partially into a cornea of an eye, said device conprising: 25

a) nmeans for retaining and positioning the eye on which cutting of
the cornea is to be perforned, said neans being capable of tenporary
attachnment to a portion of the eye surrounding the cornea and bei ng
capabl e of exposing the cornea to be cut; b) said retaining
and positioning neans i ncl udi ng gui de WO 97/ 28768

PCT/ US97/ 01666 32 "~ nmeans di sposed
t her eon; c) a cutting head assenbly including a cutting el enent

positioned therein for cutting the cornea of the eye, said cutting

head assenbly being structured and di sposed to be novable across 5 sai d
retai ning and positioning neans between a first and a second position
and to be guided along a generally arcuate path between said first
and second positions by said guide neans during novenent Q of sald Q
cutting head assenbly over said retaining and positioning ; ‘!o
d) a coupling nmenber foqnﬁecure yet renovable coupling

said cutting head assenbly d said retaining and p05|t|onygy\Mn“,u
and for permtting novengnt {U said cutting head assenbl X PRy Z5i88 O
said retaining and positNenin al on said ged@ra*]yjé f
path between said first atid sedond ¥ 15 Sgbitions; N A
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Zéenbly over said retaining and positioning neans . and for causing
c

"Il ating novenent of said cutting elenent; and 20 f) said
Gutting head assenbly including stop neans struct ur ed ~and disposed to
abut said guide neans in said second position and thereby limt
novenent of said cutting head assenbly across said retaining and
posi tioni ng neans. 47. An autonmatic surgical device as recited
inclaim46, 25 wherein said stop nmeans of said cutting head assenbly
abut said gui de nmeans of said retaining and positioning nmeans prior
to said cutting el ement passing and cutting conpletely across the
cor nea n whi_c ery i s being perforned.

48. An autonatlazgu€6§yg?pdeV|c I surgically cutting a
WD 97/ 28768 ’ PCT/ US97/ 01666
33 cornea porti ifl ap eyeif lsai d devi ce conpri sing: a)
means for retaining : posifti dnjiig [t he eye on which cutting of the
cornea is to be gf rimed, $ai d [pgans bei ng capabl e of tenporary
attachnment to a pojti qf the ey urroundi ng the 5 cornea and bei ng
capabl e of exposin Ar egent|i [ he cornea to be cut;
b) a cutting head grnbl y i rjc|{Uudiing a cutting el enent positioned
therein for cutting gupigtiangi al{l y'jolit not conpletely ~across the
cornea portion of ,th Ve, s$aid gidtqi ng head assenbly 10 bei ng
structured and dégpo tjo he roMablle over said retaining and
posi tioni ng nmeans, 4
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c) said retaini ng and positioning

t'he i ch SEA?RCH REP()RC{‘ d'mm&dm«ﬁglﬂ%@-@al d cutting head

as along a general l'y arcuate} path during 15 novenent of said.

cu head assenbly over sak:d refaining and positioning neans; and
GPTY connected to sald cutting “head assenbly for

‘a_USI n(] au mat e mvenent of said I‘IILTLI’](L head assenhly aver-said

‘et ai ni ng and positioning neans al ong sai d 20 general ly arcuate path

19.  An automatic surgical device as recited in claim48, further

Conpri sing means for coupling said cutting head assenbly and said

etai ning and positioning neans and to permt relative novenment of

sai d cutting head assenbly relative to sald retaini ng 25 and positioning

reans. m ) . ecited in claim 49,
hherein said c -LHE G S et 6 pans f or :

pbut ti ng engagenment with said gui. de nmeans and preventing further
novenent of said cutting head assenbly over said retaining and
NO 97A 3dlithiBaterial delivery system for a furnace (10) which melts tieGolidseateid 38Sa delivery

B4 tube (3D)slochtedi atoleastaputifilyl eithinotheafidinaet (10N ovidtie i Riouatsdnby dr koten
conpl &E&iﬁly %rfoi' Rele6ifeRdial Poiitioing in tHeefueRe (10) over a crucib®l(20)AR the
AUt O, 91‘1?69110 f@é@f&ﬁbl 48558 'chfidnicfedtb dofpefisate for therAPERIaRsiSRhAH
putt '&,ﬂ @a%.@&fﬂ & (1) inaf frek "HGvERINE TPV delivery tube (32) is
achieved at all operating temperatures. The rotor assembly (48) is also constructed to prevent
jamming caused by particulate solid material in the rotor assembly (48). The delivery tube (32)
is formed so that flowable solid material will flow in a controlled fashion but without clogging
to an outlet (40). The delivery tube (32) and outlet (40) are shaped to drop the material in a
substantially columnar stream into the crucible (20).
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5 structured and disposed to provide nmating comuni cafi REPLAGEMENT SHEET
sai~d cutting head assenbly and sai d guide nmeans of said]retarning

and positioni ng neans. 52. A surgical devicg ps 1339ime2bo'gn
claim48, wherein said gui de nmeans a rigid upstanflihg nmenber Secuy €
to said retaining and 10 posi tioni ng,means and strucj u |
axis of rotation about which said cutting head asgenbly noves in sgd

general |y ruéﬁ.fb;[@t € tRa! Brov:.tsl;l'.on of shth % }}_Q%,%P Cﬁfosl{:l? jtd‘f yornea

of a patient's a genera |ve lbn when
consi dering t#he CQBablpanemﬁﬂsaﬂeﬁdjsy§m@ntadgammtﬂIsphaaantxablock

posi tion V‘hentempera@.ﬁ%' %&ﬁ%ﬁlbﬁe ofall ton%n"t'sgg%ﬁﬁ%ﬁr}% E@Q?i;l i Steps

generally twelv osi tion, nmet h

of : adJustm@@#pofzae. pyoyééapnn@ft paichy & \ﬁetlrwerzy mnarmmhag:hu ng,

novably pgsithagi B0sd ﬁﬂfftibaﬁtggaéeaﬁ%%ﬂbldénaﬁn%%' ¢o %(Am AP g I ”9,
alon a curve of o arcuate pat

driiving said cuyttin ad asse
over said postlsﬁFgé i?n@nﬁoﬂHFH SﬁalﬁﬁFé°§ éﬂa@gylng componels aflj acent

| ocation to tHRet BB1Y9e@yCL9Bkeh Sthbo rov151on of such £EAGWVH he
cornea of the eye wit 2ve ?g 9 ﬁ I sposed in said cutting

head assenbl y&¥ Ele@uf’P‘f"ﬁB Pﬁém& Eev\ptaﬁ'tlcles &pdy gl itey tdiawrent at

| east parti al thrbhgheahéom&vdngl agmpsaneﬁett the provisdich Of tsldu;n head
assenbly ver 0sitli sto sai d

cutting d thgeiﬁyﬁ Vﬁgnln§h§gﬂgBE§FgPH§lally conkaims etely

across the cosaddd material within feed and delivery tubes; and the
provision of such a delivery system which is easy to use.
Generally, a furnace system for use in melting
a solid material constructed according to the principles
15 of the present invention comprises a furnace shell for
substantially'isolating the interior of the furnace
shell. A crucible disposed within the furnace shell for
holding the solid material to be melted is constructed
for receiving material through the top thereof. A heat
20 source in the furnace shell heats the crucible and melts
the solid material. A solid material delivery system for
feeding flowable solid material comprises a delivery tube
at least partially disposed within the furnace shell
Qenerally above the crucible. The delivery tube has an
) 25 outlet and is constructed for receiving the solid
material from a source outside the furnace shell. Means
mounts the delivery tube for swinging motion relative to
the furnace shell, by which swinging motion the radial
position of the delivery tube outlet relative to the top
30 of the crucible is selectively changed. An actuator
actuates the swinging motion of the delivery tube to
selectively radially position the delivery tube outlet.
In another aspect of the present invention, a
delivery tube comprises an upper end portion having a
35 centerline and an angled portion having a centerline
extending laterally outwardly from the upper end portion

at an angle. The angle between the centerline of the



54. A surgical device for cutting a cornea of an eye, sai | :

doﬁbrising: a positioning ring including an aperture nﬁgﬁﬁﬁﬁMENEé%EﬁT,

a cutting head assenbly including a cutting el enent strucjufed and.

di sposed to be driven across said positioning ring; hni 18 OGTi 2090

means coupled to said cutting head assenbly for causing vement of said
cutting head assenmbly across said posifioning ring andf for —caustmg

oscillating novenent of said cutting el enent; char actlerized in that

sai d gui de medRPeY% RAF G4 Fch g | Senfexbine i nthardngded cutting
head assenbl =y§o&ti}dwqtslrsaﬁb méiia?f)cawhﬁ@t@ﬁeﬂﬁfeﬁhmr@ﬁ&aﬁgﬂe of |
positioning ring al on i nera ay cuat e path. _ : sug gi cal
device for cu F&?&eaogof‘ﬁ’&\ %?%'Jaél '@gﬁr%m%qéﬂ—ﬁﬁa
posi tioni ng rregosacplidsngbaataBér.t ufe and gui de neans;dagq adcutthng
head assegbly incl uding kng_element structur an | Sposed to be
driven ac osg sai d posi?ﬁo%#%&irgﬁa?ger ASPRSFa® egg?egrﬁﬁepﬁht sai d guide
means defi nesinvegnphion|| § deddwerypaube eompsdbgscahthppehegﬁnhiuﬁqﬂan|s
structured an h SRO b ' a ' Lti.Qni ng ring_al-ong
said generallgn ;égaéggﬁggﬁ.gxgé%&iﬂg6iggg§3§g'cgﬁ9§8%93¥ A ragh%?ﬁ a
cornea of an éy@m thedugpercporbipni sand; an outldepopertdonng@xtiemyling| udi ng
erture ' h G C hRg hian .
an ap a?énﬂﬁbﬂfﬁ”ﬁé@ﬁﬁg?al?ng ugn thl@ £P8h th? Qnﬂlgg”portlon

36 a cutllng head asse X |ng cutting elenent uctured and
di sposedtQ o bEh@r F3EROPENEREal NGt tRgEDS: AiampbeHCPEr thed outketat sai d

cutting path pertisatBéing at least about 1.
In yet another aspect of the present invention,

' a delivery tube comprises an upper portion, an angled
portion extending laterally outwardly at an angle from
15 the upper portion, and an outlet portion extending
generally downwardly at an angle from the angled portion.
The angled portion has a bulbous end extending beyond the -
outlet portion.
Other objects and features of the present
20 invention will be in part apparent and in part pointed
out hereinafter.

Brief Description of the Drawings

f FIG. 1 is a schematic front elevational view of
a furnace system including a solid material delivery

—

25 system, with parts of a shell of the furnace system
broken away to reveal internal construction;

FIG. 2 is an enlarged fragmentary vertical
section of the furnace system showing details of the
delivery system in a material feed configuration;

30 FIG. 3 is an enlarged fragmentary vertical
section of the furnace system showing the delivery system
in a closed configuration;

FIG. 4 is a schematic plan view of a gear plate
and drive gear of the delivery system as seen from the

35 vantage indicated by line 4-4 of Fig. 2;



in a generally aligned Tetation with a direction of normal post-operative

1T At R et

surface, "anapért#resin said upper surface, and gui de neans; _ a cutting
head assenbly including a cutting el ener#4 structured and disposed to be
noved across said positioning ring; and drive neans coupled to said

cutting thebel =usdevhéydébiveaystnheosni that dogkedvpbeidtioh deiitgcwelierted g
el enent ; characterized in that_said driv ns_(80) is _caypled to sai
cutting FR&F a%%%’ﬁ%ﬁ{%/m?éeg% 8ﬂ'ﬂage58r8P?y£ﬁEEBgﬁg?cﬁ'T(“§F tg §3%&a&pper
sur f ace spashngl, polsétéxvengali dgahdler of the5ﬁeedA5&gégb@§hgdeVI ce for
cutting across,a cornea of.ap e of a patient, sai vice cogprisin

a posit i?ﬁﬁﬁ%"h‘g@éﬁ{ﬁ'yeg??ﬁc{gﬁréﬁet bnESET‘?#oH}?ﬂﬁtEBr ﬁgatgls aﬁggé@?é”yi %ugﬁ
exposed, bl athe @ppent @hipnlessdan améufitt byg1headtasseahbkyaneel ¥dirng a
cutting elenent for_cutting the cornea, said cutting head assenbly

struct ur'elf MR bVRE BRE e8tiveEYcbihea and to define a corneal flap
secured at generally an upper region of the eye.

11. A delivery tube for use in a solid material
) delivery system for feeding solid material to a crucible inside a
furnace where the solid material is melted, the delivery tube
comprising an upper portion having.a centerline and an angled

5 portion, the angled portion constituting a majority of the length

of the tube and defining an unobstructed, straight line path from

the upper portion to an end of the angled portion opposite the

upper portion, the angled portion having a centerline extending

laterally outwardly from said upper portion at an angle (o)

10 between the centerline of the upper portion and the centerline of
the angled portion of 90° plus an amount greater than the angle
of repose of the solid-material but less than the angle of repose

plus about 5°.
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