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the invention The present invention relates to inproved ophthal mtll F,l E‘ 2003
el enents and eyewear, including prescription tenses, spectacles,

seingl asses, wWaP¥4diyl asses 5 and franes therefor. BackgroundP&H4199/00399
conventional prescription tenses have relatively flat base curves. Such

| enses provide a limted field of N t ri pheral distortion
and/ or physi cal size limtations T@WF&‘K&LE% flat shapes Iimt the
anount of eye protection 10 afforded by the |l enses, particularly near .the
tenpl es. Wap-around eyewear has been devel oped in an attenpt to provide
wi-der fi el @Fieldfoftheinwentigneat er eye protection. Wrap-around design al so
permts different and somefinmes striking overall styles for the eyewear.
However, w aparound eyewear is typically non-prescription. These products
al so typically TheepréSet irivebtior relates do impreved 6phthaimic Bns\Véleaents zhd
sonetinmes rake) are achi eved by rotating and/or translating the optical
axes of th&YPWREN|iRcIging, P Hgp; @ﬁ‘Fﬁg’i 89?“38'35e.5§'99%§ﬁ?gd5 $96Sent
No. 1, 74l, 338 ffamesHe?@lorUni ted States Patent No. 5,689,323 to Houston et
al. This causes the tine of sight of the wearer to deviate fromthe optical
axis, and optical perfomance is often significantly 20 degraded. Peripheral
vision is Wﬁbm‘dpoor. Early in the history of ophthal m c science,
steeply curvedTprescription tenses had been described, although not as
vehicles for providing greater field of view or eye protection A
rel ati onship be”&q “%TW'H SEnliOh BHEL sIVR relati prm Al ed
(';j'schem ng' s" e |pggﬁ I'rst Igéscrpggg nearsl y ,1r86a°n>\//§ rs ZH agd;\?v?ét?%hl
t enpt s t densesrmprobigeca libiteat field sofodiewedise tol petipberal sisiotionsamdior physicah

have m ni num aberrati o The neral, formof the Tschemng ellipse.is. shown
" Fi gur e Boecfigtiaions’; Thely TeRtPeh tiat Shabes JIE 1re oL pievpCRtecion
par anetgy s affefdediy tHeielses, paficaaHy Pear RS fefpléé.st ance) | ens t hi ckness)
etc. The Tscheming ellipse a WD 00/04414 2 1 7 JAN 2003 PCT/ AU99/ 00399

retains its ellipsoid shape and inclined orientation for various assuned

val ues of |ens Wirapi@iotnd)eydwddsr HAtEbEER devBlopedah idinafémpPtd provide WiBer
el li pse may change. The ellipse of Figure 1 is derived fromthe corrected

von Rohr edigls &h Yiew: apd\gregigy) eys| pelestion. pYirap-areeng dosign, alse | permilssm)
o Qo ) % . i
Contvart s Stant and Karh@lRbe Riking buBraIP HACK G thePafelear Howdier 2 rE-

surfaces f arolimcheypwear is typidallyl hon-prestription.ofhess poodicts ralsor typitallyrhave
opht hal g c nses. The er rti the curve,.called.the '\WI | aston
sbet i on® ° HeE BaRS survi: REftart Biand) 19 TE, 1ra \a] Sobeinies, rite) A RReYSH ned
accept ance 35 rbRfiRg f andior Rangiatied thbethieéleahe_§tar thell leh8 M ARG €8s Ofvomn
attenpts to make such objects Wl [aston hinmsel f). See) M Jalie) The

s (e.Q.
Princi pl es osientaiion, See; %QLQHQQé Statesdatent Noed, 74153010 Raytan; Unled-Siatesf
hfficulti ' bE ineatd I I L
erture an tb@'oﬁ?éé’l??%ﬁ‘%topgpﬁgkgg‘)aétr%iggﬁgﬁgge l}ﬁ?a@ égl&?a éqif(;ﬁgg%ésa%g{i c
reasons andobdeviatecfrofm tiveiopticalhrakisd dricelogticdl perormdrice\Visl eftehesigaificantiyn

steeply_ curyed fr spherical surfaces have teen made for the treatnent of
aphaki aZQaM%WPEBﬁ%‘ﬂ%WW%@VW% eye as in the case of surgical
renoval of the lens). The general formof these |lenses is shown in Figure

2. See M Jalie at p. 151. Such | enses serve essentially as an eye |ens
repl acenent and %Jﬂéhﬁchﬁ?’!eﬂflﬂ” QiAVC (SeeNcRe St ﬁ‘i"@fﬁgpp peliRR 20

(greater thgreds el #ééﬂ:‘nﬁ gh! on%w Afr SRR equw

t hese teases ar eﬁ%? smal [ s zeh’eé.“g‘f E?pé%%mﬁﬁér% ig’i’zgﬁeterg ypl ca Ikgl)%guch
aphaki c | endew ¢raeye prolestions Adredatidnship dbetween curvature and through power is

‘ shown in the so-called "Tscheming's" ellipse. First described nearly 100 years

25 ago, it attempts to identify combinations of lens curvature and lens power which

have minimum aberration. The general form of the Tscheming ellipse is shown in
Figure 1. Figure 1 is given for assumed typical values for lens parameters such as
index of refraction, vertex distance, lens thickness, etc. The Tscheming eliipse
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Teday) the vast mejority of conventional prescription |enses are relatively
flat, single vision, Gsrirah section, mnisus | enses which ar e1d’ dﬂé’leﬂ.?ke
wi ndow 25 panes into flat outline spectacle frames. Applicant have studied
t e properti ¥O®pO4Mdeply curved | enses apd consi dered seri esPET/AUSYE399
havi ng commonl y prescribed plus or maws tfirough ', powers. Applicants

and eye. pr ofEredH PSR ERPectnd i Bcﬁ%ﬁ%trq?b&ra%%nﬁa%s%ﬁé#{fﬁru%% of "
practical i r&.b%ahf&éen vﬂﬁe&ﬂ\%ﬁtﬁe rbbeiush bfegamt@eﬁe\hel éllipdd' iy héinge
probl ens of 1 ~ AN 2003 00/ U4414 . C F/ AU99/ 00399 fabricatl on

and di st ort The, ellme pf diigwas1 ds darvedciram ther sagectsd vanmkinhrpequation (afiers
power presc n Y 0 girat ismcorrection
or "cyt" M&%’@t%&%ggr% ﬁg}é@t‘%ﬁﬁ%&g@%@@é@ﬁg@gnled by the w de
range of front surface 5 powers which would be required to provide a range

axanpi o, 5t he. vl TBe aNeCBNTOR 10,81 e BunSH3e 1is SERIES T Owal Subont wijich

front surfagesdiibed’a géb&rnammdﬁvéﬁﬂamnamce%qomér@pmefso@p ided
t hrough- power range of from+5 D to -8 D. This_corresponds to varratron

in radius oM ¢omnh§nalrme§cmona@mtbam6flemeﬁbetunpem pM!'Q'b"atﬂfdhewwﬁn

whi ch repre Q@n

e Ge. enbugrale i WSO LA’ deserbes! Alikn T 18801 1Eved Mnde pfiky

li ke panes have weverngainellr acceptanee duitlens rfofras ,altaaagh pthese r aet inistoricale! f

would dictate its o gecralrzed fra s ze and sb%? Wil e s ch uni que
gﬂ@? | ﬁﬁ“

@/I es RQvenstances mpls to, 1pake S XN oR Jumsgk) Seg
evear Wi t fhaie, 1$h£0ﬂﬁha¢>e§t o FRAESE. Léﬁséss pPaedi @ . Lbﬁd&r e%@@h)

i nvention to over cone | east alleviate, one or rmre of
drl fi cuhi esBecauskiof ditioukies inffabrieation, osucky earlysdemmwre tptebablyeuft smano

Gener alNy, t res r..an h ni,c | ens

el enent s th '6'?9 %@ht%s%%&p%gp%ﬁéﬂﬁn{@% ?Fcllﬁ'aggeé%gkr fﬂr cpgme |c
context, fi raasong and Retatde @f Mdiplimited flethokdewsem -fi ni shed | enses) t ens
bl anks or nolds therefor. Also included are wa#ers for formng | ar~i mated

| enses or |lens blanks. Acc~ordir~ly in a first aspect of the present

inventiqg there ModenyJenses mdmemmmemdmesbﬁeﬁbamuﬁhwg RavecyRisnar ,
the | ens el enent. havx~g a sprtrgrr ca' 25 surface with a radius, of curvature
| ess than a atment keenes phthenatural jens ?fdQPﬁYGrﬂf’n@ thech

of rotati oncaye PhEAGIE Rl ot \HR), PhéBBREra forliPGihgEe Hindtis SHebE Iy

provi de a fFiguied. SeeM.qlaliet at pt 1&A. Stichnienbes serveoessentially a5 anJeye E9G3

replacement and are characterized by great thickness and high plus power

20 (greater than + 5D and typically + 12 D or greater). The aperture A of these

O lenses are of small size e.g. 26 or 28 mm in diameter. Typically such aphakic
lenses have a plano radial flange 14.

Today, the vast majority of conventional prescription lenses are relatively
fiat, single vision, Ostwalt section, miniscus lenses which are glazed ke window
25 panes into flat outline spectacle frames.

Applicanis have siudied the properties ol steeply curved lenses and
considered series of lenses having commonly prescribed plus or minus through
powers. Applicants observed that such lenses could, in principle, provide a wide
field of view and eye protection., However, certain problems would interfere with

30 practical implementation of such wide-field lens. Generally there are problems of
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MW‘.“‘I;‘““' PRI o



W 00/ 04414 pCT/ A9/ 00399 4 direction fromthe forward |ine of s.'kghA
Preferably the tens elenent is a single vision |ens el enent sel e e‘c‘i Frma
series of |lens elenments having through powers of fromat |east

agpr oxi mat elwo-8043140 -2 D and approxi mately the same radi usPOF/ALIPNGMI €.
5it wll be recognised that the increas&d field of view allows the naking
of eyewear pse tenporal edge is nqt visible .to the wearesr apparent

edgei essneé%g]r!ca@l"ﬂénda€\$§fﬁ'a'8e§"‘? RERIGDS A RrPabCiggtah EANgR Ak S Bhis ot sh
opti ons.hepghal OpBwaPabiclchplibs | With CBP WANGRD HARELRCAoPIRDA! allighiiftiom
properties in vafious 10 prescriptions. These include the ability~to use
smal | er outbrreetibreas toy)” prepsofiptipnsal | y and cosnet ~catly interesting

t hree-di nensionally curved | ens edges and spectacle rins, and edge

t hi cknesses which are nore readily hidden fromview) particularly in the

t enpor al regi onA Wiorepsubtien probleranisi presensteek bythéi witlewrdrige of dromcsurface

Figure 3 which 15 il]lustrates sone geonetri.c aspects of the steeply, curved,
concent B cPPth\M@u@r §§e7ﬁquf' el Pm'é;q:iagdf"ggg fh GREMEN, Jveseriptian

e 0ss- sect pafiefé. Fdi'theofs Bs@ipdss of PR, fof ¢ ! e Woilastsif Seciidh | ©

shown havi hg a centrol rotation, 24-and 26. The ceniro
may be ~ umeoald tbeodnderstoothiaiteack ahvatiation ioyksonll surface ipowes ofi fiomt about of

roughly 1- abou Lcgh the to rotate as,20 th i.rection
of “gazs vadpdlto B3t APl pikeAUE M ERpSkRopB] fofad BLfth 455 oh Boes
28 and 30 Jhis pewbipontizdiodd Variatibre ireydius of frapt Bugdee cunurPbi from anbat Of
each errs.is oo-near with the line of sight of each eye and represented by

@e ond® 3294eRbruti3f mmcwhichsepierents gilame yaulion: iy everdl size apd-shapeof

or di nat e gl ' [ : ' '
Surt aces ([ Bnbes e BholiBh b pidftle d\vicB el bf vidh. (SIH IehE NP b8 MiEd
i er ~ses 28likepaBiesainto gesinghe |franie size:daild; én dacts emhi prdscription Hitselfcwolild
based. In preferred enbodi.nent t he .front, surt .1 S spher.ical) having a
Poned 1 noi BTl REGUR ARG 1Al sieh Ui, 8. SRR "R abe shyes .o
tn other e ' S ible WRAL pAsvidiag D Bkg i
back) as cgﬁ!tag:' %g arét hﬁcgﬁ?%{l 2003 WD 00/0 4?%%?#%&%%/?0399 SMgm a
referer®e spheisterd@ppearafnc@g within a defined spherical shelf. tn each case

the radius of the reference sphere or shelf and the |ocation of the tens as

wom is such that the center of the reference sphere or shell lies close to
or within the cdisan ebjest efdhapresentinvantionje overcome,«r atlead iallgvialey aneont
surface is . s ntroid of rotation of
the left efg"l?és'%i f&??ﬁﬁ%ﬁ"ﬁ?ﬁ?E’gﬁﬁgw\kg’%%bﬁ%ﬁﬁé 3. The selection of a
spherical base of a given radius centered on or near the centrold of

rotation o onstraint on the vertex di stance d.,
Sumindry o1 e Jhgendo

[Ilustrate Figure 3 as the distance between the pl ane
of the

O Generally, the present invention relates to eyewear and ophthalmic lens

20 elements therefor. Ophthaimic lens elements may include, according to context,

' finished or edged ophthalmic lenses, semi-finished lenses, lens blanks or molds
therelor. Also included are walers for forming laminated lenses or lens blanks.

Accordingly in a first aspect of the present invention there is provided a lens

element adapted for mounting in eyewear, the lens element having a spherical

25 surface with a radius of curvature less than about 35 mm, said lens element being
adapted for positioning such that a center of curvaiure of the iens element is
located at the centroid of rotation of the eye, wherein the lens element is

sufficiently large to provide a field of view greater than 55° in the temporal



30 pupil 36 and the back surface 38 of the lens. Front surface rﬁc}i ;ﬁ aﬂﬂlﬁ
back .surface shape, in conjunction with other design paraneterstséc Qs e
fens thickness and the index of refraction of the tens material determ nes
the optical pP¥O®¥P4dies of the |ens as desgribed in detail bel RET/AHE0038Nt s
have found that the tens design of the present invention nmay be 15 anal yzed

and descri bed dat [r t illustrated in Figure 4. The
diagramis gg?%aféom,\}ﬁ???gv%ﬂﬁhgﬁrf sﬁ}ﬁgram after two of the inventors. In
t he diagram each dot is at the center of a theoretical ray-trace plot from
a tens having pn rties of the grid point gt the center of th ot,.. The
"y Caxi o o the. PreIrtaty yi ekl % p Sinde visiie Sk Plevtens sindp ey
di opters ( anﬁé’é b RAs lemeMsatavirtythrefigh powess of fIBNPAL least dpHrofimateie+2°0
axis at the bottom shows the through power of the lens at its center. This
cor r espondsta 2 Prandoapprosimatelydbe seme ragdius of cwvatieof the lens. For this

Figure it is assuned that each lens is nade of poiycarbonate (n = 1.58QG
and has a center thickness of 1.8 nmin mnus power ierrses, and a carrier

t h~u~ss Bn plus Rewilide duognisedethat the ynoreased ffield ofofev Sallowsytheomaking phe
m ni nrum overal |l |ens, thickne y S nm.in the L phery, of a 5 ~anet er
tens bl ank. SYSNRa] {HOPE E@Sﬁ%ngégfel'ﬁt ir\?g t"%ﬁ‘ﬁe%yemgué'ﬁe‘tfﬁém%'w nt

surface i s ddadle mthe centroid of rotation of the eye, which is
concentric for |enses which have a front surface power of 16.0 diopters. At
each i ~idual grid point appears a ray trace result for eye rotation 30

angles up to 40 mséxeaavaﬁtageslahmuaéepr@ndiggcmeg eyéwpal NdesigHurctmnt 5ﬁﬁms
@g| on of WO 00/ 04414 fi ,1 AN. 2003 PC f/ AU99/ 00399 each | ens that has

17

ss than oheretofoge ypatiainable mens Having-geesd peEPheral ¥ision prRpasties i Valieum
and all gy n . I f | e L:
et ned et ArsiRrpfiots-Tiresel AEhE NG bty UL rhRllr, SMing Witos iérbiodieally
i ndi cat or F"anﬂeﬂsmwca_ j 113] mgshtingéﬁ?eédigjdmidriaﬂy e:]gm'ved lensceédges an&ispecmcﬁ)
represent |enses t t han 0. i opt ers oyer error oyer
oo ces. of B 2OA-A905 TIORGOS W PO Thet8: eadths Pigden oy B oaFadI
the RVS powtﬁtbﬁ{y,%ﬁggﬁbove 0.125 diopters for sone intenedi ate eye

ng n dro

rotation angles t s bel ow that threshold again for sone smal |
angul ar region. 10 The elliptical outline of the locally |argest dots

corresponds rougithe present GRGTIIOR T Yxempifiedcwithafdlbrdrite 1 FighRe rWiase

of the tens paraneters selected by applicants. Conventional w Sdom dictates

that thd5f r lustretest sorae gepmairie aspects| of be steeply sutved, genegnisici leases of the es

qual i ty | onreseneifieblion Pk How< dHErRanR SroapSeich B BRI MofiLeves,
appropri at e (2 aadi22respectively). EachreecisssHiown bavinga bentrbid dfaotation, 24 and
region in this_di agram,vvh?re it ossi ble to produce, excel ] ent

S known ¢ ha: e RPTUmIR A Ctation; e Be WRCRTIFOR 8 A I, waR theyebal,

ri cated W@?’ gﬁ,ﬁ% ,g@?{ | W t
- @gt S indlﬁéat y t g;\c/;gr(ﬂ ca '?iﬁg%"g?’ ?gglg:awg%{'stﬁ%?ﬁ ro tﬁérgggthéaé:
- power) . 2(nshes direction lof gaze variesahs shdwn in Figure 3aletiandoight . steeply raurved
- idea that ig_ iuosttat (N the [ [ LSaSpLk lagram is thaf, is J.t ,als0
' poseiblle. ¢ nfEE 28 BB Are BEsHBREH bR the sve” LR Eiie” g Pttt of
*hi gh qual i t baghhens G coslindas withcthelling &F sightost €ach 896 Cand vélsresented By the
sangl e, steeply curved front surface or spherical reference surtace or

sheN. Nshat ippgé rech syeo T heegilipes alen reprpsent the zgxis obceordinate

96
., surface po Ll | o] 2an. L i ),
i extent (nearPy ur%‘rg'ftﬁﬁhﬁrsgﬁgggﬂgge%n%%% éﬁgléélg!{be%ﬂﬁ%a'gg%%
i di opt er 25 Obsindhofihalitodhé planeschthptRigm®)t aM wi thin this range. Therefore,
fit is possible to produce high quality ophthal mc spherical |enses over a
i Wi de range of useful prescriptions using

The lenses 28 and 30 are generally describable as spherical or spherically
based. In preferred embodiments, the front surface is spherical, having a fixed
radius of less than 35 mm for all prescription values in the series. In other
embodiments, the lens is best described as having a spherical back, as containing

S
H
z




iya a single, appropriately selected high power front surtace or base
curve_ Moreover, 30 as nade clear by Figure 4) sone snall deviat ahs) AN Q083
the single power or fromexact concentricity nmay be nade while providing
geod | ens quelo doypssaad a | ens 1 WD 00/ 044)4 7 shape suffi ci er@ui/xU99/00399
consistent to use the sane frane style. 5~ JAN 2003 PCT/ AU99/ 00399 Fi gure
Sillustrates a series of good optical quality |lenses of a preferred

enbodi nent afreferengs sphere omnas ing within a; definashspherieahshelihin eachicaserthace

is selected to b Q out .1l | n [ t | i nes
hori zont al @dgﬁ (g’ntﬁggéferég?gférﬁ%r#ys%#'ér@ntbgng%éog\ %SRF ggﬁ? %g ivﬁr’?\gg S of
| enses havithgt fie66ntep bt te refeidneer sprage o2 shell dies clode {oadewithih) the Gemtrdig +4
D (areas 54 and 56), or -8 Dto +5 D (areag 5@%0 56 and 58). For conpari son
pur poses) aofyetatiasnoighereye. e caseoln Whichitps feint syeage ihantrhere 9firgdiiisst
for thisgspegi ' | ' JThe
Fgure shoreipred i ihe ESnfERbAMEANGH Bf B fefFol BMASAleaor e 1o o3 iy

t he hori zonFiguréBocks are inconsistent with the Tscheming elf ipse teaching
whi ch would indicate a 5 D variation in the front surface for -8 Dto +5 D
t hrough power and a far steeper curvature in the center of fhe through

power range. 15 Tie selectiére of adsphepieal base oha givers rrdius centered oh orhsear the
provi ded a series of ophthalmc |ens el enents) each | ens el enent having a

spheri cal foesitold it ratationn of Hhe se¥e, RIBSS EPOSYRIAL Ot IN& Vinex distancentr.oi d
of rotat! onyalydiag 16) fhe fefl Bye el Figiite a5 1R diIStBRES Helliéeh b 1and 8t the

radi us of c ure Is’essenflrally a single 20 val ue se ted for the
ri es 10 tpupit 86gandihe bdak surfacenld8uo! therlensinBiront ssurfacer nadivs rand Ibacknt s

t he series, have, vari gus_co N RIESCL hr h wer s. . AAOr
preferably sifince. Faps.q i FPOIR ntmﬁ“&}ogﬂﬁﬁﬁg g_ggf'?%ﬁ{satsuf:gag? the lens
a~r oxi mat el thickhebs tahd-thelindsi \61 'vehaietiors lof )thé hens edtefalodetetriined B bbficar €
provided with the 25 appropriate prescri bed power and cyl correction. In

the enbodi neeperties e the dens asdesenhedip detailbalow.cal ) the back surface is
configured to provide the appropriate through power and cyt con-ection. In
a preferred enbodi nent, a series of |lens elenents would include throw power

through the abovARRisaNimBave founkthal the lens design pEHiespresent investien dnaybst s
of eachqpo e i ded. wi ) 0: 4
PCT/ A&é?OWC %ngf Ws%?n%ﬁa éﬁﬁygﬁﬂéwp@%@gt P‘O?I:idfur?o?' The

exanpl e, 0 diagram is Called 4 "Monis-Spratttrdiagram aftexiwd ofitbeimetersood t hat
because of the spherical synmetry of the lens elenent) the angle of the cyl

correction can be -selected by appropriate rotation of the | ens el enent
duri ng edgi ng anhh iheadiagmm,edtindetisiat tibé casterpiw theoratival exy-trace iplotdfaenad

on torpid surtaces .often descrihed in tenps, 9f principle Il B Wl . €.
or t hogonal ?ré?’?sdﬁﬁ‘"?g rﬂ'BP_%'SéﬁtO'Bﬁg %@[Wﬁ?aﬁﬁ"esgﬂ?‘ef ﬂgheeﬁgi,: ﬂ@p%s@ﬂ? g
the kxus OfWWmMW ghAace BRiHeClens M dicfite \ghoimatized for
oi ds_have both "been used to provide_cyt corrections. descri bed bel ow,
pl i carPs anwdex-okrelmstion of & = I33Qndhe; "¥haxis atdhe bettom, shows dbe dhrasigh
steeply cur , i.Ghe e [ yi ‘ V&Rpe
barrel tor p?‘%%?ﬁuwo@pﬁ%' ﬁﬁ%&%ﬁ@@%&%ﬁ??@?ﬁ g'n%'ﬁlﬁ%i a an"zl1
the same popeescrption of e ens)Frgrl thisTEigute it isTassumed tisatrdacielerny is nade of
atl-circul ar ridia" surt and .the "averaged-toroids" surface, described
" deta | CEPREAEDaIe. I rT-5G6) A NRe,R GPBISTHHNEER DR FTDHE THNE ROMPLCe
|1 es betwee 2ah8!a (diermidiheds iANplus! BNBES dehStiingd hiividuihy S Feach
principle neridia and the
25 prescription so that the minimum overall lens thickness is 1 mm in the periphery of
a 58 mm diameter lens blank. Each lens is positioned relative to the eye such that
the front surface is 33.1 mm from the centroid of rotation of the eye, which is

concentric for lenses which have a front surface power of 16.0 diopters.

At each individual grid point appears a ray trace result for eye rotation
30 angles up to 40 degrees. The dark area at each grid point represents the region of



ame power along said principle nmeridia. tMre preferably, the r
zsi'stigmatism of said back surtaoe at any point oft the prir~pl e"ﬁngianﬂ;:gmps

| ess than the larger of the surface astigmati smof the 20 toarrel torpid or
the donut t oW ®/@#4the same pout. Alternatively the back surfGHAUTH0399
defined such that the surface height Z of "the lens elenent froma

conbi nat 1 orfasn (s et Bas 3P, AT D, 125 BBptERE S PUSOEGWET pltol iBERYe tg dne
donut t or pi gkbsérigtiin EnBoalisidAg ip 16 €0.376 Udispters 6% @tdminodalion. \RMS powsT

preferred aspect the cross-section of the_back surface of the |ens el enent
al ong any neordisadefired imathematicallyrhalaw; Jhis enitarnonaisy belieyed 3@ tbe: @ gepdr
nmeridian is ' neous curvature of a correspondi ng

meri di an atmﬁﬁéwcreo&?%i$ %h@%&}&l&? JAN 2003 s WD 00/ 0444 9 PCT/ AU99/ 00399
conventional torus given by the prescription. The back .surface astigmatism

COr 6 e il R BLEAIEE ¥ i RS e i 1R e 01256,
cos' 8 is tdigplersiot RMS gweraérm:ao@rqwdé e§ olyeCiotdtion in-any-difedtion. .Fgind
the values R(0) and R(90) are the radii_ of curvature along the principle

neridia; t cdals mithvangs argundhthemclbesiMSpewet gier Ases abome tthi2s dinpters for
surface) prgyj ' fined
By 1 he- equatin imefnBditie 858, foliiiHConiiRt ther Bops BeltA¥ ihe thickhbid Bofy 1d1C
of the pressome smatirdngulanvegiomow be described. The term "steep curvature”
Is used in this context to describe the overall shape of the t 5 tens or

@ference sphere or shell. tn particular exanples the curvature may be

aM fi ¢ as an Eheeedipticabdutlinecd! the wadally dargest dots fcooesponds raugiipctoi aal
shell lyin

i.nsi de or,.outside the tens or conta~i a surface of the |ens.
Acxor di ngt yTehemings gifse generatedforiig ectlinss pbihe 68 PaRmeler SdipgeRded
an opht hal ngye a%ﬁﬁt%rﬁé.eﬁsﬂireﬁ\ﬁiﬂdi' WiSdST didtefedMAhE Rontbirfidesiof Bﬁﬁéﬁéﬁ?\'
shel | 20 def’ined by two concentric spheres having rada whose |engths differ

by no nore lenses Xlenspst miths sphiedealosurfaees «an itheefropt mndrhack) hawst Jollewi n

subbend an TEERGscelpsEte, bR, Bich ByaRg,iBodPs. FRWEE, fle MR SAEP,
P. Pref esabdiigidne ihustdies thét fdreappabpriate lseiestion diSlemsdpaiameters) théreeis2a

difference in length of the radii, i about .1 mm or | s. Mor r ef er abl
t he surfaceepity lagr,imt%lsrweovhgbmis oram Where ltzlsrpgss? e to prosuge excelenty

lenses. It is known that plano spherical lenses with high quality optics can be
fabricated extending over a wide range of front surface curvatures (a fact that is
indicated by the vertical line of large dots near zero through power). Many such
20 lenses are available in the market today. The novel idea that is Hlustrated in the

O Morris-Spratt diagram is that is it also possible through appropriate selection of

lens parameters to fabricate high quality spherical lenses over a wile range of
prescriptions using a single, steeply curved front surface or spherical reference
surface or shell. Nolice that the low RMS power error regions for lenses using a
25 tront surface power of 16 diopters (grid points on line 40) have wide angular extent
(nearly full or full circles) over a range of at least -6 to +4 diopters. Over 95 % of
all prescriptions fal within this range. Therefore, it is possible to produce high
quality ophthalmic spherical lenses over a wide range of useful prescriptions using
a single, appropriately selected high power front surface or base curve. Moreover,
30 as made clear by Figure 4, some small deviations from the single power or from
exact concentricity may be made while providing good lens quality and a lens



~y? J AN 2003 WD 00104414 1 O PCT/ AUQ9/ 00399 Lenses of the presiqt 03
invention are also characterized in general shape by their larg ahjgg\m gp
field of view) often expressed as an angle between the optical axis and the
t ®#npor al - nostwoveedsrl - nost extrenes of the edges. | n accor daPCHAUIY0I
preferred enbodi nents of the present invehtion, the tens subtends an angle
5 centered on the gcenter of a front spherical, surface) the angle being
greater t ha$hapre syfticipptly, cengistent 1 488 %ﬁmgfm%ﬁwﬁe-t han t 00. !t will be
understood that such angles are indications of the field of view of the
fens provided of course that the tens is optically usable in these

peri pheral regi ofigurerSeillygirates asases eicarod epticalnuality lensescef gf preterred

present i nvglﬂwyoflgwé”‘ézgsé?ﬁ lﬁgéﬁt?&\t 9h! i Wtbh{ HhedfrBh{) sBfface .is

"hol | ow' de I'ch™are ner al a neasure o ree-dimensional'tty
of the tensselectedasbecdigout 16 s atbept h42 DeThiscrangetiies bbteweendinebdiosizentd he
fronto-parallel plane of the |l ens and the.tenporal .nost edge, point, as
descri bed b%ﬁ’mdoﬁﬁ- E P’%Ppﬁgp?@geﬂ’w&r}ﬂ%ﬂﬁﬂggﬁﬁ@so?f %\'Feﬁr'é%‘@?‘g

i nvent i on, PR DDI6S 20 (bl 5Y I G0 LAD! @5 re
t han 50 mn%%%?ere on tghe entroid of rght atioz of the eye@géf\%sﬁg\ﬁdra\gsgp
hol | ow dept¢r -8/ Do +bdd faredsrtd, S6rand 8 ti cul arly preferred enbodi nent the
radius of the front surface is about 33 nm about 1 mmand the hollow c~pth

is at least Z 0 mm In a further as~c~ of the present invention) there is
provi ded an ophted wompidisoanpugrasesnta gpartiomgofa the hWdllasiont sestios uof doe

which is approxi mately congcentric with.,the a~entre of rotati of. the eye
havi ng m@lﬁ'%%s%&’l F S &Wgﬁf &??"ngnﬁ e?ﬂﬁﬁ?té‘?@fam °¥
lati veby Figurdl8> PReEFighFd GhoWse thatPilveo ok tdtirve dhdiaoegh pbwey Ganges

rotation. Preferablg tt~lens elen~errt is such that for fgveal vision the

RV Pover 2tspresenied dn the harizental hlogks: afe wpensisient withhihengsekemingselinse
30. The pregaphinaWhith %mﬂh%ﬁ#&@ 4% ﬁﬁhﬁ&ﬁ’?\ Ir@' f[rﬁﬁpé’ﬁﬁﬁé}.g{o?.r-ﬁstﬂ REI9N
eyewear. Accor~ngty, In a sti urther aspect 0 e present invention
there is prihvoutgd poweetdnadl aofarpsteepeli norvatwrecini thiei centey @fithe thrmighd powet he
steps of providing a lens elenent having 30 a front surface which |I'~es
within a sp®@fcal shell of a thickness no 1 2 J A N 2003 WO 00/ 04414 ~ 1
PCT/ AU99/ 00399 _ greater than approximately 2 nmand a radi us of no nore
than 15 in a preferred aspect of the present invention, there is provided a series of
ophthalmic lens elements, each lens element having
a spherical front surface which is approximately concentric with the centroid
of rotation of the eye in the as worn position;
approximately the same radius of curvature which is essentially a single
O 20 value selected for the series in the range 25 to 50 mm = about 1 mm; and wherein

the lens elements in the series have various common prescription through powers.

More preferably the lens elements have through powers of from at least
approximately +4 D10 -6 D.

Advantageously, the series of lens elements are provided with the

25 appropriate prescribed power and cyl cormrection. In the embodiment where the
front surface is spherical, the back surface is configured to provide the appropriate
through power and cyt correction. In a preferred embodiment, a series of lens
elements would include through power through the abovementioned ranges in

1/4 D increments. Stock lens elements of each power would be provided with



approximately 35 mm and a rear surface configured so that the prSJgNemgt
has a prescribed through power and a prescribed astigmati smcorrection;

and 5 positioning the tens elenent on the wearer so that the center of the
spheri cal shwioloog44 approxi matel y at thg centrol d of rotati BFTHUMIGEINye.
Preferably the Il ens elenent is positioned by glazing the lens elenent into

Shed commp ety of G CamRE, el PRSHRIERs: forexditblin £hf FhEi °
i ncl udi ng Hheplifcrintems] R beruhdersioBl thabbecalisef 67 1hel spHeteal SRnfiRIBAt

is provided with a back surface which has a circular cross section al’ong
any neridi 3w jensselemeants theganglieofdhegeyh cogiegtion cap berselacted byanprgpriate e

onvent i oniPeliifioL i hS eletBoRtaliid ediihy B b, 07 uGee cpect a1y

desi gned spectacle frames. In a preferred enbodi nent there is provided a
b B oo S et frbclf 6 pBbefi NOrah s S8R o
second sur idges&ritsed @F tawhd of principle mévidianj.oneithegomall merbia eehRréd 3t the

surface variqus conmon .Brescri ptions. The frane may be 20 adapted to
support | eppticglqaxis-pt thenless, Japrasentingr the decus,of maxirpum: @pg inimum

heri cal : ' f.th
Trt and r CofveRDSS. Bafiel MBI dBhyul fctoics Yiage BolPben UsetloChiciie cyf 1°
pi eces andwmi??emm?gapﬂ?@ts thand ?}é@bpéfcémlel aitjigfnaiism

t ens e 10r I N € Snhape o a osed curve
i g OF acppeing Surtacsidos SteepRocuradionss, Which, Sillacet.cdn fibeg a%he

di us of yamd! bERRESH @Pbafrel i&sg:- ahd dotift toRAA R hadRBSthet &anaaﬁﬁﬁciggst

poi nt and t'enporal - nost point of the closed curve may slibtend an arc
great er t hmersiia andihe same ower alorg e poncipie mexidia.spive rsuch| surtadescare The

and o nose M VRl Rt fridfe add iR Saliriio1doidd NurkBaPUegieerin®
adj ust abl e detailbelow AN zu~3 WO 00/ 04414 12 PCT/ AU99/ 00399 length to all ow

hori zontal adjustnent of the |l ens separation to position the centers of the
spherical surfaces at the centrolds of the eyes. In other enbodi nents

rinl esssframes aceordimgly dhec préferred ngmbodinerty thio back Gurface! kespbetween tehe
hi nges bei adapted for direct gttachnent tq the reference s rical

S:” ]9 ace alt %%Hgg toroid and a g«')nu'! torc%d, gothnﬁaving the same princir;]) m n%?a Iand the

same power along said principle meridia.

More preferably, the surface astigmatism of said back surface at any point
off the principle meridia is less than the larger of the surface astigmatism of the
O 20 barrel toroid or the donut toroid at the same point.

Altematively the back surface is defined such that the surface height Z of
the lens element from a fronto-parallel plane at any point on the back surface is a
linear combination of the height of a barrel toroid, Zg, and the height of the donut
toroid, Z being bounded by the values of Zg and Zs.

25 In a further preferred aspect the cross-section of the back surface of the
lens element along any meridian is circular.

Preferably the curvature of each circular meridian is equal to the
instantaneous curvature of a corresponding meridian at the center of a



S.tenporal edges of the respective |ens. The foregoing is_intendﬁﬁnﬁﬁyyzﬁﬁ
a summary of the invention) the scope of the invention being det d

the literal |anguage of the claimand equival ents thereof. Brief
descripti on oo odma4dr awi ngs 10 Figure 1 is a drawi ng of a TscCPERAL9H/00399
eclipse; Figure 2 is a cross-sectional vitw of a prior art, high plus power
"rotoid" lens; Fi IS a Crﬁi‘-’iésem'i gnal top view of a pair of human

{. urs 3 . (
eyes, and t@RTVERLERAlionIs Qlven By TEFSHPEOYi t h a preferred enbodi ment of

the present invention; 15 Figure 4 is a fuorris-Spratt diagramillustrating

properties of sepies of |lens elepents made in accordanc Lt h teachings of

the present i nvgh?? Bﬁ?k Fﬁ'ﬁ@F@ astigmatisip LRneRlign ferP{P"CEY\} € %Hfgaqen SN

power rang | cordance with the present invent'ron, with a
TSR ZIE8) Whel

portion of the TscC | ipse for this special case) overlaid thereon;

20 Figure 6(a), (b) and (c)) 7) d Lg ?—e_ tic diagranms illustrating
various aspects of the georretryzgrfé?érigeel gﬁ sngf enbod' ments of the

pr esent 5nv5m6' Bre Figure 10 presents a conparison of fields of view for an
exanple of a ase conventional lens and a tens and | ens el enent of the
present inveni'ion; 25 Fi gures%@ _(a) an®(@R(90)I | ustrate surface

astigmati smof a conventi ons! mR(O sini Y Dot @0 00/ 04414 13

PCTI AU99/ 00399 and a barrel tonic vvhe% | mpose n a steeply curved

herical |.ens hayi i nci pl i nF 1t ;. Fi
1502 () drderaineSfinafug alond s R Peri 3= o Fees pover a6 8
f t I dgoput ' ' 11. 5
Sour es 139 A Ryl HeG) LR HGor 8B und Yadi Tl Sunleitite” Bt I Hirhcima
ction ofmpodia; angle for the all-circular nmeridia and the averaged tonic
f f th t i i on, Fi d, 16 { | ot f
Sur f ace 1ot MsTaRiNa gy badk ShaceriogetBer Miindte Hnt sprage. pvkdesch Pagwese
the pr esent ik boWeY arkPire Bhtkesurlate)defifbabydne @augibHs L at e an obj ect

grid and inages thereof, Figure 18 is a*cross-sectlonal side view of a nold
whi ch may be used to 2= Z EC k-j

x-jix 7Y

£=0.2. jm0.2...

The shape of lenses of the present invention will now be described. The

term "steep curvature” is used in this context to describe the overall shape of the

15 lens or reference sphere or shell. In particular examples the curvature may be

quantified as an average radius of curvature of a surface or of a spherical shell
lying inside or outside the lens or containing a surface of the lens.

Accordingly, in a further aspect of the present invention, there is provided

an ophthaimic lens element having a surface which lies within a spherical shell

20 defined by two concentric spheres having radii whose lengths differ by no more

than 2 mm, the smaller of the radii being no more than 50 mm in length and

wherein at least two points 0 and Q on the edge of the surface subiend an angle
OPQ greater than 80° with respect to a center of the shell P.

Preferably the smaller of the radii is between 25 and 35mm and the
25 difterence in length ot the radii is about .1 mm or less.

More preferably the surface has a radius of about 33 mm =+ about 2 mm.



naeke | ens el enments of enbodi nents of the present invention; Fi e, o
contains plots of RMS power error and distortion and a ray-tragg{j Jﬁh?c?.fm
cak:ulated for three conventional |ow base |lens and three steeply curved
lens i 5 eveWON0id4ldccordar~e with tt~ prasent invention; Fi REAVD/OEAY ai n
pbts of RVS power error and distortion aﬂ a ray-traced grid cal curaied for
a steeply curvedq lens with a conventional tgnic ck:-and .for

BTt T burar r hnees ohibe eresent vertid are A0 ndRRierian ip Yardle ShARRY ng
a conventi gRgt IdigP ditRBarfield’d? Siew Softén bﬁg@sséutds a@n anBleCbeeRnDheWstioal v €
| ens in accordanCe with the present inverbion; Figures 23) 24, 25 and 25(a)
i | | ustr at e axig and $ha demposaldnosther aasaldnasicextrames of theyedges.aln accartdaness

TN 2otk GisfeRE EmbOuES By B BB Husiioh i b cufind S Ataie”
drawi g% argneeradrdk thé dbhiciof la flohi Sphevical Gupaet/ the dAgloVding igrédiePthan
Astigmatism 5 111 Reduction Of Magnification Effects And Distortion. |V

Lens Manuf £0°angd in prelesedaembodinents rareaterohancH0°pdls willhbexunderstood\that

geonst 1y otoEh e Bfe ehcaions Ul the hielf B} Genf SrmE3ghE Prdwiuey B1 fofieei el .
be di scuss ekl Idristis opticlybsalfiéln these Séripherhl regionst e, respectively, front,

side and top views of an edged lens 100 in accordance with the present
i nvention. The origin 102, in Figure 6(a)) is the location of the optical

center of the tee aniguehbpdiotie shapat bbthelerisbe ofahEgiresént MeRtion Imajen
wom The outline 104 ,ﬁ‘: of the ed'ged lens is indicated froma front viae?/]v

r spectQ vélsa, bej eharactarized bysagifjal depthyor {eliove denthy whikheare generlly Risal
i 08 I W™ t
I oagrl edge iég]%? hg"%'r?'??b@p%"ﬂ@fg” P\;\‘i{wﬁéﬁ?\ser@% e%&éd n'tg ?8%&% g r'és 6)
the front selatede tie tdistahes sbetweanstheefronidrparalizl plane eof thee leng andmise

tent of which is indicated by the line 114 20 : The steeply spherical
Curvat ure SPMBRFIMAEhSIas PRt RCRBHRe, By . 2reRisate IR (eI ER | ¢

a vari ety @mbGdinents of fife pretieht IMEnBiBROTHeTB e plovided TbeaMe hntdRragont

surface of the lens elernerris is a single radius sphere centered at of
near thtb céadiusiaf nst mase dba S04nm ernterad onjthe egoiroid of rotationieldhe sivef ar@ of

the series h%& "l”lEF ﬁ%ﬁ Iy ﬁﬁﬁgamé‘ 25
and centered a %?‘o‘ri#e’ar e centr OF? @W?ﬁ%ﬁ’?@%%ﬂk&%{g&g&e 0 arrerniiqget he
ot her radius of the front surface is about 33 mm =+ about 1 rnm and the hollow depth is

at least 10 mm.

in a further aspect of the present invention, there is provided an ophthalmic

20 lens element including a spherical front surface which is approximately concentric

O with the centre of rotation of the eye and having a base curve of 16D +

approximately 1/2D and exhibiting relatively low RMS power error over
approximately 40 degrees of eye rotation.

Preferably the lens element is such that for foveal vision the RMS Power
25 Enoris less than 3/8 D for eye rotation angles less than 30°.

The pres::ent invention also includes methods for providing prescription
eyewear. Accordingly, in a still further aspect of the present invention there is
provided a method of providing prescription eyewear including the steps of

providing a lens element having

30 a front surface which lies within a spherical shell of a thickness no



surface is of variable curvature) the curvature being sel ected t(;] Prﬁlﬂiﬁ
at |l east the appropriate through power for the wearer. For exanpl'e, %
D spherical front surface is selected for the lens el enent series, a rear
surface w t hy gamsasat cue of 20 D on its major neridian and 18&d/aveodosss

m nor neridian may be ,1 7 JAN 2003 " Wb 00/ 04414 15 PC T/ AU99/ 00399 used
to provide a 4 D through power with a -2 Dcyl. Altemativeiy) if the
constant radi us greateacthast aprroxisialelyl henn andpl actadivsm ohendasoreurthane,
then the correspandi r S cted for the particular prescription may
be pl aced on th@%?%’ﬂ?‘@%)’@?ﬁf”@hﬁn other alternatives, the tens el enent
or a surface is consty riapeiirfageldonfiguietl so shatptherlensleleheht hadha pregedbed r y

is illustrated in Figure 7.. Two concentric spheres, 154 and 156 are
defined by a celbwughipawsranda prRscrikedastiomatismyeerrectionapd 12 > rt.

Toget hery th Lot : ' hay)
ot Rl rg dae %%"@% eigﬁf Z%gtdrea - (r)r@st'!‘egggé 5%0 =s§t ﬁ%?w/&l'ef ?éh{&sgfr f"é% e

nasal - nost edge "por nt

10 160 of tdpheriealssHelidies\approximately s theé céntrétdfof votationraf deeyé. t he opti cal
| ens el ement according to the present invention nay be a spherical, toric
or rotationally symetric aspheric surface. tn order to inprove vision
further, the fr dreferablydhe lenkelemen ie potitibhed dyt glazinglthadersd elepmént into a
according too the present inventiopn may deviate froma hepical, formto 15
orovi de. | miFEVEYIG B FARIRELARRINNE CRIRSRONGINGIR Aorasin.gt arsrhenpal shebnt
ancUor bacleoihbAd6 )l SEricdestabhd BonIEIRY haviRy diferélRthIRShOWES incihdihk Ae Of

the optim zation problemto mnimze a selected nerit function repreSenting
@measuﬂb iresgribectihreoughy pewetbns seen by the wearer of the lens. The
rrection nay at Eematweiy, or in addition, inprove the cosnetic appearance
of the lens elenent. 20 Alternatively the surface within the shell nmay be a
mufti-focal prodvierespreferablysthedenselomentds iproyjded with aback sutfatewhich has

preferred embodi,nent. the.lengths_of di.l r n 2 di.ffer by no e than
D Ernrn) - arfCHIARF fisss shEtipS HRE el shfrine Pisdhl hiaden iSlordin helBhess "
and the ~ffRrvatuidie aldng MRoge- niaxtia 2ares iddmical 10 1@ eenirals survbitrekr enithaS
surface subtends an angl e CP? greater than 75) preferably greater than 90
and nore presivalenhconventienaldads, i 00. This angle is a neasure of the wi de

field of view provided by the tens. Alternatively, the | ens may be defined

tolie entirely wthin a shell defined in a mapner simlar to the shelf S
of Figul® 7, whethe prasent WSPB%@&H“P@H@F#PGP'%“! designgg speciacle 8hdR 6

mm ,~ g ohbOSiietd Redvi hink it :
alternati ve? 9&%@% ens may biﬁeorés? @élﬁﬁgﬁﬁfﬁgﬁ%ﬁ‘gort | (E)))né g{‘}qfases‘t”ggpl y
curved sphea seves of aphthaimpolenses, @shohaving & spbercalslirtage. ofr agingle radiua

e o THWERhERFA BIRRL Y sBinfo SRR L aRa b Bipvohh SpfctLf
‘ with the spherical surface various common prescriptions. The frame may be
O 20 adapted to support left and right lenses on the wearer so that the centres of the
spherical surfaces are located at or near the centrolds of rotation of the left and
right eyes, respectively. The spectacle frame may include temple pieces and rim
portions for engaging the left and right lenses. The rim portion engaging each lens
may be formed in the shape of a closed curve lying on a reference sphere having
25 a radius approximately equal to the radius of said spherical surface. In such
spectacle frames, the nasal-most point and temporal-most point of the closed
curve may subtend an arc of greater than 90° with a vertex at the center of the

spherical surface.

The spectacle frames may include a left temple piece, a right temple piece
30 and a nose bridge. In a preferred embodiment the nose bridge is of adjustable



5 the present invention this steeply curved sphere may define t (AN
durfaces of two lens wafers ot herw se made i n accordance v»ith@?‘mc!@g?%} es

Patent No. 5,i87,505 which is hereby incorporated by reference. In such a

case the ophwbabmid4| ens or |ens bl ank ii formed as a | am natPETHUBARBWand
front wafers. Because the abutting surfa %s of the wafers are spherical, it
wi Il be understood, 10 that the wafe i‘wbe rotated. to achieve the desired

fers
ori ent at i ofeNgth 30 allew haizoptal GF”L!?HE‘PE’ESP lsns sgpafationdg Rositian thgcentegs
part i cul ar by g Sdgtericl) BUUbES M1 NeCBERABIL ol HES Bes I ihé iBcuifentd!®
novel geonetry of the lens elenents of the present”invention are
i |1 ustrat edniless-frgmes are provides with hingesfar ssippepingpiemple pieces, \the thinges 5
approximately concentric with the centroid,172.0f rotatio f the eye, is
Shown. | The Deing: agaptac.fdre firet aiscsment 1 du refdrente shrerial spitghe “Lime.ce
174 of tgheyd ral’éb?e@l%ﬂl@iesﬁéhﬁvel%sof the lens is normal to the plane P
and passes through The centroird of rotation of the eye. A back surface is
identified by the nuneral 178. The lens extends in a tenporal direction to
a tenporal edge r&(g&gygsr in [ ' t
by a hol k~nr deg-tia%qgf-l [ %liﬂsethe pe penﬁfgm@éﬁgfﬂ?éﬁ‘?fﬁgf &egeiﬁé%%ack
surtace 17heinvehtion beingadetemainegtbytie idetal ianguage ol the glamiaawl equivalents:d
di mensi on ?f:é i's t he di stance bel vveen the Pronto-parallel pine P and the
edge 180. "PQ-i nstructive to consider the peri pheral optical properties
of the lenses of 25 the present invention, such as distortion. In such
cases, reference may be e 3s shown pn F ~gerre 9 to |l ens properties
“i ng ins' %&qdﬁ%ﬁﬁl’émgﬁﬂ‘ﬁmﬁ hal f ante ~ centered on an opti cal
is 0. In Figure 9, 8 is shown as a 30 angle. In a preferred enbodi nent of
t he present inventwn, 1 hedlens ekenren of. tgﬁ. series has a surface
asti gmetd sm of Figre s p dFpWIng,of g, oﬁ?&fﬁ"éf" WSBefined by an angle 8 of 30
at | east 25. QL7 JAN 2d3 - WD 00/ 04414 PCTI AU99/ 00399 17 A | ens el ement
of the present inventjon may be such that fpr foveal visi t he RMS Paver
rror (defined BENGR)2 18 3 ElsSmeafionrbvign of 2pis ataPioBPRRpeeet dolSiihg,
30. Moreovggnpg:he lens el ement may be such that for foveal vision the RVS
Power Error i1s less than 112 D for eye rotation angles greater than 30 and
5 less than 40. Finally, the tens el enent may be such that for foveal

vision the RVE ipqpfre 3id &'cross-56&toridl 36p Vel bf hJjaicoEhtman éyss, and 1eAses
greater than 40 l'ess than 50. in preferred enbodi nents, the lens el enent

may be confcopligwedinaecerdanceyithamrefested embedisentofthe prasesy invention; at ed
and fixated at an angle of 30 10 tenporally the RVS Power Error is |ess

than 318 D for angles t 5 of the fixated position;, the RV6 Power Error is
| ess tHth 0. 65 Figwe 4igeeMoninSprat diagranyiivstraling praperties, of speesel leaser

Error is | . t t ' . piion. Certain
features o%@g%%%%ﬁﬁ%%ﬁ%%g@@ sﬁ&%hﬁgﬁg@wé’onventi onal
s are illustrated in Figure 10. Figure 10(a) illustrates a plan view
line sel ecteg: . C Q“%ﬂ%' I }é@%g M I,
| ens of the prese'é\ghl%\'?e%tl .hﬁaﬁgﬁbgn io%an%tﬁbﬁ@gs%oﬁgins 8 'S és'ﬁgv'\?l in
Fi gur e 10( laccontartehwitivtive predent imithlion, adthaa gonion ofithe Tsohemingalipse for
invention ipn Figure 10(c)) bo aving the same plan outline as in Figure
10(a). The ‘g'ﬁpﬁﬂ%gﬁ? 'IM"’S/R&KPPQ' 20 measur ed between edge rays centered
on the center C of the pupil in the pupillary plane. The cornrenlional base
6 | ens 200 has apparent _field, Qf _vi ew of about
20 alglgu%p 6(a), (b; and (c), 7, 8 and 9 are schematic diagrams illustrating
various aspects of the geometry of lens elements of embodiments of the present

invention;

Figure 10 presents a comparison of fields of view for an example of a 6
base conventional lens and a lens and lens element of the present invention;

25 Figures 11(a) and (b) illustrate surface astigmatism of a conventional donut



105 while the lens 202 has an apparent field of view of about i ?0. Ni [ﬁ
| arger | ens blank aru! plan are enpbyed) a 16 D base | ens 204 c;lf t#}é 2003
approxi mate size of Figure 10(d) may be produced. Such a lens may extend 25
hori zoni aby wowwesdie nasal margins 206 tgQ the tenporal margi PET/AU89/0H39¢ he
orbital region producing an apparent fi a3 of VI ew of about 170. Such a

| ens woukl have no tenporal edge coul d be seen by the wearer when gazing

strai ght afedda hawelotasic whes tremﬁﬁdam éngte@@yewme@'kﬁe'a%mzidenﬁo awingot
be readily Vv ause it curves in a posterior
direction, pﬁﬁé@fs rr?r‘pgpg?é %h&?h 5%5? ic appear arx; e of the lens. Finally,
the rear surface 212 of the | ens woul d ~ '~ JAN 2003 WO 00/ 04414

PCT/ AU99/ 00399

prescriptions. %%gg;@lf@g?&ga% BP%enﬁng @§%§ 3[%%% sph %cal

| enses i n AgrtibAdaepotar dngle donthedomut andmebtbrtcseﬁﬂguraantl cul ar probl ens
when a cyl correction is part of the wearer's 5 prescr~iion. Comon tonic
back surfaces may not provi de acceptable performance. In particular)

convent sonal t ofjdifies43Nd 1D Gke yﬁiphs\/@ﬁthngénﬁdl%nﬂeédgﬁmrshﬁﬁéew| aa
curved lenses. The ideal back surface for a dgpg 3 (negl ecting thi s Ilfce
an

ray obl i qufmwﬂcﬂflmamﬁ fenthe alheireylar mes e Averaged tepei

t he prescrgﬁﬂe surface exi sts. Tonic surfaces are a

manuf act ur e ppr oxI mat | or\ to this ideal. There are two standard types of
tonic surfaces, sonmetines referred to as donut tonics and barnel tonics.

Each i s nmade by 1 r d

the circle |s§%‘§8€|{§ ﬂanﬁf;égén%ﬁtﬁ%ﬁ] ?{gt%ﬁsaﬁg ﬁ%'.@]m:%(tfesggam S ?h

i s a doeslementrsuriaces employing itive teachirigs ofdhe present irbehtionypes of tonics
15 have circular cross sections along the two principal neridians. Because
of this (and symmetry) the tangential power is correct everywhere al ong
t hese nori di ansFigureadd(d)j (b) amalo(o) illystratef an object rid and Imagéstherddf, ner i di an
where the sagittat power is correct. For the donut tonic it is the |ower
tangential power neridian) for the barrel tonic it is the higher tangenti al
power meri di an. dFYgure tala}sgamrbsé-semmmagldd wb]\!vZGf a(rjmoidswhi:d hiraay e srlseﬁao;a
ast' ~nat ~n i entica erq al.on referre ri di an. Exanples o
convent i onmaiﬁdﬁf‘§§ %‘%é’émgﬁ‘%ﬁggeﬁ?@' Mn Figures 1 i (a)
and (b). Both exanples have a tar~gentiat power of 18 diopters ( ~ n=
1.530) on the equatorjal 180 deqgre idian and 2 ters t 90,.degr.ees)
25 for a nom na 'Qt"e¢|9°°m%"§| gF&éM’iW"&P& PR 96"5"‘? céd

di opter co gh& Halculdletiqbt Hrel rdthéﬁtiBrfal 'f&% 'bﬂb@ Néns aHd ¥aes rs%er@ caRdedienar e
shown pictorirally in Figure 17 (c). C2 intersect at a tentral point

at t he ol Manamgmnsemthetprmmmerqustood t hat ot her

"non-principle" nmeridia may be defined radiating fromthe central point.
,9 7 JAN 20p3 - WD 001 04414 PCTI AU99/ 00399 19 The preferred axis is obvious
Qom the plots &hlouweR( conain pipts el-RMSpower errar sad |d.fqtamo§mthaeammedf or

shgl/\gsig L?’Qﬁ?ﬁ@#éﬁj&%?@m@%&y@ggﬁ&%y ot eggf;iflw}?e onut

and barr el abhoicotarmeéridddaekS> t he correct tangenti al povver at 0 and 90
degrees for all radii. The donut tonic has the correct sagittal power at O
degrees, but an error at 90 degrees that increases

Figure 21 and 22 are contour plots comparing a conventional 6 D base
20 progressive lens, with a 16 D base progressive lens in accordance with the
present invention,;

Figures 23, 24, 25 and 25(a) illustrate various aspecis of the appearance,
edging, and glazing of lens elements of the present invention and spectacle
frames for use therewith.



with radius. The barrel tonic has the correct sagittal power aﬁ% gpy@ﬁp
and errors that increase with radius at 0 degrees. There is sortethi.ng

obvi ously asymetrical about both of these tonics; they 10 each have a
preferred meWOdPA4E14 There are, however) functions that preseREEAUYOBEEI rect
tangential powers along the main meridians but treat the sagittal powers

nore symretyi Y ol Q rLuct tion with the desired
t angenti al i?f# éﬁ?cngt'%q’éﬁ@@"ﬁé%:abﬁo?%réé i on along every neridian to
be circular. The function would have the form 15 z(r,6}=R(8)- R(8)2 -r.°
Where R(8) s‘the radi us of curvature along the 8 Meridian, and r = xZ +
y'- . The \Q}p!mg of RO and R(90) ane fixed by the desi red t angenti al
powers and the povHers at i Merrnedi ate angles are determ ned by
i nt erpol ating bftwee i d values. Aformfor the interpolation cones
fromthe recognftion 25iat-enSeUPRIYT the 20 above power profiles are
nearly sinusoidgl . émwg,rnox natron for the R(8) woul d be
P(e) =P(0) +( P( 90? P( ?5’?%00326&? and R( SM ) / P(8) where P is the
t anger ~6i ai powdl anBedudétion Gt Magnéfication Eflec diDisteslinl t o convert powers
to curvature. Tq,add nor trol over the sagittal behaviour, nore Fourier
25 tenp could b add'e?f‘ﬁ@apH&q'WFerpol ation. For nore control over the
tangential behavi ourChicgidiédPerfopmaficd OfRAe Dediyh EXanfillesn r. For a sinple
surface no extra degrees of freec~mwould be required. The plots of Figure
13 show t he t an¥ént i Glazegd-ensgsAnst Spestacle FI8meS uncti on of angle as shown
above for the tonics. Notice that the tangential errors at internediate
@gl es are less than the 30 donut and greater than the barrel tonics.

tice al sb thaBasiclensGeometsywer is 1 7 JAN 2003 - WD 00/ 04414 20
PCT/ AU99/ 00399 corrected at 0 and 90 for r = 0 but starts m ssing on both
nmeridia, nore or less symmetrically, as the radius increases. For a surface
that i40not axi Theybasiongeometry het densesa made inoaceodancenwithothet lpresenjul ar

ot 1t neuehbon MBS bellisubekR: Figfres ). BRI B i Blpafiey ' °

produce anfronfhsiae efhd ©p! viewsr 6ichn atgedr D‘eﬁselOOE in acouriahge wile tnerpteeémona'
donut and bane! tonjcs together. Doing this nres r?ZSUl ts that are simlar

to those féventiansihe gaginciZin Figurg &b is mer lagatipn qf the joptical canderoftmear
| f
p ots for gér\%here%%wr&:ﬁﬁ%ﬁwrw@&ggsr%éﬁwm fheloailiAe 103

-aBjZa 1 e surface height ens) Zs 1s the surface
he| ght 1&f @fdba@@doieas tsamdnsated)ﬁbm azfrohts vieve penspeativehini Ejlgur@fs(a) in

0. Fi gur e iR ikebindnf oSk 106 B hah st 65 B vie fehs A stodn e
fromthe plm%mecs(c Luppe%dgemw anddoweredgeniliciane idhs drd &nmcmnw
t he angul ar havi our of the ta(raegtlal and saglét at powers for these

ci rcul ar miensieEboimenteeh igwre &itpe Jmnt.autacety Is BIBeepsPhergal e
conpar e o Ae Baqlﬁ.ng@{ [ and the circul ar
@rl di an funct I'ons gatave iteheé tsi‘g’n'%\‘gas?qﬂetggtgeﬁcont ours and 45 mm

di aneters as before. 20 The astlgnatlsm behaves nore si rrply for the

ci rcul mer i di FheS %M}ﬁ{é n{al?lﬁ'r ' Pﬁw r?fc;rﬁ
of add?r?g Fourier ter e angu |nterpola @n, one extra coe? I Cl ent

can be adj lm%ues@nedmtodbe ‘lend in a-variety af mklmmmmd éhbodimerit] s
are shown i ure 16. Notge that the eredi ans st t aI have.ci rcul ar
o ose oo (dinaisde Bpove. e foptsurt e Jens pleme ipales SR sphere

slightly. Ww%%ﬁheﬁ?'m@'c%n%ﬂi é’l’mnt@l”ﬂfe eykl mnm e pagoal

properties of note. The surface astigmatismof the Surface at &any point off

t he princi Susfaceral thexsenes okionsielements may Hera constant steephsphericahsuniace of

ver ag 28 ot pnfed o of RRel e’ Giedl f DEKRBORE I ke aplbcifivhis e Ober

i nt er medi atsurfaceds W) vaRabke irvatifre ) #9 cunalire 1B6iflg seldctédrolprodide at least
the appropriate through power for the wearer. For example, if a 16 D spherical
front surface is selected for the lens element series, a rear surlace with a
curvatwre of 20 D on its major meridian and 18 D on its minor mendian may be
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Wiite the foregoing tonics are preferred for use as back surfacebTf JAN 2003
| énses of preferred enbodi nents of the present invention, it is possible to
use convent i wajoehdRi cs or generalized tonics to provide for PoTeAU®D63995
Attematively surface correction for |lens!'®lernents of the present invention
may be provided by producing a back surface in accor-dance with the

fol | owi ng mseddepravde aié £ thrpugh power withyangtD cyl. Adleynatively,: if theccanstapt

oAb ardee” o6 e et e s BRSER 3 SpepBRCfpurBRE, Pt e
Error (RVScehespondifg sthfade_selected for the-particlitar préséripfion mi@Fbe plced 2or
r (npe)' + ~ ieyl trror?"' 15 where s is the focal error matrix and

Xt ~y i .
a lens are

lra -

may be wri thefonhs

~c @1 ~9? where sl, = E~, by the choice of the

orthonormal basis set. Were these terns are cal cul ated by considering
specifically the optical properties of the tens, the terns Optical Mean

Power Erfor, Opthcdirercglierpalives,the Rosrelemest icra susiase isr eonst@gined to e

merit func

he speci 1 MY g FGrER) SBO. TR oo iy MRl BliR, 700 liBRRb 2"
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O

10

15

20

25

30

etis) 154 and 156 Ererddlined\by a centémaePoint P @ndl two radi) 4 andira M
~ ~ 16 (nmpt)' + (cyl grror

' JB ha~ad vnurr~ ohsque
where 12 > 4. ogethgr, the spheres de?ine a shell g A lens 158 is shown having

a nasal-most edge point Q and a temporal-most edge point O. A front surface
160 of the lens lies within the shell S.

A fromt surface of the optical lens element according to the present
invention may be a spherical, toric or rotationally symmetric aspheric surface. In
order to improve vision further, the front and/or back surface of the optical iens
element according to the present invention may deviate from a spherical form to
provide improved optical performance and/or cosmetic appearance. The front
and/or back surface, as described above, may be derived by the solution of the
optimization problem to minimize a selected merit function representing a
measure of optical aberrations seen by the wearer of the lens. The correction may
alternatively, or in addition, improve the cosmetic appearance of the lens element.
Alternatively the surface within the shell may be a multi-focal progressive lens as
described in greater detail below.

in a preferred embodiment, the lengths of radii r; and r, differ by no more
than 2 mm, and in a more preferred embodiment one of the radii is about 33 mm
and the difference in the lengths of the r; and r; is about .1 mm or less. The front
surface subtends an angle OPQ greater than 75°, preferably greater than 90° and

more preierably greater than 100°. This angle is a measure of the wide field of
view provided by the lens.

Altematively, the lens may be defined to lie entirely within a shell defined in
a manner similar to the shell S of Figure 7, where the difference in length of ry and
r2 is less than 6 mm.
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Wwhere summations are over a number of sanple eye rotations 8. |nh lzh ag 3
of Alts, there are different blur neasures used dependi ng upon whet her t he
sanpl e poi nt WO W@sldsents a horizontal, ygrtical, or oblique RCH AV om
the "strai ght ahead" position. This rmde may provide sonme generalizatron of

and s opr esoAORAI, ARE i@l e JnShiES: bk, dnfifRa ok EofiRiing ¥, -

strat egi es pgoptidieof avétegply! dmr&edtSphbré uubh@s thehestion 0Q of thengpharg sving
included in the nerit_function_ that resents the cosnetics of the | ens.
. For exanpl éadmﬁsflea@l 6\9“[&39 Meat'ﬁr?ée ce sSpherg May(PRedi SPHEIR (WIMEh nligs pe

defined by, df3fe Thé 1ot YA Back of!ig 18 Tééngxfsrs WhGodifnts of

rotations cons ere s a spectie ens ra and I's the ens
vol ume @it the ph'ésemadvemdn this stdeply curved sphereemay debae\mmying sgriaces Ime

average | ens thickne 20 111 Redyction O nifjlc Di st ort

Spect acl e |twas'e§se\rﬂs%$ WﬁWWﬂﬁdﬁ?‘i”%ﬁ@% b QRE gﬁ?gﬁaﬁ?m °Th| s
occurs bec [ %03? e I

(~ 7 JAN 2%?7@650%%4£2§9P | AU9 0'8399 Iocat edn%cef)ogeaétijgﬁt r?g%%sqgﬁd
do not coi rophtrelmic lerisher terisr blaok ip dpimhed fast & dareipate loh backearu fropt mafemrver

| enses make, thin and nus ovver t enses ke t.hi n ot

o rer T MBRRauEE Ihe g itheBE ot The Wbl Bte. SSRGS o BiRerices
the peri@phanal wié Mer@%agablé%ﬁtbﬁ fPRhRVe theldbsiredv bfsnfatiofl bf & dyiom
5 the true field of view throu the tens. In addition to rnac~ifiicaiion,

ectacl e IW@IQRP"G@S‘POP‘PG ﬂﬂéhg Heapstacss. Shiseist Raricuagy quu'grpmmg For
eye Ioolﬁ Hﬂra\% ghead, mnus |enses create so-called "barrel
di stortion' I'ch rectangular obj ects appear conpressed in the periphery
so that squares took tike barrels. Conversely) plus 1 D powered tenses

t " h f
e Phcs" e sShati B g Hof) SI6RRED ST (AU Iohd BGRERR! St e bBont
si ze, shapemlfemmd msnllusimaledTmﬁrgoms Arienqahﬂﬁftmrca smepcspl;ermahcuhtlmma, is
not ract t correct fort t e nses are . sl | ent
about t13 @RDrAmately sancentricswith e cRItRIY 78; ehiqtetion of dhe SVeyds SR
the touted Mé#éhtoaﬁﬂﬁﬂéﬁﬁﬂﬁeqf‘ @wﬁgw 1 Qnéegherical ﬁmtsdrm;ecimef thé réﬁs the

lens to the eye reduces nagnification and ckstortion effects) allow ng a
nor e nat ur Blhecoplical taxisn 186 ofithe dens ist nomnaldo dbe planssPrangd passes thiough the

maan! {1 oL RS of rSlafibh! MR o8 °& itk s nfaRE bbniifed By AR hEral e,
The lens extends in a temporal direction to a temporal edge 180. The novel

20 geometry of the lens is defined in part by a hollow depth Zy which is the
perpendicular distance between the back surface 178 of the lens at the optical

O axis and the edge 180. A related dimension Zf, is the distance between the

frono-paraliel plane P and the edge 180.

It is instructive to consider the peripheral optical properties of the lenses of
25 the present invention, such as distortion. In such cases, reference may be made
as shown in Figure 9 to lens properties lying inside or outside of a cone of half
angle ¢ centered on an oplical axis 0. In Figure 9, 6 is shown as a 30° angle. In a
preferred embodiment of the present invention, the lens element of the series has
a surface astigmatism of less than .125 D through a cone defined by an angle 0 of

30 at least 25°.



For a dishant object, the magnification effect is defined by the_fol bw ng
equation Re latiyrSpectucleMgntfication =1 |1 1 _ ~~ 1- tF, nlMec’éNdZﬂﬂey
~n F' egure 3~ is the distance fromfhe back surface of the lens io the 25
entrance pupwo ®ssfae eye) F' is the back_vertex power in di POIFeAEs9/00399s
the thickness in neters) n is the index a7 refraction, and F~ is the front
surface power in diopters. The part of the equation inside the first set of

brackets is oft &hleng elemenof the present invention mayds such ihat for-toveal wision399

pover . 11 dhediS BUwEr Eron elined babie] i RIS bRAB I 107 Folaah Mhlel
1. ~in- ot hgesyiidlF B0 MBRsoveR 168 R blamérm m&z by SuokPtHat foRfovert vision thé €
magni fication due to its power) and this is at happens with contact

tenses. SpedMScPoweekswy islesscthans1/Ril fetieyavgiation angles gresterdhan &0% and
Fort art <8t nse Ban a0+ i, fhe 1eRs SRRty beuch that Bf Fyea)Sisi the HME *
pover spectggléy {E%ﬁﬁ? Q’}ﬂaﬁ%lwgtiﬁ%(yé"%{aﬁ&?ﬁ?g‘gg@,ﬁétae'rrgﬂﬁgtggf%&i Wan |

According to context, e term"magniftication e to describe
bot h nmagni f§@®ati on and ninification. 10 The part of the equafion inside the
second set of brackets is usually caned the 'Shape Factor" because it shows
how nmagni fication varies wish the thickness and curvature of the lens. tf

| enses had no t hhqirefsifed ebodiments| thederd elkenentandy el corifijiedveucH that
equal to 1. The jdeal "thin lens" of third order optics would not have any
magni f i cat i foh pesipberaldvisiopowbae dhe @ye: i rolatads apdclixated |alsan tangle of 30°

Dt ach 1tafhpodail, FROOMS, POl 3k, 1854 nia aBEoTR" 208 £ B of abd Bkapeo
al ways havep,dipidr; ithe HMSPowsF EASR is Issathth 9865 $P10r ingidsek Moal gané fixated
greater than 1. I'n other words) all posirive neniscus spectacle | enses tend

to magni fy phsitiany andthe AMBePower darai isalessthgni T.0Exafoangiesest30° ohthe
equati on t b? set. equal to 1, so 20 the product of the power and shape
factors nust® N0 1. Since both the power factor and shape factor in
pl us tenses are each greater than one) their product cannot squat 1, so no

plus lens in a s}tt.i ve rquni scys,form can, ever tbe faré@e trom mar%nifi cation.
On the ot her handena@lN,jeaties QF the PresgRt hveatan |andg g jcompanson, shape

factor gseagdtivehtionalliens @re ilistratéd i Figure 01 0. Figeret TaP ilLgiraiessa iphar? Yiew
car>cet. To do the, we nust solve this equation for unit magnification.

After doi ngollineselgsted for & epnvantional lensansha steeply cyryed sphfricaldens of dhe
DS Cains 2 PR IS SondbhRna 728005 206 ¢l i ikt 08y 1O

second pri nziygdD ReEsEnlienst 202 én lacoordance hwitk tbe preserp upvention inhEigoye: . 10(c),

Achi eving ttbci)tﬁ t{ar\]nriag Bireagatring%larg Al uy}bgegssmrlgvgﬂlier T é(as.wﬂ\e apparent field of view is

O 20 measured between edge rays centered on the center C of the pupil in the pupillary

piane. The conventional base 6 lens 200 has an apparent field of view of about

105° while the lens 202 has an apparent field of view of about 130°. i a larger

lens blank and plan outline are employed, a 16 D base lens 204 of the

approximate size of Figure 10(d) may be produced. Such a lens may extend

25 horizontally from the nasal margins 206 to the temporal margins 208 of the orbital

region producing an apparent field of view of about 170°. Such a lens woukd have

no temporal edge which could be seen by the wearer when gazing straight ahead.

Moreover, the iemporal lens edge thickness 210, would not be readily observed by

other people because it curves in a posterior direction, thus improving the

30 cosmetic appearance of the lens. Finally, the rear surface 212 of the lens would



things: a mnus |ens power and very steep curves. Distortion 5 ﬁcto\;m nyo3 o
third order theory, distortion can only be elimnated within tertses so
steeply curved as to be inpracticable. Jalie, M The Principles of

Qoht hal mi ¢ Lwoesegh Edition p. 461. Thjgd O der theory in P&FAUIGA®es
back surface curves in excess of 35 iopters, which would be nearly

concentric ground .the entranc upi}] of the i 0 eye; such surfaces indeed
woul d be i rﬁﬁ?%rc?ﬁ!%?q?esﬁ tw?@gﬂﬂb{ﬂ'ﬁ t&rqagr@nggﬁ BIPS&RPYRA ras bot h
surfaces concentric around the entrance pupil of the eye would have no.
distortion at all because . the symmetry of the |l ens would ensure that all
bundl es of "raysqqusalﬁ?‘l%%@&@ woul d encounter the sane surface

sl opes as do those fromcentral objects. Wile concentricity about the

entrance pupil does 15 require extremely steep curves) we have found that
sonewhat fl att eSteeply euregds spberical lengasy in agerrdagee with theh prgsent tinventiore

conbi ned w n - Whi C PLABRT Ral P! 1 acat I o] :

entrance p@quTﬁlgé%guprs V\nrﬁ% e%@e;‘ gggi%ﬁ%‘%’g ir%e ~crg ﬁﬁﬁ%léf‘l‘%gﬁ b in

m nusdpcsr/]\elprésuim' h. aGdmmon k toric :cbaﬁes sutfacés anmyrmnaf nprovide ﬁamf I fablec

around the centroid of rotation of t eye, 20 In fact) it is higfily

desirabl e W”ﬁﬁ?@"??re"? Aruyiar, e?ﬁr}“ieﬁ'%aﬂ%m*”f%e doe RPL r‘z'B'Tk P’Bﬁht‘?’%h At thehe

eye, becau%\ﬁ,ﬁg@&@t IWRHAER Ibhsessymet ry of the lens for the eye as it
o |

turns to vie I'ts 1nthe peripheral field, resulting in inproved
resolution. If we strxgy requke that one surface of the |lens be concentric

around the cent rpiodigaby babrisumacs ol B oty Ax WnQQB% e ?ﬁ?%ﬁ‘w' ch

rtually elimnates distortion. 25 in this a~sp~i-al
@uat i on f ovouldihaveha constapt isuriace) @stighatisor appeopriate §or the présoriptiohi dNo has

its front surface concentric .ar he centr i f Il at~on.of .t he eye, we
can solve 4 qurﬁ?cfe?ﬁgsoﬁpﬁgs%f%sﬁgf gtmeg?ﬁ’gﬁ{méﬁr PBBE’,""T‘PP?“SB is

di sfance) tidsali THee afe b 'staridard typée obaslic Earhes, PsoMretimes trefdired s tace
of the entrance pupil fromthe center_ of rotation of the eye. In this case

1 7 JAN 206®miaissend karel toaes.Aead) pdwsie-by sweeping g-circblar arc around a
(1, - K+ geed ads. If the fHdius Q}( the cirble-is sORY ethéngts%axﬂhﬁ @i&te}nﬂceaﬁ e
205 T 5 ' Face: dr 2 Tromine 1 rout

shape factor, ront sur I st ance
| ens sur f adixet @xishthepl ihisca dbnuhtorien dtherwisepitis b;baared torize Batht typesiof tarcse

fromthe center .of ;rotation of the e to the.entrance pupi|, of the eye as
chown 15 FPEYPceiguly Pt ABebany 2ortl i Rty HirEwie) TRARaUBS, Bebapss it i
desi gn. Fi qahd syrhnsetry) thé tarientiaPpowér ietotfect e ié afbriPthe’e\neBidnk! om
a great distance) such that the grid extends 45 degn~es to the |eft and
ri ght of tHe agdddwer eagh typecoito(iphasa tpreferred” meridian where the sagitial power
is correct. For the donut toric it is the lower tangential power meridian, for the
barrel toric it is the higher tangential power meridian. Zero tangential and sagitial
O 20 emors means the surface astigmatism is identically zero along the preferred

merndian.

Examples of conventional torics in steeply curved lenses are shown in

Figures 11(a) and (b). Both examples have a tangential power of 18 diopters (@

n= 1.530) on the equatorial 180 degree meridian and 20 diopters at 90 degrees,

25 for a nominal 2 cyl. The plots are 45mm in diameter and have 0.1 diopter

contours. Circular principle meridional curvatures Cl and C2 are shown pictorially

in Figure 11 (c). Cl and C2 intersect at a central point at the pole P at ari angle of

80°. it will be understood that other "non-principle” meridia may be defined
radiating from the central point.
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cak:ul ated image of what a person wearing a conventional -5.00 D lens would
see: the grid appears smaller and distorted in shape. Figure 171(7) J%W)\?ﬁw
the calculated 10 inage seen by a person wearing a |ens de5|gné

el i m nat e diwiodolosaad according to the previ ous equations. Thecnmg&loeqspears
al nost identical to the original or~ject 191V Lens Manuf acture Ophthalmc

| ens el enments according to the present invention ma i 5 fomM at ed
from any suit ablEherireteren. axis ipPpMiersdrom: bei piotsa F!E!"Qs'b*d Theh tangantiabri c

mat eri al 0

t herr nopl g%abgﬁg@gﬁgépggé E;%We? fBY% gggngbt g%@%’%@%ﬂ%@é‘t‘& ra?@r I'a O’SlaJQ:cIil as
dialiyi giy2mmnsfroRothal ceritypare shosvn W@BrédDBﬂaMdpst ries) -may be used. The
polyrneric am de rnay al so be formed fromcross-1inkable p~ol yrneric 20

casting conpositions, for exanple as described in United States Patent
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capabl e, of nodi fying ret ract ive i ndex ure ]errj—ﬁ—n—H—ust rates a nold
suitabl ¥for naking a lens el enent? 0 a‘c@%r)d' @With teachi ngs of the
present invention. The nold includes a front nold portion 300, ack nold
portion 30Whete E8)Lisdhé rradiye opcurviature 3iang e Mendiar, and: x’may’ beThe

fomed in the cawg 306 between the nold halves by injecting liquid |ens

material tHakeh (O)3end A(90) careqlixed bir thegHepised tangentighowers andhdhe
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be renoved valuesatAeforny fordhse intgrpokition crhes WmmeDEcbgnnmndbameljom dbdbe gn
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Sortor niﬂcea%mwmf%afeen?m shiabilal S8 2 paod distavntoRietion for the

i nvention Qfo 1 JAN 2003 WO 00l 04414 28 PCTI AU991 00399 conventi onal

t ow base cur vg ens. Ooncent ric fornConventi onal | ndex of

Surf ace ?{J3v2?53e5??f’§%86>%§'s®%ﬁ<&ﬂ-53@’32%€%8 SRR3R P oce
radli us33. 11323 BIOHS BinaAlSl power 458 h 10 366K of reiachin Hesasa 8 cdhven *°
power to curvature. To add more control over the sagitial behaviour, more Fourier
25 terms could_be added to the interpolation. For more control over the tangential
behaviour the power coukd be made polynominal in r. For a simple suriace no
extra degrees of freedom would be required. The plots of Figure 13 show the
tangential and sagittal powers as a function of angle as shown above for the
torics. Notice that the tangential errors at inlermediate angles are less than the

30 donut and greater than the barrel torics. Notice also that the sagittal power is
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di stortisoncirg@g{k%§%%c%nfi gures '19(a) and 19(c) also exhibit reduced RVS
power error In e mnus prescriptions. Exanple 3 Figure 20 illustrates a

cal cul at ed conpari son between two steeply curved 5 spherical |ens etenenfs

w~h a i6 D front 3 rough W i
correction of 5‘"%%&%%&8?"%& ﬁ%é%a&iac%g%%@éﬂ%ﬁgﬁ%?%g%ﬁf'ef%s
back; the kiwnsonveritiopal GoRl( #d barehivrict togéther! DoingRhisthived rssuhelthahard ype
descri bed above. The latter exhibits superior RMG power error and sonmewhat

R
i nproved dsEpiArtodhose Jorthasidace trpsveied from %W‘&(a’ﬂﬁf‘@i?"?f Thganguian

and 22) ar Iﬁ;&g REVdd KNS ER; Vi ' - e

pr ogressiv e‘rﬁ?gﬁ" a p?ggressié/@n?ens acggs’d'égatigwign?} 55}% *Fm\éﬁﬁf’on.
hgur e 101 whepaZds thié sudace: height ohther leps; Zi issthefswifacerheighti of mat dryventionatl 15
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22 conpar eyeigiting/fagtorsughobat ti=ap0f 0! FRyuref1a shows 888 epstifi€ chs8Jomahh: t he

steeply curved lens of Figure 21. taeneratly speal ang) progressive tenses

made in ac®f-dance wish the 20 present invention are characterized by a

sieepty curved reference sphere or spherical shelf approximately conoeMic
with the centroid of rotation of the wearer in the as wom position. Such

| enses have an H#pisediftigulintondell fioen the RISt ehEiguresibnbulathesaeareysisnifisgnt
Zndan 15 s SreteREeSintheR it tilibvidif of € larideial ind QAGnaPboNER 1ok el

varyi ng beticeslar trneridinpand aavbragest rtoro nasfadesc | Thé wgntowoploisiaf Bigure 15
relatively cg%psa% ftﬁg %u gé«'a %@%llnsag]sm of the averaged torics and the circular meridian
functions. The plots have the same 0. 1 diopter contours and 45 mm diameters as

before.

O 20 The astigmatism behaves more simply for the circular meridian surface
than for the averaged torics. To show the effect of adding Fourier terms to the
angular interpolation, one extra coefficient can be adjusted to "round out" the
elliptical looking contours. The results are shown in Figure 16. Note that the
meridians still all have circular cross sections, only the angular interpolation has

25 been changed slightly.

The circular meridia and average toric surfaces have additional properties
of note. The surface astigmatism of the surface at any point off the principle
meridia is less than the larger of the surtace astigmatism of the barrel toric or the
donut toric at the same point. In addition, the average toric or circular meridia

30 surfaces lie belween (have an intermediate Z value) between the barrel toric and



~ ? JAN Z003 WD 00l 04414 30 PCT/ AU99/ 00399 In one embodi ment tHef sty
‘turved reference sphere corresponds to the front surface of the central
part of theyeppessrdi ewi ng zone. fn another enbodi nent, the ROTAAUBADIMWE
surtace is on the front surface of thedlns and ties within a steeply
curved spherical shelf of thickness |ess than about 2 mm In both

enbodi nenthe donyidonicaf the same presariptienof the shell or reference sphere may
be less than 50 nm preferably between about 30 and 35 nm nost preferably
about 33 mmt about 2 mm Suitable front surface designs for progressive

| enses are il | Whiledhedofegoingoncsare prefepeddion use asthack susiaces dor lensser i al
No. 08t782,493 filed July 10) 1997 - now Unit St.at es, Pat ent .No. .5861935A.
10 vi 4 anecPrE %Hﬁoé AcP tEPaRé%se%ﬁe&q'gef'%n’f r"ar'r%sp?ﬁmgséoi HS€he
present i gydnitidRabiofics 8ppeRerdiided torits toividelfot 1he leResent invention in

t he approxi mate positions shown in Figure 3. The spectacle frane may be
rimess, partial rimor full rim in preferred enbodi nents the | enses, when
mount eg i n t heARerativély Suklace’ édfectihio? 16ne efnénts M e prekenCinvehiBn

angle. The spectacle frame may_ ir~ude an adjustable nmechani.smfor altering
t he posi t maysbefprevided by praduging advacknsunfages in eceordapee with the followings of

strai ght - -S| A e =] LS a perspective view of
eyewear 4@%%{5%’%ﬁ%‘%‘g‘g‘f’%%@f‘&%ﬁéﬁg@%’éct acle franes of the
present invention. The | ens shape cregt a 20 ,cosnetically interesting
object. The spectacle franme in Fig&r gzgﬁg-smm with a rirn portion 406
and tenple pieces 408 and 4i 0. The*r%ni®d% t he spectacle frame surrounding
ch lens is adapted to correspond to a closed curve lying on or near the
@eeply curved reference sphere of ,  the | ens. Because of the consistency of
this curvat ur ePt RUBHEH o) MeAsWes: o}, opieal abewalons, ofja,igns pre Aefiveds asne
desi gRp25¢djpwshe ttt to any prescription in the range. , Figure 24 is a
si de ePevatl on of the eyewear of Figure 23 on the tace of the wearer. The
Figure illustr S ot h as of the visapk egppear ance of the eyewear
due to the ste%@ﬂ?]m%"@'fmé)lens and thesconpl ex three-di nensi onal
shape of the |l ens edge. The Figure also illustrates that a | ens of
relat' n~ely s ~ ~ JAN 2003 WO 0010 4 31,\P AYF9/ 00399 si ze
provi des a w de %%V%Ir of view and good é’yﬁ%f o?é’gt %.‘1

2 2 1 \M2
RMS Power Error (RMS blur) = (‘n +2£uz+€n)

2

M2
((mpe)z + -i- (el error)? )

15 where gis the focal error matrix and may be written

where ¢,, = ¢,, by the choice of the orthomormal basis set.

Where these terms are calculated by considering specifically the optical
properties of the lens, the terms Optical Mean Power Error, Optical Cyl Error and
20 RMS Oplical Power Error apply.

The mert function(s) may be selected from the following functions
depending on the specific application of the optimized lens:



Figure 25 is a front pictorial view of eyewear enbodi ment 412 hdcdAdi pgp3t o
“the present invention illustrating certain nechanical aspects of the

i nventi on. wihw/@peict acl e franes of the_gnbodi nent of Fi gur PCIBAVNIEONIRIe a
nose bridge 414 and 5 hinged tenple pi @ges 416 and 418. Toget her these
corrponents conprise a thrge-piece) rimess spectacle frane. The tenple

pi eces 416 an 418 i ndMuae) Hirmgbiyr £20 and 422) and nounting tabs 424 and
426. In a preferred enbodPrrent the tabs 424 and 426 are surface nmounted
onto the spherical fr es of the lenses. |i wilt be understood that
10 these nounting sur a(T I’f’a(\%l %f"&’anﬁl stent position and angul ar
relation with respect to t’he frarre regardl ess of the prescribed through
power and cyl correction fhe legns. in a g\mlar fashion, tabs 428 and
430 of the nose bridg¥.#L ( mpe)” s'u(“cb’éwoﬁngnt ed on the respective front
surtace edges of the |lensé® e nose bridge 414 is shown in cross-section in
Figure 25(a). 15 AdvantaggQusly, thg.nose QEldge may be nade an adjustable
length to conpensate Mor- gg(fae"r)gm 2{(@ b1 .aa%@;pa?ances (Po in Figure 3)
commonly found in differe wear er Sg ust abl e feature pem-its the
opti cal axes of the lenses to be aéned with the axes of vision of both
wearergps eyes. One r,ugdt tdbl e for producing this

adj ust%bl e feature F?ﬁ g;(%’ §)IL:| gmé&gg?gﬁ) 3 t being 20 understood that

ot her conbi nations of noving or flexible structur es could be adapted to the
purpose. In the enbodi nent of Figure 25(a)) the tabs 428 and 430 are each

oqpos t ¢ WeTE Sipiafiis Afovel 8 phFBBE L Syl el IO (e rembers 432

(ZEd 434I in pﬁSi]Ei on. The sei screws may be | oosened to permt adjust msnth of
2 3 434

e CineT2 fu e o bl W o b i

lens el ergréthertivd) sahfie poitlted rEpvesehfsy at hdrfzonta, Redicallast vbliduePfotatien bed
t hr ough- power and cyl correction, and nooted in spect acle frames adapt ed

for use tirmdne "straight aheadj'msztm This owdmmay povide 5ome generligation: of
prese Ibﬁﬂc w th various enbodi nents
and egémptﬁé Hchﬁ'ﬁ}' ﬁﬁ{‘ ﬁ{'%l on #?eﬁgﬁpﬁﬁé@ed is defi ned by the

foll owi ng clainms and equi vaI ents t hereof recognized in law . r.) ,17
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the lens el emeﬁ% avi né‘%\ sph éegtrh;@e W ?%é'wa“ s o?'q%u'r‘?’\'/'g%ﬁﬁl}ag | ess

t han abomﬁﬁpmrmod'ﬁmegebeemctbelwg adapt eed for positioning such

that a center of curvature of the lens elenent is |located at the oerrlroid
at rotation of the eye, wherein the ier~s etenerrt is suifiaetr~ large io
provide a fielig wttﬂMqrmbedmmhaﬁénhnnaYlbetmohdedl'ndheed'ellriunmiomt he

o T el torvaSems 3he Bopefcd 371 lehsHal eRSHipl, ihsibhd of 18 W aidhe |, °2°!
() 15 amodified merit function may be defined by
M»= M+n."2(7:7’7)-

where e denotes the number of sample eye rotations 6 considered in M, r is a
specified lens radius, and V is the lens volume out to the radius r. The factor A is
seen to be weighting on the average lens thickness.

20 Reduction Of Magnification And Distortion

Spectacle lenses either minify or magnify objects viewed through them.
This occurs because the principal planes of conventional spectacle lenses are



2. |~ tens acc~r~ding to claim1) wherein ~e lens elexnerrl is4qaf SJANJ'RD:-)
*vision lens elenent selected trama series of lens elenerrts haring through
power s o~twofoooams at | east approxmately +2 D to -2 D and e@pab29/608e%l y t he
sane radius, of curvature. 3. A seri 632%]: ophthalm c | ens el enents, each

| ens el ement havi ng a: spherical fiont sur~ce which is approxi mately
concent r ilecatpd glasgdo diee lansand denot ecipeideyith the enlsanee pupll ebtherwesokt t i on;

appr oxwn t S 1%'!. i3 u j [ ti: g‘% ﬁg’ E_[Lgl e
vaAr e foﬁeg'élexas"e ﬁ'gssﬁqrﬁre}:t e raﬁ%gg%% [g‘ék‘%ﬁ{g@@ab%ﬂg%ﬁﬁ{% ancr %EI n the
| ens e~r maakes things- ook smalle Magnificationcalsoohangeschepperceivedr dicghioposker s.
Arr ~lr~C li.ens el errrent ries according, i~ clajmg3, whereip.the |ens
ol erer - RO M 1he PeRRRRILTAR, 304 fruseq BELaPRaTEPLIiH;of ey 1 Aier from 6
5. /15 O Tk TR vibWtRrdtighTRE JerieT | €s acoorrding io clam 4, wherein the
| ens el etnerr~ hcwe 1 hnough “powers of approxin~iely +2 D. 6. Mopt~almc

| ens el enment series acxording to claim4) v~herein the lens elenents hare
t hough power s Qi finP X Fns ) ] Gy S t.gseries
according to éﬁya one oﬁ%&n@c%&trg SE!')‘ vafériﬁgrgﬂlgélg %g%ﬂs%e.%:g@ngﬁ ?@HF% ?ﬁe
seri es anbjeocts viewexh fiwoogh dligmd Forrare eybdobkiggastiaighi aheédpminus lerdeat t he

bower . <)reatg xgo-calleds “Easrel , SRaniPR” | i oWhIE o IRSTIES QECIS ABPRRY any
one of d%oiwg,)résséa ih thepbRpRery S Bl ‘sqhiafSs RESRMIES baniedy. r@bmié?é%g.dgﬁﬁd a

donut toro both having the same principle neridia and the sa ower
al onglGaipowsred denses ¢reste tpincushiorudistertion| which sirelebes adthecomersrafi ng t o
aim 8, ")rw?é\%% the sur~aCe asiignmalismd said beds surface at any poiint
f the pri P & meridia is kss than the ~r of the sasfigma~tismof the
barrel ior~oid or the donut ioroid a~ilre sane point. 10~. Arr oph~a~nic

| ens el enent ri i i ral k rface .. s
def ned such tg i Vedts 208 Lol & deottRe’ M pelferiBny of Mty sicS,
i r ont o~pahapes, arithpositioanVextbooks on ephthaimitaopticiicheh. that # isindhprictical
conbi nation of the height of a harrel toroj d%ﬁ Zsémznd t he hei g_ht ofi the
donut t of®iGPITest gist JneReFiasle Jenses, | agt s abput/the deSirgbility of

opl rly3 raﬁgmgg?ﬁ&iﬂaﬁaﬁﬂﬁﬁg&ghwg%na%%éweww Marrhgelabf dsmasio. 10,

wherein t torpid a donut torpid each have prTncipal neridia
defined Ugnses isythai-ther closechitr aof dhe tlers (o civec eye IRduces opagaiication and
elerr~rrt | es rdwng. to _daim?7 ~r her ei h s~se~di of the
back sur éﬁ%ﬁhioﬁeeﬁéﬁg' g‘%ﬁ aaﬁ?% @9%2%%& §f %%%'M pm@;ﬁ?ﬁ"ﬁ ens
el ement sjsirableatorddute the drighification@ic idistbionCok speétaeRe lerisegEif iidisan i s
equal to the_ir~siaManeous curw. ~re oaf a corresponding neridian at the
center oXOS&&rrreM onal torus given by the 14. M ophi hakrac | ens el enent

series according to claim 12, wherein the back surface ~ismcorrection is
gi ven_ by the surface height function z (r, B) where

O 20 ° Relative Spectacle nification

For a distant object, the magnification effect is defined by the following
equation:

1 1
I-daF; | . tF,

v 1——L

Re lativeSpectacleMagnification = (

where d (dv in Figure 3) is the distance from the back surface of the lens 1o the
25 entrance pupil of the eye, Fy is the back vertex power in diopiers, t is the thickness
in meters, n is the index of refraction, and F, is the front surface power in diopters.

The pant of the equation inside the first set of brackets is often called the



., 17 JAN 2003 35 z(r,6)=R(6)- R(6)2 -r2 and where R(6) = R(0)R{~)JAN 280Fi n
26 + R(90) cos 2 6 Is theradltlS Of ClIrvV~-Ife alOlg the 8 nerldlan) r =
X2 + y2 , wodeodrs+ vaAres R-0) and R(9Q) are the radii at ®CTARIYPI93| ong
the principle 15. Moplrlhaknic lens e Bment series accordi ng to daim7)

wher ei n the back svye, ioge~er with the iroMsurface) provides a ngr-~zero
t hr ough pEMeralgrﬂFt?h esii-ghowg higyem Wﬂ'ﬁﬁtgﬁhbﬁt dyg: to fhe lens. ¢

Surface ST f;kGodic;be BRudt to doro, WctPlid BERE factbF froBI BE eual 8 17 °
spher es lathengords ailend seontactwiis thie £fe wdwjd havewesy littliermagniigationedse ~a~er

o~ the radi,j 6~ein o.more thapn 50 mmi.n |l ength and a!l lTeast two poi O and
0 onC hao s Rows, Bnd ik s whaC [BBReNE Wb SaTlectdpnes. CSRetiach Jantes st -
respeld t : t Y/ > N7 e

ooy ndPoshioneldiaPirol heel® o Bvoid candaiilt) 1 by€, efidits b efedsnes
appr nonr soelhys BFmaiscyréatenthari 3. foipiys lensak @nd lessithan o fanmidis deniseschmi m 16 -

a 17) wherein the sur~Ce has a radius of . ab 33 t out 2 mm 19. M
opi f L Stehworle, Rl Pawer Spfctall ifiset eheb o maoPily ardl ipusenses, dene
the drltqpepfsiy. AecOIGNG tb idoméadithe | tennbehgRifidation Qffdct?s are’ UselN 1o
opM>a~mic | ens eieneM according to _chasm 16, wherein the angle OPQis
greaser tdesgribe both magnificationiapd reindficationnent according to clai m 20,
wherein the angle OPQ is greater than 100. 1 7 JA N 20p3 36 22. An

ophthal mc leas el enent according to any one of clains 16 to 21) wherein
the st face i sThenpant of the eguation inside the second-selreiorackels issualincalled f ace

-§ confi ) e . \ t4 D
3 55"p e nafo rallpr. Becalls n SRR hopHRabylCail Fids Wit Bikhest
accor di n@ridocureatuee of the lnai ifderseshhad novthickaess,tthenltawculd etoal zé® and
wotrrrted, in eye r so that t center of the B’gl Is |loci approximtely
at the odhiEt8m W\A‘ﬁg(hea?‘ﬂ‘!ﬁq thL[J'ﬁ@ @?@meeﬂﬁeog (fJe‘aTdSqr oOpigs wayld not
opl r 8r akifvel & ti SHiNdué Otc?BRaBe e \ 6¢d u
Ii>at fo< vi s?oi f‘hng%% '%g\/\cﬁ Er r%r s | ggg ﬁ\ggr%&%t%é%ef}'o?b@%ar%t%aﬁon
15 approximating this condition because they can be made extremely thin. Spectacle
lenses do have a significant thickness to avoid breakage and always have positive
front surface curvatures, so this term always is greater than 1. In other words, all

positive meniscus spectacle lenses tend to magnify due to their shape.

To eliminate magnification effects, the equation must be sel equal to 1, so

20 the product of the power and shape factors must be equal to 1. Since both the

O power factor and shape factor in plus lenses are each greater than one, their
product cannot equal 1, so no plus lens in a positive meniscus form can ever be

free trom magnification. On the other hand, minus lenses have power factor less

than 1 and a shape factor greater than 1, so it is possible to force these factors to
25 cancel.

To do this, we must solve this equation for unit magnification. After doing so
we get the following relationship:
ndF,
“TFRG-dF) o

This equation specifies the lens thickness which eliminates spectacle



angl es less than 30. 25. An ophthaknic |eas el enent ac~rdi ng t% flzjawﬁﬂg
Such that for foveal visiorr the RVS Power Error is less than'! f

eye rotatiog, f3 | ess than 40. 26. Arr ophMaAnmic. |ens ecgmmdbo399
acxording~ io claim25, such chat for i@&eal vision ihe~ RAE Power Error is
tens than 3'4 D for eye rotation angles greafietr than 40" acrd | ess than
50. 27. | -magnifipatiormeffectsi Itwarks by placingithe second girincipat planeyofdhe dens at

L oe ot R et el i, BIGadhRaR B ESRt BohLSs ol 5
~D for anghiyst amifbs 16t pdwerastd Ves siéép chhaisMhal ~m ¢ | ens el enent

according to claim27) such that for peripheral vision wf rere the eye is
rofal ~ed and fixated at an angle of 30 tenporally fhe RVS Power Error is
| ess than g B,.for angles 10 of ~tlre fixated position. 29. An

ophUral m ¢ Fens el ement according to claim 28, such that for per~herat
vision wAere the eye is rotated and fixated at an angle of 30 terrporally

t he RM&: Power f {GHIGH

posi t :v??l Eﬁé“ﬂﬁh@ %Bﬁg'# gg& n opnt ﬂ§~n| C f\c;arﬁfsoé&eerréen% [ nc* udl‘"ﬁtg"%

Spherl cal lensex sousfemp&y chiveld as top peoimpmacticableortatie; M.cThe t Rrindipleseof r e
rotatig he ase curve of 16 D appro~amateh 112 D

and exhi b.‘SP’PFb F'B 9%%"1%0%’%r error o~rer approximately ~i 0

degrees of eye rot atlon 31 An ophl haAm c | ens efener~d acxording to claim

30 such that f veat v ont e Power ror .is less than 318 D

eye rotation aﬁ@?’@g @9 acgwrngﬁﬁam%n?ﬁ“?%scmt eXeesSr ;

@ch ai m Hg awk@h%éwwww nefa} eaﬁemﬁb Woﬂﬁaﬂﬁe %ﬁt»%ceSpﬁ;ﬁlsaf m@n

D for eye rotation angles |ess than ~0 . An~ opl Hhakni c I'ens el enent

accor di®g eye; @t@hmmwcndpﬁatwwﬂ b@myamcg! o tely crReemisedensdesian s
| ess t han (0] t SS,. 1 0.
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In fact, it is highly desirable to make the lens concentric about the center of
rotation of the eye, because this will improve the symmetry of the lens for the eye
as it tums to view objects in the peripheral field, resulting in improved resolution. i
we strictly require that one surface of the lens be concentric around the centroid of
rotation of the eye, we can derive a thickness which virlually eliminates distortion.
25 Inthis case, a special form of the equation for lens thickness is required.

For example, in a lens which has its front surface concentric around the
centroid of rotation of the eye, we can solve for t in terms of the radius of the front
surface, fitting distance, the index of refraction, the back vertex power, and the
distance of the entrance pupil from the center of rotation of the eye. In this case
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as diallyl glycol carbonate type, e.g. CR-39 (PPG Industries) may be used.

The polymeric articie may also be formed from cross-linkable polymeric
20 casting compositions, for example as described in United States Palent 4,912,155
or Uniled Slates Patent Application Serial No. 07/781,392, the entire disclosures

of which are incorporated herein by reference.

The polymeric material may include a dye, including, for example, a
photochromic dye, which may be added to the monomer formulation used to
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The steeply curved spherical lens elements have essentially identical,
spherical front surfaces of 16 D as shown in the lens cross sections 400.
10 Generally, the steeply curved spherical lens elemnents provide superior peripheral
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5 spherical lens elements with a 16 D front surface -3 D through power and a back
surface cy! correction of -2. '

The lens of Figure 20(a) has a conventional donut torus back; the lens of
Figure 20(b) has an all circular meridia back of the type described above. The
() latter exhibits superior RMS power error and somewhat improved distortion.

10 Example 4

The final set of examples (Figures 21 and 22) are a calculated comparison
between a conventional base curve progressive lens and a progressive lens
according to the present invention.

Figure 21 compares distance vision properties of a conventionally curved
15 Sola XL progressive lens, with a lens in which a similar progressive form is placed
on a lens element with steeply curved (16 D) base curve.

O Figure 22 compares near vision properties of the Sola XL progressive lens
with the steeply curved lens of Figure 21.

Generally speaking, progressive lenses made in accordance with the

20 present invention are characlerized by a steeply curved reference sphere or

spherical shell approximately concentric with the centroid of rolation of the wearer

in the as wom position. Such lenses have an upper viewing zone for distance

vision; a lower viewing zone, having a greater power than the upper viewing zone

for near vision and an intermediate zone connecting the upper and lower z-ones,

25 with power varying between the upper and lower zones, including a corridor of
relatively low surface astigmatism.
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10 W Glazed Lenses And Spectacle Frames

15

20

25

Spectacle frames for use in the present invention are adapted to hold
lenses of the present invention in the approximate positions shown in Figure 3.
The spectacle frame may be rimless, partial rim or full rim.

in preferred embodiments the lenses, when mounted in the spectacle
frame, exhibit essentially no tik or wrap angle. The speciacle frame may include
an adjustable mechanism for altering the positions of the optical axes of the lens
to correspond to the axes of straight-ahead vision of the wearer.

Figure 23 is a perspective view of eyewear 400 including lenses 402 and
404 and spectacle frames of the present invention. The lens shape creates a
cosmetically interesting object. The spectacle frame in Figure 23 is shown with a
rim portion 406 and temple pieces 408 and 410. The rim of the spectacle frame
surrounding each lens is adapted to correspond to a closed curve lying on or near
the steeply curved reference sphere of the lens. Because of the consistency of
this curvature through a range of prescriptions, a single frame or frame design
may be fit to any prescription in the range.

Figure 24 is a side elevation of the eyewear of Figure 23 on the face of the
wearer. The Figure illustrates another aspect of the visual appearance of the
eyewear due to the steep curvature of the lens and the complex three-dimensional
shape of the lens edge. The Figure also illustrates that a lens of relatively small
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The temple pieces 416 an 418 include hinges 420 and 422, and mounting
tabs 424 and 426. In a preferred embodiment, the tabs 424 and 426 are surface
mounted onto the spherical front surfaces of the lenses. It will be understood that

O 10 these mounting surfaces will have a consistent position and anguiar relation with
respect to the frame, regardiess of the prescribed through power and cyl
correction of the lens. In a similar fashion, tabs 428 and 430 of the nose bridge
414 may be surface mounted on the respective front surface edges of the lens.

The nose bridge 414 is shown in cross-section in Figure 25(a).

15 Advantageously, the nose bridge may be made an adjustable length io

compensate for different pupillary distances (Pp in Figure 3) commonly found in

different wearers. This adjustable feature permits the optical axes of the lenses to

be aligned with the axes of vision of both wearer's eyes. One mechanical structure

suitable for producing this adjustable feature is shown in Figure 25(a), it being

O 20 understood that other combinations of moving or flexible structures could be

adapted to the purpose. In the embodiment of Figure 25(a), the tabs 428 and 430

are each canied by members 432 and 434, respectively, which are inserted into

opposite ends of a tube 436. Set screws 438 and 440 hold the members 432 and

434 in position. The sel screws may be loosened to pemmit adjustment of the

25 length of the nose bridge by sliding the members 432 and 434 within the tube to
different positions.

Accordingly, novel, high optical quality lens elements with steep spherical
curvature are provided with prescribed through-power and cyl comection, and
mounted in spectacle frames adapted for use therewith.
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is sufficiently kwge 10 provide a field of view greater than 55° in the temporal
dwection from the forward ine of sight and has a through power in the range of at
least approximately +4: D 1o -6 D.

0O 2. A lens element according 1o claim 1, wherein the lens element is a single
vision lens element selecled from a senes of lens elements having through
powers of from at least approximately +2 D to -2 D and approximately the same
radius of curvature.

3. A senes of ophthaimic lens elements, each lens element having

a sphervical front surface which is approximalely concentric with the centroid
of rotation of the eye in the as wom position;

appromately the same radius of curvature which is essentially a single
value selecied for the series in the range 25 to 50 mm 1 about 1 mm; and wherein

O 4. An ophihaimic lens element series according 1o claim 3, wherein the Jens
elements: have Shrough powers of from at least approximately +4 D 10 -6 D.

5. An ophihaimic lens element seres according 10 claim 4, wherein the lens
elements have through powers of approximadely +2 D.

6. An ophithalmic lens element series according to claim 4, wherein the lens
elemenis have though powers of approximately -2 D.

7. An ophthaimic lens element series according 10 any one of claims 3 to 6,
wherein lens elements in the series are lens blanks or edged lenses having a back
surface such that the lens element has a prescribed astigmatism comection and
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merndia.

9.  An ophithaimic lens element series according to claim 8, wherein the
swiace astigmatism of said back surface at any point off the principle meridia is
less than the larger of the swrface astigmatism of the barrel foroid or the donut
foroid at the same point.

10. An ophthalmic lens element series according to claim 7, wherein the back
swiface is defined such that the surface height Z of the lens element from a
fronto-paraliel plane at any point on the back surface is a inear combination of the
height of a barrel toroid, Zg, and the height of the donut toroid, Z being bounded
by the values of Zg and Zy.

11.  An ophihalmic lens element series according 1o any one of claims 8 1o 10,
wherewn the basrel toroid and the domut toroid each have principal meridia defined
by a ¢yl prescription of the wearer.

O 12.  An ophihaimic lens element series according to claimm 7, wherein the
cross-sechon of the back swriace of the lens element along any meridian is
circular.

13.  An ophthaimic lens element series according 1o claim 12, wherein the
curvahwe of each circular meridian is equal 1o the instantaneous curvatwre of a
comresponding merndian at the center of a conventional torus given by the

14. An ophthaimic lens element series according to claim 12, wherein the back
surface astigmatism correction is given by the surface height function z (r, 6)
where
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15. An ophihaimic lens element series according o clam 7, wherein the back
swiace, together with the fromt surface, provides a non-zero through power and
O the back swiface is defined by the equation:

16. An ophthalmic lens element having a surface which lies within a spherncal
shell defined by two concentric spheres having radii whose lengths differ by no
more than 2 mm, the smaller of the radii being no more than 50 mm in length and
wherein at least two points 0 and Q on the edge of the surface subtend an angle
OPQ greater than 80° with respect to a center of the shell P.

17.  An ophthaimic lens element according to claim 16, wherein the smaller of
O the radi is beiween approximately 25 and 35 mm.

18. An ophihaimic lens element according to clam 16 or 17, wherein the
surface has a radius of about 33 mm x about 2 rmm.

19. An ophthalmic lens element according to any one of claims 16 to 18,
wherein the difference in length of the radii is about 0.1 mm or less.

20. An ophthalmic lens element according to clam 16, wherein the angle OPQ
is greater than 90°.

21.  An ophthaimic lens element according to claim 20, wherein the angle OPQ
is greater than 100°.
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24. An ophihaimic lens element according 1o any one of claims 16 1o 23, such
O that for foveal vision the RMS Power Emror is less than 3/8 D for eye rotation
angles less than 30°.

25. An ophthamic lens element according to claim 24, such that for foveal
vision the RMS Power Emror is less than 1/2 D for eye rotation angles less than
40°.

26. An ophthaimic. lens elemenmt according to claim 25, such that for foveal
vision the RMS Power Error is less than 3/4 D for eye rotation angles greater than
40° and less than 50°.

O 27. A ophihalmic lens: element according 1o any one of claims 16 1o 23, such
hat for peripheral vision where the eye is rolated and fixated at an angle of 30°
temporally the RMS Power Enror is less than 3/8 D for angles + 5° of the fixated

-

28. An ophthaimic lens element according to claim 27, such that for perpheral
vision where the eye is rolated and fixated at an angle of 30° temporally the RMS
Power Ervor is less than 0.65 D for angles 2 10° of the fixated position.

29. An ophthalmic lens element according to claim 28, such that for peripheral
vision where the eye is rolated and fixated at an angle of 30° temporally the RMS
Power Ervor is less than 1.0 D for angles + 30° of the fixated position.
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32. An ophthaimic lens element according to claim 31 such that for foveal
vision the RMS Power Enor is less than 1/2 D for eye rotation angles less than
40°.

33. An ophthaknic lens element according to claim 32 such that for foveal
vision the RMS Power Error is less than 3/4 D for eye rotation angles greater than
40° and less than 50°.

34. An ophthabmic lens element according o claim 30 such that for peripheral
vision where the eye is rotated and fixated at an angle of 30° temporally the RMS
Power Error is less than 3/8 D for angles + 5° of the fixated position.

35. Presciipion eyewear inchuding a pair of ophthalmic lenses wherein each

O lens will- contain a sphese extending 1o edges of the lens. having average radi of
no more than approximately 35 mm cenlered approximately in the centroid of
rotation of the respective eye, and has a maximum hollow depth of at least
approximalely 8 me.

36. Eyewear according to claim 35, wherein the maximum hollow depth of each
lens is at least approximately 10 mm.

37. Eyewear according 1o claim 35 or 36, wherein the front surface of each lens

is generally spherical with a radius of curvature of no more than 35 mm and the
rear surface is configured so that the lenses have selected through power of at
least approximately +4 D to -6 D and prescribed astigmatic correction.
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L*110% ) t42. ( ) Premiplicp cypwes pchiding a lens having a generally spherical corvalure

approximately centered on the centroid of rotation of the eye wherein the lens
exiends horizontally from the nasal margins of the orbital region 1o the temporal
margins of the orbital region, said lens having a concave rear surface which clears
the eye lashes and a through power from the temporal 10 nasal edge of the lens
varying by no more than 0.5 D from the prescription power.

43. A method of providing prescription eyewear inchuding the sieps of
providing a lens element having
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46. A spectacle frame suitable for use with a series of ophthalmic lenses,
having. a spherical suwriace of radius R between approximately 25 and 35 mm,
each lens in the seres having the same valve of R, and a second swiface
selecied o provide, in conjunction with the spherical suwface, a range of common

O prescriplions;, said frame supporting left and right lenses in the as wom position so
that the centers of the spherical swfaces: are located approximately at the
centroids of rotation of the Jeft and right eyes, respectively.

47. A speciacie rame according to claim 46, comprising temple pieces and rm
each lens is formed in the shape of a closed curve lying on the surface of a
sphere having a radius approximately equal 1o the radius of said spherical surface.

48. A speciacle frame according to claim 47, wherein the nasal-most poimt and
temporal-most point of the closed curve subltend an arc of greater than 90° with a
vertex at the cenler of the spherical surface.
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