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SHORT CORRIDOR PROGRESSIVE ADDITION 
LENSES WITH REDUCED UNWANTED 

ASTIGMATISM 

FIELD OF THE INVENTION 

[0001] The present invention relates to multifocal oph 
thalmic lenses. In particular, the invention provides progres 
sive addition lens designs With both a shortened corridor and 
reduced unWanted astigmatism. 

BACKGROUND OF THE INVENTION 

[0002] The use of ophthalmic lenses for the correction of 
ametropia is Well knoWn. For example, multifocal lenses, 
such as progressive addition lenses (“PALs”) are used for the 
treatment of presbyopia. PALs have at least one progressive 
surface that provides far, intermediate, and near vision in a 
gradual, continuous progression of vertically increasing 
dioptric poWer from far to near focus, or top to bottom, of 
the lens. 

[0003] PALs are appealing to the Wearer because PALs are 
free of the visible ledges betWeen the Zones of differing 
dioptric poWer that are found in other multifocal lenses, such 
as bifocals and trifocals. HoWever, an inherent disadvantage 
of PALs is the presence of unWanted astigmatism, or astig 
matism that is undesirable and is introduced or caused by 
one or more of the lens’ surfaces. UnWanted astigmatism can 
produce sWim, image magni?cation, and motion effects for 
the lens Wearer that disrupts the Wearer’ s vision. In hard PAL 
lens designs, the unWanted astigmatism borders the lens 
channel and near vision Zone. In soft designs, the unWanted 
astigmatism may extend into the distance Zone. 

[0004] Typical PALs have a 12 to 14 mm in length corridor 
betWeen the ?tting point and the point along the prime 
meridian of the lens at Which the poWer reaches 85% of the 
lens’ add poWer. Although such a corridor helps provide 
more gradual poWer changes and loWer levels of unWanted 
astigmatism, the near vieWing Zone is often cut-olf When 
lenses of these designs are mounted into standard frames. 

[0005] Some PAL lenses have been designed With short 
corridors in the 9 mm to 12 mm range, but these PALs 
typically have much higher levels of unWanted astigmatism. 
If a PAL Wearer has become accustomed to a particular 
design in a standard siZe frame and then chooses to sWitch 
to a smaller frame, typically the ECP must sWitch the patient 
into another PAL brand, Which may result in Wearer adap 
tation problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1a is a cylinder contour map of the unWanted 
astigmatism of a ?rst prior art progressive lens. 

[0007] FIG. 1b is a poWer contour map of the lens of FIG. 
1a. 

[0008] FIG. 10 is a corridor poWer and cylinder pro?le of 
the lens of FIG. 1a. 

[0009] FIG. 2a is a cylinder contour map of the unWanted 
astigmatism of a second prior art progressive lens. 

[0010] FIG. 2b is a poWer contour map of the lens of FIG. 
2a. 
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[0011] FIG. 20 is a corridor poWer and cylinder pro?le of 
the lens of FIG. 2a. 

[0012] FIG. 3a is a cylinder contour map of the unWanted 
astigmatism of a third prior art progressive lens. 

[0013] FIG. 3b is a poWer contour map ofthe lens of FIG. 
3a. 

[0014] FIG. 30 is a corridor poWer and cylinder pro?le of 
the lens of FIG. 3a. 

[0015] FIG. 4a is a cylinder contour map of the unWanted 
astigmatism of a ?rst lens of the invention. 

[0016] FIG. 4b is a poWer contour map ofthe lens of FIG. 
4a. 

[0017] FIG. 40 is a corridor poWer and cylinder pro?le of 
the lens of FIG. 4a. 

[0018] FIG. 5a is a cylinder contour map of the unWanted 
astigmatism of a second lens of the invention. 

[0019] FIG. 5b is a poWer contour map ofthe lens of FIG. 
5a. 

[0020] FIG. 50 is a corridor poWer and cylinder pro?le of 
the lens of FIG. 5a. 

[0021] FIG. 6 is a depiction of a prior art PAL lens 
markings. 
[0022] FIG. 7a is a depiction of the markings of a lens 
according to the invention. 

[0023] FIG. 7b is a magni?ed vieW of the markings of 
FIG. 711. 

DESCRIPTION OF THE INVENTION AND ITS 
PREFERRED EMBODIMENTS 

[0024] The present invention provides lenses, and meth 
ods for their design and manufacture, in Which both the 
length of the corridor is shortened and the maximum 
unWanted astigmatism is reduced. The lenses of the inven 
tion are provided by adding tWo or more progressive sur 
faces. 

[0025] In one embodiment, the invention provides a 
method for designing a progressive addition lens, compris 
ing, consisting essentially of, and consisting of: a.) provid 
ing a ?rst progressive addition surface having a ?rst add 
poWer and a ?rst corridor of a ?rst length; b.) expressing the 
?rst surface as a ?rst plurality of sag values; c.) multiplying 
the ?rst plurality of sag values by a ?rst blending function; 
d.) providing a second progressive addition surface having 
a second add poWer and a second corridor of a second 
length; e.) expressing the second surface as a ?rst plurality 
of sag values; f.) multiplying the second plurality of sag 
values by a second blending function that may be the same 
or different from the ?rst blending function; g.) adding the 
?rst and second plurality of sag values to produce a third 
progressive surface having the ?rst add poWer, a third 
corridor Wherein a length of the third corridor is at least 
about 1 mm less than either or both the ?rst and second 
corridor lengths. 

[0026] In a preferred embodiment, the invention provides 
a method for designing a progressive addition lens, com 
prising, consisting essentially of, and consisting of: a.) 
providing a ?rst progressive addition surface having a ?rst 
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add power, a ?rst corridor of a ?rst length and a ?rst 
unwanted astigmatism; b.) expressing the ?rst surface as a 
?rst plurality of sag values; c.) multiplying the ?rst plurality 
of sag values by a ?rst blending function; d.) providing a 
second progressive addition surface having a second add 
poWer, a second corridor of a second length and a second 
unWanted astigmatism; e.) expressing the second surface as 
a ?rst plurality of sag values; f.) multiplying the second 
plurality of sag values by a second blending function that 
may be the same or different from the ?rst blending function; 
g.) adding the ?rst and second plurality of sag values to 
produce a third progressive surface having the ?rst add 
poWer, a third corridor Wherein a length of the third corridor 
is at least about 1 mm less than either or both the ?rst and 
second corridor lengths and a third maximum unWanted 
astigmatism Wherein the third unWanted astigmatism is 
greater by about 0.2 or less diopters than one or both of the 
?rst and second maximum astigmatism. 

[0027] By “lens” is meant any ophthalmic lens including, 
Without limitation, a spectacle, contact, intraocular lens, and 
the like. Preferably, the lens of the invention is a spectacle 
lens. By “sag value” is meant the absolute value of the Z-axis 
distance betWeen a point on a progressive surface located at 
coordinates (x, y) and a corresponding point on a reference 
plane. For purposes of the invention, the Z-axis is the axis 
orthogonal to the x-y plane. 

[0028] By “progressive addition surface” or “progressive 
surface” is meant a continuous, aspheric surface having 
distance and near vieWing Zones, and a Zone of increasing 
dioptric poWer connecting the distance and near Zones. One 
ordinarily skilled in the art Will recogniZe that, if the 
progressive surface is the convex surface of the lens, the 
distance vision Zone curvature Will be less than that of the 
near Zone curvature and if the progressive surface is the lens’ 
concave surface, the distance curvature Will be greater than 
that of the near Zone. 

[0029] By “corridor” is meant a channel of vision the 
Width of Which is the area of vision that is free of unWanted 
astigmatism of about 0.75, preferably about 1.00, diopters or 
greater When the Wearer’s eye is scanning through the 
intermediate vision Zone to the near vision Zone and back 
and the length is the area betWeen the ?tting point and the 
point along the prime meridian of the lens at Which the 
poWer reaches 85% of the lens’ add poWer. 

[0030] By “unWanted astigmatism” is meant astigmatism 
that is undesirable and is introduced or caused by the lens 
surface. For purposes of the invention, the areas of unWanted 
astigmatism considered are those located on either side of 
the channel and preferably beloW the ?tting point. By 
“?tting point” is meant the point on a lens aligned With the 
Wearer’s pupil in its distance vieWing position When the 
Wearer is looking straight ahead. 

[0031] The method of the invention may be used to design 
any progressive lens. HoWever, the method may ?nd its 
greatest utility in the design of progressive lenses in Which 
the corridor length is less than about 12 mm and Which have 
a maximum unWanted astigmatism that is less than about 
80% of the total add poWer of the lens. Thus, in yet another 
embodiment, the invention provides a progressive lens com 
prising, consisting essentially of, and consisting of a corridor 
having a length of less than about 12 mm and a maximum 
unWanted astigmatism of less than about 80% of a total add 
poWer of the lens. 
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[0032] In the ?rst step of the method of the invention, a 
?rst progressive surface is provided by any convenient 
optical design method. The surface, U may be a single 
progressive surface or a surface that is the result of com 
bining one or more progressive and regressive surfaces. By 
“regressive surface” is meant a continuous, aspheric surface 
having Zones of distance and near vision and a Zone of 
decreasing dioptric poWer connecting the distance and near 
Zones. If the regressive surface is the convex surface of the 
lens, the distance Zone curvature Will be greater than that of 
the near Zone and if the regressive surface is the lens’ 
concave surface the distance curvature Will be less than that 
of the near Zone. 

[0033] In carrying out the method of the invention, design 
ing of the surface preferably is carried out using a method 
that divides the surface into a number of sections and 
provides a curved surface equation for each area as dis 
closed, for example, in US. Pat. No. 5,886,766 incorporated 
herein in its entirety by reference. Optimization of the 
surface may be carried out by any convenient method. 
Additional properties of a speci?c lens Wearer may be 
introduced into the design optimization process including, 
Without limitation, variations in the pupil diameter of about 
1.5 to about 7 mm, image convergence at a point about 25 
to about 28 mm behind the front vertex of the surface, 
pantoscopic tilt of about 7 to about 20 degrees and the like, 
and combinations thereof. 

[0034] The distance and near vision poWers for the surface 
design are selected so that poWers of the lens are those 
needed to correct the lens Wearer’s visual acuity. The 
dioptric add poWer for the surfaces Will typically be about 
+0.10 to about +6.00 diopters. Generally, the distance cur 
vature of the progressive surfaces Will be Within about 0.25 
to about 8.50 diopters. The near vision curvature Will be 
about 1.00 to about 12.00 diopters. 

[0035] The ?rst progressive surface, U, is then expressed 
as a plurality of sag values. The sag values are calculated by 
subtracting U from a base spherical surface U0, With a 
curvature equal to the distance curvature or base curvature, 
to yield the surface’s sag values u(x,y). The steps of pro 
viding a progressive surface and expressing the surface as a 
plurality of sag values is repeated for a second progressive 
surface, V Which yields the surface’s sag values, v(x, y) by 
subtraction from a base spherical surface V0. The second 
surface may be the same or, preferably, different from the 
?rst surface. In either case, the optical centers and distance 
measurement locations of the surfaces preferably are aligned 
to Within manufacturing tolerances, typically betWeen about 
10.25 mm to about 10.5 mm, or unWanted changes in poWer 
and introduction of prism Will result. 

[0036] The ?rst and second plurality of sag values are then 
each multiplied by a blending function and added to produce 
a third progressive surface. The blending function used for 
each surface may the same or, preferably, different from the 
function used for the other surface. In one embodiment, the 
added progressive addition surface may be expressed as sag 
departures from a reference sphere, WO(x,y), as folloWs: 

W(x,y)=F(x,y)* 14 (x,y)+G(x,y) *WW) (I) 

Wherein F and G are each a different blending function. 

[0037] In another embodiment, the same blending func 
tion, F, is used and the added progressive addition surface 
may be calculated according to the equation: 
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W(x,y)=F(x,y)*14(x,y)+{1—F(x,y)}*v(x,y) (II) 

[0038] Several types of blending functions may be used 
and selection of a blending function Will be dependent upon 
its shape. Preferred functions Will be equal to 1.0 at the 
optical center and decay to 0 at the edge of the lens. 

wherein a and b are blending constants that control the 
Weight given U and V as a function of x and y. 

[0040] Surfaces U and V may be scaled to different add 
poWers prior to the addition step. In the case in Which the 
progressive surfaces to be added are the same, Which is 
preferred, the surfaces Will need to be scaled to two different 
values prior to adding. Scaling enables the corridor of the 
blended surface to be changed to achieve design objectives. 
The corridor length of each surface may be the same or, 
preferably, dilferent. If different corridor lengths are chosen, 
the corridor lengths must be selected to ensure that the 
Wearer’s required distance and add poWers are substantially 
maintained. 

[0041] Additionally, the surfaces to be added may have 
areas of unWanted astigmatism that are aligned or preferably 
misaligned. By misaligned is meant that the location of the 
areas of unWanted astigmatism of one surface do no sub 
stantially coincide With the areas of unWanted astigmatism 
of the other surface. The latter option has the advantage in 
that the misaligning the astigmatism maxima of the surfaces 
reduces the overall maximum, unWanted astigmatism of the 
added surface. 

[0042] In an optional, and preferred, ?nal step of the 
method of the invention, the resulting surface may be 
smoothed by any suitable ?tting technique to eliminate 
curvature discontinuities that result in localized poWer 
changes of greater than about 0.05 diopters. Any knoWn 
technique may be used including, Without limitation, ?tting 
using polynomial, splines and the like. Preferably, the blend 
ing function is selected so that no discontinuities are intro 
duced into the blended surface that cannot be smoothed. 

[0043] Optimization of the added surface may be accom 
plished by the establishment and maximization of a merit 
function Weighing distance, intermediate and near vision, 
corridor length and Width, distortion and sWim. One such 
merit function is the Corridor Factor, Cf Which is de?ned as: 

Ct={AM/AP} *CL (VI) 
Wherein AM is the maximum in unWanted astigmatism; 

[0044] AP is the add poWer; and 

0045 C is the corridor len th. Minimization of C for a L g f 

given corridor length Will produce a design more suitable 
for a Wearer. 

[0046] The resulting added and smoothed surface Will not 
change substantially from the ?rst surface in the distance, 
near or prism poWers provided the blending is performed 
Within the constraints outlined above. HoWever, if signi? 
cant changes do occur, appropriate compensations in poWer 
may be incorporated into a complementary surface of the 
lens to offset the changes. Accordingly, other surfaces 
designed to adapt the lens to the ophthalmic prescription of 
the lens Wearer may be used in combination With, or addition 
to, the optimized progressive addition surface. Additionally, 
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the individual surfaces of the lens may have a spherical or 
aspherical distance vision zone. The corridor may be closer 
to the distance or near vieWing zone. Further, combinations 
of any of the above variations may be used. 

[0047] In a preferred embodiment, the lens of the inven 
tion has as its convex surface the surface of the invention 
and a complementary concave surface, Which concave sur 
face corrects the Wearer’s astigmatism and prism. The 
convex surface preferably is of a symmetric, soft progressive 
design produced by combining tWo convex progressive 
surfaces, each of Which surfaces has a channel length of 
about 10 to about 22 mm. One surface has an aspherical 
distance vieWing zone and the maximum, localized 
unWanted astigmatism is located closer to the distance than 
the near vieWing zone preferably on either side of the upper 
tWo thirds of the channel. The distance zone preferably is 
aspherized to provide additional plus poWer to the surface of 
up to about 2.00 diopters, preferably up to about 1.00 
diopters, more preferably up to about 0.50 diopters. Aspher 
ization may be outside of a circle centered at the ?tting point 
having a radius of about 10 mm, preferably about 15 mm, 
more preferably about 20 mm. The other surface has no 
aspherical distance vieWing zone and the maximum, local 
ized unWanted astigmatism is located closer to the near 
vieWing zone than the distance vieWing zone, preferably on 
either side of the loWer tWo thirds of the corridor. 

[0048] Because the shortened corridor surface of the 
invention may be achieved With a loW level of unwanted 
astigmatism, a lens produced by this design method may be 
either ?t at the optical center, y=0 mm, or some distance 
above the optical center to improve distance vision. The 
range of ?tting location may be raised betWeen about 1 mm 
and 5 mm, preferably betWeen about 2 mm and 3 mm from 
the optical center. This range provides greater ?exibility in 
addressing the Wearer’s visual needs than conventional lens 
designs. 

[0049] In order to facilitate such a ?exibility, the present 
invention also provides PAL markings. The markings may 
be placed on the lens surface or a ?lm that is af?xed to the 
lens surface. Prior art markings typically have a single point 
location for the ?tting point demarcated, as illustrated in 
FIG. 6. FIG. 6 depicts lens surface 10 upon Which is marked 
distance reference point 11, ?tting cross 12, a l-80 degree 
line 13, prism reference point 14, manufacturer’s logo 15, 
and near reference circle 16. The markings of the invention, 
as illustrated in FIGS. 7a and 7b, has a bounded ?tting line 
at any point along Which the optician may place the ?tting 
point. More speci?cally, in FIG. 7a is shoWn lens surface 20 
upon Which is marked distance reference point 21, ?tting 
line 22, 0-180 degree line 23, prism reference point 24, 
manufacturer’s logo 25 and near reference circle 26. In FIG. 
7b is a magni?ed vieW depicting the ?tting line 22 Which, as 
shoWn, is about 2 mm. The ?tting line may be of any 
convenient length, but preferably is about 1 mm to about 5 
mm. 

[0050] Thus, in another embodiment the invention pro 
vides for a marking comprising, consisting essentially of, 
and consisting of: a) a location mark for measuring the 
distance poWer; b) a location mark for measuring the near 
poWer; c) a location mark for measuring the prism poWer; 
and d) a linear mark of at least 1 mm in length along Which 
the ?tting point may be located. 
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[0051] The lenses of the invention may be constructed of 
any known material suitable for production of ophthalmic 
lenses. Such materials may be constructed of any known 
material suitable for production of ophthalmic lenses. Such 
materials are either commercially available or methods for 
their production are known. Further, the lenses may be 
produced by any conventional lens fabrication technique 
including, without limitation, grinding, whole lens casting, 
molding, therrnoforming, laminating, surface casting, or 
combinations thereof. 

[0052] The invention will be clari?ed further by a consid 
eration of the following, non-limiting examples. 

EXAMPLES 

[0053] A contour map for a commercially available short 
corridor progressive lens, AO CompactTM, Lens 1, was 
created using a coordinate measuring machine and using the 
sag values obtained in a ray trace program to obtain power 
and cylinder pro?les. FIG. 1a and FIG. 1b show the cylinder 
pro?le and power contours, respectively, of the lens, and 
FIG. 10 shows the corridor power and cylinder pro?les. Lens 
1 had a refractive index of 1.498, base curve of 95.1 mm and 
add power of 2.04 diopters. The corridor length was 11.6 
mm and the maximum unwanted astigmatism was 2.64 
diopters. The corridor factor, Cf was 15.0 mm. 

[0054] FIG. 2a and 2b are cylinder and power contour 
maps, respectively, created for Lens 2, a second commer 
cially available short corridor progressive lens, Varilux 
ELLIPSETM, having a refractive index of 1.498, a base curve 
of 105.5 mm and 2.15 diopter add power. FIG. 2a shows that 
the corridor length is 10.5 mm. The maximum unwanted 
astigmatism for the second lens was 2.53 diopters. The 
corridor factor, Cf was 11.5 mm. 

[0055] FIG. 3a and 3b are cylinder and power contour 
maps, respectively, created for a standard corridor commer 
cially available progressive lens, Lens 3, DEFINITYTM, 
having a refractive index of 1.51, a base curve of 106.2 mm 
and 2.04 diopter add power. FIG. 30 shows that the corridor 
length was 12.3 mm. The maximum unwanted astigmatism 
within this area was 1.64 diopters. The corridor factor, Cf 
was 9.23 mm. 

Example 1 

[0056] A ?rst progressive surface was designed using a 
material with a refractive index of 1.515. The lens’ base 
curve was 104.3 mm and the add power was 2.04 diopters. 
This surface had a standard length corridor of 12.3 mm and 
maximum unwanted astigmatism is 1.56 diopters. The cor 
ridor factor Cf was 9.40 mm. The surface U was scaled with 
the following scaling factor: u(x,y)=1.019 *U(x,y). 

[0057] A second progressive surface having the same 
refractive index, base curve, add power, corridor length, 
corridor factor and maximum unwanted astigmatism as the 
?rst surface was also designed. The second surface was 
scaled to a lower add power with the following scaling factor 
v(x,y)=1.045 *U(x,y) according to the design methodology 
of the invention. 

[0058] The ?rst and second surfaces were added using the 
blending function F of Equation. III with a=—0.001466 and 
b=0.018. The addition and blending result in the following 
equation for the resulting progressive surface w(x,y): 
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[0059] The optical data for the resultant progressive sur 
face (W) is shown in Table 1. The power and cylinder 
contour plots are shown in FIGS. 4a and 4b and the power 
and the power and cylinder pro?le along the corridor in FIG. 
40. The corridor length has been shortened to 10.4 mm, 
which is typical of a short corridor design, but the maximum, 
localiZed astigmatism increase by only 0.02 diopters to 1.58 
diopters. The corridor factor, Cf was 8.17 mm. The ?tting 
point is located at y=0 mm. 

Example 2 

[0060] The surface (W) of Example 2 was shifted verti 
cally so that the ?tting point was located at y=+2 mm. The 
optical data for the resulting progressive surface (W) is 
shown in Table 1. The power and cylinder contour plots are 
shown in FIGS. 5a and 5b and the power and cylinder pro?le 
along the corridor in FIG. 50. This resulted in the length 
ening of the corridor by 2 mm to 12.4 mm which is similar 
to a conventional standard corridor length progressive 
design. The maximum unwanted astigmatism increases by 
only 0.05 diopters to 1.63 diopters. The corridor factor, Cf 
was 9.96 mm. The ?tting point was marked at y=+2 mm. 

TABLE 

Optical Lens Lens Lens SurfaceA SurfaceW 
Parameter 1 2 3 Example 1 Example 1 Example 2 

Add Power 2.04 2.15 2.04 2.04 2.01 2.03 

(D) 
Distance 7.9 18.3 13.5 25.2 6.3 23.4 

Width (mm) 
Reading Width 18.3 11.2 16.2 16.0 14.1 15.8 

(mm) 
Reading 13.8 9.5 8.0 9.2 7.4 8.2 

Power Width 

(mm) 
Corridor 11.6 10.5 12.3 12.3 10.4 12.4 

Length (mm) 
Corridor 6.6 5.4 8.6 8.4 7.0 6.6 

Width (mm) 
Max. Astig. 2.64 2.36 1.53 1.56 1.58 1.63 

(D) 
Cf(mm) 15.0 11.5 9.23 9.4 8.17 9.96 

[0061] Example 1 demonstrates that, beginning with a 
surface with a standard corridor length and using the method 
of the invention, a surface with a shorter corridor length than 
the prior art lenses, but without the high unwanted astigma 
tism results. In Example 2, a lens wearer may be ?t higher, 
by about 2 mm, to lengthen the corridor to as standard length 
without changing the unwanted astigmatism. 

1-32. (canceled) 
33. A mark for a spectacle lens, comprising of: a) a 

location mark for measuring a distance power: b) a location 
mark for measuring a near power; c) a location mark for 
measuring a prism power; and d) a linear mark of at least 
about 1 mm in length along which a ?tting point may be 
located. 
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34. A progressive lens, comprising a corridor having a 35. The lens of claim 34, Wherein the lens is a spectacle 
length of less than about 12 mm and a maximum unwanted lens. 
astigmatism of less than about 80% of a total add poWer of 
the lens. * * * * * 


