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ABSTRACT

An electro-active spectacle lens (700) 1s disclosed. The disclosed lens

includes a first lens optic. The disclosed lens also includes a first electro-active zone

(720) positioned in a cooperative relationship with the first lens optic. In certain

embodiments, the electro-active lens includes a range finder positioned in a

cooperative relationship with the electro-active lens.
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System, Apparatus, and Method for Correcting

Vision Using an Electro-Active Lens

This 1s a divisional application of Canadian application serial no. 2377935,
which 1s the Canadian national phase of International apphication PCT/US00/17964
filed 30 June 2000 (30.06.2000) and published 11 January 2001 (11.01.2001) under

publication no. WO 01/02895 Al.

Field of the Invention

The present invention relates to the field of vision correction, and, more

particularly, to a system, apparatus, and method for correcting vision using an electro-

active lens.

Brief Description of the Drawings

The invention will be more readily understood through the following detailed

description, with reference to the accompanying drawings, in which:

FIG. 1 1s a perspective view of an embodiment of an electro-active

phoropter/refractor system 100;

FIG. 2 1s a diagrammatic view of an embodiment of another electro-active

phoropter/refractor system 200;

FIG. 3 1s a flow diagram of a conventional dispensing practice sequence 300;
FIG. 4 1s a flow diagram of an embodiment of dispensing method 400;

FIG. 5 1s a perspective view of an embodiment of electro-active eyewear 500;
FIG. 6 1s a flow diagram of an embodiment of prescription method 600;

FIG. 7 1s a tfront view of an embodiment of a hybrid electro-active spectacle

lens 700;

FIG. 8 1s a section view of an embodiment of hybrid electro-active spectacle

lens 700 taken along section line A-A of Fig. 7;

FIG. 9 1s a section view of an embodiment of an electro-active lens 900, taken

along section line Z-Z of Fig. 5);
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FIG. 10 is a perspective view of an embodiment of an electro-active lens

system 1000;
FIG. 11 is a section view of an embodiment of a diffractive electro-active

lens 1100 taken along section line Z-Z of Fig. 5;
FIG. 12 is a front view of an embodiment of an electro-active lens 1200;
FIG. 13 is a section view of an embodiment of the electro-active lens 1200

of Fig. 12 taken along section line Q-Q;
FIG. 14 is a perspective view of an embodiment of a tracking system 1400,

FIG. 15 is a perspective view of an embodiment of an electro-active lens

system 1500,
FIG. 16 is a perspective view of an embodiment of an electro-active lens

system 1600;
FI1G. 17 is a perspective view of an embodiment of an electro-active lens

1700;
FIG. 18 is a perspective view of an embodiment of an electro-active lens

1800;

FIG. 19 is a perspective view of an embodiment of an electro-active layer

1900;
FIG. 20 1s a perspective view of an embodiment of an electro-active lens

2000;
FIG. 21 1s a perspective view of an embodiment of electro-active eyewear

2100;
FIG. 22 is a front view of an embodiment of an electro-active lens 2200;

FIG. 23 is a front view of an embodiment of an electro-active lens 2300;

FI1G. 24 1s a front view of an embodiment of an electro-active lens 2400;

FIG. 25 is a section view of an embodiment of an electro-active lens 2500

taken along section line Z-Z of Fig. 5;

FIG. 26 is a section view of an embodiment of an electro-active lens 2600

taken along section line Z-Z of Fig. §;
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FIG. 27 is a flow diagram of an embodiment of dispensing method 2700;

and
FIG. 28 1s a perspective view of an embodiment of an electro-active lens

2800.

Detailed Description

In 1998, there were approximately 92 million eye examinations performed in

the United States alone. The vast majonty of these examinations involved a
thorough check for eye pathology both internal and external, analysis of muscle
balance and binocularity, measurement of the cornea and, in many cases, the pupil,
and finally a refractive examination, which was both objective and subjective.
Refractive examinations are performed to understand / diagnose the
magnitude and type of the refractive error of one’s eye. The types of refractive error
that are currently able to be diagnosed & measured, are myopia, hyperopia,
astigmatism, and presbyopia. Current refractors (phoropters) attempt to correct

one’s vision to 20/20 distance and near and, in some cases, 20/15 distance vision can

be achieved; however, this is by far the exception.

It should be pointed out that the theoretical limit to which the retina of one’s
eye can process and define vision is approximately 20/10. This is far better than the
level of vision which is currently obtained by way of both today’s refractors
(phoropters) and conventional spectacle lenses. What is missing'from these
conventional devices is the ability to detect, quantify and correct for non-

conventional refractive error, such as aberrations, irregular astigmatism, or ocular

layer irregularities. These aberrations, irregular astigmatism, and/or ocular layer

irregularities may be as a result of one’s visual system or as a result of aberrations

caused by conventional eyeglasses, or a combination of both.

Therefore, it would be extremely beneficial to have a means for detecting,

quantifying, and correcting one’s vision as close to 20/10 or better as possible.
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Furthermore, it would be beneficial to do this 1n a very efficient and user friendly manner.
The present invention utilizes a novel approach in detecting, quantifying and
correcting one's vision. The approach involves several innovative embodiments utilizing an
electro-active lens. Furthermore, the invention utilizes a novel approach towards the

selection, dispensing, activating, and programming of electro-active eyewear.

The invention provides an optical lens system comprising: a lens having a first focal
length; and, an electro-active region coupled to the lens, the electro-active region, when
activated, altering the focal length of a first portion of the lens system to a second focal
length, the second focal length different form the first focal length.

The invention also provides an optical lens system comprising: a lens having a fixed
focal length, and an electro-active region coupled to the lens, the coupled lens and electro-
active region creating more than one simultaneous focal length for the lens system when the
electroactive region is activated.

For example, in one inventive embodiment, a novel electro-active phoropter/refractor
is utilized. This electro-active phoropter/refractor utilizes far fewer lens components than
today's phoropters and is a fraction of the overall size and/or weight of today's phoropters. In
fact, this exemplary inventive embodiment consists of only a pair of electro-active lenses
housed in a frame mounting that provides, either through its own structural design and/or by
way of a network of conductive wires, electrical power needed to enable the electro-active
lenses to function properly.

In another aspect, the present invention resides in an ophthalmic lens for a user,
comprising: a progressive addition region, wherein said progressive addition region has an
add power therein; and an electro-active optic in optical communication therewith having an
optical power when activated.

In another aspect, the present invention resides in an optical measuring system for
quantifying a refractive error of a human eye comprising: a means for altering a path of
light; and a wave-front analyzer capable of quantifying a refractive error of a human eye,
wherein quantifying the refractive error comprises receiving non-passive input from the
human, and wherein the means for altering the path of light comprises an adaptive optic
modified as the human provides information.

In another aspect, the present invention resides in a method for determining

refractive error of an eye of a person, comprising: using a wave-front analyzer to measure a
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first refractive error of the person's eye, the first refractive error comprising at least one
refractive error other than myopia, hyperopia, or prespbyopia; generating a first optical
power based at least in part on the first refractive error; receiving a first non-passive
conscious input from the person sensing the first optical power; and adjusting the first

optical power based at least in part upon the first non-passive conscious input, to

generate a second optical power.

In another aspect, the present invention resides in an ophthalmic spectacle lens
comprising: a vision correcting area having a refractive error correction that focuses an
image of ambient light on to the retina of an eye for correcting refractive error of the
eye, wherein the vision correcting area's refractive error correction 1s determined at
least in part by a wave front analysis of the eye being corrected; the refractive error
correction corrects at least in part for non-conventional refractive error, wherein the
non-conventional refractive error 1s a refractive error other than myopia, hyperopia,
presbyopia and regular astigmatism; wherein the refractive error correction is provided
at least 1n part by a plurality of optical property variations of said lens, wherein said
optical property vanations are variations in the index of refraction of said lens; and
wherein said lens 1s capable of being edged 1nto the shape of an eyeglass frame.

In a further aspect, the present invention resides in an ophthalmic spectacle lens
comprising: a vision correcting area having a refractive error correction that focuses an
image of non-polarized light on to the retina of an eye for correcting refractive error of
the eye, wherein the vision correcting area's refractive error correction is determined at
least 1n part by a wave front analysis of the eye being corrected; the refractive error

correction corrects at least in part for non-conventional refractive error, wherein the

non-conventional refractive error 1s a refractive error other than myopia, hyperopia,

- presbyopia and regular astigmatism; wherein the refractive error correction 1s provided

at least in part by a plurality of optical property variations of said lens, wherein said

optical property variations are variations in the index of refraction of said lens; and

wherein said lens is capable of being edged into the shape of an eyeglass frame.

In a still further aspect, the present invention provides an ophthalmic lens for a
user, comprising: a first region comprising a far distance focus zone; a second region
comprising a progressive addition focus zone to contribute a first add power to the lens;

and a third separate region comprising a non-progressive optical power zone to

contribute a second add power to the lens, wherein the third separate region is in optical
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communication with a start of the progressive addition focus zone and a portion of a full

near add power area ot the progressive addition focus zone.

In one aspect, the present invention resides in a semi-finished lens blank,
comprising a first region comprising a far distance focus zone; a second region
comprising a progressive addition lens design having a progressive addition focus zone
having a first add power; and a separate third region having a second add power, wherein
the separate third region 1s aligned and in optical communication with at least a portion

ot the second region.

In another aspect, the present invention resides in an electro-active spectacle lens
with a peripheral edge, comprising an electro-active element spaced from the peripheral
edge, wherein said electro-active element has two surfaces and contains an electro-active
material between said two surfaces for altering the optical power of the lens, wherein in
the absence of electrical power the electro-active element does not alter the optical power
of the lens when looking through the lens, and wherein when electrical power is applied
the lens simultaneously provides at least two different optical powers when looking
through the lens, and wherein an optical power blending transition occurs between the

two different optical powers.

In a further aspect, the present invention resides in an electro-active spectacle lens
with a peripheral edge, an electro-active element having at least a first region, and a
second region, different from the first region, wherein the lens simultaneously provides
at least a first and a second different optical powers when looking through the lens,
wherein the first optical power is provided by at least the first region and the second
optical power 1s provided by at least the second region, wherein said electro-active

element 1s spaced from the peripheral edge.

In a further aspect, the present invention resides in an electro-active spectacle lens
with a peripheral edge, comprising an electro-active element simultaneously having both
a region of constant optical power and a region of decreasing optical power towards the

peripheral edge when looking through the lens.
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To assist with understanding certain embodiments of the invention, explanations
of various terms are now provided. In some situations, these explanations are not
necessarily intended to be limiting, but, should be read in light of the examples,

descriptions, and claims provided herein.

An "electro-active zone" can include or be included in an electro-active structure,
layer, and/or region. An "electro-active region" can be a portion and/or the entirety of an
clectro-active layer. An electro-active region can be adjacent to another electro-active
region. An electro-active region can be attached to another electro-active region, either
directly, or indirectly with, for example, an insulator between each electro-active region.
An electro-active layer can be attached to another electro-active layer, either directly, or
indirectly with, for example, an insulator between each electro-active layer. "Attaching"
can include bonding, depositing, adhering, and other well-known attachment methods. A

"controller” can include or be included in a processor, a microprocessor, an integrated

circuit, an IC,
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a computer chip, and/or a chip. A "refractor" can include a controller. An "auto-
refractor” can include a wave front anal yzer. "Near distance refractive error" can
include presbyopia and any other refractive error needed to be corrected for one to
see clearly at near distance. "Intermediate distance refractive error" can include the
degree of presbyopia needed to be corrected an intermediate distance and any other
refractive error needed to be corrected for one to see clearly at intermediate distance.
"Far distance refractive error" can include any refractive error needed to be corrected
for one to see clearly at far distance. "Near distance" can be from about 6 inches to
about 24 inches, and more preferably from about 14 inches to about 18 inches.
"Intermediate distance” can be from about 24 inches to about 5 feet. "Far distance"
can be any distance between about 5 feet and infinity, and more preferably, infinity.
"Conventional refractive error" can include myopia, hyperopia, astigmatism, and/or
presbyopia. "Non-conventional refractive error" can include irregular astigmatism,
aberrations of the ocular system, and any other refractive error not included in '
conventional refractive error. "Optical refractive error" can include any aberrations
associated with a lens optic.

In certain embodiments, a "spectacle” can include one lens. In other
embodiments, a "spectacle” can include more than one lens. A "multi-focal" lens
can include bifocal, trifocal, quadrafocal, and/or progressive addition lens. A
"finished" lens blank can include a lens blank that has finished optical surface on
both sides. A "semi-finished" lens blank can include a lens blank that has, on one
side only, a finished optical surface, and on the other side, a non-optically finished
surface, the lens needing further modifications, such as, for example, grinding and/or
polishing, to make it into a useable lens. "Surfacing" can include grinding and/or

polishing off excess material to finish a non-finished surface of a semi-finished lens
blank.
FIG. 1 1s a perspective view of an embodiment of electro-active

phoropter/refractor system 100. Frames 110 contain electro-active lens 120, which
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are connected via a network of conductive wires 130 to an electro-active lens
controller 140 and to an electrical power source 150.

In certain embodiments, the temples (not shown in Fig. 1) of frames 110
contain battenes or power sources such as, for example, a micro-fuel cell. In other
inventive embodiments, the temple or temples of frame 110 possess the needed
electrical components so that a power cord is plugged directly into an electrical

outlet and/or the electro-active refractor’s controller/programmer 160.

Still 1n other inventive embodiments, the electro-active lenses 120 are
mounted in a housing assembly which 1s suspended so one could simply position

one’s face properly in order to look through the electro-active lenses while being

refracted.
While the first inventive embodiment utilizes only a pair of electro-active

lenses, 1n certain other inventive embodiments, multiple electro-active lenses are
used. Still in other inventive embodiments, a combination of conventional lenses
and electro-active lenses are utilized.

FIG. 2 1s a diagrammatic view of an exemplary embodiment of an electro-
active refractor system 200 that includes housing assembly 210 that contains at least
one electro-active lens 220 and several conventional lenses, specifically, diffractive
lens 230, prismatic lens 240, astigmatic lens 250, and spherical lens 260. A network

of conductive wires 270 connects the electro-active lens 220 to a power source 275

and to a controller 280, that provides a prescription display 290.

In each inventive embodiment wherg multiple electro-active lenses and/or a
combination of conventional and electro-active lenses are utilized, the lenses can be
used to test one’s vision in a random and/or non-random one-at-a-time sequence. In
other inventive embodiments, two or more lenses are added together giving a total
corrective power in front of each eye as needed.

The electro-active lenses, which are utilized in both the electro-active
phoropter and the electro-active eyewear, are comprised of either a hybrid and/or

non-hybnd construction. In a hybrid construction, a conventional lens optic is
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combined with an electro-active zone. In a non-hybnd construction, no

conventional lens optic is used.

As discussed above, the invention differs from today’s conventional
dispensing practice sequence 300, which is shown as a flow diagram in FIG. 3. As
shown at steps 310 and 320, traditionally an eye examination involving a

conventional refractor is followed by obtaining one’s prescription and taking that

prescription to a dispenser. Then, as shown at steps 330 and 340, at the dispenser

one’s frames and lens are selected. As shown at step 350 and 360, the lenses are

fabricated, edged, and assembled into the frames. Finally, at step 370, the new
prescription eyeglasses are dispensed and received.

As shown in the flow diagram of FIG. 4, in an exemplary embodiment of
one inventive dispensing method 400, at step 410 the electro-active eyewear is
selected by or for the wearer. At step 420, the frames are fitted to the wearer. With
the wearer wearing the electro-active eyewear, at step 430, the electronics are
controlled by the electro-active phoropter/refractor control system which in most
cases 1s operated by an eyecare professional and/or technician. However, in certain
inventive embodiments, the patient or wearer can actually operate the control system
and thus, control the prescription of their own electro-active lenses. In other

inventive embodiments, both the patient/wearer and the eyecare professional and/or

technician work with the controller together.

At step 440, the control system, whether operated by the eyecare

professional, technician, and/or the patient/wearer, is utilized to select both

objectively or subjectively the best correcting prescription for the patient/wearer.

Upon selecting the proper prescription to correct the patient/wearer’s vision to it’s
optimal correction, the eyecare professional or technician then programs the
patient’s/wearer's electro-active eyewear.

In one inventive embodiment, the selected prescription is programmed into
an electro-active eyewear controller, and/or one or more controller components,

prior to the selected electro-active eyewear being disconnected from the electro-
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active phoropter/refractor’s controller. In other inventive embodiments the

prescriptioﬂ is programmed into the selected electro-active eyewear at a later time.
In either case the electro-active eyewear is selected, fitted, programmed, and

dispensed at step 450 in a totally different sequence than conventional eyeglasses are

today. This sequence allows for improved manufacturing, refracting and dispensing

efficiencies.

Via this inventive method, the patient/wearer literally can select their
eyewear, wear them while the testing of their vision is taking place, and then have
them programmed for the correct prescription. In most cases, but not all, this is
done before the patient/wearer leaves the examination chair, thus, ensuring the total
fabnication and programming accuracy of the patient’s final prescnption, as well as
the accuracy of the eye refraction itself. Finally, in this inventive embodiment the
patient can literally wear their electro-active eyeglasses when they get up out of the
examination chair and proceed out of the eyecare professional’s office.

It should be pointed out that other inventive embodiments allow for the
electro-active phoropter/refractor to simply display or print out the patient or
wearer's best corrected prescription which s then filled in much the same manner as
in the past. Currently the process involves taking a written prescription to a
dispensing location where electro-active eyewear (frames and lenses) are sold and

dispensed.

St1ll in other inventive embodiments the prescription is sent electronically,

for example, via the Internet, to a dispensing location where electro-active eyewear

(frames and lenses) are sold.

In the case where the prescription is not filled at the point where the eye

refraction 1s performed, in certain inventive embodiments an electro-active eyewear
controller, and/or one or more controller components, is either programmed and
installed into the electro-active eyewear, or directly programmed while installed in
the electro-active eyewear, following the refraction. In the case where nothing is

added to the electro-active eyewear, the electro-active eyewear controller, and/or one
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or more controller components, is an intricate built-in part of the electro-active
eyewear and does not need to be added at a later time.
FIG. 27 is a flow diagram of an embodiment of another inventive dispensing
method 2700. At step 2710, the vision of the patient is refracted using any method.
5 Atstep 2720, the prescription for the patient is obtained. At step 2730, the electro-
active eyewear is selected. At step 2740, the electro-active eyewear is programmed

with the wearer’s prescnption. At step 2750, the electro-active eyewear is

dispensed.
FIG. § 1s a perspective view of another inventive embodiment of the electro-

10 active eyewear 500. In this illustrative example, frames 510 contain generic electro-
active lenses 520 and 522 that are electrically coupled by connecting wires 530 to

electro-active eyewear controller 540 and power source 550. Section line Z-Z

divides generic electro-active lens 520.

Controller 540 acts as the "brains” of the electro-active eyewear 500, and can

15 contain at least one processor component, at least one memory component for
storing instructions and/or data for a specific prescription, and at least one
input/output component, such as a port. Controller 540 can perforrn computational
tasks such as reading from and wnting into memory, calculating voltages to be
applied to individual grid elements based on desired refractive indices, and/or acting

20 as a local interface between the patient/user’s eyewear and the associated
refractor/phoropter equipment.

In one inventive embodiment, controller 540 1s pre-programmed by the
eyecare specialist or technician to meet the patient’s convergence and
accommodative needs. In this embodiment, this pre-programming is done on

25 controller 540 while controller 540 is outside the patient’s eyewear, and controller
540 1s then inserted into the eyewear after the examination. In one inventive
embodiment, controller 540 is a "read-only" type, supplying the voltage to grid
elements to obtain the necessary array of refractive indices to correct the vision for a

specific distance. As the patient’s prescription changes, a new controller 540 must
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be programmed and inserted into the eyewear by the specialiét. This controller
would be of a class of ASIC’s; or application specific integrated circuits, and its
memory and processing commands permanently imprinted.

In another inventive embodiment, the electro-active eyewear controller may
be onginally programmed by the eyecare specialist or technician when first
dispensed, and later the same controller, or a component thereof, can be
reprogrammed to provide a different correction, as the patient’s needs change. This
electro-active eyewear controller may be extracted from the eyewear, placed in the
refractor’s controller/programmer (shown in Figs. 1 and 2) and reprogrammed
during the examination, or reprogrammed, in situ, by the refractor without removal
from the electro-active eyewear. The electro-active eyewear controller in this case
could, for example, be of a class of FPGA'’s, or field programmable gate array
architecture. In this inventive embodiment the electro-active eyewear controller may
be permanently built into the eyewear and require only an interface link to the
refractor which issues the reprogramming commands to the FPGA. Part of this link
would include external AC power to the electro-active eyewear controller provided
by an AC adapter embedded in the refractor/phoropter or in its controller/
programmer unit.

In another inventive embodiment, the electro-active eyewear acts as the
refractor, and the external equipment operated by the eyecare specialist or technician
consists of merely a digital and/or analog interface to the electrc;-active eyewear’s
controller. Thus, the electro-active eyewear controller can also serve as the
controller for the refractor/phoropter. In this embodiment, the necessary processing

electronics are available to alter the array of grid voltages to the electro-active

eyewear and reprogram the electro-active eyewear controller with this data after the
optimal correction for the user is empirically determined. In this case, the patient
reviews the eye charts through his/her own electro-active eyewear during the

examination and may be unaware that as he/she is selecting the best corrective
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prescription, the controller in their electro-active eyewear i1s simultaneously being

reprogrammed electronically.

Another innovative embodiment utilizes an electronic auto-refractor that can
be used as a first step and/or in combination with the electro-active refractors
(shown in Figs. 1 and 2) such as by way of example, but not limited to Humphrey’s
Auto-refractor & Nikon’s Auto-refractor which have been developed or modified to
provide feed back which is compatible and programmed for use with the invention’s
electro-active lenses. This innovative embodiment is used to measure one’s
refractive error, while the patient or wearer is wearing his or her electro-active
spectacles. This feedback is fed automatically or manually into a controller and/or
programmer, which then calibrates, programs or reprograms the controller of the
user/wearer's electro-active spectacles. In this innovative embodiment, one’s

electro-active spectacles can be re-calibrated as needed without requiring full eye

examination or eye refraction.

In certain other inventive embodiments, one’s vision correction is corrected,
by way of one’s electro-active lenses, to 20/20. This is obtained in most cases by
correcting one’s conventional refractive error (myopia, hyperopia, astigmatism, and /
or presbyopia). In certain other inventive embodiments, non-conventional refractive
error such as aberrations, irregular astigmatism, and/or ocular layer irregularities of
the eye are measured and corrected, as well as conventional refractive error (myopia,

hyperopia, astigmatism and / or presbyopia). In the inventive embodiments whereby
aberrations, irregular astigmatism, and/or ocular layer irregularities of the eye are
corrected in addition to conventional refractive error, one’s vision can be corrected

in many cases to better than 20/20, such as to 20/15, to better than 20/15, to 20/10,

and/or to better than 20/10.
This advantageous error correction is accomplished by utilizing the electro-

active lenses in the eyewear effectively as an adaptive optic. Adaptive optics have
been demonstrated and in use for many years to correct for atmospheric distortion in

ground-based astronomical telescopes, as well as for laser transmission through the
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atmosphere for communications and mulitary applications. In these cases, segmented or
"rubber" mirrors are usually employed to make small corrections to the wave front of the
image or laser lightwave. These mirrors are manipulated by mechanical actuators 1n most
cases.

Adaptive optics, as applied to vision, is based on active probing of the ocular system
with a light beam, such as an eye-safe laser, and measures the wavefront distortion of either
the retinal reflection or the image created on the retina. This form of wavefront analysis
assumes a plane or spherical probe wave and measures the distortion imparted on this
wavefront by the ocular system. By comparing the initial wavefront with the distorted one,
a skilled examiner can determine what abnormalities exist in the ocular system and
prescribe an appropriate corrective prescription. There are several competing designs for
wavefront analyzers, however, the adaption of the electro-active lenses described here for
use as either a transmissive or reflective spatial light modulator to perform such wavefront
analysis 1s included within the invention. Examples of wavefront analyzers are provided in
U.S. Patent Nos. 5,777,719 (Williams) and 5,949,521 (Williams).

In certain embodiments of the present invention, however, small corrections or
adjustments are made to the electro-active lenses so that an image lightwave is imparted by
a gnd array of electrically driven pixels whose index of refraction can be altered,

accelerating or slowing down the light passing through them by the alterable index. In this

way, the electro-active lens becomes an adaptive optic, which can compensate for the
inherent spatial imperfection in the optics of the eye itself in order to obtain a nearly
aberration-free image on the retina.

In certain inventive embodiments, because the electro-active lens is fully two-
dimensional, fixed spatial aberrations caused by the eye s optical system can be
compensated for by incorporating the small index of refraction corrections on top of the
gross vision correction prescription needs of the patient/user. In this way, vision can be

corrected to a level of better than what could be achieved with common
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convergence and accommodation corrections, and, in many cases, could result in
vision better than 20/20.

In order to achieve this better than 20/20 correction, the patient’s ocular
aberrations can be measured by, for example, a modified auto refractor utilizing a
wavefront sensor or analyzer designed specifically for eye aberration measurements.
Once the ocular aberrations and other types of non-conventional refractive error
have been determined in both magnitude and spatially, the controller in the eyewear
can be programmed to incorporate the 2-D spatially-dependent index of refraction
changés to compensate for these aberrations and other types of non-conventional
refractive error in addition to the overall myopia, hyperopia, presbyopia, and/or
astigmatism correction. Thus, embodiments of the electro-active lens of the present

invention can electro-actively correct for aberrations of the patient’s ocular system

or created by the lens optic.

Thus, for example, a certain power correction of -3.50 diopters may be
required 1n a certain electro-active divergent lens to correct a wearer’s myopia. In
this case, an array of different voltages, V,...Vy, is applied to the M elements in the
grid array to generate an array of different indices of refraction, N,...N,,, which give
the electro-active lens a power of -3.50 diopters. However, certain elements in the
grid array may require up to plus or minus 0.50 units change in their index N,... Ny,
to correct for ocular aberrations and/or non-conventional refractive error. The small
voltage deviations corresponding to these changes is applied to the appropriate grid

element, in addition to the base myopia-correcting voltages.

In order to detect, quantify, and/or correct as much as possible for non-

conventional refractive error such as irregular astigmatism, ocular refractive

irregularities, such as for example, the tear layer on the front of the cornea, the front,
or back of the cornea, aqueous irregularities, the front or back of the lenticular lens,

vitreous 1rregulanties, or for other aberrations caused by the ocular refractive system
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itself, the electro-active refractor/phoropter is used according to an embodiment of
the inventive prescription method 600 of F1G. 6.

At step 610, either a conventional refractor, an electro-active refractor having

both conventional and electro-active lenses, or an electro-active refractor having

only electro-active lenses, or an auto-refractor, is utilized to measure one’s refractive

error using conventional lens powers such as minus power (for myopes), plus power
(for hyperopes), cylindrical power and axis (for astigmatism) and prism power when
needed. Utilizing this approach, one will get what is known today as the patient’s
BVA (best visual acuity) by way of conventional corrective refractive error.
However, certain embodiments of the invention allow for improving one’s vision

beyond what today’s conventional refractor/phoropters will achieve.

Therefore, step 610 provides for further refinement of one’s prescription in a
non-conventional inventive way. In step 610, the prescription, which accomplishes
this end point, is programmed into the electro-active refractor. The patient is
properly positioned to look through the electro-active lenses having a multi-gnid
electro-active structure into a modified and compatible autorefractor or a wavefront
analyzer, which automatically measures precisely the refractive error. This
refractive error measurement detects and quantifies as much non-conventional
refractive errors as possible. This measurement is taken through a small,
approximately 4.29 mm, targeted area of each electro-active lens, while
automatically computing the necessary prescription to achieve the best focus on the
fovea along the line-of-sight while the patient is looking through the targeted area of
the electro-active lens. Once this measurement is made this non-conventional
correction is either stored in the controller/programmer memory for future use or it

is then programmed into the controller that controls the electro-active lenses. This,

of course, 1s repeated for both eyes.
At step 620, the patient or wearer now may at their option elect to use a

control unit which will allow them to further refine the conventional refractive error

correction, the non-conventional refractive error correction, or a combination of
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both, and thus the final prescription, to their liking. Alternatively, or in addition, the
eyecare professional may refine it, until in some cases no further refinement is
performed. At this point, an improved BVA for the patient, better than any available
via conventional techniques, will be achieved.

5 At step 630, any further refined prescription is then programmed into the

controller, which controls the electro-active lenses’ prescription. At step 640, the

programmed electro-active spectacles are dispensed.

While the preceding steps 610 through 640 present an embodiment of one

inventive method, depending upon the eyecare professional’s judgement or

10 approach, numerous different but similar approaches could be used to detect,

quantify, and/or correct one’s vision using solely electro-active refractors/phoropters
or in combination with wavefront analyzers. Any method, no matter in what
sequence, that utilizes an electro-active refractor/phoropter to detect, quantify,
and/or correct one’s vision, whether 1n conjunction with a wavefront analyzer or not,
15 1s considered part of the invention. For example, in certain inventive embodiments,
steps 610 through 640 may be performed in either a modified way or even a
different sequence. Furthermore, in embodiments of certain other inventive
methods, the targeted area of the lens referred to in step 610 is within the range of

about 3.0 millimeters in diameter to about 8.0 millimeters in diameter. Still in other

20 nventive embodiments, the targeted area can be anywhere from about 2.0

millimeters in diameter up to the area of the entire lens.

Although this discussion has thus fa( concentrated on refraction using
various forms of electro-active lenses alone or in combination with wavefront
analyzers to perform the eye examination of the future, there is another possibility

25 that new emerging technology may allow simply for objective measurements, thus
potentially eliminating the need for a patient’s communicated response or
interaction. Many of the inventive embodiments described and/or claimed herein are

intended to work with any type of measuring system, whether objective, subjective,

or a combination of both.
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Tuming now to the electro-active lens itself, as discussed above, an
embodiment of the present invention concerns an electro-active refractor/phoropter
that has a novel electro-active lens, that can either be of a hybnid or of a non-hybrid
construction. By hybrid construction it is meant a combination of a conventional
single vision or a multifocal lens optic, with at least one electro-active zone located
on the front surface, back surface, and/or in between the front and back surfaces, the
zone consisting of an electro-active material having the necessary electro-active
means to change focus electrically. In certain embodiments of the invention, the
electro-active zone is specifically placed either inside the lens or on the back
concave surface of th‘e lens to protect 1t from scratches and other normal wear. In
the embodiment where the electro-active zone 1s included as part of the front convex
surface, in most cases a scratch resistant coating is applied. The combination of the
conventional single vision lens or a conventional multifocal lens and the electro-
active zone gives the total lens power of the hybrid lens design. By non-hybrid it is
meant a lens which is electro-active whereby mostly 100% of its refractive power is
generated solely by 1ts electro-active nature.

FIG. 7 1s a front view, and FIG. 8 1s a section view takeﬂ along line A-A, of
an embodiment of an exemplary hybrid electro-active spectacle lens 700. In this
illustrative example, lens 700 includes a lens optic 710. Attached to lens optic 710
s an electro-active layer 720, that can have one or more electro-active regions that
occupy all or a portion of electro-active layer 720. Also attached to lens optic 710
and at least partially surrounding electro-active layer 720 is framing layer 730. Lens
optic 710 includes an astigmatic power correction region 740 having an astigmatic
axis A-A rotated, in this specific example only, approximately 45 degrees clockwise
from honizontal. Covering electro-active layer 720 and framing layer 730 is an
optional cover layer 750.

As will be discussed further, electro-active layer 720 can include a liquid
crystal and/or a polymer gel. Electro-active layer 720 can also include an alignment

layer, a metallic layer, a conducting layer, and/or an insulating layer.
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In an alternative embodiment, astigmatic correction region 740 1s eliminated
so that lens optic 710 corrects for sphere power only. In another alternative
embodiment, lens optic 710 can correct for either far distance, near distance, and/or
both, and any sort of conventional refractive error, including spheric, cylindric,
prismatic, and/or aspheric errors. Electro-active layer 720 can also correct for near
distance, and/or for non-conventional refractive error such as aberrations. In other
embodiments, electro-active layer 720 can correct any sort of conventional or non-
conventional refractive error and lens optic 710 can correct for conventional
refractive error.

It has been discovered that an electro-active lens having a hybnd
construction approach has certain distinct advantages over that of a non-hybrid lens.
These advantages are lower electrical power needs, smaller battery size, longer
battery life expectancy, less complex electrical circuitry, fewer conductors, fewer
insulators, lower manufacturing costs, increased optical transparency, and increased
structural integrity. However, it must be noted that non-hybrid electro-active lenses
have their own set of advantages, including reduced thickness and mass
manufacturing.

It also has been discovered that both the non-hybrid, and in some
embodiments, the full field hybrid and partial field hybrid approach, will allow for
mass manufacturing of a very limited number of SKUs (Stock Keeping Units) when,

for example, the electro-active structural design utilized is that of a multi-grid
electro-active structure. In this case, it would only be necessary when mass

manufacturing to focus pnmarily on a limited number of differentiated features such

as curvature and size for the wearer’s anatomical compatibility.

To understand the significance of this improvement, one must understand the
number of traditional lens blanks needed to address most prescriptions. About 95%
of corrective prescriptions include a sphere power correction within a range of -6.00
diopters to +6.00 diopters, 1n 0.25 diopter increments. Based on this range, there are

about 49 commonly prescribed sphere powers. Of those prescriptions that include
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an astigmatism correction, about 95% fall within the range of -4.00 diopters to +

4.00 diopters, in 0.25 diopter increments. Based on this range, there are about 33
commonly prescribed astigmatic (or cylinder) powers. Because astigmatism has an
axis component, however, there are about 360 degrees of astigmatic axis |
orientations, which are typically prescribed in 1 degree increments. Thus, there are

360 difterent astigmatic axis prescriptions.

Moreover, many prescriptions include a bifocal component to correct for

presbyopia. Of those prescriptions that have a presbyopic correction, about 95% fall
within the range of +1.00 to +3.00 diopters, in 0.25 diopter increments, thereby
resulting in about 9 commonly prescribed presbyopic powers.

Because some embodiments of the invention can provide for spherical,
cylindrical, axis, and presbyopic corrections, one non-hybrid electro-active lens can
serve the 5,239,080 (= 49 x 33 x 360 x 9) different prescriptions. Thus, one non-
hybrid electro-active lens can eliminate the need to mass manufacture and/or stock
numerous lens blank SKUs, and of possibly greater importance, can eliminate the
need to grind and polish each lens blank to a particular patient’s prescription.

To account for the various lens curvatures that may be needed to
accommodate anatomical i1ssues such as face shape, eyelash length, etc., somewhat
more than one non-hybrid electro-active lens SKU could be mass manufactured

and/or stocked. Nevertheless, the number of SKU’s could be reduced from millions

to about five or less.

In the case of the hybrid electro-active lens, it has been discovered that by
correcting for conventional refractive error with the lens optic and utilizing a mostly
centered electro-active layer, it is possible to also reduce the number of SKU’s
needed. Referring to FIG. 7, lens 700 can be rotated as needed to place astigmatic
axis A-A in the needed position. Thus, the number of hybrid lens blanks needed can
be reduced by a factor of 360. Moreover, the electro-active zone of the hybrid lens
can provide the presbyopic correction, thereby reducing by a factor of 9 the number

of lens blanks needed. Thus, a hybrid electro-active lens embodiment can reduce
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from more than 5 million to 1619 (=49 x 33) the number of lens blanks needed.
Because it may be reasonably possible to mass manufacture and/or stock this

number of hybrid lens blank SKUSs, the need for grinding and polishing may be

eliminated.
Nevertheless, grinding and polishing semi-finished hybrid lens blanks into

finished lens blanks remains a possibility. FIG. 28 is a perspective view of an
embodiment of a semi-finished lens blank 2800. In .this embodiment, semi-finished
lens blank 2800 has a lens optic 2810 with a finished surface 2820, an unfinished
surface 2830, and a partial field electro-active layer 2840. In another embodiment,
semi-finished lens blank 2800 can have a full field electro-active layer. Moreover,
the electro-active structure of semi-finished lens blank 2800 can be multi-grid or

single interconnect. Further, semi-finished lens blank 2800 can have refractive

and/or diffractive characteristics.
In either the hybrid or the non-hybrid embodiment of the electro-active lens,

a significant number of needed correcting prescriptions can be created and
customized by the electro-active lens which can be adjusted and controlied by a
controller that has been customized and/or programmed for the patient’s specific
prescription needs. Thus, the millions of prescriptions and numerous lens styles,
single vision lens blanks, as well as the numerous multifocal semi-finished lens

blanks may be no longer needed. In fact, most lens and frame manufacturing and

distribution, as we know it may be revolutionized.

It should be noted that the invention includes both non-hybrid electro-active
lenses, as well as full and partial field specific hybnd electro-active lenses that are
either pre-manufactured electronic eyewear (frame and/or lenses) or customized
electronic eyewear at the time of delivery to the patient or customer. In the case of

the eyewear being pre-fabricated and assembled, both the frames and the lenses are
pre-made with the lenses already edged and put into the eyeglass frames. Also

considered to be part of the invention is the programmable and re-programmable

controller as well as the mass production of frames and lenses having the necessary
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electric components which can be prefabricated and sent to the eyecare
professional’s site or some other site for either the installation of, for example, a
programmed controller, and/or one or more controller components, for the patient’s
prescription.

In certain cases the controller, and/or one or more controller components, can
be part of the pre-manufactured frame and electro-active lens assembly and then
programmed at either the eyecare professional’s site or some other site. The
controller, and/or one or more controller components, can be in the form, for
example, of a chip or a thin film and can be housed in the frame, on the frame, in the
lens, or on the lens of the eyeglasses. The controller, and/or one or more controller
components, can be re-programmable or not re-programmable based upon the
business strategy to be implemented. In the case where the controller, and/or one or
more controller components, is re-programmable, this will allow for the repeated
updating of one’s prescriptions as long as the patient or customer is happy with his
or her eyeglass frames as well as the cosmetic appearance and functionality of the
electro-active lenses.

In the case of the latter, the non-hybrid and hybrid electro-active lens
embodiments just discussed, the lenses must be structurally sound enough in order
to protect the eye from injury from a foreign object. In the United States, most
eyewear lenses must pass a FDA required impact test. In order to meet these
requirements, it is important that a support structure is built into or on the lens. In
the case of the hybrid type, this is accomplished, for example, utilizing either a
prescription or non-prescription single vision or multifocal lens optic as a structural
base. For example, the structural base for the hybrid type can be made out of
polycarbonate. In the case of the non-hybrid lens, in certain embodiments, the

electro-active material selected and thickness accounts for this needed structure. In
other embodiments, the non-prescription carrier base or substrate onto which the

electro-active material is positioned accounts for this needed protection.
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When utilizing electro-active zones in spectacle lenses in certain hybrid
designs, it can be essential to maintain proper distance correction when a power
interruption to the lenses occurs. In the case of a battery or wining fatlure, in some
situations it could be disastrous if the wearer was driving an automobile or piloting
an airplane and their distance correction was lost. To prevent such occurrences, the
inventive design of the electro-active spectacle lenses can provide for the distance
correction to be maintained when the electro-active zones is in the OFF position (the
inactivated or unpowered state). In an embodiment of this invention, this can be
accomplished by providing the distance correction with a conventional fixed focal -
length optic, whether it be a refractive or a diffractive hybnid type. Any additional
add power, therefore, is provided by the electro-active zone(s). Thus, a fail-safe

electro-active system occurs, because the conventional lens optic will preserve the

wearer's distance correction.
FI1G. 9 1s a side view of an exemplary embodiment of another electro-active

lens 900 having a lens optic 910 that is index matched to an electro-active layer 920.
In this 1llustrative example, the diverging lens optic 910, having an index of
refraction, n,, provides distance correction. Attached to lens optic 910 is the electro-
active layer 920, which can have an unactivated state, and a number of activated
states. When electro-active layer 920 is 1n its unactivated state, it has an index of
refraction n,, which approximately matches the index of refraction, n,, of lens optic
910. More accurately, when unactivated, n, is within 0.05 refractive units of n,_
Surrounding electro-active layer 920 1s framing layer 930, which. has an index of
refraction, n,, that also approximately matches the index of refraction, n,, of lens

optic 910 within 0.05 refractive units of n,.

FIG. 10 1s a perspective view of an exemplary embodiment of another

electro-active lens system 1000. In this illustrative example, electro-active lens
1010 includes a lens optic 1040 and an electro-active layer 1050. A rangefinder
transmitter 1020 is positioned on electro-active layer 1050. Also, a rangefinder

detector/receiver 1030 is positioned on electro-active layer 1050. In an alternative
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embodiment, either transmitter 1020 or receiver 1030 can be positioned in electro-
active layer 1050. In other alternative embodiments, either transmitter 1020 or
receiver 1030 can be positioned 1n or on lens optic 1040. In other embodiments
either transmitter 1020 or receive 1030 can be positioned on outer covenng layer
1060. Further, in other embodiments, 1020 and 1030 can be positioned on any
combination of the preceding.

FIG. 11 is a side view of an exemplary embodiment of a diffractive electro-
active lens 1100. In this illustrative example, lens optic 1110 provides distance
correction. Etched on one surface of lens optic 1110 1s diffractive pattern 1120,
having an index of refraction, n,. Attached to lens optic 1110 and covering
diffractive pattern 1120 is electro-active layer 1130, which has an index of
refraction, n,, that approximates n,, when electro-active layer 1130 is in its
unactivated state. Also attached to lens optic 1110 is framing layer 1140, which i1s
constructed of material mostly identical to lens optic 1110, and which at least
partially surrounds electro-active layer 1120. A covering 1150 is attached over
electro-active layer 1130 and framing layer 1140. The framing layer 1140 can also
be an extension of lens optic 1110, in which can no actual layer is added, however,
lens optic 1110 is fabnicated so as to frame or circumscribe electro-active layer 1130.

FIG. 12 is a front view, and FIG. 13 a side view, of an exemplary
embodiment of an electro-active lens 1200 having a multi-focal optic 1210 attached

to an electro-active framing layer 1220. In this illustrative example, multi-focal
optic 1210 is of a progressive addition lens design. Moreover, in this tllustrative
example, multi-focal optic 1210 includes a first optical refraction focus zone 1212
and a second progressive addition optical refraction focus zone 1214. Attached to
multi-focal optic 1210 is electro-active framing layer 1220 having an electro-active
region 1222 that 1s positioned over second optical refraction focus zone 1214. A
cover layer 1230 1s attached to electro-active framing layer 1220. It should be noted
that the framing layer can be either electro-active or non-electro-active. When the

framing layer is electro-active, insulating matenial is utilized to insulate the activated
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In most inventive cases, but not all, in order to program the electro-active
eyewear to correct one’s vision to its optimum, thus, correcting for non-conventional
refractive error it is necessary to track the line-of-sight of each eye by way of

tracking the eye movements of the patient or wearer.

FIG. 14 is a perspective view of an exemplary embodiment of a tracking
system 1400. Frames 1410 contain electro-active lens 1420. Attached to the
backside of electro-active lens 1420 (that side closest to the wearer’s eyes, also
referred to as the proximal side), are a tracking signal sources 1430, such as light
emitting diodes. Also attached to the backside of electro-active lens 1420 are
tracking signal receivers 1440, such as light reflection sensors. Receivers 1440, and
possibly sources 1430, are connected to a controller (not shown) that includes in its
memory instructions to enable tracking. Utilizing this approach it is possible to
locate very precisely the eye movements up, down, right, left and any variation
thereof. This 1s needed as certain types, but not all, of non-conventional refractive
error needs to be corrected and isolated within one’s line-of-sight (for example, in

the case of a specific comneal irregularity or bump that moves as the eye moves).

In various alternative embodiments, sources 1430 and/or receivers 1440 can

be attached to the backside of frames 1410, embedded in the backside of frames

1410, and/or embedded in the backside of lenses 1420.

An important portion of any spectacle lens, including the electro-active
spectacle lens, is the portion used to produce the sharpest image quality within the
user's field of view. While a healthy person can see approximately 90 degrees to
either side, the sharpest visual acuity is located within a smaller field of view,
corresponding to the portion of the retina with the best visual acuity. This region of
the retina 1s known as the fovea, and is approximately a circular region measuring
0.40mm in diameter on the retina. Additionally, the eye images the scene through

the entire pupil diameter, so the pupil diameter will also affect the size of the most

critical portion of the spectacle lens. The resulting critical regioﬂ of the spectacle
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lens 1s simply the sum of the diameter of the eye's pupil diameter added to the
projection of the fovea's field of view onto the spectacle lens.

The typical range for the eye's pupil diameter is from 3.0 to 5.5 mm, with a

most common value of 4.0 mm. The average fovea diameter is approximately 0.4

mm.
The typical range for the size of the fovea's projected dimension onto the

spectacle lens is affected by such parameters as the length of the eye, the distance

from the eye to the spectacle lens, etc.

The tracking system of this specific inventive embodiment then locates the
regions of the electro-active lens that correlate to the eye movements relative to the
fovial region of the patient’s retina. This is important as the invention’s software is
programmed to always correct for the non-conventional refractive error that is

correctable as the eye moves. Thus, it is necessary in most, but not all, inventive

embodiments that correct for non-conventional refractive error to electro-actively
alter the area of the lens that the line-of-sight is passing through as the eyes fixate
thetr target or gaze. In other words, in this specific inventive embodiment the vast
majority of the electro-active lens corrects for conventional refractive error and as
the eye moves the targeted electro-active area focus moves as well by way of the
tracking system and software to correct for the non-conventional refractive error
taking into account the angle in which the line-of-sight intersects different sections
of the lens and factoring this into the final prescription for that specific area.

In most, but not all, inventive embodiments, the tracking system and
enabling software 1s utilized to correct one’s vision to its maximum, while looking
or gazing at distant objects. When looking at near points the tracking system, if
used, 1s utilized to both calculate the range of near point focus in order to correct for
one’s accommodative and convergence near or intermediate range focusing needs.
This of course 1s programmed into the electro-active eyewear controller, and/or one
or more controller components, as part of the patient or wearers’ prescription. In

still other inventive embodiments a range finder and/or tracking system is
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incorporated either into the lenses and/or frames.

It should be pointed out that in other inventive embodiments such as those
that correct for certain types of non-conventional refractive error, such as, for
example, irregular astigmatism, in most but not all cases, the electro-active lenses do
not need to track the patient or wearer’s eye. In this case the overall electro-active
lens ts programmed to correct for this, as well as the other conventional refractive
error of the patient.

Also, since aberrations are directly related to the viewing distance, it has
been discovered that they can be corrected in relation to the viewing distance. That
is, once the aberration or aberrations have been measured, it is possible to correct for
these aberrations in the electro-active layer by way of segregating the electro-active
regions so as to electro-actively comrect for aberrations for specific distances such as
distance vision, intermediate vision, and/or near vision. For example, the electro-
active lens can be segregated 1nto a far vision, intermediate vision, and near vision
corrective zones, each the software controlling each zone causing the zone to correct
for those aberrations that impact the corresponding viewing distance. Therefore in
this specific inventive embodiment, where the electro-active layer is segregated for
different distances whereby each segregated region corrects for specific aberrations
of a specific distance, it 1s possible to correct for non-refractive error without a
tracking mechanism.

Finally, 1t should be pointed out that in another inventive embodiment, it is
possible to accomplish the correction of the non-conventional refractive error, such
as that caused by aberrations, without physically separating the electro-active
regions and without tracking. In this embodiment, using the viewing distance as an
input, the software adjusts the focus of a given electro-active area to account for the
correction needed for an aberration that would otherwise impact the vision at the
given viewing distance.

Furthermore, it has been discovered that either a hybrid or non-hybrid

electro-active lens can be designed to have a full field or a partial field effect. By
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full field effect it is meant that the electro-active layer or layers cover the vast
majority of the lens region within an eyeglass frame. In the case of a full field, the
entire electro-active area can be adjusted to the desired power. Also, a full field
electro-active lens can be adjusted to provide a partial field. However, a partial field
electro-active specific lens design can not be adjusted to a full field due to the
circuitry needed to make it partial field specific. In the case of a full field lens
adjusted to become a partial field lens, a partial section of the electro-active lens can
be adjusted to the desired power.

FIG. 15 is a perspective view of an exemplary embodiment of another
electro-active lens system 1500. Frames 1510 contain electro-active lenses 1520,
which have a partial field 1530.

For purposes of comparison, FIG. 16 is a perspective view of an exemplary
embodiment of yet another electro-active lens system 1600. In this illustrative
example, frames 1610 contain electro-active lenses 1620, which have a full field
1630.

In certain inventive embodiments the multifocal electro-active optic is pre-
manufactured and in some cases, due to the significantly reduced number of SKU'’s
required, even inventoried at the dispensing location as a finished multifocal electro-
active lens blank. This inventive embodiment alloWs for the dispensing site to
simply fit and edge the inventoried multifocal electro-active lens blanks into the
electronic enabling frames. While 1n most cases this invention could be of a partial

field specific type electro-active lens, it should be understood this would work for

full field electro-active lenses, as well.

In one hybrid embodiment of the invention, a conventional single vision lens
optic being of aspheric design or non-aspheric design having a toric surface for
correction of astigmatism and a spherical surface is utilized to provide the distance
power needs. If astigmatic correction 1s needed the appropriate power single vision
lens optic would be selected and rotated to the proper astigmatic axis location. Once

this is done the single vision lens optic could be edged for the eye wire frame style
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and size. The electro-active layer could then be applied on the single vision lens
optic or the electro-active layer can be applied prior to edging and the total lens unit
can be edged later. It should be pointed out that, for edging whereby the electro-
active layer 1s affixed to a lens optic, either a single vision or multifocal electro-
active optic, prior to edging, an electro-active material such as a polymer gel may be
advantageous over a liquid crystal material.

The electro-active layer can be applied to compatible lens optics by way of
different technologies known in the art. Compatible lens optics are optics whose
curves and surfaces will accept the electro-active layer properly from the stand point
of bonding, aesthetics, and/or proper final lens power. For example, adhesives can
be utilized applying the adhesive directly to the lens optic and then laying down the
electro-active layer. Also, the electro-active layer can be manufactured so it is
attached to a release film in which case it can be removed and reattached adhesively
to the lens optic. Also, it can be attached to two-way film carrier of which the
carrier itself 1s attached adhesively to the lens optic. Furthermore, it can be applied
utilizing a SurfaceCasting technique in which case the electro-active layer is created
In-situ.

In previously mentioned hybrid embodiment, FIG. 12, a combination of a
static and non-static approach 1s used to satisfy one’s mid and near point vision
needs, a multifocal progressive lens 1210 having the proper needed distance

correction and having, for example, approximately +1.00 diopter of full near add
power 1s utilized 1n lieu of the single vision lens optic. In utilizing this embodiment
the electro-active layer 1220 can be placed on either side of the multifocal
progressive lens optic, as well as buried inside the lens optic. This electro-active
layer 1s utilized to provide for additional add power.

When utilizing a lower add power in the lens optic than required by the

overall multifocal lens, the final add power is the total additive power of the low

multifocal add and the additional required near power generated by way of the

electro-active layer. For example only; if a multifocal progressive addition lens
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optic had an add power of +1.00 and the electro-active layer created a near power of
+1.00 the total near power for the hybrid electro-active lens would be +2.00D.
Utilizing this approach, it 1s possible to significantly reduce unwanted perceived
distortions from multi-focal lenses, specifically progressive addition lenses.

In certain hybrid electro-active embodiments whereby a multifocal
progressive addition lens optic 1s utilized, the electro-active layer 1s utilized to
subtract out unwanted astigmatism. This is accomplished by neutralizing or
substantially reducing the unwanted astigmatism through an electro-actively created

neutralizing power compensation solely in the areas of the lens where the unwanted

astigmatism exists.

In certain inventive embodiments decentration of the partial field is needed.
When applying a decentered partial field electro-active layer 1t 1s necessary to align
the electro-active layer in such a way to accommodate the proper astigmatic axis
location of the single vision lens optic so as to allow for correcting one’s
astigmatism, should it exist, as well as locating the electronic variable power field in
the proper location for one’s eyes. Also, it is necessary with the partial field design
to align the partial field location to allow for proper decentration placement with
regards to the patient’s pupillary needs. It has been further discovered that unlike
conventional lenses where the static bifocal, multifocal or progressive regions are
always placed to always be below one’s distance-viewing gaze, the use of an electro-
active lens allows for certain manufacturing freedom not available to conventional
multifocal lenses. Therefore, some embodiments of the invention, the electro-active
region is located where one would typibally find the distance, intermediate, and near
vision regions of a conventional non-electro-active multi-focal lens. For example,
the electro-active region can be placed above the 180 meridian of the lens optic,
thereby allowing the multifocal near vision zone to be occasionally provided above
the 180 meridian of the lens optic. Providing the near vision zone above the 180
meridian of the lens optic can be especially useful for those spectacle wearers

working at close distances to an object directly in front or overhead of the wearer,
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such as working with a computer monitor, or nailing picture frames overhead.

In the case of a non-hybrid electro-active lens or both the hybrid full field
lens and for example, a 35mm diameter hybrid partial field lens, the electro-active
layer, as stated before, can be applied directly to either the single vision lens optic,
or pre-manufactured with a lens optic creating electro-active finished multifocal lens
blanks, or the multifocal progressive lens optic, prior to edging the lens for the shape
of the frame’s lens mounting. This allows for pre-assembly of electro-active lens
blanks, as well as being able to inventory stock finished, but not edged electro-active
lens blanks, thus allowing for just in time eyeglass fabrication at any channel of
distribution, including the doctor or optician’s offices. This will allow all optical
dispensaries to be able to offer fast service with minimal needs for expensive
fabrication equipment. This benefits manufacturers, retailers, and their patients, the
consumers.

Considering the size of the partial field, it has been shown, for example, in
one inventive embodiment that the partial field specific region could be a 35mm
diameter centered or decentered round design. It should be pointed out that the
diameter size can vary depending upon the needs. In certain inventive embodiments
22mm, 28mm, 30mm, & 36mm round diameters are utilized.

The size of the partial field can depend on the structure of the electro-active
layer and/or the electro-active field. At least two such structures are contemplated as

within the scope of the present invention, namely, a single-interconnect electro-
active structure and a multi-grid electro-active structure.

FIG. 17 1s a perspective view of an embodiment of an electro-active lens

1700 having a single interconnect structure. Lens 1700 includes a lens optic 1710

and an electro-active layer 1720. Within electro-active layer 1720, an insulator 1730
separates an activated partial field 1740 from a framed non-activated field (or
region) 1750. A single wire interconnect 1760 connects the activated field to a

power supply and/or controller. Note that in most, if not all, embodiments, a si<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>