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FRESNEL LENS WITH ASPHERIC
GROOVES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to the field of optics, and
more particularly to Fresnel lenses.

2. Description of the Prior Art

In 1748, Count Buffon proposed to grind out of a solid
piece of glass a lens in steps or concentric zones, in order to
reduce the thickness of the lens to a minimum. In 1822,
Augustin Fresnel, for whom the Fresnel lens is named,
constructed a lens in which the centers of curvature of the
different rings receded from the axis according to their
distances from the center, so as to practically eliminate

spherical aberration.

Modern Fresnel lenses are used as light condensers,
illuminators, and magnifiers, and in many other ways.
Fresnel lenses basically consist of a series of concentric
prismatic grooves, designed to cooperatively direct incident
light rays to a common focus. This type of lens is thin,
lightweight, and of high aperture. Also, this type of lens can
be accurately mass-produced using replication technigues.

Generally, in prior art thin Fresnel lenses intended for
visible light applications, the grooves are all the same width,
so that the groove density is constant across the lens. The
depth of the grooves increases as the distance between the
groove and the center of the lens increases. The depth of the
deepest groove places a limit on the minimum thickness of
the lens. Therefore, if the depth of the grooves can be
reduced, the thickness of the lens can be reduced.

One method of reducing groove depth is to increase
groove density i.e., the number of grooves between the
center of the lens and a given radius. However, diffraction
effects limits the improvements which can be made in this
way. Diffraction effects are especially strong in Fresnel
lenses for infrared wavelengths, because the wavelength
approaches the groove spacing.

Fresnel lenses are particularly useful with infrared energy
rays. Such infrared rays are used in passive infrared burglar
alarms, noncontacting thermometers, proximity detectors,
and other devices. Lenses for collecting such infrared rays
can be made of rather perfect, but expensive materials, such
as germanium, but a desire to reduce costs often dictates
cheaper, lossy materials, such as plastics. Lenses made from
such materials must be very thin, or too much of the incident
energy will be attenuated in passing through the lens. The
shape of a conventional positive focal length lens is such that
the center, the most ideal portion optically, is also the
thickest portion. The Fresnel lens concept allows lenses to
be made very thin, and adequately uniform in thickness from

center to edge.

SUMMARY OF THE INVENTION

The Fresnel lens of the invention has a body with a
grooved surface. The grooved surface has a plurality of
grooves, which all extend to the same depth. BEach groove
surface has an aspheric contour, and all of the grooves
together approximate an aspheric surface, as well. The
distances between successive grooves vary, so that the
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groove density varies across the lems. Since all of the
grooves extend to the same depth, the lens can be made very
thin, while still retaining a reasonably large groove density:.
and hence an acceptable level of losses due to diffraction
effects, especially toward the optical center of the lens.

Plastic materials best snited for use in the infrared. such
as polyethylene, are poor lens materials. Hovever, because
the Fresnel lens of the invention can be made very thin, yet
retain other desirable characteristics in the infrared, such as
complete elimination of spherical aberration and an accept-
able level of diffraction effects. the use of the lossy plastic
materials in the infrared became practical.

The present method of making the Fresnel lens of the
invention or the molds to produce the Fresnel lens of the
invention requires a process in which the point of a sharply
pointed cutting tool is used to cut the surface. Because of the
requirement for extremely small grooves which results from
the need to make the lens thin, the cutting tool must be sharp
indeed, with a radius of perhaps 0.0001 inch. Contoured
surfaces produced in this manner inevitably have a poor
surface finish because of tool marks, and are not acceptable
for visible light applications. However, for infrared appli-
cations the surface finish of the lens is far less critical.

The grooves in the lens of the invention have aspherical
surfaces. The exact contour of the groove surfaces is deter-
mined by the particular application of the lens.

DESCRIPTION OF THE DRAWING

FIG. 1 is a plan view of a prior art Fresnel lens.

FIG. 2 is a sectional view of a prior art Fresnel lens, as
seen along lines II—H in FIG. 1.

FIG. 3 is a plan view of a Fresnel lens according to the
invention.

FIG. 4 is a sectional view of a Fresnel lens according to
the invention, as seen along line IV—IV in FIG. 3.

FIG. § is a sectional view of a Fresnel lens.

FIG. 6 is a graphic representation of a spherical curve and
an aspherical curve.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A prior art Fresnel lens 11 is shown in FIGS. 1 and 2. The
lens 11 has a thin circular body 13. One surface 15 of the
body 13 is flat. The other surface 17 has a plurality of
concentric grooves 19. Other types of prior art lenses have
grooves on both sides.

Each groove 19 is triangular in cross section, as shown in
FIG. 2. Each groove 19 has a side 21, which extends from
the surface 17 of the lens 11 to an innermost point 23. Each
groove 19 also has a surface 285, which angles from the
innermost point 23 of the groove 19 to the surface 17 of the
lens 11. The outermost point 27 of the surface 28 of each
groove 19 coincides with the outermost point 27 of the
vertical side 21 of the next groove 19. The surfaces 25 may
be flat, thus forming frusto-conical surfaces, but other

shapes may also be used.

The width of each groove 19, which is the horizontal
distance between the each pair of successive vertical sides

21, is constant. The depth of cach groove 19, which is the
length of the vertical side 21, increases as the distance
between the vertical side 21 and the center 29 of the lens 11

increases. Therefore, the grooves 19 which are closer to the
center 29 of the lens 11 are shallower than the grooves 19

which are closer to the circumference 31 of the lens 11.
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Since thin prior art Fresnel lenses were specifically made
for visible light applications, the surface finish of each

groove surface 285 was very important. The groove was
therefore cut with the flat surface of a highly-polished
diamond cutting tool, to minimize and average out tool
marks. Even when spherically contoured groove surfaces 25
were made, they were made with a speciallly formed dia-
mond tool with a curved cutting edge. Furthermore, in the
prior art, Fresnel lenses for infrared applications were made
using molds cut for visible light applications.

The lens 33 of the invention is shown in FIGS. 3 and 4.
This lens 33 is preferably made of an infrared-transmitting
plastic, such as polyethylene, and has a thin circular body
35, with a flat surface 37 and a grooved surface 39.
However, the grooves 41 are of a constant depth and a
varying width. The width of each groove 41, which is the
horizontal distance between each pair of successive vertical
sides 42, decreases as the distance between the groove 41
and the center 43 of the lens 33 increases. Thus, the grooves
41 nearer the center 43 of the lens 33 are wide than the
grooves 41 nearer the circumference 45 of the lens 33.

The surface 47 of each groove 41 is contoured, rather than
flat. One method of describing the contours of the grooves
is derived from the representation of the Fresnel lens as a
conventional continuous surface lens that has been collapsed
to a thin element of relatively uniform thickness, as shown
in FIG. §. The contour of each groove 41 is roughly equal
to the contour of the section 49 of the continuous surface 51
directly above groove 41. There is a correction, which can
be substantial. to account for the distance the lens surface
corresponding to each groove is moved either toward or
away from the focus. There may also be a slight correction

caused by the thickness of the Fresnel lens; it is similar to the
same correction applied to conventional lenses, but modified

slightly because of the shorter path through the lens.

It is known in the art that a spherical surface on a lens will
produce spherical aberration. Therefore, the continuous sur-
face from which the contours of the grooves are determined
should not be spherical. but aspherical. FIG. 6 plots “sag” on
the z-axis, which is the optic axis 53 in FIG. 3, as a function
of the distance across the lens 33, which is plotted on the
y-axis. The difference between the spherical curve §7 and an
aspherical curve 88 is shown in FIG. 6.

The profile of a continuous aspheric surface 51 can often
be closely described by the standard equation of a conic,
axially symmetric about the z-axis. That equation is:

CY?

e —
1+ (1 —(K+ 1)C2YZ)l2

where Z and Y are the coordinates of the surface, C is the
vertex curvature, and K is the conic constant. The vertex
curvature and the conic constant can be chosen depending
upon the desired characteristics of the lens, and the contours
of each groove can be figured using this equation. The
particular vertex curvature and conic constant will depend
upon several factors, such as the desired focal length and the
index of refraction, and the application in which the lens will
be used.

The concept of the Fresnel lens allows an aspherical lens
to be made very thin. However, the grooves 47 in a Fresnel
lens 33 introduce a scattering effect and refract some of the
rays in undesired directions. Therefore, it is preferable that
the grooves 47 near the center 43 of the lens 33 be as large

as possible.
The Fresnel lens of the invention has several advantages

over the prior art. Since the grooves are all the same depth.
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the thickness of the lens is minimized. This makes it possible
to make lenses for infrared applications out of a relatively
inexpensive, infrared-transmitting material, such as polyeth-
ylene.

The method presently used to produce the contoured
aspheric surface uses a pointed diamond tool. Typical
grooves toward the outer edge of the Fresnel lens of the
invention may have a depth of 0.005 inch and a width of
0.003 inch. In order to contour such a groove faithfully. the
diamond tool must have a point radius of 0.0001 inch or so.
Countouring with a point this small will inevitably result in
tool marks which render the surface quality of the Fresnel
lens of the invention unacceptable for visible light applica-
tions. However, the Fresnel lens of the invention is accept-
able for infrared use, for example in the range of § to 14
micrometer wavelength, where surface finish is not so
critical.

There may be circumstances in which the required image
quality does not require complete faithfulness to the chosen
aspheric contour for all of the grooves, specifically, those
toward the outer edge of the lens. As the distance from the
lens center increases, the groove width decreases, and the
difference between the aspheric contour and a spherical
contour (or the frustum of cone. for that matter) becomes
smaller. At some point, the difference may have a sufficiently
trivial impact on image quality as to render the aspheric
contour irrelevant. At and beyond this point, the groove
contour need not be aspherical. In all cases, however, a
substantial portion of the grooves will each individually
have an aspherical contour. The contour of each groove
differs from the contour of the other grooves.

The invention thus results in a reduction in aberration,
attenuation, diffraction. and scattering in infrared energy
rays over that of Fresnel lenses of the prior art.

The invention has been shown only in its preferred
embodiment. It should be apparent to those skilled in the art
that the invention is not so limited. but is susceptible to
various changes and modifications without departing from
the spirit thereof.

In some applications, the preferred embodiment of the
invention will not be a circular lens. For some applications
the grooves will be circular, but the lens will be rectangular.
Also, the innermost of the concentric grooves may not be
located in the center of the lens. The basic theory of the
invention may also be applied to linear or line focus lenses.
In a linear lens. the grooves would be acylindrical, and all of
the grooves together approximate an acylindrical surface,
rather than cylindrical as in the prior art.

I claim:

1. A Fresnel lens formed of a material capable of trans-
mitting infrared energy rays, in the wavelength range from
8 to 14 micrometers, the lens comprising:

a body, having a grooves surface;

the grooves surface having a plurality of grooves, which
extend to the same depth;

the grooves being of different widths; and

a substantial portion of the grooves each individually
having a surface formed thereon which is entirely
aspherical and differs in contour from the surfaces of
the other grooves.

2. A Fresnel lens formed of a material capable of trans-

mitting infrared energy rays. in the wavelength range from
8 to {4 micrometers, the lens comprising:

a body. having a substantially flat grooved surface;

the grooved surface having a plurality of grooves. each of
which extend to the same depth;
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S
the grooves being of different widths; and

a substantial portion of the grooves each individually
having a surface formed thereon which is entirely
aspherical and differs in contour from the surfaces of
the other grooves. 3

3. The Fresnel lens according to claim | wherein the

material of the lens is a plastic.
4. The Fresnel lens according to claim | wherein the

material of the lens is polyethylene.
5. A Fresnel lens, comprising in combination: 10

A body formed of a polyethylene material capable of
transmitting infrared energy rays in the wavelength

6
range from 8 to 14 micrometers, the body having a

grooved surface,

the grooved surface having a plurality of grooves which
extend to the same depth;

the grooves being of different widths; and

a substantial portion of the grooves each individually
having a surface formed thereon which is enfirely
aspherical and differs in contour from the surface of the
other grooves.
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