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(57) ABSTRACT

A monolithic element has a substrate body andat least one
macro-optical characteristic integral in a first portion of the
optical element. A plurality of surface micro-structures are
integral in a portion of the optical element. The micro-
structures are designed to homogenizelight passing through
the optical element to produce a predetermined pattern of
smoothly varying, non-discontinuouslight exiting the opti-
cal element. Thelight exiting the optical elementis therefore
altered according to both the macro-optical characteristic of
the optical element as well as the homogenizing character-
istics of the micro-structures.

15 Claims, 3 Drawing Sheets
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OPTICAL ELEMENT HAVING AN
INTEGRAL SURFACE DIFFUSER

The present application is a divisional application of U.S.
patent application Ser. No. 09/139,488,filed Aug. 25, 1998,
now patented with U.S. Pat. No. 6,266,476.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of
optics, and more particularly to various optical elements
incorporating an integral surface diffuser as a portion of the
optical element.

2. Description of the Related Art

There are many types of optical elements useful for an
endless number of current and new applications. These
optical elements are placed in a beam orpath of light to
change the characteristics of the light passing through the
optical elements. Such optical elements may be as simple as
a conventional cylindrical lens where a beam of light
entering the lens remains unaffected in its width and is
spread by the cylindrical lens contour in a direction perpen-
dicular to its width. An example of another optical element
is a transparent medium havingaflat surface on one side and
a concaveor convexsurface on the other side which changes
the characteristics of light passing through the lens. Such
lenses are commonly used for eyeglasses, magnifying
glasses, film projectors and similar objects.

Other types of optical elements are known and may
include Fresnel structures, grating structures, filters, Total
internal reflection (TIR) structures, nonlinear optical ele-
ments such as GRINlenses, prismatic structures, polarizers,
pillow optic formations,fiber optic cables and other types of
optical wave guides. All of these structures receive a light
input from a light source and transmit or reflect the light
through the structure or element and then permitthe light to
exit from the structure or element in a somewhat altered

state. All of these types of optical elements either transmit,
reflect, diffract, refract, or filter out certain wavelengths of
the light as it exits the structure or element.

Eachof these optical elements receives light from a light
source having particular characteristics defined by the prop-
erties of the light source and thenalter the light propagating
through the optical element. However, none of these optical
elements is capable of improving the optical qualities of the
light in a manner which evens or smoothes out the light by
eliminating high-intensity spots and low-intensity spots
within the source. By evenly diffusing the light traveling in
or through the optical element the output is made smooth
and non-discontinuous. Additionally, none of these types of
optical elements is capable of substantially reducing or
eliminating scatter of light and directing substantially all or
most of the light photons in a particular desired direction,
pattern, or envelope. Virtually all of these knownoptical
elements merely perform a particular optical function as
light passes throughorreflects off of the element.

For example, a fiber optic cable is designedto takein light
energy at one end andvia the predeterminedrefractive index
of the fiber materials (core and cladding) continually and
internally reflects the light as it passes through the fiber so
that essentially all the light exits the fiber optic cable in
substantially the same form in which it was received
(ignoring modal variations). Convex lenses used in such
objects as eyeglasses and projector lenses (which use mul-
tiple lenses) slightly bend the lightas it enters one side of the
lens according to the amount of curvature or shape of the
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2
lens or lenses and the materials utilized to manufacture the

lens. A Fresnel lens includes a plurality of Fresnel structures
provided on a surface of the lens which bend orrefract the
light in order to collimate or focus light passing through the
lens. Many other optical elements are available which per-
form a particular optical function on light. These optical
elements are not capable of smoothing out or “homogeniz-
ing”the light intensity variations exiting the optical element
or directing substantially all of the light in a particular
direction and in a particular shape, envelope, or pattern.
Consequently, in prior art optical elements, a significant
amount of light is lost or wasted.

Diffusers have been applied as a separate layer to optical
elements in order to add both light diffusing and directing
characteristics. In such a construction, a laminate is formed
including a sheet or a layer of diffuser material applied or
adhered to a surface of an optical element, such as for
example, a Fresnel lens. One problem with such a construc-
tion is that the sheet material is not very durable andis easily
damaged, scratched or otherwise deformed during use.
Another problem is that the diffuser sheet metal may simply
peel away from the optical element over time or under
certain conditions. Another even morecritical problem with
such a laminate construction is that the mating surfaces
between the two portions of the laminate create an interface
which refracts or reflects a portion of light entering the
optical element. This Fresnel reflection causes a minimum
loss of 4% ofthe incidentlight at each mating surface which
therefore does not pass through the diffuser and optical
elementoris otherwise altered in an undesirable manner. A

further problem with such a construction is that an index
matching optical grade epoxy or adhesive must be used in
order to adhere the two parts of the laminate together. The
optical grade epoxy permits passage of light through itself
but creates an additional layer or refractive surface at each
contact point, and hence additional Fresnel losses, both
between the diffuser layer and the epoxy and between the
optical element and the epoxy. The epoxy layer also adds
cost to the laminate construction as well as manufacturing
complexity. Another problem with the epoxy is that there
may be instances where the epoxyis not in complete contact
with one surface of the laminate or has air bubbles between

the epoxy and oneof the laminate layers or within the epoxy
itself. Such irregularities cause further problems (ie.,
scattering) with light passing within the laminate optical
element. All the above problems greatly reduce the perfor-
manceand desirability of laminated optical elements.

The assignee of the present invention has invented several
ways of forming a plurality of surface micro-structures in
various materials to form a surface diffuser on such mate-
rials. These methods are described in a numberof issued

patents and co-pending patent applications listed below.
Manyof these methods involve creating a master diffuser by
exposing a photoresist material to a source of light and then
replicating this master diffuser into one or more submasters
of a more durable nature. There are also other methods of

making replicas of a master diffuser which contain the
optical features in the master. With some of these methods,
the master diffuser is initially created optically. With others,
it is created mechanically. Submasters are created from these
master diffusers utilizing a number of methods whereby the
master diffuser surface is replicated into a submaster surface.
These other methods are described in one or more pending
US. applications, referenced below, which are assigned to
the assignee of the present invention.

Other commonly assigned U.S. patents and pending
applications disclose related methods for making and
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