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DEVICE FOR CONCENTRATING OR
COLLIMATING RADIANT ENERGY

This application is a 35 U.S.C. 371 National Stage filing
of PCT/ES00/00459 on Dec. 01, 2000.

TECHNICAL SECTOR

It falls within the category of optical systems; specifically,
that of Nonimaging Optics.

PREVIOUS TECHNIQUES

There exist previous inventions related to the present
invention, all related to one another, for which various
patents have been taken out (U.S. Pat. Nos. 4,337,759;
5,404,869; 5,577,493). While in a general way some of the
possible geometries of the present invention are qualitatively
similar to those of these previous inventions, there are
several fundamental differences that make this invention
novel, and rule out any conflict with the others. These
differences lead to the optical surfaces of the invention being
substantially different, due to the fact that the conditions
imposed on their design are different, and therefore also their
resulting optical performance. In particular, the invention
presented here can work very close (>95%) to the thermo-
dynamic limit of concentration/collimation, while the pre-
vious inventions, not based on the tools of Nonimaging
Optics, are well short of this limit (<80%) when the angular
spread of the ray bundles on passing through any of the
optical surfaces is large (>10°).

The related patents are: the patent of Popovich et al. U.S.
Pat. No. 4,337,759,July 1982; that of W. A. Parkyn, Jr. et al.,
U.S. Pat. No. 5,404,869, April 1995, and lastly, that of W. A.
Parkyn, Jr. et al., U.S. Pat. No. 5,577,493, November 1996.

The designs of all the mentioned inventions are not based
(in contrast to this one) on the edge-ray theorem of Non-
imaging Optics, so that their functioning is limited with the
extended bundles produced by many emitters and receivers
used in practice. The patents U.S. Pat. No. 4,337,759,July
1982 and U.S. Pat. No. 5,404,869, April 1995 consider only
the central ray of the bundles in the design. U.S. Pat. No.
5,577,493, November 1996 considers the so-called first-
order optics around the central ray (Luneburg, 1964), which
provides an order of approximation superior to the previ-
ously-mentioned device, but even so, the performance attrib-
uted to it by its inventors for producing constant irradiance
is only accurate for bundles with very small angular spread.

Furthermore, the invention protected by U.S. Pat. No.
5,577,493, November 1996 is axisymmetrical and considers
as output bundle that produces uniform irradiance in 3D at
the exit aperture. This bundle is only a particular case of
those considered in the present patent.

DESCRIPTION OF THE INVENTION

This invention consists in a nonimaging concentration or
collimation device made of two aspheric lenses, one of them
containing a structure with discontinuous slope (i.e., fac-
eted), that concentrate the radiation incident on a receiver or
collimate the radiation from an emitter, depending on the
case. The design method of this concentrator is based on the
nonimaging design method of Simultaneous Multiple Sur-
faces or SMS (Miiflano, Gonzalez, 1992).

For the design of this invention two extended (e.g., not
punctual) ray bundles are coupled in two-dimensional geom-
etry (2D). The actual three-dimensional (3D) devices are
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obtained by rotational syniniefly (axisymmetrical) or trans-
lational symmetry (cylindrical), and their operation is ana-
lyzed a posteriori. Common examples of ray bundles (FIG.
1) are: (type 1) that composed of rays impinging on a
segment (1) forming an angle inferior to a given angle (2)
(called the acceptance angle of the bundle) with the perpen-
dicular to this segment, and (type 2) that composed of the
rays that intercept two given segments (3). Both types of
bundle can be defined in a more general way (type 3) if the
segments are substituted by arbitrary curves. FIG. 1 shows,
in addition to two bundles of types type 1 in FIG. 1(a) and
type 2 in FIG. 1(b), a bundle of type 3. in FIG. 1(c)
composed of the rays that intercept a rectangle (4) and a
semicircumference (5) (this bundle is useful for modeling an
LED or an IRED). Another bundle of rays (type 4) can be
described, with a more general character than those of types
1 and 2 (which includes them as particular cases), as that
composed of the rays that impinge on a segment with an
angle of incidence between two specified angles for each
point of the segment.

The design of the present invention is based on the
so-called edge-ray theorem of Nonimaging Optics (Welford,
Winston, 1989), which states that to couple two bundles
associated with the emitter and the receiver it is necessary
and sufficient to couple the subsets of edge rays of the two.
The use of this theorem is the key to obtaining devices that
work very close to the thermodynamic limit with bundles
with wide angular spread. For example, the edge rays of the
bundles in FIG. 1 are, for the type 1 bundle, those that
impinge on the segment with an angle of incidence equal to
the acceptance angle of the bundle and those that pass
through the edges (6) and (7) of the segment; for the type 2
bundle, those that pass through any of the edges (8), (9), (10)
and (11) of the two given segments; and for the type 3
bundle, those that are tangent to the rectangle and those that
pass through edges (12) and (13) of the semicircumference.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) illustrates a known type 1 bundle comprising
rays that impinge on a segment (1) of edges (6) and (7)
forming an angle inferior to the acceptance angle of the
bundle (2) with the perpendicular to that segment.

FIG. 1(b) illustrates a known type 2 bundle comprising
rays that intercept two given segments (3). The edge rays of
this bundle are those passing through any of the edges (8, 9,
10 and 11) of the two given segments.

FIG. 1(c) illustrates a known type 3 bundle composed of
the rays that intercept a rectangle (4) and a semicircle (5) of
edges (12) and (13).

FIG. 2 illustrates a basic working principle of the inven-
tion as concentrator of radiation on a receiver (14). It
comprises a lens (50) that surrounds the receiver comprising
a refractive aspheric surface (21), and a second lens (15)
whose upper side is a refractive aspheric surface (16) and
whose lower side consists of another refractive aspheric
surface (17) in its central region (between points 18 and 19)
and a discontinuous-slope structure (20) in its external
region; whose faces (22) fundamentally refract the rays and
the faces (23) reflect them by total internal reflection.

FIG. 3 illustrates a system of Cartesian coordinates (31)
and initial geometric parameters for carrying out the chosen
design for concentrating radiation on a receiver. The input
bundle is defined by the acceptance angle (24) and by the
entry aperture defined by the edges (25) and (26) of the
surface S.sub.2. The output bundle is defined by the segment
of edges (27) and (51), which is the receiver and it is
























