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of the cup and normal to the optical axis, for attach- ment of the light
source, the flat section having a di- Background
ameter equal to a diameter of the positioning envel- ope; a circular
section extending from the flat section Light emittin  diodes (LEDs) are
becoming in-   5   to a lower point located at an intersection with a pro-
creasingly widely sed in automobile design because  jection of the cup
angle through a nearest edge point of their longer lives and lower repair
cost compared to  of a top surface of the positioning envelope the circu-
the incandescent bulbs they replace. Present day au-  lar section having a
constant radius and a center at tomotive designers are specifying LEDs not
only for  the nearest edge point; a lower parabolic section, ex- indicator
lamps and alphanumeric displays but also   10  tending from the lower point
to an upper point located for high power illumination lamps such as center
high  at an intersection with a projection of the top surface mounted stop
lights. LED stop lights require very high  of the positioning envelope, the
lower parabolic sec- brightness, but only over a limited viewing angle.
tion having a vertex at the lower point an axis project- In order to be
cost competitive with incandescent  ing through the nearest edge point and
the lower bulbs, an LED stop light must contain only a minimum   15  point,
and a focus at the nearest edge point; and an number of individual LED
lamps. The number of indi-  upper parabolic section extending from the
upper vidual lamps can only be minimized if each lamp ex-  point to a top
point located at an intersection with a tracts substantially all of the
light flux from the LED  projection of the cup angle through a farthest
edge chip and concentrates the light within the useful view-  point of the
top surface of the positioning envelope, Ing angle. Light flux outside of
the viewing angle is  20  the upper parabolic section having a vertex at
the top wasted and might have been available to increase     point, an axis
extending through the farthest edge brightness within the viewing angle.
point and parallel to the axis of the lower parabolic Commercially
available indicator lamps, which    section, and a focus located at the
farthest edge point; are designed according to the principles of imaging
wherein the cup has an interior surface that is spec- optics and standard
manufacturing techniques, fail to  25  ularly reflective such that a
substantial portion of the concentrate sufficient light flux within the
narrow re-  light emitted by the light source in any direction is di-
quired viewing an ile. The imaging optics design con-  rected within the
solid cup angle. straint that the emitting surface is imaged by the     The
present invention provides a flux extractor viewing optics makes design of
a cost effective LED  cup for extracting light efficiently from a source
posi- illumination lamp using imaging optics very difficult.  30  tioned on
an optical axis within an axially symmetrical An alternative design
approach known as noni-    virtual positioning envelope and for directing
light maging optics has been used successfully in the de-  emitted by the
source within a flux path which is sign of high efficiency solar
collectors. An additional  asymmetrical relative to the optical axis, the
cup be- degree of design freedom is available in nonimaging  ing
asymmetrical with at least one high lip portion and optics since there is
no requirement that the emitting   35   one low lip portion; a flat section
located atthe bottom surface be imaged.
of the cup and normal to the optical axis, the flat sec- However, the
design methods well known from      tion having a width equal to a diameter
of the position- the extensive literature on so-called ideal solar collec-
ing envelope; and comprising in at least one side of a tors or
concentrators do not yield practical designs for  first longitudinal cross
section: a circular section ex- high efficiency lamps. A practical
collector design,  40  tending from, the flat section to a lower point
located when used as a lamp by replacing the absorber with   at an
intersection with a line from the opposite cup lip the same size or larger
emitter, as taught by the solar  through a nearest edge point of a top
surface of the concentrator prior, art, would result in trapping of a
positioning envelope, the circular section having a portion of the
lightfluxfrom the emitter and thus lower  constant radius and a center at
the nearest edge lamp efficiency. The present design for the flux ex-  45
point; a lower parabolic section extending from the tractor cup for an LED
lamp seeks higher efficiency  lower pointto an upper pointlocated at an
intersection not "ideality" in the solar collector sense.         of the
cup surface with a projection of the top surface Earlier Euro ean patent
application EP-A-        of the positioning envelope, the lower parabolic
sec- 0362993, which was published after the priority date  tion having a
vertex at the lower point, an axis project- of the present application,
describes a nonimaging   so  ing through the nearest edge point and the
lower light source used to provide a high-power LED illumin-  point, and a
focus at the nearest edge point; and an ation lamp. The light source
comprises a flux extrac-  upper parabolic section extending from the upper
tor cup for suppoling a light source centered on an  point to the nearer
cup lip, the upper parabolic section optical axis withina virtual
positioning envelope and  having a vertex at the nearer cup lip, an axis
extend- for directing light emitted by the source within a solid  55  ing
through the farthest edge point and parallel to the cup angle of the
optical axis, the cup being rotation-  axis of the lower parabolic section,
and a focus locat- ally symmetric about the optical axis and comprising  ed
at the farthest edge point of the top surface of the in cross-section: a
flat section located at the bottom  positioning envelope; and comprising in
at least one 2   



3                   EP 0 426 397 B1                  4 slide of a second
longitudinal cross section different   ed in FIG. 5. from the first
longitudinal cross section: a circular section extending from the flat
section to a lower point  Detailed Description located at an inter ection
with a line from the opposite cup lip through a nearest edge point of a top
surface   5  Modern LED chips may be fabricated from GaAs, of the
positioning envelope, the circular section hav-  GaAsP, AlGaAs or other
compounds and may use ing a constant radius and a center at the nearest
edge  either absorbing or transparent substrates. Many of point; a lower
parabolic section extending from the  these chips are capable of emitting a
Lambertian dis- lower point to an upper point located at an intersection
tribution of light flux from most, if not all, of the chip of the cup
surface with a projection of the top surface   10  surfaces. To minimize
input electrical power and to of the positioning envelope, the lower
parabolic sec-  optimize efficiency, the lamp should extract and con- tion
having a vertex at the lower point, an axis project-  centrate
substantially all of the light flux rather than ing through the nearest
edge point and the lower    just that portion emitted by the LED top
surface. point, and a focus at the nearest edge point; and an    To meet
brightness and angular viewing require- upper parabolic section extending
from the upper  15   ments for stop lights or other special applications
point to the nearercup lip, the upperparabolicsection  where asymmetrical
light patterns are desired, light having a vertex at the nearer cup lip, an
axis extend-  flux of a certain brightness is concentrated within a ing
through the farthest edge point and parallel to the  specified viewing
angle or cutoff angle. In many ap- axis of the lower parabolic section, and
a focus locat-  plications the lamp must provide an illuminated sur- ed at
the farthest edge point of the top surface of the   20  face having a given
area and a specified uniformity positioning envelope.
of brightness. In addition, it is often necessary to limit Preferably, the
light source is an LED.          the overall height of the lamp because of
physical The lamp produces a very bright output over a    mounting
constraints. In a typical illumination appli- preselected limited viewing
angle of cutoff angle    cation there is no requirement that the LED chip
sur- which is asymmetrical relative to the axis of the lamp.  25  face be
imaged by the viewing optics. The asymmetrical flux extraction cup may
provide        An optimal LED illumination lamp would concen- light to a
second stage which further directs the light  trate all of the light flux
from the LED chip to create a in a desired direction by itself, or in
conjunction with  maximum brightness within the desired viewing angle an
optional lens stage.                              and zero brightness
elsewhere. That area of illumin- The first stage of the lamp described
herein is a   30  ation may not be symmetrical like the beam from an flux
extraction cup which supports the LED and con-  ordinary flashlight. It may
be that it should be wider centrates its three dimension light flux into a
desired  in a horizontal direction and narrower in a vertical di- flux path
asymmetrical relative to the optical axis of  rection, for example. It may
be that the desired pat- the cup. The shape of each side of the cross
section  tern of illumination is skewed to one side. That type of the cup
is determined by a combination of geomet-  35   of distribution may be
achieved with a lamp with an ric features of the height of the cup lip on
the opposite  asymmetrical reflector. sides of the cup, and the edges of
the envelope within  FIG. I shows a longitudinal cross section of an which
the LED is mounted in the bottom of the cup.   LED illumination lamp 1 that
Is constructed in accor- dance with a preferred embodiment of the present
in- Brief Description of the Drawings               40  vention using the
principles of nonimaging optics. The drawing indicates only the
longitudinal cross section FIG. I shows in longitudinal cross section a
flux  of the inside surface of a reflector cup of an LED lamp. extraction
cup for an LED illumination lamp con-  Such a cup may be formed in the face
of a metal body structed in accordance with one embodiment of    such as
the end of a lead of the sort presently used the present invention;
45  in conventional LED lamps, or in a more or less flat FIG. 2 illustrates
in schematic perspective the  surface having an array of LED lamps. Such a
reflec- general shape of one embodiment of lamp with a   tive cup may also
be molded of plastic and have the cross section as illustrated in FIG. 1;
inside surface metallized for high specular reflection. FIG. 3 illustrates
in schematic perspective an-  The construction of the cup is conventional
and its In- other emboditent of lamp with an asymmetrical  so  ternal shape
as illustrated herein is novel. cross section: and
The lamp is effective to conserve brightness and FIG. 4 illustrates in
schematic perspective an-  to maximize intensity by cutting off the flux at
a de- other embodiment of lamp with an asymmetrical    sired angle, Al or
A2, at the lip of the flux extraction cross section'
cup and retaining the reflected light within those an- FIG. 5 shows, in
schematic perspective a varia-  55   gles. An LED chip 3 sits within a flux
extractor cup 5 tion of an embodiment as illustrated In FIG. 4;  which is
fabricated within a conventional lead frame and
or the like. A bond wire (not shown) is connected to FIG. 6 is a view into
the mouth of the cup illustrat-  the top of the LED chip for providing
current to the 3  



5                   EP 0 426 397 B1                6 LED.'The bottom of the
LED chip (the body of the   point 17 to a point 19. The point 19 is located
on the chip) is electrically connected to the cup by conduc-  inner surface
of the cup at the same distance above tive epoxy adhesion to the interior
surface of the cup.  the flat bottom section 6 as the top surface of the
en- Such electrical connections are conventional.      velope 14. The lower
parabolic section 8 is formed as The size of such a flux extraction cup for
an LED   5   a parabola having its vertex at point 17, its axis pro- lamp
is quite small. For example, the LED chip may  jesting through point 17,
the near edge point F1 and be a 400 micrometer square by 250 micrometer
high  the higher lip 18, and a focus at the near edge point AlGaAs red LED
chip. The drawing in FIG. I extends  F, of the envelope. through a diagonal
of such an LED.The balance of the   Al1 upper parabolic section 9 extends
from the cup is drawn approximately to the same scale to give   10,  point
19 to the lower lip 21 of the cup. The lower lip of an idea of the small
size of the cup.              the cup lies on the projection of the cup
cutoff angle Light emitted by the LED chip 3 exits the cup with-  A, from
the low edge of the cup through the far edge in a cup cutoff angle Al from
the optical axis 4 of the  point F2. The upper parabolic section 9 is
formed as cup at one side of the cross section, and a cutoff angle  a
parabola having an axis extending through the far of A2 at the other side
of the cross section. The cup   15  edge point F2 of the envelope and
parallel to the axis includes four separate sections 6, 7, 8 and 9 on one
-of the lower parabolic section 8. The focus of the up- side (the left
side) of the cross section, and somewhat  per parabolic section 9 is
located at the far edge point analogous four sections 6, 11, 12 and 13 on
the op-  F2. posite side (the right side) of the cross section. The  Thus,
the shape of the lower parabolic section 8 flat bottom section 6 is present
on both sides of the   20  is determined by reference to the cutoff angle
A2 on optical axis 4.                                    the far side of
the cup. The shape of the upper para- In this drawing of an asymmetrical
cup, the lip of  bolic section 9 is determined by reference to an axis the
cup on the right side is higher above the bottom  parallel to the axis of
the lower parabolic section of the cup than the lip on the left side. The
cutoff angle  which is defined by the cut off angle A2. The shape of Al of
light from the cup is larger at the low side of the   25  the lower
parabola on the left side is a function of the cup cross section than the
cutoff angle A2 at the high-  right cutoff angle A2 and the shape of the
upper par- er side of the cup;                                abola on the
left side is a function of both cutoff an- The LED chip 3 is attached to a
flat bottom sec-  gles. tion 6 of the cup using an electrically conductive
silver  A similar analysis is applicable to the opposite epoxy (not shown).
The flat bottom section 6 is nor-  30  side of the cross section. mal to
the optical Axis 4 and is slightly larger than the  A circular section 11
extends from a point 26 at actual dimensions of the LED chip to allow for
dimen-  the edge of the flat bottomsection 6 to a point27. This sional
tolerances and slight manufacturing misalign-  point 27 is determined as
the projection of the cup cut- ment within an envelope 14. In order to
avoid discon-  off angle A1 from the lower lip 21 of the cup on the left
tinuities, the projection of the envelope 14 onto the   35  side through
the nearest top edge point F2 of the en- bottom of the cup may be circular
even though the ac-  velope 14. Between points 26 and 27, the surface 11
tual projection of the LED chip 3 is square. The envel-  of cup forms a
segment of a circle having a constant ope is cylindrical with a height
equal to the nominal  radius and a center at the nearest top edge point F2
height or thickness of the LED chip plus its manufac-  of the envelope.
turing and mounting tolerances, and a diameterequal  40  A lower parabolic
section 12 extends from the to the diagonal of the LED chip plus the
tolerances of  point 27 to a point 28. The point 28 is located on the the
chip dimensions and placement of the chip in the  inner surface of the cup
at the same distance above bottom of the cup.
the flat bottom section 6 as the top surface of the en- Referring first to
the left side of the cross section,  velope 14, The lower parabolic section
12 is formed a circular section 17 extends from a point 16 at the   45  as
a parabola having its vertex at point 27, its axis edge of flat bottom
section 6 to a point 17. This point  projecting through point 27, the near
edge point F2 17 is determined As the projection of the cup cutoff  and the
lower lip 21, and a focus at the near edge angle A2 from the higher lip 18
of the cup on the right  point F2 of the envelope. side through the nearest
top edge point F1 of the en-  An upper parabolic section 13 extends from
the velope 14. Betwe n points 16 and 17, the surface 7   50  point 28 to
the higher lip 18 of the cup. The higher lip of cup forms a segment of a
circle having a constant  of the cup lies on the projection of the cup
cutoff angle radius and a center at the nearest top edge point F,  A2 from
the high edge of the cup through the far edge of the envelope 14. That is,
the surface intersects the  point Fa. The upper parabolic section 13 is
formed as plane of the cross lection in a circulararc. Similar ref-  a
parabola having an axis extending through the far erence to the
intersection of the surfaces with the  55  edge point F1 of the envelope
and parallel to the axis cross sectional plane are made throughout the de-
of the lower parabolic section 12. The focus of the up- scription and
claims of this specification.        per parabolic section 13 is located at
the far edge A lower parabolic section 8 extends from the    point F1. 4 



7                   EP 0 426 397 B1                 8 It will be noted that
in this description, reference  cross section through opposite crests. The
shapes of is made to the near and far edge points of the envel-  the
sections are determined by reference to the op- ope. These refer to the
edge of the cylindrical envel-  posits and adjacent lips and edge points of
the envel- ope at a point in the plane of the cross section nearer  ope as
described above. In between the crests and to or further from the shape of
the cup wall being de-   5   valleys the shapes can gradually change.
scribed. In other words, what might be considered a   FIG. 4 illustrates
another embodiment of cup near edge point in one part of the description
could be  which is not axisymmetric. In this embodiment there considered a
far edge point in another part of the de-  are a pair of crests 36 on
opposite sides of the lip of scription when the opposite side of the cross
section  the cup. In between the crests are valleys 37 which is being
described.                           10  are also 1800 apart. Such an
embodiment provides il- In the embodiment described, the longitudinal
lumination in a somewhat oval pattern. Thus, for ex- cross section may. all
be in a single plane where there  ample, with the cup axis horizontal and
the crests 36 is a higher lip on one edge of the cup and a lower lip  at
the top and bottom, the Illuminated pattern is rela- on the opposite edge
of the cup. Such a cup is illu-  tively wider in a horizontal direction and
relatively nar- strated semi-schematically In FIG. 2. In this drawing   15
rower in a vertical direction. The same rules for deter- the cupis
illustrated as if itwere athinwalled cup hav-  mining the shape of the
inside surface of the cup are ing an external shape the same as the
internal shape.  used as hereinabove described. It will be apparent that
this is solely for purposes of ii-  Cup shapes as provided In the
embodiments of lustration and in a typical actual embodiment there  FIGS. 1
through 4 provide excellent flux extraction would likely be very little
relation between the inter-  20  from the LED and projection within the
illuminated nal and external shapes of such a cup.             area for
rays lying in planes including the optical axis In between the higher 18
and lower 21 portions  of the cup. There is Lambertian distribution of
light of the lip of the cup, the shape of the interior surface  emitted
from the surfaces of the LED. Thus, there are of the cup may gradually
change between the two    rays which are not in the "axial" planes. There
Is good cross-sectional shapes illustrated. The circular sec-  25
extraction and projection of such rays as well. tions 7and 11 adjacent to
the flat base 6 in the bottom  There may be situations where a non-axisym-
of the cup have the same radius all the way around  metric cup and
non-symmetrical illumination pattern the cup. The end of the circular
section, however, va-  can afford to have less efficient total light flux
extrac- ries between the points 17 and 27. The intersection  tion and
projection, This may be the case, for exam- 19, 20 between the lower
parabolic section and the   30  pie, where the cost of making the most
efficient cup upper parabolic section is at the same distance above  would
be excessive for the application and a lower ef- the flat base all the way
around the cup since it is a  ficiency can be accepted to provide lower
manufac- projection of the top of the positioning envelope 14.  turing
costs. The costs of making the coining dies or The shapes of the upper and
lower parabolic sec-   injection casting molds for the tiny parts of such
cup tions, however, gradually change between the   35   may be too high
unless there is an appreciable vol- shapes described and illustrated.
ume of parts to be made. If that is the case a cup may Such a cup shape
projects light within a skewed  be made with a geometry somewhat as
illustrated in pattern having a relatively smaller cutoff angle A2 at
FIGS. 5 and 6. the high side of the cup, a relatively larger cutoff angle
In this embodiment the lip of the cup has a pair Al at the lower side of
the cup and an intermediate  40  of opposite crests 41 and a pair of
opposite valleys 42 cutoff angle therebetween.
similar to the crests 36 and valleys 37 in the embodi- FIG. 3 illustrates
another embodiment of cup for  ment of FIG. 4. The shape of the
interiorsurface of the extracting and projecting a high proportion of flux
cup in the axial planes through the crests and through from an LED or the
like. Such an embodiment could  the valleys are determined in the same
general man- be referred to as a tulip-shaped cup having four rela-  45
ner as hereinabove described. In between the crests tively higher crests 31
and four intervening relatively  and valleys there is a more abrupt
transition between lower valleys 32 around the lip of the cup. Such a non-
the shapes than in the gradual transitions mentioned axisymmetric cup, with
cutoff angles going through  above. Instead the shape of the cup is like
that of two four cycles around the rim may be used for Illuminat-
intersecting elongated troughs. One elongated ing a more or less square
area. The shape of a planar  50  trough extends perpendicular to the axial
plane cross section thugh the cup may be symmetrical.    through the crests
41 at the lip of the cup. Throughout Thus, for example a longitudinal cross
section     its length the elongated trough has the same shape through
opposite crests has circular and parabolic  as the shape in the axial
plane. cross sections on opposite sides of the axis which are  Similarly,
90 from this cross section, the shape substantially the same. Forty-five
degrees around  55   of the axial cross section through the valleys 42 is
de- the cup the planar cross section would also be sym-  termined as
described above. The same cross sec- metrical, but the shapes of the
parabolic sections  tion is provided along an elongated trough perpendic-
through opposite valleys would be different from the  ular to the axial
plane through the valleys 42. 



5    9                   EP0426397B1                      10 The two
elongated troughs intersect each other  ing the optical properties of the
reflective surfaces. along lines 43 radiating from the corners of a square
The cup may have additional structure beyond the flat area 44 in the bottom
of the cup. The upper edges  "lip" which does not affect the optical
characteristics. of the intersecting elongated troughs are shaved to
Also, it should be noted that the higher lip may be provide a more or less
continuous lip between the   5   truncated for ease of manufacture of a
cup. The crests and valleys 42.                              amount of
light emitted from the surfaces of the LED Such an embddiment may be
manufactured from      at angles greater than A2 which would be reflected a
die or stamp which is the complement of the inside  from the portion of the
higher wall surface above a of the cup. Such a die or stamp is made by
cutting the  lrainsverse plane at the elevation of the lower lip 21
complement of the elongated troughs in orthogonal  1o  is rather small.
Thus, the upper portion of the right directions.
wall above this plane could be omitted to make it eas- If somewhat 'greater
flux extraction is desired  ier to mold or stamp the cup without
sacrificing a large from an embodiment somewhat as illustrated in
amount of the efficiency. Most of the light would be FIGS. 5 and 6, two
additional intersecting elongated  within the cutoff angles A1 and A2 and
such a compro- troughs may be employed midway between the prin-  15   mise
from the "ideal" design may be acceptable for ciple elongated troughs
having shapes determined by  practical considerations. Depending on the
design the crests 41 and valleys 42 at the lip of the cup. In  parameters
of the cup, the amount of light lost could such an embodiment the shape of
the desired sec-    be in the range of about 10%. Some of this light may
ondary trough is determined by the same rules as de-  be recaptured by
optical elements subsequent to the scribed above for a lip height in
between the higher  2o  flux extraction cup. and lower portions of the
crests and valleys. This pro-  With such matters in mind it will be
apparent that vides a shape intermediate between the shapes of     one
skilled in the art may make many modifications the principal troughs. A die
or stamp can then be    and variations of the present invention within the
made with orthogonal cuts of the complements of     scope of the appended
claims. these secondary troughs 450 from the directions of  25 the
principal elongated troughs. This leaves an octa- gonal flat area in tie
bottom of the cup instead of the  Claims square area as illustrated in FIG.
6. It will be apparent that additional intersecting  1.  A flux extractor
cup (5) for extracting light effi- troughs may be made intermediate between
the ones   30  ciently from a source (3) positioned on an optical just
mentioned for further improvement of flux extrac-  axis (4) within an
axially symmetrical virtual pos- tion. It will also ;be apparent that the
completely     itioning envelope (14) and for directing light emit- smooth
transition described hereinabove is essential-   ted by the source (3)
within a flux path which is ly an infinite number of such intersecting
troughs.     asymmetrical relative to the optical axis (4), the The
non-axisymmetric flux extraction cup has   35   cup (5) being asymmetrical
with at least one high been described divorced from other optical elements.
lip portion (18) and one low lip portion (21); It will be apparent that
light concentrating reflectors,      a flat section (6) located at the
bottom of lenses and the like may be provided adjacent to the     the cup
(5) and normal to the optical axis (4), the mouth of the cup for
concentrating or redirecting light  flat section having a width equal to a
diameter of projected from the cup.                        40       the
positioning envelope (14); It will also be apparent that there are many
mod-         and comprising in at least one side of a if ications and
variations of flux extraction cups which  first longitudinal cross section.
are possible in light of the description. For example,             a
circular section (7) extending cups have been described with bilateral
symmetry        from the flat section (6) to a lower point (17) lo- (FIG.4)
and quadrilateral symmetry (FIG. 3) and other  45  cated at an intersection
with a line from the op- embodiments of non-axisymmetrical cups may be
posite cup lip (18) through a nearest edge point provided. Thus, a icup
with trilateral symmetry might   (F1) of a top surface of the positioning
envelope be desirable for some applications.                     (14), the
circular section (7) having a constant ra- In some embodiments the flux
extraction cup         dius and a center at the nearest edge point (F1);
may be filled with a transparent epoxy or the like hav-  50        a lower
parabolic section (8) ex- ing a higher index of refraction than air. If so,
and the  tending from the lower point (17) to an upper point transparent
filling-material has an interface with the  (19) located at an intersection
of the cup surface air, suitable changes would be appropriate for deter-
with a projection of the top surface of the position- mining the cup cutoff
angles and projected lines for    ing envelope (14), the lower parabolic
section (8) determining the shapes of the internal cup surface.   55
having a vertex at the lower point (17), an axis Reference is made herein
to the lip of the cup. It  projecting through the nearest edge point (F1)
should be understood that this may not be a physical    and the lower point
(17), and a focus at the near- 



lip but only a geometrical lip for purposes of determin-  est edge point
(F1); and 0    9                   EP 0 426 397 B1                10
(err) The two elongated troughs intersect each other  ing the optical
properties of the reflective surfaces. along lines 43 radiating from the
corners of a square  The cup may have additional structure beyond -the flat
area 44 in the bottom of the cup. The upper edges  lip" which does not
affect the optical characteristics. of the intersecting elongated troughs
are shaved to    Also, it should be noted that the higher lip may be
provide a more or less continuous lip between the   5   truncated for ease
of manufacture of a cup. The crests and valleys 42.
amount of light emitted from the surfaces of the LED Such an embddiment may
be manufactured from     at angles greater than A2 which would be reflected
a die or stamp which is the complement of the inside  from the portion of
the higher wall surface above a of the cup. Such a die or stamp is made by
cutting the  transverse plane at the elevation of the lower lip 21
complement of the elongated troughs in orthogonal  10  is rather small.
Thus, the upper portion of the right directions.
wall above this plane could be omitted to make it eas- If somewhat greater
flux extraction is desired  ier to mold or stamp the cup without
sacrificing a large from an embodiment somewhat as illustrated in
amount of the efficiency. Most of the light would be FIGS. 5 and 6, two
additional intersecting elongated  within the cutoff angles A1 and A2 and
such a compro- troughs may be employed midway between the prin-  15   mise
from the "ideal" design may be acceptable for ciple elongated troughs
having shapes determined by  practical considerations. Depending on the
design the crests 41 and valleys 42 at the lip of the cup. In  parameters
of the cup, the amount of light lost could such an embodiment the shape of
the desired sec-    be in the range of about 10%. Some of this light may
ondary trough is determined by the same rules as de-  be recaptured by
optical elements subsequent to the scribed above for a lip height in
between the higher  20  flux extraction cup. and lower portions of the
crests and valleys. This pro-  With such matters in mind it will be
apparent that vides a shape intermediate between the shapes of    one
skilled in the art may make many modifications the principal troughs. A die
or stamp can then be   and variations of the present invention within the
made with orthogonal cuts of the complements of     scope of the appended
claims. these secondary troughs 450 from the directions of  25 the
principal elongated troughs. This leaves an octa- gonal flat area in the
bottom of the cup instead of the  Claims square area as illustrated in FIG.
6. It will be apparent that additional intersecting  1.  A flux extractor
cup (5) for extracting light effi- troughs may be made intermediate between
the ones   30  ciently from a source (3) positioned on an optical just
mentioned for further improvement of flux extrac-  axis (4) within an
axially symmetrical virtual pos- tion.,lt will also be apparent that the
completely     itioning envelope (14) and for directing light emit- smooth
transition described hereinabove is essential-  ted by the source (3)
within a flux path which is ly an infinite number of such intersecting
troughs.    asymmetrical relative to the optical axis (4), the The
non-axisymmetric flux extraction cup has   35   cup (5) being asymmetrical
with at least one high been described divorced from other optical elements.
lip portion (18) and one low lip portion (21); It will be apparent that
light concentrating reflectors,     a flat section (6) located at the
bottom of lenses and the like may be provided adjacent to the    the cup
(5) and normal to the optical axis (4), the mouth of the cup for
concentrating or redirecting light  flat section having a width equal to a
diameter of projected from the cup.                        40      the
positioning envelope (14); It will also be apparent that there are many
mod-        and comprising in at least one side of a ifications and
variations of flux extraction cups which  first longitudinal cross section.
are possible in light of the description. For example,            a
circular section (7) extending cups have been described with bilateral
symmetry       from the flat section (6) to a lower point (17) lo- (FIG.4)
and quadrilateral symmetry (FIG. 3) and other  45  cated at an intersection
with a line from the op- embodiments of non-axisymmetrical cups may be
posite cup lip (18) through a nearest edge point provided. Thus, a cup with
trilateral symmetry might   (F.) of a top surface of the positioning
envelope be desirable for some applications.                    (14), the
circular section (7) having a constant ra- in some embodiments the flux
extraction cup         dius and a center at the nearest edge point (F1);
may be filled with a transparent epoxy or the like hav-   5o      a lower
parabolic section (8) ex- ing a higher index:of refraction than air. If so,
and the  tending from the lowerpoint (1 7) to an upper point transparent
filling material has an interface with the  (19) located at an intersection
of the cup surface air, suitable changes would be appropriate for deter-
with a projection of the top surface of the position- mining the cup cutoff
angles and projected lines for   ing envelope (14), the lower parabolic
section (8) determining the shapes of the internal cup surface.   55
having a vertex at the lower point (17), an axis Reference is made herein
to the lip of the cup. It  projecting through the nearest edge point (F1) 



should be understood that this may not be a physical   and the lower point
(17), and a focus at the near- lip but only a geometrical lip for purposes
of determin-  est edge point (FF); and 6    * c   L   M   S an upper
parabolic section (9) ex-     6. A flux extractor cup as recited in claim I
or 2 tending from the upper point (19) to the nearer        wherein there
are two high lip portions opposite cup lip (21), the upper parabolic
section (9) hav-     each other. and two low lip portions opposite ing a
vertex at the nearer cup lip (21). an axis ex-   each other between the
high lip portions, and the tending through the farthest edge point (F,) and
.4  first and second longitudinal cross sections are parallel to the- axis
of the lower parabolic section   through the two high lip portions and the
two low (8), and a focus located at the farthest edge point    lip
portions, respectively. (F2) of the top surface of the positioning envel-
ope:                                               7. A flux extractor cup
as recited in claim 1 or 2 and comprising in at least one side   10
wherein there are four high lip portions evenly of a second longitudinal
cross section different       spaced around the lip of the cup and four low
lip from the first longitudinal cross section:             portions
opposite each other and between the a circular section (11) extending
high lip portions, and the first and second longi- from the flat section
(6) to a lower point (27) lo-   tudinal cross sections are through two high
lip cated at an intersection with a line from the op-   15  portions and
two low lip portions, respectively. re- posite cup lip (21) through a
nearest edge point      spectively. (F2) of a top surface of the
positioning envelope (14), the circular section (11) having a constant  8.
A flux extractor cup as recited in claim 1 or 2 radius and a center at the
nearest edge point (F2);    wherein there is a gradual transition between
the a lower parabolic section (12) ex-- 20    shape of the upper parabolic
section (9) in the tending from thelowerpoint(27)toanupperpoint
first cross section and the upper parabolic sec- (28) located at an
intersection of the cup surface     tion in the second cross section, and
there is a with a projection of the top surface of the position-  gradual
transition between the shape of the lower ing envelope (14), the lower
parabolic section         parabolic section in the first cross section and
the (12) having a' vertex at the lower point (27). an   25  lower parabolic
section in the second cross sec- axis projecting through the nearest edge
point        tion. (F2) and the lower point (27), and a focus at the
nearest edge point (F2); and                      9. A flux extractor cup
as recited in claim I or 2 .n upper parabolic section (13) ex-
wherein the first cross section is through a pair of tending from the upper
point (28) to the nearer  30   opposite high lip portions and the second
cross cup lip (18), the upper parabolic section (13) hav-    section is
through a pair of opposite low lip por- ing a vertex at the nearer cup lip,
an axis extend-   tions, the first cross section is perpendicular to ing
through the farthest edge point (Fa) and par-     the second cross section,
and each cross section allel to the axis of the lower parabolic section
(12),  is in the form of an elongated trough extending to and a focus
located at the farthest edge point (Fl)  .35  an intersection with the
elongated trough for the of the top surface of the positioning envelope.
other cross section. 2. A flux extractor cup according to claim 1 wherein
the light source is an LED                          PatentansprUche 40 3. A
flux extractor cup as recited in claim 1 or 2     1.  Eine
Lichtstromauswurfschale (5) zum effizien- wherein the high and low lip
portions (18, 21) are    ten Auswerfen von Licht aus einer Queue (3), die
opposite each, other and the first and second          auf einer optischen
Achse (4) in elner achsen- longitudinal cross sections are in a common
symmetrischen virtuellen PositionierungshOlle plane.
I  45            positioniert ist. und zum Leiten des Lichts, das von der
Quelle (3) emittiert wird, in einem Ucht- 4. A flux extractor cup as
recited in claim 1 or 2        strompfad. der hinsichtlich der optischen
Achse wherein the lYigh and low lip portions are 900         (4)
asymrnetrisch ist, wobei die Schale (5) mit apart around the lip of the cup
and the first and      mindestens einem hohen Uppenabschnitt (18) second
longitydinal cross sections are through a   so  und elnem niedrigen
Lippenabschnitt (21) asym- high lip portion and a low lip portion
respectively.   metrisch ist; wobei ein flacher Abschnitt (6) an der Grundf
I- 5. A flux extractor cup as recited in claim I or 2        che der Schale
(5) angeordnet und senkrecht zu wherein the high and. low lip portions are
450         der optischen Achse (4)1st, wobei derflache Ab- apart around
the lip of the cup and the first and   55  schnitt eine Breite aufweist,
die gleich dem second longitudinal cross sections are through a
Durchmesser der Positionlerungshflle (14) ist; 



high lip portion and a low lip portion respectively.   und die auf
zumindest ainer Selte aines ersten longitudinalen Querschnitts folgende
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elnen oberen parabolischen Abschnitt (13), der einen kreisformigen
Abschnitt (7), der sich von    sich von dem oberen Punkt (28) zu der
naheren dem flachen Abschnitt (6) zu einem unteren         Schalenlippe
(18) erstreckt, wobel der obere pa- .Punkt (17), der sich am Schnittpunkt
zwischen ei-  rabolische Abschnitt (13) den Scheitelpunkt auf ner Unie von
'der gegeniiberliegenden Schalen-   5  der naheren Schalenlippe, eine
Achse, die sich lippe (18) durch einen nachstliegenden Kanten-     durch
den entferntesten Kantenpunkt (Fl) und punkt (F1) eirner oberen Oberflache
der Positio-   parallel zu der Achse des unteren parabolischen
nierungshullel (14) liegt, erstreckt, wobel der    Abschnitts (12)
erstreckt, und einen Brennpunkt, kreisformige Abschnitt (7) elnen
konstanten Ra-    der im entferntesten Kantenpunkt (F1) der oberen dius und
den Mittelpunkt in dem nachstliegenden   I0  Oberflache der
PositionierungshOlle liegt, hat. Kantenpunkt (F1) hat; elnen unteren
parabolischen Abschnitt (8). der  2. Eine Lichtstromauswurfschale gemaR
Anspruch sich von dem unteren Punkt(17) zu einem oberen     1, bei der die
Uchtquelle eine LED ist. Punkt (19), der im Schnittpunkt der Schalenober-
flache mit einer Projektion der oberen Oberfla-  i5  3. Eine
Lichtstromauswurfschale gemalS Anspruch che der PositionierungshOfle (14)
liegt, erstreckt,  1 oder 2, bei der die h6heren und niedrigeren Lip- wobei
der untere parabolische Abschnitt (8) den    penabschnitte (18, 21)
einander gegenOberlie- Scheitelpunkt im unteren Punkt (17), eine Achse,
gen und die ersten und zweiten longitudinalen die sich durch den
nachstliegenden Kantenpunkt     Querschnitte in einer gemeinsamen Ebene
lie- (F1) und den unteren Punkt (17) erstreckt, und   20  gen. den
Brennpunkt im nachstliegenden Kanten- punkt (F1) hat; und
4. EOne Uchtstromauswurfschale gemal Anspruch einen oberen parabolischen
Abschnitt (9), der      1 oder 2, bei der die hoheren und niedrigeren Lip-
sich von dem oberen Punkt (19) zu der naheren      penabschnitte 900
auseinander urn die Uppe der Schalenlippe (21) erstreckt, wobei der obere
pa-  25  Schale herumliegen und die ersten und zweiten rabolische Abschnitt
(9) den Scheitelpunkt auf     longitudinalen Querschnitte sich durch eonen
ho- der naheren Schalenlippe (21), eine Achse, die     hen Lippenabschnitt
bzw. einen niedrigen Up- sich durch den entferntesten Kantenounkt (F,)
venabschnitt erstrecken. und paralle,   u., %)se  .. -u. v.,. IAw schen
Abschn-itts (8) erstreckt, und einen Brenn-  30  5. Eine
Lichtstromauswurfschale gemans Anspruch punkt, der im entferntesten
Kantenpunkt (F2) der   1 oder 2, be! der die h6heren und niedrigeren Lip-
oberen Oberflache der PositionierungshOlle         penabschnitte 45
auseinander urn die Lippe der liegt, hat;
Schale herumliegen und die ersten und zweiten und die auf mipdestens elner
Seite eines zweiten   longitudinalen Querschnitte sich durch eonen ho-
longitudinalern Querschnittes, der von dem er-  35  hen Lippenabschnitt
bzw. einen niedrigen Lip- sten longitudlinalen Querschnitt verschieden ist,
penabschnitt erstrecken. folgende Merkmale aufwelst: eonen kreisf6rmigen
Abschnitt (11), der sich von  6. Eine Lichtstromauswurfschale gemABl
Anspruch dem flachen Abschnitt (6) zu einem unteren         I oder 2, bei
der zwel hohe Uppenabschnitte en- Punkt (27), der in einem Schnittpunkt mit
elner U-  40  ander gegeniiberliegen, und zwei niedrige Lip- nie von der
gegeniiberliegenden Schalenlippe       penabschnitte einanderzwischen den
hohen Lip- (21) durch eonen ndchstliegenden Kantenpunkt
penabschnitten gegenuiberliegen, und die ersten (F2) der oberen OberflAche
der Positionierungs-    und zweiten longitudinalen Querschnitte sich hulle
(14) Jiegt, erstreckt, wobei der kreisforrmige  durch die zwei hohen
Lippenabschnitte bzw. die Abschnitt (11) einen konstanten Radius und den
45  zwei niedrigen Lippenabschnitte erstrecken. Mittelpunkt in dem
nachstliegenden Kantenpunkt (F2) aufwelst;
7. Eine Lichtstromauswurfschale gemof Anspruch einen unterenparabolischen
Abschnitt (12), der    I oder 2, bei der vier hohe Lippenabschnitte mit
sich von dem unteren Punkt (27) zu elnem oberen    gleichen Abstanden urn
die Uppe der Schale her- Punkt (28), der im Schntttpunkt der Schalenpber-
so  um und vier niedrige Lippenabschnitte einander flache mit einer
Projektion der oberen Oberfla-    gegenober und zwischen den hohen
Lippenab- che der Positlonierungshtilie (14) liegt, erstreckt,  schnitten
angeordnet sind, und die ersten und wobei der untere parabolische Abschnitt
(12) den   zweiten longitudinalen Querschnitte sich durch Scheltelpunkt im
unteren Punkt (27), sine Achse,   die zwei hohen Lippenabschnitte bzw. die
zwei die sich durch den ndchstliegenden Kantenpunkt  55  niedrigen
Lippenabschnitte erstrecken. 



(F2) und den nteren Punkt (27) erstreckt, und den Brennpunlt in dern
nachstliegenden Kanten-  8. Eine Lichtstromauswurfschale gemAoa Anspruch
punkt (F2) hat, und                                1 odor 2, bei der ein
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6tendant du point sup6eeur (19) A la levre la schnitts (9) iti dem ersten
Querschnitt und des      plus proche (21) de la coupelle, la partie parabo-
oberen parabolischen Abschnitts in dem zweiten       lique superieure (9)
ayant un sommet situe sur la Querschnitt existiert, und bei der ein
allmihlicher  levre la plus proche (21) de la coupelle, un axe se Ubergang
7wischen der Form des untereni para-  .;    piolongeant par le point de
bord le plus eloigne bolischen Abschnitts in dem ersten Querscinitt
(F2) et parallble A I'axe de la partie parabolique in- und des unteren
parabolischen Abschnitts in dem      ferieure (8), et un foyer situe au
point de bord le zweiten Querschnitt existiert.                       plus
6loigne (F2) de la surface haute de l'envelop- pe de positionnement; 9.
Eine Lichtstromnauswurfschale gemal3 Anspruch   W          et comprenant au
moins sur un c6te d'une I oder 2, bei der der erste Querschnitt sich durch
seconde coupe longitudinale differente de la pre- ein Paar von
qegeniberliegenden hohen Lippen-        mibre coupe longitudinale:
abschnitten dnd der zweite Querschnitt sich                une partie
circulaire (11) s'tendant de la durch ein Paar von gegen(]berliegenden
niedri-       partie plate (6) Aun point Inferleur(27) situ6A une gen
Lippenabschnitten erstreckt, wobei der erste   15  intersection avec une
ligne Issue de la Ibvre op- Querschnitt senkrecht auf dem zweiten Quer-
pos6e (21) de la coupelle A travers le point de schnitt steht, und jeder
Querschnitt in der Form     bord le plus proche (F2) de la surface haute de
einerlAnglichen Mulde, die sich zu einem Schnitt-    I'enveloppe de
positionnement (14), la partie cir- punkt mit der langlichen Mulde fur den
anderen       culaire (11) ayant un rayon constant et un centre Querschnitt
erstreckt, gebildet ist.        20       situe au point de bord le plus
proche (F2); une partie parabolique inferieure (12) s'tendant du point
inferleur (27) A un point supe- Revendications,
rieur (28) situe A une intersection de la surface de la coupelle avec une
projection de la surface hau- 1. Coupelle d'extraction de flux(S) pour
extraire ef-  25  te de l'enveloppe de positionnement (14), la par-
ficacement la.lumibre issue d'une source (3) si-     tie parabolique
inferieure (12) ayant un sommet tu6e sur un axe optique (4) avec une
enveloppe       situ6 au point inferieur (27), un axe se projetant de
positionnetnent virtuel axialement symetrique     par le point de bord le
plus proche (F2) et le point (14) et pour diriger la lumiere emise par la
source  inferieur (27). et un foyer situe au point de bord (3) dans un
trajet de flux qui est asymetrique re-  30  le plus proche (F2); et
lativement A I'axe optique (4), le coupelle (5) etant      une partie
parabolique superieure (13) asymetrique avec au moins une portion haute de
s'endant du point superieur (28) a la levre la levre (18) et une portion
basse de levre (21);       plus proche (18) de la coupelle, la partie
parabo- une pa)tie plate (1;) situ6e au fond de la     lique superieure
(13) ayant un sommet au niveau coupelle (5) el normale a I'axe optique (4),
la par-  35  de la levre la plus proche de la coupelle, un axe tie plate
ayant-une largeur egale A un diametre de   s'etendant par le point de bord
le plus 6loing (Fl) I'enveloppe de positionnement (14);                  et
parallele A l'axe de la partie parabolique inf6- et comprenant au moins sur
un c6te d'une       rieure (12), et un foyer situe au point de bord le
premiere coupe longitudinale:                        plus eloigne (F,) de
la surface haute de l'envelop- une partie circulaire (7) s'etendant de la
40  pe de positionnement. partie plate (6) A un point inferieur(1 7) s'tue
A une intersection ayec une ligne issue de la levre op-  2. Coupelle
d-extraction de flux selon la revendica- pos6e (18) de la coupelle a
travers le point de      tion 1 dans laquelle la source de lumiere est une
bord le plus proche (F1) d-une surface haute de      diode luminescente.
I'enveloppe de positionnement (14), la partie cir-  45 culaire (7) ayant un
rayon constant et un centre  3. Coupelle d'extraction de flux selon la
revendica- au niveau du point de bord le plus proche (Fl);      tion 1 ou 2
dans laquelle les portions basse et une partie parabolique inferieure (8)
haute deolevre (18, 21) sont oppos6es l'une A I'au- s'tendant du Ooint
inferieur (17) A un point supe-   tre et les premiere et seconde coupes
longitudS- rieur (19) situ4 A une intersection de la surface de   so  nales
sont situees dans un plan commun. Ia coupelle avfc une projection de la
surface-hau- le de 1'enveloppe de positionnement (14), la par-  4. Coupelle
doextraction de flux selon la revendica- tie parabolique infbrieure (8)
ayant un sommet si-   tion I ou 2 dans laquelle les portions basse et tue
au point infbrieur (17), un axe se projetant par  haute de levre sont
ecart6es de 900 autour de la 



le point de bord le plus proche (F1) et le point in-  55  levre de la
coupelle et les premiere et seconde fbrieur (17), et un foyer situb au
point de bord le  coupes longitudinales sont situees a travers une plus
proche (qi); et                                 portion haute de levre et
une portion basse de I- une partie parabolique superleure (9)          vre,
respectivement. 9    17                  EP 0 426 397 1
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la revendica- tion 1 ou 2 dans laquelle les portions basse et haute de
levre sont ecartees de 450 autour de la levre de la coupelle et les
premiAre et seconde coupes longitudinales sont situd&es A travers une
portion haute jie levre et une portion basse de It- we, respectivfment. 6.
Coupelle d'extraction de flux selon la revendica- tion 1 ou 2 dans laquelle
sont comprises deux   lo portions hautes de levre oppos6es l'une b l'autre,
et deux portions basses de levre oppos6es l'une a l'autre et sifuees entre
les portions hautes de levre, et les premiere et seconde coupes longitu-
dinales sont situees A travers les deux portions   I5 hautes de levre et
les deux portions basses de le- vre, respectivement. 7. Coupelle
d'extraction de flux selon la revendica- !'     tion I ou 2 dons laquelle
sont comprises quatre   2n portions hautes de levre espacees uniformement
autour de la levre de la coupelle et quatre por- tions basses qe 1ivre
opposees les unes aux au- tres et situees entre les portions hautes de
levre, et les premibre et seconde coupes longitudinales   25 sont situ6es A
-ravers deux portions hautes de IA- vre et deux portions basses de Ibvre,
respective- ment. 8. Coupelle d'extraction de flux selon la revendica-  30
tion I ou 2 dens laquelle II existe une transition graduelle de forme entre
Ia partie parabolique su- perieure (9) dans la premiere coupe et la partie
parabolique supprieure dans la seconde coupe, et une transitiln graduelle
de forme entre la par-  35 tie parabolique inferieure dans la premiere
coupe et la partie parabolique inferieure dans la secon- de coupe. 9.
Coupelle d'extraction de flux selon la revendica-  40 tion 1 ou 2 dans
laquelle la premiere coupe est si- tuee A travers une paire de portions
hautes op- posees de levre et la seconde coupe est situ ee b travers une
plaire de portions basses opposees de levre, la prmiere coupe est
perpendiculaire b   45 la seconde coupe, et chaque coupe a la forme d'une
auge allong~e s96tendantjusqu'A une inter- section avec I'auge allongee de
I'autre coupe. 50 S5 10    


