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layer of resin or glass having hemispherical projec- tions above the
individual photosensor elements. Field of the Invention
Similar principles may be employed for designing high efficiency lamps,
although the resultant geome- This Invention relates to a highly efficient
lighten-   5   trywill differfroma practical absorber. In such an em- ergy
transducer such as a lamp. The optical arrange-  bodiment. a light emitting
device may be placed ad- ment Is such that substantially all of the light
emitted  jacent to curved reflective walls so that virtually all of by a
light emitter is projected by the lamp. The inven-  the light emitted by
the device is projected by the lamp tion relates to the geometric
arrangement of the opt-  within a selected angular range. ical surfaces for
efficiently coupling the light from a   10  The published literature
describes how to select higher refractive index material Into air. The
principles  reflective surfaces for a concentrator such that ex- are also
usable in an embodiment for receiving light.  tremal rays entering the
concentratoratthe maximum angle of acceptance will be retained within the
con- Background of the Invention                        centrator and not
reflected by its walls backoutof the 15  entrance aperture. for purposes of
exposition, the an- It is almost universally desirable to enhance effi-
gle of such extremal rays which are not reflected out ciency of devices.
This is true for lamps and particu-  of the concentrator is referred to as
the cutoff angle. larly for miniature lamps where it is desirable that vir-
A similar cutoff angle can be defined for the re- tually every photon
emitted by the light source be pro-  flector of a lamp. For example, a
miniature lamp may jected by the lamp.                           20  be in
the form of a cup with reflective walls. A light Similarly, it may be
desirable to enhance the ef-  emitting diode (LED) is mounted in the bottom
of the ficiency of an energy accepting device so that virtu-  cup. The cup
walls are curved so that light emitted ally every photon entering the
device within a range  from the LED either passes directly through the
open- of angles is absorbed by a meaningful light energy  ing or exit
aperture of the cup or is reflected from a transducer such as a
photodetector or means for util-  25  wall through the opening of the cup
(opening and izing the thermal energy obtained by absorbing light.
aperture are used substantially interchangeably Reflective optics suitable
for concentrating inci-  herein since the opening of the cup Is its optical
aper- dent light on an energy absorber are described in va-  ture). The
depth of the cup and the shape of its walls, rious papers such as those by
V. K. Baranov et al. in  particularly in the portion near the aperture of
the the Soviet Journal of Optical Technology, vol. 33, No.  30  cup,
determine the cutoff angle of light projected from 5, pp. 408-411 (1966)
and Vol. 34, No. 1, pp. 67-70  the cup. Thus, for an axisymmetric cup
substantially (1967); D. E. Williamson "Cone Channel Condenser   all of the
light is projected within a cone having an in- Optics", Journal of the
Optical Society of America,  cluded half angle corresponding to the cutoff
angle. Vol. 42,  No. 10, pp. 712-715, (Oct. 1952); W. Witte,  With a well
designed, toleranced and manufactured "Cone Channel Optics', Infrared
Physics, Vol. 5, pp.  35  cup, there is very little light outside of this
cone. Some 179-185, (1965); and M. Ploke "LightConductorswith  light will
usually be found outside of the cone due to Strong Concentration Effect,
presented at DGOO     surface irregularities and aberrations that
distinguish convention, Bombay, India, (1966). Standard optics  real
optical systems from Ideal optical systems. texts describe how to design
reflective concentrating  It is desirable to have the reflective cup of
such systems. Such papers deal primarily with reflective   40  a lamp
filled with a transparent medium which has a devices for concentrating
energy incident on the de-  refractive index bettermatched to the
refractive Index vice within a given angular range onto an absorber of  of
the LED than air would be. This enhances the light such light, the
reflective walls of the device and the  output of the LED, and hence light
output of the lamp. absorbers are configured so that essentially every
Typically, the cup may be filled with epoxy resin. photon entering the
device impinges on the absorber  45   Eventually the light emitted into the
transparent me- d rectly or after a limited number of reflections from
dium is incident on an Interface between that medium the walls (usually one
reflection). Techniques are de-  and air. It is highly desirable to enhance
the transmis- scribed for enhancing concentration, namely enhano-  sion of
light through that Interface for obtaining max- ing the energy density,
Illuminating the absorber.  imum light output from the lamp. This invention
ad- Patent Abstracts of Japan vol. 11, number 143,  50  dresses that
desideratum. (E-504) [2590] of 9th May 1987. and Japanese patent     The
lightfrom a lamp employing principles of non- application JP-A-61280676
describe a photosensor   imaging reflectors may need to be Imaged or
directed Integrated circuitdevice. The device comprises a pho-  toward a
selected field of view after being projected
tosensorlayer,analuminiumthinfilm formed over the    from the lamp. It is
therefore desirable to provide photosensor layer with windows provided In
the alu-  55   means of association with the lamp forforming an opt- minium
film above individual photosensor elements,  ical image. This desideratum
Is also addressed by and a transparent resin or glass optical element atop
this invention. the aluminium layer. The optical element comprises a   It
will also be found that principles of this inven- 2   



3                   EP 0 415 640 B1                     4 tion may be
applicable to devices which accept light  capes from the higher index
material. Clearly, for a energy as well as devices that project light
energy.  lamp it is desirable for all of the light incident on the
interface to be at less than the critical angle (as meas- Definitions
ured from a normal to the surface). 5      The description herein is
largely concerned with It is convenient for purposes of exposition of this
transmission of light within the transparent medium. invention to define
certain terms used in this specifi-  It is convenient in this specification
to define a "Brew- cation.                                            star
cone" as a cone having an included half angle 'Brewsters angle is a well
known term in optics  equal to the Brewster's angle of light incident on
the derivable from Snell's and Fresnel's laws. When light  10  transparent
material as measured relative to the nor- transmitted through a medium with
low refractive in-  mal to the interface through which the light is trans-
dexsuch as air Is incident on the surface of a medium  mitted. with a
higher refractive index, some light may be     A cutoff angle for a
reflective cup is defined transmitted and other light reflected. if the
angle of in-  above. The cutoff angle for a reflective cup used in a
cidence is normal to the interface, the maximum   15  lamp Is the angle
from the axis of the cup within which amount of light is transmitted,
subject only to Fresnel  substantially all of the light from the cup is
projected. losses. As the angle of incidence increases from the normal,
there is little change in the intensity transmit-  Brief Summary of the
invention ted until one reaches the Brewster's angle. Atthat angle, the
interaction of the electric vector  20  In practice of this invention
according to one em- of the light with the medium causes reflection of
light  bodiment there is provided a lamp comprising a light which is
substantially polarized. This occurs at an an-  emitting device (such as a
light emitting diode) gle where the reflected ray is [err] from the ray
trans-  mounted in the bottom of an axisymmetric cup having mitted through
the higher refractive index material.  a circular opening and reflective
walls for emitting Since a portion of thelightistransmitted anda portion
25  lightfrom the opening oraperture of the cup at angles reflected at the
Brewster's angle there are "losses in  from the axis of the cup up to the
Brewster's angle of addition to Fresnel losses and the total light
transmit-  a transparent material filling the cup. The transparent ted
through the interface is decreased. The amount  material has an index of
refraction n and extends to that is reflected and hence not transmitted
Increases  a hemispherical surface with a radius R and an equa- beyond the
Brewster's angle, hence it is desirable to  so  tor parallel to the
aperture of the cup. The hemisphere maintain the angle of incidence below
the Brewster's  has a center spaced from the rim of the aperture of angle.
the cup a distance of R/n and is centered over the The Brewster's angle is
the angle of incidence of  cup. light from air onto the transparent medium,
the tan-  With such an arrangement, the rim of the opening gent of which is
equal to the refractive Index of the   35  of the cup is at the locus of
aplanatic points of the transparent medium. That is, [err]= arctan n where
hemisphere. In another embodiment, a light accepting device [err] is the
Brewster's angle and n is the refractive in-  which has reflective
concentrating surfaces, has a dex of the transparent medium.
cutoff angle corresponding to the Brewster cone with The same effect occurs
when light Is incident on   4o  the edge of the reflective surfaces being
at the locus the interface from the high refractive Index side of the  of
aplanatic points of a hemispherical lens centered Interface. The
polarization occurs in the reflected  on the axis of the cup. beam at the
complement of the Brewster's angle as     With less than "perfect" Imaging
devices useful defined herein. This angle is the angle whose tangent  for
some purposes, the virtual light source defined by is equal to I/n.
Eitherthe anglewhere polarized reflec-  45  the aperture of the cup may be
non-cirular, or there tion commences within the transparent medium orthe
may not be a sharp cutoff angle. Acylindrical embodi- angle outside the
medium may be referred to as the  ment employing principles of this
Invention may also Brewster's angle. For purposes of this description,  be
provided. the angle outside the ,medium is referred to as the Brewster's
angle. The angle in the higher index me-  50   Brief Description of the
Drawings dium is the complement of the Brewster's angle. Anothereffect
occurs when light within the higher  These and other features and
advantages of the refractive index material is incident on the interface to
present invention will be appreciated as the same be- the lower index
material. The amount of light that is re-  comes better understood by
reference to the follow- flected and hence not transmitted increases beyond
55  ing detailed description of a presently preferred em- the Brewster's
angle until all of the light is reflected  bodiment when considered in
conjunction with the ac- at what is known as the critical angle. It is at
this angle  companying drawings wherein: that there is total internal
reflection and no light es-  Fig. 1 comprises a longitudinal cross section
of a 3  



5                   EP 0 415 640 B1                 6 lamp or similar light
energy transducing device  the Brewster's angle. That is, substantially all
of the constructed according the principles of this In-  light emitted from
the aperture of the cup should be vention; and
within a Brewster cone having an included half angle Fig. 2 Is a
longitudinal cross section of another  of 57 for the exemplary epoxy.
embodiment of this Invention.              5       The hemispherical lens
15 is positioned so that its equator 16 lies on the Brewster cone extending
Detailed Description                               outwardly and upwardly
from the rim of the cup open- ing. The hemisphere has a radius R. This
placement In an exemplary embodiment, a miniature lamp is  of the equator
also means that the distance from the formed on orin a metal body 10 which
provides struc-  10  rim of the cup opening to the centerof the hemisphere
tural support and electrical contact. A shallow cup 11  is a distance of
R/n. Ordinary geometry may be used is formed In the front surface of the
metal substrate.  to find the radius R that satisfies these conditions for
The cup is axisymmetric and has curved walls 12    a given diameter of cup
aperture. which are made highly reflective. Although not mate-  This
geometry employs principles of a Weier- rial to practice of this invention,
the body might be   15  strass or aplanatic sphere. In such a sphere a
point made of plastic and the walls of the cup metallized for  at a
distance R/n from the center of the sphere is an reflectivity and
electrical conduction.            aplanatic point with its conjugate point
outside the Alight emitting diode (LED) 13 is mounted in the  spherical
lens surface at a distance Rn. In other bottom of the cup. The metal body
forms one electri-  words, it is a characteristic of a spherical lens that
cal lead for the LED. The other electrical lead (not  20  there is a
spherical surface outside the surface of the shown) may be a fine wire
bonded to the front face of  lens which is a stigmatic Image of a spherical
surface the LED and extending out of the cup to nearby anode  within the
lens having a radius R/n. The radius of the (not shown). The LED is
conventional and may emit  outersphere which images the inneraplanatic
sphere light primarily from its front face or may be of trans-  is Rn.
parent material emitting light from the side faces as   25  With the
described location of the hemispherical well as the front face.
lens, an extremal ray from the rim of the cup opening The cup is filled
with a transparent medium such  is incident on the equatorof the spherical
lens surface as an epoxy resin having a higher refractive index  at the
complement of the Brewster's angle as defined than air, which better
matches the index of refraction  herein. This means that substantially all
of the light in- of the LED material and enhances its light output. In  3o
cident on the lens surface at the equator, subject only this embodiment,
the transparent medium also ex-   to Fresnel losses, is refracted through
the lens sur- tends in a layer 14 across the frontsurface of the met-  face
and imaged at a distance Rn from the center of al, providing electrical
insulation and environmental  the sphere and at the Brewster's angle above
the protection.                                        plane of the
equator. The transparent medium is also molded to form   35  In such an
embodiment any ray from within the a hemispherical lens surface 15 of
radius R, the cen-  cup is incident on the surface of the hemispherical ter
of which is concentric with the axis of the cup. The  lens at an angle of
less than the critical angle, and center of the hemisphere is also at the
same distance  most of the light Is incident on the surface at an angle
above the surface of the metal substrate as the thick-  from the normal to
the surface less than the Brew- ness of the layer of transparent medium.
That is, the   40  ster's angle. As a consequence, almost all of the light
equator of the hemisphere is substantially at the front  emitted from the
cup within the Brewster cone passes face of the layer ofthe medium which
covers the metal  through the lens surface with only the irreducible
surface.                                           Fresnel losses. It will
also be noted that a virtual sphe- Atypical epoxy resin employed in
practice of this  rical surface having a radius R/n extending into the
invention has a refractive index n of 1.54. The Brew-  45  cup from the rim
of the cup opening is imaged stig- matically on a virtual spherical surface
of radius Rn ster's angle [err] forsuch material Is therefore [err] and
outside the spherical lens. This image of light within the complement of
the Brewster's angle is [err].     the cup may be further directed by
reflective, refrac- In one preferred embodiment of a lamp, the re-  tive or
catadioptric means to a desired light distribu- flective cup has walls that
are curved for reflecting   50  tion. Thus, In addition to enhancing light
output from substantially all of the light emitted from the LED to-  a
lamp, the aplanatic lens provides an image of the ward the circular opening
of the cup at the front sur-  virtual R/n surface outside the lens and
permits one face of the metal substrate. The shape of the walls to  to
employ a reflective cup with non-imaging optics for accomplish this and the
light distribution as a function  efficient light reflection, and still
produce an image of angle achieved by the reflective walls do not form   55
which can be directed by conventional optical means. part of this invention
and may be determined by con-  By having the cutoff angle of light from the
cup at ventional techniques. It Is preferred, however, that the  the
Brewster's angle and the equator of the hemi- cutoff angle of light emitted
from the cup should be at  spherical lens lying on the Brewster cone so
that the 4 



7                   EP O 415 640 B1                 8 edge of the cup is
the locus of aplanatic points of the  the cup opening Is atthe intersection
of the virtual R/n equator, it is assured that light loss through the
spherical surface with a Brewster's cone passing epoxy/air interface are
minimized. it will be apparent  through the equatorof the hemispherical
lens. Ahemi- that a somewhat similar arrangement may be used    sphere with
its equatoron the Brewsters cone Is used with the cutoff angle a little
less than the Brewster's   5   since it is easily manufactured and provides
the larg- angle and still obtain low light losses. It is preferred  est
light output from the smallest lamp. to employ the Brewster's angle as the
upper limit for  Because of such construction the light hitting the
minimizing light losses that occur beyond the Brew-  epoxy/air Interface
has minimal Irreducible Fresnel ster's angle.
losses. The image of the light emitted from within the It may be desirable
where a greater thickness of  10o  cup, essentially in the form of a
disk-ike virtual light protective layer is needed on the surface ora
narrow-  source in the aperture of the cup, may be readily fur- er field of
illumination is desired, to use a lens having  ther imaged for a desired
light distribution. Light emit- a spherical surface with the edges of the
lens lying  ted from the cup is found in a smaller solid angle and within
the Brewster cone instead of on it, but with the  has increased brightness
as compared with a lamp center of curvature of the lens at a distance of
R/n  15  without the appropriately positioned hemispherical from the rim of
the cup opening. In other words, the  lens. There is total control of the
light flux without spherical lens surface does not extend to a full hemi-
spherical aberrations, coma or astigmatism. sphere. In such an embodiment,
the cutoff angle of    Fig. 2 illustrates in longitudinal cross section an-
the cup is preferably the same amount less than the  other embodiment of
lamp constructed according to Brewster's angle as the subtended angle ofthe
sphe-  20  principles of this invention. This embodiment resem- rical
surface so that the extrernal ray is incident on the  bles a conventional
"jelly bean" LED lamp, but incor- spherical surface at as high an angle as
possible  porates a hemispherical end lens positioned as de- short of the
angle where internal reflection takes  scribed above for imaging a virtual
light source within place.                                            the
lamp. Optically the lamp is similar to the embodi- it is preferred,
however, to have the lens in the   25   ment described and illustrated in
Fig. 1 although the form of afull hemispherewith the equatoratthe Brew-
mechanical arrangements are different. ster's angle from the rim of the cup
opening and the  The lamp comprises a transparent plastic body center at a
distance R/n from all points on the rim.  - 21 with two metal posts 22, 23
for electrical contact This permits fabrication of a cup with a relatively
extending from the end of the body. The end of one broader aperture and
shallower depth. This is easier  30  of the posts 22 is upset and has a
reflective cup 24 to fabricate than a narrower, deeper cup, it eases the
coined into its end embedded within the transparent attachment of a lead
wire to the front surface of the  plastic. Alightemitting diode 26 is
mounted in the bot- LED, and the manufacturing tolerances for good opt-
tom of the cup. The other post 23 connects to a fine ical quality are
widerfor such a cup than fora narrow,  wire 27 which is bonded to the LED
to make electrical deep cup. The hemispherical lens permits the mini-  35
contact. This much of the lamp Is conventional. mum size lamp for a given
cup diameter.                The curved end of the lamp body is formed as a
An arrangement as provided in practice of this in-  hemisphere with a
radius R. The center of the hemi- vention permits economical construction
of a very  sphere is a distance of R/n from the rim of the cup small light
source of extremely high efficiency. As an  opening and the principal
optical axis of the hemi- example of the dimensions of one embodiment em-
4o  spherical lens is coaxial with the cup. The body of the ploying an LED
in the form of a 250 micron cube, the  lamp extends tangentially rearwardly
from the equa- cup has a depth of 0.71 mm. and its diameter is 1.07  tor of
the lens. mm. The radius of the hemispherical lens is about     In this
embodiment the center of the hemisphere 0.89 mm and its center is 0.23 mm
above the surface  is above the aperture of the cup so that its equator is
of the metal substrate. The thickness of the protective   45   within the
Brewstercone extending awayfrom the rim layer extending away from the
equator of the hemi-  of the cup. With such an optical arrangement, the
light sphere is also 0.23 mm. These dimensions are appro-  incident on the
lens surface atthe equatoris atan an- priate for an epoxy resin having an
index of refraction  gle of less than the Brewster's angle. This minimizes
of about 1.53 to 1.54. Light flux emitted by such a  internal reflection,
and hence increases light output, lamp can easily be as much as 92% of the
total light  50   but makes th lamp larger than if the equator were on from
the LED.                                      the Brewster cone. As
indicated above, the smallest In summary, the reflective cup in which the
light  lamp is made when the hemisphere equator is on the emitting device
is mounted has reflective wallsto pro-  Brewster cone extending away from
the rim of the vide a cutoff angle at the Brewster's angle. The rim of
cup. An Important feature of this embodiment is that the reflective cup
opening is placed on the Weier-  55  the exit aperture of the cup is on the
virtual R/n sphe- strass R/n locus of points of a hemispherical lens.
rical surface. That is, the rim is a circle formed by the R/n points of
Preferably the cup has a cutoff angle of light emit- the hemispherical
lens. Stated differently, the rim of  ted from the cup equal to the angle
to the equator of 
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Even in the absence of such a sharp  may be employed in an optical system
where the cutoff angle, the hemispherical  lens formed on the  aplanatic
lens is used for collecting instead of emit- end of the lamp images the cup
aperture at the virtual  ting radiation. This could be useful, for example,
in a Rn spherical surface outside the lamp, permitting ex-  device where an
aplanatic hemisphere is positioned ternal imaging optics to be used for
directing the light.  5   adjacent to a photodetector where the Brewster
cone from the lamp in desired directions and patterns.  from the equator of
the lens encompasses a major Although described In specific embodiments in
part of a photocell lying in the plane where the Brew- the context of a
lamp having a light emitting device  ster cone intersects the R/n surface.
concentrated by a Welerstrass hemisphere, it will be   It will also be
noted that this description has as- apparent that such a refractive
arrangementmay also   10  sumed throughout that the medium outside of the
be used for a light concentrator or collector. The ray  hemisphere is
airorvacuum, and has considered only traces through the hemisphere into the
reflective. cup   the index of refraction of the medium inside the lens.
are directly opposite to the ray traces for a lamp. The  Clearly, the same
principles are applicable where the rays from within the cutoff cone are
refracted into the  medium outside the lens has a refractive index great-
cup or the virtual image where the Brewster cone   is  er than one, such as
when the system is used under from the equator of the hemisphere intersects
the R/n  water. The dimensions will be different, but the prin- surface.
ciples are the same. Although high efficiency is enhanced by using a
These principles may also be applicable for en- reflective cup with a sharp
cutoff angle and the equa-  hancing efficiency of an elongated
emitterorcollector tor of the hemispherical lens on the Brewster cone   20
of radiation. In such an embodiment a transverse from the rim of such a
cup, principles of this invention  cross section through the optical system
looks much may be applied to other devices. For example, a light  like Fig.
1 and the LED in Fig. 1 may be changed to source may be used which does not
have a sharp cut-  any of a variety of light emitters or absorbers. Instead
off angle aligned with the equator of the lens. Light  of being a
hemisphere, the lens is a semicylinder. The emitted outside of the Brewster
cone will not be im-  25  relationship of the edge of the semicylinder and
the aged by the hemispherical lens, but the amount of ra-  edge of an
elongated virtual source or collector is the diation lost may not be
significant for some applica-  same as in the axisymmetric embodiment. One
can tions.                                             define a
"Brewsterwedge" analogous to the Brewster In such an embodiment the lens
images light     cone. The virtual source is defined by the area in-
passing through the circular area where the Brewster  30  wardly of where
the Brewster wedge intersects the cone intersecting the equator of the lens
intersects  R/n cylindrical surface. As an emitter, such an em- the R/n
surface of the lens when the light lies within  bodiment is not as
efficient as when a hemispherical the Brewster cone. The R/n surface (or
the area in-  lens is used since some of the light rays along the side the
rim of the cup) may be thought of as a virtual  length of the lens may be
totally internally reflected. light source, and the nature of the light
emitter, reflec-  35  It is therefore to be understood that within the tive
surfaces, etc., behind that virtual light source are  scope of the appended
claims, the invention may be not material.
practiced otherwise than as specifically described. With this in mind,
itwill be apparent that the aper- ture of the cup or other virtual light
source need not be circular, recognizing that some light may be lost in  40
Claims such an embodiment. Thus, for example, a cup with a roughly square
opening may be used. The R/n circle  1. An optical device comprising: of
the Brewster cone would encompass a major part           a cup (11) having
reflective walls (12) and of the area of the square. It might intersect the
corners  a circular opening; of such a square virtual light source, or more
likely, it  45  a light energy transducer (13) mounted In would overlap the
square so that a small area adja-   the closed end of the cup (11); and
centtoeach cornerliesoutsidethe R/n circle, and the         a transparent
medium having an index of virtual light source would comprise four circular
arcs  refraction n filling the cup (11) and extending be- connected by four
flat sides.                          yond the opening of the cup (11), the
medium Other polygonal or non-circular openings may   50o  forming a lens
in the form of a spherical surface also be devised. The image of the
virtual light source  (15) having a radius R, the center of curvature of
formed by the aplanatic lens system would be deter-   the lens being
located at a distance R/n from the mined by the shape of the opening. Such
a system      rim of the cup opening, and the principal optical might lose
some light and may not be as efficient as   axis of the lens being coaxial
with the cup (11). the preferred embodiment described, but it may also  55
be useful where a special light distribution is desired  2. An optical
device as recited in claim 1 wherein the in a particular application of
such a lamp. Similarly,  spherical surface (15) is a hemisphere and the 



such an arrangement with a non-circular absorber       angle of incidence
of light from the opening of the    9                   EP 0 415 640 B1
10 the hemisphere. Even in the absence of such a sharp  may be employed in
an optical system where the cutoff angle, the hemispherical lens formed on
the  aplanatic lens is used for collecting instead of emit- end of the lamp
images the cup aperture at the virtual  ting radiation. This could be
useful, for example, in a Rn spherical surface outside the lamp, permitting
ex-  device where an aplanatic hemisphere is positioned ternal imaging
optics to be used for directing the light   5   adjacent to a photodetector
where the Brewster cone from the lamp In desired directions and patterns.
from the equator of the lens encompasses a major Although described in
specific embodiments in  part of a photocell lying In the plane where the
Brew- the context of a lamp having a light emitting device  ster cone
intersects the R/n surface. concentrated by a Weierstrass hemisphere, it
will be  It will also be noted that this description has as- apparent
thatsuch a refractive arrangement mayalso   10  sumed throughout that the
medium outside of the be used for a light concentrator or collector. The
ray  hemisphere is airorvacuum, and has considered only traces through the
hemisphere into the reflective cup  the Index of refraction of the medium
inside the lens. are directly opposite to the ray traces for a lamp. The
Clearly, the same principles are applicable where the rays from within the
cutoff cone are refracted Into the  medium outside the lens has a
refractive index great- cup or the virtual image where the Brewster cone
15  er than one, such as when the system Is used under from the equatorof
the hemisphere intersects the R/n  water. The dimensions will be different,
but the prin- surface.                                          ciples are
the same. Although high efficiency is enhanced by using a    These
principles may also be applicable for en- reflective cup with a sharp
cutoff angle and the equa-  hancing efficiencyof an elongated
emitterorcollector tor of the hemispherical lens on the Brewster cone   20
of radiation. In such an embodiment a transverse from the rim of such a
cup, principles of this invention  cross section through the optical system
looks much may be applied to other devices. For example, a light  like Fig.
1 and the LED in Fig. 1 may be changed to source may be used which does not
have a sharp cut-  any of a variety of light emitters or absorbers. Instead
off angle aligned with the equator of the lens. Light  of being a
hemisphere, the lens is a semicylinder. The emitted outside of the Brewster
cone will not be im-  25  relationship of the edge of the semicylinder and
the aged by the hemispherical lens, but the amount of ra-  edge of an
elongated virtual source or collector is the diation lost may not be
significant for some applica-  same as in the axisymmetric embodiment. One
can tions.                                             define a
"Brewsterwedge" analogous to the Brewster In such an embodiment the lens
images light    cone. The virtual source is defined by the area in- passing
through the circular area where the Brewster  30  wardly of where the
Brewster wedge intersects the cone intersecting the equator of the lens
intersects  R/n cylindrical surface. As an emitter, such an em- the R/n
surface of the lens when the light lies within  bodiment is not as
efficient as when a hemispherical the Brewster cone. The R/n surface (or
the area In-  lens is used since some of the light rays along the side the
rim of the cup) may be thought of as a virtual  length of the lens may be
totally internally reflected. lightsource, and the nature of the light
emitter, reflec-  35  It is therefore to be understood that within the tive
surfaces, etc., behind thatvirtual light source are  scope of the appended
claims, the invention may be not material.
practiced otherwise than as specifically described. With this in mind,
itwill be apparentthatthe aper- ture of the cup or other virtual light
source need not be circular, recognizing that some light may be lost in  4o
Claims such an embodiment. Thus, for example, a cup with a roughly square
opening may be used. The R/n circle  1. An optical device comprising: of
the Brewster cone would encompass a major part          a cup (11) having
reflective walls (12) and of the area of the square. It might intersect the
corners  a circular opening; of such a square virtual light source, or more
likely, it  45  a light energy transducer (13) mounted in would overlap the
square so that a small area adja-   the closed end of the cup (11); and
cent to each corner lies outside the R/n circle, and the   a transparent
medium having an index of virtual light source would comprise four circular
arcs  refraction n filling the cup (11) and extending be- connected by four
flat sides.                         yond the opening of the cup (11), the
medium Other polygonal or non-circular openings may  50  forming a lens In
the form of a spherical surface also be devised. The Image of the virtual
light source  (15) having a radius R, the center of curvature of formed by
the aplanatic lens system would be deter-   the lens being located at a
distance R/n from the mined by the shape of the opening. Such a system
rim of the cup opening, and the principal optical might lose some light and
may not be as efficient as  axis of the lens being coaxial with the cup
(11). the preferred embodiment described, but it may also  55 be useful
where a special light distribution is desired  2. An optical device as
recited in claim 1 wherein the in a particular application of such a lamp.
Similarly,  spherical surface (15) is a hemisphere and the 



such an arrangement with a non-circular absorber      angle of incidence of
light from the opening of the 6 111 1111 111111111111111111111    11
EP 0 415 640B1                   12 cup on the equator of the hemispherical
surface     Lichts von der ffhung derTasse aufden Aquator Is no more than
the complement of the Brewster's    der halbspharischen Oberflache nicht
grOger als angle.                                              das
Komplement des Brewster-Winkels Ist. 3. An optical device as recited in
claim I or 2 where-   5   3. Elne optische Vorrichtung gemAS Anspruch I in
the energy transducer (13) comprises a light     oder 2, bel der der
Energlewandler (13) einen emitter and the reflective walls (12) are
arranged  Lichtemitter aufweist und die reflektierenden forconveying
substantially all lightemitted by the  WAnde (12) angeordnet sind, urn Im
wesentli- light emitter out of the cup (11) and toward the    chen das
gesamt Licht, das von dem Uchtemit- spherical lens surface.
10      ter emittiert wird, aus der Tasse (11) und zu der spharischen
Unsenoberflache zu befordern. 4. An optical device as recited In claim I
or2 where- in the energy transducer (13) comprises a light  4. Eine
optische Vorrichtung gemra  Anspruch I absorber and the reflective walls
(12) are ar-      oder 2, bei der der Energiewandler (13) elnen ranged for
conveying substantially all light pass-  15  Lichtabsorber aufwelst und die
refleticerenden Ing into the cup (11) through the lens surface to   Wande
(12) angeordnet sind, um im wesentli- the light absorber.
chen das gesamte Licht, das In die Tasse (11) eln- fallt, durch die
LinsenoberflAche zu dem Uchtab- 5. An optical device as recited in any
preceding       sorber zu bef8rdern. claim further comprising a layer (14)
of the trans-  20 parent medium extending laterally from around   5. EOne
optische Vorrichtung gemla elnem beliebi- the edge of the spherical surface
(15).             gen der vorhergehenden Ansprioche, die ferner eine
Schicht (14) des transparenten Mediums 6. An optical device as recited in
claim 1 wherein the  aufweist, die sich lateral ausgehend vom Umfang
spherical lens surface (15) comprises a hemi-  25   des Randes der
sphirischen Oberfilache (15) er- sphere and the transparent medium extends
tan-      strecit. gentially from around the equator of the hemi- spherical
surface.                              6. Elne optische Vorrichtung gemaB
Anspruch 1, bei der die spharische Linsenoberfliche (15) el- 7. An optical
device as recited in any preceding   30  nen halbspharischen Korper
aufweist und sich claim wherein the spherical lens surface (15)       das
transparente Medium tangential ausgehend comprises a hemisphere, and the
extremal ray        vom Umfang des Aquators der halbsphilschen from the
opening of the cup Is at the Brewsteres    Oberflache erstrecit. angle for
the transparent medium. 35  7. Elne optische Vorrichtung gema8 elnem
beliebi- gen der vorhergehenden AneprOche, bel der die Patentanspruche
sphirische Linsenoberfliche (15) amen haib- sphirischen Korper aufweist und
der auSerste 1. Elne optische Vorrichtung mit folgenden Merk-       Strahl
von der Offnung der Tasse be! dam malen:
4o       Brewster-Winkel far das transparente Medium einerTasse (11) mit
reflektierenden Winden (12)    liegt. und einer kreisformigen Offnung;
einem Lichtenergiewandier (13), der in dem ge- schlossenen Ende der Tasse
(11) befestigt ist;  Revendlcatlons und
45 einem transparenten Medium mit elnem Bre-       1. Dispositif optique
comprenant chungsindex n, das die Tasse (11) fOllt und sich         une
coupeile (11) ayant des parois refle- Oberdie Offnung derTasse (11) hinaus
erstreckt,     chissantes (12) et une ouverture circulaire; wobel das
Medium elne Linse In der Form elner            un transducteur d'Anergle
lumineuse (13) spharischen Oberflache (15) mit elnem Radius R   5o  monte
dans lextrdmltA fermee de la coupele bildet, wobel der Mittelpunict der
Krflmmung der    (11); et Unse In elnem Abstand R/n vom Rand der Tas-
un milieu transparentayantun index de rA- sendftnung liegt und die optische
Hauptachse        fraction n remplissant la coupelle (11) et s'eten- der
Unse koaxial zu der Tasse (11) ist.             dant au-del& de l'ouverture
de la coupelle (11), Is 5S      milieu formant une lentille ayant la formi
dcune 2. Eine optische Vorrichtung gemaR Anspruch 1,         surface
spherique (15) et un rayon R, Is centre de 



bei der die spharische Oberfliche (15) emn halb-    courbure de la lentille
btant situ6 A une distance spharischer Korper ist und der Einfallswinkel
des   Rin du bord de louverture de la coupelle, et l'axe 7 *  11111111
111111lii 11111 11111 *   C   L   M   S   *    13
EP0415640B1                     14 optique principal de la lontille 6tant
coaxial a la coupelle (11). 2. Dlspositif optique sdlon la revendication 1,
dans lequel la surface sph6riquo (15) est un hmbsphe-   5 re et 1'angle
d'lncidence de la lumlire A partir de l ouverture de la coupelle
surl'6quateurdela sur- face h6misph6eique nest pas sup6rieure au compl6ment
de I'angle de Brewster. 10 3. Dispositlf optique solon la revendicatbon I
ou 2, dans lequel le transducteur d'hnergle (13) comprend un 6metteur de
lumiere et les parols r6- fl6chissantes (12) sont pr6vues afin de retrans-
mettre sensiblement touto la lumlere 6mlse par  15 I metteur de lumlere
hors de la coupelle (11) et vers la surface spherique de la lentille. 4.
Dispositif optique solon la revendication I ou 2, dans lequel Is
transducteur d'4nergle (13)  20 comprend un absorbeur de lumiere et les
parobs reflechissantbs (12) sont prevues afin de retrans- mettre vers
I'absorbeur de lumlere sensibiement touts la lumire venant dans la coupeleo
(11) A tra- vers la surface de la lentille.            25 5. Dispostlf
optique selon l'une quelconque des re- vondicsflons pr6c6dentbs, comprenant
6gale- ment une coucho (14) du milieu transparent qui s'6tend lat6ralement
autour du bord de la surface   3o sph6rique (15). 6. Dispositif optique
salon la revendlcation 1, dans lequel la surface (15) de Ia lentille
sph6rique comprend un hemisphere et le milieu transparent  35 s tand
tangentlellement a partir du pourtour de l'6quateur de la surface
h6misphftique. 7. Dispositif optique solon l'une quelconque des re-
vendicatlons precedentes dens lequel la surface   40 (15) de la lentille
spherique comprend un hemis- phre, et le rayon extr6mal provenant de
I'ouver- ture de la coupelle est A l'angle de Brewster pour Is milieu
transparent. 45 50 65 *   C   L M S *    


