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LINEAR ILLUMINATION SOURCES AND SYSTEMS

BACKGROUND OF THE INVENTION

Field of Invention

The present invention generally relates to high-efficiency, linear
illumination sources and linear illumination systems which have enhanced output
irradiance and radiance. Irradiance is defined as the light flux per unit area and
can be expressed, for example, in units of watts per square centimeter (W/em?).
Radiance is the brightness of the light. Radiance can be expressed, for example,
in units of watts per square centimeter per steradian (W/(cmPesteradian), where a
steradian is the unit of solid angle.

For many applications, an illumination source with a narrow output
opening and high output efficiency is preferred. Such a source is commonly
constructed using an aperture lamp with an internal slit aperture built into the
lamp structure. However, an aperture lamp generally has lower light emission
than a conventional lamp due to increased light absorption inside the lamp and
due to a reduction in the surface area of the phosphor coating. It would be highly
desirable to have an improved narrow illumination source that is more efficient
than a lamp with an internal slit aperture.

For applications such as, for example, optical scanners and photocopiers,

a linear illumination system with high output irradiance is desired in order to
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illuminate a narrow strip of the area being scanned or photocopied. The
illumination assembly for such a device commonly consists of a bare linear light
source, an aperture lamp, or a lamp partially surrounded with a specular reflector.
A specular reflector is a mirror-like reflector with a smooth surface and has the
property that the angle of light incidence equals the angle of reflection, where the
incident and reflection angles are measured relative to the direction normal to the
surface. An improved linear illumination system which has higher output
irradiance would be advantageous.

For certain other applications such as flat panel displays, an illumination
system having a very shallow thickness is highly desirable. Such systems are
commonly configured with one or more illumination sources, a waveguide or
light pipe for collecting and distributing the light from the illumination sources,
and additional scattering, reflecting, or collimating elements for extracting the
light from the waveguide. A significant depth savings can be achieved by
coupling the illumination sources through the edge of the waveguide. The
amount of light extracted from the system is proportional to the number of
reflections or scattering events that occur within the waveguide, the number being
inversely proportional to the thickness of the waveguide. To obtain maximum
light output, a thin waveguide is preferable. However, this results in waveguide
edges having a small surface area, limiting the size of the illumination source that

can directly adjoin the edge of the waveguide. On the other hand, if the surface
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area of the waveguide edge is increased, the extraction efficiency of the
waveguide will decrease. It would be highly desirable to utilize a thin waveguide
yet provide the maximum illumination source input. Therefore, a highly-
efficient, linear illumination source with high output irradiance and radiance from

a narrow opening is needed.

Description of the Prior Art

It is well-known that it is possible to use tubular fluorescent lamps having
an internal slit aperture in order to concentrate and direct the emitted light into a
narrow angular range. Two types of aperture lamps with internal slits are in
general use. The first type is shown in cross section as aperture lamp 10 in Figure
1. The lamp is composed of a hollow glass tube 12 having a phosphor coating 14
on the entire inside surface except in one narrow region 16 subtending angle 18.
The center of the tube is filled with a mixture of gases which, when excited by an
electric current supplied by electrodes (not shown) at the ends of the tube, emits
ultraviolet light. The ultraviolet light, in turn, strikes the phosphor coating 14 and
is converted to visible light. A typical phosphor coating is also a diffuse reflector.
Note that a diffuse reflector is a reflector that scatters incident light into a range
of angles. Diffuse reflectors typically have high reflectivity only when the
reflective coating is relatively thick (e.g. about 0.15 mm or greater). The

reflective phosphor coating on the inside of an aperture lamp is, by necessity,



10

15

20

WO 99/53238 PCT/US99/06328

significantly thinner than 0.15 mm resulting in poor reflectivity (on the order of
60-80%). Most of the light not reflected by the phosphor is transmitted through
the coating. By placing an aperture, in this case gap 16, in the phosphor coating,
light can be directed preferentially out the aperture. However, due to loss of
some of the light through the phosphor coating, the effectiveness of this type of
aperture lamp is significantly reduced.

A second type of lamp having an internal aperture and known to those
skilled in the art is shown in Figure 2 as aperture lamp 50. The lamp has a glass
tube 52. Inside the glass tube is a phosphor coating 54 and an additional
reflective coating 56. There is an aperture opening 58 through both the phosphor
coating 54 and reflective coating 56 which subtends angle 59 and which allows
light to escape preferentially in one direction.

There are six significant problems associated with the internal aperture
lamps 10 and 50 shown in Figures 1 and 2. First, the phosphor and reflective
coatings must be very thin and the selection of coating materials is very limited so
as not to interfere with the operation of the lamp. No organic materials are
possible for an internal coating because any outgassing from the organic material
or decomposition of the organic material from the effects of ultraviolet light
would lower the efficiency of the lamp. Second, because of the restrictions on
coating materials, the reflectivity of the coatings is not as high as desired. Third,

a significant amount of ultraviolet light generated inside the lamp is wasted due to
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absorption by the glass tube in the area without the phosphor coating. Fourth, a
more expensive glass must be used to make these types of aperture lamps in order
to reduce ultraviolet light induced discoloration and loss of light transmission of
the glass in the area of the aperture. Fifth, because the area of the internal lamp
surface which is covered by the phosphor coating is reduced by the area which
includes the aperture, there is a corresponding reduction in the efficiency of
converting electrical power to light energy. Sixth, internal aperture lamps are
more difficult to manufacture than conventional lamps and therefore are more
expensive. Such deficiencies contribute to reduced efficiency and higher costs
for aperture lamps compared to regular lamps without internal apertures.
Accordingly, there are now provided with this invention improved linear
illumination sources which utilize external, highly reflective enclosures
incorporating one or more linear openings in order to achieve improved source
efficiency, output irradiance and output radiance. Such improved illumination
sources may be combined with additional optical elements to produce more
complex illumination systems. Additional objects of the present invention will

become apparent from the following description.

SUMMARY OF THE INVENTION

One embodiment of the present invention is an improved linear

illumination source. The linear illumination source comprises: (a) a linear light
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source having a width w; in a direction perpendicular to the long axis of the linear
source, and (b) a external reflective enclosure partially surrounding the
aforementioned linear light source, wherein the external reflective enclosure has a
maximum inside width w,, and wherein the external reflective enclosure has at
least one linear opening of maximum width w3 such that

(0.03)(w3) <w3<(0.75)(w2). A linear light source is defined as a light source
having a length dimension that is at least three times the width dimension w;. A
linear light source may be comprised of a single element or may be a linear array
containing a multiplicity of elements. If the linear light source is an array
containing a multiplicity of elements, then the length of the array is at least three
times the width of an individual element. A linear opening is defined as an
opening having a length dimension that is at least three times the width
dimension.

Another embodiment of the invention is disclosed which is directed to a
linear illumination system which utilizes the aforementioned linear illumination
source and one or more additional optical elements in order to achieve a system
with high optical efficiency and high output irradiance and/or radiance. Such a
linear illumination system comprises: (a) a linear light source having a width w;
in a direction perpendicular to the long axis of the linear source, (b) an external
reflective enclosure partially surrounding the aforementioned linear light source,

wherein the external reflective enclosure has a maximum inside width w,, and
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wherein the external reflective enclosure has at least one linear opening of
maximum width w3 such that (0.03)(w2) < w3 £ (0.75)(w3), and (c) at least one
optical element in close proximity to at least one linear opening. An optical
element may include, for example, a cylindrical rod lens, a lenticular lens, an
5 aspherical lenticular lens, a lenticular prism, an array of lenticular lenses, an array
of lenticular prisms, a mirror, a reflecting concentrator, or a waveguide. By
lenticular, we mean a linear optical element having the cross-section (in one
direction only) of a lens or a prism.
The embodiments of the present invention will be better understood by
10 reference to the following detailed discussions of specific embodiments and the

attached figures which illustrate and exemplify such embodiments.

Brief Description of Drawings

The invention will be more fully understood and further advantages will
15 become apparent when reference is made to the following detailed description of
the invention and the accompanying drawings in which:
Figure 1 is a schematic cross-sectional diagram of an internal aperture
lamp of the prior art;
Figure 2 is a schematic cross-sectional diagram of an alternative internal
20 aperture lamp of the prior art;

Figure 3 is a schematic cross-sectional diagram of a linear illumination
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source;

Figures 4 and 5 are respectively, schematic cross-sectional and perspective
diagrams of an alternative version of a linear illumination source;

Figures 6 and 7 are respectively, schematic cross-sectional and perspective

5 diagrams of another version of a linear illumination source;

Figure 8 is a schematic cross-sectional diagram of another linear
illumination source;

Figure 9 is a schematic cross-sectional diagram of a linear illumination
system utilizing the linear illumination source of Figure 4 and a waveguide;

10 Figures 10 and 11 are, respectively, schematic cross-sectional and
perspective diagrams of a linear illumination system utilizing the linear
illumination source of Figure 4 and a lens;

Figure 12 is a schematic cross-sectional diagram of a linear illumination
system utilizing the linear illumination source of Figure 4 and a lens that

15 functions both by refraction and total internal reflection;

Figure 13 is a schematic cross-sectional diagram of a linear illumination
system utilizing the linear illumination source of Figure 4 and a compound
parabolic concentrator (CPC); and

Figure 14 is a schematic cross-sectional diagram of a linear illumination

20 system utilizing the linear illumination source of Figure 4 and an array of optical

elements.
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Figure 15 is a plot of intensity (irradiance) versus detector position.
Figure 16 is a plot of intensity (irradiance) versus detector position.
Figure 17 is a plot of relative output versus opening width.

Figure 18 is a plot of intensity (irradiance) versus detector position.

Description of the Invention

The following preferred embodiments as exemplified by the drawings are
illustrative of the invention and are not intended to limit the scope of the
invention as encompassed by the claims of this application. Illumination sources
and illumination systems using improved external reflective enclosures, linear
openings and, optionally, additional optical elements are disclosed herein.

One embodiment of this invention is a linear illumination source 100
shown in cross-section in Figure 3. Linear illumination source 100 is comprised
of linear light source 102 that is partially surrounded by an external enclosure
104. The linear light source 102 may be centered in the external enclosure 104 or
displaced to one side of the enclosure. One or more linear openings 108 in the
wall of the external enclosure allow light to escape from the enclosure. In close
proximity to the inside surface of the external enclosure 104 is a reflective layer
106. In this figure, the width of the linear light source is 110, the maximum
inside width of the external enclosure is 112, and the maximum width of the

linear opening is 114. Optionally, if the external enclosure 104 is constructed
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from a transparent material, the external enclosure may completely surround the
linear light source 102. However, an opening 108 must still remain in the
reflective layer 106 in order for light to escape from the linear illumination
source.

The linear light source 102 can be any source that emits light. Exemplary
linear light sources include, but are not limited to, one or more of the following
types of light sources: fluorescent lamps, light emitting diodes (LEDs), laser
diodes, organic light emitting diodes, electroluminescent strips, or high-intensity
discharge lamps. As an illustrative example, a multiplicity of light emitting
diodes placed in a row is a linear light source. The single or multiple elements of
the linear light source may emit light of one color, multiple colors, or white light
(which is composed of multiple colors). The linear light source 102 illustrated in
Figure 3 can emit light in all directions. A fluorescent lamp is an example of a
linear light source 102 that emits light in all directions. In order to maximize the
efficiency of the linear illumination system 100, it is preferable that linear light
source 102 have a non-absorptive surface 116. Such a non-absorptive surface
116 may be reflective, transmissive or both.

There is a gap 118 between the surface 116 of the linear light source 102
and the reflective layer 106. Having a gap between linear light source 102 and
the reflective layer 106 is critical if the linear light source 102 is a fluorescent

lamp or other type of lamp where the magnitude of the light output of the lamp is

10
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sensitive to the lamp temperature. The gap 118 can act as an insulating layer
which will allow the linear light source 102 to warm up quickly to its optimum
operating temperature. Preferably the gap is greater than about 10% of the width
110 of the linear light source.

The external enclosure 104 shown in Figure 3 can have any cross-
sectional shape including, but not limited to, circular, elliptical, oval, cusp-
shaped, or faceted. The linear opening 108 preferably has a maximum width 114
that is less than the maximum inside width 112 of the external enclosure 104.
More preferably, the maximum width 114 of linear opening 108 ranges from
about 3% to about 75% of the maximum inside width 112 of the external
enclosure. Most preferably, the maximum width 114 of linear opening 108
ranges from about 5% to about 50% of the maximum inside width 112 of the
external enclosure. In addition, if linear light source 102 is a tubular fluorescent
lamp, preferably the maximum width 114 of linear opening 108 ranges from
about 10% to about 100% of the width 110 of the linear light source. More
preferably, the width 114 of the linear opening 108 ranges from about 20% to
about 90% of the width 110 of the linear light source. The width of the linear
opening 108 may be uniform along the length of the linear light source or the
width of linear opening 108 may vary along the length of the linear light source in
order to change the output light distribution along the light source. This latter

feature of the current invention provides a critical advantage for applications

11
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requiring a uniform illumination, whereby the non-uniformity inherent in the light
output of the lamp can be corrected to give a uniform irradiance. The width of
the aperture can be widened at any point along the length of the lamp where the
lamp output is low in order to provide a relatively constant and uniform output
from the illumination source.

The reflective layer 106 may be constructed from any material that reflects
light. The reflective layer may be a diffuse reflector, a specular reflector, or a
combination of specular and diffuse reflectors.

Diffuse reflectors can be made that have very high reflectivities (for
example, greater than 95% or greater than 98%). However, diffuse reflectors
with high reflectivities are generally quite thick. For example, diffuse reflectors
with reflectivities greater than 98% are typically several millimeters thick.
Examples of diffuse reflectors include, but are not limited to, fluoropolymer
materials such as Spectralon™ from Labsphere, Inc. and polytetrafluoroethylene
(PTFE) film from Fluorglas (sold under the trade name Furon™), W. L. Gore and
Associates, Inc. (sold under the trade name DRP™), or E. 1. du Pont de Nemours
& Company (sold under the trade name of Teflon™), films of barium sulfate,
porous polymer films containing tiny air channels such as polyethersulfone and
polypropylene filter materials made by Pall Gelman Sciences, and polymer
composites utilizing reflective filler materials such as, for example, titanium

dioxide. An example of the latter material is titanium-dioxide-filled ABS

12
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(acrylonitrile-butadiene-styrene terpolymer) produced by RTP. In the case that a
structural material is employed as a reflective material, such as titanium dioxide
filled ABS, the structural support 104 can be combined with the reflective layer
106 as shown in Figures 4 and 5.

Most specular reflective materials have reflectivities ranging from about
80% to about 93%. Any light that is not reflected by the specular reflector is
absorbed and converted to heat, thus lowering the efficiency of any optical system
utilizing such a reflector. Examples of specular reflective materials include, but
are not limited to, Silverlux™, a product of 3M, and other carrier films of plastic
which have been coated with a thin metallic layer such as silver, aluminum or
gold. The thickness of the metallic coating may range from about 0.05 um to
about 0.1 mm, depending on the materials used and the method of manufacturing
the metal coating.

An example of a combination of specular and diffuse reflective materials
is one or more layers of a diffuse reflector that is backed by a specular reflector.
Such a combination of specular and diffuse reflective materials is disclosed in
U.S. patent application 08/679,047 and is incorporated herein by reference. The
use of a combination of specular and diffuse reflective materials may result in
higher reflectivity in a thinner layer than is possible using a diffuse reflective
material alone.

The efficiency of illumination source 100 can be defined as the percentage

13
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of the light emitted from linear light source 102 that escapes through linear
opening 108. The efficiency depends strongly on the width 114 of linear opening
108, the circumference of the inside surface of reflective layer 106, the
reflectivity of the reflective layer 106 and the reflectivity of the linear light source
102. For example, if the width 114 of linear opening 108 is 1/10 of the
circumference of the inside surface of reflective layer 106, then only 10% of the
light that is emitted from linear light source 102 will escape through linear
opening 108 without being reflected by reflective layer 106. The remaining 90%
of the light will be reflected one or more times by reflective layer 106 or by the
linear light source 102 before escaping from linear opening 108 or before being
absorbed by the reflective surfaces and converted to heat. Some of the light may
be reflected ten times or more before escaping. The large number of times that
the light can be reflected makes it very important that the reflectivity of the
reflecting layer 106 be as close to 100% as the practical considerations of space
and cost will allow. For example, if the reflectivity of an optical surface is 90%
per reflection and the light reflects ten times from that surface, the overall
efficiency is (0.90)10 or 35%. The other 65% of the light is lost. However, if the
reflectivity of the reflector is increased to 95% per reflection and the light reflects
ten times from that surface, the overall efficiency is (0.95)10 or 60%, a significant
improvement over 35%. Greater improvements may be attained if the reflectivity

is greater than 95%. Thus, for the present invention, the reflectivity of the

14
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material employed for layer 106 is preferably greater than 90%, more preferably
greater than 95%, and most preferably greater than about 97%.

Another embodiment of this invention is shown as linear illumination
source 150 in Figure 4 (a cross-sectional view) and in Figure 5 (a perspective
view). In this embodiment, linear light source 152 having width 160 is partially
surrounded by an external reflective enclosure 154 having a maximum inside
width 162. One or more linear openings 158 in the wall of the external reflective
enclosure 154 allow light to escape from the enclosure. The maximum width of
the linear opening 158 is dimension 164. The external reflective enclosure 154
shown in Figures 4 and 5 can have any cross-sectional shape including, but not
limited to, circular, elliptical, oval, cusp-shaped, or faceted. The linear opening
158 preferably has a maximum width 164 that is less than the maximum inside
width 162 of the external reflective enclosure 154. More preferably, the
maximum width 164 of linear opening 158 ranges from about 3% to about 75%
of the maximum inside width 162 of the external reflective enclosure. Most
preferably, the maximum width 164 of linear opening 158 ranges from about 5%
to about 50% of the maximum inside width 162 of the external reflective
enclosure. In addition, if linear light source 152 is a tubular fluorescent lamp,
preferably the maximum width 164 of linear opening 158 ranges from about 10%
to about 100% of the width 160 of the linear light source. More preferably, the

width 164 of the linear opening 158 ranges from about 20% to about 90% of the

15
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width 160 of the linear light source. The width of the linear opening 158 may be
uniform along the length of the linear light source or the width of linear opening
158 may vary along the length of the linear light source in order to change the
output light distribution along the light source to compensate for non-uniformities
in the light source.

The embodiment shown in Figures 4 and 5 1s similar to Figure 3 except
that now the structural material of the external enclosure 154 is also the reflective
material. This embodiment is especially useful if the structural material for the
external reflective enclosure is a diffuse reflector. Examples of diffuse reflectors
are listed above. Preferably the reflective material can be cut, formed, extruded,
or molded into the required shape for the external reflective enclosure and, of
course, possesses sufficient tensile modulus, flexual modulus, heat deflection
temperature, and impact resistance to serve as the structural member for the
illumination system.

Preferred reflective materials for use in the particular embodiments 150,
200, 300, 350, 400, 450, and 500 are engineering thermoplastics which have been
filled with fine particles which have an index of refraction which is substantially
greater than that of the host polymer and are optically clear or white in their neat
form, such as titanium dioxide (rutile and anatase), aluminum oxide, zinc oxide,
zinc sulfide, barium sulfate, antimony oxide, magnesium oxide, calcium

carbonate, strontium titantate, and the like. Preferred materials also include

16
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engineering thermoplastics which contain particles, voids or gas-filled bubbles
created, for example, by foaming, and whereby the particles, voids or bubbles
possess an index of refraction substantially less than that of the host polymer.
Although the primary particle size can be much finer, as dispersed in the polymer
matrix, the filler particles or voids preferably lie in the size range from about 0.1
microns to about 3.0 microns and most preferably from about 0.1 microns to
about 1 microns. The optimal size of a filler particle may be predicted from the
relation d = 2A-/(1nd), where d is the diameter of the particle, A-is the vacuum
wavelength of interest, n is the index of refraction of the matrix polymer and 8 is
the difference in the indices of refraction of the filler and the matrix.
Thermoplastics useful in this invention are preferably non-yellow and include a
wide variety of plastics known in the art to be useful for injection molding or
extrusion, such as, for example, ABS, poly (methyl methacrylate) poly(ethylene
terephthalate) (PET), poly(butylene terephthalate) (PBT), polypropylene, nylon 6,
nylon 66, polycarbonate, polystyrene, poly(phenylene oxide), and blends and
alloys thereof.

Another embodiment of this invention is shown as linear illumination
source 200 in Figure 6 (a cross-sectional view) and Figure 7 (a perspective view).
In this embodiment, the linear light source 202 having width 210 is embedded
into the side of the external reflective enclosure 204 which has a maximum inside

width 212. One or more linear openings 208 in the wall of the external reflective

17
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enclosure 204 allow light to escape from the enclosure. The maximum width of
each linear opening 208 is dimension 214. In Figures 6 and 7, the linear opening
208 is illustrated to be on the side of the external reflective enclosure 204
opposite the linear light source 202. However, this is not required and the linear
light source 202 and the linear opening 208 may be adjacent to each other. The
external reflective enclosure 206 may be constructed from a diffuse reflective
material or an additional reflective layer may be placed on the inner surface 206
of external reflective enclosure 204 in order to achieve high reflectivity. The
linear light source 202 illustrated in Figures 6 and 7 preferably emits light into a
hemisphere (a solid angle of 27) or into a solid angle less than 27 and preferably
does not emit light in all directions (which would be a solid angle of 47).
Examples of linear light source 202 include, but are not limited to, light emitting
diodes, laser diodes, organic light emitting diodes, and electroluminescent strips.
In this embodiment of the invention, the external reflective enclosure 204 can
also serve to homogenize the light output from the linear light source 202. This
homogenization is especially important if the linear light source 202 is an array of
light emitting diodes, laser diodes, or organic light emitting diodes, each of which
may have a very small light emitting surface. If the linear light source 202
includes elements that emit different colors (for example, red, green and blue
light emitting diodes), the external reflective enclosure 204 can mix the colors to

form a white light output.

18
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Another embodiment of this invention is illustrated by the linear
illumination source 250 shown in cross-section in Figure 8. This configuration is
especially useful if the linear light source is, for example, a tubular fluorescent
lamp which is illustrated in Figure 8 as a transparent glass envelope 252 that is
coated on the inside with a phosphor layer 254. The linear light source is
surrounded by external enclosure 256 except for opening 264 having an opening
width 262. The external enclosure 256 may be constructed from a reflective
material, a non-reflective material, or a transparent material. If the external
enclosure is constructed from a non-reflective or transparent material, an
additional reflective layer 258 is needed on the inside surface of external
enclosure 256. The reflective structure or structures, including external enclosure
256 and/or reflecting layer 258, may be constructed from diffuse reflective
materials, specular reflective materials, or a combination of diffuse reflective
materials and specular reflective materials. Examples of diffuse and specular
reflective materials are listed above. Figure 8 is similar to Figure 3 except that in
Figure 8 there is little or no gap between the linear light source and the reflecting
layer 258. In the preferred embodiment, the gap is less than 10% of the lamp
width 260. If the linear light source is a fluorescent lamp, removing the gap can
lead to higher output efficiency of the linear illumination source by decreasing the
number of times the light must reflect inside the external reflective enclosure

before is escapes from opening 264. (Note that the phosphor coating inside a
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fluorescent lamp typically has a reflectivity of approximately 60-80% with most
of the remainder of the light being transmitted so that it is possible for light to
travel from one side of the lamp to the other by passing through the phosphor
coating.) However, fluorescent lamps are very sensitive to the temperature of
their surroundings. Placing the external enclosure 256 and/or the reflective layer
258 in close proximity or actual contact with the fluorescent lamp may lengthen
the warm-up time of the lamp with resulting reduced light output while the lamp
is warming up, or may lower the steady-state operating temperature of the
fluorescent lamp which again could result in lower light output. Optionally, if the
external enclosure 256 is constructed from a transparent material and a reflective
layer 258 is utilized, the external enclosure 256 may completely surround the
glass envelope 252 of the fluorescent lamp. However, an opening 264 must still
remain in reflective layer 258 in order for light to escape from the linear
illumination source. An example of the optional configuration would be to use a
flexible, diffuse, reflective layer 258 having an opening 264 and to use
transparent shrink tubing for the external enclosure 256. After the pieces are
assembled into the correct configuration, the shrink tubing can be heated causing
it to shrink tightly around the reflector and fluorescent lamp.

Other embodiments of this invention involve using linear illumination
sources of the type illustrated in Figures 3-8 to make more complex linear

illumination systems. The linear illumination systems may include additional
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optical elements such as, for example, waveguides, cylindrical rod lenses,
lenticular lenses, aspherical lenticular lenses, arrays of lenticular lenses, prisms,
arrays of lenticular prisms, reflectors, concentrators and collimators. The optical
elements may be used to shape, focus, collimate, or project the light being emitted
from the linear illumination source. Examples of such illumination systems are
illustrated in Figures 9-14 and are not meant to limit the scope of this invention.
Note, for example, that any of the linear illumination sources illustrated in
Figures 3-8 may be used with any of the optical elements in order to make
additional linear illumination systems. Likewise, the additional optical elements
may also be used in combination, such as the lens of Figure 10 together with the
light guide of Figure 9, or a lens and CPC can be integrated together, or multi-
stage CPC’s in series may be employed.

The diagram in Figure 9 illustrates another embodiment of this invention.
Linear illumination system 300 is comprised of a linear illumination source 320
and optical waveguide 316. By way of example, linear illumination source 320 is
illustrated to be of the type shown previously in Figure 4 and is further comprised
of a linear light source 302 and a external reflective enclosure 304. A linear
opening 308 in external reflective enclosure 304 allows light to pass from the
linear illumination source 320 to an optical waveguide 316. The optical
waveguide may be used to transport the light by total internal reflection (TIR) to

places remote from the linear illumination source 320. As will be understood by
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those skilled in the art, other optical components may be used with optical
waveguide 316 to form additional illumination systems. Applications for such
linear illumination systems include edge-lit illumination systems for flat panel
displays and collimating illumination systems.

Illustrated in Figure 10 (a cross-sectional view) and Figure 11 (a
perspective view) is another embodiment of this invention. Linear illumination
system 350 is comprised of linear illumination source 370 and a lens 366. By
way of example, linear illumination source 370 is illustrated to be of the type
shown previously in Figure 4. A linear opening 358 in the external reflective
enclosure 354 allows light to pass from the linear illumination source 370 to the
lens 366. In order to achieve higher output irradiance and radiance for the linear
illumination system, preferably linear opening 358 has a maximum width 364 that
is less than the maximum inside width 362 of the external reflective enclosure
354. More preferably, the maximum width 364 of the linear opening 358 ranges
from about 3% to about 75% of the maximum inside width 362 of the external
reflective enclosure. Most preferably, the maximum width 364 of linear opening
358 ranges from about 5% to about 50% of the maximum inside width 362 of the
external reflective enclosure. In addition, if linear light source 352 is a tubular
fluorescent lamp, preferably the maximum width 364 of the linear opening 358
ranges from about 5% to about 100% of the width 360 of the linear light source

352. More preferably, the width 364 of the linear opening 358 ranges from about
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20% to about 90% of the width 360 of the linear light source. Examples of lens
366 include, but are not limited to, a lenticular lens, an aspherical lenticular lens,
a cylindrical rod lens, a plano-convex lenticular lens, a double-convex lenticular
lens, a lenticular Fresnel lens, and multi-element lenses of any type. Especially
useful are linear illumination systems in which the lens 366 is a cylindrical rod
lens as is illustrated in Figures 10 and 11. Lens 366 may be constructed from any
transparent material. Linear illumination systems may be used in many
applications including, for example, optical scanners, facsimile machines, and
photocopiers.

Figure 12 illustrates another embodiment of this invention. Linear
illumination system 400 is comprised of linear illumination source 430 and a
transparent optical element 416. By way of example, the linear illumination
source 430 is illustrated to be of the type shown in Figure 4 and is, in turn,
comprised of linear light source 402 and external reflective enclosure 404.
External reflective enclosure 404 has a linear opening 408 with a maximum width
414 that allows light to pass from the linear illumination source 430 to the
transparent optical element 416. Transparent optical element 416 has an input
surface 418 adjacent to opening 408, a tapered section of length 432 bounded by
sidewalls 420 and 422, and an output surface 424. Optionally, transparent optical
element 416 also includes a straight section with parallel sidewalls 434 and 436,

whereby the straight section is positioned between the tapered section (bounded
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by the sidewalls 420 and 422) and the output surface 424. Preferably the input
surface 418 is planar but planarity is not required. The output width 428 of the
optical element 416 is preferably greater than the input width 426 of the tapered
section. More preferably, the output width 428 of the optical element 416 is at
least two times the input width 426. The sidewalls 420 and 422 of the tapered
section may be planar, curved, or faceted. The output surface 424 of the
transparent optical element 416 may also be planar, curved, or faceted. Preferably
the output surface 424 is a curved lenticular lens, whereby the lens may have a
single radius of curvature, may be parabolic in shape, or may have some general
shape having no single radius of curvature. More preferably, output surface 424
has a single radius of curvature R, where the radius of curvature R may range
from one-half of the output width 428 to about 1.5 times one-half of the output
width 428. In other words, the range of the radius of curvature R is

(width 428)/2 <R < (1.5)(width 428)/2.
Light enters transparent optical element 416 through input surface 418. Some of
the light undergoes reflections from the inner surfaces of sidewalls 420 and 422
and from the inner surfaces of the optional sidewalls 434 and 436. The
reflections may occur by TIR if the sidewalls 420, 422, 434, and 436 are uncoated
or may occur by normal reflection if the sidewalls are coated with a reflective
coating. Since the sidewalls 420 and 422 form an expanding taper, the light will

be partially collimated by the tapered section of the optical element 416. The
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light then exits through the output surface 424 which can further shape the output
light beam. Output surface 424 may result in a light output beam that is either
more collimated or more focused.

Figure 13 illustrates another embodiment of this invention. Linear
illumination system 450 is comprised of an illumination source 476 and a tapered
optical structure 466. By way of example, linear illumination source 476 is
illustrated to be of the type shown in Figure 4. The illumination source 476 is
further comprised of a linear light source 452 and an external reflective enclosure
454. An opening 458 in the external reflective enclosure 454 allows light to pass
from the illumination source 452 to the tapered optical structure 466 having
sidewalls 470 and 472. If the tapered optical structure 466 is a solid structure (not
hollow), preferably the light input end 468 of tapered optical structure 466 is a
planar surface, but planarity is not required. The output width 480 of tapered
optical structure 466 is greater than the input width 478. Preferably, the output
width 480 of the tapered optical structure 466 is at least two times the input width
478. Especially useful are linear illumination systems in which the sidewalls 470
and 472 of the tapered optical waveguide have a parabolic shape or the shape of a
compound parabolic concentrator (CPC). The tapered optical structure 466 may
be constructed from a solid transparent material having surfaces 470 and 472 that
are either uncoated or coated with a reflective material or the tapered optical

structure 466 may be a hollow structure with surfaces 470 and 472 coated with a
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reflective material and with open ends 468 and 474. Light enters the tapered
optical structure 466 at input end 468, reflects from surfaces 470 and 472 and
exits at output end 474. As a result of the tapered sides of the optical structure
466, the light at the output end 474 of the taper is more collimated than the light
at the input end 468. In the case that the optical structure 466 is fabricated from a
clear dielectric material, it is also possible to make the output end 474 not planar
as shown but convex. In such a case, a given degree of collimation can be
achieved with an element of shorter length, where length is defined as the
perpendicular distance from input end 468 to the output end 474.

Another embodiment of this invention is illustrated in Figure 14 as linear
illumination system 500. Linear illumination system 500 is comprised of linear
illumination source 520 and an array 516 of lenticular optical elements 518. By
way of example, linear illumination source 520 is illustrated to be of the type
shown in Figure 4. Linear illumination source 520 is further comprised of linear
light source 502 which is partially surrounded by external reflective enclosure
504 with opening 508. The lenticular optical elements 518 may include lenticular
prisms and lenticular lenses used separately or in combination. If the lenticular
optical elements 518 are lenticular prisms, the sidewalls of the prisms may be
planar, curved or faceted. If the lenticular optical elements 518 are lenticular
lenses, the lenses may have one radius of curvature, multiple radii of curvature, or

may be aspherical lenticular lenses. The purpose of the array 516 of lenticular
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optical elements is to further shape or collimate or focus the light emerging from

opening 508.

The following examples are included to illustrate some embodiments of

this invention but are not meant to limit the scope of the invention.
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Example 1.

This example illustrates forming a reflector using a combination of a layer
of diffuse reflective material and a layer of specular reflective material.
Reflectivity measurements were done using a commercially available Macbeth
#3100 Spectrophotometer. The reflectivity of a 0.5 mm (0.020 inch) thick sheet
of white, diffuse, polytetrafluoroethylene material (product number 128-10 white)
produced by Furon, Hoosick Falls, NY, was measured and found to be 95.6%
with no specular reflector backing. When a specular reflective sheet of
Silverlux™ (3M) having a reflectance of 92% was placed on the back side of the
white diffuse material, the reflectivity of the composite material increased to
96.8%, a number that is larger than either of the two reflective sheets measured
separately. Increases in reflectivity of this magnitude are quite important for
illumination systems in which light is reflected many times inside the system.

For example, if light is reflected twenty times inside the illumination system, the
overall efficiency of the twenty reflections would be (0.956)* or 40.7% for the
diffuse reflective material used alone, (0.920)*° or 18.9% for the specular
reflective material used alone, and (0.968)20 or 52.2% for the combination of
reflective materials. In this example, the combination of diffuse and specular
reflective materials is 28% more efficient than the diffuse reflective material used

alone and 176% more efficient than the specular reflective material used alone.
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Example 2.

In this example, the efficiency of a commercially available fluorescent
aperture lamp having an internal aperture (utilizing the prior art configuration
shown schematically in Figure 2) was compared to an improved illumination
source design as described in this invention.

The commercially available internal aperture lamp was a 3 mm diameter
cold-cathode fluorescent lamp made by LCD Lighting. This lamp had a 90°
internal aperture which allowed light to escape predominantly from one side of
the lamp. Note that a 90° aperture corresponds to the case where the width of the
aperture is approximately 50% of the internal width of the reflecting layer. The
lamp was placed inside an integrating sphere and the total light output was
measured. Dividing the total light output by the length of the lamp resulted in an
output per unit length of 4.0 lumens/inch.

A second lamp (the same length as the preceding aperture lamp) was
obtained from LCD Lighting having no internal aperture but having the same
technical characteristics (3 mm diameter and the same phosphor and gas fill
compositions) as the preceding aperture lamp. This lamp was tightly wrapped
with a combination of diffuse and specular reflective materials except for a linear
opening of 90° which allowed the light to escape. In this case, the combination of
diffuse and specular reflective materials was on the outside of the glass envelope

of the lamp forming a linear external opening. The combination of diffuse and
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specular reflective materials was made up of a 0.25 mm (0.010 inch) thick sheet
of Furon™, a polytetrafluoroethylene diffuse reflective material purchased from
Fluorglas, and was backed by a layer of Silverlux™ specular reflective material
purchased from 3M. The reflecting materials were held in place by completely
surrounding the lamp and the reflective materials with a transparent plastic shrink
tube and then heating the shrink tube until it tightly compressed the reflecting
materials onto the outside surface of the lamp. The illumination source was
placed inside an integrating sphere and the total light output was measured.
Dividing by the length of the lamp to convert to lumens/inch resulted in an output
of 6.8 lumens/inch which is a 70% improvement in efficiency over the internal

aperture lamp.

Example 3.

The two illumination sources of Example 2, the internal 90° aperture lamp
from LCD Lighting and the improved linear illumination source of this invention,
were each used to illuminate a surface 4 mm from the lamps. The irradiance (in
units of mW/cm?) was measured for both sources. At the 4 mm distance, the
irradiance from the standard internal aperture lamp was 3.4 mW/cm?. The
irradiance from the improved illumination source of this invention was 5.6

mW/cmz, an improvement of 65%.
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Example 4.

A linear illumination source was constructed utilizing the configuration
shown schematically in Figure 4 and was compared to a linear illumination
system that was constructed utilizing the configuration shown schematically in
Figure 10 and that includes an external lens. For both cases, the light source was
a cold-cathode fluorescent lamp made by Harrison that had an outside diameter of
2.6 mm and a length of 268 mm. The lamp was driven by an inverter using an
inverter input power of approximately 3.7 watts. The light output of the bare
lamp was measured using a calibrated integrating sphere and found to be 123
lumens. A external reflective enclosure surrounded the lamp except for a linear
opening whose width could be adjusted. The external reflective enclosure was
constructed from two pieces of Spectralon™ (from Labsphere Inc.).

Spectralon™ is a diffuse reflecting solid whose reflectivity depends on the
thickness of the material. For 555 nm light, a section of Spectralon™ that is 3
mm thick has a reflectivity of 97.2%. The two pieces of reflecting material were
machined such that the shape of the enclosure was oval. The maximum inside
width of the oval enclosure was approximately 7.0 mm and a minimum inside
width of the oval enclosure was approximately 4.6 mm. A linear opening in one
side of the enclosure was adjusted to have a uniform width of 1.15 mm. Note that
when the width of the linear opening was 1.15 mm, the opening width is only

approximately 16% of the maximum internal width of the enclosure and

31



10

15

20

WO 99/53238 PCT/US99/06328

approximately 44% of the width of the lamp. For the case of the linear
illumination system, either a rod lens approximately 3.18 mm in diameter or a
plano-convex cylinder lens was placed outside the enclosure and approximately
3.5 mm from the oval cavity in the external reflective enclosure. For all three
cases (i.e. no lens, a rod lens, or a plano-convex cylinder lens), the irradiance (in
mW/cm?) of the linear illumination system was measured at a distance of 7 mm
from the rod lens using a 1 mm diameter detector. Within the 7 mm distance was
a 3 mm thick glass plate which simulated the optical arrangement typically
encountered inside a flatbed document scanner. The detector was moved from
side to side over a range of approximately 30 mm to map out the shape of the
irradiance distribution perpendicular to the long axis of the linear illumination
system. The results are shown in Figure 15. For the linear illumination source
with no lens, the resulting peak irradiance was approximately 7.3 mW/cm®.
Placing a plano-convex cylinder lens at the linear opening of the illumination
source increased the peak irradiance to approximately 14 mW/cm?. Replacing the
cylinder lens with a rod lens resulted in a peak irradiance of approximately 15
mW/cm?. Utilizing the lens, whether a rod lens or a plano-convex cylinder lens,

greatly improved the peak irradiance.

Example 5.

A linear illumination system was constructed utilizing the configuration
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shown schematically in Figure 10 and included a light source, an external
reflective enclosure, and an external lens. The light source was a cold-cathode
fluorescent lamp made by Harrison that had an outside diameter of 2.6 mm and a
length of 268 mm. The lamp was driven by an inverter using an inverter input
power of approximately 3.7 watts. The light output of the bare lamp was
measured using a calibrated integrating sphere and found to be 123 lumens. A
external reflective enclosure surrounded the lamp except for a linear slit whose
width could be adjusted. The external reflective enclosure was constructed from
two pieces of Spectralon™ (from Labsphere Inc.). Spectralon™ is a diffuse
reflecting solid whose reflectivity depends on the thickness of the material. For
555 nm light, a section of Spectralon™ that is 3 mm thick has a reflectivity of
97.2%. The two pieces of reflecting material were machined such that the shape
of the enclosure was oval. The maximum inside width of the oval enclosure was
approximately 7.0 mm and a minimum inside width of the oval enclosure was
approximately 4.6 mm. A linear opening in one side of the enclosure could be
adjusted to have a uniform width ranging from 1.15 mm to 2.35 mm. Note that
when the width of the linear opening is 2.35 mm, the opening width is less than
the width (2.6 mm) of the fluorescent lamp and only approximately 35% of the
maximum inside width of the enclosure. When the width of the linear opening is
1.15 mm, the opening width is only approximately 16% of the maximum internal

width of the enclosure and approximately 44% of the width of the lamp. A
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cylindrical rod lens approximately 3.18 mm in diameter was placed outside the
enclosure and approximately 3.5 mm from the oval cavity in the external
reflective enclosure. The irradiance (in mW/cmz) of the linear illumination
system was measured at a distance of 7 mm from the rod lens using a 1 mm
diameter detector. Within the 7 mm distance was a 3 mm thick glass plate which
simulated the optical arrangement typically encountered inside a flatbed
document scanner. The detector was moved from side to side over a range of
approximately 30 mm to map out the shape of the irradiance distribution
perpendicular to the long axis of the linear illumination system. The results are
shown in Figure 16. The narrowest opening width, 1.15 mm, had the highest
peak irradiance (approximately 16 mW/cm?) but also the narrowest irradiance
distribution (a full width at half maximum of approximately 5 mm). In contrast,
the widest opening width (2.35 mm) had the lowest peak irradiance
(approximately 11.5 mW/cm?) and the widest irradiance distribution (a full width
at half maximum of approximately 11 mm). For both the narrowest and widest
opening widths measured, the peak values of irradiance are much higher than the
irradiance of the same linear illumination source without the lens. The total
integrated light output from the linear illumination system is directly related to
the opening width and is highest for the widest opening as shown in Figure 17.
The normalized peak irradiance is inversely related to the opening width and is

highest for the smallest opening width (also shown in Figure 17).
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Example 6.

An experiment was done to measure the output efficiency of a linear
illumination source as a function of the percent reflectivity of the reflective
material. A linear illumination source was constructed that included a linear light
source, an external tubular enclosure and a layer of reflective material that lined
the inside surface of the external tubular enclosure except for a linear opening
having a fixed width of 1.5 mm. The linear light source was a cold-cathode
fluorescent lamp that had a diameter of 2.6 mm and a length of 268 mm. The
lamp was driven by an inverter using an inverter input power of approximately
3.7 watts. The external enclosure was constructed from an acrylic tube that had
an inside diameter of 6.4 mm. Five different reflective materials were placed
sequentially inside the enclosure. The materials were: polyethersulfone filter
material (obtained from Pall Gelman Sciences), Spectraflect™ (obtained from
Labsphere), Duraflect™ (obtained from Labsphere), Silverlux™ (obtained from
3M), and Predator™ (obtained from Pall Gelman Sciences). All the reflecting

materials with the exception of Silveriux™
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were diffuse reflectors. The table below shows the resulting illumination source

efficiencies as a function of the material reflectivity.

Reflecting Material Reflectivity Efficiency
Polyethersulfone 97.7% 54.3%
Spectraflect™ 97.5% 54.3%
Duraflect™ 96% 48%
Silverlux™ 92% 41.9%
Predator™ 85% 31.3%

Thus, the table demonstrates that small changes in the reflectivity can result in

large changes in the efficiency of the linear illumination source.

Example 7.

In this example, two illumination devices utilizing an aperture lamp were
compared to two improved illumination devices as taught by this invention.
Device 1 was a commercially available 3 mm diameter cold-cathode aperture
fluorescent lamp made by LCD Lighting. This lamp had a 90° internal aperture
which allowed light to escape predominantly from one side of the lamp. Note
that a 90° aperture corresponds to the case where the width of the aperture is
approximately 50% of the internal width of the reflecting layer. Device 2 used

the same aperture lamp as Device 1 but added a 3.18 mm diameter rod lens
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placed approximately 3.5 mm from the lamp aperture. For both device 1 and
device 2, the lamp was placed inside a clear acrylic enclosure but no reflective
material was used for the enclosure. Devices 3 and 4 are examples of
embodiments of this invention. Devices 3 and 4 utilized a second lamp obtained
from LCD Lighting having no internal aperture but having the same technical
characteristics (3 mm diameter and the same phosphor and gas fill compositions)
as the preceding aperture lamp. In addition, for devices 3 and 4, an external
reflective enclosure was placed around the lamp where the external reflective
enclosure had a linear opening whose width was adjusted to 1.15 mm. The
external reflective enclosure was constructed from two pieces of Spectralon™
(from Labsphere Inc.). Spectralon™ is a diffuse reflecting solid whose
reflectivity depends on the thickness of the material. For 555 nm light, a section
of Spectralon™ that is 3 mm thick has a reflectivity of 97.2%. The two pieces of
reflecting material were machined such that the shape of the enclosure was oval.
The maximum inside width of the oval enclosure was approximately 7.0 mm and
a minimum inside width of the oval enclosure was approximately 4.6 mm. For
device 4, a rod lens approximately 3.18 mm in diameter was placed
approximately 3.5 mm from the oval cavity in the external reflective enclosure.
Device 3 had no lens. The irradiance (in mW/cmz) of the linear illumination
system was measured at a distance of 7 mm from the rod lens using a 1 mm

diameter detector. Within the 7 mm distance was a 3 mm thick glass plate which
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simulated the optical arrangement typically encountered inside a flatbed
document scanner. The detector was moved from side to side over a range of
approximately 30 mm to map out the shape of the irradiance distribution
perpendicular to the long axis of the linear illumination system. The results are
5 shown in Figure 18. Device 1 (the aperture lamp alone) had the worst peak

irradiance of about 3.0 mW/cm?. For device 2 (the aperture lamp plus the rod
lens), the peak irradiance increased only slightly to 4.29 mW/cm?. Device 3 (the
non-aperture lamp used with a reflective enclosure taught by this invention) had a
much improved peak irradiance of 7.0 mW/cm®. Device 4 (the non-aperture lamp

10 used with a reflective enclosure and rod lens arrangement taught by this
invention) had the highest peak irradiance of 11.8 mW/cm®. These results
indicated that a non-aperture lamp used with an external reflecting enclosure
having a narrow linear opening gave a higher directed irradiance than an internal
aperture lamp and that even further improvement in the directed irradiance was

15 obtained by adding an additional optical element (in this case, a rod lens).

It should be understood that this invention is applicable to a wide variety
of devices requiring linear illumination sources and linear illumination systems.
20 Examples include, but are not limited to: scanners, facsimile machines,

photocopiers and direct illumination devices for commercial, office, residential,
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outdoor, automotive, and appliance applications. The inventions herein may also
be applied to displays (e.g. flat panel displays) for computer, automotive, military,
aerospace, consumer, commercial, and industrial applications.

While there has been described what is believed to be the preferred
embodiments of the invention, those skilled in the art will recognize that other
and further modifications may be made thereto without departing from the spirit
of the invention, and it is intended to claim all such embodiments that fall within

the true scope of the invention.
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We claim:

1. A linear illumination source comprising:

(a) a linear light source having a width w, in a direction perpendicular
to the long axis of the linear light source, and

(b) a external reflective enclosure partially surrounding the linear light
source, wherein the external reflective enclosure has a maximum inside width w,,
and wherein the external reflective enclosure has at least one linear opening of

maximum width ws such that (0.03)(w>) < w3 <(0.75)(w»).

2. A linear illumination source of claim 1, wherein said linear light

source is a tubular fluorescent lamp.

3. A linear illumination source of claim 2, wherein (0.1)(w;) S w3 <
Wi.

4. A linear illumination source of claim 2, wherein (0.2)(w;) < w3 <
(0.9)(wy).

5. A linear illumination source of claim 1, wherein said linear light

source is an array of light emitting diodes, an array of laser diodes, at least one

organic light emitting diode, or at least one electroluminescent strip.
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6. A linear light source of claim 5, wherein the linear light source is

comprised of light emitters of more than one color.

5 7. A linear illumination source of claim 1, wherein the reflective

material of said external reflective enclosure has a reflectivity R > 90%.

8. A linear illumination source of claim 1, wherein the reflective
material of said external reflective enclosure has a reflectivity R > 95%.
10
9. A reflective material of claim 8, wherein the reflective material of
said external reflective enclosure is either a diffuse reflector, a specular reflector,

or a combination of diffuse and specular reflectors.

15 10. A reflective material of claim 8, wherein the reflecting material is

used as the structural material of said external reflective enclosure.

11. A reflective material of claim 10 comprising an engineering
thermoplastic filled with fine particles of a clear or white filler wherein the index
20 of refraction of said fine particles is greater than the index of refraction of said

thermoplastic.
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12. A linear illumination source of claim 1, wherein said linear

opening has a width that varies along the length of the illumination source.

5 13. A linear illumination source of claim I, wherein said linear

opening has a maximum width wa, such that (0.05)(wz) < w3 < (0.50)(w>).

14. A linear illumination system comprising:
(a) a linear light source having a width w; in a direction perpendicular
10 to the long axis of the linear source,
(b) a external reflective enclosure partially surrounding the linear light
source, wherein the external reflective enclosure has a maximum inside width wy,
and wherein the external reflective enclosure has at least one linear opening of

maximum width w3 such that (0.03)(w;) < w3 < (0.75)(w»), and

15 (c) at least one optical element in close proximity to at least one linear
opening.
15. A linear illumination system of claim 14, wherein said optical

element is a cylindrical rod lens.

20
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16. A linear illumination system of claim 14, wherein said optical
element is a lenticular lens, an aspherical lenticular lens, a lenticular Fresnel lens,
a lenticular prism, an array of lenticular lenses, an array of lenticular prisms, a

mirror, or a reflecting concentrator.

5
17. A linear illumination system of claim 14, wherein said optical
element is a waveguide or a light pipe.
18. A linear illumination system of claim 14, wherein said linear
10 opening has a maximum width w3 such that (0.05)(w2) < w3 < (0.50)(w>).
19. A linear illumination system of claim 14, wherein said linear light
source is a tubular fluorescent lamp.
15 20. A linear illumination system of claim 19, wherein (0.1)(w;) < w3 <
(1.0)(wy).
21. A linear illumination system of claim 19, wherein (0.2)(w;) < w3 <
(0.9)(w1).

43



FIG. 1
/ PRIOR ART
10

FIG. 2
PRIOR ART

1/12



WO 99/53238 PCT/US99/06328

152
FIG. 4

150

2/12



WO 99/53238 PCT/US99/06328

156

158

154

f‘ | 152

150

FIG.5

3/12



WO 99/53238 PCT/US99/06328

206
208

202

200

4/12



WO 99/53238 PCT/US99/06328

250 FIG. 8




WO 99/53238

350

354
352

FIG. 10

358

FIG. 11

6/12

PCT/US99/06328

366

366



WO 99/53238 PCT/US99/06328




WO 99/53238 PCT/US99/06328

8/12



PCT/US99/06328

WO 99/53238

gl 'OIid
(ww) NOILISOd SIXV-A

061 g8l 081 G/l 01 G9l 091 mmw
L e
1 b
£ 9
Yooy -
SNITON—— /V/ ALISNAINI
SN31a0H —o— ol
SNIT TYOIHANITAD —o— nﬂa/ %u
\Vi )
Kmrﬂ\ 14"
9l
NSl ®89¢ NOSIHVH

HO1031434 3HN1vH3IdY WwsE | NOTvHLO3dS

9/12



PCT/US99/06328

WO 99/53238

Ge

91 "OId

(ww) NOILISOd SIXV-A
0¢ 62 0z Gl ol G o
o8 MM HETIONE500
wwm. DMQQQQH LNMIN-mmmm‘m%OO OOO N
T9o°0 v mn o0
ooon \v/ a‘m o
%D.l.lmq h_maﬂ 30 .V
°8 g o
al ¥ g o
o - o g
o0 Y o (o)
=0 B— g ALISNALNI
JUN1H3dV NNSF E v o B
JHN.LHIdY Ww/'| o o °g o 10410
FHNIHIdY WwsGg'¢ o o oc g 5 ol
a °© O O
oV ﬂoomooo
O —TV Al
_u_u+_u
— 7l
4%4
9l

37140Hd ALISNILNI HYELHOIT NOTVH1O3dS

10/12



PCT/US99/06328

WO 99/53238

A
(ww) H1dIM DNINIdO

G2 62 12 61 Gl el G0
05
o
ALISNILNI ¥v3d 03ZITVIWHON —o— 09
1Nd1NO G3L¥HOIINI GIZITYWHON —o—
59
o 0L
0 — ¢; LNdLNO
/ \J JAILLY13Y
//_u_\\\.wvA 08
7 < 06
e < 6
o= / 00}

AONZI0OId43 HYE1HDIT NOTVHLO3dS

11/12



PCT/US99/06328

WO 99/53238

81 'Ol

(ww) NOILISOd SIXV-A

G2 02 Gl ol S 0
~— Ilp/\.\/h,A.\/\. - :/ K f :\: v\u\l.v - —
= e N \ ) ’ 7 |...\.v\.u‘tn.\\
S S o0 e P
~ N L DI S, S A Rl iy / y
~. A ./, / \I \ -
A r/, \Y 4 \. , 7
N\ T me’ ’ \\
ALIAYD N 6e /s
JITAHOY HY310 s /
\ / N N = y \.\.
\ /. N < - ) . 7 f .\.
£ SNI1ON uNLyHIdy —-—]|| \ TG /
SNIT/M IdNLvHadY - - -|| \ /
SNITAOHON - - - 1
SNI1 a0H HLIM —-— / \
/ \ /
7 4
ALINYD WG|y / /
NOTVH13dS N/
./‘\
g1l

NOSIHVAINOD AON3IOI443 HVE1HOIT

0
¢
14
g (5Wo/Mu)
ISusjy|
8
ot
¢l

12/12



INTERNATIONAL SEARCH REPORT

Inte onal Application No

PCT/US 99/06328

A. CLASSIFICATION OF SUBJECT MATTER

F
IPC 6  F21V7/12 G03B27/54

According to international Patent Classification (IPC) or to both national classification and {PC

B. FIELDS SEARCHED

IPC 6 F21V HOAN GO3B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

see claim 7

Category * | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y GB 2 020 000 A (WESTINGHOUSE ELECTRIC 1,7-10,
CORP) 7 November 1979 13-15,18
see the whole document
Y US 5 103 385 A (FEDERICO RICHARD J ET AL) 1,7-10,
7 April 1992 13-15,18
see column 3, line 20 - Tine 45
see column 4, Tine 29 - line 31
see figures 1-3
A FR 2 255 551 A (XEROX CORP) 18 July 1975 1,13

_/__.

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the internationat filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance: the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m‘.:tr;\ts, ftUCh combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

24 June 1999

Date of mailing of the international search report

05/07/1999

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Fax: (+31-70) 340-3016

Authorized officer

Clabaut, M

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte onat Application No

PCT/US 99/06328

C.(Continuation) DOCUMENTS CONSIDERED TQ BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A US 5 241 459 A (KAPLAN MARTIN C ET AL)
31 August 1993

see column 5, line 17 - line 42

see column 6, 1ine 64 - column 7, line 4
see column 8, line 13 - line 22

see figures 1,2

A US 5 565 958 A (KAPLAN MARTIN C)
15 October 1996

see column 2, Tine 4 - Tine 40
see figures

A GB 1 533 870 A (XEROX CORP)

29 November 1978

see the whole document

A US 5 453 849 A (COPENHAVER GARY B ET AL)
26 September 1995

see column 8, line 6 - line 26

see figures 1A,1B

1,7

1,14,16,

17

1,12

1,2,5

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

information on patent family members

Inte

onai Application No

PCT/US 99/06328

Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 2020000 A 07-11-1979 us 4186431 A 29-01-1980
JP 54145523 A 13-11-1979

US 5103385 A 07-04-1992 NONE

FR 2255551 A 18-07-1975 GB 1455439 A 10-11-1976
AU 7548974 A 20-05-1976
BE 823222 A 01-04-1975
BR 7409311 A 05-10-1976
CA 1045600 A 02-01-1979
DE 2451142 A 03-07-1975
JP 50098323 A 05-08-1975
NL 7415217 A 29-04-1975
SE 7415261 A 23-06-1975

US 5241459 A 31-08-1993 EP 0597082 A 18-05-1994
JP 6509694 T 27-10-1994
Wo 9325039 A 09-12-1993

US 5565958 A 15-10-1996 NONE

GB 1533870 A 29-11-1978 NONE

US 5453849 A 26~09-1995 us 5619513 A 21-05-1996
us 5717504 A 10-02-1998

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

