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(57) ABSTRACT 

Alighting system is disclosed. The lighting system includes 
a ?rst selectively actuated light module that emits light 
having a ?rst polarization orientation. A second selectively 
actuated light module emits light having a second polariza 
tion orientation that is orthogonal to the ?rst polarization 
orientation. A ?rst combining element combines and directs 

(73) Assignee: Rockwell Collins, Inc., Cedar Rapids, IA light from the ?rst and second light modules into an optical 
52498 (US) path. A?rst polarization alignment element aligns the polar 

ization of light from the ?rst combining element to a 
(21) Appl. No.: 09/771,419 predetermined polarization orientation. The ?rst and second 

light modules are selectively actuated to ensure that light 
having the predetermined polarization orientation is sub 

(22) Filed: Jan. 26, 2001 stantially constantly emitted When desired. 
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HIGH RELIABILITY LIGHTING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] A common type of visual display includes a light 
source, such as an arc lamp, that is modulated to provide a 
readable output for a user. Displays used in applications such 
as avionics must be designed to operate even if the light 
source fails. Consequently, high-reliability displays have a 
back-up light source that is actuated if something is Wrong 
With the principal lighting source. Because of space consid 
erations such a back-up light source may have a smaller, 
lesser intensity bulb. Alternately, the back-up light source 
may light only part of the display, Which may cause a 
reduction in quality of the readable output. 

[0002] Another issue relating to displays is that some 
types of displays require an output to have a speci?c 
polariZation state or direction. As is knoWn in the art, 
polariZed light may be de?ned as being in one of tWo 
orthogonal polariZation states or orientations, knoWn as the 
p and s polariZation states, that are both orthogonal to the 
direction of transmission of light. A display may require 
light to be in either the p or the s polariZation state. It is 
dif?cult to properly maintain the desired polariZation direc 
tion in a lighting system With multiple light sources, espe 
cially When the light sources can be actuated in any one of 
several combinations. 

[0003] It is therefore an object of the invention to provide 
a lighting system that may be operated in a high-reliability 
environment. 

[0004] It is another object of the invention to provide a 
high-reliability lighting system that maintains a consistent 
output even in the event of failure. 

[0005] It is still another object of the invention to provide 
a high-reliability lighting system that provides light With a 
consistent polariZation state regardless of the combination of 
light sources that are actuated therein. 

[0006] A feature of the invention is the use of optically 
re?ective and transmissive elements that combine the polar 
iZed light from a plurality of lamps so that the polariZation 
state of the light so produced may be modi?ed as desired. 

[0007] An advantage of the invention is that a compact, 
high-reliability source of polariZed light is ensured. 

SUMMARY OF THE INVENTION 

[0008] The invention provides a lighting system that 
includes a ?rst selectively actuated light module that emits 
light having a ?rst polariZation orientation. A second selec 
tively actuated light module emits light having a second 
polariZation orientation that is orthogonal to the ?rst polar 
iZation orientation. A?rst combining element combines and 
directs light from the ?rst and second light modules into an 
optical path. A ?rst polariZation alignment element aligns 
the polariZation of light from the ?rst combining element to 
a predetermined polariZation orientation. The ?rst and sec 
ond light modules are selectively actuated to ensure that 
light having the predetermined polariZation orientation is 
substantially constantly emitted When desired. 

[0009] The invention also provides a lighting system 
including a ?rst selectively actuated light module that emits 
light having a ?rst polariZation orientation. A second selec 
tively actuated light module emits light having a second 
polariZation orientation that is orthogonal to the ?rst polar 
iZation orientation. A third selectively actuated light module 
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emits light having the ?rst polariZation orientation. A ?rst 
combining element combines and directs light from the ?rst 
and second light modules into a ?rst optical path. A ?rst 
polariZation alignment element aligns the polariZation of 
light from the ?rst combining element to a ?rst predeter 
mined polariZation orientation. Asecond combining element 
combines light from the third light module With light from 
the ?rst and second light modules. A second polariZation 
alignment element aligns the polariZation of light from the 
second combining element to a second predetermined polar 
iZation orientation. The ?rst, second and third light modules 
are selectively actuated to ensure that light having the 
second predetermined polariZation orientation is substan 
tially constantly emitted When desired. 

[0010] The invention further provides a method of pro 
viding a source of light. According to the method, light from 
a ?rst light module With a ?rst polariZation orientation is 
selectively provided. Light from a second light module With 
a second polariZation orientation that is orthogonal to the 
?rst polariZation orientation is selectively provided. Light 
from the ?rst and second light modules are combined and 
directed into an optical path. The polariZation of light in the 
optical path is aligned to a predetermined polariZation 
orientation. Light from the ?rst and second light modules is 
selectively emitted to ensure that light having the predeter 
mined polariZation is substantially constantly emitted When 
desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic diagram of a lighting system 
according to one embodiment of the invention. 

[0012] FIG. 2 is a schematic diagram of a lighting system 
according to another embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs a lighting system 10 according to one 
embodiment of the invention, Which may serve as an illu 
mination source for a display. Lighting system 10 includes 
a heat dissipation structure, Which is depicted as a heat sink 
12. Heat sink 12 includes a plurality of extensions 14 and 
?ns 16 to dissipate heat created by the remainder of the 
lighting system that is described beloW. 

[0014] Lighting system 10 comprises a ?rst lamp module 
20a. First lamp module 20a includes an arc-type lamp 22a, 
Which may be a Xenon arc lamp. Afocusing element such as 
a lens 24a is positioned to focus light emitted from the ?rst 
lamp module. A ?ltering element, shoWn as a cold mirror 
26a, re?ects visible Wavelengths of light and transmits 
Wavelengths of light from the unseen spectrum, such as 
ultraviolet (UV) and infrared (IR) light. As the heat from UV 
and IR light may Warp or damage the sensitive optical 
components of the lighting system, cold mirror 26a there 
fore removes UV and IR light from the light to be output by 
the light module. Heat sink 12 dissipates the heat from 
Wavelengths transmitted by cold mirror 26a. 

[0015] Light re?ected by cold mirror 26a passes through 
a ?rst polariZation alignment element, Which is preferably a 
?rst polariZation recovery ?lm 28a. First polariZation recov 
ery ?lm 28a is positioned to transmit light in a ?rst polar 
iZation state, While rotating the polariZation of light in a 
second, orthogonal polariZation state to the ?rst state. Light 
exiting ?rst lamp module 20a is therefore substantially 
completely aligned in the ?rst polariZation state. The light 
from the ?rst lamp module is re?ected by a mirror 30 so that 
it is in a principal optical path P. 
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[0016] Lighting system 10 further comprises a second 
lamp module 20b, a third lamp module 20c, and a fourth 
lamp module 20d. Each of the second, third and fourth lamp 
modules include an arc lamp 22b, 22c, 22d, a lens 24b, 24c, 
24d, and a cold mirror 26b, 26c, 26d. These components are 
substantially identical to the similarly numbered compo 
nents in the ?rst lamp module. Second, third and fourth lamp 
modules 20b, 20c, 20d further include a second, third and 
fourth polariZation recovery ?lm 28b, 28c, 28d, respectively. 
Each of the second, third and fourth polariZation recovery 
?lms transmit light in the second polariZation state and 
rotate the polariZation of light in the ?rst state to be in the 
second state. Note that the effect of second, third and fourth 
polariZation recovery ?lms 28b, 28c, 28a' is opposite of the 
effect of ?rst polariZation recovery ?lm 28a. 

[0017] Light from second lamp module 20b is directed 
toWard a ?rst combining element, Which is depicted as a ?rst 
polariZing beam splitter 32. First polariZing beam splitter 32 
transmits light in the ?rst state and re?ects light in the 
second state. Therefore, as ?rst polariZing beam splitter 32 
is situated in the principal optical path, light from the ?rst 
lamp module, Which is in the ?rst state, passes through the 
?rst polariZing beam splitter. Furthermore, light from the 
second lamp module, Which is in the second state, is 
re?ected by the ?rst polariZing beam splitter into the prin 
cipal optical path, thereby combining With light from the 
?rst lamp module. 

[0018] After passing through or being re?ected by the ?rst 
polariZing beam splitter, the principal optical path includes 
light in both the ?rst and second polariZation states. Light 
from the ?rst polariZing beam splitter passes through a ?fth 
polariZation recovery ?lm 34, Which like ?rst polariZation 
recovery ?lm 28a transmits light in the ?rst state While 
rotating the polariZation of light in the second state to the 
?rst state. The light is therefore substantially completely 
oriented in the ?rst state. A second polariZing beam splitter 
36 is situated to re?ect light from third lamp module 20c 
(Which is in the second polariZation state) into the principal 
optical path and to transmit light from the combined ?rst and 
second lamp modules, Which at this point has been aligned 
to the ?rst state. The light so combined is in the ?rst and 
second states. Asixth polariZation recovery ?lm 38 transmits 
light in the ?rst state and rotates light in the second state to 
the ?rst state. A third polariZing beam splitter 40 is situated 
to re?ect light from fourth lamp module 20c (Which is in the 
second polariZation state) into the principal optical path and 
to transmit light from the combined ?rst, second and third 
lamp modules, Which at this point has been aligned to the 
?rst state. The light so combined is in the ?rst state and the 
second state. Light in the principal optical path is then 
re?ected by a mirror 42 and passes through a seventh 
polariZation recovery ?lm 44. The polariZation transmission 
characteristics of the seventh recovery ?lm are determined 
by the desired application. For instance, if light in the ?rst 
polariZation state is required to be output to a display, 
seventh polariZation recovery ?lm 44 is selected to transmit 
light in the ?rst state and to rotate light in the second state 
to the ?rst state. On the other hand, if light in the second state 
is required to be output to a display, the seventh polariZation 
recovery ?lm is rotated so that it transmits light in the second 
state and rotates light in the ?rst state to the second state. 
Regardless of the characteristics of the seventh polariZation 
recovery ?lm, light exiting the seventh polariZation recovery 
?lm is substantially completely in a single polariZation state 
(either the ?rst state or the second state) and is ready to 
function as an illumination source for a display, such as an 
avionics display. 
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[0019] It can be seen that any combination of ?rst through 
fourth lamp modules 20a-d may be activated at any time 
While maintaining the polariZation state of the light exiting 
the light system. Because of this characteristic, light system 
10 has particular utility as a high-reliability or failsafe 
illumination source. For example, a normal operating mode 
may be de?ned as having ?rst and second arc lamps 22a, 22b 
turned on and third and fourth arc lamps 22c, 22d turned off. 
If one of the ?rst or second arc lamps fails, one of the third 
or fourth arc lamps may be turned on to compensate for the 
failure. In such a situation there is no reduction in light 
output. A control system (not shoWn) may be employed to 
detect the failure of an arc lamp and to actuate another of the 
arc lamp in its place. As one skilled in the art could design 
and construct a suitable control system Without undue 
experimentation, the control system Will not be further 
described. 

[0020] The polariZation recovery ?lms disclosed herein 
are preferably made of sheets of transparent plastic so that 
light may pass therethrough. Polarization recovery ?lm 
manufactured by Polatechno of Nakakubiki-Gun, Niigata 
Ken, Japan should provide satisfactory results. The polariZ 
ing beam splitters disclosed herein preferably comprise a 
coating disposed on a transparent sheet of glass or plastic. A 
beam splitter sold under the trade name HELFTM and manu 
factured by BalZers Thin Films of BalZers, Lichtenstein 
should provide satisfactory results. 

[0021] FIG. 2 depicts a lighting system 110 according to 
another embodiment of the invention. Components of light 
ing system 110 that are similar to components of lighting 
system 10 Will be identi?ed by similar reference numbers 
With the addition of the pre?x “1.” Due to the different Ways 
the embodiments combine these components, hoWever, ordi 
nal identi?ers (e.g., ?rst, second, third, etc.) may differ 
betWeen the embodiments. Lighting system has a heat sink 
112 that includes extensions 114 and ?ns 116. Each of ?rst 
through fourth lamp modules 120a-a' includes an arc lamp 
122a-d, a lens 124a-a', a cold mirror 126a-d, and ?rst 
through fourth polariZation recovery ?lms 128a-d, respec 
tively. First and third polariZation recovery ?lms 128a, 1286 
transmit light in the ?rst polariZation state and rotate light in 
the second polariZation state to the ?rst state. Second and 
fourth polariZation recovery ?lms 128b, 128d transmit light 
in the second state and rotate light in the ?rst state to the 
second state. Heat sink 112 is disposed near arc lamps 
122a-a' and cold mirrors 126a-a' to absorb and dissipate heat 
produced by those components. 

[0022] Light exiting the ?rst lamp module, in the ?rst 
state, is re?ected by a mirror 150 and directed into a ?rst 
optical path P1. First polariZing beam splitter 152 is situated 
at the intersection of the ?rst optical path and the path of 
light emitted from second lamp module 120b, Which is in the 
second state. First polariZing beam splitter 152 transmits 
light in the ?rst state and re?ects light in the second state, 
thereby combining the light from the ?rst and second lamp 
modules. A ?fth polariZation recovery ?lm 154 is placed in 
the ?rst optical path to transmit light in the second state and 
rotate light in the ?rst state to the second state. 

[0023] Light exiting third lamp module 120c, in the ?rst 
state, is re?ected by a mirror 156 and directed into a second 
optical path P2. A second polariZing beam splitter 160 is 
positioned at the intersection of the second optical path and 
the path of light emitted from fourth lamp module 120d, 
Which is in the second state. Second polariZing beam splitter 
160 transmits light in the ?rst state and re?ects light in the 
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second state, thereby combining the light from the third and 
fourth lamp modules. A mirror 162 directs light in second 
optical path P2 toWard ?rst optical path P1. The light passes 
through a siXth polariZation recovery ?lm 164, Which trans 
mits light in the ?rst state and rotates light in the second state 
to the s state. A third polariZing beam splitter 166 is 
positioned at the intersection of ?rst and second optical 
paths P1, P2. Third polariZing beam splitter 166 transmits 
light from the second optical path, Which is in the ?rst state, 
and re?ects light from the ?rst optical path, Which is in the 
second state. Light from the ?rst optical path P1 is thereby 
combined With light from second optical path P2. 

[0024] Finally, the combined light passes through a sev 
enth polariZation recovery ?lm 168. The polariZation trans 
mission characteristics of the seventh recovery ?lm are 
determined by the desired application. For instance, if light 
in the ?rst polariZation state is desired, seventh polariZation 
recovery ?lm 168 is aligned to transmit light in the ?rst state 
and to rotate light in the second state to the ?rst state. On the 
other hand, if light in the second state is desired, the seventh 
polariZation recovery ?lm is rotated to transmit light in the 
second state and rotate light in the ?rst state to the second 
state. Regardless of the characteristics of the eighth polar 
iZation recovery ?lm, light exiting the eighth polariZation 
recovery ?lm is substantially completely in a single polar 
iZation state (either the ?rst state or the second state) and is 
ready to function as an illumination source for a display, 
such as an avionics display. 

[0025] Although lighting system 10 (FIG. 1) provides an 
effective and efficient method of combining light from 
multiple sources, there are some losses in light intensity that 
occur When light passes through polariZing beam splitters 
32, 36, 40. Furthermore, such losses are not uniform 
betWeen lamp modules because light from each lamp mod 
ule may be required to contact a different number of polar 
iZing beam splitters. For instance, light from ?rst and second 
lamp modules 20a, 20b contact ?rst, second and third 
polariZing beam splitters 32, 36, 40, While light from fourth 
lamp module 20d contacts only third polariZing beam split 
ter 40. Lighting system 110 (FIG. 2) minimiZes the average 
number of polariZing beam splitters that light from each 
lamp module 120a-a' must contact. Furthermore, lighting 
system 110 ensures that light from each lamp module 120a-a' 
contacts the same number of polariZing beam splitters as the 
other lamp modules. 

[0026] The embodiments as disclosed have speci?ed 
Which polariZation recovery ?lms are to transmit light in the 
?rst state and Which ?lms are to transmit light in the second 
state. The ?rst and second polariZation states may corre 
spond to the common conventions of the p and s polariZation 
states, respectively. HoWever, the ?rst and second polariZa 
tion states, Which may be thought of as polariZation orien 
tations, may be chosen to correspond to the s and p polar 
iZation states, respectively, although such a reversal may 
require a rearrangement of some of the components. 

[0027] The invention may be varied in other Ways While 
keeping With the spirit of the invention. The lamp modules 
have been described as using arc lamps, and preferably 
Xenon arc lamps, but other types of light sources may be 
used, such as halogen or sulfur arc-type lamps, or even 
incandescent lamps. A laser light source may also be used, 
but other components may need to be included in the light 
system design if a laser light source is used. A plurality of 
lenses/optical elements may be used to focus light Within the 
lamp modules. Also, lenses or other focusing elements may 
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be positioned Within the optical path to maintain the light 
Within the optical path. The precise positions of the polar 
iZation recovery ?lms may be varied as long as the desired 
polariZation states are preserved. 

[0028] An advantage of the invention is that a plurality of 
light sources may be combined into a minimum number of 
light paths. 
[0029] Another advantage is that a plurality of light 
sources may be combined to provide a compact high 
reliability lighting system. 
[0030] Still another advantage is that the invention 
requires a relatively small number of different types of parts. 
This keeps inventory costs loW. 

[0031] Yet another advantage is that light from any desired 
combination of light sources may be combined using inex 
pensive mirrors and polariZation components. 

[0032] While the invention has been disclosed in its pre 
ferred form, the speci?c embodiments thereof as disclosed 
and illustrated herein are not to be considered in a limiting 
sense as numerous variations are possible. The subject 
matter of the invention includes all novel and non-obvious 
combinations and subcombinations of the various elements, 
features, functions and/or properties disclosed herein. No 
single feature, function, element or property of the disclosed 
embodiments is essential to all of the disclosed inventions. 
Similarly, Where the claims recite “a” or “a ?rst” element or 
the equivalent thereof, such claims should be understood to 
include incorporation of one or more such elements, neither 
requiring nor excluding tWo or more such elements. 

[0033] It is believed that the folloWing claims particularly 
point out certain combinations and subcombinations that are 
directed to the disclosed inventions and are novel and 
non-obvious. Inventions embodied in other combinations 
and subcombinations of features, functions, elements and/or 
properties may be claimed through amendment of the 
present claims or presentation of neW claims in this or a 
related application. Such amended or neW claims, Whether 
they are directed to a different invention or directed to the 
same invention, Whether different, broader, narroWer or 
equal in scope to the original claims, are also regarded as 
included Within the subject matter of the invention of the 
present disclosure. 

What is claimed is: 
1. A lighting system, comprising: 

a ?rst selectively actuated light module that emits light 
having a ?rst polariZation orientation; 

a second selectively actuated light module that emits light 
having a second polariZation orientation that is 
orthogonal to the ?rst polariZation orientation; 

a ?rst combining element that combines and directs light 
from the ?rst and second light modules into an optical 
path; and 

a ?rst polariZation alignment element that aligns the 
polariZation of light from the ?rst combining element to 
a predetermined polariZation orientation; 

Wherein the ?rst and second light modules are selectively 
actuated to ensure that light having the predetermined 
polariZation orientation is substantially constantly 
emitted When desired. 
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2. The lighting system of claim 1, wherein the ?rst light 
module includes a light source and a focusing element that 
focuses light emitted by the light source. 

3. The lighting system of claim 2, Wherein the ?rst light 
module further includes a ?ltering element that prevents 
predetermined Wavelengths of light from being emitted by 
the ?rst light module. 

4. The lighting system of claim 3, Wherein the ?ltering 
element removes substantially all non-visible Wavelengths 
of light from the light emitted by the ?rst light module. 

5. The lighting system of claim 2, Wherein the light source 
is an arc lamp. 

6. The lighting system of claim 2, Wherein the focusing 
element includes at least one lens. 

7. The lighting system of claim 1, Wherein the ?rst light 
module further includes a second polariZation alignment 
element that aligns the polariZation of light emitted there 
from to have the ?rst polariZation orientation. 

8. The lighting system of claim 7, Wherein the second 
light module further includes a third polariZation alignment 
element that aligns the polariZation of light emitted there 
from to have the second polariZation orientation. 

9. The lighting system of claim 1, further including: 

a third selectively actuated light module that emits light 
having one of the ?rst and second polariZation orien 
tations; and 

a second combining element that combines light from the 
third light module With light from the ?rst and second 
modules; 

Wherein the ?rst, second and third light modules are 
selectively actuated to ensure that light having the 
predetermined polariZation orientation is substantially 
constantly emitted When desired. 

10. The lighting system of claim 1, further including a 
heat dissipation apparatus that at least partially surrounds the 
?rst and second light modules to remove undesired heat 
from the lighting system. 

11. A lighting system comprising: 

a ?rst selectively actuated light module that emits light 
having a ?rst polariZation orientation; 

a second selectively actuated light module that emits light 
having a second polariZation orientation that is 
orthogonal to the ?rst polariZation orientation; 

a third selectively actuated light module that emits light 
having the second polariZation orientation; 

a ?rst combining element that combines and directs light 
from the ?rst and second light modules into a ?rst 
optical path; 

a ?rst polariZation alignment element that aligns the 
polariZation of light from the ?rst combining element to 
a ?rst predetermined polariZation orientation; 

a second combining element that combines light from the 
third light module With light from the ?rst and second 
light modules; and 
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a second polariZation alignment element that aligns the 
polariZation of light from the second combining ele 
ment to a second predetermined polariZation orienta 
tion; 

Wherein the ?rst, second and third light modules are 
selectively actuated to ensure that light having the 
second predetermined polariZation orientation is sub 
stantially constantly emitted When desired. 

12. The lighting system of claim 11, further including a 
re?ective element that directs light from the third light 
module along a second optical path, Wherein the second 
combining element combines light from the ?rst and second 
optical paths. 

13. The lighting system of claim 12, further including: 

a fourth selectively actuated light module that emits light 
having the second polariZation orientation; and 

a third combining element that combines and directs light 
from the third and fourth lamp modules into the second 
optical path. 

14. The lighting system of claim 11, further including: 

a fourth selectively actuated light module that emits light 
having the second polariZation orientation; and 

a third combining element that combines light from the 
fourth light module With light from the ?rst, second and 
third modules in the ?rst optical path. 

15. The lighting system of claim 11, Wherein each of the 
light modules includes a polariZation alignment element that 
aligns the polariZation of light emitted therefrom to have one 
of the ?rst and second polariZation orientations. 

16. The lighting system of claim 11, Wherein the ?rst light 
module further includes a ?ltering element that prevents 
substantially all non-visible Wavelengths of light from being 
emitted by the ?rst light module. 

17. A method of providing a source of light, comprising: 

selectively providing light from a ?rst light module With 
a ?rst polariZation orientation; 

selectively providing light from a second light module 
With a second polariZation orientation that is orthogonal 
to the ?rst polariZation orientation; 

combining and directing the light from the ?rst and 
second light modules into an optical path; 

aligning the polariZation of light in the optical path to a 
predetermined polariZation orientation; and 

selectively emitting light from the ?rst and second light 
modules to ensure that light having the predetermined 
polariZation is substantially constantly emitted When 
desired. 

18. The method of claim 17, further including ?ltering 
non-visible Wavelengths of light from the ?rst and second 
light modules. 


