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(57) ABSTRACT 

The invention relates to a projection display device having 
an illumination system comprising a light source and an 
optical system for providing an illumination beam. The 
projection display device is further provided With an image 
display system for modulating the illumination beam With 
image information and projecting an image on a screen. In 
order to ?lter ultra-violet and infra-red radiation from the 
light source, a ?lter means is present Which transmit visible 
light. Cooling means comprising a cooling liquid are present 
for cooling the ?lter means. In the projection display device 
the ?lter means comprises the cooling liquid Which contains 
a radiation-absorbent additive for absorbing the ultra-violet 
and infra-red radiation. 
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PROJECTION DISPLAY DEVICE 

[0001] The invention relates to a projection display device 
comprising an illumination system having a light source and 
an optical system for providing an illumination beam, an 
image display system for modulating the illumination beam 
With image information and for projecting an image on a 
screen, ?lter means for transmitting a ?rst portion of radia 
tion from the light source having a ?rst Wavelength range in 
the visible area to the optical system, and for absorbing a 
second portion of the radiation from the light source, the 
second portion having a second Wavelength range outside 
the visible area, and cooling means comprising a liquid for 
cooling the ?lter means. 

[0002] Projection display devices may be used in both rear 
and front image projecting systems. In a rear projection 
system, the projection display device projects an image 
representing television or datagraphic information on the 
rear side of a diffusing transparent screen, Which front side 
is directed to a vieWing audience. In a front projecting 
system, the projection display device projects an image 
representing television or datagraphic information on the 
front side of a re?ecting screen, Which front side is directed 
to the vieWing audience. 

[0003] Such a projection display device is knoWn from 
Japanese Kokai 09-005734. The knoWn projection display 
device comprises an illumination system for providing an 
illumination beam and an image display system for modu 
lating an illumination beam to be supplied by the illumina 
tion system With image information and projecting an image 
on a screen. The illumination system comprises a light 
source and an optical system for forming the illumination 
beam. The light source may be an ultra-high pressure 
discharge lamp. Besides visible radiation this kind of lamp 
produces, also ultra-violet radiation With Wavelengths 
mainly in the range betWeen 250 and 425 nm and infra-red 
radiation With Wavelengths mainly in the range betWeen 800 
and 950 nm. In order to ?lter the unWanted portions of the 
radiation from the light source, such as the ultra-violet and 
infra-red radiation, an ultra-violet absorbent ?lter and an 
infra-red absorbent ?lter may be positioned in the light path 
betWeen the light source and the optical system. In order to 
keep the ultra-violet and infra-red absorbent ?lters beloW 
their maXimum operating temperature, a cooling container 
comprising tWo parallel plates containing a cooling liquid is 
present, Which container comprises a transparent portion for 
a Wavelength range in the visible area for passing the 
illumination beam. This cooling means is positioned in the 
illumination beam and attached to the ultra-violet absorbent 
?lter or the infra-red absorbent ?lter to transport the heat 
generated in the ultra-violet absorbent ?lters or the infra-red 
?lter, respectively, to the environment of the projection 
display device. 

[0004] A disadvantage of the projection display device is 
that the thermal conductance betWeen the ultra-violet absor 
bent ?lter and the container is limited and the operating 
temperature of the ?lters can be exceeded, Which affects the 
cut-off Wavelengths and the lifetime of the ?lters. 

[0005] It is an object of the invention to provide a pro 
jection display device having an eXtended lifetime. This 
object can be achieved by the projection display device in 
accordance With the invention, and is characteriZed in that 
the ?lter means comprises the liquid Which contains a 

Nov. 4, 2004 

radiation-absorbent additive for absorbing the second range 
of Wavelengths. This invention is based on the recognition 
that the heat generated by the absorption of the radiation can 
be directly transported to the environment by convection in 
the liquid Whereas in the conventional system the heat 
transport is limited by conduction in the ultra-violet or 
infra-red absorbent materials. In the neW projection display 
device, heat transport via convection is more ef?cient so that 
the ?lter means can be operated at a loWer operating 
temperature, Which eXtends the lifetime. 

[0006] A further advantage is that the stability of the 
cut-off Wavelength of the ?lter means is improved because 
of a temperature dependency of the cut-off Wavelength. A 
more constant temperature provides a more stable cut-off 
Wavelength of the ?lter means. Furthermore, the improved 
cooling may alloW a more compact design of the projection 
display device. 

[0007] A particularly advantageous embodiment of the 
projection display according to the invention is character 
iZed in that the liquid comprises a solvent and the radiation 
absorbent additive is a substance Which is soluble in the 
solvent for absorbing radiation having the second range of 
Wavelengths. The second range of Wavelengths may be an 
ultra-violet range betWeen 250 and 425 nm or an infra-red 
range betWeen 800 and 950 nm. 

[0008] A further embodiment of the projection display 
device is characteriZed in that the solvent is Water and the 
radiation-absorbent substance is one of the group of ben 
Zophenonephosphates and benZotriaZolephosphates. Also 
benZophenonesulphates or benZotriaZolesulphates can be 
used as radiation-absorbent substances, both of Which are 
also soluble in Water. These radiation-absorbent substances 
mainly absorb ultra-violet radiation in a range betWeen 350 
and 425 nm. 

[0009] A further embodiment of the projection display 
device is characteriZed in that the solvent is an organic liquid 
and the radiation-absorbent additive is one of the group of 
benZophenones and benZotriaZoles. This radiation-absorbent 
substance also absorbs ultra-violet radiation in a range 
betWeen 250 and 425 nm. 

[0010] A further embodiment of the projection display 
device is characteriZed in that the solvent is Water and the 
radiation-absorbent substance is one of the group of carbo 
cyanines. This radiation-absorbent substance absorbs mainly 
infra-red radiation in a Wavelength range betWeen 800 and 
950 nm. 

[0011] These and other aspects of the invention are appar 
ent from and Will be elucidated With reference to the 
embodiments described hereinafter. 

[0012] 
[0013] FIG. 1 shoWs an eXample of a projection display 
device having a ?lter means, 

[0014] FIG. 2 shoWs a diagram of the electromagnetic 
radiation spectrum of an UHP lamp, 

In the draWings: 

[0015] FIG. 3 shoWs an eXample of a container containing 
the ?lter liquid, 

[0016] FIG. 4 shoWs a diagram of the ultra-violet absorp 
tion-versus-Wavelength of a solution of EusoleX 9020 in an 
organic solvent, and 
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[0017] FIG. 5 shows a diagram of the infra-red absorp 
tion-versus-Wavelength of a solution of indocyanine green in 
Water. 

[0018] FIG. 1 shows an example of a ?rst image projec 
tion device 1 comprising an illumination system 3 for 
supplying an illumination beam and a conventional image 
display system 5 for modulating the illumination beam. The 
illumination system 3 comprises a light source 7, a re?ector 
9, an ultraviolet absorbent ?lter 11, a condenser lens 13 and 
a polarisation converter 15. The re?ector 9 ensures that the 
greater part of the light emitted by the light source 7 in a 
direction aWay from the illumination system as yet reaches 
the image display system 5. The illumination beam gener 
ated by the illumination system 3 is incident on the image 
display system 5. The image display system 5 comprises 
dichroic mirrors, 17, 21, mirrors 19,23,35 a dichroic cross 
33, and transmissive display panels 27,29,31, for eXample 
transmissive liquid crystal display panels, an analyser 35 
and a projection lens 37. 

[0019] In operation, White light from the light source 7 and 
the re?ector 9 is coupled in the display system 5 via the 
ultra-violet absorbent ?lter 11, the condenser plates 13 and 
the polarisation converting system 15. The condenser plates 
13 provide a homogeneous illumination beam. The polari 
sation conversion system 15 provides an illumination beam 
With a single linear polarisation direction from an incoming 
non-polarised illumination beam. The ultra-violet absorbent 
?lter absorbs radiation in the range from 250 to 425 nm in 
the illumination beam. 

[0020] Furthermore, an infra-red absorbent ?lter 12 may 
be present betWeen the light source 7 and the condenser 
plates 13 for absorbing radiation from the light source in the 
range betWeen 800 and 950 nm. In the display system 5, the 
?rst dichroic mirror 17 separates the red sub-beam from the 
White illumination beam. The mirror 19 directs the red 
sub-beam toWards a ?rst liquid crystal display panel 31. The 
?rst dichroic mirror 17 directs the blue and green sub-beams 
to a second dichroic mirror 21. The second dichroic mirror 
21 directs the green portion to the second liquid crystal 
display panel 29 and the blue portion is transmitted to the 
third liquid crystal display panel 31 via the mirrors 23,25. 
The liquid crystal display panels 27,29,31 modulate the red, 
green and blue portions in correspondence With the provided 
image information. The dichroic cross 33 combines the red, 
green and blue sub-beams in a single modulated light beam 
and directs the modulated light beam via an analyser 35 to 
the projection lens. The projection lens 37 images the 
modulated light beam on a projection screen (not shoWn). 

[0021] The light source 7 may be an ultra-high pressure 
discharge lamp such as UHF-100 as supplied by Philips 
Electronics. Besides radiation in the visible Wavelength 
range, this UHP lamp produces also radiation in the ultra 
violet part and the infra-red part of the electromagnetic 
spectrum. 

[0022] FIG. 2 shoWs a diagram of the spectrum radiated 
by a 100 Watt UHP lamp. 

[0023] The diagram shoWs three lines, a ?rst line, marked 
0-0-0-0, indicates the output of the lamp in Watts/nm for the 
burner or central portion of the lamp Where the actual 
discharge takes place. A second line, marked X-X-X-X- indi 
cates the output of the UHP lamp, measured in front of the 
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re?ector and a third line marked ---- -- indicates the output of 

the lamp measured behind the re?ector. 

[0024] The ultra-violet portion of the light from the UHP 
lamp 7 may damage the polarisation conversion system 15, 
the liquid crystal display panels 29,31,33 and polariZer foils 
that may be present in the analyZer 35. Therefore, the 
ultra-violet ?lter 11 is positioned betWeen the UHP lamp 7 
and the polarisation conversion system 15. The ultra-violet 
absorbent ?lter 11 absorbs radiation in the range betWeen 
250 and 425 nm from the radiation of the UHP lamp. 

[0025] The infra-red portion of the radiation of the UHP 
lamp heats the polarisation conversion system 15 and the 
liquid crystal display panels 27,29,31 and, consequently, the 
polarisation conversion system 15 and the liquid crystal 
displays 27,29,31 may require additional cooling. In order to 
prevent unnecessary heating of the polarisation conversion 
system 15 or the liquid crystal display panels 27,29,31, the 
infra-red absorbent ?lter 12 is placed betWeen the UHP 
lamp 5 and the condenser plates 13. The infra-red absorbent 
?lter 12 absorbs radiation in the range from 800 to 950 nm 
from the UHP lamp 5 and reduces the heating of the 
polarisation conversion system 15 and the liquid crystal 
display panels 29,31,33. The loWer operation temperature 
eXtends the lifetime of these components and hence the 
lifetime of the projection display device. In order to improve 
the cooling of the ultra-violet absorbent ?lter 11 as Well as 
the infrared absorbent ?lter 12, these ?lters can be attached 
to a container With a cooling liquid. A portion of the 
container and the cooling liquid is transparent for transmit 
ting a portion of the radiation from the UHP lamp 7 betWeen 
425 and 800 nm. The cooling container 39 may be provided 
With cooling ?ns (not shoWn) to transport heat from the 
cooling container 39 to the environment. 

[0026] In order to further improve the cooling of the 
ultra-violet and infra-red ?lters 11,12, both ?lters are pro 
vided as a container having a transparent portion for trans 
mitting radiation to the condenser plates 13 and comprising 
a liquid transparent portion for radiation in the visible range 
betWeen 425 and 800 nm, Wherein the liquid comprises an 
ultra-violet absorbent substance. The infra-red ?lter 12 also 
comprises a container having a transparent portion for 
transmitting the radiation in the visible range betWeen 425 
and 800 nm to the condenser plates 13, Wherein the liquid 
comprises a liquid transparent to radiation in the visible 
range betWeen 425 and 800 nm, Wherein the liquid com 
prises an infra-red absorbent substance. 

[0027] FIG. 3 is a cross-section of an ultra-violet absor 
bent ?lter 11. The ultra-violet absorbent ?lter 11 comprises 
the container 39 having a rectangular frame 41 provided 
With tWo transparent surfaces 43,45, for eXample, glass or 
polymethylmetacrylate. The container 39 contains a solvent 
47 and an ultra-violet absorbing substance Which is soluble 
in the solvent. Furthermore, cooling ?ns 49 can be con 
nected to the frame 41. The solvent may be Water or an 
organic solvent. Examples of Water-soluble substances are: 
benZophenonesphosphates, benZotriaZolephosphates, ben 
Zophenonessulphates, benZotriaZolesulphates. 
[0028] A practical applicable substance may be EusoleX 
232 (phenylbenZimidaZole sulfonic acid) Which is a Water 
soluble UV-B ?lter, and can be obtained from Merck. 

[0029] Examples of oil-soluble substances are benZophe 
nones and benZotriaZoles. 
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[0030] A practical applicable substance may be an oil 
soluble UV-A ?lter, for example, EusoleX 9020 (butyl 
metoXydibenZoylmethane), EusoleX 6007 (Octyldimethyl 
PABA) or an oil-soluble UV-B ?lter EusoleX 2292 (Octyl 
MethoXycinnamate). All of these substance can be obtained 
from Merck. 

[0031] FIG. 4 shoWs a diagram of the absorption ef?cacy 
versus-Wavelength characteristic of EusoleX 9020 solved in 
oil. The characteristics shoW a high ef?cacy for the UV-B 
part of the spectrum betWeen 300 and 425 nm. 

[0032] The construction of the infra-red absorbent ?lter 12 
is similar to the construction of the ultra-violet absorbent 
?lter 11 as shoWn in FIG. 3. The container 39 contains a 
solvent and an infra-red absorbing substance Which is 
soluble in the solvent. The solvent may be Water or organic 
solvents. Water and other solvents like methanol, ethanol, 
glycol absorb radiation With a Wavelength above 1000 nm. 
In order to absorb radiation With a Wavelength in the range 
betWeen 800 and 1000 nm, infra-red absorbing additives 
may be added, like carbo-cyanines. For eXample, IR1000, 
IR27, Which can be ordered from Sigma-Aldrich, and 
indocyanine green (ICG). 

[0033] FIG. 5. shoWs the absorbing characteristic of 
indocyanine green. ICG is a tricarbocyanine dye With a peak 
absorption at 800 nm and has little absorption in the visible 
range of the electromagnetic spectrum. 

[0034] In operation, the dissipated heat Will noW be 
directly generated in the liquid 47 and is transported to the 
cooling ?ns 49 mainly by convection in the liquid 47 instead 
of conduction in the radiation absorbent material as in 
conventional ultra-violet and infra-red absorbent ?lters. This 
alloWs an ef?cient cooling of the ultra-violet and infra-red 
absorbent ?lters. 

[0035] The invention is not limited to the above described 
projection system but may also be applied in scrolling color 
projection systems With a re?ective display panel, for 
eXample, a liquid crystal on silicon (LCOS) panel. 

1. A projection display device including an illumination 
system having a light source and optical system that provide 
an illumination beam that includes visible light and nonvis 
ible light including at least one of infrared and ultraviolet 
radiation, comprising: 

an image display system that modulates the illumination 
beam With image information and projects an image 
onto a screen, and 

a ?lter element that absorbs the nonvisible light and 
transmits the visible light to the optical system, 

the ?lter element including a liquid that contains a radia 
tion-absorbent additive that absorbs the nonvisible 
light. 

2. The device of claim 1, Wherein the radiation-absorbent 
additive is soluble in a solvent comprised by the liquid. 
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3. The device of claim 2, Wherein said nonvisible light 
includes ultraviolet radiation of Wavelengths betWeen 250 
and 425 nm. 

4. The device of claim 3, Wherein the solvent is Water and 
the radiation-absorbent substance is selected from the group 
consisting of benZophenonephosphates and benZotriaZole 
phosphates. 

5. The device of claim 3, Wherein the solvent is Water and 
the radiation-absorbent substance is selected from the group 
consisting of benZophenonesulphates and benZotriaZolesul 
phates. 

6. The device of claim 3, Wherein the solvent is organic 
and the radiation absorbent substance is selected from the 
group consisting of benZophenones and benZotriaZoles. 

7. The device of claim 2, Wherein said nonvisible light 
includes infrared radiation of Wavelengths betWeen 800 and 
950 nm. 

8. The device of claim 7, Wherein the solvent is Water and 
the radiation-absorbent substance is selected from the group 
consisting of carbocyanines. 

9. A projection display device including an illumination 
system having a light source and optical system that provide 
an illumination beam that includes visible light and nonvis 
ible light including at least one of infrared and ultraviolet 
radiation, comprising: 

an image display system that modulates the illumination 
beam With image information and projects an image 
onto a screen, and 

a ?lter element including a liquid that absorbs the non 
visible light and transmits the visible light to the optical 
system. 

10. The device of claim 9, Wherein the liquid contains a 
radiation-absorbent substance that absorbs the nonvisible 
light and is soluble in a solvent comprised by the liquid. 

11. The device of claim 10, Wherein said nonvisible light 
includes ultraviolet radiation of Wavelengths betWeen 250 
and 425 nm. 

12. The device of claim 11, Wherein the solvent is Water 
and the radiation-absorbent substance is selected from the 
group consisting of benZophenonephosphates and benZot 
riaZolephosphates. 

13. The device of claim 11, Wherein the solvent is Water 
and the radiation-absorbent substance is selected from the 
group consisting of benZophenonesulphates and benZotria 
Zolesulphates. 

14. The device of claim 11, Wherein the solvent is organic 
and the radiation absorbent additive is selected from the 
group consisting of benZophenones and benZotriaZoles. 

15. The device of claim 10, Wherein said nonvisible light 
includes infrared radiation of Wavelengths betWeen 800 and 
950 nm. 

16. The device of claim 15, Wherein the solvent is Water 
and the radiation-absorbent substance is selected from the 
group consisting of carbocyanines. 

* * * * * 


