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(57) ABSTRACT 

An auxiliary re?ecting mirror is manufactured by heating 
the central portion of a quartz glass tube and compressing 
the central portion by pushing tWo end portions of the quartz 
glass tube so that the Wall thickness of the central portion 
thickens, accommodating the quartz glass tube after thick 
ening the Wall thickness of the central portion in a mold 
having inner surfaces formed to the re?ecting surface shape, 
Which is to be formed in an auxiliary re?ecting mirror, and 
forming an expanded portion by expanding the central 
portion, of Which the Wall thickness Was thickened, by 
introducing a gas from the tWo ends of the quartz glass tube, 
cutting the quartz glass tube in at least the central portion of 
the expanded portion, evaporating a re?ecting ?lm on the 
outer surface of the expanded portion and forming a re?ect 
ing surface. 
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METHOD FOR MANUFACTURE OF REFLECTING 
MIRROR, REFLECTING MIRROR, 

ILLUMINATION DEVICE, AND PROJECTOR 

BACKGROUND 

[0001] Exemplary aspects of the present invention relate 
to a method for the manufacture of an auxiliary re?ecting 
mirror for installation in an illumination device, an auxiliary 
re?ecting mirror manufactured by such a manufacturing 
method, an illumination device equipped With such an 
auxiliary re?ecting mirror, and a projector equipped With 
such an illumination device. 

[0002] Prior Art 

[0003] A related art illumination device is equipped With: 
a light-emitting tube and a main re?ecting mirror to direct 
the light emitted from the light-emitting tube in a prescribed 
direction; and an auxiliary re?ecting mirror composed of 
quartZ or the like provided in a position facing the main 
re?ecting mirror on the other side of the light-emitting tube. 
Thus, it Was possible to utiliZe effectively the light that Was 
emitted from the light-emitting tube. HoWever, a stray light 
Was not supplied for use. See JP-A-H8-31382 (second page, 
FIG. 1). 

SUMMARY 

[0004] In the illumination device of this type, because the 
auxiliary re?ecting mirror Was provided With the object of 
increasing the light effective e?iciency, a high accuracy Was 
required for the re?ecting surface thereof. 

[0005] Exemplary aspects of the present invention address 
this and/or other problems and provide: a method for the 
manufacture of a re?ecting mirror, Which makes it possible 
to form the re?ecting surface With good accuracy and With 
a high light utiliZation e?iciency; the re?ecting mirror 
manufactured by such a method; an illumination device 
equipped With such a re?ecting mirror, and a projector 
equipped With such an illumination device. 

[0006] Amethod for the manufacture of a re?ecting mirror 
in accordance With an exemplary aspect of the present 
invention is a method for the manufacture of a re?ecting 
mirror of an illumination device including a light-emitting 
tube and the re?ecting mirror to re?ect a light from the 
light-emitting tube. This method includes heating the central 
portion of a quartZ glass tube and compressing the central 
portion by pushing the tWo end portions of the quartZ glass 
tube so that the Wall thickness of the central portion thick 
ens, accommodating the quartZ glass tube after thickening 
the Wall thickness of the central portion in a mold having an 
inner surface formed to the re?ecting surface shape Which is 
to be formed in a re?ecting mirror, and forming an expanded 
portion by expanding the central portion, of Which the Wall 
thickness Was thickened, by introducing a gas from the tWo 
ends of the quartZ glass tube, cutting the quartZ glass tube in 
at least the central portion of the expanded portion, and 
evaporating a re?ecting ?lm on the outer surface of the 
expanded portion and forming a re?ecting surface. 

[0007] With such a method, the re?ecting surface can be 
formed With good accuracy and an auxiliary re?ecting 
mirror With a high light utiliZation e?iciency can be manu 
factured. 
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[0008] Further, in a method for the manufacture of a 
re?ecting mirror in accordance With an exemplary aspect of 
the present invention, in the cutting, both end portions of the 
cylindrical portions extending outWardly from the tWo ends 
of the expanded portion are cut in addition to cutting in the 
vicinity of the central portion of the expanded portion of the 
quartZ glass tube, and cylindrical mounting support portions 
provided to ?x to the light-emitting tube are formed. 

[0009] Because the mounting support portions are thus 
formed, an auxiliary re?ecting mirror With good mounting 
ability on the light-emitting tube can be manufactured. 

[0010] Further a re?ecting mirror in accordance With an 
exemplary aspect of the present invention is manufactured 
by the above-described method for the manufacture of a 
re?ecting mirror. 

[0011] The re?ecting mirror thus manufactured has a high 
light utiliZation efficiency and good mounting ability on the 
light-emitting tube. 

[0012] Further, an illumination device in accordance With 
an exemplary aspect of the present invention includes a 
light-emitting tube and a re?ecting mirror to re?ect the light 
from the light-emitting tube toWard an illumination region. 
The re?ecting mirror is manufactured by the above-de 
scribed method for the manufacture of a re?ecting mirror. 

[0013] Because the re?ecting mirror manufactured by the 
above-described manufacturing method is provided, an illu 
mination device With a high light utiliZation efficiency can 
be obtained. 

[0014] Further, an illumination device in accordance With 
an exemplary aspect of the present invention includes a 
light-emitting tube, a main re?ecting mirror to re?ect the 
light from the light-emitting tube toWard an illumination 
region, and an auxiliary re?ecting mirror to re?ect the light 
from the light-emitting tube toWard the main re?ecting 
mirror. The auxiliary re?ecting mirror is manufactured by 
the above-described method for the manufacture of a re?ect 
ing mirror. 

[0015] Because the auxiliary re?ecting mirror manufac 
tured by the above-described manufacturing method is pro 
vided, an illumination device With a high light utiliZation 
e?iciency can be obtained. 

[0016] Further, a projector in accordance With an exem 
plary aspect of the present invention includes the above 
described illumination device, a light modulation device to 
modulate the luminous ?ux emitted from the illumination 
device according to an image information, and a projection 
optical system to project the luminous ?ux modulated by the 
light modulation device. 

[0017] Because the above-described illumination device is 
provided, a projector With increased luminosity can be 
obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1(a) and (b) are schematics of an illumina 
tion device equipped With an auxiliary re?ecting mirror of 
an exemplary embodiment of the present invention; 

[0019] FIG. 2 is a process ?oW diagram illustrating the 
method for the manufacture of an auxiliary re?ecting mirror; 
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[0020] FIG. 3 is a schematic illustrating the process for 
the manufacture of an auxiliary re?ecting mirror; 

[0021] FIG. 4 is an optical path comparison schematic for 
the inner surface re?ection and outer surface re?ection; 

[0022] FIG. 5 is a schematic illustrating the comparison 
results obtained in the case inner surface re?ection and outer 
surface re?ection; and 

[0023] FIG. 6 is a schematic of the projector equipped 
With the illumination device of the aforementioned embodi 
ment. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0024] First, prior to explaining a method for the manu 
facture of a re?ecting mirror of an exemplary embodiment 
of the present invention, an illumination device including an 
auxiliary re?ecting mirror manufactured by this manufac 
turing method Will be explained. 

[0025] FIG. 1(a) is a schematic of an illumination device 
including an auxiliary re?ecting mirror manufactured by the 
method for the manufacture of a re?ecting mirror in accor 
dance With an exemplary aspect of the present invention. 

[0026] This illumination device 100 includes a light-emit 
ting tube 10, a main re?ecting mirror 20 to re?ect the light 
from the light-emitting tube 10 toWard the illumination 
region, and an auxiliary re?ecting mirror 30 to re?ect the 
light from the light-emitting tube 10 toWard the main 
re?ecting mirror 20. The light-emitting tube 10 is made from 
quartZ glass or the like and is composed of a central 
light-emitting portion 11 having sealed inside thereof tung 
sten electrodes 12, 12, mercury, a rare gas, and a small 
amount of a halogen, and sealing portions 13, 13 on both 
sides of the light-emitting portion 11. A metal foil 14 
composed of molybdenum and connected to the electrode 12 
is sealed hermetically in each sealing portion 13. Each metal 
foil 14, 14 is provided With respective lead Wire 15, 15 
leading to the outside. The light-emitting tube 10 is not 
limited to a mercury lamp and may be a metal halide lamp 
or a xenon lamp. 

[0027] The main re?ecting mirror 20 is a re?ecting ele 
ment disposed behind the light-emitting portion 11 and 
includes a re?ecting portion having a concave re?ecting 
surface shaped as an ellipsoid of rotation and a through hole 
21 to ?x the light-emitting tube 10. The through hole 21 is 
located in the central portion of the re?ecting portion. The 
light-emitting tube 10 is ?xed With an inorganic adhesive 22, 
such as a cement, in the through hole 21 of the main 
re?ecting mirror 20 so that the axis of the light-emitting tube 
10 and the axis of the main re?ecting mirror 20 coincide 
With each other and that the arc image generated betWeen a 
pair of electrodes 12 and the ?rst focal point of the main 
re?ecting mirror 20 coincide With each other. 

[0028] The auxiliary re?ecting mirror 30 is a re?ecting 
element disposed in front of the light-emitting portion 11 
and is fabricated by using, for example, quartZ or Neoceram, 
Which is a material With a loW thermal expansion, or 
transparent alumina, sapphire, quartZ, ?uorite, or YAG 
Which are the materials With a high thermal conductivity. 
The auxiliary re?ecting mirror 30 includes a concave portion 
31 having a re?ecting surface 32 and enclosing almost half 
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of the front side of the light-emitting portion 11 and a 
mounting support portion 35 extending outWardly from the 
central portion of the concave portion 31 and provided to ?x 
to the light-emitting tube 10. Because the outer surface 33 of 
the concave portion 31 is molded to the prescribed surface 
shape With a better accuracy than the inner surface 34 due to 
the manufacturing process thereof, this being described in 
detail beloW, a re?ecting surface 32 is formed on the outer 
surface 33. The auxiliary re?ecting mirror 30 of such a 
con?guration is inserted into the mounting support portion 
35 so that the axis of the sealing portion 13 of the light 
emitting tube 10 coincides With the axis of the auxiliary 
re?ecting mirror 30. The focal point of the re?ecting surface 
32 is made to coincide With the arc image generated betWeen 
the pair of electrodes 12. An inorganic adhesive 40, such as 
a cement, is injected into a gap betWeen the inner periphery 
of the mounting support portion 35. The outer periphery of 
the sealing portion, and the auxiliary re?ecting mirror is 
?xed to the light-emitting tube 10. 

[0029] The luminous ?ux emitted from the illumination 
device 100 Will be explained in detail herein With reference 
to FIG. 1(b). Of the luminous ?ux emitted from the arc 
image generated betWeen the pair of electrodes 12 of the 
light-emitting portion 11, a luminous ?ux B1 that Was 
directed straight to the main re?ecting mirror 20 is re?ected 
by the re?ecting surface of the main re?ecting mirror 20 and 
outgoes toWard the position of a second focal point F2. 

[0030] Further, a luminous ?ux B2 emitted from the arc 
image generated betWeen the pair of electrodes 12 of the 
light-emitting portion 11 in the direction opposite the main 
re?ecting mirror 20 is re?ected by the re?ecting surface 32 
of the auxiliary re?ecting mirror 30 toWard the main re?ect 
ing mirror 20, then re?ected by the re?ecting surface of the 
main re?ecting mirror 20, and outgoes from the main 
re?ecting mirror 20 so as to be converged toWard the 
position of the second focal point F2. 

[0031] In a related art illumination device that Was not 
equipped With the auxiliary re?ecting mirror 30, the lumi 
nous ?ux emitted from the light-emitting portion 11 had to 
be converged in the position of the second focal point F2 
only With the main re?ecting mirror and the aperture diam 
eter of the re?ecting surface of the main re?ecting mirror 
had to be increased. 

[0032] HoWever, providing the auxiliary re?ecting mirror 
30 makes it possible to re?ect the luminous ?ux that is 
emitted from the light-emitting portion 11 in the direction 
(forWard) opposite to the main re?ecting mirror 20 With the 
auxiliary re?ecting mirror 30 so that it falls on the re?ecting 
surface of the main re?ecting mirror 20. Therefore, almost 
the entire luminous ?ux emitted from the light-emitting 
portion 11 can be converged to a ?xed point and emitted 
even if the aperture diameter of the re?ecting surface of the 
main re?ecting mirror 20 is small, and the siZe of the main 
re?ecting mirror 20 in the optical axis direction and the 
aperture diameter thereof can be decreased. Thus, the illu 
mination device 100 can be miniaturiZed and the inner 
layout of an electronic device, for example, a projector 
incorporating the illumination device 100 is facilitated. 

[0033] Further, providing the auxiliary re?ecting mirror 
30 decreases the light gathering spot diameter in the second 
focal point F2. Therefore, even if the distance betWeen the 
?rst focal point F1 and second focal point E2 of the main 
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re?ecting mirror 20 is decreased, almost the entire light 
emitted from the light-emitting portion 11 can be gathered 
by the main re?ecting mirror 20 and auxiliary re?ecting 
mirror 30 in the second focal point and used, and the light 
utiliZation ef?ciency can be greatly increased. 

[0034] As described hereinabove, because the auxiliary 
re?ecting mirror 30 is used, the luminous ?ux emitted from 
the light-emitting portion 11 in the direction (forward) 
opposite to the main re?ecting mirror 20 is converged in the 
position of the second focal point F2 of the main re?ecting 
mirror 20 similarly to the luminous ?ux directly falling from 
the light-emitting portion 11 on the re?ecting surface of the 
main re?ecting mirror 20, thereby increasing the light uti 
liZation ef?ciency of the illumination device 100. Therefore, 
the auxiliary re?ecting mirror 30 having the re?ecting 
surface 32 With a better molding accuracy makes it possible 
to construct the illumination device 100 in Which the effect 
of installing the auxiliary re?ecting mirror 30 can be dem 
onstrated to even greater degree. 

[0035] A method for the manufacture of the auxiliary 
re?ecting mirror 30 Will be described beloW. 

[0036] FIG. 2 and FIG. 3 shoW a process ?oW diagram 
and process model schematic explaining the method for the 
manufacture of the auxiliary re?ecting mirror of one exem 
plary embodiment of the present invention, and the expla 
nation Will be conducted folloWing those diagrams. 

[0037] First, the central portion of, for example, quartZ 
glass tube 6, Which is a starting material, is heated to the 
prescribed high temperature and made to be easily deform 
able (S1 in FIG. 2 and FIG. 3, referred to hereinbeloW as a 
heating step). 
[0038] Then, the tWo end portions of the quartZ glass tube 
6 are pushed and compressed in the central direction to cause 
bulging in the central portion 6a (S2 in FIG. 2 and FIG. 3, 
referred to hereinbeloW as a bulging step). In other Words, 
the central portion 6a is compressed by pushing the tWo end 
portions of the quartZ glass tube 6 so that the Wall thickness 
of the central portion 6a thickens. 

[0039] Then the bulged quartZ glass tube 6 (the central 
portion 6a having the thickened Wall thickness) is accom 
modated in a molding mold 80 and in this state bloW 
molding is conducted by pumping a gas (inert gas or air) 
from the tWo end portions of the quartZ glass tube 6 and the 
bulged central portion 6a (the central portion 6a having the 
thickened Wall thickness) is expanded and an expanded 
portion 6b is formed (S3 in FIG. 2 and FIG. 3, referred to 
hereinbeloW as an expansion step). As a result, an integrated 
body is formed Which is composed of the holloW expanded 
portion 6b and cylindrical portions 6c extending outWardly 
from both ends thereof. Here, the upper mold 81 and loWer 
mold 82 of the molding mold 80 have the inner surfaces 81a, 
82a formed to a shape Which is ideal as a shape of the 
re?ecting surface 32, Which is to be formed in the auxiliary 
re?ecting mirror 30. Because the central portion 6a is 
expanded in a state of accommodation inside the molding 
mold 80, the ideal re?ecting surface shape is transferred onto 
the outer surface 33 of the expanded portion 6b. Because the 
gas is bloWn onto the inner surface 34 of the expanded 
portion 6b in the expansion step, this inner surface is dif?cult 
to form to the desired re?ecting surface shape. 

[0040] Then, the quartZ glass tube 6 is cut in tWo in the 
vicinity of the center of the expanded portion 6b thereof and 
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both end portions of the cylindrical portions 6c extending 
outWardly from the tWo ends of the expanded portion 6b are 
cut off (S4 in FIG. 2 and FIG. 3, referred to hereinbeloW as 
a cutting step). As a result, an auxiliary re?ecting mirror 
body is formed Which is composed of a concave portion 31 
having an almost semispherical concave surface and a 
mounting support portion 35 extending outWardly from the 
central portion of the concave portion 31. 

[0041] Then, a re?ecting surface 32 is formed by evapo 
rating a re?ecting ?lm by sputtering or the like on the outer 
surface 33 of the concave portion 31, Which had, as 
described hereinabove, a high accuracy as the surface to 
form the re?ecting surface (S5 in FIG. 2 and FIG. 3, 
referred to hereinbeloW as a evaporation step). As a result, 
the re?ecting surface 32 becomes a re?ecting surface 
capable of re?ecting With good ef?ciency the light from the 
light-emitting tube 10 toWard the main re?ecting mirror 20. 

[0042] Thus, With the present exemplary embodiment, the 
re?ecting surface 32 Was formed on the outer surface 33 side 
of the concave portion 31 onto Which the ideal re?ecting 
surface shape provided on the molding mold 80 Was trans 
ferred. Therefore, the re?ecting surface 32 can be formed 
With good accuracy and it is possible to obtain the auxiliary 
re?ecting mirror 30 With a high light utiliZation ef?ciency, 
Which is capable of re?ecting With good ef?ciency the light 
from the light-emitting tube 10 toWard the main re?ecting 
mirror 20. As a consequence, the illumination device 100 
With a high light utiliZation ef?ciency can be obtained. 

[0043] Furthermore, because the auxiliary re?ecting mir 
ror 30 has the mounting support portion 35, mounting on the 
light-emitting tube 10 is facilitated as compared With the 
con?guration including only the concave portion 31, Without 
the mounting support portion 35. Further, the mounting 
support portion 35 is effective from the standpoint of mount 
ing ability, but the present invention is not necessarily 
limited to the con?guration including the mounting support 
portion 35. 

[0044] The illumination device 100 in accordance With an 
exemplary aspect of the present invention is not limited to 
the above-described exemplary embodiment and can be 
implemented in a variety of modes, Without departing from 
the essence thereof. For example, the folloWing modi?ca 
tions are also possible. 

[0045] In the present exemplary embodiment, an example 
Was described in Which the expanded portion 6b Was cut in 
the central portion and then the re?ecting surface 32 Was 
formed by vapor depositing the re?ecting ?lm on the outer 
surface of the concave portion 31. HoWever, it is also 
possible to conduct vapor deposition of the re?ecting ?lm on 
the outer surface of the expanded portion 6b prior to cutting 
and then conduct cutting in the central portion thereof. 

[0046] Furthermore, in the present exemplary embodi 
ment, a method for the manufacture of the auxiliary re?ect 
ing mirror 30 Was explained. But the main re?ecting mirror 
20 also may be manufactured by a similar manufacturing 
method. 

[0047] Further, it Was mentioned hereinabove, that 
because the gas is bloWn onto the inner surface 34 of the 
expanded portion 6b in the expansion step, this inner surface 
is difficult to form to the desired re?ecting surface shape. 
Here, optical paths of re?ected light Will be compared to the 
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case Where the re?ecting surface 32 Was formed on the inner 
surface 34 and the case of the present example Where the 
re?ecting surface Was formed on the outer surface 33. The 
effect attained by forming the re?ecting surface on the outer 
surface 33 Will be veri?ed. In the case of re?ection from the 
outer surface 33, the results are affected by the refractive 
action of the light-emitting tube 10. For this reason, the 
comparison of optical paths Will be conducted by taking this 
refractive action into account. 

[0048] FIG. 4 is a schematic illustrating the comparison of 
the optical paths of the re?ected light in the case Where the 
re?ecting ?lm Was provided on the inner surface of the 
auxiliary re?ecting mirror and the case Where it Was pro 
vided on the outer surface. 

[0049] Referring to FIG. 4, the reference symbol 34a 
stands for an ideal inner surface of the auxiliary re?ecting 
mirror 30, and the actual inner surface 34 is assumed to be 
inclined at an angle 0 With respect to this ideal inner surface 
34a. Furthermore, the reference symbol 50 stands for a light 
source under an assumption that the center of the light 
emitting portion 11 is a point light source, 50‘ stands for a 
re?ected light source in the case Where the re?ection Was on 
the ideal inner surface 34a, 51 stands for a re?ected light 
source in the case Where the re?ection Was on the actual 
inner surface 34, and 52 stands for a re?ected light source in 
the case Where the re?ection Was on the outer surface 33. 
Furthermore, R is the distance from the re?ected light source 
50‘ to the ideal inner surface 34a, and D is the tubular 
thickness of the auXiliary re?ecting mirror 30. Further, n 
denotes the refractive indeX of the auXiliary re?ecting mirror 
30. 

[0050] When the light 53 emitted from the light source 50 
is re?ected by the ideal inner surface 34a, the re?ected light 
53‘ becomes the light that passes through the light source 50. 
Thus, because the re?ected light source 50‘ created by the 
re?ected light 53‘ that Was re?ected by the ideal inner 
surface 34a coincides With the light source 50, it Will pass 
the same optical path as the light directly emitted from the 
light source 50 toWard the main re?ecting mirror 30. By 
contrast, in the case of re?ection on the inner surface 34 
inclined With respect to the inner surface 34a, because the 
inner surface 34 is inclined at an angle 0, the re?ection angle 
01 becomes 20 and the re?ected light 54 is obtained. The 
displacement amount L1 of the re?ected light source 51 
created by this re?ected light 54 from the re?ected light 
source 50‘ can be represented by the folloWing formula 

Displacement amount L1=2(R-tan(61/2)) (1) 

[0051] Furthermore, in the case of re?ection on the outer 
surface 33, the light beam angle of the light 53 emitted from 
the light source 50 changes by 1/n-0 under the effect of the 
inclination of the inner surface 34 at the angle 0 and the 
refractive indeX n of the light-emitting tube 10, and the light 
becomes the light beam 53a. At the time of re?ection at the 
outer surface 33, the angle shifts by 02 (=2~1/n~0) and the 
light becomes the re?ected light 53b. Further, When the 
re?ected light 53b passes through the inner surface 34, it is 
again refracted by the angle 1/n-0 and eventually becomes a 
light beam 53c parallel to the light beam 53. The displace 
ment amount of the re?ected light source 52 created by this 
light beam 53c from the re?ected light source 50‘ can be 
represented by the folloWing formula 

Displacement amount L2=2(D-tan(62/2)) (2) 
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[0052] Here, it is assumed that the refractive indeX is 
1.4602, the tube thickness D is 2 mm, and the distance R 
betWeen the re?ected light source 50‘ and ideal inner surface 
34a is 10 mm. The re?ection angles 01, 02 of the re?ected 
light on the re?ecting surfaces and the displacement 
amounts L1, L2 from the re?ected light source 50‘ to the 
re?ected light sources 51, 52, respectively, are calculated by 
using the above formulas (1) and (2) and changing the 
inclination angle 0 of the actual inner surface 34 With respect 
to the ideal inner surface 34a. The graphs comparing the 
case Where the re?ection Was on the inner surface 34 and the 
case Where the re?ection Was on the outer surface 33 are 
shoWn in FIG. 5. In FIG. 5, the inclination angle @[degree] 
of the actual inner surface 34 With respect to the ideal inner 
surface 34a is plotted against the abscissa, the re?ection 
angle 0 1 or 02 [ degree] of the re?ected light at the inner 
surface 34 or outer surface 33 is plotted on the left ordinate. 
The displacement amount L1 or L2[m] from the re?ected 
light source 50‘ to the re?ected light source 51 or 52 is 
plotted against the right ordinate. 

[0053] The symbol 61 in FIG. 5 stands for the re?ection 
angle 0 of the re?ected light in the case of re?ection on the 
inner surface 34, and 62 stands for the re?ection angle 02 of 
the re?ected light in the case of re?ection on the outer 
surface 33. The symbol 71 stands for the displacement 
amount L1 from the re?ected light source 50‘ to the re?ected 
light source 51 in the case of re?ection on the inner surface 
34, and the symbol 72 stands for the displacement amount 
L2 from the re?ected light source 50‘ to the re?ected light 
source 52 in the case of re?ection on the outer surface 33. 
Here, 01, 02, L1, L2 correspond to 01, 02, L1, L2 shoWn in 
FIG. 4. 

[0054] It is clear from FIG. 5, that at any inclination angle 
0 of the actual inner surface 34 With respect to the ideal inner 
surface 34a, of the re?ection on the inner surface 34 and the 
re?ection on the outer surface 33, both the re?ection angle 
of the re?ected light and the displacement amount from the 
re?ected light source 50‘ to the re?ected light source are 
smaller in the case of re?ection on the outer surface 33. It 
folloWs herefrom that When the inner surface 34 is inclined 
With respect to the ideal inner surface 34a, a higher light 
utiliZation ef?ciency can be obtained With re?ection on the 
outer surface 33. 

[0055] FIG. 6 is a schematic of a projector equipped With 
the above-described illumination device. 

[0056] This projector 1000 includes an illumination opti 
cal system 300, a color light separation optical system 380, 
a relay optical system 390, liquid-crystal panels 410R, 
410G, 410B, a cross dichroic prism 420, and a projection 
lens 600 Which is a projection optical system. 

[0057] The operation of the projector 1000 of the above 
described con?guration Will be described beloW. 

[0058] The illumination optical system 300 is an integrator 
illumination optical system to almost uniformly illuminate 
the image formation regions of the liquid-crystal panels 
410R, 410G, 410B and includes the illumination device 100 
of the above-described eXemplary embodiment, a ?rst lens 
array 320, a second lens array 340, a polariZation conversion 
element array 360, and a superposition lens 370. 

[0059] First, the emitted light from behind the center of the 
light-emitting portion 11 of the light-emitting tube 10 is 
re?ected by the main re?ecting mirror 20 frontWard of the 
illumination device 100. Then, the emitted light from the 
Zone in front of the center of the light-emitting portion 11 is 
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re?ected by the auxiliary re?ecting mirror 30 and returned to 
the main re?ecting mirror 20. This light is then re?ected by 
the main re?ecting mirror 20 frontWard of the illumination 
device 100. Here, because the re?ecting surface 32 of the 
auxiliary re?ecting mirror 30 is formed With good accuracy, 
as Was described hereinabove, the incident light can be 
re?ected With good ef?ciency toWard the main re?ecting 
mirror 20. Further, the light outgoing from the illumination 
device 100 enters the concave lens 200 and the propagation 
direction of the light is adjusted to be almost parallel to the 
optical aXis of the illumination optical system 300. 

[0060] The paralleliZed light falls on each small lens 321 
of the ?rst lens array 320 and is split into a plurality of partial 
luminous ?uXes Whose number corresponds to the number 
of the small lenses 321. Furthermore, each partial luminous 
?uX outgoing from the ?rst lens array 320 falls on the second 
lens array 340 having small lenses 341 corresponding to 
each respective small lens 321. 

[0061] Further, the outgoing light from the second lens 
array 340 falls on the polariZation conversion element array 
360 to adjust into linearly polariZed lights of the type With 
the same direction of polariZation. A plurality of partial 
luminous ?uXes With the polariZation direction adjusted With 
the polariZation conversion element array 360 enter the 
superposition lens 370, Where each partial luminous ?uX 
falling on the liquid-crystal panels 410R, 410G, 410B is 
adjusted so as to be superimposed on the corresponding 
panel surface. 

[0062] The light outgoing from the superposition lens 370 
is re?ected With the re?ecting mirror 372 and then falls on 
the color light separation optical system 380. The color light 
separation optical system 380 is an optical system to sepa 
rate the light emitted from the illumination optical system 
300 into color lights of three colors: red, green, and blue and 
includes dichroic mirrors 382, 386 and a re?ecting mirror 
384. 

[0063] The ?rst dichroic mirror 382 transmits the red color 
light component of the light outgoing from the superposition 
lens 370 and re?ects the blue color light component and 
green color light component. Further, the red color light 
component passes through the ?rst dichroic mirror 382, is 
re?ected by the re?ecting mirror 384, and reaches the 
liquid-crystal panel 410R for the red color light via a ?eld 
lens 400R. Further, of the blue color light component and 
green color light component re?ected by the ?rst dichroic 
mirror 382, the green color light component is re?ected by 
the second dichroic mirror 386 and reaches the liquid-crystal 
panel 410G for the green color light via a ?eld lens 400G. 

[0064] The blue color light component passes through the 
second dichroic mirror 386 and falls on the relay optical 
system 390. The relay optical system 390 is an optical 
system having a function of guiding the blue color light that 
passed through the dichroic mirror 386 of the color light 
separation optical system 380 to the liquid-crystal panel 
410B and includes an incoming-side lens 392, a relay lens 
396, and re?ecting mirrors 394, 398. 

[0065] Thus, the blue color light component passes 
through the incoming-side lens 392, re?ecting mirror 394, 
relay lens 396, and re?ecting mirror 398 and then reaches 
the liquid-crystal panel 410B for the blue color light via a 
?eld lens 400B. Further, The relay optical system 390 is used 
for the blue color light in order to reduce or prevent the 
decrease in the light utiliZation ef?ciency caused by light 
scattering or the like, resulting from the fact that the length 
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of the optical path of the blue color light is larger than the 
length of the optical path of other color lights. Thus, the 
relay optical system serves to transmit the partial luminous 
?uX that fell on the incoming-side lens 392 directly to the 
?eld lens 400B. Further, the relay optical system 390 has a 
con?guration that transmits the blue color light of the three 
color lights. But it may be also con?gured to transmit other 
color lights, for eXample, the red color light. 

[0066] Then, the three liquid-crystal panels 410R, 410G, 
410B modulate each color light falling thereon according to 
the given image information and form the images of each 
color light. Further, polariZing plates are usually provided on 
the light incidence surface side and light outgoing surface 
side of each liquid-crystal panel 410R, 410G, 410B. 

[0067] Then, the modulated light of each color light out 
going from each liquid-crystal panel 410R, 410G, 410B falls 
on the cross dichroic prism 420 serving as a color light 
synthesiZing optical system to synthesiZe those modulated 
lights and forming a color image. In the cross dichroic prism 
420, a dielectric multilayer ?lm to re?ect the red color light 
and a dielectric multilayer ?lm to re?ect the blue color light 
are formed in an almost X-like fashion on the boundary 
surfaces of four right prisms and the three color lights are 
synthesiZed by those dielectric multilayer ?lms. 

[0068] Further, the color image outgoing from the cross 
dichroic prism 420 is enlarged and projected on a screen 
With the projection lens 600. 

[0069] With the above-described projector 1000, because 
illumination device 100 described hereinabove is provided, 
a high light utiliZation ef?ciency can be obtained and an 
increased luminosity of the projector 1000 can be attained. 

[0070] Further, the projector 1000 in accordance With an 
eXemplary aspect of the present invention is not limited to 
the above-described eXemplary embodiment and can be 
implemented in a variety of modes, Without departing from 
the essence thereof. For eXample, the folloWing modi?ca 
tions are also possible. 

[0071] In the above-described exemplary embodiment, 
there Were used tWo lens arrays 320, 340 to split the light 
from the illumination device 100 into a plurality of partial 
light ?uXes. But the present invention can be also applied to 
the projector Which does not use such a lens array. 

[0072] In the above-described eXemplary embodiment, a 
projector using transmission-type liquid-crystal panels Was 
described as an eXample. But the present invention is not 
limited thereto and can be also applied to a projector using 
re?ection-type liquid-crystal panels. In the case of a projec 
tor using re?ection-type liquid-crystal panels, a con?gura 
tion including only liquid-crystal panels is possible and a 
pair of polariZing plates are not required. Furthermore, in a 
projector using re?ection-type liquid-crystal panels, a cross 
dichroic prism is sometimes used as a color light separation 
device to separate the illumination light into lights of three 
colors: red, green, and blue, and also as a color light 
synthesiZing device to synthesiZe again the modulated lights 
of three colors and emitting them in the same direction. 
Furthermore, sometimes a dichroic prism combining a plu 
rality of triangular or quadrangular rod-like dichroic prisms 
is used instead of the cross dichroic prism. When the present 
invention is applied to the projector using re?ection-type 
liquid-crystal panels, it is possible to obtain the effect almost 
identical to that obtained With the projector using transmis 
sion-type liquid-crystal panels. 
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[0073] Further, the projector using three liquid-crystal 
panels as modulation devices Was explained as an example. 
HoWever, the present invention can be also applied to a 
projector With a structure using one, tWo, four or more 
liquid-crystal panels. 
[0074] Furthermore, the light modulation device to modu 
late the incident light and generate an image is not limited 
to a liquid-crystal panel. For example, it may be also a 
device using a micromirror. Furthermore, the lamp device in 
accordance With an exemplary aspect of the present inven 
tion can be also employed in both the front projection-type 
projectors, in Which image projection is conducted from the 
direction in Which the projection surface is observed, and the 
rear proj ection-type projectors, in Which image projection is 
conducted from the side opposite to the direction in Which 
the projection surface is observed. 

INDUSTRIAL FIELD OF APPLICATIONS 

[0075] An illumination device equipped With an exem 
plary aspect of the auxiliary re?ecting mirror manufactured 
by the manufacturing method in accordance With the present 
invention in the above-described manner can be Widely 
employed as a light source for a projector or other various 
optical devices. 

What is claimed is: 
1. A method for the manufacture of a re?ecting mirror of 

an illumination device, including a light-emitting tube and 
the re?ecting mirror to re?ect a light from the light-emitting 
tube, the method comprising: 

heating a central portion of a quartZ glass tube and 
compressing the central portion by pushing tWo end 
portions of the quartZ glass tube so that the Wall 
thickness of the central portion thickens; 

accommodating the quartZ glass tube after thickening the 
Wall thickness of the central portion in a mold having 
an inner surface formed to a re?ecting surface shape, 
Which is to be formed in a re?ecting mirror, and 
forming an expanded portion by expanding the central 
portion, of Which the Wall thickness Was thickened, by 
introducing a gas from the tWo ends of the quartZ glass 
tube; 

cutting the quartZ glass tube in at least the central portion 
of the expanded portion; and 

evaporating a re?ecting ?lm on the outer surface of the 
expanded portion and forming a re?ecting surface. 

2. The method for the manufacture of a re?ecting mirror 
according to claim 1, further comprising: 

cutting both end portions of cylindrical portions extend 
ing outWardly from the tWo ends of the expanded 
portion in addition to cutting the vicinity of the central 
portion of the expanded portion of the quartZ glass tube, 
and providing cylindrical mounting support portions to 
?x to the light-emitting tube. 

3. Are?ecting mirror manufactured by the method for the 
manufacture of a re?ecting mirror according to claim 1. 

4. Are?ecting mirror manufactured by the method for the 
manufacture of a re?ecting mirror according to claim 2. 

5. An illumination device, comprising: 

a light-emitting tube; and 

a re?ecting mirror to re?ect the light from the light 
emitting tube toWard an illumination region, the re?ect 

Sep. 1, 2005 

ing mirror being manufactured by the method for the 
manufacture of a re?ecting mirror according to claim 1. 

6. An illumination device, comprising: 

a light-emitting tube; and 

a re?ecting mirror to re?ect the light from the light 
emitting tube toWard an illumination region, the re?ect 
ing mirror being manufactured by the method for the 
manufacture of a re?ecting mirror according to claim 2. 

7. An illumination device, comprising: 

a light-emitting tube; 

a main re?ecting mirror to re?ect the light from the 
light-emitting tube toWard an illumination region; and 

an auxiliary re?ecting mirror to re?ect the light from the 
light-emitting tube toWard the main re?ecting mirror, 
the auxiliary re?ecting mirror being manufactured by 
the method for the manufacture of a re?ecting mirror 
according to claim 1. 

8. An illumination device, comprising: 

a light-emitting tube; 

a main re?ecting mirror to re?ect the light from the 
light-emitting tube toWard an illumination region; and 

an auxiliary re?ecting mirror to re?ect the light from the 
light-emitting tube toWard the main re?ecting mirror, 
the auxiliary re?ecting mirror being manufactured by 
the method for the manufacture of a re?ecting mirror 
according to claim 2. 

9. A projector, comprising: 

the illumination device according to claim 5, 

a light modulation device to modulate the luminous ?ux 
emitted from the illumination device according to an 
image information; and 

a projection optical system to project the luminous ?ux 
modulated by the light modulation device. 

10. A projector, comprising: 

the illumination device according to claim 6, 

a light modulation device to modulate the luminous ?ux 
emitted from the illumination device according to an 
image information; and 

a projection optical system to project the luminous ?ux 
modulated by the light modulation device. 

11. A projector, comprising: 

the illumination device according to claim 7, 

a light modulation device to modulate the luminous ?ux 
emitted from the illumination device according to an 
image information; and 

a projection optical system to project the luminous ?ux 
modulated by the light modulation device. 

12. A projector, comprising: 

the illumination device according to claim 8, 

a light modulation device to modulate the luminous ?ux 
emitted from the illumination device according to an 
image information; and 

a projection optical system to project the luminous ?ux 
modulated by the light modulation device. 

* * * * * 


