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(57) ABSTRACT 

Aspects of the invention can provide a lamp device that is 
capable of avoiding concentration of stresses in a sub-mirror 
?xing portion of an arc tube. The lamp device can include an 
arc tube provided With a bulb portion encapsulating inside a 
pair of electrodes, and a pair of sealing portions formed 
continuously from the bulb portion and sealing inside elec 
trode axes having the electrodes at tip ends and conductor 
foils to bring the electrode axes into conduction, a main 
re?ection mirror, to Which the sealing portion is ?xed, to 
re?ect lights emitted from the arc tube toWard an illuminated 
region, and a sub-mirror ?xed to the sealing portion in such 
a manner that a re?ection surface opposes the main re?ec 
tion mirror With the bulb portion in betWeen. The sub-mirror 
can be bonded With a bonding agent to a surface region of 
the sealing portion present in a direction moving aWay from 
the bulb portion in reference to a position corresponding to 
a termination of the electrode axis. 
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LAMP DEVICE AND PROJECTOR EQUIPPED 
WITH THE SAME 

BACKGROUND 

[0001] Aspects of the invention can relate to a lamp device 
provided With a so-called sub-mirror, and a projector 
equipped With the lamp device. 

[0002] Related art lamp devices in Which an arc tube 
provided With a bulb portion encapsulated inside a pair of 
electrodes, and a pair of sealing portions formed continu 
ously from the bulb portion and sealing inside electrode axes 
having the electrodes on the tip ends and conductor foils to 
bring the electrode axes into conduction, can be attached to 
the main re?ection mirror. Some related art lamp devices, as 
described above, have been disclosed in Which a sub-mirror 
is ?xed to one sealing portion With a bonding agent in such 
a manner that its re?ection surface is placed oppositely to the 
main re?ection mirror With the bulb portion in betWeen. See, 
for example JP-A-8-31382. 

SUMMARY 

[0003] In the related art, the ?xing portion of the sub 
mirror can be on the surface of the sealing portion corre 
sponding to a portion in Which the electrode axis is sealed. 
According to this structure in the related art, hoWever, a 
stress induced from a difference of coef?cients of thermal 
expansion betWeen the sealing portion and the bonding 
agent is added to a stress induced from a difference of 
coef?cients of thermal expansion betWeen the electrode axis 
and the sealing portion. This raises a problem that stresses 
are concentrated in the sub-mirror ?xing portion of the arc 
tube. 

[0004] An object to propose a lamp device capable of 
avoiding concentration of stresses in the sub-mirror ?xing 
portion of the arc tube and to propose a projector equipped 
With this lamp device. 

[0005] An exemplary lamp device of the invention can 
include an arc tube provided With a bulb portion encapsu 
lated inside a pair of electrodes, and a pair of sealing 
portions formed continuously from the bulb portion and 
sealing inside electrode axes having the electrodes at tip 
ends and conductor foils to bring the electrode axes into 
conduction, a main re?ection mirror, to Which one of the pair 
of sealing portions is ?xed, to re?ect lights emitted from the 
arc tube toWard an illuminated region, and a sub-mirror, 
disposed on the other one of the pair of sealing portions in 
such a manner that the bulb portion is betWeen said sub 
mirror and said main re?ection mirror, to return lights 
emitted from the bulb portion to the main re?ection mirror. 
The lamp device is characteriZed in that the sub-mirror can 
be bonded With a bonding agent to a surface region of the 
sealing portion present in a direction moving aWay from the 
bulb portion in reference to a position corresponding to a 
termination of the electrode axis. 

[0006] When con?gured in this manner, it is possible to 
separate a large stress region developed in a portion betWeen 
the electrode axis and the sealing portion from a large stress 
region developed in a portion betWeen the sealing portion 
and the bonding agent, both induced from a difference of 
coef?cients of thermal expansion, and concentration of 
stresses in the sub-mirror ?xing portion of the arc tube can 
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be therefore avoided. It is thus possible to obtain a lamp 
device that is stable in terms of strength. 

[0007] The sub-mirror is characteriZed in that it includes a 
cup-shaped re?ection base portion on Which the re?ection 
surface is formed, and a cylinder portion extending from the 
re?ection base portion in an opposite direction of a re?ection 
direction of the re?ection surface in such a manner that the 
sealing portion is inserted therein, and that it is ?xed to the 
sealing portion by utiliZing a terminal portion of the cylinder 
portion. When con?gured in this manner, it is possible to 
bond the sub-mirror onto the surface of the sealing portion 
present remote from a portion corresponding to the electrode 
axis While the re?ection surface of the sub-mirror is placed 
in close proximity to the bulb portion, Which makes it 
possible to maintain the outside shape of the sub-mirror 
small. 

[0008] It is preferable that the cylinder portion is located 
inside virtual lines linking an outermost portion of the 
re?ection base portion and a tip-end outside portion of the 
sealing portion to Which the cylinder portion is ?xed. When 
con?gured in this manner, it is possible to avoid blocking 
re?ected lights from the main re?ection surface by the 
cylinder portion. 
[0009] An exemplary projector of the invention can 
include a light source, a light modulation device to form an 
image by modulating a light emitted from the light source 
according to image information, and a projection lens to 
project the image, and the projector is characterized in that 
any of the lamp devices described above is used as the light 
source. Because the projector uses any of the lamp devices 
as described above as the light source, the projector is 
improved in quality and the life thereof is extended. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention Will be described With reference to 
the accompanying draWings, Wherein like numerals refer 
ence like elements, and Wherein: 

[0011] FIG. 1 is a cross section shoWing the con?guration 
of a lamp device according to one exemplary embodiment of 
the invention; 

[0012] FIG. 2 is an outside vieW of an arc tube provided 
With a sub-mirror used in the lamp device of FIG. 1; 

[0013] FIG. 3 is a vieW used to describe advantages of the 
lamp device of the invention in comparison With a lamp 
device in the related art; and 

[0014] FIG. 4 is a vieW shoWing the con?guration of a 
projector according to one exemplary embodiment of the 
invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0015] FIG. 1 is a cross section shoWing the con?guration 
of a lamp device 1 according to one exemplary embodiment 
of the invention. The lamp device 1 can include an arc tube 
10, a main re?ection mirror 20, and a sub-mirror 30. 

[0016] The arc tube 10 is, for example, a high pressure 
mercury-vapor lamp, and is made of vitreous silica or the 
like. It can include a bulb portion 11 at the center, and a pair 
of sealing portions 13a and 13b formed continuously from 
the bulb portion 11, respectively, on the both sides of the 
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bulb portion 11. Mercury, an inert gas, a small quantity of 
halogen, and the like are sealed inside the bulb portion 11, 
and discharging electrodes 12a and 12b are also encapsu 
lated therein. In the sealing portions 13a and 13b are sealed, 
respectively, electrode axes 12A and 12B made of tungsten 
or the like and provided With electrodes 12a and 12b formed 
on the tip ends, and metal foils 14a and 14b made of 
molybdenum or the like serving as conductors to bring the 
electrode axes 12A and 12B into conduction. PoWer supply 
leads (Wire or terminal) 15a and 15b from the metal foils 14a 
and 14b are drawn from the end surfaces of the sealing 
portions 13a and 13b, respectively. Herein, a mouth ring 16 
is provided at the end of the sealing portion 13a to prevent 
light leakage or the like, hoWever, it may be omitted Without 
causing signi?cant inconveniences. In addition, the arc tube 
10 is not limited to a high pressure rnercury-vapor lamp, and 
other types of lamp, such as a metal halide lamp and a xenon 
larnp, can be used as Well. Further, the tip ends of the 
electrode axes 12A and 12B Where the electrodes 12a and 
12b are formed are assumed as the beginnings of the 
electrode axes 12A and 12B relative to the terminations of 
the electrode axes 12A and 12B described beloW. 

[0017] The main re?ection mirror 20 can include a re?ec 
tion base portion 22 having a concave re?ection surface 21 
formed as a paraboloid of revolution or an ellipsoid of 
revolution, and a cylinder portion 23 used to ?x one sealing 
portion 13a of the arc tube 10 inserted therein. The cylinder 
portion 23 is a cylindrical body extending from the centers 
of the re?ection surface 21 and the re?ection base portion 22 
to the opposite side of the re?ection surface 21, and has a 
through-hole 24 made inside to be coaxial With the center of 
rotation of the re?ection surface 21. The re?ection base 
portion 22 and the cylinder portion 23 are normally made of 
heat-resistant glass and formed integrally in the shape of a 
funnel. The arc tube 10 is ?xed With a bonding agent 40 after 
the sealing portion 13a is inserted into the cylinder portion 
23 of the main re?ection mirror 20 from the re?ection 
surface 21 side, so that the bulb portion 11 comes on the side 
of the re?ection surface 21 of the main re?ection mirror 20. 

[0018] The sub-rnirror 30 functions to re?ect a light ernit 
ted from the bulb portion 11 to be returned to the main 
re?ection mirror 20 via the bulb portion 11, and includes a 
cup-shaped re?ection base portion 32 Where a re?ection 
surface 31 is formed, and a cylinder portion 33 formed to 
extend from the re?ection base portion 32 in an opposite 
direction of the re?ection direction of the re?ection surface 
31 so that the sealing portion 13b can be inserted therein. 

[0019] The sub-rnirror 30 is ?xed to the sealing portion 
13b of the arc tube 10 With the bonding agent 40 in such a 
manner that the re?ection surface 31 opposes the re?ection 
surface 21 of the main re?ection mirror 20 With the bulb 
portion 11 of the arc tube 10 in betWeen. It should be noted 
that the re?ection base body 32 of the sub-rnirror 30 is 
placed in close proximity to the outer peripheral surface of 
the bulb portion 11, so that the sub-rnirror 30 Will not block 
re?ected lights from the main re?ection mirror 20 as much 
as possible. 

[0020] In addition, a surface region of the sealing portion 
13b present in a direction moving away from the bulb 
portion 11 in reference to the position corresponding to the 
termination of the electrode axis 12B is allocated to the 
?xing portion of the sub-rnirror 30 on the sealing portion 
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13b, so that the electrode axis 12B inside the sealing portion 
13b Will not overlap the ?xing region of the sub-rnirror 30 
on the surface of the sealing portion 13b. In other Words, the 
?xing portion of the sub-rnirror 30 on the sealing portion 13b 
and the electrode axis 12B inside the sealing portion 13b are 
shifted to avoid coexistence Within a plane perpendicular to 
the direction along Which the sealing portion 13b extends 
from the bulb portion 11. Hence, the cylinder portion 33 of 
the sub-rnirror 30 has a cylinder length starting from near the 
boundary betWeen the bulb portion 11 and the sealing 
portion 13b and ending Where it overlaps part of the metal 
foil 14b, and utiliZes the terminal portion of the cylinder 
portion 33 as the ?xing surface. The con?guration as 
described above can separate a large stress region developed 
in a portion betWeen the electrode axis 12B and the sealing 
portion 13b from a large stress region developed in a portion 
betWeen the sealing portion 13b and the bonding agent 40, 
both induced from a difference of coef?cients of thermal 
expansion. It should be noted, hoWever, that it is preferable 
that the cylinder portion 33 of the sub-rnirror 30 is located 
inside the virtual lines (see FIG. 3(b)) linking the outermost 
portion of the re?ection base portion 32 and the tip-end outer 
portion of the sealing portion 13b to Which the cylinder 
portion 33 is ?xed. When con?gured in this manner, it is 
possible to avoid blocking re?ected lights from the main 
re?ection mirror 20 by the cylinder portion 33. 

[0021] It is preferable to secure a clearance suf?cient to 
adjust the positions of the light source image and the 
re?ection image, that is, a clearance of 0.2 mm or greater, 
betWeen the outer peripheral surface of the bulb portion 11 
and the sub-rnirror 30. When con?gured in this manner, heat 
release from the bulb portion 11 on the side covered With the 
sub-rnirror 30 is ensured, Which can in turn suppress a local 
temperature rise of the arc tube 10. In addition, because the 
sub-rnirror 30 is exposed to high temperatures, it is prefer 
able to manufacture the sub-rnirror 30 With the use of a 
loW-heat expansive adrnixture, such as quartZ and neocerarn, 
and a high-heat conductive material, such as light-transrnis 
sive alurnina, sapphire, berg crystal, ?uorite, and YAG. For 
example, Surnicorundurn (a registered trademark of Surni 
torno Chemical Co., Ltd.) may be used as light-transrnissive 
alurnina. 

[0022] FIG. 2 is an outside vieW of the exemplary arc tube 
10 attached With the sub-rnirror 30. The lamp device 1 can 
be assembled by positioning the arc tube 10, to Which the 
sub-rnirror 30 has been previously attached, With respect to 
the main re?ection mirror 20. An inorganic bonding agent 
based on silica or alurnina can be used as the bonding agent 
40 to ?x the sub-rnirror 30 to the sealing portion 13b of the 
arc tube 10 and the bonding agent 40 to ?x the sealing 
portion 13a to the cylinder portion 23 of the main re?ection 
mirror 20. A concrete example of such a bonding agent 
includes Surnicerarn (a registered trademark of Surnitorno 
Chemical Co., Ltd.). 

[0023] Advantages achieved by allocating the surface 
region of the sealing portion 13b present in a direction 
moving away from the bulb portion 11 in reference to the 
position corresponding to the termination of the electrode 
axis 12B to the ?xing portion of the sub-rnirror 30, so that 
the electrode axis 12B inside the sealing portion 13b Will not 
overlap the ?xing region of the sub-rnirror 30 on the surface 
of the sealing portion 13b, Will noW be described. FIG. 3 is 
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a vieW used to describe advantages of the lamp device 1 of 
the invention in comparison With a lamp device in the related 
art. 

[0024] In the arc tube 10, a stress is produced in a portion 
Where the electrode axis 12B made of metal (tungsten) is 
sealed by quartZ glass due to a difference of their coefficients 
of thermal expansion. For example, as is shoWn in FIG. 3(a) 
of the background art, When the sub-mirror 30 is provided in 
close proximity to the arc tube 10, the end of the sub-mirror 
30 is positioned on the surface of the sealing portion 13b that 
corresponds to a portion Where the electrode axis 12B is 
sealed. In this case, a large stress region A developed due to 
a difference of coef?cients of thermal expansion betWeen the 
electrode axis 12B and the sealing portion 13b overlaps a 
large stress region B developed due to a difference of 
coef?cients of thermal expansion betWeen the sealing por 
tion 13b and the bonding agent 40, and stresses are concen 
trated in the overlapped portion. 

[0025] On the contrary, in FIG. 3(b) corresponding to the 
lamp device 1, the surface region of the sealing portion 13b 
present in a direction moving aWay from the bulb portion 11 
in reference to the termination of the electrode axis 12B is 
allocated to the ?xing portion of the sub-mirror 30 by 
utiliZing the terminal portion of the cylinder portion 33. In 
this case, as is shoWn in the draWing, a large stress region A 
developed due to a difference of coef?cients of thermal 
expansion betWeen the electrode axis 12B and the sealing 
portion 13b Will not overlap a large stress region B devel 
oped due to a difference of coef?cients of thermal expansion 
betWeen the sealing portion 13b and the bonding agent 40. 
Concentration of stresses in the ?xing portion of the sub 
mirror 30 can be thus avoided. Hence, the arc tube 10 
becomes stable in strength. In this case, the ?xing portion of 
the sub-mirror 30 overlaps a portion Where the metal foil 14b 
is sealed. HoWever, because the metal foil 14b is extremely 
thin, an in?uence of the stress induced from a difference of 
coef?cients of thermal expansion betWeen the sealing por 
tion 13b and the metal foil 14b is almost negligible. 

[0026] Optical functions of the lamp device 1 as described 
above are as folloWs. That is, the arc tube 10 gives off lights 
by a discharge function of the electrodes 12a and 12b, and 
the lights are emitted from the bulb portion 11. Of the lights 
emitted from the bulb portion 11, lights emitted toWard the 
main re?ection mirror 20 are re?ected on the main re?ection 
mirror 20 and head for an irradiated region. Of the lights 
emitted from the bulb portion 11 of the arc tube 10, lights 
emitted toWard the sub-mirror 30 are ?rst re?ected on the 
sub-mirror 30 and head for the main re?ection mirror 20, 
after Which they are re?ected on the main re?ection mirror 
20 and head for the irradiated region. Hence, in the lamp 
device 1, most of the lights emitted from the bulb portion 11 
of the arc tube 10 can be utiliZed, and ef?ciency for light 
utiliZation can be thereby enhanced. 

[0027] FIG. 4 is a vieW shoWing an exemplary con?gu 
ration of a projector 100 according to one exemplary 
embodiment of the invention. The projector 100 can include 
an illumination system 300, a color separation system 380, 
a relay system 390, liquid crystal panels 410R, 410G, and 
410B, a cross dichroic prism 420, a projection lens 600, etc. 

[0028] Functions of the projector 100 Will noW be 
described. 

[0029] The illumination system 300 is an optical integra 
tion system to illuminate image forming regions on the 
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liquid crystal panels 410R, 410G, and 410B almost homo 
geneously, and is provided With the lamp device 1 of the 
embodiment described above, a ?rst lens array 320, a second 
lens array 340, a polariZation converting element array 360, 
and a superimposing lens 370. 

[0030] Alight emitted from the arc tube 10 is ?rst re?ected 
on the re?ection mirror 20 or both the sub-mirror 30 and the 
re?ection mirror 20 toWard an illuminated region, and goes 
incident on a concave lens 200 so that the traveling direction 
of the light is adjusted to be almost parallel to the optical axis 
of the illumination system 300. 

[0031] The paralleliZed light then goes incident on respec 
tive small lenses 321 in the ?rst lens array 320, and is 
divided into partial lights in the matching number With the 
small lenses 321. Further, the respective partial lights that 
come out from the ?rst lens array 320 go incident on the 
second lens array 340 having small lenses 341 correspond 
ing to the respective small lenses 321. 

[0032] Lights emitted from the second lens array 340 then 
go incident on the polariZation converting element array 360 
that aligns polariZation directions of these lights to make 
them linearly polariZed lights of the same kind. Plural partial 
lights Whose polariZation directions are aligned in the polar 
iZation converting element array 360 go incident on the 
superimposing lens 370, and respective partial lights to go 
incident on the liquid crystal panels 410R, 410G, and 410B 
are adjusted therein to be superimposed on the correspond 
ing panel surfaces. 

[0033] Lights that come out from the superimposing lens 
370 are re?ected on the re?ection mirror 372, and go 
incident on the color separation system 380. The color 
separation system 380 is an optical system to separate lights 
emitted from the illumination system 300 into lights of three 
colors including red, green, and blue, and is provided With 
dichroic mirrors 382 and 386, and a re?ection mirror 384. 

[0034] Of all the lights emitted from the superimposing 
lens 370, the ?rst dichroic mirror 382 transmits red light 
components and re?ects blue light components and green 
light components. The red light components pass through 
the ?rst dichroic mirror 382 and are re?ected on the re?ec 
tion mirror 384, after Which they reach the liquid crystal 
panel 410R for red lights by passing through a ?eld lens 
400R. Of the blue light components and the green light 
components re?ected on the ?rst dichroic mirror 382, the 
green light components are re?ected on the second dichroic 
mirror 386, and reach the liquid crystal panel 410G for green 
lights by passing through a ?eld lens 400G. 

[0035] MeanWhile, the blue light components pass 
through the second dichroic mirror 386 and go incident on 
the relay system 390. The relay system 390 is an optical 
system furnished With a function of guiding blue lights 
having passed through the dichroic mirror 386 in the color 
separation system 380 to the liquid crystal panel 410B, and 
is provided With a light incident-side lens 392, a relay lens 
396, and re?ection mirrors 394 and 398. In other Words, the 
blue light components pass through the light incident-side 
lens 392, the re?ection mirror 394, the relay lens 396, and 
the re?ection mirror 398, and reach the liquid crystal panel 
410B for blue lights by further passing through a ?eld lens 
400B. The relay system 390 is used for blue lights for the 
purpose of preventing a decrease in efficiency for light 
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utilization caused by light diffusion or the like that results 
from the fact that the optical path for blue lights is longer 
than the optical paths for the other color lights. In short, the 
purpose is to convey the partial lights that come incident on 
the light incident-side lens 392 intact to the ?eld lens 400B. 
The relay system 390 is con?gured to alloW blue lights 
among lights of three colors to pass through, hoWever, it 
may be con?gured to alloW color lights other than red lights 
to pass through. 

[0036] Then, the three liquid crystal panels 410R, 410G, 
and 410B modulate incident lights of their respective colors 
according to provided image information, and form images 
of lights of respective colors. Normally, polariZers are 
provided on the light incident-side and the light exiting-side 
of the respective liquid crystal panels 410R, 410G, and 
410B. 

[0037] Then, modulated lights of respective colors emitted 
from the respective liquid crystal panels 410R, 410G, and 
410B go incident on the cross dichroic prism 420 serving as 
a color combining system to form a color image by com 
bining these modulated lights. In the cross dichroic prism 
420, a dielectric multi-layer ?lm that re?ects red lights and 
a dielectric multi-layer ?lm that re?ects blue lights are 
formed at the boundaries of four rectangular prisms almost 
in the shape of a capital X, and lights of three colors are 
combined by these dielectric multi-layer ?lms. 

[0038] A color image emitted from the cross dichroic 
prism 420 is then scaled up and projected onto the screen by 
the projection lens 600. 

[0039] Because the projector 100 can include the lamp 
device 1 as described above, the projector is improved in 
quality and the life thereof is extended generally as the 
quality of the lamp device I is improved. 

[0040] It should be understood that the projector 100 of 
the invention is not limited to the exemplary embodiment 
above, and it can be implemented in various manners 
Without deviating from the scope of the invention. For 
example, a modi?cation as folloWs is possible. 

[0041] In the exemplary embodiment above, tWo lens 
arrays 120 and 130 are used to divide lights from the lamp 
device 1 into plural partial lights. HoWever, the invention is 
also applicable to a projector that does not use such lens 
arrays. 

[0042] The exemplary embodiment Was described by 
using a projector employing transmissive liquid crystal 
panels by Way of example. HoWever, the invention is not 
limited to this con?guration, and is also applicable to a 
projector employing re?ective liquid crystal panels. In the 
case of a projector employing re?ective liquid crystal pan 
els, it can comprise liquid crystal panels alone and a pair of 
polariZers can be omitted. In addition, With the projector 
employing re?ective liquid crystal panels, in some cases, the 
cross dichroic prism is used not only as a color separating 
device for separating illumination lights into lights of three 
colors including red, green, and blue, but also as a color 
combining device for combining modulated lights of three 
colors to be emitted in the same direction. Further, a dichroic 
prism formed by combining plural triangular or square 
dichroic prisms may be used instead of the cross dichroic 
prism. Almost the same advantages as those attained by the 
projector employing transmissive liquid crystal panels can 
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be achieved When the invention is applied to a projector 
employing re?ective liquid crystal panels. 

[0043] The invention Was described by using a projector 
employing three liquid crystal panels as modulation devices 
by Way of example. HoWever, the invention is also appli 
cable to a projector con?gured to use one, tWo, four or more 
liquid crystal panels. 
[0044] Also, light modulation devices to generate an 
image by modulating incident lights are not limited to liquid 
crystal panels, and for example, a device using a micro 
mirror can also be used. Further, the lamp device of the 
invention is applicable to each of a front projector that 
projects an image from a direction in Which the user vieWs 
the projection surface and a rear projector that projects an 
image from the opposite side of a direction in Which the user 
vieWs the projection surface. 

[0045] While this invention has been described in con 
junction With the speci?c embodiments thereof, it is evident 
that many alternatives, modi?cations, and variations Will be 
apparent to those skilled in the art. Accordingly, preferred 
embodiments of the invention as set forth herein are 
intended to be illustrative, not limiting. There are changes 
that may be made Without departing from the spirit and 
scope of the invention. 

What is claimed is: 
1. A lamp device, comprising: 

an arc tube provided With a bulb portion sealing inside a 
pair of electrodes, and a pair of sealing portions formed 
continuously from the bulb portion and sealing inside 
electrode axes having the electrodes at tip ends and 
conductor foils to bring the electrode axes into con 

duction; 
a main re?ection mirror, to Which one of the pair of 

sealing portions is ?xed, that re?ects light emitted from 
the arc tube toWard an illuminated region; 

a sub-mirror, disposed on the other one of the pair of 
sealing portions in such a manner that the bulb portion 
is betWeen the sub-mirror and the main re?ection 
mirror, that returns light emitted from the bulb portion 
to the main re?ection mirror; and 

the sub-mirror being bonded With a bonding agent to a 
surface region of the sealing portion present in a 
direction moving aWay from the bulb portion in refer 
ence to a position corresponding to a termination of the 
electrode axis. 

2. The lamp device according to claim 1, 

the sub-mirror including a cup-shaped re?ection base 
portion on Which the re?ection surface is formed, and 
a cylinder portion extending from the re?ection base 
portion in an opposite direction of a re?ection direction 
of the re?ection surface in such a manner that the 
sealing portion is inserted therein; and 

the sub-mirror being ?xed to the sealing portion by 
utiliZing a terminal portion of the cylinder portion. 

3. The lamp device according to claim 2, 

the cylinder portion being located inside virtual lines 
linking an outermost portion of the re?ection base 
portion and a tip-end outside portion of the sealing 
portion to Which the cylinder portion is ?xed. 
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4. A projector, comprising: 

a light source; 

a light modulation device that forms an image by modu 
lating a light emitted from the light source according to 
image information; 
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a projection lens that projects the image; and 

the projector being characteriZed in that the lamp device 
according to claim 1 is used as the light source. 


