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METHOD OF MANUFACTURING
REFLECTIVE MIRROR, ILLUMINATION
DEVICE, AND PROJECTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND

Exemplary aspects of the present invention relate to a
method of manufacturing retlective mirror, an 1llumination
device and a projector.

Related art projectors realize 1image display by
modulating, 1n accordance with image information using a
liquid crystal panel, 1llumination light emitted from an 1llu-
mination optical system and projecting the modulated light
onto a projection surface, such as a screen.

The 1llumination optical system 1s disposed with an arc
tube including a light-emitting portion and a reflector includ-
ing a reflective surface that reflects the light from the light-
emitting portion of the arc tube 1n a predetermined direction.
It 1s preferable for the 1llumination device to be able to use,
as effectively as possible, the light from the arc tube.

For this reason, a related art parabolic reflector including a
concave surface configured by a paraboloid of revolution 1s
used as the reflector. See JP-A-2000-298213. FIG. 4 15 a
schematic showing an example of an optical system of a
related art projector using such a parabolic reflector. As
shown 1n FIG. 4, a parabolic retlector 930A 1s used, and by
disposing a light emission center of an arc tube 920A 1n the
tocal position of the parabolic reflector 930A, the light emiat-
ted from the arc tube 920A can be made 1nto substantially
parallel light. Thus, the light emitted from the arc tube can
be used effectively.

An ellipsoidal retlector including a concave surface con-
figured by an ellipsoid of revolution 1s also used as the
reflector. See JP-A-2002-90883. FIG. 5 1s a schematic show-
ing an example of an optical system of a projector 9008
using such an ellipsoidal reflector. As shown i FIG. §, an
cllipsoidal reflector 930B 1s used, and by disposing the light
emission center of an arc tube 920B 1n one focal point (first
tocal point) of the ellipsoidal retlector 930B, the light emut-
ted from the arc tube 920B can be effectively focused at
another focal point (second focal point) of the ellipsoidal
reflector 930B. Thus, the light emitted from the arc tube can
be used etfectively.

FIG. 6 1s a schematic showing another example of an
optical system 901C of a projector 900C using such an ellip-
soidal mirror. As shown in FIG. 6, an ellipsoidal retlector
930C 1s used, and by disposing the light emission center of
an arc tube 920C 1n one focal point (first focal point) of the
cllipsoidal retlector 930C and disposing a parallelizing lens
945 to make parallel the emission light from the ellipsoidal
reflector 930C, the light emitted from the arc tube 920C can
be made 1nto substantially parallel light. Thus, the light emait-
ted from the arc tube can be used eflectively. See JP-A-2000-
34°7293.

Such retlectors are usually manufactured by press mold-
ing. FIG. 7 1s a schematic showing a related art reflector
manufacturing method for explanation.

In the related art reflector manufacturing method, as

shown 1n FIG. 7, a reflector 930D 1s molded using a form
block 930M disposed with a lower mold 931 including a
concave cavity, a press mold 932 disposed so as to surround
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the periphery of the cavity of the lower mold 931, and a core
933 that slides the 1nside of a slide-use opening of the press
mold 932 towards the inside of the cavity of the lower mold
931. Specifically, a softened glass material 1s supplied to the
inside of the cavity of the lower mold 931, the glass material
1s pressurized by sliding the core 933, and the glass material

spreads and fills the 1nside of the form block 930M. Thus,
reference surfaces 937 and 939 are formed by the press mold
932, and a retlective surface 9335 1s formed by the core 933.

SUMMARY

However, 1n this related art reflector manufacturing
method, when the continuous production quantity increases,
the surface of the form block 1s abraded and the retlector
material adheres to the surface of the form block, whereby
the state of the surface of the form block deteriorates. For
this reason, there have been problems that the characteristics
of the retlective surface of the retlector to be manufactured
deteriorate, the light use efficiency drops and the manufac-
turing cost rises.

Among 1llumination devices, there 1s an i1llumination
device that includes, 1n addition to an arc tube 920E and a

reflector 930E, an auxiliary mirror 940 that reflects, towards
the arc tube 920K, light emitted from the arc tube 920E to an
illuminated region. See JP-A-11-143378. FIG. 8 1s a sche-
matic showing an illumination device 910E including such
an auxiliary mirror 940. As shown 1n FIG. 8, an auxiliary
mirror 940 1s also ordinarily manufactured by press molding.

For this reason, even with respect to the auxiliary mirror
940, when the continuous production quantity increases, the
surface of the form block 1s abraded and the auxiliary mirror
material adheres to the surface of the form block, whereby
the state of the surface of the form block deteriorates. For
this reason, there have been problems that the characteristics
of the reflective surface of the auxiliary mirror to be manu-
factured deteriorates, the light use efficiency drops and the
manufacturing cost rises.

Thus, exemplary aspects of the present invention have
been made 1n order to address and/or eliminate the above-
described and/or other problems, and provides a retlective
mirror manufacturing method for manufacturing a reflective
mirror, such as a reflector and an auxiliary mirror, so that
even 11 the continuous production quantity increases, the
characteristics of the reflective surface of the reflective mir-
ror to be manufactured do not deteriorate, the light use effi-
ciency does not drop and the manufacturing cost does not
rise.

Exemplary aspects of the present invention also provide,
at an inexpensive manufacturing cost, an 1llumination device

and a projector including an excellent reflective mirror
whose light use efficiency 1s high.

Exemplary aspects of the present invention provide a
reflective mirror manufacturing method for manufacturing a
reflective mirror used 1n an illumination device including an
arc tube including a light-emitting portion and a reflective
mirror including a reflective surface that reflects light from
the light-emitting portion in a predetermined direction. The
method 1ncludes: a first step of forming a tube by heating a
tube consisting of a material of the reflective mirror, thereat-
ter putting the tube 1n a form block, applying internal pres-
sure with an 1nert gas to cause a center portion of the tube to
expand, so that part of an inner surface of the expanded
center portion 1mcludes a shape corresponding to the retlec-
tive surface of the reflective mirror; a second step of cutting,
the tube at the center portion to form a reflective mirror
member; and a third step of forming a retlective layer on an
inner surface of the retlective mirror member.




US RE41,874 E

3

For this reason, according to the reflective mirror manu-
facturing method of an exemplary aspect of the invention, a
form block to form the reflective surface of the reflective
mirror becomes unnecessary because the tube 1s formed by
applying internal pressure with an inert gas to cause a center
portion of the tube to expand, so that the tube has a shape
corresponding to the reflective surface of the reflective mir-
ror. As a result, even 11 the continuous production quantity of
the reflective mirror increases, the situation where the sur-
face of the form block 1s abraded and the reflective mirror
material adheres to the surface of the form block 1s reduced
or eliminated. For this reason, even 11 the continuous produc-
tion quantity of the reflective mirror increases, the situation
where the state of the surface of the form block deteriorates
1s eliminated, and the situation where the characteristics of
the reflective surface of the reflective mirror to be manufac-
tured deteriorate, the light use efficiency drops and the
manufacturing cost rises 1s reduced or eliminated. Thus, it
becomes possible to manufacture, at an mexpensive manu-
facturing cost, a reflective mirror whose light use efliciency
1s high.

Also, according to the reflective mirror manufacturing
method of an exemplary aspect of the invention, because
internal pressure 1s applied with an inert gas to cause the
center portion of the tube to expand, so that a tube 1s formed
having a shape corresponding to the reflective surface of the
reflective mirror, the inner surface of the reflective mirror
member contacts only the inert gas. Thus, a smooth reflec-
tive surface, whose surface roughness 1s extremely small,
can be obtained as the reflective surface of the retflective
MmIrror.

For this reason, according to the reflective mirror manu-
facturing method of an exemplary aspect of the invention, 1t
becomes possible to manufacture, at an mexpensive manu-
facturing cost, a smooth reflective mirror whose surface
roughness 1s extremely small and whose light use efficiency
1s high.

Also, according to the reflective mirror manufacturing
method of an exemplary aspect of the invention, because that
which contacts the form block i1s the outer surface of the
reflective mirror member, affects such as mold marks do not
appear 1n the reflective surface of the reflective mirror. Thus,
there 1s also the effect that a reflective mirror having charac-
teristics that are stable from the initial manufacture to the
end of the mold life can be manufactured.

In the reflective mirror manufacturing method of an exem-
plary aspect of the invention, in the first step, the tube may
be molded to have a shape where two retlective mirror mem-
bers mutually face each other, and 1n the second step, the two
reflective mirror members may be formed.

By configuring an exemplary aspect of the invention in
this manner, 1t becomes possible to form two reflective mir-
rors from one tube, and 1t becomes possible to further reduce
the manufacturing cost of the retlective mirror.

In this case, 1t 1s also easy to make the two reflective
mirrors have exactly the same shape, so that in this case, it
becomes possible to further reduce the manufacturing cost.

In the reflective mirror manufacturing method of an exem-
plary aspect of the invention, the reflective mirror may be a
reflective mirror disposed with an effective reflective surface
in a range from a portion of at least 40° with respect to an
optical axis of the reflective mirror, using a light emission
center of the light-emitting portion as a reference, to an open
end portion of the reflective mirror.

Usually, arc tubes, such as high-pressure mercury lamps
and metal halide lamps 1include a light distribution character-
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1stic such that the brightness of the light, emitted in a range
of 40° to 140° with respect to an extension-direction axis of
seal portions extending from both ends of the arc tube,
becomes relatively high. Also, 1n 1llumination devices, usu-
ally the optical axis of the retlective mirror, such as a retlec-
tor or auxiliary mirror, coincides with the extension-
direction axis of the seal portions of the arc tube. For this
reason, according to the reflective mirror manufacturing

method of an exemplary aspect of the invention, because a
reflective mirror 1s manufactured that has an eftective reflec-

tive surface 1n a range from a portion of at least 40° with
respect to the optical axis of the reflective mirror, using the
light emission center of the light-emitting portion as a
reference, to an open end portion of the reflective mirror, the
reflective mirror can be made 1nto a reflective mirror having,
a retlectance characteristic matching the light distribution
characteristic of the arc tube, and the use efficiency of the
light emitted from the arc tube can be raised.

Exemplary aspects of the invention also provide an 1llumi-
nation device including an arc tube ncluding a light-
emitting portion and a retlector that reflects light from the
light-emitting portion to an illuminated region. The reflector
1s a reflective mirror manufactured by the reflective mirror
manufacturing method of an exemplary aspect of the inven-
tion.

For this reason, according to the 1llumination device of an
exemplary aspect of the invention, as described above, the
illumination device 1s inexpensive and has a light use effi-
ciency that 1s high because the i1llumination device includes
the reflector that 1s inexpensive and has a light use efficiency
that 1s hugh.

Exemplary aspects of the invention also provide an 1llumi-
nation device including an arc tube ncluding a light-
emitting portion, a reflector that retlects light from the light-
emitting portion to an illuminated region, and an auxiliary

mirror that 1s disposed facing the reflector with the light-
emitting portion sandwiched therebetween and which
reflects part of the light emitted from the light-emitting por-
tion towards the light-emitting portion. The auxiliary mirror
1s a reflective mirror manufactured by the reflective mirror
manufacturing method of an exemplary aspect of the mnven-
tion.

For this reason, according to the 1llumination device of an
exemplary aspect of the invention, as described above, the
illumination device 1s 1inexpensive and has a light use effi-
ciency that 1s high because the i1llumination device includes
the auxiliary mirror that 1s imnexpensive and has a light use
eificiency that 1s high.

In the 1llumination device of an exemplary aspect of the
invention, 1 addition to the auxiliary mirror, the reflector
may also be a reflective mirror manufactured by the reflec-
tive mirror manufacturing method of an exemplary aspect of
the mvention.

By configuring an exemplary aspect of the invention in
this manner, as described above, 1n addition to including the
auxiliary mirror that 1s inexpensive and has a light use eifi-
ciency that i1s high, the illumination device 1s even more
inexpensive and has a higher light use efliciency because 1t
includes a retlector that 1s mexpensive and has a light use
eificiency that 1s high.

Exemplary aspects of the invention also provide a projec-
tor including: an illumination optical system including the
illumination device of an exemplary aspect of the invention;
an electro-optical modulation device that modulates light
from the illumination optical system in accordance with
image 1nformation; and a projection optical system that
projects the light modulated by the electro-optical modula-
tion device.
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For this reason, according to the projector of an exemplary
aspect of the invention, as described above, the projector 1s
inexpensive and has a light use efficiency that 1s high
because the projector 1s disposed with the i1llumination
device that 1s inexpensive and has a light use efliciency that

is high.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a)—(b-2) are schematics for describing a retlector
manufacturing method pertaining to a first exemplary
embodiment;

FIGS. 2(a)-(b-4) are schematics for describing an auxil-
lary mirror manufacturing method pertaining to a second
exemplary embodiment;

FIG. 3 1s a schematic showing an optical system of a
projector pertaining to a third exemplary embodiment;

FIG. 4 1s a schematic showing an example of an optical
system ol a projector using a parabolic reflector;

FIG. 5 1s a schematic showing an example of an optical
system of a projector using an ellipsoidal reflector;

FIG. 6 1s a schematic showing another example of an
optical system of a projector using an ellipsoidal retlector;

FI1G. 7 1s a schematic showing a related art retlector manu-
facturing method for explanation; and

FIG. 8 1s a schematic showing an i1llumination device
including an auxiliary mirror.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A method of manufacturing reflective mirror, an 1llumina-
tion device and a projector of exemplary aspects of the
present invention will be described below on the basis of
exemplary embodiments shown in the drawings.

First Exemplary Embodiment

A first exemplary embodiment will be described using a
reflector manufacturing method as an example of the reflec-
tive mirror manufacturing method of an exemplary aspect of
the 1nvention.

FIGS. 1(a)—(b-2) are schematics for describing the reflec-
tor manufacturing method pertaining to the first exemplary
embodiment. FIG. 1(a) 1s a schematic for describing a
reflector manufacturing method (press molding) pertaining,
to a comparative example, and FIG. 1(b) are diagrams for
describing the reflector manufacturing method (gas pressure
molding) pertaining to the first exemplary embodiment.

As shown in FIG. 1(a), the reflector manufacturing
method (press molding) pertaining to the comparative
example includes conducting press molding in a state where
a reflector material W1 1s put between an upper mold MU30
and a lower mold ML30 having desired shapes. For this
reason, according to the reflector manufacturing method per-
taining to the comparative example, a high-precision reflec-
tor can be relatively easily manufactured using the high-
precision upper mold MU30.

However, 1n the reflector manufacturing method pertain-
ing to the comparative example, when the continuous pro-
duction quantity increases, the surface of the upper mold
MU30 1s abraded and the retlector material W1 adheres to
the surface of the upper mold MU30, whereby the state of
the surface of the upper mold MU30 deteriorates. For this
reason, there have been problems that the characteristics of
the reflective surface of the reflector to be manufactured
deteriorate and the light use efliciency drops.

The reflector manufacturing method (gas pressure
molding) pertaining to the first exemplary embodiment

10

15

20

25

30

35

40

45

50

55

60

65

6

includes: a first heating part of a tube T1 1ncluding a reflector
maternial as shown in FIG. 1(b-1), thereafter putting the tube
T1 1n a form block M30, applying internal pressure with an
inert gas to cause the center portion of the tube T1 to expand
as shown 1n FIG. 1(b-2) so that part of the expanded 1nner
surface includes a shape corresponding to the retlective sur-
face of the retlector to be manufactured; a second step (not
shown) of cutting the tube T1 at the center portion and both
ends to form a reflector member; and a third step (not shown)
of forming a retlective layer by forming a derivative multi-
layer film, such as T10, and S10,, on the inner surface of the
reflector material by vapor deposition, sputtering or CVD.

For this reason, according to the reflector manufacturing
method pertaining to the first exemplary embodiment,
because internal pressure i1s applied with an 1nert gas to
cause the center portion of the tube to expand, so that a tube
1s fTormed having a shape corresponding to the reflective sur-
face of the reflector, a form block to form the reflective sur-
face of the reflector becomes unnecessary. As a result, even
if the continuous production quantity of the reflector
increases, the situation where the surtace of the form block
1s abraded and the reflector material adheres to the surface of
the form block 1s eliminated. For this reason, even if the
continuous production quantity of the retlector increases, the
situation where the state of the surface of the form block
deteriorates 1s eliminated, and the situation where the char-
acteristics of the retlective surface of the retlective mirror to
be manufactured deteriorate, the light use etficiency drops
and the manufacturing cost rises 1s eliminated. Thus, 1t
becomes possible to manufacture, at an 1nexpensive manu-
facturing cost, an excellent reflective mirror whose light use
eificiency 1s high.

Also, according to the reflector manufacturing method
pertaining to the first exemplary embodiment, because inter-
nal pressure 1s applied with an inert gas to cause the center
portion of the tube to expand, so that a tube 1s formed having
a shape corresponding to the reflective surface of the
reflector, the inner surtace of the reflector member contacts
only the iert gas. Thus, a smooth reflective surface whose
surface roughness 1s extremely small can be obtained as the
reflective surface of the retlector.

For this reason, according to the reflector manufacturing
method pertaining to the first exemplary embodiment, 1t
becomes possible to manufacture, at an 1nexpensive manu-
facturing cost, a smooth retlector whose surface roughness 1s
extremely small and whose light use efliciency 1s high.

Also, according to the reflector manufacturing method
pertaining to the first exemplary embodiment, because that
which contacts the form block 1s the outer surface of the
reflector material, aifects, such as mold marks, do not appear
in the reflective surface of the reflector. Thus, there 1s also
the effect that a reflector having characteristics that are
stable from the 1ni1tial manufacture to the end of the mold life
can be manufactured.

In the reflector manufacturing method pertaining to the
first exemplary embodiment, in the first step, as shown 1n
FIG. 1(b-2), the tube T1 1s molded to have a shape where two
reflector members mutually face each other, and in the sec-
ond step, the two retlector members are formed (not shown).

For this reason, 1t becomes possible to form two retlectors
with the same shape from one tube T1, and 1t becomes pos-
sible to further reduce the manufacturing cost of the reflec-
tor.

In the reflector manufacturing method pertaining to the
first exemplary embodiment, the reflector 1s a reflector dis-
posed with an effective reflective surface 1n a range from a
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portion of at least 40° with respect to the optical axis of the
reflector, using the light emission center of a light-emitting
portion as a reference, to an open end portion of the reflector.

Usually, arc tubes, such as high-pressure mercury lamps
and metal halide lamps, include a light distribution charac-
teristic such that the brightness of the light emitted 1n a range
ol 40° to 140° with respect to an extension-direction axis of
seal portions extending from both ends of the arc tube
becomes relatively high. Also, 1n 1llumination devices, usu-
ally the optical axis of the reflector coincides with the
extension-direction axis of the seal portions of the arc tube.
For this reason, according to the reflector manufacturing
method pertaining to the first exemplary embodiment,
because a reflector 1s manufactured that has an effective
reflective surface in a range from a portion of at least 40°
with respect to the optical axis of the reflector, using the light
emission center of a light-emitting portion as a reference, to
an open end portion of the reflector, the reflector can be
made 1nto a retlector having a reflectance characteristic
matching the light distribution characteristic of the arc tube,
and the use efliciency of the light emitted from the arc tube
can be raised.

Hard glass and quartz glass are suitable as the material of
the tube T1. Among these, quartz glass 1s particularly suit-
able. This 1s because the coelficient of thermal expansion 1s
low, and therefore internal warps do not remain, so that
annealing 1s not necessary.

In the reflector manufacturing method pertaiming to the
first exemplary embodiment, an excellent reflective surface
1s obtained and the inner surface of the reflector can always
maintain a high reflectance because the inner surface of the
glass tube, excellently managed by the mold at the time of
removal ordinarily, becomes a departure shape.

In this manner, according to the retlector manufacturing
method pertaining to the first exemplary embodiment, 1t
becomes possible to manufacture, at an mmexpensive manu-
facturing cost, a smooth reflector whose surface roughness 1s
extremely small and whose light use efliciency 1s high.

For this reason, by using, in an illumination device or
projector, the reflector manufactured by the reflector manu-
facturing method pertaining to the first exemplary
embodiment, 1t becomes possible to manufacture, at an 1nex-
pensive manufacturing cost, an excellent 1llumination device
and projector whose light use efficiency 1s high.

Second Exemplary Embodiment

A second exemplary embodiment will be described using
an auxiliary mirror manufacturing method as an example of
the retlective mirror manufacturing method of an exemplary
aspect of the mvention.

FIGS. 2(a)—(b-4) are schematics for describing the auxil-
1ary mirror manufacturing method pertaining to the second
exemplary embodiment. FIG. 2(a) 1s schematic for describ-
ing an auxiliary mirror manufacturing method (press
molding) pertaining to a comparative example, and FIGS.
2(b-1)—(b-4) are schematics for describing the auxiliary mir-
ror manufacturing method (gas pressure molding) pertaining
to the second exemplary embodiment.

As shown 1n FIG. 2(a), the auxiliary mirror manufacturing
method (press molding) pertaining to the comparative
example includes conducting press molding 1n a state where
an auxiliary mirror material W2 1s put between an upper
mold MU40 and a lower mold ML40 having desired shapes.
For this reason, according to the auxiliary mirror manufac-
turing method pertaining to the comparative example, a
high-precision auxiliary mirror can be relatively easily
manufactured using the high-precision upper mold MU40.
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However, 1n the auxiliary mirror manufacturing method
pertaining to the comparative example, when the continuous
production quantity increases, the surface of the upper mold
MU40 1s abraded and the auxiliary mirror material W2
adheres to the surface of the upper mold MU40, whereby the
state of the surface of the upper mold MU40 deteriorates.
For this reason, there have been problems that the character-
istics of the reflective surface of the auxiliary mirror to be
manufactured deteriorate and the light use etficiency drops.

The auxiliary mirror manufacturing method (gas pressure
molding) pertaining to the second exemplary embodiment
includes: a first step of heating part of a tube T2 including
quartz glass, which 1s an auxiliary mirror material, as shown
in FIG. 2(b-1), thereafter putting the tube T2 1n a form block
M40, applying internal pressure with an iert gas to cause
the center portion of the tube T2 to expand as shown 1n FIG.
2(b-2) so that part of the expanded nner surface includes a
shape corresponding to the reflective surface of the auxihiary
mirror to be manufactured; a second step of cutting the tube
T2 at the center portion and both ends to form an auxiliary
mirror member as shown 1 FIG. 2(b-3); and a third step (not
shown) of forming a reflective layer by forming a derivative
multilayer film, such as T10, and S10,, on the 1nner surface
of the auxiliary mirror member by vapor deposition, sputter-
ing or CVD.

FIG. 2(b-4) 1s a schematic where the auxiliary mirror
manufactured by the auxiliary mirror manufacturing method
pertaining to the second exemplary embodiment 1s fixed to
an arc tube using an adhesive. A ceramic adhesive that can
withstand high temperatures 1s used as the adhesive.

For this reason, according to the auxiliary mirror manu-
facturing method pertaining to the second exemplary
embodiment, because internal pressure 1s applied with an
inert gas to cause the center portion of the tube to expand, so
that a tube 1s formed having a shape corresponding to the
reflective surface of the auxiliary mirror, a form block to
form the retlective surface of the auxiliary mirror becomes
unnecessary. As a result, even i1f the continuous production
quantity of the auxiliary mirror increases, the situation
where the surface of the form block 1s abraded and the aux-
iliary mirror material adheres to the surface of the form
block 1s eliminated. For this reason, even 11 the continuous
production quantity of the auxiliary mirror increases, the
situation where the state of the surface of the form block
deteriorates 1s eliminated, and the situation where the char-
acteristics of the retflective surface of the auxiliary mirror to
be manufactured deteriorate, the light use efficiency drops
and the manufacturing cost rise 1s eliminated. Thus, 1t
becomes possible to manufacture, at an inexpensive manu-
facturing cost, an excellent auxiliary mirror whose light use
elficiency 1s high.

Also, according to the auxiliary mirror manufacturing
method pertaining to the second exemplary embodiment,
because internal pressure i1s applied with an 1nert gas to
cause the center portion of the tube to expand, so that a tube
1s formed having a shape corresponding to the reflective sur-
face of the auxiliary mirror, the inner surface of the auxihary
mirror member contacts only the inert gas. Thus, a smooth
reflective surface whose surface roughness 1s extremely
small can be obtained as the reflective surface of the auxil-
lary mirror.

For this reason, according to the auxiliary mirror manu-
facturing method pertaining to the second exemplary
embodiment, 1t becomes possible to manufacture, at an 1nex-
pensive manufacturing cost, a smooth auxiliary mirror
whose surface roughness 1s extremely small and whose light
use efficiency 1s high.
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Also, according to the auxiliary mirror manufacturing
method pertaining to the second exemplary embodiment,
because that which contacts the form block 1s the outer sur-
face of the auxiliary mirror member, affects, such as mold
marks, do not appear 1n the reflective surface of the auxiliary
member. Thus, there 1s also the effect that an auxiliary mir-
ror having characteristics that are stable from the initial
manufacture to the end of the mold life can be manufactured.

Moreover, according to the auxiliary mirror manufactur-
ing method pertaining to the second exemplary embodiment,
there are the effects that the rate at which the reflection light
from the reflector 1s blocked can be mimimized and the light
use eificiency can be further raised because the auxiliary
mirror can be formed extremely thinly. There i1s also the
cifect that the molding of the portion fixing the auxihary
mirror to the arc tube also becomes easy.

In the auxiliary mirror manufacturing method pertaining
to the second exemplary embodiment, in the first step, as
shown 1n FIG. 2(b-2) and FIG. 2(b-3), the tube T2 1s molded
to have a shape where two auxiliary mirror members mutu-
ally face each other, and in the second step, two auxiliary
mirror members 42 are formed.

For this reason, it becomes possible to form two auxiliary
mirrors 40 with the same shape from one tube T2, and 1t
becomes possible to further reduce the manufacturing cost
of the auxiliary mirror.

In the auxiliary mirror manufacturing method pertaining,
to the second exemplary embodiment, the auxiliary mirror 1s
an auxiliary mirror disposed with an eflective reflective sur-
face 1n a range from a portion of at least 40° with respect to
the optical axis of the auxiliary member, using the light
emission center of a light-emitting portion as a reference, to
an open end portion of the auxiliary mirror.

Usually, arc tubes, such as high-pressure mercury lamps
and metal halide lamps, include a light distribution charac-
teristic such that the brightness of the light, emitted 1n a
range of 40° to 140° with respect to an extension-direction
axis of seal portions extending from both ends of the arc
tube, becomes relatively high. Also, 1n 1llumination devices,
usually the optical axis of the reflector coincides with the
extension-direction axis of the seal portions of the arc tube.
For this reason, according to the auxiliary mirror manufac-
turing method pertaining to the second exemplary
embodiment, because an auxiliary mirror 1s manufactured
that has an effective reflective surface in a range from a
portion of at least 40° with respect to the optical axis of the
auxiliary mirror, using the light emission center of a light-
emitting portion as a reference, to an open end portion of the
auxiliary mirror, the auxiliary mirror can be made into an
auxiliary mirror having a reflectance characteristic matching
the light distribution characteristic of the arc tube, and the
use efficiency of the light emitted from the arc tube can be
raised.

Hard glass and quartz glass are suitable as the material of
the tube T2. Among these, quartz glass 1s particularly suit-
able. This 1s because the coelficient of thermal expansion 1s
low. Therefore internal warps do not remain, so that anneal-
Ing 1s not necessary.

In the auxiliary mirror manufacturing method pertaining
to the second exemplary embodiment, an excellent reflective
surface 1s obtained and the mnner surface of the auxihiary
mirror can always maintain a high reflectance because the
inner surface of the glass tube excellently managed by the
mold at the time of removal ordinarily becomes a departure
shape.

In this manner, according to the auxiliary mirror manufac-
turing method pertaining to the second exemplary

10

15

20

25

30

35

40

45

50

55

60

65

10

embodiment, 1t becomes possible to manufacture, at an 1ex-
pensive manufacturing cost, a smooth auxiliary mirror
whose surface roughness 1s extremely small and whose light
use eificiency 1s high.

For this reason, by using, 1in an i1llumination device or
projector, the auxiliary mirror manufactured by the auxiliary
mirror manufacturing method pertaining to the second
exemplary embodiment, 1t becomes possible to manufacture,
at an mexpensive manufacturing cost, an excellent 1llumina-
tion device and projector whose light use efficiency 1s high.
Third Exemplary Embodiment

In order to describe the efiects when the reflective mirror
manufactured by the reflective mirror manufacturing method
of an exemplary aspect of the invention 1s used 1n an 1llumi-
nation device and projector, a third exemplary embodiment
will be described using, as an example, a case where the
reflector manufactured by the reflector manufacturing
method pertaining to the first exemplary embodiment 1s used
1n a projector.

FIG. 3 1s a schematic showing an optical system of a
projector pertaining to the third exemplary embodiment.

A projector 100 pertaiming to the third exemplary embodi-
ment 1s an optical device where light beams emitted from a
light source are modulated in accordance with image infor-
mation to form an optical image, and the optical 1image 1s
enlarged and projected onto a screen SCR.

The projector 100 pertaining to the third exemplary
embodiment includes an optical system that 1s basically the
same as the optical system of a related art projector 900A
shown 1n FI1G. 4. Specifically, as shown in FIG. 3, the projec-
tor 100 pertaining to the third exemplary embodiment 1s
disposed with an illumination optical system 101, a color
light separation optical system 200, a relay optical system
240, an optical device 250 and a projection optical system
420.

The 1llumination optical system 101 1s disposed with an
illumination device 10A and an integrator optical system 60.

The 1llumination device 10A 1s disposed with a reflector
30A manufactured by the reflector manufacturing method
pertaining to the first exemplary embodiment and an arc tube
20 including a light emission center at a focal position of the
reflector 30A.

The arc tube 20 includes a tube and seal portions that
extend at both sides of the tube. The tube 1s made of quartz
glass formed in a spherical shape and includes a pair of
clectrodes disposed inside the tube, with the inside of the
tube being filled with mercury, a noble gas and a small
amount of halogen.

The pair of electrodes 1nside the tube of the arc tube 20 1s
to form an arc 1mage. When a voltage is applied to the pair of
clectrodes, a potential difference arises between the
clectrodes, a discharge arises, and an arc 1image 1s generated.

Here, various kinds of arc tubes that emit light at a high
brightness can be used as the arc tube. For example, a metal
halide lamp, a high-pressure mercury lamp and a super high-
pressure mercury lamp can be used.

The reflector 30A includes a concave surface that aligns
and emits, 1n a constant direction, the light emitted from the
arc tube 20. The concave surface of the retlector 30A 1s
formed as a cold mirror that reflects visible light and trans-
mits inirared light. The optical axis of the reflector 30A coin-
cides with an optical axis 30ax that 1s the central axis of the
light beams emaitted from the i1llumination device 10A.

As described above, the 1llumination device 10A 1ncludes
the arc tube 20, which includes a light-emitting portion, and
the retlector 30A, which reflects the light from the light-
emitting portion to an illuminated region, and the reflector
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30A 1s areflector manufactured by the reflector manufactur-
ing method pertaining to the first exemplary embodiment.
For this reason, as described above, the illumination device
1s 1mexpensive and has a light use efficiency that 1s high
because the illumination device includes the reflector that 1s
inexpensive and has a light use efficiency that is high.

The integrator optical system 60 1s an optical system that
separates the light beams emitted from the i1llumination
device 10A into plural partial light beams to equalize the
in-plane 1lluminance of the illumination region. The integra-
tor optical system 60 1s disposed with a first lens array 950, a
second lens array 960, a polarization conversion element
970, a superposition lens 980 and a reflective mirror 955. An
inirared retflective filter 80 1s disposed on the optical path
between the i1llumination device 10A and the first lens array
950.

The first lens array 950 includes a function as a light beam
separation optical element that separates the light beams
emitted from the i1llumination device 10A into plural partial
light beams, and 1s disposed with plural small lenses
arranged 1n a matrix 1n a plane intersecting the optical axis
30ax that 1s the central axis of the light beams emitted from
the 1llumination device 10A.

The second lens array 960 1s an optical element that
tocuses the plural partial light beams separated by the first
lens array 950, and similar to the first lens array 950,
includes a configuration disposed with plural small lenses
arranged 1n a matrix 1n a plane intersecting the optical axis
30ax.

The polarization conversion element 970 1s a polarization
conversion element that emits, as substantially one kind of
linearly polarized light whose polarization direction has
been aligned, the polarization direction of the partial light
beams separated by the first lens array 9350.

Although 1t 1s not shown, the polarization conversion ele-
ment 970 1s disposed with a configuration where polariza-
tion separation {ilms and reflection films disposed at an 1ncli-
nation with respect to the optical axis 30ax are alternately
arranged. The polarization separation films transmit the
polarized light beams of one of P-polarized light beams and
S-polarized light beams included 1n the partial light beams,
and retlect the other polarized light beams. The other
reflected polarized light beams are bent by the retlective
films and emaitted 1n the emission direction of the one polar-
1zed light beams, 1.¢., 1n the direction along the optical axis
30ax. The polarization of either of the emitted polarized
light beams 1s converted by a phase plate disposed 1n the
light beam emission plane of the polarization conversion
clement 970. By using the polarization conversion element
970, the use efliciency of the light source light used by the
optical device 250 can be raised because the light beams
emitted from the 1llumination device 10A can be aligned into
polarized light beams of substantially one direction.

The superposition lens 980 1s an optical element that
focuses the plural partial light beams passing through the
first lens array 950, the second lens array 960 and the polar-
1zation conversion element 970, and superposes the plural
partial light beams onto an 1mage forming region of three
later-described liquid crystal devices of the optical device
250.

The light emitted from the illumination optical system
101 1s emuitted to the color separation optical system 200 and
separated 1nto color light of the three colors of red (R), green
(G) and blue (B) 1n the color light separation optical system
200.

The color separation optical system 200 1s disposed with
two dichroic mirrors 210 and 212 and a reflective mirror
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220, and includes the function of using the dichroic mirrors
210 and 211 to separate, into color light of the three colors of
red (R), green () and blue (B), the plural partial light beams
emitted from the integrator optical system 60.

The dichroic mirrors 210 and 212 are optical elements
where a wavelength selection film that reflects light beams
of a predetermined wavelength region and transmits light
beams ol another wavelength region are formed on a sub-
strate. Additionally, the dichroic mirror 210 disposed 1n the
former stage of the optical path 1s a mirror that transmaits red
light and reflects other color light. Also, the dichroic mirror
212 disposed in the latter stage of the optical path 1s a mirror
that reflects green light and transmaits blue light.

The relay optical system 240 1s disposed with an incident-
side lens 262, a relay lens 264 and retlective mirrors 2352 and
254, and includes the function of guiding, to the optical
device 250, the blue light transmitted through the dichroic
mirror 212 configuring the color separation optical system
200. The reason the relay optical system 240 1s disposed 1n
the optical path of the blue light 1s to reduce or prevent a
drop 1n the use efficiency of the light resulting from diffusion
of the light, because the optical path length of the blue light
1s longer than the optical path lengths of the other color light.
Although the projector 100 pertaining to the third exemplary
embodiment 1s configured in this manner because the optical
path length of the blue light 1s long, a configuration 1s also
concetvable where the optical path length of the red light 1s
lengthened and the relay optical system 240 1s used 1n the
optical path of the red light.

After the red light separated by the dichroic mirror 210 1s
bent by the reflective mirror 220, 1t 1s supplied to the optical
device 250 via a field lens. Also, the green light separated by
the dichroic mirror 212 1s supplied to the optical device 250
as 1s, via a field lens. Moreover, the blue light 1s focused and
bent by the lenses 262 and 264 and the reflective mirrors 252
and 254 configuring the relay optical system 240, and 1is
supplied to the optical device 250 via a field lens. The field
lenses disposed in the former stage of the optical path of
cach color light of the optical device 250 are disposed 1n
order to convert, to light beams substantially parallel to the
optical axis 30ax, the partial light beams emitted from the
illumination optical system 101.

The separated color light 1s modulated in correspondence
to 1mage information 1n liquid crystal devices 300R, 300G
and 300B.

The optical device 250 forms a color image by modulating
the incident light beams in accordance with 1image informa-
tion. The optical device 250 1s disposed with the liquid crys-
tal devices 300R, 300G and 300B (the liquid crystal device
for the red light 1s 300R, the liquid crystal device for the
green light 1s 300G, and the liquid crystal device for the blue
light 1s 300B) and a cross dichroic prism 400. Here, each of
the liguid crystal devices 300R, 300G and 300B 1s config-
ured by a liquid crystal panel corresponding to an electro-
optical modulation device of an exemplary aspect of the
invention and polarization plates disposed at the light-
incident surface side and the light-emission surface side of
the liguid crystal panel. Light modulation of each color light
made 1ncident 1s conducted by the incident-side polarization
plates, the liqud crystal panels and the emission-side polar-
1zation plates.

The liquid crystal panels are panels where liquid crystal,
which 1s an electro-optical substance, i1s sealed 1n a pair of
light-transmissive glass substrates. For example, a polysili-
con TFT 1s used as a switching element to modulate, 1n
accordance with an applied 1mage signal, the polarization
direction of the polarized light beams emitted from the
incident-side polarization plates.
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The color light beams modulated in the liquid crystal
devices 300R, 300G and 300B are synthesized by the cross
dichroic prism 400.

The cross dichroic prism 400 1s an optical element that
forms a color 1image by synthesizing optical images modu-
lated per color light emitted from the emission-side polariza-
tion plates. The cross dichroic prism 400 has a substantially
square shape 1n plan view where four nght-angled prisms are
adhered together, and dertvative multilayer films are formed
at the substantially X-shaped interface where the right-
angled prisms are adhered together. One of the substantially
X-shaped dertvative multilayer films retlects red light, and
the other dertvative multilayer film reflects blue light. The
red light and the blue light are bent by these derivative mul-
tilayer films and aligned with the traveling direction of the
green light, whereby the light beams of the three colors are
synthesized.

The color image synthesized by the cross dichroic prism
400 1s enlarged and projected onto the screen SCR by the
projection optical system 420. Thus, an 1mage 1s displayed
on the screen SCR.

As described above, the projector 100 pertaining to the
third exemplary embodiment 1s disposed with the i1llumina-
tion optical system 101 including the illumination device
10A, the liquid crystal devices 300R, 300G and 300B that
modulate the light from the i1llumination optical system 101
in accordance with 1mage information, and the projection
optical system 420 that projects the light modulated by the
liquad crystal devices 300R, 300G and 300B.

For this reason, according to the projector 100 pertaining
to the third exemplary embodiment, as described above, the
projector 1s inexpensive and has a light use efliciency that 1s
high because the projector 100 1s disposed with the i1llumina-
tion device 10A that i1s inexpensive and has a light use effi-
ciency that 1s high.

The projector 100 pertaining to the third exemplary
embodiment uses the 1llumination optical system 101 dis-
posed with the integrator optical system 60 and the 1llumina-
tion device 10A including the reflector 30A manufactured by
the reflector manufacturing method pertaining to the first
exemplary embodiment. But the projector 100 can also use
an 1llumination optical system 901B disposed with an 1llu-
mination device 910B including an ellipsoidal reflector
930B including a concave surface configured by an ellipsoid
of revolution as shown 1n FIG. 5§ and an integrator optical
system including an integrator rod 990. In a case where the
illumination optical system 901B i1s used in the projector,
similar to the case of the projector 100 pertaining to the third
exemplary embodiment, the projector can be configured to
be an mexpensive projector and have a light use efficiency
that 1s high by using, 1n lieu of the ellipsoidal retlector 9308,
the reflector manufactured by the reflector manufacturing,
method pertaining to the first exemplary embodiment.

Also, the projector 100 pertaining to the third exemplary
embodiment used the 1llumination device 10A including the
reflector 30A manufactured by the reflector manufacturing
method pertaining to the first exemplary embodiment. But
the projector can also use an illumination device 910E
including an auxiliary mirror 940 and an ellipsoidal reflector
930F including a concave surface configured by an ellipsoid
of revolution as shown 1n FIG. 8. In a case where the 11lumi-
nation device 910E i1s used in the projector, similar to the
case of the projector 100 pertaining to the third exemplary
embodiment, the projector can be conﬁgured to be an 1nex-
penswe preJeeter and have a light use efficiency that 1s f’ngh
by using, in lieu of the auxiliary mirror 940, the auxiliary

mirror 40 (see FIG. 2(b-4)) manufactured by the auxiliary
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mirror manufacturing method pertaining to the second
exemplary embodiment. In this case, the projector can be
configured to be an inexpensive projector and have a light
use eificiency that 1s high by using, 1n lieu of the ellipsoidal
reflector 910E, the reflector manufactured by the reflector
manufacturing method pertaining to the first exemplary
embodiment. In an 1llumination device including such an
auxiliary mirror, because the light emitted to the 1lluminated
region from the light-emitting portion of the arc tube 1s
reflected towards the retlector by the auxiliary mirror, 1t 1s
not necessary to set the size of the reflector to a size that
covers the 1lluminated region end portion of the arc tube, and
the reflector can be made compact. As a result, the 1llumina-
tion device can be made compact.

A method of manufacturing reflective mirror, an 1llumina-
tion device and a projector of an exemplary aspect of the
invention have been described on the basis of the preceding
embodiments. But the present mvention 1s not limited to
these exemplary embodiments. It 1s possible to implement
the mnvention 1n various kinds of modes within a range that
does not deviate from the gist thereolf. For example, the fol-
lowing modifications are also possible.

The 1llumination device described 1n the first exemplary
embodiment 1s an 1llumination device including the reflector
manufactured by gas pressure molding, and the 1llumination
device described 1n the second exemplary embodiment 1s an
1llumination device including an auxiliary mirror manufac-
tured by gas pressure molding, but the invention 1s not lim-
ited thereto. The 1llumination device of an exemplary aspect
ol the invention may also be an i1llumination device
including, 1n addition to an auxiliary mirror manufactured by
gas pressure molding, a reflector manufactured by gas pres-
sure molding.

In the preceding exemplary embodiments, an illumination
device disposed with the reflector manufactured by the
reflector manufacturing method pertaining to the first exem-
plary embodiment and/or the auxiliary mirror manufactured
by the auxiliary mirror manufacturing method pertaining to
the second exemplary embodiment was disposed 1n a
projector, but the invention 1s not limited thereto. The 1llumi-
nation device may also be disposed 1n another optical device.

In the projector pertaining to the third exemplary
embodiment, a case was described where an 1llumination
device disposed with the reflector manufactured by the
reflector manufacturing method pertaining to the first exem-
plary embodiment and/or the auxiliary mirror manufactured
by the auxiliary mirror manufacturing method pertaining to
the second exemplary embodiment was used in a front type
projector that projects a projection 1image from the observing
side, but the mnvention 1s also applicable to a rear type projec-
tor that projects a projection image from the side opposite
from the observing side.

In the projector pertaining to the third exemplary
embodiment, a projector using the three liquid crystal
devices 300R, 300G and 300B was described as an example,
but the invention 1s also applicable to a projector disposed
with one, two, or four or more liquid crystal devices.

In the projector pertaining to the third exemplary
embodiment, a case was described where the 1llumination
device of an exemplary aspect of the invention was applied
to a transmissive type reflector. But 1t 1s also possible to
apply the mvention to a reflective type projector. Here,
“transmissive type” means a type where an electro-optical
modulation device serving as light modulating means trans-
mits light, such as in a transmissive type liquid crystal
device. “Retlective type” means a type where an electro-
optical modulation device serving as light modulating means
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reflects light, such as in a reflective type liquid crystal
device. Even 1n a case where the mvention 1s applied to a
reflective type projector, effects that are substantially the
same as those of a transmissive type projector can be
obtained.

The projector pertaining to the third exemplary embodi-
ment uses the liquid crystal devices 300R, 300G and 300B as
clectro-optical modulation devices, but the mvention 1s not
limited thereto. It suffices as long as the electro-optical
modulation device i1s one that usually modulates incident
light 1n accordance with image information, and a micromir-
ror type optical modulation device may be used. For
example, a DMD (digital micromirror device) can be used as
the micromirror type optical modulation device.

The mvention claimed 1s:

1. A method for manufacturing a reflective mirror [manu-
facturing method for manufacturing a reflective mirror] used
in an illumination device including an arc tube [including}
having a light-emitting portion and a reflective mirror
[including] zaving a reflective surface that reflects light from
the light-emitting portion in a predetermined direction, the
method comprising:

[a first step of forming] 4eating a tube [by heating a tube

including] comprising a material of the reflective
mirror, thereatter putting the tube 1n a form block,

applying internal pressure with an inert gas to cause a
center portion of the tube to expand, so that part of an
inner surface of the expanded center portion includes a
shape corresponding to the reflective surface of the
reflective mirror; the expanded center portion being
continuous with a part of a tube portion that includes a
shape corresponding to a fixing portion wheve the arc
tube is fixed to the reflective mirvor;

[a second step of] cutting the tube at the expanded center
portion to form a reflective mirror member; and

[a third step of] forming a reflective layer on [an inner
surface] the reflective surface of the reflective mirror
member.

2. The [reflective mirror manufacturing method of]
method according to claim 1, further [including] compris-
Ing:

[in the first step,] forming the tube so that it has a shape
where two reflective mirror members mutually face
cach other, when the center portion of the tube expands
by applying internal pressure with an inert gas, and

[in the second step,] forming the two reflective mirror
members, when the tube cutting at the expanded center
portion.

3. The [reflective mirror manufacturing method of]
method according to claim 1, the reflective mirror being a
reflective mirror disposed with an effective reflective surface
in a range from a portion of at least 40° with respect to an
optical axis of the reflective mirror, using a light emission
center of the light-emitting portion as a reference, to an open
end portion of the reflective mirror.

4. An 1llumination device, comprising:

an arc tube including a light-emitting portion; and

a reflector including a reflective surface without mold
marks that reflects light from the light-emitting portion
in a predetermined direction, the reflector being a
retflector manufactured by a reflector manufacturing
method comprising:

[a first step of forming] Aeating a tube [by heating a tube

including] comprising a material of the reflector, there-
alter putting the tube 1 a form block,

applying internal pressure with an inert gas to cause a
center portion of the tube to expand, so that part of an
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inner surface of the expanded center portion includes a
shape corresponding to the retlective surface of the
reflector; the expanded center portion being continuous
with a part of a tube portion that includes a shape
corresponding to a fixing portion wherve the arc tube is

fixed to the reflector;

[a second step of] cutting the tube at the expanded center
portion to form a reflector member; and

[a third step of] forming a reflective layer on [an inner
surface] the reflective surface of the reflector member.

5. A projector, comprising:

[the] ar illumination optical system including the illumi-
nation device of claim 4;

an electro-optical modulation device that modulates light
from the illumination optical system i1n accordance
with 1mage information; and

a projection optical system that projects the light modu-
lated by the electro-optical modulation device.
6. The illumination device [of] according to claim 4, the
reflector being a reflector manufactured by the retflector
manufacturing method where

[in the first step,] forming the tube so that it has a shape
where two reflector members mutually face each other,
when the center portion of the tube expands by applying
internal pressure with an inert gas, and

[in the second step,] forming the two reflector members,
when the tube cutting at the expanded center portion.

7. A projector, comprising:

an 1llumination optical system including the illumination
device of claim 6;:

an electro-optical modulation device that modulates light
from the illumination optical system in accordance
with 1image information; and

a projection optical system that projects the light modu-

lated by the electro-optical modulation device.

8. The illumination device [of] according to claim 4, the
reflector being a retlector disposed with an effective reflec-
tive surface 1n a range from a portion of at least 40° with
respect to an optical axis of the reflector, using a light emuis-
sion center of the light-emitting portion as a reference, to an
open end portion of the retlector.

9. A projector, comprising:

an 1llumination optical system including the illumination

device of claim 8;

an electro-optical modulation device that modulates light
from the illumination optical system in accordance
with 1mage information; and

a projection optical system that projects the light modu-
lated by the electro-optical modulation device.
10. An illumination device, comprising:

an arc tube including a light-emitting portion;

a reflector including a reflective surface without mold
marks that reflects light from the light-emitting portion
to an i1lluminated region; and

an auxiliary mirror that 1s disposed facing the reflector
with the light-emitting portion sandwiched
therebetween, the auxiliary mirror including a retlec-
tive surface without mold marks and which reflects part
of the light emitted from the light-emitting portion
towards the light-emitting portion, the auxiliary mirror
being an auxiliary mirror manufactured by an auxiliary
mirror manufacturing method [including] comprising:

[a first step of forming] /eating a tube [by heating a tube
including] comprising a material of the auxiliary
mirror, thereafter putting the tube 1n a form block,
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applying internal pressure with an 1nert gas to cause a
center portion of the tube to expand, so that part of an
inner surface of the expanded center portion includes a
shape corresponding to the reflective surface of the aux-
iliary mirror, the expanded center portion being con-
tinuous with a part of a tube portion that includes a
shape corresponding to a fixing portion wheve the arc
tube is fixed to the auxiliary mirror;

[a second step of] cutting the tube at the expanded center
portion to form an auxiliary mirror member; and

[a third step of] forming a reflective layer on [an inner
surface] the reflective surface of the auxiliary mirror
member.

11. A projector, comprising:

an 1llumination optical system including the 1llumination
device of claim 10;

an electro-optical modulation device that modulates light
from the i1llumination optical system in accordance
with 1mage mformation; and

a projection optical system that projects the light modu-
lated by the electro-optical modulation device.
12. The illumination device [of] according to claim 10,
the auxiliary mirror being an auxiliary mirror manufactured
by the auxiliary mirror manufacturing method where

[in the first step,] forming the tube [is formed] so that it
has a shape where two auxiliary mirror members mutu-
ally face each other, when the center portion of the tube
expands by applving internal pressure with an inert
gas, and

[in the second step,] forming the two auxiliary mirror
members [are formed), when the tube cutting at the
expanded center portion.

13. A projector, comprising:

an 1llumination optical system including the 1llumination
device of claim 12;

an electro-optical modulation device that modulates light
from the i1llumination optical system in accordance
with 1mage mformation; and

a projection optical system that projects the light modu-

lated by the electro-optical modulation device.

14. The illumination device [of] according to claim 10,
the auxiliary mirror being an auxiliary mirror disposed with
an elfective retlective surface in a range from a portion of at
least 40° with respect to an optical axis of the auxihary
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mirror, using a light emission center of the light-emitting
portion as a reference, to an open end portion of the auxiliary

mirror.
15. A projector, [including] comprising:
an 1llumination optical system including the illumination
device of claim 14;

an electro-optical modulation device that modulates light
from the i1llumination optical system in accordance
with 1mage information; and

a projection optical system that projects the light modu-
lated by the electro-optical modulation device.
16. The illumination device [of] according to claim 10,
the reflector being a reflector manufactured by a reflector
manufacturing method [including] comprising:

[a first step of forming a] keating a tube [by heating a tube
including] comprising a material of the reflector, there-
after putting the tube 1n a form block,

applying internal pressure with an nert gas to cause a
center portion of the tube to expand, so that part of an
inner surface of the expanded center portion includes a
shape corresponding to the reflective surface of the
reflector, the expanded center portion being continuous
with a part of a tube portion that includes a shape
corresponding to a fixing portion whevre the arc tube is

fixed to the reflector;

[a second step of] cutting the tube at the expanded center
portion being continuous with a part of a tube portion
that includes a shape corresponding to a fixing portion
whevre the arc tube is fixed to the veflector;

cutting the tube at the expanded center portion to form a
reflector member; and

[a third step of] forming a reflective layer on [an inner
surface] the reflective surface of the reflector member.

17. A projector, comprising:
an 1llumination optical system including the illumination
device of claim 16;

an electro-optical modulation device that modulates light
from the illumination optical system i1n accordance
with 1mage information; and

a projection optical system that projects the light modu-
lated by the electro-optical modulation device.
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