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(57) ABSTRACT 

A video-displaying apparatus uses a rod integrator that 
converts light emitted from a light source into uniform light. 
The apparatus includes a rod integrator, a holding member, 
and a ?at spring. The rod integrator has a ?rst surface, a 
second surface that opposes the ?rst surface, a third surface, 
and a fourth surface that opposes the third surface. The 
holding member has a ?rst contact surface Which abuts the 
second surface, and a second contact surface Which abuts the 
fourth surface. The ?rst and second contact surfaces have 
smaller areas than the second and fourth surfaces, respec 
tively. The rod integrator is ?xedly mounted to the holding 
member such that the rod integrator is sandwiched betWeen 
the holding member and the ?at spring mounted to the 
holding member. Only the projections formed in the spring 
abut the ?rst and third surfaces. 
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IMAGE DISPLAYING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a holding construc 
tion for holding an optical component of an optical system 
for use in a liquid projector and a DLP projector. The present 
invention relates more particularly to a holding construction 
for holding a rod integrator that provides uniform distribu 
tion of brightness in an image plane, and to a video image 
displaying apparatus that employs such a holding construc 
tion. 

[0003] 2. Description of the Related Art 

[0004] FIG. 15 illustrates a prior art rod integrator dis 
closed in Laid-open Japanese Patent (KOKAI) No. 
11-326727. 

[0005] FIGS. 16A-16C illustrate the prior art rod integra 
tor held by a holding member. 

[0006] A rod integrator 1 has a re?ecting side surface 2. If 
the re?ecting side surface 2 is in contact With a light 
absorbing material, the intensity of the light re?ected from 
the side surface 2 decreases. In order to prevent this prob 
lem, aluminum re?ective layers 101 are deposited at tWo 
locations on the re?ecting side surface 2, the tWo locations 
being spaced apart from each other in a longitudinal direc 
tion of the side surface 2. 

[0007] A holding member 103 has tWo contact surfaces 
102 that are connected to the re?ecting side surface 102 by 
an adhesive 104. The contact surface 102 is smaller in area 
than the re?ective layer 101. As shoWn in FIG. 16B, the 
adhesive 104 is also applied to the holding member 103 and 
the re?ecting layer 101 to surround the holding member 103, 
so that the holding member 103 is ?rmly connected to the 
rod integrator 1. This construction reduces non-uniform 
illuminance of light exiting the rod integrator 1. 

[0008] The aforementioned conventional construction 
requires more number of manufacturing stages because an 
aluminum layer needs to be deposited on a part of the side 
surface 2 of the rod integrator 1. Thus, the aforementioned 
conventional construction is costly. In addition, When the 
rod integrator 1 is mounted to the holding member 103, the 
holding member 103 may be inadvertently mounted to a side 
opposite to a side on Which the aluminum is vapor-depos 
ited. Thus, the aforementioned prior art suffers from poor 
assembly efficiency. Moreover, the adhesive is subjected to 
increases and decreases in temperature Within the video 
displaying apparatus, loosing adhesion gradually. Deterio 
ration of the adhesive may cause the rod integrator 1 to drop 
from the holding member 103 When the assembly is sub 
jected to vibration and/or impact. Thus, bonding is not 
reliable. If the rod integrator 1 is to have a larger area in 
contact With the holding member 103 for enhanced reliable 
bonding effect, then the aluminum must be vapor-deposited 
to a larger area on the rod integrator. HoWever, the re?ection 
by the vapor-deposited aluminum is less ef?cient than the 
total re?ection in the glass material. As a result, increasing 
an area of the rod integrator 1 in contact With the holding 
member 103 decreases the amount of light exiting the rod 
integrator 1. 
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SUMMARY OF THE INVENTION 

[0009] The present invention Was made in vieW of the 
aforementioned problems. 

[0010] An object of the invention is to provide a reliable 
holding means for holding a rod integrator. 

[0011] Avideo-displaying apparatus uses a rod integrator 
that converts light emitted from a light source into uniform 
light. The apparatus comprises a rod integrator, a holding 
member, and a ?at spring. The rod integrator has a ?rst 
surface and a second surface that opposes the ?rst surface. 
The holding member has a ?rst contact surface to Which the 
second surface abuts. The ?rst contact surface has a smaller 
area than the second surface. The ?at spring has at least one 
spherical projection. The rod integrator is ?xedly mounted to 
the holding member such that the rod integrator is sand 
Wiched betWeen the holding member and the ?at spring 
mounted to the holding member. Only the projection abuts 
the ?rst surface of the rod integrator. 

[0012] The rod integrator further includes a third surface 
and a fourth surface that opposes the third surface. The at 
least one projection may be one of a plurality of projections. 
The holding member further includes a second contact 
surface having a smaller area than the fourth surface. The 
fourth surface abuts the second contact surface and only the 
projections abut the ?rst surface and the third surface of the 
rod integrator. 

[0013] The holding member is an assembly separate from 
a base on Which optical components are mounted. The rod 
integrator includes an incidence surface and an exiting 
surface that have the same aspect ratio as a video image 
incident on the rod integrator. The holding member is 
positioned such that an optical axis of the rod integrator is 
at a predetermined position regardless of the aspect ratio. 
The spring has at least one elongated hole that extends in a 
direction substantially perpendicular to the optical axis of 
the rod integrator. 

[0014] The base comprises a chamber in Which the rod 
integrator is housed such that light incident on the rod 
integrator passes through the chamber. The holding member 
has a ?rst Wall and the base has a second Wall such that the 
?rst Wall and second Wall are arranged side by side to de?ne 
a part of the chamber and a gap betWeen the ?rst Wall and 
second Wall is minimal. 

[0015] The rod integrator may have a recess formed 
therein and the recess receives the projection. 

[0016] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not limiting the present inven 
tion, and Wherein: 
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[0018] FIG. 1 is a perspective vieW of a rod integrator 
according to the present invention; 

[0019] FIG. 2 is a perspective vieW illustrating a holding 
member; 
[0020] FIG. 3 is a perspective vieW illustrating the rod 
integrator ?xedly mounted to the holding member; 

[0021] FIG. 4A is a top vieW of the mask; 

[0022] FIG. 4B is a side vieW of the mask; 

[0023] FIG. 5 is a top vieW of the rod integrator of FIG. 
3 as seen from above the exiting surface; 

[0024] FIG. 6 is a cross-sectional vieW of the rod inte 
grator taken along lines VII-VII of FIG. 5; 

[0025] FIG. 7 is a side vieW of the rod integrator of FIG. 
5 as seen in a direction shoWn by arroW C; 

[0026] FIG. 8 is a top vieW of the video-displaying 
apparatus With the rod integrator and other optical compo 
nents mounted thereinto; 

[0027] FIG. 9 is a cross-sectional perspective vieW of a 
pertinent portion taken along lines IX-IX of FIG. 8; 

[0028] FIG. 10 illustrates another rod integrator and 
another holding member; 

[0029] FIG. 11 is a side vieW of the rod integrator as seen 
in a direction shoWn by arroW D of FIG. 10; 

[0030] FIG. 12 is a perspective vieW of a chamber in 
Which the rod integrator is housed; 

[0031] FIG. 13 is a top vieW of a modi?ed rod integrator 
and a holding member; 

[0032] FIG. 14 is a cross-sectional side vieW taken along 
lines XIV-XIV of FIG. 13; 

[0033] FIG. 15 illustrates a prior art rod integrator dis 
closed in Laid-open Japanese Patent (KOKAI) No. 
11-32672; and 

[0034] FIGS. 16A-16C illustrate the rod integrator held by 
a holding member. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] First Embodiment 

[0036] The present invention Will be described in detail by 
Way of example With reference to the accompanying draW 
ings. 

[0037] FIG. 1 is a perspective vieW of a rod integrator 
according to the present invention. 

[0038] The rod integrator 1 has a generally long, rectan 
gular shape and has a ?rst side surface 2, a second side 
surface 23 that opposes the ?rst surface 2, a third side 
surface 3, and a fourth side surface 24 that opposes the third 
surface 3. The rod integrator 1 also has an incidence surface 
38 that opposes an exiting surface 4. 

[0039] FIG. 2 is a perspective vieW illustrating a holding 
member 13. 

[0040] The holding member 13 has contact surfaces 14 
and 25 Which abut an upper portion of the second surface 23 
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and an upper portion of the fourth surface 24 of the rod 
integrator 1, respectively. The holding member 13 also has 
contact areas 15 and 37 Which abut the loWer portion of the 
second side surface 23 and the loWer portion of the fourth 
side surface 24 of the rod integrator 1. 

[0041] The rod integrator 1 is in contact With the contact 
surfaces 14 and 25 and the contact surfaces 15 and 37 of the 
holding member 13. The rod integrator 1 is not in contact 
With other parts of the holding member 13. 

[0042] FIG. 3 is a perspective vieW, illustrating the rod 
integrator 1 ?xedly mounted to the holding member 13. 

[0043] Referring to FIG. 3, the rod integrator 1 is ?rmly 
urged against the holding member 13 by means of a ?at 
spring 5. The spring 5 has holes 10 and 11 formed therein 
and spherical projections 6-9 (FIG. 5) With spherical sur 
faces that abut the rod integrator 1. The holding member 13 
has the ?rst contact areas 14 and 15 and a Wall 17. The 
holdingmember13 also has positioning pins 18 and 19 and a 
pin 20, all being in one-piece construction. The holding 
member 13 has threaded holes 44 and 45 formed therein. 
The pin 20 is ?rst inserted into the hole 12 formed in the 
spring 5, and then the spring 5 is positioned such that the 
holes 10, 11, and 12 are aligned With the threaded holes 44 
and 45 and the hole 12, respectively, and ?nally the spring 
5 is securely ?xed to the holding member 13 by means of 
bolts 49 and 50. The holding member 13 has a tongue 16 
(FIG. 6) formed in one-piece construction. The tongue 16 
engages a part of the exiting surface 4 of the rod integrator 
1, thereby fastening the rod integrator 1. The holding mem 
ber 13 has a mask 21 (FIGS. 4A and 4B) that ?xed abuts the 
incidence surface 38 side. The mask 21 has an engagement 
portion 22 that engages a part of the incidence surface of the 
rod integrator 1. The tongue 16 cooperates With the engage 
ment portion 22 to restrict movement of the rod integrator in 
the longitudinal direction. The light exiting a later described 
color ?lter 28 is incident on the rod integrator 1 in a direction 
shoWn by arroWAand exits the rod integrator 1 in a direction 
shoWn by arroW B. 

[0044] FIG. 4A is a top vieW of the mask 21. 

[0045] FIG. 4B is a side vieW of the mask 21. 

[0046] The mask 21 is formed With a WindoW 21a and has 
the fastening portion 22. The fastening portion 22 abuts a 
part of the incidence surface 38 of the rod integrator 1. 

[0047] FIG. 5 is a top vieW of the rod integrator 1 of FIG. 
3 as seen from above the exiting surface 4. 

[0048] FIG. 6 is a cross-sectional vieW of the rod inte 
grator taken along lines VII-VII of FIG. 5. 

[0049] FIG. 7 is a side vieW of the rod integrator 1 of FIG. 
5 as seen in a direction shoWn by arroW C. 

[0050] Referring to FIG. 5, the second side surface 23 of 
the rod integrator 1 is in contact With the ?rst contact surface 
14 of the holding member 13, and the fourth side surface 24 
is in contact With the second contact surface 25 of the 
holding member 13. The rod integrator 1 has an aspect ratio 
of about 16:9, Which is suitable for displaying images of, for 
example, Hi-Vision broad casting. The holding member 13 
has contact surfaces 14 and 25 such that the centers of the 
exiting surface 4 and incidence surface 38 of the rod 
integrator 1 are coincident With the center or an optical axis 
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100 of the video image. The contact surfaces 14, 15, 25 and 
37 of the holding member 13 are located to oppose the 
spherical surfaces of the spherical projections 6, 7, 8, and 9 
of the spring 5 and receive the urging force of the spring 5. 

[0051] As shoWn in FIG. 6, the fastening portions 16 and 
22 engage parts of the incidence surface 38 and exiting 
surface 4 of the rod integrator 1, thereby preventing the rod 
integrator 1 from displacing in a direction parallel to the 
optical axis of the rod integrator 1. 

[0052] Thus, the contact surfaces 14, 15, 25, and 37 can be 
made as small as possible, so that decreases in the re?ection 
ef?ciency of the side surfaces of the rod integrator 1 can be 
as small as possible. Further, the construction alloWs the rod 
integrator 1 to remain securely mounted to the holding 
member 13 after external forces are exerted to the rod 
integrator 1 due to vibration and impact. 

[0053] The holding member 13, Which has been 
assembled to the rod integrator 1, is ?xedly mounted to the 
base 58 (FIG. 8) of the video displaying apparatus. 

[0054] The operation of the video-displaying apparatus 
according to the embodiment Will be described. 

[0055] FIG. 8 is a top vieW of the video-displaying 
apparatus With the rod integrator 1 and other optical com 
ponents mounted thereinto. 

[0056] Referring to FIG. 8, the light emitted from a lamp 
26 in the video-displaying apparatus is gathered by a con 
denser lens 27, and the light having only Wavelengths that 
can pass the color ?lm 28 is incident on the rod integrator 1. 
Then, the light is re?ected a plurality of times by the 
respective side surfaces of the rod integrator 1 such that the 
intensity of light becomes uniform. Then, the light exits the 
exiting surface 4. The light having uniform intensity passes 
relay lenses 29-32 and is re?ected by a mirror 33. 

[0057] FIG. 9 is a cross-sectional perspective vieW of a 
pertinent portion taken along lines IX-IX of FIG. 8. 

[0058] The light re?ected by the mirror 33 is bent by a 
prism and then illuminates light valve 35. Adrive circuit, not 
shoWn, drives the light valve 35 in accordance With a video 
image signal. The light re?ected by the light valve 35 is then 
enlarged by a projection lens 36. The enlarged video image 
is projected onto a screen, not shoWn. 

[0059] When the light is re?ected a plurality of times in 
the rod integrator 1, surfaces in contact With a material 
re?ect less light because the light-re?ecting material absorbs 
some of the light. Thus, the amount of re?ected light 
decreases in proportion to the area of the re?ecting surface 
in contact With the light-absorbing material. HoWever, the 
?rst and third side surfaces 2 and 3 of the rod integrator 1 are 
only in point contact With spherical surfaces of the spherical 
projections 6-9. Therefore, the light intensity does not 
decrease signi?cantly. The surfaces of the projections 6-9 
are gently curved such that the stress concentration on the 
?rst and third side surfaces 2 and 3 are minimal. Thus, there 
is no possibility that the rod integrator 1 is cracked. 

[0060] Referring to FIG. 1, the aspect ratio (i.e., the ratio 
of a long side to a short side of the incidence surface and 
exiting surface) of the incidence surface 38 and exiting 
surface 4 of the rod integrator 1 is 16:9. HoWever, the aspect 

May 2, 2002 

ratio maybe selected to be 4:3, Which is suitable for dis 
playing video images such as XGA and SXGA for computer 
screen. 

[0061] Second Embodiment 

[0062] FIG. 10 illustrates another rod integrator 39 and 
another holding member 40. 

[0063] The rod integrator 39 has a ratio of the long side 
and the short side of the incidence surface and exiting 
surface, i.e., aspect ratio equal to about 4:3. The holding 
member 40 has contact surfaces 41 and 42 such that the 
center 100 of the rod integrator 39 is coincident With the 
center of an incident image. 

[0064] Thus, When the video displaying apparatus having 
different aspect ratios is to be manufactured, a video dis 
playing apparatus according to the second embodiment 
requires only the rod integrator and holding member to be 
replaced by those having a desired aspect ratio. This implies 
that many video displaying apparatus having different aspect 
ratios can use the same base 58, Which has a complex shape 
and includes many optical components mounted thereon. 

[0065] Referring to FIG. 10, the spring 5 that urges the rod 
integrator 39 is the same spring that urges the rod integrator 
1 (FIG. 5) having an aspect ratio of about 16:9. 

[0066] FIG. 11 is a side vieW of the rod integrator 39 as 
seen in a direction shoWn by arroW D of FIG. 10. 

[0067] The rod integrator 39 of FIG. 10 differs from that 
of FIG. 5 in aspect ratio. In other Words, the distance 
betWeen the center 100 and a corner 43 of FIG. 10 (at Which 
the ?rst side surface 2 and third side surface 23 of the rod 
integrator 39 come together) is different from that betWeen 
the center 100 and a corner 42 of FIG. 5 (at Which the ?rst 
side surface 2 and third side surface 23 of the rod integrator 
1 come together). Thus, the de?ection of the spring 5 ?xed 
to the holding member differs by an amount corresponding 
to a difference in the distance betWeen the center and the 
corner. The positions of threaded holes 46 and 47 and pin 48 
formed in the holding member 40 are different from those 
formed in the holding member 13. In order to facilitate the 
mounting of the spring 5 to the holding member 13 having 
threaded holes and pins formed at different positions, the 
spring 5 has holes 10, 11, and 12 elongated in a direction 
perpendicular to the optical axis. Just as in FIG. 1, bolts 51 
and 52 are screWed into the threaded holes 46 and 47, 
respectively, to ?x the spring 5 to the holding member 40. 

[0068] As described above, the mounting holes 10-12 
formed in the spring 5 are elongated. Thus, the same spring 
can be used to ?x the rod integrator 39 to the holding 
member 40 even When the video-displaying apparatus have 
different aspect ratios. In other Words, it is only necessary to 
select a rod integrator and a holding member that ?t to a 
desired aspect ratio. 

[0069] The relay lenses 29-32 of FIG. 8 cause the light 
exiting the exiting surface 4 of the rod integrator 1 to form 
an image on the light valve 35. Dust and foreign materials 
deposited on the exiting surface 4 become a part of a 
projected video image, thereby deteriorating image quality. 

[0070] FIG. 12 is a perspective vieW of a chamber 56 in 
Which the rod integrator 39 is housed. 
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[0071] FIG. 12 shows the chamber 56 When a lid (FIG. 8) 
is removed. When the color ?lter 28 needs to be replaced 
during maintenance service, the operator removes a cover 55 
and replaces the color ?lter, not shoWn. The light travels in 
directions shoWn by arroWs D and E. A Wall 17 of the 
holding member 13 is disposed betWeen Walls 53 and 54 of 
the base 58 such that the Wall 17 and Walls 53 and 54 are side 
by side and gaps betWeen the Wall 17 and the Walls 53 and 
54 are minimal. The cover 55 is ?xed above the base 58 to 
prevent dust and foreign materials from entering the cham 
ber 56, thereby protecting the optical components including 
the rod integrator 1 from the surroundings. The cover 55 is 
formed With a hole 56 such that if dust and/or foreign 
material enter various portions of the base 58 When the lid, 
not shoWn, is removed from the chamber 56, the Walls 41, 
53, and 54 block the dust foreign materials. Thus, the dust 
and foreign materials do not enter the chamber and reach the 
exiting surface 4 of the rod integrator 1. 

[0072] Thus, there is no possibility of dust and foreign 
materials adhering to the exiting surface 4, ensuring image 
quality after replacement of parts. 

[0073] FIG. 13 is a top vieW of a modi?ed rod integrator 
and a holding member. 

[0074] FIG. 14 is a cross-sectional side vieW taken along 
lines XIV-XIV of FIG. 13. 

[0075] Instead of the fastening portion 16 as shoWn in 
FIG. 6 and the fastening portion 22 as shoWn in FIG. 4, the 
rod integrator 1 has a recess 57 extending in a direction 
perpendicular to the optical axis of the integrator as shoWn 
in FIG. 14. The recess 57 receives the spherical projection 
9 of the spring 5. 

[0076] The spring 5 urges the rod integrator 1 against the 
holding member 13 With the projection 6 engaging the 
recess 57. Thus, the rod integrator 1 is not only urged against 
the contact surfaces 14, 15, 25, and 37 but is also restricted 
in movement relative to the holding member 13 in the 
direction parallel to the optical axis. Thus, When the rod 
integrator is subjected to vibration and impact, the engage 
ment betWeen the recesses 57 and spherical projection 9 
prevents the rod integrator 1 from displacing in a direction 
of the optical axis. Thus, the holding member 13 can be 
reliably ?xed Without the fastening portions 16 and 22 
shoWn in FIG. 2. 

[0077] The invention being thus described, it Will be 
obvious that the same may be varied in many Ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?cations 
as Would be obvious to one skilled in the art intended to be 
included Within the scope of the folloWing claims. 

What is claimed is: 
1. Avideo-displaying apparatus using a rod integrator that 

converts light emitted from a light source into uniform light, 
the apparatus comprising: 
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a rod integrator having a ?rst surface and a second surface 
that opposes the ?rst surface; 

a holding member having a ?rst contact surface to Which 
the second surface abuts, the ?rst contact surface hav 
ing a smaller area than the second surface; and 

a ?at spring having at least one projection With a spherical 
surface; 

Wherein said rod integrator is ?xedly mounted to said 
holding member such that said rod integrator is sand 
Wiched betWeen said holding member and said ?at 
spring mounted to said holding member; 

Wherein only the projection abuts the ?rst surface of said 
rod integrator. 

2. The video-displaying apparatus according to claim 1, 
Wherein said rod integrator further includes a third surface 
and a fourth surface that opposes the third surface; 

Wherein said holding member includes a second contact 
surface having a smaller area than the fourth surface; 

Wherein the at least one projection comprises a plurality 
of projections and the fourth surface abuts the second 
contact surface and only the projections abut the ?rst 
surface and the third surface of said rod integrator. 

3. The video-displaying apparatus according to claim 1, 
Wherein said holding member is an assembly separate from 
a base on Which optical components are mounted; 

Wherein said rod integrator comprises an incidence sur 
face and an exiting surface that have a same aspect ratio 
as a video image incident on said rod integrator; 

Wherein said holding member is assembled to the appa 
ratus such that an optical axis of said rod integrator is 
at a predetermined position regardless of the aspect 
ratio. 

4. The video-displaying apparatus according to claim 3, 
Wherein said spring has at least one elongated hole that 
extends in a direction substantially perpendicular to the 
optical axis of said rod integrator. 

5. The video-displaying apparatus according to claim 3, 
Wherein said base comprises a chamber in Which said rod 
integrator is housed such that light incident on said rod 
integrator passes through the chamber; 

Wherein the holding member has a ?rst Wall and said base 
has a second Wall such that the ?rst Wall and second 
Wall are disposed side by side to de?ne a part of the 
chamber, the ?rst Wall and second Wall being arranged 
such that a gap betWeen the ?rst Wall and second Wall 
is minimal. 

6. The video-displaying apparatus according to claim 1, 
Wherein said rod integrator has a recess formed therein and 
the recess receives the projection. 

* * * * * 


