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(57) ABSTRACT 
Molten glass (G) is set and press-molded in a molding die 
(60) having dies (621A1, 621A2) corresponding to a lens 
array. After the molding, the molded article is removed from 
the molding die (60) and separated by bending at a bend 
separation face (121C), Which is a boundary part of adjacent 
lens arrays, so that tWo lens arrays are produced. 
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LENS ARRAY, MANUFACTURING METHOD OF 
LENS ARRAY, ILLUMINATION OPTICAL DEVICE, 

AND PROJECTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a lens array manu 
factured by press-molding an molten optical material, a 
manufacturing method of the lens array, an illuminating 
optical system and a projector. 

[0003] 2. Description of Related Art 

[0004] In a typical projector, a light irradiated from an 
illumination optical device is modulated by an optical modu 
lator according to image information, and then a projection 
optical device projects the modulated light on a screen in an 
enlarged manner to display an image. 

[0005] The illumination optical device is typically pro 
vided With a light source, a ?rst lens array, a second lens 
array, and a superposing lens. Alight beam irradiated by the 
light source is split into a plurality of sub-beams by a 
plurality of small lenses provided in the ?rst lens array. The 
plurality of sub-beams pass though the second lens array 
having a plurality of small lenses corresponding to the 
plurality of small lenses of the ?rst lens array, and then the 
sub-beams are superposed on an image formation area of the 
optical modulator by the superposing lens. With use of such 
illumination optical device, the intensity of the light irradi 
ating the optical modulator can be uniformly distributed. 

[0006] As a lens array provided in this type of illumination 
optical device, a lens array having a highly accurate lens 
face is disclosed (e.g. Japanese Patent Laid-Open Publica 
tion No. 2002-328203). 

[0007] This lens array includes a base and a dome-shaped 
lens section that is formed on the base and provided With a 
plurality of small lenses arranged in a matrix form. In the 
lens section, lateral faces of outermost small lenses arranged 
on the outermost periphery thereof are slanted toWard the 
outer edge of the base so as to be angled With respect to one 
surface of the base. 

[0008] For manufacturing this type of lens array, a molten 
optical material is pressed With use of a molding die having 
a die corresponding to the above lens array. Then, an excess 
portion formed by the press-Working is cut off and thus the 
lens array is manufactured. During this process, since the 
molding die has a slant face corresponding to a slant face 
de?ning a lateral face of the small lenses, the molten optical 
material is spread along the slant face When press-molded 
therein, and the mold face of the molding die is ?nely copied 
on the molten optical material. Thus the manufactured lens 
array has a high-precision lens face. 

[0009] HoWever, according to the invention disclosed in 
the above publication, in the production process of the lens 
array, the excess portion formed by the press-Working is cut 
off, and undesirably the lateral face of the lens array 
becomes rough because of this cutting. Therefore, if the lens 
array is held by a holder frame or the like While referring to 
the lateral face of the lens array as an external position 
reference face, the lateral face of the lens array should be 
accurately shaped after cutting the excess portion. 
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[0010] To avoid such troublesome shaping process, the 
above-mentioned publication discloses a lens array having a 
press-Working face on a part of a cutting face, Where the 
excess portion is cut off. HoWever, manufacturing such lens 
array requires a molding die With a complex shape as Well 
as a high production accuracy, and thus the production cost 
of the lens array is increased. 

[0011] Moreover, according to the invention disclosed in 
the above publication, the lens array is produced one by one 
using a molding die in Which only one die corresponding to 
the lens array is formed. Therefore, in the case of manufac 
turing a plurality of lens arrays, the above invention is 
disadvantageous in vieW of the production cost and time. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to provide a 
mass-producible lens array alloWing cost reduction With 
feWer production steps, a manufacturing method of the lens 
array, an illumination optical device, and a projector. 

[0013] According to an aspect of the present invention, a 
lens array manufactured by press-molding a molten optical 
material in a molding die having a plurality of dies corre 
sponding to the lens array, includes: a base With a shape of 
substantially rectangular plate; and a dome-shaped lens 
section formed on one face of the base and having a plurality 
of small lenses, and at least one lateral face out of four lateral 
faces of the base is a bend-separation face separated by a 
bend-separation. 
[0014] According to the above-described present inven 
tion, the molding die has a plurality of dies corresponding to 
the lens arrays, and at least one lateral face of the base of the 
lens array is the bend-separation face. With this con?gura 
tion, by press-molding the molten optical material With use 
of the molding die and separating the molded article at the 
bend-separation face, a plurality of lens arrays can be easily 
produced from the one molding die. This alloWs the mass 
production of the lens array as Well as the cost reduction of 
the lens array. 

[0015] For holding the lens array by a holder frame or the 
like With its position being determined, at least one lateral 
face out of the four lateral faces of the base on the lens array 
is formed as a press-Working face molded by the molding die 
so that the press-Working face is held as an external position 
reference face by a holder frame or the like. 

[0016] In the present invention, at least one lateral face out 
of the four lateral faces of the base of the lens array is 
de?ned as the bend-separation face. Accordingly, the lateral 
faces excluding the bend-separation face may be formed as 
the press-Working face and this press-Working face may be 
used as the external position reference face. This eliminates 
the need for precisely shaping the bent and separated lateral 
face as conventionally done, thereby simplifying the manu 
facturing process of the lens array While reducing the cost of 
the lens array. 

[0017] With the lens array having the above-described 
shape, since the shape of the molding die is not complicated, 
the increase of the production cost of the lens array accom 
panied With that of the production cost of the molding die is 
evitable. 

[0018] Preferably, in the above-described lens array of the 
present invention, the lens section has an optically operative 
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lens area and a dummy area extended from the lens area 
toward the outer side of the lens array, and the dummy area 
is formed at least on outermost small lenses that are press 
molded at the outer periphery of the molding die When 
press-molded in the molding die. 

[0019] Herein, the outermost small lenses indicate the 
small lenses molded at a section along the outer periphery of 
the die formed in the molding die. 

[0020] The dummy area may be formed at least on the 
outermost small lenses, or may be formed on all the small 
lenses arranged at the periphery out of the plurality of small 
lenses of the lens section. 

[0021] According to the present invention, the lens section 
has the dummy area in addition to the lens area. With this 
con?guration, even When a drop is formed on the outer 
periphery of the molding die during the press-molding of the 
lens array, the drop is formed on the dummy area and hence 
the accuracy of the lens area can be properly secured. This 
alloWs the reduction of the defective rate in the production 
of the lens array as Well as the production cost reduction of 
the lens array. 

[0022] Further, in the case that the dummy area is formed 
only on the outermost small lenses, the accuracy of the lens 
area of the plurality of the molded lens arrays can be 
properly secured With this minimum area. 

[0023] In the above-described lens array of the present 
invention, it is preferable that the dummy area is an area 
eXtended from the lens area toWard the outer side of the lens 
array in a range of 0.5 to 2.0 mm. 

[0024] According to the present invention, the dummy 
area is the area eXtended from the lens area toWard the outer 
side of the lens array in a range of 0.5 to 2.0 mm, Which is 
the optimum range for the dummy area, so that the accuracy 
of the lens area can be properly secured. 

[0025] In the case Where the dummy area is an area 
eXtended from the lens area toWard the outer side of the lens 
array in a range of less than 0.5 mm, if a drop is formed on 
the outer periphery of the molding die during the press 
molding of the lens array, the drop is likely to affect the lens 
area. 

[0026] In the case Where the dummy area is an area 
eXtended from the lens area toWard the outer side of the lens 
array in a range of over 2.0 mm, even if a drop is formed on 
the outer periphery of the molding die during the press 
molding of the lens array, the accuracy of the lens area can 
be properly secured. HoWever, since the dummy area is 
Widened, the more molten optical material is needed, thus 
inhibiting the cost reduction of the lens array. 

[0027] The lengths of the dummy area in the vertical and 
horiZontal directions may be different. For eXample, in the 
case that the lengths from the outer edge of the base to the 
outer edge of the lens section in the vertical and horiZontal 
directions are different, the volume of the drops formed at 
the outer edge sections during the molding of the lens array 
are different. For such case, it is desirable to set the lengths 
in the vertical and horiZontal directions at different values 
depending on the volume of the drops. 

[0028] Preferably, in the above-described lens array of the 
present invention, the lens section is formed in a substan 
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tially rectangular shape in plan vieW With four chamfered 
corners, and a peripheral edge of the lens section is a slant 
face that is slanted from the inner side of the lens section 
toWard the outer side to be angled With respect to the one 
face of the base. 

[0029] The shape of the slant face may be ?at or may be 
curved. 

[0030] According to the present invention, the lens section 
is formed in a substantially rectangular shape With four 
chamfered corners, and the peripheral edge of the lens 
section is a slant face. With this con?guration, the mold face 
of the molding die can be ?nely copied on the molten optical 
material during the press-molding of the lens array, alloWing 
the accurate production of the lens array. 

[0031] Further, having such con?guration, it is easy to 
remove the lens array from the molding die after molding the 
lens array. 

[0032] In the above-described lens array of the present 
invention, the plurality of small lenses of the lens section are 
preferably connected With little height difference at a con 
nected part of each other. 

[0033] Herein, “being connected With little height differ 
ence at a connected part of each other” indicates, to be more 
speci?c, a state so optimiZed to have a height difference 
betWeen adjacent small lenses as close to 0 as possible in the 
entire lens array, or, to minimiZe an average value of the 
height differences. 

[0034] According to the present invention, the plurality of 
small lenses of the lens section are connected With little 
height difference at the connected part of each other. With 
this con?guration, as compared With case of the small lenses 
having the height difference at the their connected part, the 
mold face of the molding die can be ?nely copied on the 
molten optical material during the press-molding of the lens 
array, alloWing further accurate production of the lens array. 

[0035] Also, having such con?guration, it is further facili 
tated to remove the lens array from the molding die after 
molding the lens array. 

[0036] In the above-described lens array of the present 
invention, it is preferable that the base has a ?at section 
Where the thickness of the base is equal, the ?at section 
surrounding an area Where the plurality of small lenses are 
formed, and it is also preferable that a step projected or 
recessed from the ?at section is formed at a position on an 
end face as the bend-separation face. 

[0037] According to the present invention, since the step 
is formed on the ?at section of the base, the step can be used 
as a position determining part When the lens array is held by 
the holder frame or the like. For eXample, even When only 
one lateral face out of four lateral faces of the base is the 
press-Working face as the eXternal position reference sur 
face, the lateral face opposite to the press-Working face is 
de?ned as the bend-separation face, so that the lens array can 
be positioned referring to the step formed on the bend 
separation face and the press-Working face. Thus, the lens 
array can be properly held by the holder frame or the like. 

[0038] According to another aspect of the present inven 
tion, disclosed is a method for manufacturing a lens array 
including a base With a shape of substantially rectangular 
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plate, and a dome-shaped lens section formed on one face of 
the base and having a plurality of small lenses, the method 
including: a press-molding step for setting and press-mold 
ing a molten optical material in a molding die in Which a 
plurality of dies corresponding to the lens array are formed; 
and a bending and separating step for removing from the 
molding die after the molding, and separating adjacent lens 
array molded articles by bending at a boundary thereof. 

[0039] According to the present invention, the molding die 
has a plurality of dies corresponding to the lens arrays, and 
the manufacturing method of the lens array includes the 
press-molding step and the bending and separating step. 
Accordingly, since the molten optical material is press 
molded in the press-molding step and a lens molded article 
is separated into a plurality of lens arrays in the bending and 
separating step, a plurality of lens arrays can be easily 
produced from one molding die. This alloWs the mass 
production of the lens array as Well as the cost reduction of 
the lens array. 

[0040] For instance, at least one lateral face out of the four 
lateral faces of the base of the lens array is de?ned as the 
bend-separation face separated in the bending and separation 
step, and the other lateral faces are de?ned as the press 
Working faces molded by the molding die in the press 
molding step. 

[0041] When the lens array is manufactured With this 
con?guration, the press-Working face is used as the eXternal 
position reference face. This eliminates the need for pre 
cisely shaping the bent and separated lateral face as con 
ventionally done, thereby simplifying the manufacturing 
process of the lens array While reducing the cost of the lens 
array. 

[0042] Also, When the lens array is manufactured With this 
con?guration, since the shape of the molding die is not 
complicated, the increase of the production cost of the lens 
array accompanied With that of the production cost of the 
molding die is evitable. 

[0043] According to the manufacturing method of the lens 
array of the present invention, it is preferable that dies 
corresponding to a plurality of types of lens array different 
in the optical function are formed in the molding die. 

[0044] With this arrangement, since the dies correspond 
ing to the plurality of types of lens array different in the 
optical function are formed in the molding die, for eXample, 
a ?st lens array and a second lens array different in the 
optical function can be molded by one molding die at a time. 

[0045] In the above-described manufacturing method of 
the lens array, it is preferable that the dies corresponding to 
2><(1+n) sets of the lens array are formed in the molding die, 
and the dies are arranged in a matriX form of 2 roWs><(1+n) 
columns, Where n represents a natural number including 
Zero. 

[0046] According to the present invention, the dies are 
arranged in the matrix form of 2 roWs><(1+n) columns as 
described above. Accordingly, by molding the lens array in 
this molding die, the lens array having at least one bend 
separation face can be manufactured. Therefore, since the 
lateral face excluding the bend-separation faces is formed as 
the press-Working face, the lens array can be positioned 
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referring to the press-Working face as the eXternal position 
reference face and properly held by the holder frame or the 
like. 

[0047] In the above-described manufacturing method of 
the lens array, it is preferable that the dies arranged in the 
matriX form of 2 roWs><(1+n) columns are symmetric With 
respect to a plane passing a boundary line of each roW. 

[0048] Further, in the manufacturing method of the lens 
array according to the present invention, it is preferable that 
at least four dies corresponding to the lens array are formed, 
and four adjacent dies in said dies are symmetric about an 
aXis passing a cross point of boundary lines of the respective 
dies, under a 180 degree rotation. 

[0049] According to the manufacturing method of the lens 
array of the present invention, it is preferable that tWo dies 
corresponding to the lens array are formed in the molding 
die, and the dies are symmetric about a rotation aXis under 
a 180-degree rotation, the rotation aXis passing the center of 
a boundary line of each roW. 

[0050] In the above cases that the dies are symmetric With 
respect to a plane passing a boundary line or about a speci?c 
rotation aXis, the pressure applied to the molten optical 
material during the press-Working is easily uniformed, and 
consequently the accuracy of the lens can be improved. 
Also, by arranging the respective dies to be symmetric, the 
lens arrays can be positioned in the same direction When the 
lens arrays are ?Xed in the holder frame or the like. 

[0051] According to a further aspect of the present inven 
tion, an illumination optical device includes: a light source; 
a ?rst lens array for splitting a light beam irradiated from the 
light source into a plurality of sub-beams; and a second lens 
array for focusing the sub-beams on an illuminated area, the 
illumination optical device superposing the sub-beams on 
the illuminated area, and the ?rst lens array and the second 
lens array are the lens array descried above. 

[0052] According to the present invention, since the illu 
mination optical device includes the light source, the ?rst 
lens array, and the second lens array, and the ?rst lens array 
and/or the second lens array is the above-described lens 
array, the same effects and advantages of the above lens 
array can be obtained. 

[0053] Also, since the illumination optical device includes 
the loW-cost lens array, the cost of the illumination optical 
device can be reduced. 

[0054] According to a still further aspect of the present 
invention, a projector includes: the above-described illumi 
nation optical device; an optical modulator for modulating a 
light beam irradiated from the illumination optical device in 
accordance With image information to form an optical 
image; and a projection optical device for projecting the 
optical image in an enlarged manner. 

[0055] According to the present invention, since the pro 
jector has the above-described illumination optical device, 
the optical modulator and the projection optical device, the 
same functions and advantages as the above-described illu 
mination optical device can be obtained. 

[0056] Also, since the projector includes the loW-cost 
illumination optical device, the cost of the projector can be 
reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 is a schematic illustration showing an 
optical system of a projector according to a present embodi 
ment; 

[0058] FIG. 2 is a schematic illustration shoWing a struc 
ture of an integrator illuminating optical system according to 
the aforesaid embodiment; 

[0059] FIGS. 3A to 3C are illustrations each shoWing a 
structure of a ?rst lens array according to the aforesaid 

embodiment; 
[0060] FIGS. 4A to 4C are illustrations each shoWing a 
structure of a second lens array according to the aforesaid 
embodiment; 
[0061] FIG. 5 is a cross-section shoWing a structure of a 
molding die according to a ?rst embodiment; 

[0062] FIG. 6 is a schematic illustration shoWing a mold 
face of a movable die according to the aforesaid embodi 
ment; 

[0063] FIG. 7 is a schematic illustration shoWing the mold 
face of the movable die according to the aforesaid embodi 
ment; 

[0064] FIGS. 8A to 8C are illustrations shoWing steps for 
manufacturing the ?rst lens array according to the aforesaid 
embodiment; 

[0065] FIG. 9 is a schematic illustration shoWing a mold 
face of a movable die according to a second embodiment; 

[0066] FIG. 10 is a schematic illustration shoWing a mold 
face of a movable die according to a third embodiment; 

[0067] FIGS. 11A and 11B are illustrations each shoWing 
a ?rst lens array manufactured With a molding die according 
to the aforesaid embodiment; 

[0068] FIG. 12 is a schematic illustration shoWing the 
mold face of the movable die according to the aforesaid 
embodiment; 

[0069] FIG. 13 is a schematic illustration shoWing a mold 
face of a movable die according to a fourth embodiment; 

[0070] FIGS. 14A to 14C are illustrations each shoWing a 
modi?cation of the aforesaid embodiments; 

[0071] FIG. 15 is an illustration shoWing another modi 
?cation of the aforesaid embodiments; and 

[0072] FIG. 16 is an illustration shoWing a further modi 
?cation of the aforesaid embodiments. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENT(S) 

First Embodiment 

[0073] A ?rst embodiment of the present invention Will be 
described beloW With reference to the attached draWings. 

[0074] [Structure of Projector] 

[0075] FIG. 1 is a schematic illustration shoWing an 
optical system of a projector 1 according to the present 
embodiment. 
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[0076] The projector 1 modulates a light beam irradiated 
from a light source in accordance With image information to 
form an optical image, and projects it on a screen in an 
enlarged manner. The projector 1, as shoWn in FIG. 1, has 
an integrator illuminating optical system 10 as an illumina 
tion optical device, a color-separating optical system 20, a 
relay optical system 30, an optical device 40, and a projec 
tion lens 50 as a projection optical device. These optical 
components 10 to 50 are installed on a predetermined 
illumination optical aXis A according to a light guide 2 as a 
casing. 
[0077] The interrogator illuminating optical system 10 
splits an illumination light into a plurality of sub-beams and 
converts the plurality of sub-beams into a substantially 
uniform polariZed light beam to irradiate them to substan 
tially uniformly illuminate image formation areas of three 
liquid crystal panels 42 (referred to as liquid crystal panels 
42R, 42G and 42B for each color light of red, green and 
blue) of the optical device 40. 

[0078] The detailed structure of the integrator illuminating 
optical system 10 Will be described later. 

[0079] The color-separating optical system 20 has tWo 
dichroic mirrors 21 and 22, and a re?ection mirror 23, and 
serves to separate the plurality of sub-beams irradiated from 
the integrator illuminating optical system 10 by the dichroic 
mirrors 21 and 22 into three color lights of red (R), green (G) 
and blue 

[0080] The relay optical system 30 has an incident-side 
lens 31, a relay lens 33 and tWo re?ection mirrors 32 and 34, 
the relay optical system 30 serving to guide the color light 
(red light) separated by the color-separating optical system 
20 to the liquid crystal panel 42R. 

[0081] The dichroic mirror 21 of the color-separating 
optical system 20 transmits a red light component and a 
green light component of the light beam irradiated from the 
integrator illuminating optical system 10 and re?ects a blue 
light component. The blue light re?ected by the dichroic 
mirror 21 is re?ected again by the re?ection mirror 23. Then 
it passes through a ?eld lens 18 and reaches the liquid crystal 
panel 42B for blue color. The ?eld lens 18 converts the 
respective sub-beams irradiated by the integrator illuminat 
ing optical system 10 into a light beam parallel to the central 
aXis (main beam) thereof. The ?eld lenses 18 provided on 
the light-incident side of the other liquid crystal panels 42G 
and 42R function in the same manner. 

[0082] In the red and green lights passed through the 
dichroic mirror 21, the green light is re?ected by the dichroic 
mirror 22. Then the green light passes through the ?eld lens 
18 to reach the liquid crystal panel 42G for green light. In 
the meantime, the red light passes through the dichroic 
mirror 22 and the relay optical system 30, and then passes 
thorough the ?eld lens 18 to reach the liquid crystal panel 
42R for red light. 

[0083] Herein, in vieW of the fact that the optical path 
length of the red light is longer than those of the other color 
lights, the relay optical system 30 is used for the red light to 
prevent deterioration in the light utiliZation ef?ciency due to 
the light dispersion and the like. In other Words, the relay 
optical system 30 is used for directly transmitting the 
sub-beams incident on the incident-side lens 31 to the ?eld 
lens 18. Although the red light out of the three color lights 
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passes through the relay optical system 30, the blue light, for 
instance, may alternatively pass through the relay optical 
system 30. 

[0084] The optical device 40 modulates the incident light 
beam in accordance With image information to form a color 
image. As shoWn in FIG. 1, the optical device 40 has three 
incident-side polariZation plates 41 on Which the respective 
color lights separated by the color-separating optical system 
20 are incident, the liquid crystal panels 42 (42R, 42G and 
42B) as an optical modulator disposed on the doWnstream of 
the respective incident-side polariZation plates 41, and irra 
diation-side polariZation plates 43 disposed on the doWn 
stream of the respective liquid crystal panels 42, and a cross 
dichroic prism 44. 

[0085] The liquid crystal panel 42, Which is a pair of 
transparent glass substrates With liquid crystal (electric 
optical material) sealed therebetWeen, uses a sWitching 
element such as a polycrystalline silicon TFT to modulate 
the polariZation direction of the polariZed light beam irra 
diated from the incident-side polariZation plate 41 in accor 
dance With a received image signal. The liquid crystal panels 
42R, 42G and 42B each include an image formation area for 
performing the modulation, Which has a rectangular shape 
With a diagonal length of 0.7 inch. 

[0086] The incident-side polariZation plate 41 only trans 
mits a light polarized in a predetermined direction out of the 
respective color lights separated by the color-separating 
optical system 20 While absorbing the other light beams. 
This incident-side polariZation plate 41 is a substrate made 
of sapphire glass and the like With a polariZation ?lm 
attached thereon. Instead of using the substrate, a polariZa 
tion ?lm may be attached on the ?eld lens 18. 

[0087] The irradiation-side polariZation plate 43, Which is 
con?gured substantially in the same manner as the incident 
side polariZation plate 41, only transmits a light polariZed in 
a predetermined direction out of the light beams irradiated 
by the liquid crystal panels 42 (42R, 42G and 42B) While 
absorbing the other light beams. Instead of using the sub 
strate, a polariZation ?lm may be attached on the cross 
dichroic prism 44. 

[0088] The incident-side polariZation plate 41 and the 
irradiation-side polariZation plate 43 are arranged so that the 
directions of the polariZation axes thereof are orthogonal 
With each other. 

[0089] The respective color lights separated by the color 
separating optical system 20 are modulated by the three 
liquid crystal panels 42 (42R, 42G and 42B), the incident 
side polariZation plates 41 and the irradiation-side polariZa 
tion plates 43 in accordance With image information to form 
an optical image. 

[0090] The cross dichroic prism 44 combines the optical 
image irradiated by the irradiation-side polariZation plate 43 
and modulated for each color light to form a color image. In 
the cross dichroic prism 44, a dielectric multi-layer ?lm for 
re?ecting the red light and a dielectric multi-layer ?lm for 
re?ecting the blue light are formed along the boundaries of 
four right-angle prisms approximately in X-shape, the 
dielectric multi-layer ?lms combining the three color lights. 

[0091] The projection lens 50 projects the color image 
formed by the optical device 40 on a screen in an enlarged 
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manner. The projection lens 50, Which is a lens set including 
a plurality of lenses housed in a cylindrical lens barrel, can 
change the relative position of the plurality of lenses so as 
to adjust focus and magni?cation of the projected image. 

[0092] [Structure of Integrator Illumination Optical Sys 
tem] 
[0093] FIG. 2 is a schematic illustration shoWing a struc 
ture of the integrator illuminating optical system 10. 

[0094] As shoWn in FIG. 2, the integrator illuminating 
optical system 10 has a light source device 11, a ?rst lens 
array 12, a second lens array 13, a polariZation converter 14 
and a superposing lens 15. 

[0095] In the light source device 11 having a light source 
lamp 16 and a re?ector 17, a radial light beam irradiated 
from the light source lamp 16 is re?ected by the re?ector 17 
to be a substantially parallel light beam, and this parallel 
light beam is irradiated to the outside. A high-pressure 
mercury lamp is used as the light source lamp 16. Instead of 
the high-pressure mercury lamp, a metal halide lamp or a 
halogen lamp may be applicable as the light source lamp 16. 
Aparabolic mirror is used for the re?ector 17. Instead of the 
parabolic mirror, a combination of a paralleliZing concave 
lens and an ellipsoidal mirror may be used for the re?ector 
17 . 

[0096] The ?rst lens array 12 is a multi-lens array con 
sisting of small lenses 122A arranged in a matrix form, the 
lenses having substantially rectangular shape When vieWed 
from the optical axis direction. The respective small lenses 
122A, as shoWn in FIG. 2, separate the light beam irradiated 
by the light source lamp 16 into a plurality of sub-beams. 

[0097] The detailed structure of the ?rst lens array 12 Will 
be described later. 

[0098] The second lens array 13, Which is con?gured 
substantially in the same manner as the ?rst lens array 12, is 
a multi-lens array consisting of small lenses 132A arranged 
in a matrix form. As shoWn in FIG. 2, the second lens array 
13 together With the superposing lens 15 focus the image of 
the small lenses 122A of the ?rst lens array 12 onto the 
image formation area 42A of the liquid crystal panel 42. 

[0099] The detailed structure of the second lens array 13 
Will be described later. 

[0100] The polariZation converter 14, Which is arranged 
betWeen the second lens array 13 and the superposing lens 
15, converts the light from the second lens array 13 into a 
substantially uniform polariZed light. This contributes to 
improve the light utiliZation ef?ciency at the optical device 
40. Speci?cally, the polariZation converter 14 has a light 
shielding mask 141 and a polariZation-converting element 
body 142 as shoWn in FIG. 2. 

[0101] The light-shielding mask 141 on the light-incident 
side of the polariZation-converting element body 142 is a 
plate member having a plurality of openings 141A formed in 
a band-like arrangement corresponding to the small lenses 
132A of the second lens array 13 as shoWn in FIG. 2. The 
light-shielding mask 141 shields a light beam generating an 
ineffective polariZed light included in the light beam irradi 
ated from the second lens array 13, or shields the light beam 
incident on a beloW-described re?ection ?lm 143B of the 
polariZation-converting element body 142. 
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[0102] The polarization-converting element body 142 
converts the incident light beam having various randomly 
polarized lights into a uniform linearly-polarized light and 
irradiates it. Referring to FIG. 2, the polariZation-converting 
element body 142 includes a polariZation-converting ele 
ment array 143 having a plurality of polariZation-separating 
?lms 143A oblique to the incident light beam, re?ection 
?lms 143B arranged in parallel betWeen each polariZation 
separating ?lm 143A, and glass sheets 143C interposed 
betWeen the polariZation-separating ?lms 143A and the 
re?ection ?lms 143B, and a retardation ?lm 144 disposed on 
the light-irradiation side of the polariZation-converting ele 
ment array 143 so as to shift the phase of the incident light 
beam by at. 

[0103] When a plurality of sub-beams irradiated from the 
second lens array 13 are incident on the polariZation con 
verter 14, the light-shielding mask 141 shields the light 
beam generating ineffective polariZed light. Then the polar 
iZation-separating ?lm 143A of the polariZation-converting 
element array 143 separates the effective light beams into a 
polariZed light P and a polariZed light S. Speci?cally, the 
polariZed light P passes through the polariZation-separating 
?lm 143A, While the polariZed light S is re?ected by the 
polarization-separating ?lm 143A so that the optical path 
thereof is de?ected by approximately 90 degrees. The polar 
iZed light S re?ected by the polariZation-separating ?lm 
143A is re?ected by the re?ection ?lm 143B so that the 
optical path thereof is de?ected by approximately 90 degrees 
again. Thus, the polarized light S travels in the direction 
substantially same as the incident direction toWard the 
polariZation converter 14. MeanWhile, the polariZed light P 
passed through the polariZation-separating ?lm 143A is 
incident on the retardation ?lm 144 and irradiated as the 
polariZed light S With the phase shifted by at. With this 
con?guration, the light beam irradiated from the polariZation 
converter 14 is converted into a substantially uniform polar 
iZed light S. 

[0104] The superposing lens 15 is an optical element that 
condenses the plurality of sub-beams passed through the ?rst 
lens array 12, the second lens array 13 and the polariZation 
converter 14 to superpose them on the image formation 
areas 42A of the liquid crystal panels 42 (42R, 42G and 
42B). The light beam from the superposing lens 15 is 
irradiated to the color-separating optical system 20. 

[0105] [Structure of First Lens Array 12] 

[0106] FIGS. 3A to 3C are illustrations each shoWing a 
structure of the ?rst lens array 12. Speci?cally, FIG. 3A is 
an illustration shoWing the front side of the ?rst lens array 
12. FIG. 3B is a side elevational vieW of the ?rst lens array 
12. FIG. 3C is an illustration shoWing the upper side of the 
?rst lens array 12. 

[0107] The ?rst lens array 12 is a mold product manufac 
tured by press-molding a chunk of molten glass (so-called 
“gob”) as a molten optical material in a beloW-described 
molding die. As shoWn in FIGS. 3A to 3C, the ?rst lens 
array 12 has a base 121 and a lens section 122. 

[0108] The base 121 is a substantially rectangular plate, 
one side of Which is a lens face 121A having a lens section 
122 thereon, and the other side of Which is a substantially ?at 
non-lens face 121B. Since a plurality of such ?rst lens arrays 
12 are produced at a time by the beloW-described molding 
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die as Will be explained later in detail, at least one lateral 
face out of four lateral faces of the base 121 is a bend 
separation face to be separated from other ?rst lens arrays 
12. 

[0109] The lens section 122, Which is dome-shaped and 
formed at a substantial center part of the lens face 121A of 
the base 121, includes the plurality of small lenses 122A 
dividing the light beam irradiated by the light source device 
11 into the plurality of sub-beams. 

[0110] Theses plurality of small lenses 122A are arranged 
in a matrix form (of 6 roWs><4 columns, Wherein the roW 
representing elements horiZontally arranged in a line, and 
the column representing elements vertically arranged in a 
line) on the lens face 121A. As shoWn in FIGS. 3B and 3C, 
each small lens 122A has an arcuate cross-section, and is 
connected With little height difference at the connected part 
of each other. To be more speci?c, it is so optimiZed to have 
a height difference betWeen adjacent small lenses 122A as 
close to 0 as possible in the entire lens array, or, to minimiZe 
an average value of the height differences. 

[0111] In this lens section 122, as shoWn in FIG. 3B the 
small lenses 122A vertically arranged in a line are so formed 
that the respective peak points most distant from the base 
121 have the same height With each other. On the other hand, 
as shoWn in FIG. 3C, the small lenses 122A in the tWo inner 
columns out of four columns are higher than the small lenses 
122A in the tWo columns on both sides, forming an arcuate 
shape altogether. 
[0112] In the lens section 122, the rectangular area (shoWn 
by a dotted line in FIG. 3A) at the substantial center part is 
a lens area 122B for optically processing the incident light 
beam While the area extended from the lens area 122B 
toWard the outer side of the lens section 122 is de?ned as a 
dummy area 122C With no light beam irradiated thereon. In 
other Words, the dummy area 122C is formed at the periph 
ery of the sixteen pieces of outermost small lenses 122A1 
arranged on the outermost periphery out of the plurality of 
the small lenses 122A constituting the lens section 122. The 
dummy area 122C preferably has a length L (in plan vieW) 
Within a range of 0.5 to 2.0 mm. 

[0113] Although all the lengths L in the vertical and 
horiZontal directions are the same in the present embodi 
ment, they may be different. For example, in the case that the 
lengths from the outer edge of the base to the outer edge of 
the lens section in the vertical and horiZontal directions are 
different, the volume of the drops formed at the outer edge 
sections during the molding of the lens array are different. 
For such case, it is desirable to set the lengths in the vertical 
and horiZontal directions at different values depending on 
the volume of the drops. 

[0114] In the lens section 122, the outer edges of the 
dummy area 122C, or the lateral faces of the outermost small 
lenses 122A1 not in adjacent to the other small lenses 122A 
are formed as slant faces 122D slanted toWard the inner side 
of the lens section 122 relative to a plane orthogonal to the 
lens face 121A of the base 121. Having the slant faces 122D, 
the height of the lens section 122 bulged from the lens face 
121A of the base 121 is gradually increased from the 
boundary line With the base 121 toWard the inner side. 

[0115] The slant face 122D may have either a ?at surface 
or a curved surface. 


















