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(57) ABSTRACT 

In an optical element for re?ecting light from an incidence 
surface of the optical element by one or more re?ecting 
surfaces comprising off-axial curved surfaces; and causing 
the light to emerge from an ernergence surface; at least one 
of the incidence surface; the emergence surface and the 

CFR 1.53(d). re?ecting surface diffracting the light. 
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FIG. 7 
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OPTICAL ELEMENT AND OPTICAL SYSTEM 
HAVING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an optical element and an 
optical system having the optical element, and is particularly 
suitable for the optical system of a video camera, a still 
camera, a copying apparatus or the like designed to form an 
object image on a predetermined surface by the use of an 
optical element (off-axial optical element) including a 
curved surface (off-axial curved surface) Which is not a ?at 
surface in Which a plane normal does not coincide With a 
reference axis at a point Whereat an optical path (reference 
axis) of a reference Wavelength leading from an object plane 
to an image plane intersects With the curved surface of the 
element. 

[0003] 2. Related Background Art 

[0004] A coaxial optical system in Which a rotation 
symmetrical refracting surface or re?ecting surface is dis 
posed about an optical axis Which is the rotation-symmetry 
axis of each surface (a refracting surface or a re?ecting 
surface) has heretofore been used chie?y as an optical 
system for forming the image of an object on an image 
plane. Recently, hoWever, an optical system of a neW con 
cept, i.e., an off-axial optical system Which does not fall 
Within the category of the conventional coaxial optical 
system and Which includes a curved surface (off-axial 
curved surface) Which is not a ?at surface in Which a plane 
normal does not coincide With a reference axis at a point 
Whereat an optical path (reference axis) of a reference 
Wavelength leading from an object plane to an image plane 
is introduced, for example, in pages 49 to 56 of the 20th 
Optics Symposium Lectures. 

[0005] Such an off-axial optical system, in contrast With 
the conventional coaxial optical system, can be de?ned in a 
form Wherein the reference axis (corresponding to the opti 
cal axis of the conventional coaxial optical system) is bent, 
and the conventional coaxial optical system can be consid 
ered to be a special case of this off-axial optical system. 
Therefore, the degree of freedom of the disposition of the 
optical system can be increased and besides, the variations 
of the optical system are expected to become more than 
those of the coaxial optical system. 

[0006] On the other hand, as an example in Which a 
diffraction optical element utiliZing a diffraction phenom 
enon is applied to an eccentric optical system (generally, 
being eccentric refers to a case Where the rotation-symmetry 
axis of a surface Which is the “core” is parallel-shifted or is 
tilted about a certain point, and the eccentric optical system 
is generally a special example of an off-axial optical system 
in Which an expression representing a surface is constituted 
by a surface having no rotation-symmetry axis including 
even the area outside an effective portion), there is an 
example in Which a re?ection type hologram is attached to 
the combiner of the head-up display of an aircraft or an 
automobile shoWn in US. Pat. No. 4,669,810, US. Pat. No. 
4,763,990, US. Pat. No. 4,799,765, etc. 

[0007] For such an optical system (off-axial optical sys 
tem), hoWever, it becomes necessary to take rotation-asym 
metrical aberrations Which did not need to be considered in 
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the coaxial optical system due to its rotation-symmetry. 
Therefore, it is necessary that an expression expressing a 
surface shape be an expression expressing a rotation-asym 
metrical shape and the surface shape becomes incapable of 
being formed by a simple shape such as a rotation-sym 
metrical surface. 

[0008] Also, by making the expression of the surface 
shape into rotation-symmetrical one, the degree of freedom 
of the design as the coe?icient of the surface shape per 
surface is increased. HoWever, the number of asymmetrical 
aberrations to be corrected is also increased and therefore, 
the total number of refracting surfaces and re?ecting sur 
faces required for aberration correction need be about equal 
to that in the coaxial system. 

[0009] Also, in the example introduced in the above cited 
reference Wherein a re?ection type hologram is attached to 
the combiner of the head-up display of an aircraft or an 
automobile, all the optical systems are observation optical 
systems and the number of surfaces used is limited to about 
tWo. Therefore, the optical performance for chromatic aber 
ration or the like has not alWays been satisfactory. 

[0010] Also, in the above-described example Wherein a 
re?ection type hologram is attached to the combiner of the 
head-up display of an automobile, the surface (element) 
having the diffracting action is virtually singly installed on 
a space, and to obtain high optical performance, it is 
necessary to exactly effect optical adjustment such as the 
alignment With other optical element. 

SUMMARY OF THE INVENTION 

[0011] The present invention has as its object the provision 
of an optical element and an optical system Which are 
compact and can easily obtain high optical performance. 

[0012] The present invention is (1-1) an optical element 
for re?ecting light from an incidence surface by one or more 
re?ecting surfaces comprising off-axial curved surfaces and 
causing the light to emerge from an emergence surface or an 
optical system having this optical element, in Which at least 
one of the incidence surface, the emergence surface and the 
re?ecting surface diffracts the light (by a diffraction grating 
thereon). 
[0013] The present invention is (1-2) an optical element in 
Which a refracting surface of the optical element (an inci 
dence surface) on Which a light is incident, one or more 
re?ecting surfaces having off-axial curved surfaces for 
re?ecting the incident light beam, and a refracting surface of 
the optical element (an emergence surface) from Which the 
light beam re?ected by the one or more re?ecting surfaces 
emerges are formed integrally With one another or an optical 
system having this optical element, Wherein at least one of 
the incidence surface, the emergence surface and the re?ect 
ing surface diffracts the light (by a diffraction grating 
thereon). 
[0014] Particularly, in the construction (1-1) or (1-2), there 
are aspects characteriZed in that 

[0015] (1-2-1) the surface having the diffracting action 
is a curved surface, 

[0016] (1-2-2) the surface having the diffracting action 
is a spherical surface, 
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[0017] (1-2-3) the surface having the diffracting action 
is a rotation-symmetrical aspherical surface, 

[0018] (1-2-4) the surface having the diffracting action 
is a rotation-asymmetrical aspherical surface, 

[0019] (1-2-5) the surface having the diffracting action 
is a hologram type diffracting surface, 

[0020] (1-2-6) the surface having the diffracting action 
is a quinoform type diffracting surface, 

[0021] (1-2-7) the surface having the diffracting action 
is a binary type diffracting surface, 

[0022] (1-2-8) the surface having the diffracting action 
is a diffracting surface having a rotation-asymmetrical 
striped shape, 

[0023] (1-2-9) the optical path is divided into a plurality 
by the order of the diffracting action of the surface 
having the diffracting action, and 

[0024] (1-2-10) it has a plurality of focal lengths dif 
fering depending on the order of the diffracting action 
of the surface having the diffracting action. 

[0025] A certain optical system of the present invention is 

[0026] (2-1) an optical system constituted by a plurality 
of optical elements and provided With at least one 
optical element of the construction (1-1) or (1-2). 

[0027] Particularly, there are aspects characteriZed in that 

[0028] (2-1-1) the optical element is moved, Whereby 
the focal length of the total system is changed, 

[0029] (2-1-2) the optical element is moved along a 
reference ads, 

[0030] (2-1-3) it is provided With a coaxial optical 
element, 

[0031] (2-1-4) the coaXial optical element is moved, 
Whereby the focal length of the entire system is 
changed, and 

[0032] (2-1-5) the coaXial optical element is moved 
along the reference ads. 

[0033] Acertain optical element of the present invention is 
(3-1) an optical element for causing a light beam to enter an 
incidence surface, re?ecting the light beam from the inci 
dence surface by one or more re?ecting surfaces and causing 
the light beam to emerge from an emergence surface and in 
Which at least one of the incidence surface, the emergence 
surface and the one or more re?ecting surfaces is a surface 
having the diffracting action and formed With rotation 
asymmetrical stripes. 
[0034] A certain optical system of the present invention 
includes 

[0035] (4-1) at least one optical element of the con 
struction (3-1) and forms an object image on a prede 
termined surface through the optical element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a schematic vieW of the essential portions 
of Embodiment 1 of the present invention. 

Aug. 16, 2001 

[0037] FIG. 2 is a schematic vieW of the essential portions 
of Embodiment 2 of the present invention. 

[0038] FIG. 3 is a schematic vieW of the essential portions 
of Embodiment 3 of the present invention. 

[0039] FIG. 4 is a schematic vieW of the essential portions 
of Embodiment 4 of the present invention. 

[0040] FIG. 5 is a schematic vieW of the essential portions 
of Embodiment 5 of the present invention. 

[0041] FIGS. 6A and 6B are illustrations of the paraXial 
refractive poWer disposition of FIG. 5. 

[0042] FIG. 7 is a schematic vieW of the essential portions 
of Embodiment 6 of the present invention. 

[0043] FIG. 8 is a schematic vieW of the essential portions 
of Embodiment 7 of the present invention. 

[0044] FIG. 9 is a schematic vieW of the essential portions 
of Embodiment 8 of the present invention. 

[0045] FIG. 10 is a schematic vieW of the essential 
portions of Embodiment 9 of the present invention. 

[0046] FIG. 11 is a schematic vieW of the essential por 
tions of Embodiment 10 of the present invention. 

[0047] FIG. 12 is a schematic vieW of the essential 
portions of Embodiment 11 of the present invention. 

[0048] FIGS. 13A and 13B are illustrations of the 
paraXial refractive poWer disposition of FIG. 12. 

[0049] FIG. 14 is a schematic vieW of the essential 
portions of Embodiment 12 of the present invention. 

[0050] FIG. 15 is a schematic vieW of the essential 
portions of Embodiment 13 of the present invention. 

[0051] FIG. 16 is a schematic vieW of the essential 
portions of Embodiment 14 of the present invention. 

[0052] FIG. 17 is a schematic vieW of the essential 
portions of Embodiment 15 of the present invention. 

[0053] FIG. 18 is a conceptional illustration of a coordi 
nates system and a reference aXis de?ning the off-axial 
optical system of the present invention. 

[0054] FIGS. 19A and 19B are conceptional vieWs illus 
trating a quinoform optical system and a binary optical 
system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] Before starting the description of several embodi 
ments of the present invention, description Will be made of 
the Way of representing the constituent elements of the 
embodiments and common items of all embodiments. The 
present embodiment Which Will be described later is a 
qualitative one, and this is for the reason that an optical 
element having the diffracting action such as a hologram is 
included in the interior of an optical system and therefore an 
optical path can be freely set Without resorting to a surface 
shape. 
[0056] FIG. 18 is an illustration of a coordinates system 
de?ning the construction of an off-axial optical system 
(optical element). In the embodiments of the present inven 
tion, it is to be understood that the ith plane along the 






























