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HYBRID LENS AND METHOD FOR FORMING THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

The préSent invention relates to a hybrid lens and a
hybrid lens forming method in whidh an aspherical composite
layer is made of an ﬁltraviolet-curing resin. ~More
particularly, the present invention relates to a hybrid lens
forming method in which a forming die for forming an
asﬁherical.composite layer transmité ultraviolet_rays, and a
precise aspherical composite layer is formed, without anj
influence of the curved surface of the lens or the liké, by
applying ultraviolet rays to a resin from the side of the
forming die and thereby curing the resin.
2. Description of the Related Art

Conventionally,_so-caliéd hybrid lenses, in which an
aspherical composite layer is formed on a single lens of
optical glass serving as a parent material, are commercially
practical as a means for forming an aspherical lehs at
relatively low cost. The hybrid lenses are produced by
transferring an aspherical cbmposite layer made of an
ultraviolet-cﬁring resin to the lens éurfaée'qf a single
lens made of optical glass. |

FIG. 13 shows a conventional hybrid lens forming method.

In this method, after a predetermined amount of ultraviolet-



curing resin 32 is poured on a mirror-finished transfer face
31 of a die 30 for forming an aspherical composite layer, a
convex lens 33 is placed in the die 30 and fixed thereto by
using a support frame 34. Thé.ultraviolet-curing resin 32
thereby fills the entirety of the transfer face 31. When
ultravioiet rays UV aré applied from the side of the convex
lens 33 for a predetermined time in this state, the
ultraviolet-curing resin 32'is cured with the ultraviolet
rajs transmitted through the convex lens 33; and a hybrid
lens is formed with an aspherical composite layer
transferred to the convex lens 33.

The abéve-described method allows a precise hybrid lens
to be produced at a relatively low cést'because the die 30
is excellent in Workability and durability.- However, since
the convex lens 33 sometimes does not transmit ultraviolet
rays well depending on the.type of thé optical glass, an
excessively long time is needed to cure the ultraviolet
resin 32 and productivity is thereby reduced. For this
reason, the types of available optical glasses are limited,
and this decreases the degree of freedom in design. -

Since the ultraviolet-curing resin 32 is cured with the
ultraviolet rays UV which are applied from the side of the
convex lens 33 and are transmitted therethrough, the
ultraviolet rays UV are prone to be influenced by the lens

curvature. For example, since the convex lens 33 has a



1ight-dollecting function, the applied ultraviolet rays UV
concentrate in the center of the convex lens 33, as shown in
FIG. 13, and the intensity distribution thereof is
nonuniform. For this reason, the ultraviolet-curing resin
32 is not cured uniformly, and it is difficult to produce a

precise hybrid lens.

SUMMARY OF THE INVENTION

The present invention has been made in order to
overcome the above problems, and an object of the invention
is to provide a hybrid lens and a hybrid lens fo:ming method
in which a precise hybrid lens can be produced by
_effectively and uniformly curing an ultraviolet-curing resin
without béing affected by the type of 6pticai glass and the
curvature. ‘

In order to échieve the above object,'according to an
aspect of the present'invention, there is .provided a hybrid
lens forming method in which a forming die is made of a
material which transmits'light rays, and a composite layer
is. transferred onto a lens by éppiying light rays from the
side of the forming die and curing a photocurable resin with
the light rays_tfansmitted through'the forming die. |

According to the.aboveQdescribed hybrid lens forming
| method, since the photocurable resin can‘be-cured with the

light rays applied from the side of the forming die, the



light rays are not affected by the lens curvature, and the

. photocurable resin can be irradiated with a uniform
intensity distribution. This makes it possible to produce a
precise hybrid lens without causing nonuniform curing of the
photocurable resin.

According to another aspect of the present'inventioﬁ,
there is provided a hybrid lens in which a lens frame is
formed integrally with a composite layer. 1In this case, it
is possible to omit the subsequent step of assembling the
lens frame to the hybrid lens, to reduce the number of
: components, and to reduce the cost.of the hybrid lens.

Further objects, features, and advantages of the
present invention will become apparent from the following
description of the preferred embodiments with reference to

the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory view showing a hybrid lens
forming method utilizing a convex lens.

FIG. 2 is a cross-sectional view of a hybrid lens taken
out of a forming die shown in FIG. 1.

FIG. 3'is an explanatory view showing a hYbrid lens
forming method utilizing a concave lens.

FIG. 4 is a cross-sectionel view of a hybrid lens taken

out of a forming die shown in FIG. 3.
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FIG. 5 is an explaﬁatory view showing a method for
forming a hybrid lemns having a convex lens in which a
portion having no composite 1ayer is formed by using a
light-shielding layer.

FIG. 6 is a cross-sectional view of a hybrid lens taken
dut of a forming die shown in FIG. 5.

FIG. 7 is an explanatory view showing a method for
forming a hfbrid lens having a concave lens in which a
portion having no composite layer is formed by using a
light-shielding layer.

FIG. 8 is a cross-sectional view of a hybrid.lens taken
out a forming die shown in FIG. 7.

FIG. 9 is an explanatory view showing a method for
forming a hybrid lens in which a lens holder is combined.
with a composite layer. |

FIG. 10 is a cross-sectional view of a hybrid lens
taken out a forming die shown in FIG. 9. |

FIG. 11A is an explanatory view showing a hybrid lens
forming method in which the incident surface of ultraviolet-
curing resin'is made nonpianar so that the ultraviolet ray

intensity has a nonuniform distribution, and FIG. 11B is a

_cross-sectional view of a hybrid lens taken out of a forming

die shown in FIG. 1l1A.
FIG. 12 is a graph showing the distribution of

ultraviolet ray intensity.



FIG. 13 is an explanatory view showing a conventional

hybrid lens forming method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of a hybrid lens and a forming
method therefor according to the present invention will be
described below with reference to the attached drawings.

FIG. lzshows a hybrid lens forming method for
transferring an aspherical composite layer to one surface of
a convex lens made of optical glass by using a féfming die.
A forming_die 1 is made of a material, such as BK7 or BSC7,
which transmits ulfraviolet rays with anelengths ranging,
for example, from 200 nm to 400 nm. The lower surface of
the forming die 1 is made flat so as to serve as an incident
surface la for ultraviolét rays.

The forming die 1 hés_a smoothened cohcave transfer
face 2 for forming an aspherical composite layer thereon. On
the outer periphery of the transfer face 2, an annular
receiving face 2a is formed so as to place thereon a convex
1ens.wh1ch will be described later. After a predetermined
amount of ultraviolet-curing resin 3a, which is the material
of the aspherical composite layer, is poured on the transfer
- face 2, a convex lens 4 made of optical glass is placed on
the formiﬁg die 1 and is'fixéd thereto by using a support

frame 5 and a fixing means (not shown). The ultraviolet-



-curing resin 3a thereby fills the entire space between the
transfer face 2 and the convex lens 4. Part of the
ultraviolet curing resin 3a, which has overflowed from the
‘transfer face 2, flows through a joint fabe between the
receiving face 2a and the.convex 1ens.4 and is discharged
outside from a gap 7 between the convex lens 4 and the
support frame 5. The ultraviolet-cﬁring resin 3a is, for
example, an acrylic or epoxy transparent resin that is
curable with ultraviolet rays having the wavelengths ranging
from 200 nm to 400 nm.

When ultraviolet rays UV are applied from the éide of
the incident surface la of the forming'die 1 in such a state
in which the convex lens 4 is placed on the_forming die 1,
they enter the forming die 1 in.parallel from the incident
surface la. The ultraviolet-curing resin 3a is thereby
irradiated and cured with a uniform intensity. Through the
above procedurg, a hybrid lens 8 shown in FIG. Z-is formed
in which an aspherical composite layer 3 is transferred
while a portion 3b has.no aspherical composite-layer on the
outer periphery of thelconvex lens 4. The portion 3b having
no aspherical composite layer allows the hybrid lens 8 to be
used to caulk or abut a lens holder. |

FIG. 3 shows a hybrid lens forming method for
transferring an aspherical composite 1aYer to one surface of

a concave lens made of optical glass by using a forming die.
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In this case, a concave lens 10 is first placed in a support

- frame 11, and a predetermined amount of ultraviolet-curing

resin 12a is poured on the cohcave lens 10. Then, a forming
die 14 having a convex transfer face 13 is placed on the
concave lens 10 from above and is fixed thereto by using the
support frame 11 and a fixing means (not shown).

The forming die 14 is made of a material, such as BK7
or BSC7, which transmits ultraviolet rays with the
wavelengths ranging from 200 nm to 400 nm, in a manner
similar to that in the above-desdribed forming die 1. The
upper surface of the forming die 14_is made flat so as to
serve as an incident surface 14a for ultraviolet rays. The
ﬁltraviolef-curing resin 12a is, for e#ample, an acrylic or
epoxy transparent resin that is curable with ultraviolet
réys having the wavelengths ranging from 200 nm to 400 nm.

By placing the forming die 14 on the éoncave lens 10,
the ultraviolet-curing resin 12a fills the enti:e sPace

between the concave lens 10 and the transfer face 13. Part

of the ultraviolet-curing resin 12a, which has overflowed

from the transfer face 13, is discharged outside through a
joint face 15 between the concave lens 10 and the support
frame 11.

When ultravidlet rays UV are applied from the side of

. the incident surface l4a of the'fbrmihg die 14 in such a

state, they enter the forming die 14 in parallel through the
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incident surface 14a. The ultraviolet-curing resin 12a is |
thereby irradiated and cured with a uniform intensity.
Through the above procedure, a hybrid lens 16 shown in FIG.
4 is formed in which an aspherical composite layer 12 is
transferred to the lens surface of the concave lens 10.
FIG. 5 shows a hybrid lens forming method according to

a modification of the forming method showh in FIG. 1, in
which the outer periphery of a transfer face 2 of a forming
die 1 is coated with'a light-shielding layer 17 made of
aluminum foil or the like so that a portion having no
aspherical composite layer is formed on the outer periphery
of a convex lens 4. 1In the following description, the same
components as in FIG..l are denoted by the saﬁe reference
numerals. |

| When ultraviolet rays UV are applied from the side of
an incident surface la of the forming die 1, they enter the
formiﬂg die i in parallel from the incident surface la, and
irradiate ultraviolet-curing resin 3a. In this case;_one
part of the ulfraviolét-curing resin 3a at a portion where
the light-shielding layer 17 is not formed is cured to form
a composite layer, whereas the other paft at a portion where

the 1ight-shielding layer 17 is formed is not irradiated

with ultraviolet rays UV and is not cured. Therefore, by

taking the convex lens 4 out of the forming die 1 and then

removing the uncured part of the ultraviolet-curing resin 3a
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by, for example, wiping or washing, a hybrid lens 18 shown
in FIG. 6 is formed in which an aspherical composite layer 3
is transferred, while a portion 3b has no composife layer 3
on the outer periphery of the convex lens 4. The portion 3b
having no composite layer allows the hybrid lens 18 to be
‘caulked to or abutted against a lens holder, and this
increases assembly accufacy.

_ While it is more preferable that the light-shielding
strength of the light-shielding layer 17 be high, the
uncpred part of the ulf:aviolet-curing-resin 3a can be
easily removed from the convex lens 4 by ﬁiping or washing
as long as the degree of curing of the uncured part is 5 %
or less. For'this reason, the.light-shielding strength of
the light-shielding layer 17 can be determined based on the
degree of curing of the uncured part. For example, when the
degree of curing of the ultraviolet-curing resin 3a
irradiated with the ultraviolet rays reaches approximately
50 %; it is satisfactory as long as the light-shielding
strength of the light-shielding layer 17 is 1/10 or less.

FIG. 7 shows a hybrid lens forming method in which the
outer peripheral portion of a transfer face 2 of a forming
die 1 is coated with a light-shielding layer 19 ﬁade.of
aluminum foil or the.like so that aﬁ asphericél composite
-layer is not formed on a part of the sufface of a concave

lens 20. In the followihg description, the same components
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as in FIG. 5 are denoted by the same reference numerals.

In this case; when ultraviolet rays UV are applied from
the side of an incident surface la of the forming die 1, one
part of ultravioiet-curing resin 3a at a portion where the
iight-shielding layer 19 is not formed is cured to form a
composite layer. The other part of the ultraviolet-curing
resin 3a at the light-shielding layer 19 is not irradiated
with the ultraViolet.rays UV and is not cured. The uncured
part of the ultraviolet-curing resin 3a is removed by wiping
or washing. Through the above procedure, a hybrid lens'él
shown in FIG. 8 is formed in which an aspherical composite
layer 3 is transferred while a portion 3b has no composite .
layer on the outer periphery of the concave lens 20.

FIG. 9 shows a hybrid lens forming method in which an
aspherical composite layer and a lens frame are
simultaneously formed togéther. A forming die 22 used in
this method transmits ultraviolet rays in a manner_similar
to the above, and fhe lower surface thereof is m&de'flat so
as to serve as aﬁ incident surface 22a for ultraviolet rays.

The forming die 22 includes a concave transfer face 23
for forming aﬁ aspherical composite layer, and a lens-frame
forming die 24 connected to the outer periphery of the |
transfer face 23. A predetermined amount.of ultfaviolet-
curing resin 3a is poured on the transfer face 23.

Subsequently, a lens frame 26, which has through holes 26a,
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is made of a resin material, and is combined with a convex
lens 25, is pressed and placed on the forming die 22, and is
fixed thereto by fixing means (not shown). The ultraviolet-
cu:ing resin 3a thereby fills the entire space between the
transfer face 23 and the coﬁvex lens 25, flows into the
lens-frame forming die 24, and overflows from the through
holeé-zsa of the lens framé 26 to be in the shape of a dome.

| By then applying ultraviolet rays UV from both sides of
the forming die 22 and_the convex lens 25, the ultraviolet-
curing resin 3a is cured. As a result, a hybrid lens 28
shown in FIG. 10 is forméd in which an aspherical composite _
layer 3 is transferred to the conVex.lené 25 and the lens
frame 26 is formed integrally therewith by a cured.resin 27
protruding from the aspherical composite layer 3. Sincelthe
hybrid lens 28 thus formed can be assembled in a lens barrel
by using the lens frame 26, it is pdssible to omit the step
of assembling the lens holder onto the hybrid lens, as.
before, and to reduce the cost. |

FIGS. 11A and 11B show a hybrid lens forming method

according to a modification 6f the method shown in FIG. 1,
in which a forming die 1 has a curved incident surface 1b so
that the illuminance_distribution of ultraviolet rays can be
varied depending on the thickness of an ultraviolet-curing |
resin 3a. In this case, the thickness of the ultraviolet-

curing resin 3a on a transfer face 2 of the forming die 1
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increases from the center toward the'outer periphery.
Therefore, the incident surféce 1b is shaped like a convex
lens so that the illuminance of the ultraviolet rays is low
at the center and is high on the outer periphery, as shown
in FIG. 12.

By doing this, ultraviolet rays UV incident from the
incident surface 1b can uniformly cure the entirety of the
ultravioiet-curing resin 3a. This makes it possible to form
a hybrid lens in which a precise aspherical composite layer
3 is transferred, as shown in FIG. 11B. |

It is more effective to coat the incident surfaces of
the above-described forming dies 1 with an antireflection
film which hds the highest t:ansmittance for_ultraviolet
rays with the wavelengths ranging from 200 nm to 400 nm. A
monolayer type antireflection f£ilm is made of, for example,.
magnesium flqoride (MgF,) having a refractive index of
approximately 1.38. 1In order for the transmittance to be
| highest for a wavelength of approximately 300 nm, the
'thickness of the film is set to be'approximately 54 nm.

A double layer type antireflection film is made of a
combination of, for example, hafnium oxide (HfO,) and
magnesium fluoride (MgF,), titanium oxide (TiO,) and
magnesium fluoride (MgF,), tantalum pentoxidé (Ta,0;) and
magnesium fluoride (MgF,). o;,éirconium oxide (Zr0,) and

magnesium fluoride (MgF,). In these combinations, magnesium
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fluoride (MgF,) may be replaced with silicon oxide (8i0,).

By forming the antireflection film on the incident
Surface, as described above, it is possible to improve the
intensity of ultraviolet raYs reaching the ultraviolet- |
curing resin, compared wifh é case in which no
antireflection £ilm is formed, to réducé the curing time,
and to improve productivity of the hybridllens.

Since the aspherical coﬁposite layer is made of the
synthetic resin that is curable with ultraviolet rays,
commercially available resin materials and ultraviolet lamps
can be used. This allows the hybrid lens to be produced at
-idw cost. _ |

As described above, in the hybrid lens forming method
.0of the present invention, the forming die is made of a
‘"material that transmits light rays, light rays are applied
from the side of fhe forming die, and the photocurable resin
is cured with the light rays transmitted through the forming
die, thereby transferring the composite layer to the lenmns.
Therefore, the light rays are not affected by the lens
curvature.and the photocurable resin can be irradiated with
a uniform intensity. This makes_it possible to produce a
precise hybrid lens in whidh the photocurable resin is cured
_uniformly. |
Since the forming die is made of a material which

trahsmits ultraviolet rays havihg at least the wavelengths
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"ranging from 200'nm to 400nm, it is possible to make the
-forming die of a commercially available and inexpensive
material at low cost. | |

By forming the light-shielding layer on a part of the
forming die, a portion having no composite 1ayer can be
formed easily. This increases the accuracy in assembling
the lens holder oﬁto the hybrid lens. |

Since the antireflecinn £ilm is formed on the light
incident surface of the forming die so thaf the
transmittance theredf is highest for the light rays with the
wavelgngths ranging from 260 nm to 400 nm, it is possible to
reduce the curing time of the photocurable resin and to
improve the productivity of forming.the hybrid lens.

Since the light incident surface of the forming die is
made nonplanar so that thé light rays épplied onto the
"photocurable resin have a nonuniform intensity distribution,
even when the thickness of the photocurable resin is not
even, it is possible to form a precise composite layer
without causing nonuniform curing.

Since the lens frame is formed tbgether with the
composite layer, it is possible to omit the step of
assembling the lens frame on the hybrid lens and to produce
a hybrid lens having a'lens frame at low cost.

Since the composite layer is aspherical, it is possible.

to reduce the aberrations of the hybrid lens and to improve
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the aberration correction ability when the hybrid lens is
assembled into a unit.

Furtherﬁore, since the composite layer is made of the
ultraviolet-curing resin that is curable with ultraviolet
rayé having the wavelengths ranging from 200 hm to 400 nm,
_cqmmercialiy available materials and ultraviolet lamps can
be used. Thilis makes 1t possible_to produce the hybrid lens
at low cost.

While the present invention has been described with
reference to what are presently considered to be the
preferred émbodiments, it is to be understood that the
invention is ndt'liﬁited to the disclosed embodiments. On
the contrary, the invention is intended to cover various
_modifications and equivalent arrangements included within
the spirit and scope of the appended claims. The scope of
thé following claims is to be accorded the broadest
interpretafion so as to encompass all such modifications and

equivalent structures and functions.
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WHAT IS CLAIMED IS: .

1. A hybrid lens forming method for transferring a
composite layer made of a photocdrablé resin, which is
curable by irradiation with 1i§ht rays, onto at least one
surface of a single lens by using'a forming die, wherein
said-fbrming die is made of a material which transmits light
rays, and sald composite 1aye£_is transferred onto said
single lens by ;pplying the light rays from the side of said
forming die- and curing said’photocurable resin with the

#19%

light rays tr?qsmitted through said forming die.
. g &35
2. A hybrid lens forming method according to Claim 1,
wherein said forming die is made of a material which
transmits light rays having at least the wavelengths ranging

from 200 nm to 400 nm.

3. A hybrid lens forming method according to Claim 1,
ﬁherein a light-shielding film is formed in a part of said
forming die so that a portion having no composite layer is
formed on the lens surface of said single lens corresponding

to said light-shielding film.

4. A hybrid lens forming method according to Claim 1,

wherein an antireflection film, which has the highest
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transmittance for light rays with the waveléngths ranging
from 200 nm to 400 nm, is formed on the light incident

surface of said forming die.

5. A hybrid lens forming method according to Claim 1,
wherein the light incident surface of said forming die is
made nonplanar so that the light rays applied onto said

photocurable resin have a nonuniform intensity distribution.

6. A hybrid lens forming method according to Claim 1,

wherein said composite layer is aspherical.

7. A hybrid lens forming method according to Claim 1,
wherein said composite layer is made of an ultraviolet-
curing resin which is curable with ultraviolet rays having

the wavelengths ranging from 200 nm to 400 nm.

8. A hybrid lens formed by transferring a composite
layer made of a photocurable'resin,.which is curable by
irradiation with light rays, onto at least one surface of a
single lens by using.a forming die, wherein a lens frame is

formed integrally with said composite layer.

9. A hybrid lens according to Claim 6, wherein said

composite layer is aspherical.
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10. A hybrid lens according to Claim 6, wherein said
composite layer is made of an ultraviolet-curing resin which
is curable with ultraviolet rays having the wavelengths -

ranging from 200 nm to 400 nm.



