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(57) ABSTRACT

An 1imaging lens comprises, 1 order from an object side:

a first lens having a positive refractive power;

a second lens having a negative refractive power whose
concave surface faces to the object; and

a third lens having a positive refractive power and having a
meniscus form that has a convex surface, facing to the
object, 1 a portion at and around an optical axis of the
imaging lens;

wherein the first, second and third lenses have at least one
aspheric surface, and

wherein the imaging lens satisfies conditional expressions
given below:

0.7<f1/f<1.3 (1)

0.3<D2/£<0.5 (2)

1.0<I£2/£1<3.0 (3)

1.2<f3/f<4.0 (4)
where

f: a focal length of an overall system,
1: a focal length of the first lens,

= -

12: a focal length of the second lens,
13: a focal length of the third lens, and
D2: aspacing, onthe optical axis, between the first lens and

the second lens.

4 Claims, 9 Drawing Sheets
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FIG. 1 EXAMPLE 1
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FIG. 3 EXAMPLE 3
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FIG. SA

EXAMPLE 1, BASIC LENS DATA

R Di (SURFACE-]__Ng Vil
(RADIUS OF | TO-SURFACE |(REFRACTIVE |  (ABBE
NUMBER)

Sl
SURFACE

CURVATURE

SPACING INDEX

-205. 532

R EREEY S o m SR W NS W W W WE W O OW W B e wi b o aF S S W W B W W Wm - e o an oam w oW e e wmr bl Er W O NN Ey E S

-0. 998
-1. 433

e DL L Gy AR ER R B R AR R e O S N Ak el W e umlh kB el bk iy A ul W W Wy - oy wy e e DR W TR TR A W o wf i il daie el ey i v das e WD W wl ER

2. 040
2. 511

GO

00

F ’ G 5 B (f=4, 62mm, FNO. =2. 8)

EXAMPLE 1, ASPHERIC DATA

SURFACE NO.

COEFFICIENT
2. 011E+00 1. 261E+03 -1. 679E+00

~1. 480E-02 -2.675E-03 |  5.341E-02
1. 122E-02 -1, 252E-02 ‘ -1. 916E-01

-3, 718E-02 | -1.814E-02 | -6.108E-03
2. 13003 l -2.216E-04 | 8. 122E-02

1. 810E-02 G. 964E-03 4, 338E-02
—-1. 286E-02 1. 433E-02 -2. 36 7E-02
-9. T12E-03 -5.597E-02 | -3. 654E-02

0. 317E-03 3. 366E-02 2. 160E-02

2. 902E-01 ~-1. 365E+01 1. 265E-01
1. 0/3E-02 2, 444E-02 1. 99/E-02
-6. 594E-02 ~J. 184E-02 -1. 096E-01
2. §99E-02 0,300E-03 | 2. 359E-02
3. 957E-02 1. 158E-03 1. 295E-02
3. 330E-03 -4. 300E-04 | —4. 866E-03
-5, 311E-03 ~-1. 329E-03 ~-1. 455t-03
~4, 061E-04 ~1. 136E-04 8. 164E-04
0. 843E-04 1. 53/E-04 -1, 122E-04
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Si
SURFACE
UMBER)

EXAMPLE 2, BASIC LENS DATA

Ri
RADIUS OF
URVATURE)

2. 114
-440. 182

-1. 214
-2, 221

1. 807
2. 460

o0

F,G 68 (f=4. 95mm, FNO. =2. 8)

EXAMPLE 2, ASPHERIC DATA

Dl (SURFAGE-

TO-SURFACE (REFRACTIVE
INDEX}

SPACING)

vdi
(ABBE
NUMBER)

SURFAGE NO.

ASPHERIC
COEFFICIENT [ FIRST SURFACE | SECOND SURFACE | THIRD SURFACE

-4. 699E-03
6. 261E-03
-2. 155E-02
3. 824E-03
8. 696E-03
—1. 004E-03
~1. S01E-03
-6. 893E-04

1. 899E-01
~3. 899E-02
~/. 059E-02

2. 008E-02

3. 182E-02 |

3. 362E-03
-9. 3/7E-03
2. 428E-04
9. 494E-04

1. 11E+00 |

9. 96/E+01
~b, 555E-03
| -3. 6 /5E-04

-3. 436£-02
-2. 444E-03
2. 593E~02
f. 015E-02
-8, 466E-02
b, 605E-02

5. B00E+00

1. 486E-02
5. 058E-02
1. 390E-02
1. 082E-02
-6, 947E-04
1. 907E-03
-3. 422E-04
2. 332E-04

~3. 524E+00
-2, 037E-02
~2. 30/E~-01
-1. 634E-03

1. 021E-01

1. 063E-02
-2. 609E-02
-1. 5T1E-02
3. 453E-02

4. 010E-01
2. 662k-02
-1, 223E-01
2. 822E-02
1. J08E-02
-0. 238E-03
1. 434E-03
9. 406E-04
-1. 468E-04
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FIG. 7A

EXAMPLE 3, BASIC LENS DATA

Si R DI (SURFACE-]_ Ngj Vi)
SURFACE éRADIUS OF |TO-SURFACE |(REFRACTIVE|  (ABBE
UMBER) | CURVATURE) | SPACING) | INDEX) NU.MBER)

o
o
63{:
GC{:

FIG 7B (f=4. 61mm, FNQ. =2, 3)
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2. 090E-01
—3.731E~02
~b. 42/E-02
1. 819E-02
2. 102E-02
~2. 444E-03
-6. 377E-03
1. 642E-04
2. 024E-03

-8. 084E+00
2. 110E-03
-3. 262F-02
9. 145E-03
1. 634E-03
-8. 718E-04
~1. 399E-03
~1. 300E-04
1.517E-04

EXAMPLE 3, ASPHERIC DATA

ASPHERIC
COEFFICIENT

2. 411E+00 2. 214401 ~4. 486E+00

-4. 950E-03 1. 476E-02 -6. 121E-09

1.406E-02 | -2.251E-02 | -1.639E-01

-9. 192E-02 -2. 119E-02 -1. 060E-02

2. 123E-02 3. 079E-Q2 6. 130E-02

2. 244E-02 4. 8 70E-02 2. 972E-02

~1.755E-02 | 5.674E-03 | -2.007E-02

-6.456E-03 | -1.257E-01 -2. 482802

2. 203E-03 /. 891E-02 1. 672802

3. 987E-01
4. 508t-02
~-1. 503E-01
3. 337E-02
1. 698E-02
-0. 034E-03
-1. 894£-03
6. 685E-04
-9. 001E-09
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EXAMPLE 4, BASIC LENS DATA
Si R Di(SURFACE-| N vl
ﬁURFACE RADIUS OF (REFRACTIVE (ABBE
UMBER) | CURVATURE) | SPACING) | INDEX) | NUMBER)
1 2. 983 0. 65 1. 532 h5. 4
T 2N 94.00 | 200
3 -1 131 0. 42 1. 604 21.2
. S -1.631 | 0.07 |
b 1.42] 1.3] 1, 532 B5. 4
L U N 1.835 | .| 0. 70 o
7 00 0. 30 l. 516 64. 1
8 0. 54
FIG 88 (f=4. 52mm, FNO, =2. B)
EXAMPLE 4, ASPHERIC DATA
SURFACE NO.

ASPHERIG
COEFFICIENT

FIRST SURFACE | SECOND SURFACE | THIRD SURFACE

—~1. 455E-02

-4, 945E-02

4. 649E-03
-9, 080E-03
-2. 202E-03
2. TT6E-03

3. 511F=01
-2. 822E-02
-5. 932E-02
1. 484E-02
2. 553E-02
-3. 068E-03
~6. 536E-03
0. 161E-04
2. 413E-03

2. 136E+00 |
2. 229602 |

2.400E-02 |

|

2. 214E+01
-1. 906E-03

1. 138E-03
-1. 642E-02
~-1. 300E-02
9. 838E-02
-Z. 3/6E-04
-1. 037E-01
1. 092E-02

-1. 994E+00

1. 066E-02

-J. 381E-02
8. 3b0E-03
1. 699E-03

~-8. 351E-04

~-1. 368E-03

~-1. 238&-04
1. 433E-04

-5. 479E+00
-3. 157E-03
-1. 665E-01
~1. 326E-02

6. 02 /E-02

3. 017E-02
-1. 912E-02
~2. 42 TE-02
1. 990E-02

3. 142E-01
4. 4156072
~-1. 502E-01
3. 317E-02
1, 7105E-02
-4, 304E-03
-1. 8713E-03
6. 680E-04
~-4. 809E-05
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FG. 9

CONDITIONAL-EXPRESSION RELATED VALUE

CONDITIONAL [ CONDITIONAL | CONDITIONAL | CONDITIONAL | CONDITIONAL
EXPRESSION | EXPRESSION | EXPRESSION | EXPRESSION | EXPRESSION

(1)
ili

S X 7
EXAMPLE 2 0. 21 1,69

EXAMPLES | 1.18 0. 41 .69 [ 1.26
EXAMPLE4 | 1,31 0. 46 2.02 1,23

28. 2

28.2
28.2
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d-LINE
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0.2mm

SPHERICAL ABERRATION

F1G. 10A

—0.Z2mm

FNO. = 2.80

0.2mm

—0.2mm

SPHERICAL ABERRATION

FIG. 1A

Sheet 8 of 9
EXAMPLE 1
o =31.3° ®=31.3°
l
—— SAGITTAL
== TANGENTIAL
|- |
~(0.2mm 0.2mm —3% 5%
ASTIGMATISM DISTORTION
FIG. 10B FIG. 10C
EXAMPLE 2
w=29.2° = 292°
SAGITTAL
-« TANGENTIAL
—0.2mm  0.2mm —5% 5%
ASTIGMATISM DISTORTION
FIG. 11B FG. 11C
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FNO. =2.80
¥

~0.2mm  0.2Zmm

SPHERICAL ABERRATION

FIG. 12A

FNO. =2.80

~0.2mm

0.2mm

SPHERICAL ABERRATION

FIG. 13A

Sheet 9 of 9
EXAMPLE 3
o= 31.3° o= 31.3°
—— SAGITTAL
TANGENTIAL
~0.2mm  0.2mm —5% 5%
ASTIGMATISM DISTORTION
FIG. 128 FIG. 12C
EXAMPLE 4
®=317° o=31.7°
—— SAGITTAL
.-..-... TANGENTIAL
—02mm  0.2mm ~5% 5%
ASTIGMATISM DISTORTION
FIG. 138 FIG. 13C
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1
IMAGING LENS

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1maging lens to be
mounted on an 1maging apparatus, e.g. a digital still camera,
a camera-equipped cellular phone or a personal digital assis-
tant (PDA), that uses an imaging device, such as a CCD
(charge coupled device) or a CMOS (complementary metal
oxide semiconductor).

2. Description of the Related Art

Recently, size reduction and pixel-density increase have
advanced conspicuously for the imaging devices, such as of
CCDs and CMOSs. This in turn requires an imager proper
and a lens for mount thereon, that are smaller 1n size but
higher 1n performance. For size reduction, there 1s a need to
reduce the overall length and the height (diametrical reduc-
tion orthogonal to the optical axis). Meanwhile, besides size
reduction, the imaging optical system generally 1s required to
have a telecentricity, 1.e. characteristic to place the main rays
of light incident upon the 1imaging device at an angle nearly
parallel with the optical axis (incident angle upon the image
plane nearly zero relative to the normal line to the image
plane). In order to secure a telecentricity, 1t 1s advantageous to
arrange an optical aperture stop 1n a position as close as
possible to the object. JP-A-2005-292235 describes an imag-
ing lens having totally three lenses wherein 1ts optical aper-
ture stop 1s arranged 1n a position closest to the object. Mean-
while, JP-A-2004-302038 discloses an 1imaging lens having
totally three lenses wherein its optical aperture stop 1s
arranged at between the first lens and the second lens.

Inthe meanwhile, as pixel-density increases for the imager,
there 1s a trend required for the imager for taking a still image
to provide a mechanical shutter 1n order to reduce signal
noises at the imager. Where providing a shutter, it 1s advan-
tageous to arrange 1t 1n a position close to the optical aperture
stop 1n order to reduce the unevenness of light amount. Mean-
while, for an 1imaging lens arranged with three lenses, the
optical aperture stop 1s advantageously arranged 1n a position
as close as possible to the object, e.g. 1n a position 1n front or
back of the first lens, 1n order to secure a telecentricity as
noted above. However, it 1s unadvantageous to arrange the
shutter mechanism 1n front of the first lens or closest to the
object, 1n respect of size reduction. For this reason, 1t can be
contemplated to provide a shutter mechanism 1n a position
inside the lens system, 1.e. at between the first and second
lenses. For this purpose, there i1s a desire to develop a lens
having a high aberrational performance compatible with
pixel-density increase while securing suificiently an air-spac-
ing at between the first and second lenses, 1n order to arrange
a shutter mechanism 1n an 1imaging lens arranged with three
lenses. JP-A-2005-292235 includes example 3 that a spacing
1s secured comparatively broad at between the first and sec-
ond lenses, thus providing a lens arrangement advantageous
in arranging a shutter mechanism. However, there 1s a desire
tor developing a lens which 1s more advantageous 1n shutter
mechanism arrangement and higher 1n aberrational perfor-

mance than that structure.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the fore-
going problem, and 1t 1s an object thereot to provide a small-
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2

s1zed high-performance imaging lens that an interspacing 1s
secured suiliciently to arrange a shutter mechanism therein
while maintaining a high aberrational performance compat-
ible with pixel-density increase.

An 1maging lens comprises, 1n order from an object side: a
first lens having a positive refractive power; a second lens
having a negative relfractive power whose concave surface
faces to the object; and a third lens having a positive refractive
power and having a meniscus form that has a convex surface,
facing to the object, 1n a portion at and around an optical axis
of the imaging lens; wherein the first, second and third lenses
have at least one aspheric surface, and wherein the 1maging

lens satisfies conditional expressions given below:

0.7<f1/f<1.3 (1)

0.3<D2/<0.5 (2)

1.0<[F2/fl<0.3 (3)

1.2<f3/f<4.0 (4)

where
f: a focal length of an overall system,
11: a focal length of the first lens,

= -

12: a focal length of the second lens,
13: a focal length of the third lens, and

D2: aspacing, onthe optical axis, between the first lens and
the second lens.

The imaging lens of the mnvention can be reduced 1n size by
providing the lenses with a proper form and refractive power
through use of a lens arrangement having totally three lenses.
Meanwhile, by satisiying the conditional expression (2), a
spacing can be secured broad at between the first lens and the
second lens. This 1s advantageous in arranging a shutter
mechanism therein. Meanwhile, by satisiying the conditional
expressions (1), (3) and (4), power distribution 1s optimized
over the lenses, thus maintaining a high aberrational perfor-
mance compatible with pixel-density increase.

In the imaging lens of the ivention, preferably a condi-

tional expression given below 1s further satisfied:

20<v1=v2 (5)

where

v1: Abbe number of the first lens, and

v2: Abbe number of the second lens.

Meanwhile, 1n the imaging lens of the invention, preferably
the first lens has an object-side surface made 1n a convex form
in a portion at and around the optical surface and an 1mage-
side surface made 1n an aspheric form having a positive
refractive power increasing as a peripheral portion thereof 1s
neared, the second lens being in a meniscus form in a portion
at and around the optical axis. This makes 1t easy to satisiy the
conditional expressions, thus easily improving the perfor-
mance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s alens sectional view corresponding to an imaging,
lens according to example 1 of the invention;

FI1G. 2 1s a lens sectional view corresponding to an imaging,
lens according to example 2 of the invention;

FIG. 3 1s a lens sectional view corresponding to an imaging,
lens according to example 3 of the invention;

FI1G. 4 1s a lens sectional view corresponding to an imaging,
lens according to example 4 of the invention;

FIGS. 5A and 3B are figures showing the lens data of an
imaging lens according to example 1 of the invention,
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wherein F1G. 5A shows the basic lens data and FIG. 3B shows
the lens data concerning an aspheric surface;

FIGS. 6A and 6B are figures showing the lens data of an
imaging lens according to example 2 of the invention,

4

phone and personal digital assistants. The 1maging lens
includes a first lens G1, a second lens (G2 and a third lens 3,
in the closer order to the object on the optical axis Z1. At least
one of the surtaces of the first, second and third lenses G1, G2,

wherein FIG. 6 A shows the basic lens data and FIG. 6B shows 5 (3 1s made aspheric.

the lens data concerning an aspheric surface;

FIGS. 7A and 7B are figures showing the lens data of an
imaging lens according to example 3 of the invention,
wherein FI1G. 7A shows the basic lens data and FIG. 7B shows
the lens data concerning an aspheric surface;

FIGS. 8A and 8B are figures showing the lens data of an
imaging lens according to example 4 of the invention,
wherein F1G. 8 A shows the basic lens data and FIG. 8B shows
the lens data concerning an aspheric surface;

FIG. 9 shows a figure showing, collectively on each
example, the values related to the conditional expressions

FIGS. 10A to 10C are aberration diagrams showing the
aberrations of the imaging lens according to example 1 of the
invention, wherein FIG. 10A shows a spherical aberration,
FIG. 10B shows an astigmatism and FIG. 10C shows a dis-
tortion;

FIGS. 11A to 11C are aberration diagrams showing the
aberrations of the imaging lens according to example 2 of the
invention, wherein FIG. 11A shows a spherical aberration,
FIG. 11B shows an astigmatism and FIG. 11C shows a dis-
tortion:

FIGS. 12A to 12C are aberration diagrams showing the
aberrations of the imaging lens according to example 3 of the
invention, wherein FIG. 12A shows a spherical aberration,
FIG. 12B shows an astigmatism and FIG. 12C shows a dis-
tortion; and

FIGS. 13A to 13C are aberration diagrams showing the
aberrations of the imaging lens according to example 4 of the
invention, wherein FIG. 13A shows a spherical aberration,
FIG. 13B shows an astigmatism and FIG. 13C shows a dis-
tortion.

DETAILED DESCRIPTION OF THE INVENTION

With reference to the drawings an embodiment of the
present invention will now be explained 1n detail.

FIG. 1 shows a first arrangement example of an 1maging,
lens according to an embodiment of the invention. This
arrangement example corresponds to the lens arrangement 1n
a first numerical example (FIGS. SA and 5B), referred later.
FIG. 2 shows a second arrangement example wherein this
arrangement example corresponds to the lens arrangement of
a second numerical example (FIGS. 6A, 6B), referred later.
FIG. 3 shows a third arrangement example wherein this
arrangement example corresponds to the lens arrangement of
a third numerical example (FIGS. 7A, 7B), referred later.
FIG. 4 shows a fourth arrangement example wherein this
arrangement example corresponds to the lens arrangement of
a fourth numerical example (FIGS. 8 A, 8B), referred later. In
FIGS. 1 to 4, reference numeral Ri1 represents a radius-oi-
curvature ol an 1-th surface whose subscript 1s provided to
increase as the image 1s neared provided that the constituent
clement closest to the object has a surface taken as the first.
Retference numeral Di1represents a surface-to-surface spacing
between the 1-th and (1+1)-th surfaces on an optical axis Z1.
Note that the explanation below 1s basically on the first
arrangement example shown in FIG. 1 because the arrange-
ments are similar one to another 1n respect of the basic struc-
ture.

The 1maging lens i1s suitable for use 1n various imaging,
appliances using imaging devices such as of CCD and
CMOS, e.g. digital still cameras, camera-equipped cellular
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An optical aperture stop St 1s preferably arranged as close
as possible to the object, 1n order to secure a telecentricity. In
the arrangement examples of FIGS. 1, 2 and 4, an aperture
stop St 1s arranged 1n back of the first lens Gl. In the FIG. 3
arrangement example, an aperture stop St1s arranged 1n front
of the first lens (G1, 1.¢. 1n a position of the lens system closest
to the object. A shutter 10 1s arranged between the first lens G1
and the second lens G2.

Animaging device, such as a CCD, 1s arranged on an 1mage
surface Sumg of the imaging lens. Between the third lens G3
and the imaging device, various optical members GC are
arranged 1n accordance with the camera structure the relevant
lens 1s to be mounted. For example, plate-like optical mem-
bers are arranged which include an 1image-surface-protecting,
cover glass and an 1nfrared-blocking filter.

The first lens G1 has a positive refractive power. The first
lens G1 has a surface, close to the object, made convex in an
area nearby the optical axis. In the arrangement examples of
FIGS. 1 and 2, the first lens (51 1s made convex 1n form at both
surfaces 1n areas nearby the optical axis, wherein the image-
side surface 1s made 1n an aspheric form where positive
refractive power increases as the periphery 1s neared. In the
arrangement examples of FIGS. 3 and 4, the first lens G1 1s
made as a positive meniscus form whose convex surface
faces, 1n 1ts area nearby the optical surface, to the object.

The second lens G2 has a concave surface facing to the
object, thus having a negative refractive power. The second
lens G2 1s preferably in a meniscus form in an area nearby the
optical axis. This makes 1t easy to satisty the numerical range
of conditional expression (3), referred later.

The third lens G3 1s made 1n a positive meniscus form
having a convex surface facing to the object, in an area nearby
the optical axis. The third lens G3 1s a lens arranged closest to
the image surface. Accordingly, 1n the third lens G3, luminous
flux 1s separated at each angle-of-view as compared to the first
and second lenses G1, G2. By properly using the aspheric
surface 1n the third lens G3, aberration can be easily corrected
at each angle-of-view, thus making 1t easy to correct for
curvature-of-field and distortion. In addition, a telecentricity
can be easily secured. For this reason, the image-side surface
of the third lens G3 1s preferably made concave 1n an area
nearby the optical axis and convex at the peripheral area
thereof.

The mmaging lens satisfies the following conditions,
wherein 1 1s a focal length of the system overall, 11 1s a focal
length of the first lens G1, 12 1s a focal length of the second
lens G2, 13 1s a focal length of the third lens G3, and D2 15 a
spacing between the first lens G1 and the second lens G2 on
the optical axis Z1.

0.7<f1/f<1.3 (1)

0.3<D2/<0.5 (2)

1.0<If2/f1<3.0 (3)

1.2<£3/1<4.0 (4)

The imaging lens preferably satisfies further the following
conditional expression. In the expression, v1 1s an Abbe num-
ber of the first lens G1 and v2 1s an Abbe number of the second
lens G2.

20<v]1—v?2 (5)
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Description 1s now made on the operation and effect of the
imaging lens constructed as above.

The 1imaging lens can provide a lens system that 1s advan-
tageous 1n reducing the overall length and securing a telecen-
tricity by virtue of the aperture stop St arranged 1n front or
back of the first lens through use of the arrangement of as less
as three lenses 1n total. Furthermore, by satisfying the condi-
tional expressions, optimization 1s achieved for the material
of and the power distribution over the lenses, thus suificiently
securing an interspacing for arranging a shutter mechanism
therein while maintaining a high aberrational performance
compatible with pixel-density increase. Meanwhile, 1n the
imaging lens, aberration can be corrected further effectively
by optimizing the aspheric surfaces. In order to cope with an
imaging device having high pixel density, there 1s a need to
provide a telecentricity, 1.e. characteristic to place the main
rays ol light incident upon the 1maging device at an angle
nearly parallel with the optical axis (incident angle upon the
image plane nearly zero relative to the normal line to the
image plane). In the 1imaging lens, the image-side surface of
the third lens G3 which 1s the final lens surface closest to the
imaging device for example 1s made concave toward the
image 1n an area nearby the optical axis and convex toward the
image in a peripheral area thereof, aberration can be properly
corrected at each angle-of-view thus regulating the angle of
an incident luminous flux upon the 1maging device. This
makes 1t possible to relieve the unevenness of light amount
over the entire 1mage surface, and provides an advantage 1n
correcting for curvature-oi-field and distortion.

The conditional expression (1) concerns the focal length 11
of the first lens GG1. In case exceeding the numerical range of
the same, the power of the first lens G1 1s excessively small
thus making 1t difficult to reduce the overall length. Mean-
while, 1n case going below the same, corrections are difficult
for curvature-of-field and astigmatism and further the angle-
at-exit-pupil 1s provided unpreferably excessively great.

The conditional expression (2) concerns the spacing D2
between the first lens G1 and the second lens G2 and the
overall focal length 1. In case exceeding the numerical range
of the same, 1t 1s difficult to reduce the overall length. Mean-
while, 1n case going below the same, the spacing D2 cannot be
secured suiliciently between the first lens G1 and the second
lens G2, thus unpreferably making 1t difficult to arrange a
shutter mechanism.

The conditional expression (3 ) concerns the focal length 12
of the second lens G2. In case the numerical range 1is
exceeded, the power of the second lens G2 1s excessively
small, thus making 1t difficult to reduce the overall length.
Meanwhile, 1n case going below the same, corrections are
unpreferably difficult for curvature-of-field, astigmatism and
so on. The conditional expression (4) concerns the focal
length 13 of the third lens G3. In case going out any of the
upper and lower limits of the numerical range, power 1s out of
balance with the second lens G2 thus unpreferably snaking 1t
difficult to correct for aberrations while maintaining the over-
all length short. The conditional expression (5) concerns the
Abbe number of the first and second lenses G1, G2. In case
going below the numerical range of the same, chromatic
aberration cannot be unpreferably corrected to a suilicient
extent.

As explained so far, according to the imaging lens of the
embodiment, predetermined conditional expressions are sat-
isfied by means of the arrangement having lenses as less as
three 1n total, thus optimizing the form, refractive power and
arrangement ol the lenses. This can realize a lens system
small 1n s1ze but high 1n performance wherein interspacing 1s
suificiently secured to arrange a shutter mechanism therein
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while maintaining a high aberrational performance compat-
ible with pixel-density increase.

EXAMPLES

Now explanation 1s made on concrete numerical examples
of the imaging lens 1n the present embodiment. First to fourth
numerical examples are explained collectively 1n the follow-
ing.

FIGS. SA and 5B show, as example 1, the concrete lens
data corresponding to the FIG. 1 imaging lens arrangement.
Particularly, FIG. 5A shows the basic lens data while FIG. 5B
shows the data concerning aspheric surfaces. In the column of
the surface number S1 of the lens data shown in FIG. 5A, the
surface ol the constituent element closest to the object is taken
as the first, to show the number of the 1-th (1=1-8) surface
given with a symbol gradually increasing as the image end 1s
neared. In the column of the radius-of-curvature Ri, shown 1s
a value of radius-of-curvature (mm) of the 1-th surface as
counted 1n the closer order to the object correspondingly to
the symbol Ri1 attached in FIG. 1. In the column of the surface-
to-surface spacing D1, shown 1s a spacing (mm ) on the optical
ax1s between the 1-th surface S1and the (1+1 )-th surface (S1+1)
as similarly counted in the closer order to the object. Nd;
represents a value of refractive index at d-line (wavelength:
587.6 nm) of the optical element as counted 1n the closer order
to the object. In the column of vdj, shown 1s an Abbe number
at d-line of the optical element located j-th 1n the closer order
to the object. FIG. 5A also shows the values of overall-system
paraxial focal length I (imm) and F-number (FNQO.), as various
ones of data.

The imaging lens in example 1 1s made all aspheric 1n form
at both surfaces of the first, second and third lenses G1, G2,
(G3. In the basic lens data in F1G. 5 A, the aspheric surfaces are
shown with numerals of radius-of-curvature in an area at or
around the optical axis. In the numeral shown as aspheric data
in FIG. 5B, the symbol “E” represents that the following
numeral 1s a “power exponent” having a bottom of 10 wherein
the numeral represented by an exponential function, having
such a bottom 10, 1s to be multiplied on the numeral preceding
“E”. For example, “1.0E-02” if given represents “1.0x107>".

The aspheric data 1s described with the values of coelli-
cients A , K that are given 1n an aspheric-form expression
represented by the following expression (A). Specifically, Z
represents the length (mm) of a vertical line drawn from a
point, on the aspheric surface and located at a height h with
respect to the optical axis Z1, onto a tangential plane to the
apex of the aspheric surface (a plane vertical to the optical
axis Z1). The imaging lens 1n example 1 1s expressed by
cifectively using third-to-tenth order coetlicients A;-A,, on
the assumption the spherical surfaces are of respective
aspheric coellicients A .

Z=C-h*{1+(1-K-C*h*)"*}+=A -h” (A)

(n: integer equal to or greater than 3)
where

Z.: depth of the aspheric surface (mm)

h: distance (height) of from the optical surface to the lens
surface (mm)

K: eccentricity (second-order aspheric coellicient)

C: paraxial curvature=1/R (R: paraxial radius-of-curva-
ture)

A : n-th aspheric coefficient

Similarly to the imaging lens of example 1, FIGS. 6A and
6B show, as example 2, the concrete lens data corresponding,
to the 1maging lens arrangement shown 1n FI1G. 2. Likewise,
FIGS. 7A and 7B show, as example 3, the concrete lens data
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corresponding to the imaging lens arrangement shown 1in
FIG. 3. Likewise, FIGS. 8A and 8B show, as example 4, the
concrete lens data corresponding to the imaging lens arrange-
ment shown in FIG. 4. Incidentally, concerning any one of the
imaging lenses of examples 2 to 4, the first, second and third 5
lenses G1, G2, G3 are made aspheric 1n form at both surfaces
thereol similarly to example 1.

FI1G. 9 shows collectively the values related to the forego-
ing conditional expressions. As seen from FIG. 9, the
examples have values fallen within the numeral ranges of the 10
respective conditional expressions.

FIGS. 10A to 10C respectively show a spherical aberra-
tion, an astigmatism and a distortion, of the imaging lens of
example 1. In the aberration diagrams, aberrations are shown
at d-line as a reference wavelength. In the spherical aberration 15
diagram, also shown are aberrations at g-line (wavelength:
435.8 nm) and at C-line (wavelength: 656.3 nm). In the astig-
matism diagram, the solid line represents an aberration 1n a
sagittal direction while the broken line an aberration in a
tangential direction, wherein FNO. represents an F value 20
while o represents a hall angle-of-view.

[Likewise, FIGS. 11A-11C show the aberrations as to the
imaging lens of example 2, FIGS. 12A-12C show the aberra-
tions as to the imaging lens of example 3, and FIGS. 13A-13C
show the aberrations as to the imaging lens of example 4. 25

As can be seen from the numerical-value data and the
aberration diagrams, optimization 1s achieved for the lens
matenal, the lens surface form and the power distribution
over lenses 1n each example by the totally three-lens arrange-
ment, thus realizing an 1maging lens system smaller 1n size 30
but higher in performance wherein interspacing 1s suiliciently
secured to arrange a shutter mechamism therein.

The mvention 1s not limited to the embodiment and
examples but can be modified 1n various ways. For example,
the radius-of-curvature, the surface-to-surface spacing, the 35
refractive index, etc. of the lenses are not limited to the values
but can take other values.

According to the imaging lens of the invention, by satisiy-
ing predetermined conditional expressions through use of an
arrangement of as less as totally three lenses, optimization 1s 40
achieved for the form, refractive power and arrangement of
the lenses. Thus, a small-sized high-performance lens system
can be realized secured sufliciently with an interspacing to
arrange a shutter mechanism therein while maintaining a high
aberrational performance compatible with pixel-density 45
Increase.

The entire disclosure of each and every foreign patent
application from which the benefit of foreign priority has
been claimed 1n the present application 1s incorporated herein
by reference, as 11 fully set forth. 50

What 1s claimed 1s:

1. An 1maging lens comprising, in order from an object
side:

a first lens having a positive refractive power;

8

a second lens having a negative refractive power whose
concave surface faces to the object; and

a third lens having a positive refractive power and having a
meniscus form that has a convex surface, facing to the
object, 1 a portion at and around an optical axis of the
imaging lens;

wherein the first, second and third lenses have at least one

aspheric surface, and
wherein the 1maging lens satisfies conditional expressions

given below:

0.7<f1/f<1.3 (1)

[0.3<D2/f<0.5 (2)]

0.21=D2/f<0.5 (2"

1.0<If2/f1<3.0 (3)

1.2<£3/f<4.0 (4)
where

t: a focal length of an overall system,

11: a focal length of the first lens,

- -

12: a focal length of the second lens,

13: a focal length of the third lens, and

D2: aspacing, onthe optical axis, between the first lens and
the second lens.

2. An 1imaging lens according to claim 1,

wherein a conditional expression given below 1s further

satisfied:

20<y]-v2 (5)

where

v]1: Abbe number of the first lens, and

v2: Abbe number of the second lens.

3. An imaging lens according to claim 1,

wherein the first lens has: an object-side surface having a
conveXx form 1n a portion at and around the optical axis;
and an 1mage-side surface having all aspheric form and
having a positive relfractive power increasing as a
peripheral portion thereolf 1s neared, and

the second lens has a meniscus form 1n a portion at and
around the optical axis.

4. An 1imaging lens according to claim 2,

wherein the first lens has: an object-side surface having a
convex form 1n a portion at and around the optical axis;
and an 1mage-side surface having an aspheric form and
having a positive refractive power increasing as a
peripheral portion thereof 1s neared, and

the second lens has a meniscus form 1n a portion at and
around the optical axis.
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