(19) United States

12 Reissued Patent
Kubota et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOOREA47270E

US RE47,270 E
Mar. 5, 2019

(54)

(71)

(72)

(73)

(21)
(22)

IMAGING LENS

Applicants: OPTICAL LOGIC INC., Nagano (JP);
KANTATSU CO., LTD., Tochigi (IP)

Inventors: Yoji Kubota, Nagano (JP); Kenichi

Kubota, Nagano (JP); Hitoshi Hirano,
Nagano (JP); Ichiro Kurihara, Tochigi
(JP); Yoshio Ise, Tochigi (JP);
Tomohiro Yonezawa, Tochigi (JP)

Assignee: KANTATSU CO., LTD., Tochigi (IP)
Appl. No.: 15/658,996

Filed: Jul. 25, 2017

Related U.S. Patent Documents

Reissue of:

(64)

Patent No.:
Issued:
Appl. No.:
Filed:

8,879,167
Nov. 4, 2014
13/597,521
Aug. 29, 2012

U.S. Applications:

(63)

(30)

Sep. 1, 2011

(1)

(52)

(58)

Continuation of application No. 15/062,293, filed on
Mar. 7, 2016, now Pat. No. Re. 46,535, which 1s an

(Continued)

Foreign Application Priority Data

(JP) 2011-190560

Int. CIL.
GO02B 3/02
GO02B 13/18

(2006.01)
(2006.01)

(Continued)

U.S. CL
CPC G02B 13/0045 (2013.01); GO2B 9/60

(2013.01); GO2B 13/18 (2013.01)

Field of Classification Search
CPC GO02B 13/0045; GO2B 9/60; B0O2B 13/18

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

3/2009 Shinohara
3/2011 Tangetal. .................... 359/764

(Continued)

7,502,181 B2
7911,711 B1*

FOREIGN PATENT DOCUMENTS

10/2007
5/2011
1/2013

JP
WO
WO

2007-264180 A
2011052444 Al
2011021271 Al

OTHER PUBLICATTONS

Hobbs, P. C. D. Chapter 4: Lenses, Prisms, and Mirrors, in Building
Electro-Optical Systems: Making it all Work, Second Edition, John
Wiley & Sons, Inc., Hoboken, NJ, USA, 2009, pp. 145-179.

(Continued)

Primary Examiner — Christina Y Leung

(74) Attorney, Agent, or Firm — Kubotera & Associates,
LLC

(57) ABSTRACT

An 1imaging lens includes a first lens having positive refrac-
tive power; a second lens having negative refractive power;
a third lens having positive refractive power; and a fourth
and a {ifth lens having negative refractive power. The {first
lens 1s formed so that a curvature radius of an object-side
surface 1s positive and the second lens 1s formed so that a
curvature radius of an object-side surface and a curvature
radius of an 1mage plane-side surface are positive. The third
lens 1s formed so that a curvature radius of an object-side
surface 1s positive, and the fifth lens 1s formed so that a
curvature radius of an object-side surface and a curvature
radius of an 1mage plane-side surface are both positive. An
Abbe’s number from the first and the third to the fifth lens
1s greater than 45, and an Abbe’s number of the second lens
1s less than 33.

18 Claims, 15 Drawing Sheets

-
I
J(
i

= drz d3 d4 "T

.....J'I | )
45 db

----------



US RE47,270 E
Page 2

(1)

(56)

Related U.S. Application Data

application for the reissue of Pat. No. 8,879,167,

which 1s a continuation of application No. 14/824,
208, filed on Aug. 12, 2015, now Pat. No. Re. 46,066.

(2006.01)
(2006.01)

References Cited

U.S. PATENT DOCUMENTS

Int. CL.

G028 13/00

GO02B 9/60
8,000,031 B1* 8/2011
8,072,695 Bl  12/2011
8,179,614 Bl 5/2012
8,179,615 B1* 5/2012
8,279,537 B2 10/2012
8,310,768 B2* 11/2012

TSAL e, 359/714

lee

Tsai

Tang et al. ......... G02B 13/0045
359/714

Sato

Lin oo, G02B 13/0045

359/714

8,411,374
8,520,124
8,743,482
8,780,902

2007/0229984
2009/0122423

20
20
20
20
20
20
20
20
20

10/0214467
10/0253829
11/0013069
11/0134305
11/0164327
11/0249348
12/0087019
12/0087020
13/0033637

4/201
8/201
6/201
7/201
Al 10/2007
5/2009
8/2010
10/2010
1/2011
L* 6/2011
7/2011
10/2011
L*  4/2012
L*  4/2012

2/2013

SN LN U I Y

AN A AN A A A
=

Ohtsu

Ozaki

Tsaretal. ...coovvvinennn.... 359/757
Chenetal. ......cenn. 359/714
Shinohara

Park et al.

Ohtsu

Shinohara

Chen

Sano et al. .......vvvinnnin, 348/340
Sato 359/714
Kubota et al.

Tang et al. ................... 359/714
Tang et al. .................... 359/714

Sano

tttttttttttttttttttttttttttttt

OTHER PUBLICATTONS

“Effective Focal Length.” Collins Dictionary of Astronomy. Eds.
John Dantith and William Gould. London: Collins, 2006.

* cited by examiner



US RE47,270 E

Sheet 1 of 15

Mar. 5, 2019

U.S. Patent

}f? o m MRERCERRE o
i

__

ﬂ — .-‘ﬂ F...w!-.__-.-lll ﬂ
-—- . o ......J..JF;..I.._.._....,.-......_ L] L]
: : —TT T
o
-
) _R.. =
| _n_q__.._ .\-ﬁ.
I . ...._-..._.
| e W
_...l.l.-.l...]_.l..*:l...l..l..l..l..._-.l-..-..__.... .n.-t:l»...
] .
-
IIIIII Y.“*.III|III|..||..|||..||.-...|I|.u_-|:..ll.r|||||||..|.r|..|_ -— |_Il_|.rl|.r|..|||||.r|.r|..|
e - T,
******* e i .:...,..._..
# ..-.__.-...1...-..-..._.._-..".11..h .._...:..-..._.
- ; ||.-..l_.-.j_.. ...,..n.l.,r..-._
- .
i .
!
.
3 ~,
! i
t *
. L #
I[.I!' —_— 1
.- L - s}
| :
Y #
L *
F
| [ :
o e .I.-lrll.-l. “
e sl I o Tt e :
i!;!lt?;i;iﬁi ru v i e e H e e e e e . .n-.tr..a.. £
%%h
g e :.f..ila.
T - .ll..-...ll! .i-lr
-.l_!-l —
» —
B |G
‘F ,..-.-.-.I...-r.... I M St

v
*

*

L

9

gt

ol i ol o ol off ol ol ol o o o ol o ol ol o ol ol ol i 2l ol o o oF o

1. 1



U.S. Patent Mar. 5, 2019 Sheet 2 of 15 US RE47.270 E

0.03 - o 0.03 -

-0.03 . -0.03 -
Tangential direction Sagittal direction

Lataral aberration (mm)

FIG. 2



US RE47,270 E

Sheet 3 of 15

Mar. 5, 2019

U.S. Patent

I

{9/} UOIIOISI( () wishnewibnsy (LU} UONBLSOR [BIUBUGS

Ua™ 1 (6" Q%47 1 1SR QouT g UG1 U~ 507U

f ¥
: i i . b _ i . { ..H H. ) . ' , _
—!.{...L._t.ri.i_lr..l l—..i..ilﬁ-.l!..mi ..-....1..”...\.. Jta.{ié{riipti{_-ijrhilt ._._........j....h..i -._I.Iv._...._i J....M...i. __.-..Mt..s_- ....-.m.......l LJ{JIL!JIL iiiLiiihi‘-{hi;{i#\i __....L.l.........- IL***.—.—.-.:...*.—*‘-‘.—.: ..!r._.“...........!r...: :li-!-.mai-!._...fm}r}i :ifrriatfuiiii ....t..._..r.t...h....t..........th\ .........frt..h....}r_.i -...-m}-..t.-at Y .:..Mt S-ff.—i}iii“}iiiih iiiiiiiiii t}‘-—....{....{..}m_.}-.l-!..fr T I - e vh.._t.i....t... b._.i...._......._.....—}.. firfii.‘ct"“‘ l......r&..: " hi*ih}ii.{t.’ri*i
—r 1
1
w

| i
_w | I
.__ ) .— ._m. w & _. “_ ...__
/ : | MM )
— _,.., _ .m £ i ] __..
590 - £E9°0 G620 H m
£ ,. : w M __. ! _.. J
K.M ’ m M w _.._ ; ._..rllrxm
.M * ~ _Hmﬂ Hm. ,M .___w_lll ..”..J... m.. m
‘ . A A
,_ux ; m 7 _“.....ﬁ ..m. |
! 4 ! M M ;S y
J s FE AP
i bl £ J .”m
y odstbih
T. : i

iy
o
g
st
:
R S S __._._._._._._._._._._._._}_ . e e e e
)
Sy
e
o
T
qoad -
1
1

| & i
r.h 3 w, ; .h. .___q__ u._.__.h, N a_.MW
‘.J mﬁ ...__.__,._ _. | ¥
g * : .q . ._
_.. —w— "~ I ] % . : . _
AL NN S ZI6" T | - y #@m# q -
w | IR B
j ¢ 13

A
i v e e M

-.—.-.-._' .

T R R R N R e e L L e e S R Y Y e

,_
|
05572 186 000 T -



US RE47,270 E

Sheet 4 of 15

Mar. 5, 2019

U.S. Patent

e

-""'-t_,,._
-.-.-.-.-.-.--.--.-.-i-.--.-.--.-.--.-.----.--r.--.-.--.-
.“M-I""
e

¥
%

o

¢

L MPM“MM*
b
,
,
*,

T ——m
o B ] -"""T?""""-r“"-'-

oy rul
-r_.-l..-...l....l.r..r [ R R R ik

.
*

-

g |
f

o

|
X
1
1
1
f

s
[

i
]
e

f_

2
2 \

!

o e

LT L T L TET ]




U.S. Patent

‘II‘H#"'I'F’““

Y
. .
[ R
o

K

R i
= by #H‘ﬁ:ﬂﬁrﬂ_ﬁ*rm_ﬁi ¥ o
' --—-—--—E—_ _ .-.--

—

P
Frrtrf;:f:rrrrrpb-i
14

*-
Wy ':-,‘
p gt By, t. .
- — - - -'hlh- - i
PP g e oy " =
E‘rl-ﬁh'.h e :""h-'_i_ l:-:'-n.-‘u- et

Sheet 5 of 15

Mar. 5, 2019

ﬁh‘ .
S,

s

Lateral aberrabion (mmy)

FIG. &

0.U3

~(.03

US RE47,270 E

-
-

—— . . o
]

T —

4
F

b k2R
-------
lllllll

- --‘-_.‘.:-:-b-ll-i' _‘
e e

Sagittal direction



US RE47,270 E

Sheet 6 of 15

Mar. 5, 2019

U.S. Patent

9 "Old

{07} UOILIOISI(]) (L) wisnewiisy {(LULU} UDNBIIBgR {BouLudS

U%7 1 IR S S UOT170 00074 A100 Q&0 0 LI U 0G07 U

__ W_P. M ] _
/ /l | _h
/ P . .H
/ i . |
r - = - wq “ [+ } m | —.
LS A FE970 0GE°D )
S . m oo
o y b " vl
S : m | W q_._ ,m
.w_.d u : m. | wm “. w ! ._..
| : o ] : ¢
x..x m b foo __m h_ﬂ_ m%.rf
! : ;o S I A
mﬂm m K L_, w M _n “_, _m_._. M w
m m S m / m P o . " %
) wry, o ‘ !... m L / | ,.u W
R-TEAR &5 GLZfT 00§94/ /|
2 ) i i :
¥ : . i ._.1 L _.._‘. 7 ..1_ ;
_ m ", m _,_m, H“ﬂ..... mu,u,ﬂ ._w_., HM ....;
“ VAU A
._“_. : n)Wuk.\. e m ,_"_ x m_. _.H. %_ .____._. M.Jwﬁ
; : » ) e B S A A
\ m A (d—" T ]
i : Y _ S R
H, : A ; “ ol g
wm_....i..... 4#.,..1.._“..!{, N e Ta m ..._, . .ﬁfm , {;mﬂw
Z16" 1 €167 1T+ ) T BSET O
\ : . } Q - .d. ,# |
., m P Lot d,., !
: ;o wwn ' ) M _
i - T # w \
A 4
i : SR Co
{ m -0 e~ m il
,_m .ﬂ _\ . _. i



US RE47,270 E

Sheet 7 of 15

Mar. 5, 2019

U.S. Patent

A_W._...V.,r Jmpf.,ff Mﬂf 1
[\ ™ [N .m_ |
RS W 1y ,,f
R R g__w " .__.__ ) - .
.. . ._....._....,..r. ._,._4.....1... .m_ k ._. — RS
g f.., o L .._..._ __. .n_ﬁ .r... ___ ;JrTr..l - T noors —_
i AN Ly __ - -
. k PR s N ) h _m_ 02 - R
B S S w Yo / ! " - ]
5 ..". ' i .r.. i . } Y _m_ ! et .ﬂ”m
R % : 7 e
AR T S U S { | - _& ~
R T T R N S u
i . L. . b E . 1 ‘__ M
" Voo .!iux.l._..........ilnlrﬁl, 2 N i \ .\\ :
_._.~ H. .,.JA ..._._.ﬂ \\llﬂ.r..g...!l ......_. ._-_. i In..luh..ll ‘.u _._. .“__ llln......_.. - T I AARRTRARR= R E.m
Y : ka k .,.r, ! E X ._ o _._ ...... -H---it.ﬂwxa\- T
o W »_: Voo i -~ -
e AL N i, ._r_ Vo Vo LM_!.
I TN ,.,x..a...._ _Jf .;_.._, __f Y mm H._ J
s... ..... ..4u.._: [ ! ) \ ._»_,_.
N NN AL e ._
To T PN N S Y it ___ L e e,
el 1 N A e ke Lﬂr B : T, K52
e A e =
_....ntll 1II__.| . .f.‘./).... 1 ﬂ_wl..r ﬂ“..... ._ _.,.. - ._..IMHIII..I L T ll!.l.ljll : Fﬂ
Y x.f Y r.....,,,._r J, ﬂ_,,.u | .,,.J. il \ — T m
3 - -l-l-u.:. a i ...m ’ Y Ir..l.. .irrlllllllllln.
ﬂu L.xw_.u,n.n i ,.,., _._._ ..d.....“,m T k ._ i_ JnrffH..HI......
.ll-...ll...;l

r ..ﬂ._.l ...... Y
___nﬂm! | M, P ..“u.,.uu.“,u A Y ._.n_.__. .ff ....._._r LA e
L \, LR S y i fi..r s -
—- rﬂ ﬂ f.;. K x_ﬁr. , ) T
F=n .rﬁ ) F. W {h r.,; ) HI!.....I{.-. !ﬂu
R ) \ § _. AS _.“,”f .“_M“ .__J_,ﬂ . f; R Em,
%. - ,..r..__._u.,.. L.wﬂ-lq ,H .P_ﬂ ﬂ.,.f J Af __M R L
S AU SR T \ " B
6 oy b .__ . A 2 , ; i
A 30 L \ f...,..f ,._,,, __m f oo e
L T ._‘. .._. ) ) __._q.. ﬁ.r M.. _ ........ .._.. ﬁ_,.r w T — 5
Yo SR s @ S D LS T T e,
o LI IR
e P TR T -
m T AT %J.fuf N *._._,, L >
. I e Wil
T -
) i ! 5 '
:._ f ,,fﬁ_.__ .:ﬁﬁf......,ﬂ | o
i ] h % _m.ll .......,».. .,......... ._. L




U.S. Patent Mar. 5, 2019 Sheet 8 of 15 US RE47.270 E

-0.03 1 5073 4
0.03 7 e 0.03 7

—{343 L ~-(103 4
{angential direction Sagittal direction

Laleral aberration {mm)

G, 8



US RE47,270 E

Sheet 9 of 15

Mar. 5, 2019

U.S. Patent

{95) UOLIOISIC]

Ua' 1 NN $i00 B

3
R T T T A O

VTS e, iy, iy, ] e iy, el iy, i, e

P ;|

E I TN N

msrm-.-n.
u_..._..\ :
.....m..-\..
7
s
.n....u. :
g
El
a en S —gr
P A

; :
!
¢

-_‘1--:'___"‘_’____-___”

e TSN

Ggm l H u:.w}:

1N B

6 Uld

(LU} Lusnewibnsy

GUG" 0

S A N N S A IV TUE S SO T

0ot 0

e
-

b

GEG~0 -+

",
T
r _-m""#'-"-'-"“'“‘“‘""-:"-

A
.ﬁrn. W~ \.M
mlh.m Mxii
i
‘
e

I

"
R

LU uoleLege Boueuds

(04070 {

-
>

®
ot

I
-

SLMI R

=
I

| .
—_—
g
.
I

I
H
—
I

m | ,
S TS S SO S M-S B
_.M.

S —
1 4
e g i iy by i iy e iy Sk

mﬂmﬂuuum“_“umwmqr“,

o
| E

seratile
I
Ny
[

o,
‘--“"""I‘;
Ty
e
i‘ T

T,
T

w.sskﬂﬁ.mxx.“..u\.ﬂh:..,
g
- =
I....Lu.t.h..”uﬂw.ll!r.n.ﬂ.rlﬂll .
. .__....._-..u-._.l:... ..ﬂl...r.
PRt

L L L L L UL PR L . Lty ey A A A AL L L UL L . L L L i i ok ot~ L ke LA L P L e L U PR g L L L PR L Ly e i A Py L S

.-:—-"-.-ﬁ.-

s —arana .

=

s
N
i i,
et _E*_‘ o
finie S
"'"-.q“*m
=
"'.'hb -

;M

Ry

-y

i e
e —— L 8

" u
,h /
¢
b
) {
( e
foo
A
mﬂr ma ﬂ
o
H LN f!f
S8 N M.

I
i
(L



US RE47,270 E

Sheet 10 of 15

Mar. 5, 2019

U.S. Patent

HHHHHHHHHHHHHHHHHHHHHHHH

: : L, ..._wf il
v [ ! .
2 Aﬁ,fg .ﬁ”;._ : ﬁ,_.._f? ._“_;HJ,._,.J.., ._._._ H._. o ﬁf.._ -
R A R AR AN iR S B, e
pnnn ARRN YA, ' p o . ] T -~ 3
Y v poh [ %M, __ ) __ — K
ﬂﬁ rnnn...n!,.;;._,f..f. f.g ﬁ._.. f;., fr,p .F._.__ f,_ A 3 ﬂ_. H._.. ,.,.: .._v __. ....111..1.1... L%
£y ._F ..fﬁ... ﬂ. %, b ....H, f.d._ _._. J,..,ﬁr ff_._ ._ _.__., J..J_ “"_ _p_ \\\ .laaak S
- ! L | \ _ ) s . g :
=N N R R L m
Y ,__P Yoo ( (VI m R ~ :
[ h L [ 4_ o .
e o Iy l.*...rl |..._ IL_Hr.f ..___ L..u_l -..llllar.ﬂulh_ = ||i||._l " ll..__.».... Y - .-.il.l.u.l.l e — ST
A T T U T e S N A N S .
. L ._.._, _...,._.h qu....k.- ....auﬂ._ __..__._,_ f__. .—.__._ ﬂ.__p ._. l!u_u._.....i,l,__h-..lullll IIIII ,.ll_f.|_ L == .r::.r.f.f
N - A T T U T A R f_
gooee o Y w 3 o) _.___ | i
o U U U U A R ﬁ,. e
SR T U T Y R S O I e
f..., ....._.r ;m:. __. ._.... l ._._ " ._.. ._. J_y.l - - “ H‘. 3
Lfs NN %, P 4 [ i “” -
I T W iy b ._..,...... : __, % __ ._. ._. i
1} R 1 xf s \ Co N o m”
i R T e T W S e - e Y “_
t”.\fuum.i.rﬂ.l...iﬂ._.uﬂlllq..___d__ ._.f_._..".“.r-.__. .-__....._.. _—. .__..._.“ .p_u .— -Inl.-j...r-.rur ..!Jll....lllnr T '
. " 1 . L pe——— - i A ™
- — fﬂrf A ._u,_.. ; ___ “____.f .P. __h..._ \ ™y ._. ..f...rf...
[ , Vs b ' ER Tl
I - TRV N . ! L mm—————- _
A * _,.,%1 b "f..ﬂ“._w_._q s ™ JI T - ﬁﬁw
s van B N AN SN N— K
wd e U AL P T
. i " .._”.... . il ) __. . .._.._,,, L I..._“r .
il ohE PR A T Y |- o
_ Y ._.7 e A T N S S 4,
., L s ol RN ! ﬁ...f y “ T
e TR A |
AR SR A
LT (! _“_ f... __h...mr ____. ._.i.j. _._a L ( ,J.rllljlis
S AN AT (U R pa AT
B R e L T G o
e P S R S T
A S W ow . Wy - -
e L R T
dﬂ .l-l-ln.. :T. .n..r._m. »...- ___- ___. IIIL/.I.”/JH .ﬂ“ ,.... |.1' ..l.lu...:lm !ﬁ
.ﬁ:f_ _ m M_“ ) t.:.!f.ﬂ.Hfm__.r.h_--ll:l---alqu:mﬂLm_...:ﬂ
W HE _J____ - L £y
- Bl 1 TR ‘) R T R
| j ﬁ _._ﬁ M o thﬁﬁm; ,,,,. L
HH T 4 ) IR : _“ S SR
W | TP L S I ———— wﬁim lllllll —_— E
e W IS <2 XU e OV ] r—
o= ] v
f ._. ...__._.._ﬁ._. _
__ _ .._, ._ ____
L P Py —
L rﬁfff J.. - -
._“_ e __,_ 11!....1. o
I i RS S o o
- Lh .. ARy
v b\
__"_ d......,q ar.. .__..._........ ..f.....iln | it .__ ._“..~..,H..,:fr...~
A R - PR
AR A < H RN
“ \ _.__._. f ﬁ....r .\\\.‘ .__. ._..... ,_.r.f..,f _u_ F_‘ ..._.... .._...,
i’
i

FIG. 10



US RE47,270 E

Sheet 11 of 15

Mar. 5, 2019

U.S. Patent

oy

—
— ;._“‘
%:_'.

"y

" TH M A T L TS L TR TS S T IS TH L LR T S e T B T B g B T L
o

;/ww R g e g g e s e
'
LS

~{.03 1
QU3 T

Wyt
' rrore
L - vﬁﬁ
R PN T (it
o — EERSS
y ﬂ_m M,,_.". g hrd
o Rl P o
;ﬂr\.&i.....w....\i............kp?;q ..____._._p_w._
" e i
. %,
.,_._.“_1._}_*.%\ ..,..f _~ _
vy e
0
p
s o st 0 i

-

W

>

a2 S
]
L

-—_
- _
e
T TTmn e

e,

——
A

.03 L

- e

-t 1:\‘-' -
"

""h-l“: ",

P—
-
——r T T —

_.}.—..f?-f—..}.-.._fr-.f A e, ot ek AL e et o A A e e N ek Ak el e e e ek ek Al e e }r._

IREX:
(3.3

003 1

1
1
1
1
1
1
L
i

;
I
o S

Hrann,

-

"HE

o

r
r_.lf.-f—..-f-.-.f-.l} il e ek e dv o b rH e

k-

ek . i Ak Al e cH- S

Sagitial direction

L tRIK

R

H

;l.ru
|

L
¥
t

Lalaral averration (

3
Tangential girection



US RE47,270 E

Sheet 12 of 15

Mar. 5, 2019

U.S. Patent

0471

(%) UOHIOISICY

000

S I RS N I |

M.wm#a., .
;- _

h — lrl.m

GLR™ T

QUL " &

¢k Old

(i} wisnewibiysy

_._.1...1.._1..........1...1

STAC R ¢ e

U4 §

L8 L

;
2
i
F,
-
!
W
JF
L
S
T
y
1 i
,_ ;
§
Euﬁ

f

-

—

f
2

(LU} uoeLege Bousydg

G507 0 Qo070

D R TR 200 T O DO T D O

“ | ._ M m.
1 | m
I N A
(o / ;
_ s { i
w i ._.i. .“_. J _.ﬁ m__ -
oseofy )/
! { .._m. ..m,.;;f.,. B A
_. ; 4
.HA ..,.. "_._n m.____. ...m.. h b -m
_m. __. ¢ ‘_u & j
._. % m ¢ .wﬁ __
! S R s S §
ﬁ ! *._. . YO0 !

‘m_. o ___. ) e
" r.lll.__. w # \_ m
\...\. "_. ._. ._. .m H
| \\ _“. . | ___ . “H
"
7 4 A S T
“ VoL Y b
YRR
# k! | {1 H
.u\,. d.,,_r .F.... !._._..,ﬂ LI
) LT AN\ R
v M ..ﬂ M ,.,f
ﬁ.._. ~...._. K .._._ m,_
i_...*. ,w.w _M .w J...
| | .
I A
m ,m._ B ’
e




US RE47,270 E

Sheet 13 of 15

Mar. 5, 2019

U.S. Patent

Ty ’
....._.H- .
N SRR e L -
4 ....._ ..M % ..f.... ._w ....x T E....:-.:; llﬂ U
R : e L { e
5 ; .M. > YN tﬁ .xk\.. o o
ﬁ .....r..u s ...,.nr. i uu._ h r,.,f i ..q.x., g E._....u:...... ﬁm
Vi A y -
4 1 I - o i
- U N P - e
-Ll.l..._.__._._....lrll. .". i Y H i i ", i - e i
T S L S U T _— o “
} 'R o :
riiiWLﬂqiiuiiqp iifiiiu.i._, — | . N — e . e e
!y J..., 4_.. ! . ;w._ ™ T T e
%L\. 4 _.-__-" "_...... 1 +_... I...._.._...I....I ..—nm_m.L_.!; S abb .-..t.....:..._.__.-.....ia...l.l.rl.l. = i .I...ul....,......._r.
g Vo RN ¢ | e S
: b W i .
oy .umﬂ'..... ,.r.u _. ..f.,..

pooee
i1
g ﬂ”m_ .m..._... .ﬁ..ww.i 3 [
H L R ¥
g f!.ﬁf N BN
S N

QU e
L3 N b . ) I aﬁmﬂ
I R o N el WY M, m
g -_ai._ L._-mikﬂ__x.m ..r.-Jl .__-. ...__._... -.f x—_ }Ejni\l‘lvllllgif._r#llrl m
I].:.._q\..l-”w n.._ % ....._PL!_ W .I.:..;“I. B e .l...._..:.......l_.r i
et S e S WA e m
m .ﬁ.:l..l..”?/a...:: .....u e i ““ Had E.ll.lllt..”.pln..l.._..-t ._.:......_._.i...lil. i
..-. e le“v-JMlalwl-._.w_ 3 v ||.._.-1..1...:A-¢-:...._+.f.......-.!:.r.llﬂ! lrllnll!l.u....l”ll....ll.._h.,....._..-..nl

4
F"n
z
3
/
\

]




U.S. Patent Mar. 5, 2019 Sheet 14 of 15 US RE47.270 E

.04 ~.03 1
oo g
0.0 .y 0.03

-0.03 1 003 1

Tangential diraction Sagital direction

Lateral aberration (mm)

FIG. 14



US RE47,270 E

S Dl

(0L} LUOILIOISIC (LULUY WIsSiBuIbnSY (LLILUY UOnBLISgE jeousude

UG 1 1 347 - SN R gquai o DG 7o LU0 GO0 0 0L0° O

Sheet 15 of 15

Mar. 5, 2019

U.S. Patent

m_,._w_m_.w_“_w__pnm_ R T T SO IO M MU S W T D SO O VO I I W.H_.%_m_,ﬂ “_“.“_m__.
wm . )
ﬂ m m
%m uu. . " _w
/ / | s
7 / | %.."_ ﬁﬂ
L3701 G497 0 W GBSO Y, 3
c_.. _. M “ m : _._. ;__.
7 h : AN
Iy y w I } .
£ ; [ [
E.. ,_..“_‘ M ¥ s.__pw Hw
| m fl )
“ | | L M
H n m i mm ,
H_Ui?..r:, . .__.,:r__ ..__...A"»_w ,.._..__
p.mmmn L Jat w.m U5 | mﬂwr o
\ i B %q
| =1
\ | Ve, mu:,i& — :
f.,_. q__. " hm
™ w o T
f. Y : R,
A } ) .ww_. “_.. M ___._.H
,.ﬂ./../ »r_m_ d...___u_.!f...r...v._. Q _.._11;.._.:._.. ..m.ﬁ. B! Mrd“".-.“_._.«
§20° 2 GZO L O5E" O
w . M ._. T Iml _._"... .....wrm .ﬂ.
H ,...f a\-ﬁw _n_ ..__” M.u..__
: f. 5 .W. _ n
", ] " LohE
y [ . N
; _,.._.. X _._.._ ._ ﬁ '
p o IS LAY
N ] ._f_.ff bt

UL 46— _..

BUL & — ..

GOO L



US RE47,270 E

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; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present application is a rveissue application of U.S.
Pat. No. 8,879,167, and is a continuation reissue application
of the application Ser. No. 15/062,295, allowed, which is a
continuation reissue application of the application Ser. No.
14/824.208, issued as U.S. Pat. No. RE46,066, which is a
reissue application of U.S. Pat. No. §,879,167.

The present invention relates to an 1maging lens for
forming an optical 1mage on an 1maging element such as a
CCD sensor and a CMOS sensor. Particularly, the present
invention relates to an imaging lens suitable for mounting 1n
a relatively small camera such as a cellular phone, a digital
still camera, a portable mmformation terminal, a security
camera, an onboard camera, and a network camera.

Performances of a camera mounted in a cellular phone
have been improved every year, and there 1s even a camera
having optical performances comparable to those of a digital
still camera. The resolution of an 1maging element that used
to be several hundred thousand pixels has been improved to
several megapixels, and the resolution of a camera has been
dramatically improved. An imaging lens for mounting 1n
such camera needs to not only have a small size, but also
have resolution comparable to that of a high-resolution
imaging element, 1.e., ability to satisfactorily correct aber-
rations.

Conventionally, 1n order to attain both suflicient optical
performances and miniaturization, it 1s typical to adopt an
imaging lens having two or three-lens configuration. How-
ever, optical performances required for such a high-resolu-
tion 1maging element have been increased each year, so that
it 1s difficult to sufliciently correct aberrations anymore.
Further, 1t 1s diflicult to meet those optical performance
requirements with such a two- or three-lens configuration.
For this reason, a four- or five-lens configuration has been
studied and practically applied 1n recent years.

Among them, since a five-lens configuration has high
flexibility 1n designing, 1t 1s expected to be a lens configu-
ration to be applied to a next generation 1maging lens. For
example, an 1maging lens described in Patent Reference
includes a first lens that 1s convex on an object-side surface
thereol and 1s positive; a second lens that has a shape of a
negative meniscus lens directing a concave surface thereof
to an 1mage plane side; a third lens that has a shape of a
positive meniscus lens directing a convex surtace thereof to
the 1mage plane side; a fourth lens that has aspheric shapes
on both surfaces thereol, 1s concave on an 1mage plane-side
surface thereof near an optical axis, and 1s negative; and a
fifth lens that has aspheric shapes on both surfaces thereof
and 1s positive or negative, arranged 1n this order from the
object side. In addition, there are limitations in a lower limat
of Abbe’s number of the first lens and an upper limit of
Abbe’s number of the second and the fourth lenses. With the
lens configuration like this, according to the imaging lens, 1t
1s possible to satisfactorily correct an axial chromatic aber-
ration and a chromatic aberration of magnification.
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Patent Reference: Japanese Patent Application Publica-
tion No. 2007-264180

According to the imaging lens described in Patent Ret-
erence, 1t 1s possible to obtain relatively satisfactory aber-
rations. However, since the total length of the lens system 1s
long, 1t 1s difhicult to attain both minmiaturization of the
imaging lens and satisfactory aberration correction. Here,
such challenge of attaining both mimaturization and satis-
factory aberration correction 1s not specific to the imaging
lens for mounting 1n a cellular phone, but common among
imaging lenses for mounting in relatively small cameras
such as digital still cameras, portable information terminals,
security cameras, onboard cameras, and network cameras.

In view of the above-described problems, an object of the
present invention 1s to provide an imaging lens that can
satisfactorily correct aberrations in spite of the small size
thereof.

Further objects and advantages of the mvention will be
apparent from the following description of the invention.

SUMMARY OF THE INVENTION

In order to attain the objects described above, according
to an aspect of the present invention, an imaging lens
includes a first lens having positive refractive power; a
second lens having negative refractive power; a third lens
having positive refractive power; a fourth lens having nega-
tive refractive power; and a fifth lens having negative
refractive power, arranged 1n the order from an object side
to an 1mage plane side. The first lens 1s formed 1n a shape so
that a curvature radius of an object-side surface thereof 1s
positive and the second lens 1s formed 1n a shape so that a
curvature radius of an object-side surface thereof and a
curvature radius ol an 1mage plane-side surface thereof are
both positive. The third lens 1s formed 1n a shape so that a
curvature radius of an object-side surface thereof 1s positive,
and the fifth lens 1s formed 1n a shape so that a curvature
radius of an object-side surface thereof and a curvature
radius of an i1mage plane-side surface thereol are both
positive. According to the configuration, the imaging lens of
the invention satisfies a condition that an Abbe’s number of
each lens from the first lens, and the third lens to the fifth
lens 1s greater than 45 and an Abbe’s number of the second
lens 1s less than 33.

In order to enhance resolution of an imaging lens so as to
be compatible with a high-resolution 1imaging element avail-
able 1n these years, it 1s necessary to satisfactorily correct
aberrations, especially chromatic aberrations. According to a
configuration of the imaging lens of the invention, the
Abbe’s number of the first lens 1s greater than 45 and the
Abbe’s number of the second lens 1s less than 35, and the
first lens and the second lens are formed by combining a
low-dispersion material and a high-dispersion material. In
addition, each lens from the third lens to the fifth lens has the
Abbe’s number greater than 45 and 1s formed of a low-
dispersion material. Therefore, a chromatic aberration
occurred 1n the first lens 1s corrected by the second lens and
at the same time, satisfactorily corrected through each lens
from the third lens to the fitth lens.

Here, according to the imaging lens having the above-

described configuration, preferably, each lens of the first lens
and lenses from the third to the fifth lenses has the same
Abbe’s number and 1s made of the same material. With this
configuration, 1t 1s possible to suitably attain productivity
improvement and manufacturing cost reduction of the imag-
ing lens. In addition, forming each lens from the first lens to
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the fifth lens from a plastic material, 1t 1s possible to further
attain productivity improvement and manufacturing cost
reduction.

When the first lens has a focal length 11, the second lens
has a focal length 12, the third lens has a focal length 13, the
tourth lens has a focal length 14, and the fifth lens has a focal
length 15, the 1maging lens having the above-described
configuration preferably satisfies the following conditional
expressions (1) and (2):

f1<f3 and I©2|<f3 (1)

f3<|f4| and [£2/</f5] (2)

When the imaging lens satisfies the conditional expres-
sions (1) and (2), 1t 1s possible to satisfactorily correct
aberrations while attaining miniaturization of the 1maging
lens. When the imaging lens satisfies the conditional expres-
s1ons (1) and (2), the first lens and the second lens, which are
arranged on the object side, have stronger refractive power
than other three lenses. With the configuration, 1t 1s possible
to shorten a total optical length of the imaging lens while
securing certain angle of view, and 1t 1s possible to suitably
attain miniaturization of the imaging lens. In addition,
according to the mvention, each lens from the third lens to
the fifth lens has relatively weak refractive power. Aberra-
tions occurred 1n the first lens and the second lens, which
have strong refractive powers, are suitably corrected through
each lens from the third lens to the fifth lens, which have
weak refractive powers.

In the 1imaging lens having the above-described configu-
ration, the fourth lens 1s preferably formed 1n a shape so that
a curvature radius of an object-side surface thereof and a
curvature radius ol an 1image plane-side surface thereof are
both negative.

As described above, the second lens 1s formed 1n a shape
so that a curvature radius of the object-side surface thereof
and a curvature radius of the image plane-side surface
thereol are both positive, 1.e. a shape of a meniscus lens
directing a convex surface thereof to the object side. Fur-
thermore, the fourth lens 1s formed in a shape so that a
curvature radius of the object-side surface thereof and a
curvature radius of the image plane-side surface thereof are
both negative, 1.e. a shape of a meniscus lens directing a
concave surface thereof to the object side. Therefore, the
second lens and the fourth lens are arranged disposing their
concave surfaces to the third lens. With this configuration,
aberrations occurred 1n the first lens are suitably corrected
also by the negative-positive-negative refractive power
arrangement of the lenses from the second to the fourth
lenses and the shapes of the respective lenses of the second
lens and the fourth lens.

When the whole lens system has a focal length 1 and the
second lens has the focal length 12, the imaging lens having
the above-described configuration preferably satisfies the
following conditional expression (3):

_1.8<f2/f<-0.8 (3)

When the imaging lens satisfies the conditional expres-
s1on (3), 1t 15 possible to restrain a chromatic aberration and
a field curvature within preferred ranges. When the value
exceeds the upper limit “-0.8”, since the second lens has
strong refractive power 1n relative to the whole lens system,
an axial chromatic aberration i1s excessively corrected (a
focal position at a short wavelength moves towards the
image plane side 1n relative to a focal position at a reference
wavelength), and at the same time, an off-axis chromatic
aberration of magnification 1s excessively corrected (an
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image-forming point at a short wavelength moves in a
direction to be away from the optical axis 1n relative to an
image-forming point at a reference wavelength). In addition,
an 1mage-forming surface curves to the image plane side and
it 1s difficult to obtain satisfactory image-forming pertor-
mance. On the other hand, when the value 1s below the lower
limit “-1.8”, the second lens has weak refractive power 1n
relative to the whole lens system, so that an axial chromatic
aberration 1s msuiliciently corrected (a focal position at a
short wavelength moves towards the object side 1n relative
to a focal position at a reference wavelength) and an off-axis
chromatic aberration ol magnification 1s insuiliciently cor-
rected (an 1image-forming point at a short wavelength moves
in a direction to approach the optical axis in relative to an
image-forming point at a reference wavelength). Moreover,
an 1mage-forming surface curves to the object side, so that
it 1s difficult to obtain satisfactory image-forming perfor-
mance also 1n this case.

When the first lens has the focal length 11 and the second
lens has the focal length 12, the imaging lens having the
above-described configuration preferably satisfies the fol-
lowing conditional expression (4):

~1.0<f1/f2<-0.4 (4)

When the imaging lens satisfies the conditional expres-
sion (4), 1t 1s possible to restrain an astigmatism, a field
curvature, and a chromatic aberration within preferred
ranges 1n a well-balanced manner, while restraining Petzval
sum near zero. When the value exceeds the upper limit
“~0.4, the first lens has strong refractive power 1n relative
to the second lens, an axial and an off-axis chromatic
aberrations are insufliciently corrected. As for the astigma-
tism, a tangential image surface tilts to the object side and
an astigmatic difference increases. For this reason, 1t 1s
difficult to obtain satisfactory image-forming performance.
On the other hand, when the value 1s below the lower limit
“~1.07, the first lens has weak refractive power 1n relative to
the second lens, so that negative refractive power 1s strong
and an axial and an off-axial chromatic aberrations are
excessively corrected. In addition, an image-forming surface
curves to the image plane side. As for the astigmatism, a
tangential image surface tilts to an 1image plane side and the
astigmatic difference increases. Therefore, also 1n this case,
it 1s difficult to obtain satisfactory image-forming pertor-
mance.

When a curvature radius of the object-side surface of the
second lens 1s R21 and a curvature radius of the image
plane-side surface thereof 1s R2r, the imaging lens having
the above-described configuration preferably satisfies the
following conditional expression (3):

1.5<R2{/R21<6.0 (5)

When the imaging lens satisfies the conditional expres-
s1on (5), 1t 1s possible to restrain a coma aberration, a field
curvature, and a chromatic aberration within preferred
ranges, respectively. When the value exceeds the upper limit
“6.0, the second lens has relatively strong refractive power,
an outer coma aberration of an ofl-axis light beam increases,
and an axial and an off-axis chromatic aberrations are
excessively corrected. In addition, since an image-forming
surface curves to the image plane side, 1t 1s diflicult to obtain
satisfactory image forming performance. On the other hand,
when the value 1s below the lower limit “1.5”, the second
lens has relatively weak refractive power, and the axial and
the off-axis chromatic aberrations are insuiliciently cor-
rected. Moreover, the image forming surface curves to the
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object side, and also 1n this case, 1t 1s diflicult to obtain
satisfactory image forming performance.

When the whole lens system has the focal length 1 and the
third lens has the focal length 13, the imaging lens having the
above-described configuration preferably satisfies the fol-
lowing conditional expression (6):

5.0<f3/1<20.0 (6)

According to the imaging lens of the invention, the third
lens mainly serves for correcting aberrations. When the
imaging lens satisfies the conditional expression (6), it 1s
possible to more satisfactorily correct aberrations while
attaining miniaturization of the imaging lens. When the
value exceeds the upper limit “20.0”, since the third lens has
weak refractive power 1n relative to the whole lens system,
it 1s difficult to attain mimaturization of the imaging lens.
Here, when the third lens has weak refractive power, 1t 1s
possible to aftain minmiaturization of the imaging lens by
increasing the refractive power of the fourth lens or the fifth
lens. In this case, however, 1t 1s diflicult to correct aberra-
tions (especially coma aberration), and 1t 1s diflicult to obtain
satisfactory image forming performance. On the other hand,
when the value 1s below the lower limat *5.0”, although 1t 1s
advantageous for attaining mimaturization of the imaging
lens, the coma aberration increases and the astigmatic dii-
ference also increases. Therefore, also in this case, it 1s
difficult to obtain satisfactory image forming performance.

When the maximum effective diameter of the object-side
surface of the third lens 1s ®,,, the maximum eflective
diameter of the image plane-side surface thereot 1s @5, the
maximum effective diameter of the object-side surface of the
fourth lens 1s @, ,, the maximum effective diameter of the
image plane-side surtace thereof 1s @, and the maximum
absolute value of a sag (sagittal height) at up to 70% of the
maximum effective diameters @, , to @, 1s 7, -, the imag-
ing lens having the above-described configuration prefer-
ably satisfies the following conditional expression (7):

70 +/£<0.1 (7)

Therelore, restramning the maximum sag within certain
range, the third lens and the fourth lens are formed 1n shapes
that have substantially uniform thickness 1n the optical axis
direction and are less curved. With such shapes of the third
and the fourth lenses, generation of complicated aberrations
1s restrained and aberrations occurred in the first and the
second lenses are satisfactorily corrected. Furthermore, sen-
sitivity to deterioration of the image-forming performance
due to decentering (axial displacement), tilting, or the like
upon manufacturing the imaging lens, 1.e., so-called “pro-
duction error sensitivity” decreases. In addition, because of
the substantially umiform thickness in the optical axis direc-
tion, fabrication properties upon production are improved
and manufacturing cost of the imaging lens 1s restrained.
Here, “sag” means, 1n each surface, a distance 1n a direction
parallel to the optical axis from a tangential plane that 1s
orthogonal to the optical axis to the surface.

When the whole lens system has the focal length 1 and a
composite focal length of the third lens and the fourth lens
1s 134, the 1imaging lens having the above-described con-
figuration preferably satisfies the following conditional
expression (8):

5.0<f34/<25.0 (8)

Restraining a ratio of the composite focal length of the
third lens and the fourth lens to the focal length of the whole
lens system within the range defined by the conditional
expression (8), 1t 15 possible to more satisfactorily correct
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aberrations. When the value exceeds the upper limit “25.07,
the composite refractive power of the third lens and the
fourth lens 1s relatively weak and 1t 1s difficult to restrain
aberrations within preferred ranges in a well-balanced man-
ner. On the other hand, when the value 1s below the lower
limit 5.0, composite refractive power of the third lens and
the fourth lens 1s relatively strong, so although 1t 1s advan-
tageous for correction of a distortion, the astigmatic differ-
ence increases. Therefore 1t 1s dithicult to obtain satistactory
image-forming performance.

When a distance on the optical axis from the image
plane-side surface of the second lens to the object-side
surface of the third lens 1s dA and a distance on the optical
ax1is Irom the image plane-side surface of the third lens to the
object-side surface of the fourth lens 1s dB, the imaging lens
having the above-described configuration preferably satis-
fies the following conditional expression (9):

0.3<dA/dB<1.5 (9)

In case of an 1maging element such as a CCD sensor and
a CMOS sensor, there 1s a limited range 1n an angle to take
an incident light beam due to 1ts structure. When an emitting
angle of an ofl-axis light beam 1s outside the limited range
above, 1t 1s dithicult for a sensor to take therein light beams
outside the limited range, which results in a so-called
shading phenomenon. More specifically, an image obtained
through the imaging lens has a dark periphery that 1s darker
than the center part.

When the imaging lens satisfies the conditional expres-
s10n (9), 1t 15 possible to keep the maximum emitting angle
of an off-axis light beam small, while attaining miniaturiza-
tion of the imaging lens. When the value exceeds the upper
limit “1.5”, although 1t 1s easy to keep the maximum
emitting angle of the off-axis light beam small, it 1s difhicult
to attain miniaturization of the imaging lens. On the other
hand, when the wvalue 1s below the lower limit “0.3”,
although 1t 1s advantageous for mimiaturization of the 1imag-
ing lens, a chromatic aberration is insuthciently corrected
and 1t 1s difhicult to obtain satisfactory image-forming per-
formance. In addition, since the maximum emitting angle of
an ofl-axis light beam 1s large, the shading phenomenon
casily occurs.

According to the imaging lens of the invention, 1t 1s
possible to attain both miniaturization and satisfactory aber-
ration correction of the imaging lens and provide a small-
s1zed 1maging lens with satisfactorily corrected aberrations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a schematic configu-
ration of an 1maging lens of Numerical Data Example 1
according to an embodiment of the imnvention;

FIG. 2 1s an aberration diagram showing a lateral aber-
ration of the imaging lens of FIG. 1;

FIG. 3 1s an aberration diagram showing a spherical
aberration, an astigmatism, and a distortion of the imaging
lens of FIG. 1;

FIG. 4 1s a sectional view showing a schematic configu-
ration of an imaging lens of Numerical Data Example 2
according to the embodiment of the invention;

FIG. 5 1s an aberration diagram showing a lateral aber-
ration of the imaging lens of FIG. 4;

FIG. 6 1s an aberration diagram showing a spherical
aberration, an astigmatism, and a distortion of the imaging

lens of FIG. 4;
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FIG. 7 1s a sectional view showing a schematic configu-
ration of an mmaging lens of Numerical Data Example 3

according to the embodiment of the invention;

FIG. 8 1s an aberration diagram showing a lateral aber-
ration of the imaging lens of FIG. 7;

FIG. 9 1s an aberration diagram showing a spherical
aberration, an astigmatism, and a distortion of the 1maging
lens of FIG. 7;

FIG. 10 1s a sectional view showing a schematic configu-
ration of an 1maging lens of Numerical Data Example 4
according to an embodiment of the invention;

FIG. 11 1s an aberration diagram showing a lateral aber-
ration of the imaging lens of FIG. 10;

FIG. 12 1s an aberration diagram showing a spherical
aberration, an astigmatism, and a distortion of the 1maging
lens of FIG. 10;

FIG. 13 1s a sectional view showing a schematic configu-
ration of an mmaging lens of Numerical Data Example 3
according to the embodiment of the invention;

FIG. 14 1s an aberration diagram showing a lateral aber-
ration of the imaging lens of FIG. 13; and

FIG. 15 1s an aberration diagram showing a spherical

aberration, an astigmatism, and a distortion of the imaging
lens of FIG. 13.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

Hereunder, referring to the accompanying drawings, an
embodiment of the present invention will be tully described.

FIGS. 1,4, 7, 10, and 13 are schematic sectional views of
imaging lenses 1n Numerical Data Examples 1 to 5 accord-
ing to the embodiment, respectively. Since a basic lens
configuration 1s the same among those Numerical Data
Examples, the lens configuration of the embodiment will be
described with reference to the schematic sectional view of
Numerical Data Example 1.

As shown 1n FIG. 1, the imaging lens of the embodiment
includes a first lens L1 having positive refractive power, a
second lens L2 having negative refractive power, a third lens
.3 having positive refractive power, a fourth lens .4 having
negative relfractive power, and a fifth lens LS having nega-
tive refractive power, arranged in the order from an object
side to an 1mage plane side. A filter 10 such as an infrared
cut-ofl filter or a cover glass may be provided between the
fifth lens L5 and an image plane IM. The filter 10 may be
optionally omitted. Here, according to the imaging lens of
this embodiment, there 1s provided an aperture stop on an
object-side surface of the first lens L1.

According to the imaging lens of the embodiment, Abbe’s
numbers vd1l and vd3 to vdS of the first lens and the lenses
from the third lens L3 to the fifth lens L5 are respectively
larger than 45, and an Abbe’s number vd2 of the second lens
[.2 1s smaller than 35. More specifically, the first lens L1 and
the second lens .2 are made from a combination of low-
dispersion material and a high-dispersion material, and each
of the lenses from the third lens L3 to the fifth lens L3S 1s
made of a low-dispersion material. With this arrangement of
the Abbe’s numbers, a chromatic aberration occurred 1n the
first lens L1 1s corrected by the second lens L2 and also
satisfactorily corrected through each of the lenses from the
third lens L3 to the fifth lens LS. In addition, since four of
the five lenses from the first lens L1 to the fifth lens LS are
made of low-dispersion materials, generation of a chromatic
aberration 1itself 1s suitably restrained. Here, more specifi-
cally, the Abbe’s numbers vd1 to vdS of the lenses from the
first lens L1 to the fifth lens LS are preferably restrained
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within ranges defined by the following conditional expres-
sions, respectively. The imaging lenses of Numerical Data
Examples 1 to 5 satisty the following conditional expres-
S1011S:

45<yd1<85
vd2<35

45<vd3<®5
45<vd4<®5

45<vd5<®5

According to the imaging lenses in Numerical Data
Examples 1 to 5 of this embodiment, the first lens L1 and
cach of the lenses from the third lens L3 to the fifth lens L5
have the same Abbe’s number, and each lens 1s made of a
same plastic material. For this reason, it 1s possible to
suitably attain productivity improvement and manufacturing,
cost reduction of the imaging lens.

Furthermore, each of the lenses from the first lens .1 to
the fifth lens LS satisfies the following conditional expres-

sions (1) and (2):

f1<f3 and I£21<f3 (1)

f3<|f4] and [£2/</f5] (2)

In the above conditional expressions:
f1: Focal length of a first lens L1

12: Focal length of a second lens 1.2
13: Focal length of a third lens 1.3
t4: Focal length of a fourth lens 1.4
15: Focal length of a fifth lens LS

As described above, according to the imaging lens of this
embodiment, the first lens [.1 and the second lens 1.2, which
are arranged on the object side in the 1maging lens, have
refractive powers that are stronger than those of other three
lenses. Because of this, it 1s possible to attain miniaturization
of the imaging lens and also suitably correct aberrations
occurred 1n the first lens L1 and the second lens 1.2 through
the respective lenses from the third lens L3 to the fifth lens
L5, which have weak refractive powers.

According to the imaging lens having the above-described
configuration, the first lens L1 1s formed 1n a shape so that
a curvature radius of an object-side surface thereof R1 and
a curvature radius of an 1mage plane-side surface thereof R2
are both positive, 1.¢. a shape of a meniscus lens directing a
convex surface thereof to the object side near an optical axis
X. Here, the shape of the first lens L1 1s not limited to a
shape of the meniscus lens directing a convex surface
thereol to the object side near the optical axis X, and can be
any as long as the curvature radius of the object-side surface
thereof R1 1s positive. More specifically, as a shape of the
first lens L1, 1t 1s possible to form 1 a shape so that the
curvature radius R1 1s positive and the curvature radius R2
1s negative, 1.€. a shape of a biconvex lens near the optical
axis X.

The second lens L2 1s formed in a shape of a meniscus
lens so that a curvature radius of an object-side surface
thereof R3 and a curvature radius of an image plane-side
surface thereol R4 are both positive and directs a convex
surface thereol to the object side near the optical axis X. In
addition, as described above, the second lens 1.2 1s formed
to satisly the following conditional expressions (3) and (5).
The second lens 1.2 and the first lens L1 are lenses having
strong refractive powers among the lenses in the lens
system. According to the embodiment, the first lens L1 and
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the second lens L2 satisiy the following conditional expres-
sion (4). When the 1maging lens satisfies the conditional
expression (4), 1t 1s possible to restrain Petzval sum of the
whole lens system near zero and restrain an astigmatism, a
field curvature, and a chromatic aberration within preferred
ranges 1n a well-balanced manner.

_1.8<f2/f<-0.8 (3)

~1.0<f1/f2<=0.4 (4)

1.5<R2{/R2r<6.0 (5)

In the above conditional expressions:
R21: Curvature radius of an object-side surface of the second
lens
R2r: Curvature radius of an image plane-side surface of the
second lens
In order to more satistfactorily correct aberrations, the
imaging lens preferably satisfies the following conditional
expression (4A). The imaging lenses in Numerical Data
Examples 1 to 5 satisiy the following conditional expression

(4A):

~0.7<f1/f2<-0.4 (4A)

On the other hand, the third lens L3 1s formed in a shape
so that a curvature radius of an object-side surface thereof
RS 1s positive and a curvature radius of an 1mage plane-side
surface R6 1s negative, so as to have a shape of a biconvex
lens near the optical axis X. Here, the shape of the third lens
.3 1s not limited to a shape of a biconvex lens near the
optical axis X and can be any as long as 1t 1s formed 1n a
shape so that the curvature radius of the object surface
thereot R5 1s positive. Numerical Data Examples 1 to 3 are
examples 1n which the third lens L3 has a shape of a
biconvex lens near the optical axis X. Numerical Data
Examples 4 and 5 are examples 1n which the third lens L3
has a shape of a meniscus lens directing a convex surface
thereol to the object side near the optical axis X.

The third lens L3 satisfies the following conditional
expression (6). With this configuration, it 1s possible to more
satisfactorily correct aberrations. The imaging lenses 1n
Numerical Data Examples 1 to 5 satisly the following
conditional expression (6):

5.0<f3/£<20.0 (6)

The fourth lens L4 1s formed 1n a shape so that a curvature
radius of an object-side surface thereol R7 and a curvature
radius ol an 1mage plane-side surface therecol R8 are both
negative, 1.€. a shape of a meniscus lens directing a concave
surface thereof to the object side near the optical axis X. As
described above, the second lens 1.2 1s formed 1n a shape of
a meniscus lens directing a convex surface thereof to the
object side near the optical axis X. Forming the fourth lens
L4 1n a shape of a menmiscus lens directing a concave surface
thereot to the object side near the optical axis X, the second
lens .2 and the fourth lens .4 are arranged directing their
concave surfaces to the third lens LL3. Therefore, aberrations
occurred 1n the first lens L1 are suitably corrected by the
negative-positive-negative refractive power arrangement of
the lenses from the second lens L2 to the fourth lens .4 and
the shapes of the respective lens surfaces of the second lens
.2 and the fourth lens 4.

The third lens L3 and the fourth lens .4 mainly serve for
correcting aberrations. According to the imaging lens of this
embodiment, restraining the sag (sagittal height) of each
lens surface of the third lens L3 and the fourth lens .4 within
certain range, aberrations are satisfactorily corrected. More
specifically, when the maximum eflfective diameter of the
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object-side surface of the third lens L3 1s @, ,, the maximum
cllective diameter of the 1image plane-side surface thereof 1s
D, ., the maximum eflective diameter of the object-side
surface of the fourth lens L4 1s @, ,, the maximum eflective
diameter of the image plane-side surface thereof 1s @, 5, and
the maximum absolute value of a sag at up to 70% of the
maximum effective diameters @, , to @, 1s 7, -, the imag-
ing lens having the above-described configuration prefer-
ably satisfies the following conditional expression (7). The
imaging lenses of Numerical Data Examples 1 to 5 satisty
the conditional expression (7):

7,0 +/<0.1 (7)

With the maximum sags being restrained below the upper
limit of the conditional expression (7), the third lens L3 and
the fourth lens L4 have substantially uniform thicknesses in
a direction of the optical axis X, and thereby have less
curved shapes. With such lens shapes, aberrations are more
satisfactorily corrected. Furthermore, sensitivity to deterio-
ration of the image-forming performance due to decentering
(ax1al dlsplacement) tilting, or the like upon manufacturing
the imaging lens, 1.e. so-called “production error sensitivity™
decreases. In addltlon, because of the substantially uniform
thickness 1n the optical axis direction, fabrication properties
upon production are improved and manufacturing cost of the
imaging lens can be restrained. Here, “sag” means, 1n each
surface, a distance 1n a direction parallel to the optical axis
X from a tangential plane that 1s orthogonal to the optical
axis X to the surface.

Here, each of lenses from the second lens 1.2 to the fourth
lens 14 satisfies the following conditional expressions (8)
and (9). With this configuration, aberrations are more satis-
factorily corrected. In addition, since the maximum emitting
angle of an ofl-axis light beam 1s kept small, generation of
the shading phenomenon 1s restrained.

5.0<f34/f<25.0 (8)

0.3<dA/dB<1.5 (9)

In the above conditional expressions:

134: Composite focal length of the third lens .3 and the

fourth lens 1.4
dA: Distance on an optical axis from an 1mage plane-side

surface of the second lens L2 to an object-side surface of

the third lens L3

dB: Distance on an optical axis from an image plane-side
surface of the third lens L3 to an object-side surface of the
fourth lens L4

The fitth lens L5 1s formed 1n a shape so that a curvature
radius of an object-side surface thereolf R9 and a curvature
radius of an 1mage plane-side surface thereof R10 are both
positive, so as to have a shape of a menmiscus lens directing
a convex surface thereof to the object side near the optical
axis X. In addition, an 1image plane-side surface of the fifth
lens LS 1s formed as an aspheric shape so as to be convex to
the object side near the optical axis X and concave to the
object side at the periphery. With such shape of the fifth lens
L5, it 1s possible to suitably restrain an incident angle of a
light beam emitted from the 1imaging lens to the image plane
IM.

Here, 1t 1s not necessary to satisty all of the conditional
expressions (1) to (9) and (4A), and 1t 1s possible to obtain
an eflect corresponding to the respective conditional expres-
sion when any single one of the conditional expressions 1s
individually satisfied.

In the embodiment, each lens has lens surfaces that are
formed to be an aspheric surface. When the aspheric sur-
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taces applied to the lens surfaces have an axis Z 1in the
optical axis direction, a height H 1n a direction perpendicular
to the optical axis, a conical coeflicient k, and aspheric
coellicients A, Ao, Aq, A . A5, A 4, and A, ., ashape of the
aspheric surfaces of the lens surfaces may be expressed as
follows:

H> [Formula 1]

7 = R
H2
1 + 1—(k+1)@

AgH® + A HY + ALHY? + A HY + A (H°

+ AHY + ACHC +

Next, Numerical Data Examples of the imaging lens of
the embodiment will be described. In each Numerical Data
Example, 1 represents a focal length of the whole lens
system, Fno represents an F number, and o represents a half
angle of view, respectively. In addition, 1 represents a surface
number counted from the object side, R represents a curva-
ture radius, d represents a distance between lens surfaces
(surface spacing) on the optical axis, Nd represents a refrac-
tive mdex for a d line (a reference wavelength 1n this
embodiment), and vd represents the Abbe’s number for the
d line, respectively. Here, aspheric surfaces are indicated
with surface numbers 1 atlixed with * (asterisk).

NUMERICAIL DATA EXAMPLE 1

Basic lens data are shown below.
f =3.75 mm, Fno = 2.4, o = 34.2°
Unit: mm

Surface Data

Surface
Number 1 R d Nd vd
(Object) e e
1* (Stop) 1.494 0.554 1.5346 56.0(=vdl)
2% 15.307 0.055
3% 4.867(=R2f) 0.295 1.6354 23.9(=vd2)
4% 2.081(=R2r) 0.395(=dA)
5% 199.951 0.443 1.5346 56.0(=vd3)
6* -13.687 0.479(=dB)
7F -5.445 0.352 1.5346 56.0(=vd4)
R* -5.735 0.050
O* 1.429 0.690 1.5346 56.0(=vd5)
10%* 1.179 0.230
11 00 0.300 1.5163 64.1
12 <0 0.671
(Image e
plane)

Aspheric Surface Data

First Surface

k =0.000, A, = -2.232E-03, A =
-1.020E-01
Second Surface

-4.156F-02, Ag = 1.146E-01, Ay =

k =0.000, A, = -2.852E-01, A, = 7.759E-01, Ag = -9.391E-01, A, =
3.755E-01
Third Surface

k = 0.000, A, = =3.709E-01, Ag = 1.044, Ag =
Fourth Surface

~1.322, A, = 6.076E-01

k = 0.000, A, =
3.827E-01

-1.733E-01, Ag = 5.688E-01, Ag = -7.018E-01, Ay =

5
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-continued

NUMERICAIL DATA EXAMPLE 1

Basic lens data are shown below.
f =3.75 mm, Fno = 2.4, o = 34.2°
Unit: mm

Fifth Surtace

k =0.000, A, =
1.962E-01,
A, =-3889E-02, A, =-7.757E-02, A = 7.712E-02
Sixth Surface

-2.063E-01, Ag = 1.702E-01, Ag = -1.919E-01, A, =

k =0.000, Ay =-1.502E-01, Ag = 7.633E-02, Ag = -2.745E-01, A, =
4,997E-01,

A, =-4127E-01, A, = 1.599E-01, A, = -1.374E-02

Seventh Surface

k =0.000, A, = 3.640E-01, A, =
-1.135E-01,

A, =-4504E-03, A, = 1.468E-02, A, = -2.511E-03
Eighth Surface

-4.621E-01, Ag = 3.053E-01, A |, =

k =0.000, A, = 7.839E-02, A, = 3.330E-02, Ag = -7.131E-02, A,y =
3.114E-02,

A, =-7.637TE-03, A, =1.613E-03, A= -2.096E-04

Ninth Surtface

k = -1.189, A, = ~4.505E-01, Ag = 2.283E-01, Ag = -5.421E-02,
Ao = 2.224E-03, A, = 1.448E-03, A, = -1.660E-04, A, = —1.344E-

05
Tenth Surface

k = -2.993, A, = —-2.108E-01, Ag = 1.146E-01, Ag = —-4.590E-02,
Ao = 1.134E-02, A, = -1.666E-03, A, = 1.401E-04, A, = —6.057E-
06

f1 = 3.06 mm
12 = =5.97 mm
3 = 23.98 mm

f4 = -349.61 mm
f5 = -319.33 mm
34 = 26.31 mm
Zo 7= 0.064 mm

The values of the respective conditional expressions are as
follows:

2/1=-1.59

f1/£2=-0.51
R2f/R2r=2.34
£3/f=6.39

7o /1=0.017
f34/f=7.02

dA/dB=0.82

Accordingly, the imaging lens of Numerical Data
Example 1 satisfies the above-described conditional expres-
sions. A distance on the optical axis from an object-side
surface of the first lens L1 to an image plane IM (the
thickness of the filter 10 1s a length i1n air, which 1s
hereinafter the same) 1s 4.41 mm, and mimaturization of the
imaging lens 1s suitably attained.

FIG. 2 shows the lateral aberration that corresponds to a
ratio H of each image height to the maximum 1mage height
(hereinafter referred to as “image height ratio H”) in the
imaging lens of Numerical Data Example 1, which 1is
divided mto a tangential direction and sagittal direction
(which 1s also the same 1 FIGS. 5, 8, 11, and 14). Further-

more, FIG. 3 shows a spherical aberration (mm), an astig-
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matism (mm), and a distortion (%) of the imaging lens of
Numerical Data Example 1, respectively. In the aberration
diagrams, for the lateral aberration diagrams and spherical

aberration diagrams, aberrations at each wavelength, 1.e.a g
line (435.84 nm), an F line (486.13 nm), an ¢ line (546.07

nm), a d line (587.56 nm), and a C line (656.27 nm), are
indicated. In the astigmatism diagram, the aberrations on a
sagittal image surface S and on a tangential image surface T
are respectively indicated (which are the same 1n FIGS. 6, 9,
12, and 15). As shown 1n FIGS. 2 and 3, 1n the imaging lens
of Numerical Data Example 1, the aberrations are satisfac-
torily corrected.

NUMERICATL DATA BEXAMPLE 2

Basic lens data are shown below.
f =3.75 mm, Fno = 2.4, o = 34.2°
Unit: mm

Surface Data

Surface
Number 1 R d Nd vd
(Object) 0 e
1* (Stop) 1.494 0.554 1.5346 56.0(=vdl)
2% 15.307 0.055
3% 4.867(=R2f) 0.295 1.6354 23.9(=vd2)
4% 2.081(=R2r) 0.395(=dA)
5% 199.951 0.443 1.5346 56.0(=vd3)
6* -13.687 0.479(=dB)
7F -5.445 0.352 1.5346 56.0(=vd4)
R* -5.735 0.050
O* 1.429 0.690 1.5346 56.0(=vd5)
10% 1.179 0.230
11 <0 0.300 1.5163 64.1
12 00 0.671
(Image e
plane)

Aspheric Surface Data

First Surface

k =0.000, A, =
~-1.020E-01
Second Surface

—-2.232E-03, A, = -4.156E-02, Ag = 1.146E-01, A |, =

k =0.000, A, = -2.852FE-01, A, = 7.759E-01, Ag = -9.391E-01, A,
3.755E-01
Third Surface

k =0.000, A, =
Fourth Surface

~3.709E-01, A, = 1.044, Ay = -1.322, A, = 6.076E-01

k =0.000, A, = -1.733E-01, A, = 5.688E-01, Ag =
3.827E-01
Fifth Surface

~7.018E-01, A,

k =0.000, A, = -2.063E-01, A, = 1.702E-01, Ag = -1.919E-01, A |,
1.962E-01,

A5 =-3.880E-02, A, =-7.757TE-02, A, = 7.712E-02

Sixth Surface

k =0.000, A, =
4.997E-01,
A, =-4127E-01, A, = 1.599E-01, A, = -1.374E-02
Seventh Surface

~1.502E-01, A, = 7.633E-02, A = —2.745E-01, A,

k =0.000, A, = 3.640E-01, A; = -4.621E-01, Ag = 3.053E-01, A, =
-1.135E-01,

A5 =-4504E-03, A, = 1.468E-02, A, = -2.511E-03

Eighth Surface

k = 0.000, A, = 7.839E-02, A = 3.330E-02, A, = -7.131E-02, A, =
3.114E-02,
A, =-7.637E-03, A,, = 1.613E-03, A, = —2.096E—04
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-continued

NUMERICAIL DATA EXAMPLE 2

Basic lens data are shown below.
f =3.75 mm, Fno = 2.4, o = 34.2°
Unit: mm

Ninth Surface

k =-1.189, A, = -4.505E-01, A, = 2.283E-01, Ay = -5.421E-02,
Ao =2.224F-03, A, = 1.448E-03, A, = —-1.660E-04, A, = —1.344F-

05
Tenth Surface

k =-2.993, A, = -2.108E-01, A, = 1.146E-01, Ay = —-4.590E~02,
Ao = 1.134E-02, A,, = —-1.666E-03, A,, = 1.401E~04, A, = —6.057F-
06

f1 = 3.06 mm
12 = =5.97 mm
3 = 23.98 mm

f4 = -349.61 mm
5 = =319.33 mm
34 = 26.31 mm
Zy - =0.064 mm

The values of the respective conditional expressions are
as follows:

2/f=-1.57
f1/12=-0.52

R2{/R2r=2.36
£3/1=6.52

134/1=7.20

dA/dB=0.83

Accordingly, the i1maging lens of Numerical Data
Example 2 satisfies the above-described conditional expres-
sions. A distance on the optical axis from an object-side
surface of the first lens L1 to the image plane IM 1s 4.42 mm,
and miniaturization of the imaging lens 1s suitably attained.

FIG. 5 shows the lateral aberration that corresponds to the
image height ratio H, and FIG. 6 shows a spherical aberra-
tion (mm), an astigmatism (mm), and a distortion (%),
respectively, in the imaging lens of Numerical Data Example
2. As shown 1n FIGS. 5 and 6, also 1n the imaging lens of
Numerical Data Example 2, the image surface i1s satisfac-
torily corrected and the aberrations are suitably corrected
similarly to Numerical Data Example 1.

NUMERICATL DATA EXAMPLE 3

Basic lens data are shown below.
f =375 mm, Fno = 2.4, o = 33.7°
Unit: mm

Surface Data

Surface
Number 1 R d Nd vd
(Object) 0 e
1* (Stop) 1.469 0.529 1.5346 56.0(=vd1)
2% 17.604 0.057
3% 5.107(=R2f) 0.311 1.6142 25.6(=vd2)
4% 1.967(=R2r) 0.416(=dA)
5% 17.450 0.397 1.5346 56.0(=vd3)
6* -30.875 0.475(=dB)
7E —4.948 0.355 1.5346 56.0(=vd4)
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-continued

NUMERICAIL DATA EXAMPLE 3

Basic lens data are shown below.
f =3.75 mm, Fno = 2.4, o = 33.7°

Unit: mm

{* -5.213 0.100

O* 1.293 0.600 1.5346 56.0(=vd5)
10%* 1.078 0.230
11 e 0.300 1.5163 64.1
12 0 0.679
(Image 0
plane)

Aspheric Surface Data

First Surface

k =0.000, A, = -8.828E-03, A, = -3.600E-02, A, = 9.073E-02, A, =
~1.009E-01
Second Surface

k =0.000, A, = -3.033E-01, A, = 7.653E-01, Ag = -9.313E-01, A,
4.154E-01
Third Surface

k =0.000, A, = -3.902E-01, A, = 1.046, Ag = -1.308, A, = 6.546E-01
Fourth Surface

k =0.000, A, = -1.685E-01, A, = 5.385E-01, Ag = -6.571E-01, A,
3.751E-01
Fifth Surface

k =0.000, A, = -2.018E-01, A, = 1.608E-01, Ag = -1.860E-01, A, =
1.964E-01, A5 = -4.170E-02, A, = -8.252E-02, A, = 7450E-02
Sixth Surface

k =0.000, A, = -1.444FE-01, A, = 7.709E-02, A;, = -2.736E-01, A,
5.001E-01, A5 = -4.125E-01, A4 = 1.604E-01, A, = —-1.293E-02
Seventh Surface

k =0.000, A, = 3.633E-01, A, = -4.604E-01, Ay = 3.078E-01, A, =
-1.143E-01, A, = -4.492E-03, A, = 1.475E-02, A, = -2.511E-03
Eighth Surface

k =0.000, A, = 8.745E-02, A, = 3.309E-02, Ag = -7.145E-02, A, =
3.112E-02, A, = -7.667E-03, A, = 1.606E-03, A, = -2.108E-04
Ninth Surface

k =-1.169, A, = -4.523E-01, A, = 2.282E-01, A, = —5.435E-02,
A, =2.186E-03, A, = 1.437E-03, A,, = -1.637E-04, A, = —1.044F-

05
Tenth Surface

k = -3.124, A, = -2.106E-01, A, = 1.146E-01, Ay = —-4.588E~02,
A, = 1.135E-02, A,, = -1.663E-03, A,, = 1.403E-04, A, = —6.224F-
06

fl1 = 2.96 mm
12 = =5.41 mm
3 = 20.91 mm

f4 = -338.97 mm
{5 = -402.36 mm
134 = 22.82 mm

L7 = 0.050 mm

The values of the respective conditional expressions are
as follows:

f2/f=-1.44
f1/12=-0.55
R2{/R2r=2.60

£3/1=5.58
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134/1=6.09

dA/dB=0.88

Accordingly, the i1maging lens of Numerical Data
Example 3 satisfies the above-described conditional expres-
sions. A distance on the optical axis from an object-side
surface of the first lens L1 to the image plane IM 1s 4.35 mm,
and miniaturization of the imaging lens 1s suitably attained.

FIG. 8 shows the lateral aberration that corresponds to the
image height ratio H, and FIG. 9 shows a spherical aberra-
tion (mm), an astigmatism (mm), and a distortion (%),
respectively, 1in the imaging lens of Numerical Data Example
3. As shown m FIGS. 8 and 9, also 1n the imaging lens of
Numerical Data Example 3, the image surface 1s satisiac-
torily corrected and the aberrations are suitably corrected
similarly to Numerical Data Example 1.

NUMERICAIL DATA EXAMPLE 4

Basic lens data are shown below.
f =3.85 mm, Fno = 2.4, ® = 33.0°
Unit: mm

Surface Data

Surface
Number 1 R d Nd vd
(Object) e e
1% (Stop) 1.496 0.563 1.5346 56.0(=vdl)
2% 11.052 0.054
3% 4.359(=R2f) 0.318 1.6354 23.9(=vd2)
4% 2.129(=R2r) 0.403(=dA)
5% 25.104 0.428 1.5346 56.0(=vd3)
6* 100.397 0.488(=dB)
7% —-5.675 0.357 1.5346 56.0(=vd4)
8 —-5.990 0.050
O* 1.432 0.706 1.5346 56.0(=vd5)
10% 1.176 0.230
11 <0 0.300 1.5163 64.1
12 co 0.655
(Image e
plane)

Aspheric Surface Data

First Surface

k =0.000, A, = -2.168E-03, Ay, = —4.526FE-02, Ag = 1.120E-01, A, =
~1.002E-01
Second Surface

k =0.000, A, = -2.877E-01, Ay = 7.705E-01, Ag = -9.423E-01, A,
3.788E-01
Third Surface

k =0.000, Ay = -3.725E-01, A, = 1.047, Ag = -1.321, A, = 6.019E-01
Fourth Surface

k =0.000, A, = -1.760E-01, Ag = 5.612E-01, Ag = -7.063E-01, A,
3.859E-01
Fifth Surtace

k =0.000, A, = -2.054FE-01, Ag = 1.634E-01, Ag = -1.966E-01, A,
1.934E-01, A5 = -4.027E-02, A, = -7.780E-02, A s = 7.807E-02
Sixth Surface

k =0.000, A, = -1488E-01, A, = 8.112E-02, Ag = -2.722E-01, A,
5.006E-01, A, = -4.126E-01, A4 = 1.597E-01, A, = -1.423E-02
Seventh Surface

k =0.000, A, = 3.653E-01, Ag = -4.620E-01, Ag = 3.053E-01, Ao =
-1.135E-01, A, = -4.476E-03, A, = 1.471E-02, A, = -2.496E-03
Eighth Surface

k = 0.000, A, = 7.807E-02, A, = 3.337E-02, Ag = —7.124E-02, A, =
3.117E-02, A, = -7.628E~03, A,, = 1.616E-03, A, = —2.088F—04
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-continued

NUMERICAIL DAITA EXAMPLE 4

Basic lens data are shown below.
f = 3.85 mm, Fno = 2.4, o = 33.0°
Unit: mm

Ninth Surface

k =-1.190, A, =

-4.506F-01, Ag = 2.282E-01, Ag = -5.418E-02,

A, = 2.248F-03, A,, = 1.456E-03, A, = —-1.640E-04, A, = —1.308EF-

05

Tenth Surface

k = -3.033, A, = -2.109E-01, A, = 1.145E-01, Ag = —-4.591E-02,
Ao = 1.134E-02, A,, = -1.665E-03, A,, = 1.403E-04, A, = —6.039F-

06

f1 = 3.17 mm
12 = -6.93 mm
13 = 62.49 mm

f4 = -334.24 mm
f5 = -311.61 mm
{34 = 78.62 mm

Zo 7 = 0.039 mm

The values of the respective conditional expressions are

as follows:

£2/f=—1.80
f1/f2=—0.46
R2f/R2r=2.05
f3/f=16.23

Z, /T=0.010
f34/f=20.42

dA/dB=0.83

Accordingly, the mmaging lens of Numerical Data

Example 4 satisfies the above-described conditional expres-
sions. A distance on the optical axis from an object-side
surface of the first lens L1 to the image plane IM 1s 4.45 mm,
and miniaturization of the imaging lens 1s suitably attained.

FIG. 11 shows the lateral aberration that corresponds to

the 1mage height ratio H, and FIG. 12 shows a spherical
aberration (Inm), an astigmatism (mm), and a distortion (%),
respectively, in the imaging lens of Numerical Data Example
4. As shown 1n FIGS. 11 and 12, also in the imaging lens of
Numerical Data Example 4, the image surface 1s satisfac-
torily corrected and the aberrations are suitably corrected
similarly to Numerical Data Example 1.

NUMERICAIL DATA EXAMPLE 5

Basic lens data are shown below.
f =4.03 mm, Fno = 2.4, o = 33.8°
Unit: mm

Surface Data

Surface
Number 1 R d Nd vd
(Object) e e
1* (Stop) 1.435 0.582 1.5346 56.0(=vdl)
2% 19.399 0.050
3% 12.591(=R2f) 0.300 1.6142 25.6(=vd2)
4% 2.327(=R2r) 0.427(=dA)
5% 2.533 0.317 1.5346 56.0(=vd3)
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-continued

NUMERICAIL DATA EXAMPLE 5

Basic lens data are shown below.
f =4.03 mm, Fno = 2.4, @ = 33.8°

Unit: mm
6* 2.867 0.496(=dB)
7% -4.253 0.395 1.5346 56.0(=vd4)
R* —-4.460 0.050
9% 1.465 0.683 1.5346 56.0(=vd5)
10%* 1.176 0.230
11 e 0.300 1.5163 64.1
12 e 0.758
(Image 0
plane)

Aspheric Surface Data

First Surface

-7.875E-02
Second Surface

-3.135E-02, Ag = 6.640E-02, Ay =

k =0.000, A, = -2.936FE-01, Ay = 7.790E-01, Ag = —-8.988E-01, A, =
3.456E-01
Third Surface

k =0.000, Ay =-3.251E-01, A, =1.044, Ag = -1.254, A, =5.701E-01
Fourth Surface

k =0.000, A, = -1.182E-01, Ag = 5.603E-01, Ag =
3.725E-01
Fitfth Surtace

—6.761E-01, A, =

k =0.000, A, = -2.166E-01, Ay = 1.845E-01, Ag = -2.115E-01, A, =
2.047E-01, A5 = -5.521E-02, A4 = -9.370E-02, A s = 5.066E-02
Sixth Surface

k =0.000, A, = -1.396E-01, Ay = 9.119E-02, Ag = -2.877E-01, Ay =
5.054FE-01, A, = -4.175E-01, A4 = 1.590E-01, A, = -2.205E-02
Seventh Surface

k =0.000, A, = 3.837E-01, Ag = -4.522E-01, Ag = 2.893E-01, A |, =
—1.088E-01, A5, = =2.938E-03, A, = 1.541E-02, A4 = -3.082E-03
Eighth Surface

k =0.000, A, = 6.462E-02, A, = 4.386E-02, Ag = -7.139E-02, A, =
3.095E-02, A, = -7.683E-03, A4 = 1.586E-03, A, = -1.918E-04
Ninth Surface

k = -1.584, A, = -4.420E-01, Ag = 2.332E-01, Ag = —-5.365E-02,
A, = 1.387E-03, A, = 1.454E-03, A,, = -1.265E-04, A, = -1.213E-

05
Tenth Surface

k = -3.311, A, = —=2.134E-01, Az = 1.163E-01, Ag = -4.577E-02,
A, = 1.136E-02, A, = -1.717E-03, A, = 1.438E-04, A, = -5.312E-
06

f1 = 2.87 mm
12 = -4.70 mm
3 = 30.60 mm

f4 = -515.28 mm
f5 = -411.21 mm
34 = 33.51 mm
Zo7=0.066 mm

The values of the respective conditional expressions are

as tollows:

2/f=-1.17

f1/12=-0.61

R21/R2r=5.41

£3/1=7.59
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f34/1=8.32

dA/dB=0.86

Accordingly, the 1maging lens of Numerical Data
Example 5 satisfies the above-described conditional expres-
sions. A distance on the optical axis from an object-side
surtace of the first lens L1 to the image plane IM 1s 4.49 mm,
and miniaturization of the imaging lens 1s suitably attained.

FIG. 14 shows the lateral aberration that corresponds to
the 1mage height ratio H, and FIG. 15 shows a spherical
aberration (Imm), an astigmatism (mm), and a distortion (%),
respectively, in the imaging lens of Numerical Data Example
5. As shown 1n FIGS. 14 and 15, also in the imaging lens of
Numerical Data Example 5, the image surface 1s satisfac-
torily corrected and the aberrations are suitably corrected
similarly to Numerical Data Example 1.

Accordingly, when the imaging lens of the embodiment 1s
applied to an 1maging optical system of a cellular phone, a
digital still camera, a portable information terminal, a secu-
rity camera, a vehicle onboard camera, a network camera,
and the like, 1t 1s possible to achieve both the high perfor-
mance and the small size for the camera or the like.

Here, the imaging lens of the mvention 1s not limited to
the above-described embodiment. In the above-described
embodiment, any surfaces of the first lens L1 through the
fifth lens LS are formed as aspheric surfaces, but it 1s not
necessary to form all the surfaces as aspheric surfaces.
Alternatively, 1t 1s also possible to form one of or both
surfaces of any lens from the first lens L1 through the fifth
lens 1n a spherical surface(s).

The invention may be applicable to the imaging lens of a
device that 1s required to have a small size and satisfactory
aberration correction ability, e.g., the imaging lenses used 1n
the cellular phones, the digital still cameras, and the like.

The disclosure of Japanese Patent Application No. 2011 -
190360, filed on Sep. 1, 2011, 1s mcorporated 1n the appli-
cation.

While the mnvention has been explained with reference to
the specific embodiments of the invention, the explanation 1s
illustrative and the invention 1s limited only by the appended
claims.

What 1s claimed 1s:

[1. An imaging lens comprising:

a first lens having positive refractive power;

a second lens having negative refractive power;

a third lens having positive refractive power;

a fourth lens having negative refractive power; and

a {itth lens having negative refractive power, arranged in
this order from an object side to an 1mage plane side,

wherein said first lens 1s formed in a shape so that a
curvature radius of a surface thereof on the object side
1s positive,

said second lens 1s formed 1n a shape so that a curvature
radius of a surface thereof on the object side and a
curvature radius of a surface thereof on the 1mage plane
side are both positive,

said third lens 1s formed 1n a shape so that a curvature
radius of a surface thereof on the object side 1s positive,

said fifth lens 1s formed in a shape so that a curvature
radius of a surface thereof on the object side and a
curvature radius of a surface thereof on the image plane
side are both positive,

each of said first lens, said third lens, said fourth lens, and
said fifth lens has an Abbe’s number greater than 45,

said second lens has an Abbe’s number less than 35, and
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said third lens and said fourth lens have a composite focal
length 134 and a whole lens system has a focal length
f so that the following conditional expression 1s satis-
fied:

5.0<134/f<25.0.]

[2. The imaging lens according to claim 1, wherein said
first lens has a focal length 11,
said second lens has a focal length 12,
said third lens has a focal length 13,
said fourth lens has a focal length 14, and
said fifth lens has a focal length 15 so that the following
conditional expressions are satisfied:

f1<13 and [{2[<13

f3<If4] and 1£2/<If5.]

[3. The imaging lens according to claim 1, wherein said
fourth lens 1s formed 1n a shape so that a curvature radius of
a surface thereof on the object side and a curvature radius of
a surface thereof on the image plane side are both negative.}

[4. The imaging lens according to claim 1, wherein said
second lens has a focal length 12 and a whole lens system has
a focal length 1 so that the following conditional expression
1s satisfied:

—-1.8<f2/{<-0.8.]

[5. The imaging lens according to claim 1, wherein said
first lens has a focal length 11, and
said second lens has a focal length 12 so that the following
conditional expression 1s satisfied:

-1.0<f1/f2<-0.4.]

[6. The imaging lens according to claim 1, wherein said
second lens 1s formed in the shape so that the surface thereof
on the object side has the curvature radius R21f and the
surface thereol on the image plane side has the curvature
radius R2r so that the following conditional expression 1s
satisfied:

1.5<R2{/R2r<6.0.]

[7. The imaging lens according to claim 1, wherein said
third lens has a focal length 13, and a whole lens system has
a focal length 1 so that the following conditional expression
1s satisfied:

5.0<f3/1<20.0.]

[8. The imaging lens according to claim 1, wherein said
third lens 1s formed 1n the shape so that the surface thereof
on the object side has a maximum eflective diameter @, ,
and a surface thereof on the image plane side has a maxi-
mum elflective diameter @,

said fourth lens 1s formed 1n the shape so that a surface

thereol on the object side has a maximum eflective
diameter @, , and a surface thereof on the 1mage plane
side has a maximum eflective diameter @,

a sag at up to 70% of the maximum eflective diameters

®, , to @, has a maximum absolute value 7, -, and

a whole lens system has a focal length { so that the

following conditional expression 1s satisiied:

Z-/1<0.1]

[9. The imaging lens according to claim 1, wherein said
second lens and said third lens are arranged so that the
surface of the second lens on the image plane side 1s situated
away from the surface of the third lens on the object side by
a distance dA on an optical axis, and
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said third lens and said fourth lens are arranged so that the
surface of the third lens on the image plane side 1s
situated away from the surface of the fourth lens on the
object side by a distance dB on the optical axis so that
the following conditional expression 1s satisfied:

0.3<dA/dB<1.5.]

[10. An imaging lens comprising:

a first lens having positive refractive power;

a second lens having negative refractive power;

a third lens having positive refractive power;

a fourth lens having negative refractive power; and

a 1itth lens having negative refractive power, arranged in
this order from an object side to an 1mage plane side,

wherein said first lens 1s formed in a shape so that a
curvature radius of a surface thereof on the object side
1s positive,

said second lens 1s formed 1n a shape so that a curvature
radius of a surface thereof on the object side and a
curvature radius of a surface thereof on the 1mage plane
side are both positive,

said third lens 1s formed 1n a shape so that a curvature
radius of a surface thereof on the object side 1s positive,

said fifth lens 1s formed in a shape so that a curvature
radius of a surface thereof on the object side and a
curvature radius of a surface thereof on the image plane
side are both positive,

each of said first lens, said third lens, said fourth lens, and
said fifth lens has an Abbe’s number greater than 45,

said second lens has an Abbe’s number less than 33,

said first lens has a focal length 11, said second lens has
a focal length 12, said third lens has a focal length 13,
said fourth lens has a focal length 14, and said fifth lens
has a focal length 15 so that the following conditional
expressions are satisiied:

f1<13 and [{2[<13

f3<[f4| and |12|<13[, and

a whole lens system has a focal length T so that the
following conditional expression 1s satisfied:

5.0<f3/1<20.0.]

[11. The imaging lens according to claim 10, wherein said
fourth lens 1s formed 1n a shape so that a curvature radius of
a surface thereof on the object side and a curvature radius of
a surface thereof on the image plane side are both negative.]

[12. The imaging lens according to claim 10, wherein said
second lens has a focal length 12 and a whole lens system has
a focal length 1 so that the following conditional expression
1s satisfied:

-1.8<f2/f<-0.8.]

[13. The imaging lens according to claim 10, wherein said
first lens has a focal length 11, and
said second lens has a focal length 12 so that the following
conditional expression 1s satisfied:

-1.0<f1/f2<-0.4]

[14. The imaging lens according to claim 10, wherein said
second lens 1s formed in the shape so that the surface thereof
on the object side has the curvature radius R2f and the
surface thereol on the 1mage plane side has the curvature
radius R2r so that the following conditional expression 1s
satisfied:

1.5<R2{/R2r<6.0.]
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[15. The imaging lens according to claim 10, wherein said
third lens 1s formed 1n the shape so that the surface thereof
on the object side has a maximum eflective diameter @, ,
and a surface thereol on the 1mage plane side has a maxi-
mum ellective diameter @, 5,

said fourth lens 1s formed 1n the shape so that a surface

thereol on the object side has a maximum eflective
diameter @, , and a surface thereof on the image plane
side has a maximum eftective diameter @,

a sag at up to 70% of the maximum eflective diameters

®, , to ®,, has a maximum absolute value Z, -, and

a whole lens system has a focal length { so that the

following conditional expression 1s satisfied:

Z-/1<0.1]

[16. The imaging lens according to claim 10, wherein said
third lens and said fourth lens have a composite focal length
134 and a whole lens system has a focal length 1 so that the
following conditional expression 1s satisfied:

5.0<134/1<25.0.]

[17. The imaging lens according to claim 10, wherein said
second lens and said third lens are arranged so that the
surface of the second lens on the image plane side 1s situated
away from the surface of the third lens on the object side by
a distance dA on an optical axis, and

said third lens and said fourth lens are arranged so that the

surface of the third lens on the image plane side 1s
situated away from the surface of the fourth lens on the
object side by a distance dB on the optical axis so that
the following conditional expression 1s satisfied:

0.3<dA/dB<1.5.]

18. An imaging lens comprising:

a first lens;

a second lens;

a third lens having positive refractive power;

a fourth lens; and

a fifth lens having negative refractive power, arranged in
this ovder from an object side to an image plane side,

wherein said second lens is formed in a shape so that a
surface thereof on the image plane side is aspherical,

said fourth lens is formed in a shape so that a curvature
radius of a surface therveof on the object side is nega-
tive,

said thivd lens has an Abbe’s number greater than 45,

said second lens has a focal length 12, said third lens has
a focal length 13, said fourth lens has a focal length 14,
and said fifth lens has a focal length 15 so that the

Jollowing conditional expressions are satisfied.:

5.0<3/f<20.0

<4 and |21<If5),

where [ is a focal length of a whole lens system, and
said second lens and said third lens are arranged so that
the surface of the second lens on the image plane side
is situated away from a surface of the third lens on the
object side by a distance dA on an optical axis theveof,
and said thivd lens and said fourth lens are arranged so
that a surface of the third lens on the image plane side
is situated away from a surface of the fourth lens on the
object side by a distance dB on an optical axis thereof
so that the following conditional expression is satisfied:

0.3<dA/db=<0.88.
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19. The imaging lens according to claim 18, wherein said
fourth lens has negative refractive power.

20. The imaging lens according to claim 18, wherein said
first lens is formed in a shape so that a curvature radius of
a surface therveof on the object side is positive, and

said second lens is formed in the shape so that a curvature

radius of a surface thereof on the object side and a
curvature vadius of the surface therveof on the image
plane side are both positive.

21. The imaging lens according to claim 18, wherein said

third lens is formed in a shape so that a curvature radius of

the surface therveof on the object side is positive, and
said fifth lens is formed in a shape so that a curvature
radius of a surface thereof on the object side and a
curvature radius of a surface thereof on the image
plane side are both positive.

22. The imaging lens according to claim 18, whervein each
of said first lens, said fourth lens, and said fifth lens has an
Abbe’s number greater than 45, and

said second lens has an Abbe’s number less than 35.

23. The imaging lens according to claim 18, wherein said
first lens has a focal length {1 and said second lens has a
Jocal length 12 so that the following conditional expressions
are satisfied.

fI<f3 and |f21<3.

24. The imaging lens according to claim 18, wherein said
second lens has a focal length f2 so that the following
conditional expression is satisfied.

—1.8<P/f<=0.8.

25. The imaging lens according to claim 18, wherein said
first lens has a focal length {1 and said second lens has a
focal length 12 so that the following conditional expression
is satisfied.:

—1.0<f1/2<-0.4.

26. The imaging lens according to claim 18, wherein said

second lens is formed in the shape so that a surface thereof

on the object side has the curvature vadius R2f and the
surface therveof on the image plane side has the curvature
radius R2v so that the following conditional expression is

satisfied.

1. 3<R2f/R2r<6.0.

27. An imaging lens comprising:

a first lens;

a second lens;

a third lens;

a fourth lens; and

a fifth lens, arranged in this order from an object side to
an image plane side,

wherein said first lens is formed in a shape so that a
curvature radius of a surface therveof on the object side
and a curvature radius of a surface thereof on the
image plane side arve both positive,

said second lens is formed in a shape so that a surface
thereof on the image plane side is aspherical,

said fifth lens is formed in a shape so that a curvature
radius of a surface thereof on the object side is positive,

said thivd lens has a focal length 13 and said fourth lens
has a focal length 14 so that the following conditional
expressions are satisfied.:

24
3=,

5.0<If31/f<20.0

where [ is a focal length of a whole lens system,
5 said second lens is formed in the shape so that a surface
thereof on the object side has a curvature radius R2f
and the surface thereof on the image plane side has a
curvature rvadius R2v so that the following conditional
expression is satisfied.

1o 1.I<R2ZfTR2r<6.0, and

said second lens and said thivd lens arve arranged so that
the surface of the second lens on the image plane side
is situated away from a surface of the third lens on the
object side by a distance dA on an optical axis theveof,

15
and said thivd lens and said fourth lens are arranged so
that a surface of the third lens on the image plane side
is situated away from a surface of the fourth lens on the
object side by a distance dB on an optical axis thereof
0 so that the following conditional expression is satisfied.:

0.3<dA/dB<1.5.

28. The imaging lens according to claim 27, wherein said

Jourth lens and said fifth lens each have negative rvefractive
,s power.

29. The imaging lens according to claim 27, wherein said
second lens is formed in the shape so that the curvature
radius of the surface thereof on the object side and the
curvature radius of the surface thereof on the image plane
side are both positive.

30. The imaging lens according to claim 27, wherein said
thivd lens is formed in a shape so that a curvature radius of
the surface thereof on the object side is positive, and

said fifth lens is formed in the shape so that a curvature

radius of a surface thereof on the image plane side is
positive.

31. The imaging lens according to claim 27, wherein said
fourth lens is formed in a shape so that a curvature radius
of the surface therveof on the object side and a curvature
radius of a surface thereof on the image plane side ave both
negative.

32. The imaging lens according to claim 27, whevein each
of said first lens, said third lens, said fourth lens, and said
fifth lens has an Abbe’s number greater than 45, and

said second lens has an Abbe’s number less than 35.

33. The imaging lens according to claim 27, wherein said
first lens has a focal length {1 and said second lens has a
Jocal length 12 so that the following conditional expressions
are satisfied.

fI<f3 and |f21</3.

34. The imaging lens according to claim 27, wherein said
second lens has a focal length 12 so that the following
conditional expression is satisfied.
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5 1.8<12/f<=0.8

where [ is a focal length of a whole lens system.
35. The imaging lens according to claim 27, wherein said
first lens has a focal length f1 and said second lens has a
Jocal length 12 so that the following conditional expression
60 Is satisfied.

—1.0<f1/2<-0.4.
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