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(54) Title of the Invention: Zoom lens, and image pickup apparatus having the same
Abstract Title: A zoom lens and an image pickup apparatus with the zoom lens satisfying predetermined
inequalities for focal length ratios and optical axis distance ratios.

(57) A zoom lens includes multiple lens units with, from an object to an image side, first L1, second L2, third L3 and
fourth L4 lens units having negative, positive, negative and positive refractive power respectively. A distance
between adjacent lens units changes during zooming from a wide-angle to a telephoto end. The first lens unit
includes three or more lenses and is fixed relative to an image plane during zooming. Predetermined inequalities
specifying focal length ratios -f1/f2 of the first and second lens units respectively and -f1/f4 for the first and fourth
lens units respectively are satisfied. A ratio of the optical axis distance LD1 between outermost lens surfaces of the
first lens unit to the optical axis distance TTL from a lens, closest to the object, surface’s object side to the image

plane, at the wide-angle end is also satisfied.

Inequalities for ratios between an air conversion amount of a distance on the optical axis from a lens surface on the
image side of the lens closest to the image plane at the wide-angle end to the image plane or back focus, to the
focal length of the first lens unit or the distance TTL may be satisfied.

WIDL
Ll

oo TFOCUS

L2 13 14

T 1

r 1 —

IMAGE

STABILI-

i

SP

e

nro ol
IRWIRN(]

TLELLE

e I R

W/[Wnrﬂmwﬂ E\ ‘
NNULMJM )/ ‘

FIG. 1

vV 1069¢9¢ 99



1/27

L/|LL \UMUV

//

N

A

//7/“\ myamnil

FIG. 1



g———— S d g ————
Fno= 4.1 w= 47.7° w= 47.7° w= 47.7°
i A !
! f /N
{ |
j !
f ]
| F
:_ )
i
| |
H
g ¥
|
i ¥
:
| i
g i
H]
; | ©d P L :
~0.400 0.400 -0.400 0.400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION
d M— — —
g ———— S d g—-——
Fno= 64 w= 252° w= 252° w= 25.2°
E
{
s'_
i
t
}
~0.400 0.400 -0.400 0.400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION

FIG. 2B



3/27

(n
=
=

L3 L4

L2

L1

P

H

e

ar

%
N

P

o
Yss
v

s s

P2
7
Z
7
7

s

St S I

o

A by
by,
",

At

N S
4 rind

e e w  hy

PO S IR

H
%

i

\
1
:

o

RONNR

A

i o
Pivpp i rent

mrrriigaapee st

¥ 7z
Z , [
: —
7
¢
: , y
“\ P s s s
: ; , ; Z
’ i ; : } H
z R H
' 2 : it
Salen) Z ,
OEQ ;
< > = A
wa N
s
spsoppee s I “ \\“.
4 e
y
e 0t PP oo,
H 3 A
: : H
A P 7
o -
: Z
Z Z
Z Z
Z :
: Z
Z :
A

s

NANNNRNNNNNNNNNNNN NN
¥

L ey

rr

s

-

oy

TELE

>
e

\
77
Goes

P IISEES

“earersrie 3
OIS s}

P s s
% 5
SR
Rt O s
vy s,
oo ity
iy s
oo
comennd
s
H
H
%
Pt
Tt trsr e,
v 7
Z H
s
5 aerriSres,, §
G0 4
Z H
2 H
3 5
Sty it 8
wrssssssiesssssiisres: evssrsrsssressrsres
P T
P y
1 [
H :
H :
H H
7 s - .
RSSO A 4
{7ttt wort? 0%
*., g s By sp o S o
eng, A
e, Vs
7 LTI SRR de
7
7
£
7
4
s -
H |
H H
3 4
2 H
H H
. >3

o

o

FIG. 3



d M———
g ———— S d g ——-——
Fno= 4.1 w= 47.7°
]
y

|

-0.400 0.400 -0.400 0400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM %) ABERRATION

FIG. 4A

g —--— S ——— d —— g —--—
Fno= 6.4 w= 25.1° w= 25.1° w= 25.1°

|

§
|
|
]
|
H
!
|

}

8

'

{

1)

f)

E

3

4
; i o P b :
-0.400 0.400 -0.400 0.400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION ~ ASTIGMATISM (%) ABERRATION

FIG. 4B



oo FOCUS

L2

5/27

L1

WIDE

IP

L3 L4

s Frgy
eyt ing,, %
et B oty :
s ot rons, H
s b o A i P11t 0 0 N1 0 B 0 0 B - ., 3
- - H
el ; G
S ¢ . B RS
e Gy rriators b COCTIIE ol Sopaseerrre et tenn ot
oo
eetttiterinnnrlnnnnntatatiiesy
7 %
; 3
Tvveesent Pt trresil:
gpeorrrscriocdsiiccomonory
- s
e s Sl
o 7,
;
3
s ot
T L s g < ”
F e Sag e I
H 3
% 4
Lo s s sy v p P b FE IO LI s ptp gyl
isiprs, T
s o R virs Wonstggaats’
“ Grr 27" »
3
3
P
“ e
P G
0] s v,
e i "y
O T % H 7
. s ing H H 7
. 7 H 3 4., :
Cee e H P he %
o Spssrosoirssslyrsssrrssnnssy 3 i Z
b 4 b
P . LTINS
: N
Gl=J®)] Jeotosrsrersssdososrcossecres,
7
e z p PO OB gy k3
] 2 e
ey i
.,
cossersesisinsis s it R0 R 00
R L
7 :
. \“
s v PEG s, st P o,
7 s rriairod et G TP A
H F
: 7 v
b o e
H e P T e
3 e 7 s P = oery
H i H <
2 S 3 s Z
3 e H 7 Z
K s H e 5 H
3 P H b H
: ¥ I yooer Zs
H H : H
2z 5 < 3
2z 5 K <
: H i
: H H
:
2 H o £ .,
H . e e o o
“hor Pen,, o % seny, O ipin e 28 P
et en i, DI s P rge, arep o et
T ns st syt s s O ca

HINII 0 ipn S OO

TELE

FIG. 5



d M———
g - T T S d g —_————
Fno= 4.1 w= 47.7° w= 47.7° w= 47.7°
i if ]
. §
b ¥
i
| g
|
i
|
|
i
|
i
1
-0.400 0400 -0.400 0400 -10.000  10.000 -0.040 0.040
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION
d M———
g - T T S d g —_—— —
Fno= 4.1 w= 25° w= 25° w= 25°
1 u |
4 i
1 :
4 i
g4 ¥
! ;
i i
¥ :
;
5
E
i
i
| | S I S— — P4 ;
-0.400 0400 -0.400 0400 -10.000  10.000 -0.040 0.040
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION

FIG. 6B



FOCUS

7/27

WIDE

IP

P RSB ILIEIG I bt g, 0. B
e 3 s bt R s Bt P Bt PN 8 P ra
i H H
b croseoesssssbetettees e e bttt 110030ep g G rsspessissiantrer st
o

otunssosiriersy

3 H
% ppersskisorse 3
Lpprrrt? btttrnpes
P
7z 7
H H
H H
Z .,
Priecch ooty
g s
¢ H
¥ %
30arr RO GOl rm,
nrmnnnsmmnnnns nnromnnnomnnn H 2
: %
TRy Y
Lpprrr osirs

O S

e

s
1
H
H
H
%

:

Ppaie 2

H H

SRS e
i

yprrssnsrnsisneseisy

IMAGE
STABILI-
ZATION

B3 2re
H torrtinlyiserats®
o PO~ Ot g, H . R I
Zastes P B W 2 H g JIPSUPRELY X ESN

b e O ttnnyy, 4 H L et iy,

4 o o d 3 Lo Gl

Py S S e e L L1100 B0 00011 e

H ? 7 A

e, : %, ‘

Wttty i rtting, o
O nnr s g g st P RGP I
2 v - e R it
tetnnn or ( i, sit?

] N nrt g i H VPRI Sl

; : b0 b0 B 808 00 30 8000 00 S0 0 i
Y T rosicirot < Bnrors rierfiaveen
H e, H H

[

H
1 /! 3 [
‘ N 2 x
i e H ” i
H (R e 2 Pertitppontiit i

- QT IIE: TV acdiiaed R assaahbdaass -

»

TELE

FIG. 7




g — — — —
w= 43.5°

R i S ey s vvw: rwwwrrs. T okt oimcti

A A L 5 o

-0.400
SPHERICAL
ABERRATION

d ——
g ————

Fno= 6.29

i
/i

e Gty
o,

T

4 Ll . s it iy,

0400  -0.400

ASTIGMATISM

0.400 -10.000

DISTORTION
(%)

10.000 -0.050

0.050
CHROMATIC
ABERRATION

g ————
w= 25.1°

-0.400
SPHERICAL
ABERRATION

0400 -0.400

ASTIGMATISM

0.400 -10.000

DISTORTION
(%)

FIG. 8B

10.000  -0.050

0.050
CHROMATIC
ABERRATION



9/27

oo FOCUS

WIDE

L4

L3

L2

L1

B e

¢
N
3

P Y

e 72 rE 8 ey,
. ety

e,
o,

rtns

crvrn

prrorerrrrekyrararsrsiry
H Z. 4
2 OB 0000 g

rovs,

o

RN

I S

U rtt it Ry o P

W

[
7 3
b prtee ocins, §
G -1
:

Z

FEXEN
K

H
O S L4

g oy
; s H
H 7 Z
Z H %
: Suvsrsssrssilyssssser [
‘ ” x
£, P
H | G
ORI D 0000 pp iy p O 0PI I
I e s eSS ey
7 "~ o (e
7 1
7 H
7 ¢
b B ine PP 0900008 000000000
“, z
H
4
H
H
H
H
H
H
:

b
N

N
3

Tuvasssssgaaaassassssand

rerttt
e
7 oes
H s
e
P
%ppoittarres
Lnns st s

A

rtepy

RSN

rrreessyyad

gorsnrriceoort
o

anaqnany

raarprd

einint s
R
/

Yevrevrerser)

prrrerdrteosssssscds
7

3
st bt rre iy,

2000,
nri,

N

2 rrtin,

PISN

trevcressong
5
ecctsirneses)

o

ottt Cepnprrsy,
4,

et iinriey,,

Ransfinns

s rutr L

et i,
v
H

¢
PR §
00000000000 0umpmnrs,

2
e eeered 00O

nanane®

s

TELE

i
1

Unananannanansd

FIG. 9



d— M———
g—--— S d g—-———
Fno= 4.1 w= 433° w= 433° w= 43.3°
1 N L
i * !
B { )
33 3 rs
a8 | |
A 5 v
| ;
il §
(B E \
?
i
%
E
3
l%
— b 4
-0.400 0.400 -0.400 0.400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION ~ CHROMATIC
ABERRATION ~ ASTIGMATISM (%) ABERRATION
d M———
g—--— S d g—--——
Fno= 6.4 w= 251° w= 25.1° w= 251°
\\ .A ¥
: \, i
3 1
.E
;
t
|
: 3_
.. i
£ !
i r;
f |
§ i
| ]
i i
1 ¥
1 ¥
| ] fd T . — P ;
-0.400 0.400 -0.400 0400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION ~ CHROMATIC
ABERRATION ~ ASTIGMATISM (%) ABERRATION

FIG. 10B



11/27

IP

STABILIZATION

orr . SIS
i AAATI OIS 2 s ATTE O .
it e Y
% 7 J
H H H
?
2 1
e :
ot o, Z
o Pt
ttres o 0 Z
Rac DR SRR 'nros s cinn st :
W < b s ks 038, 5 4. 58 AP s 02 AP s A 0 I 8 Z
~ ;
) H
H
:
\\\“ N
e {eerr, e’y §rotnrsr, oo Z
O H bl sy g s s s 8T i GaCC TP SRS e :
1299 joecd  § . 2 »
= e et e
¢ ;
o poarsssssssiyrsssssssstca,
i 7
* b 7
%, Y 3
P
Y
e H % oo,
H H
%
H

o

3
$

L2

[a® 3
s sersrecs nerrssrt, k3
¥ H
s H
: . H
: it 000850000050,
Soveoorrissirrsasrssee, Gypari e ]
H a7
H
H
H
e
e, st -
groneier et oo,
H
g
H
LAY : i
e
H
%,
7 2 2
Z [
G, 5
vcttosssrsssostssssssssses tevtsesssoesssssssessseose
s
¥
b
i %, 53 P
oy SOL b p s s B s
p TR S
H H 1
% 4 H
“tag,, Ty, 2l
it epan, P00 errssopeodyiniotrsi Pl
s, ey L% s, e P
O by, 27 H sy, ittt
3 e iy i H Srsssoifesserre s
— H i H ;
H H H H
Crresy, et R s R PP R r e Cht e e
ettt tiorerees e e it 6O PPRREL L PR SR S R8BI P PR EE STk ttprtreih e s PO ]
e, cersts, groooon, £700000
" H 3 " H
H : H
H 3 H
3
H 3 H
., 2 z 4
o, H 3 H
., K z " H
g e H 7 Pt Py 4
» TSNS TRRRRRNL: HOPURERRRRIISTI IVVIIISSIIIIY: IITIIIIIIIIS »

WIDE
TELE

FIG. 11



d M—— —
g———— S d g ————
Fno= 4.1 w= 43 3° w= 43.3°
' 1
]
k
]
1
3
|
3
_F
E
)
4
20.400 0.400 -0.400 0400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION
d—— M———
g ———— S d g
Fno= 622 w= 254° w= 254° w= 254°
i ' i1 i
. |
¥ i
i |
b §
i
j
£3
3|
-0.400 0.400 -0.400 0.400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION

FIG. 12B



13/27

FOCUS

~
L3

WIDE

L4

L2

L1

IP

i d L

"

P RO P01 000 Bp 00000400

P

IMAGE

s e

ettrg,,

s
.\ 5
v, e
N rss sessai e

Oorsriiigpiier st

s,
it
7 3
¢ 1
¢ i
¢ H
¢ H
H H
1 H
: H
:
I, Z]
wa\ AR g AR %
Z R 1
i rrirn}
e
o ; oy
Ie fevesren s ini st ket s, -y
7 z 7
7 z H
1 H B
Y ae: Z 2, H
Hg 7, Z
H PN H
7 Z e, z
Z Z PRI 3 H
7, “ebans, rosr e z
“rs STt rrr sy st 07 e

P PrOrOrIIIIIIIIIIIIIS

orrrrrOsIIIIIIIIIPS

(PRIt s Gt s s IR
7

o

o200

s
Pt ot ? T e,
Z PP et
2 it H
Z Frpad T 7
7 o drorsseansss, 3
FIE e attat Stastc e e 4

T o i L S ol i S i O S

i b

A A A D DA B LG A B A b

TELE

OO N S,
S i,

N 1

.\\4\\\\ e
\\\.\\
Kopunmnnt 0005 - g
7 winoteet
ol
e

7
4 e
Cepapy S0,
bt
Z
3
:
P
I
w\\\\\ii\\);:
3 wnetd
b pprreenst
prrredeorooresy
7
w
A
i
b i
P nmr i

M\\\\\\.!!\\\!

“ b tnrsy;

o

Pt

gy,
Poiy,,

prrrrered o400y

N

ittt

PTG Y.

IOt rrbs000000000 500000000000 8RR R IO,

7
7
s

Nawsw

o, red

P, ertorgy, et g

i, wprra o 0 L

4 e, e 1

3 tr,,, Y H

Z LI S H

3 H

3 IS S H

% et LT 1
v, sy
: 4
7 z
H %
H z
H %
4 H
: i
‘o, ey, o

“tire,, A S s
oy R ;
Pt tepe. - s
e, crsran

N
N

b
b

FIG. 13



Pt

o i e, Gl U 2

— o . s e, L RS

g — — — —
w= 46.5°

)
!
!
,i
§
!
il
1
%!ﬁ

-0.400
SPHERICAL
ABERRATION

0400 -0.400

ASTIGMATISM

0.400 -10.000

DISTORTION
(%)

FIG. 14A

¢

10.000  -0.050

CHROMATIC

ABERRATION

w= 253°

PR A A

0.050

~0.400
SPHERICAL
ABERRATION

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

ASTIGMATISM

10.00(

DISTORTION
(%0)

FIG. 14B

0.050

0.05

CHROMATIC
ABERRATION



15/27

FOCUS

WIDE

ey
74

L3 L4

L2

e,

L1

toan

=
in s

e

o
it

s

7

Y e

by,
Hetiny,,

3 “trp,

€]

H
el

Pep.,
A s
. oo Zpern S
P oo e e

N

2
o
%,

[ T —————

P

H

$ s

for

Jeee

St s gy 8t 2

77
Z

Rfrrril
E %

C

IMAGE
STABILI-
ZATION *

PRIVl Sl e

R Lo
R S

s e
£

7
3 7
s o 4

Z
7
o tnnrs st

BRI EES.

%

RS S
oo
1

7
g

.
Lrse Y
G, o
A TN SR et

i

=

g s E
At v

o i 0

S e

88
—
83
T

i i S R ln 208 PO I a2 Pn 100 PO

H
Sppriroersss

OG0y,
“stting,,
1
Lt dunsl
sl
s

o,

kS
N
N

ANCENTEREN

plevens

1

FIG. 15



g —--— S —— d— g —--——
Fno= 4.1 w= 46.4°
iy

¥
#
i
1
;!
§
H
i

¥

rre e, wrrAAh ik it e A il s med .,
7.

i
1
§
|
|

20.400 0400 -0.400 0400 -10.000 10000 -0.050  0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION
d—— M———

g—-—-— S—  d— g —--—
Fno= 5.88 w= 2472° w= 24.2° w= 24.72°

/7 N i

af ! § 4

i |

| :

: §

§ \ ;

i | ’

t ) f

; {

N I

| j |

i ¥ d
' l x N : 3 : N 5

0400 0400 -0.400 0400 -10.000  10.000 -0.050  0.050
SPHERICAL DISTORTION  CHROMATIC

ABERRATION  ASTIGMATISM (%) ABERRATION

FIG. 16B



17/27

FOCUS

WIDE

L4

L3

L2

L1

Y
N

ans

RN
3
B

NE
33

v

soe

IP

Y

st
vk of
e ;
wvevesiiiet

s

0
7
St

y Goretiiisoess,,
P (I
o,

.,

sy erereereen s
H 2

H
Gorpesislen
P

7
Kl
“

H
i
i
i

Lt tepo it

Y

~

“rs,
s,

i

Ay
o0}

#

Z

s 0054000757

IMAGE
STABILI-
ZATION

N

i
S It
3

H
H

H
SIS
-y

H
, ARt iy

]

prer®

A G LA A,

7

< rrrrsr g o peritees eesd

NN

H
e

e

000G oty

sttt ttipirsny,,

e PP G i,

PP P e ming 2
gy

L eeeons

pRCeeey;

it

EIER S5t Soary

REEUEURNNNe)

P oprg Gurnr

Ottt nr st p,

B e
e IS IO

et

it 7O

fA——

e ks <t

Ry T R R

s

ittt

3 o
st

wrtrerssssiessestsises.

P et ana SIVIIIN
H

H

%
tings, s
s tups it 0O I

"

il

POl

»1

AT i “,
st %
ey,

e

L

Sanant

0Ot i

G otterren,

A
et

erersriesiesessseres

o e

Py
ir o
s

sttt p e,

s e
N Y,

i

. 4

A

sipr,
gy,

%
oy
visiosssspmaatoF

it
G e
il

S,

s

TELE

e ies

e,
O P 00000 i 1 RO E L

RERRANY

e

T

oS

FIG. 17



d M———

g ————— S d g —-——
Fno= 4.1 w= 43.4° w= 43.4° w= 43 4°
f | |

:
i
1 !
t i
F d
| |
| y
1) y
% !
'
1% !
g ;
: }
| §
; !
f i
E | Foos § : £ § §
-0.400 0400 -0.400 0.400 -10.000 10.000 -0.050 0.050
SPHERICAL DISTORTION CHROMATIC
ABERRATION ~ ASTIGMATISM (%) ABERRATION
d M—-———
g - T T S d g —_——
Fno= 64 w= 25.2° w= 252° w= 25.2°
i \ ‘
E .
% %
§ \
i v
{ %
| |
!
i j
‘ |
i
|
| /
|
-0.400 O.40> -0.400 0.40\ -i0.000 I0.00‘ -b.OSO 0.051
SPHERICAL DISTORTION CHROMATIC
ABERRATION ~ ASTIGMATISM (%) ABERRATION

FIG. 18B



19/27

FOCUS

WIDE

L4

IP

Yes

4

S
7

ypons 22000090 0000LE

Oy p P 1 1 sy
St bitge,
7

IMAGE
STABILI-

<2
Heorrsros

N

sy,

~
N
N
3
3
N

AN
&
3

s

ZATION

il

e

s paarreas
Ccde E
e

Pl

7
4

iy, ;
Lo,

o m.\\\\xtt\\\\\.
s AR
h 3 e,

om0,
o n s 00007

I ER R,

sy,
TNy

. e
Dooecor s
IIIIIIIIIIIVL
; 7
o ttiepe,,
ergh
(ot s,

\\m z

-
vesersartri S ol

s

et

snssen st 00l
ot .,

cor?
paaier st

i

R

EI

i BP0 L 00,

Y
3
3

i 8

IERURVINTRVRL,

v s T

e it b5

e,

e

’r.

A P R

okt e e ed e aa ek e e e

TELE

TS s
i 2P

Ll P2 p 2P0 04 b s,
I i,
3
1

s ROt ees

7

o,
7 s,
$ T,
P ety A
s

s
e
s

et rri

S

oot oty

s d P

traronssisie,

e PO

Pem,

W

IR
orr R s
AN s
0t

Yo

Pt

rirviriitnat oy,

rihngy, 4
1y &

7
ot
tr0558 :
oered

Y
e d
o r P .
rrrreeeee iy
s
-
7 .\“\\. Y.
H it ?
4 ot en s H
H H
H H
H H
H H
H H
H
z e (b0 4
oriirorn
e 1 I b opicoces,
7
H H
H
1 H
: H
H H
H H
: H
H H
% H
o, ]
v
e p )
Prey,, e s
Vs, e s
2 e

bp gt

ve.
s

<
.

FIG. 19



d M———
g ———— S d g—-——
Fno= 4.1 w= 46.1°
J
¥
;
0400 0400 -0400 0400 -10000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM %) ABERRATION
d M———
g———-— S d g—-——
Fno= 4.1 w= 28.9° w= 28.9°
. N ]
AN Y
. \ s
i \ !
\ v
i A
\ 1
\ |
' i
| !
i ¥
; ] & 4 3 § ! ¢ B F
20.400 0.400 -0.400 0400 -10.000  10.000 -0.050  0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM %) ABERRATION

FIG. 20B



FOCUS
L4

>

L2

21/27

L1

WIDE

e TRV T
" P Hotrre, o s “esne, vy
L? i, s S, %
el e, ol ., 7
o e, -, 3
£ e, 3
o = . e 2
Ve o el w el o s e o, wea e R e e e 7
H
:
?
?
?
H
ra o P
vor vesy
pro i
AR e ]
‘ ”
%
Foppog i a b CEPO LB P PR ity gyt
L e fyectsesy,,
v vony,
4
¢ 4
it 4
s, s
4 ]
H g H sy
H H 3
H H grins, oy 7
Jooriics ”vat.“o B ISttt p iy pop it S0 02 EITTT 7
Z H H ) ) 7 7
7, 3 Brmrms b0 00 62 P PTG ISP PI 0000000 mrimsl 4
P pig i 2
UJ) wovrsersersersessersissers IPIIIIIIIIIIIIII PP IIIIIS,
S
7 %
%, &
I R ol
e
Y
H
i’
7 e ? %
| R e
N (IRONYS ey
L
Gl=je : H
i ST
T LIILOIIIILIIIIIII 12000 LIIIIILIILIIEI 10007007 ]
M = N D ]
w2 % %
O s i 0T
v o KK e
1 . . wh
cdl H SRRRIIISES: S A et RTINS Sy H s
G, e 207 ovrieny w0222 L 4
¥ AR IIIIII I IS I IS Lttt g rpy.ce .
oot ooy 7 =4
: ; Z E
5%, i % 7 e
H “tings, it 7 z “tires, s Z
4 (e S e 1 7 P e Z
H [ 7 3
P 3 s
ey v e st g rn e e s T
it T » R R R R o H P,y o " H
k0 By AT z Ptk ne e P H
H H
recedseeinrroses, cossssrireesecees geecekreeersss srireeefoeeees
“\ PPtk 0 S 0 p S IRTEFIO % ¥z o POt p s p 5 pop g RTINS \. 4
: H 7 g ?
b ", “ K9 z
4 s % %z 7
7 osy, o H 7 b2
; o : 7 7
7 et z z z
A 3 [ . 7




d M—— —
g ———— S d g—-——
Fno= 4.1 W= 43.4°
i i
) ]
|
4
l
E |
f |
] [
| |
¥ 5
; )
§ |
N 1
; 3
|
; _
E
e‘ E S C S | :
-0.400 0400 -0.400 0400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION
d M———
g ———— S d g—-———
Fno= 64 w= 25.2° w= 252° w= 252°
I/ y .
r
gy ;
.& N
i | \
f \
i \
il
¥
!
i
ﬁ j
i
i
-0.400 0400 -0.400 0400 -10.000  10.000 -0.050 0.05(
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM ABERRATION

(%)
FIG. 22B



23/27

FOCUS

WIDE

L3 L4

L2

L1

rp

o

oI ety
P e,
e
s
Vel
H
H
YerssersnenssGiencrener Ty
H
e, H
T AL O |
grerter et stony

3.

w PP IL IO I PP 000 0
Pp—

IMAGE
STABILI-
ZATION

e s

i

3 LI IL I IL 00020020,
Leorerererss,
%

s

s coe, 00
7 . Y
G err P IIIIIIGII 0090 et ., ;3
G 4 > A
PN ST |

)
S s s

ro,, & o

i

i

“retep el

AR

A

s
il
7 e 7
i 2
st 4
ekt .

by
h
H
H
H

0 R S S S G0 P e Dbt 20 0

TELE

PRURARRNRNR RN

i

O

FRoAt 000007
H

H
Lceorrrest?

H
Sten.

s s s EIENE

et

PP Lo
2 y
7

e,
Tt hrrspe
i
SRR e,
5
s, -
Cerise st
rrrserseossssssesesssssrre, beeorssrsrossstensssssens,
Y
H 3
% s
i,
et ittt
pe e,
Z H
. P0000005 2000000 0000s
o s et £ (LT
GOtk ntr i, I s o)
3 >
F
H e
H o, r )
4 ey,
H s,
. i
Pornpps,

(LTSI IIIIPIVIY-

G i A
-
e
s
-

H

;

;

PP z
it . b m
;

;

]

;

T
N

Tavmananaasnanandd

“
5

2
2,

FIG. 23



g—--— S——  d——  g—--—
Fno= 4.1 w= 434°
i i

1
:
!i
i :
¥ §
i '
It |
H: §
§ H
E
:
|
3
i
4 E § 3 $ § k ESICTVLTVRTVRTPRTPRre: PRTVRPRTPRRIPRTPRY &
-0.400 0.400 -0.400 0400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION
d—— M———

g—--— S——  d——  g—--—
Fno= 64 w= 2572° w= 25.72° w= 252°
- | ._ i

//
£y
i]
!
§
i
.
!
-0.400 0400 -0.400 0400 -10.000  10.000 -0.050 0.050
SPHERICAL DISTORTION  CHROMATIC
ABERRATION  ASTIGMATISM (%) ABERRATION

FIG. 24B



IP

FOCUS
L3 L4

L2

25/27

" IMAGE
STABILI-

L1

NI RARUA R A AR AR AR

g
3

WIDE

P OEEIY

g\\s
X -~
P s it
g e
s
risesoases
7
e

s
At A A A A

ZATION

s

H
H
P

O R R 0000001 gm0

AARARARRARARRY

vre

ks,

fooeanon,
et ",

cororEEsE,

erer

e
S et

vovo

homsnsnd 00O L IS

7
ot
b

Covsiiiiriie

;

gl

A AR A AR

3

wed

PO i,

Cerritnn, T
., Y
o ln,,, §
G
/A
e
A et T
e Y
Z
Z
%

7
resrrpeoecs

erert

T

3

e i S e A A 0 bl S A i A

TELE

o

e
s

grevecer e
7

H
5 syirrit
Goorrits

POPILIIIIIIIIIIIIIIIIIILY.

prevees.
H

20

i
et :
pooronsreessesasosesss
g ?

Gt e, p
. b g,

L,
H et

™
H
H
H
H
&
S

L g pnnn

crers,

preneecs

G

et reeory

H
H

o oid, 4
e rres d

o,
rrrss,
£3

P

-

s

hY

o
7

3
el

CIIIIIIIIIIIIIIIIIIIII IS

otrirre,
b4
Y4

o P T '
.
4
et
o
ST

eonsnnssororssnoes F I

e

2000t lnnes.., %

-,
4

»
brorr 7 s

PRUSSNRRRRRRNEY

Tt

T

FIG. 25




d M———

g ———— S d g ——-——
Fno= 4.1 w= 434°
H )

& \

! i
It t
[ 3
I i
E |
) )

1 i
i |
1 k
g ]
| i
§ J
§ Y

|
§
H
T S D | ¢ 3 ;
-0.400 0400 -0.400 0.400 -10.000 10.000 -0.050 0.050
SPHERICAL DISTORTION CHROMATIC
ABERRATION ASTIGMATISM (%) ABERRATION
d M———
g - T S d g —_—— —
Fno= 6.28 w= 25.2° w= 25.2° w= 25.2°
| !
|
|
;s
!
i
i
E & 3 i -SRI SR § : X
-0.40% 8)1%0 -0.400 0.400 -10.003 o 10800 -Oé)soO AO.OCSO
PHERI DISTORTION HROMATI
ABERRATION ASTIGMATISM (%) ABERRATION

FIG. 26B



277/27

..!WMMMH 4

e

BROUEE i LTI
t.a“
o,

of‘{‘-r
o
.n""’

?;‘:"""'““:"“'"‘M-\;\

o .

 Proaa
i
“ ’ “ E
— et . V\A, i
Jv o, ».-.HHE\\\\“ ey -w“
.
oL
DRYE
Y4
L3
O e

¢
“‘"‘"\“««\.-.,\.

FROU

A

FIG. 27



10

15

20

25

ZOOM LENS, AND IMAGE PICKUP APPARATUS HAVING THE SAME

BACKGROUND
Technical Field
[0001] The present invention relates generally to a zoom lens, and more particularly
to a zoom lens suitable for an image pickup apparatus, such as a digital still camera,
a digital video camera, a broadcasting camera, a surveillance camera, an on-board
camera (in-vehicle camera), a film-based camera, and the like. The present

invention may also relate to an image pickup apparatus comprising a zoom lens.

Description of Related Art

[0002] An imaging optical system for image pickup apparatus has recently been
demanded to have a compact zoom lens with a wide angle of view and high optical
performance over an overall zoom range.

[0003] Japanese Patent Laid-Open No. 2020-101750 discloses a negative lead type
wide-angle zoom lens that includes a first lens unit having negative refractive power
disposed closest to an object as a zoom lens with a compact overall system in which
a wide angle of view is easy.

[0004] The negative lead type wide-angle zoom lens proposed in Japanese Patent
Laid-Open No. 2020-101750 has a wide angle of view and high optical performance
by moving the first lens unit having negative refractive power during zooming from
a wide-angle end to a telephoto end.

[0005] However, the configuration of moving the large and heavy first lens unit as
in the wide-angle zoom lens described in Japanese Patent Laid-Open No. 2020-
101750 complicates a moving mechanism and is disadvantageous from the

viewpoint of miniaturization and weight reduction.
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SUMMARY
[0006] The present invention in its first aspect provides a zoom lens as specified in
claims 1.
[0007] Preferable or optional features are specified individually or in combination
in claims 2 to 25.
[0008] The present invention in its second aspect provides an image pickup
apparatus as specified in claim 26.
[0009] Further features of the present invention will become apparent from the
following description of embodiments with reference to the attached drawings.
Each of the embodiments of the present invention described below can be
implemented solely or as a combination of a plurality of the embodiments. Also,
features or elements from different embodiments can be combined where necessary
or where the combination of elements or features from individual embodiments in

a single embodiment is beneficial.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a lens sectional view in an in-focus state on the infinity object at a
wide-angle end and a telephoto end according to Example 1 of the present invention.
[0011] FIGs. 2A and 2B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
1, respectively.

[0012] FIG. 3 is a lens sectional view in an in-focus state on the infinity object at a
wide-angle end and a telephoto end according to Example 2 of the present invention.
[0013] FIGs. 4A and 4B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
2, respectively.

[0014] FIG. 5 is a lens sectional view in an in-focus state on the infinity object at a
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wide-angle end and a telephoto end according to Example 3 of the present invention.
[0015] FIGs. 6A and 6B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
3, respectively.

[0016] FIG. 7 is a lens sectional view in an in-focus state on the infinity object at a
wide-angle end and a telephoto end according to Example 4 of the present invention.
[0017] FIGs. 8A and 8B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
4, respectively.

[0018] FIG. 9 is a lens sectional view in an in-focus state on the infinity object at a
wide-angle end and a telephoto end according to Example 5 of the present invention.
[0019] FIGs. 10A and 10B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
5, respectively.

[0020] FIG. 11 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 6 of the present
invention.

[0021] FIGs. 12A and 12B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
6, respectively.

[0022] FIG. 13 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 7 of the present
invention.

[0023] FIGs. 14A and 14B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
7, respectively.

[0024] FIG. 15 is a lens sectional view in an in-focus state on the infinity object at

a wide-angle end and a telephoto end according to Example 8 of the present
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invention.

[0025] FIGs. 16A and 16B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
8, respectively.

[0026] FIG. 17 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 9 of the present
invention.

[0027] FIGs. 18A and 18B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
9, respectively.

[0028] FIG. 19 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 10 of the present
invention.

[0029] FIGs. 20A and 20B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
10, respectively.

[0030] FIG. 21 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 11 of the present
invention.

[0031] FIGs. 22A and 22B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
11, respectively.

[0032] FIG. 23 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 12 of the present
invention.

[0033] FIGs. 24A and 24B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example

12, respectively.
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[0034] FIG. 25 is a lens sectional view in an in-focus state on the infinity object at
a wide-angle end and a telephoto end according to Example 13 of the present
invention.

[0035] FIGs. 26A and 26B are longitudinal aberration diagrams in the in-focus state
on the infinity object at the wide-angle end and telephoto end according to Example
13, respectively.

[0036] FIG. 27 is a schematic diagram of an image pickup apparatus according to

the present invention.

DESCRIPTION OF THE EMBODIMENTS
[0037] Referring now to the accompanying drawings, a description will be given
of a zoom lens, an image pickup apparatus, and an image pickup system according
to the present invention and disclosure.
[0038] FIGs. 1,3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, and 25 are lens sectional views
of zoom lenses according to Examples 1 to 13 of the present invention, respectively,
in in-focus states at infinity at a wide-angle end (WIDE) and a telephoto end (TELE).
A zoom lens according to each example may be a zoom lens for an image pickup
apparatus such as a digital still camera, a film-based camera, a digital video camera,
a surveillance camera, a broadcasting camera, and an on-board camera.
[0039] In each lens sectional view, a left side is an object side (front) and a right
side is an image side (back). The zoom lens according to each example includes
a plurality of lens units. In this specification, a lens unit may be a group of lenses
that move or stand still during zooming. That is, in the zoom lens according to
each example, a distance between adjacent lens units changes during zooming from
the wide-angle end to the telephoto end. Each lens unit may include one or more
lenses. The lens unit may include an aperture stop.
[0040] In each lens sectional view, Li represents an i-th (where i is a natural

number) lens unit counted from the object side in the zoom lens.
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[0041] SP denotes the aperture stop. The aperture stop SP determines (limits) a
light beam of the maximum aperture F-number (Fno). IP denotes an image plane,
and in a case where the zoom lens according to each example is used as an imaging
optical system of a digital still camera or video camera, the imaging plane of a solid-
state image sensor (photoelectric conversion element) such as a CCD sensor or
CMOS sensor is disposed on the image plane IP. In a case where the zoom lens
according to any example is used as an imaging optical system of a film-based
camera, a photosensitive plane corresponding to the film plane is placed on the
image plane IP.

[0042] An arrow in the optical axis direction indicates a moving direction of the
focus lens unit during focusing from infinity to a close (or short) distance. A solid
arrow illustrated below each lens unit indicates a moving locus of each lens unit
during zooming from the wide-angle end to the telephoto end. A vertical broken
line below each lens unit indicates that each lens unit is fixed relative to the image
plane during zooming from the wide-angle end to the telephoto end. A
bidirectional arrow in a direction orthogonal to the optical axis indicates movement
of a lens unit during image stabilization.

[0043] In each of the following examples, the wide-angle end and the telephoto end
refer to zoom positions in a case where the lens unit for zooming is mechanically
located at both ends of the movable range on the optical axis.

[0044] FIGs. 2A, 2B, 4A, 4B, 6A, 6B, 8A, 8B, 10A, 10B, 12A, 12B, 14A, 14B,
16A, 16B, 18A, 18B, 20A, 20B, 22A, 22B, 24A, 24B, 26A, and 26B illustrate zoom
lenses according to Examples 1 to 13, respectively. FIGs. 2A, 4A, 6A, 8A, 10A,
12A, 14A, 16A, 18A, 20A, 22A, 24A, and 26A are aberration diagrams at the wide-
angle end, and FIGs. 2B, 4B, 6B, 8B, 10B, 12B, 14B, 16B, 18B, 20B, 22B, 24B,
and 26B are aberration diagrams at the telephoto end.

[0045] In a spherical aberration diagram, Fno denotes an F-number.  The spherical

aberration diagram illustrates spherical aberration amounts for the d-line
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(wavelength 587.6 nm) and g-line (wavelength 435.8 nm). In an astigmatism
diagram, S indicates an astigmatism amount on a sagittal image plane, and M
indicates an astigmatism amount on a meridional image plane. A distortion
diagram illustrates a distortion amount for the d-line. A chromatic aberration
diagram illustrates a chromatic aberration amount for the g-line. ® denotes a half
angle of view (°) (angle of view in paraxial calculation) and indicates the angle of
view according to a ray tracing value.

[0046] A description will now be given of the characteristic configuration of the
zoom lens according to each example.

[0047] The zoom lens according to each example includes a plurality of lens units
that consist of, in order from the object side to the image side, a first lens unit L1
having negative refractive power, a second lens unit L2 having positive refractive
power, a third lens unit L3 having negative refractive power, and a fourth lens unit
L4 having positive refractive power. In each example, a distance between
adjacent lens units changes during zooming from the wide-angle end to the
telephoto end.

[0048] The first lens unit L1 includes three or more lenses. During zooming from
the wide-angle end to the telephoto end, the first lens unit L1 is fixed relative to the
image plane IP.

[0049] The zoom lens according to each example satisfies the following
inequalities (1) to (3), where f1 is a focal length of the first lens unit L1, £2 is a focal
length of the second lens unit L2, f4 is a focal length of the fourth lens unit L4.
LD1 is a distance on the optical axis from a lens surface on the object side of a lens
closest to the object in the first lens unit L1 to a lens surface on the image side of a
lens closest to the image plane in the first lens unit L1. In the zoom lens at the
wide-angle end, TTL is a distance on the optical axis from the lens surface on the
object side of the lens closest to the object to the image plane IP (overall length

obtained by removing a parallel plate such as a filter) (overall lens length).
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0.85 < (-f1)/f2 <2.00 (1)
0.00 < (-f1)/f4 < 0.55 @)
0.00 < LD1/TTL < 0.27 3)

[0050] Inequality (1) is an inequality that defines a ratio between the focal length
f1 of the first lens unit L1 and the focal length f2 of the second lens unit L2. In a
case where the refractive power of the second lens unit L2 becomes stronger and
the value of (-f1)/f2 becomes higher than the upper limit of inequality (1), it
becomes difficult to correct aberrations. In a case where the refractive power of
the second lens unit L2 becomes weaker and the value of (-f1)/f2 becomes lower
than the lower limit of inequality (1), the moving amount of the second lens unit L2
increases during zooming, and the zoom lens becomes larger.

[0051] Inequality (2) is an inequality that defines a ratio between the focal length
fl of the first lens unit L1 and the focal length f4 of the fourth lens unit L4.
Satisfying inequality (2) can reduce the size of the zoom lens while telecentricity is
maintained. In a case where the refractive power of the fourth lens unit L4
increases and the value of (-f1)/f4 becomes higher than the upper limit of inequality
(2), the telecentricity improves but the zoom lens becomes larger. The value of (-
f1)/f4 cannot become lower than the lower limit of inequality (2).

[0052] Inequality (3) is an inequality that defines a distance LD1 on the optical axis
from the lens surface on the object side of the lens closest to the object in the first
lens unit L1 to the lens surface on the image side of the lens closest to the image
plane in the first lens unit L1 and the overall lens length TTL of the zoom lens at
the wide-angle end.  Satisfying inequality (3) can reduce the weight of the zoom
lens. In a case where the value of LD1/TTL becomes higher than the upper limit
of inequality (3), the distance LD1 becomes too large, and the first lens unit L1
becomes larger. The value of LD1/TTL cannot become lower than the lower limit
of inequality (3).

[0053] Inequalities (1) to (3) may be replaced with the following inequalities (1a)
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to (3a):
0.88 < (-f1)/f2<1.70 (1a)
0.09 <(-f1)/f4 <0.52 (22)
0.07 <LDI1/TTL <0.25 (3a)

[0054] Inequalities (1) to (3) may be replaced with the following inequalities (1b)
to (3b):

0.89 < (f1)/f2 < 1.41 (1b)
0.16 < (-f1)/f4 < 0.50 (2b)
0.13 <LDI/TTL < 0.24 (3b)

[0055] As described above, the zoom lens according to each example is configured
to satisfy inequalities (1) to (3). Thereby, each example can provide a negative
lead type wide-angle zoom lens that is compact and lightweight yet has high optical
performance over the entire zoom range.

[0056] A description of configurations of zoom lenses according to each example
will be given.

[0057] In the zoom lens of each example, the first lens unit L1 may consist of lenses
having refractive powers. Thereby, the aberration generated in the first lens unit
L1 can be satisfactorily corrected, which is beneficial in miniaturization of the zoom
lens.

[0058] In the zoom lens of each example, the second lens unit L2 may include an
aperture stop SP.  The third lens unit L3 may be a focus lens unit that moves during
focusing. The third lens unit may consist of a single negative fixed focal length
lens or two negative fixed focal length lenses. Thereby, high optical performance
can be achieved over focusing from a short-distance object to a long-distance object.
[0059] A description will be given of inequalities that the zoom lens according to
each example may satisfy. The zoom lens according to each example may satisty
one or more of the following inequalities (4) to (17).

[0060] Here, BFw is an air conversion amount of a distance on the optical axis from
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- 10 —

the lens surface on the image side of the lens closest to the image plane IP to the
image plane IP in the zoom lens at the wide-angle end in an in-focus state on the
infinity object (distance obtained by removing a parallel plate, such as a filter) (back
focus). fw is a focal length of the zoom lens at the wide-angle end. {3 is a focal
length of the third lensunit L3. ft is a focal length of the zoom lens at the telephoto
end. P2tis lateral magnification of the second lens unit L2 at the telephoto end in
the in-focus state on the infinity object. [2w is lateral magnification of the second
lens unit L2 at the wide-angle end in the in-focus state on the infinity object. 3t
is lateral magnification of the third lens unit L3 at the telephoto end in the in-focus
state on the infinity object. P3w is lateral magnification of the third lens unit L3
at the wide-angle end in the in-focus state on the infinity object. fnl is a focal
length of the first negative lens in the first lensunit L1.  fn2 is a focal length of the
second negative lens in the first lens unit L1. fpl is a focal length of the first

positive lens in the first lens unit L1,

0.30 < BFw/(-f1) < 1.50 4)
0.07 < BFw/TTL < 0.30 (5)
2.0 < TTL/(-f1) < 6.0 (6)
3.0 <TTL/fw <7.5 (7)
0.1<f2/(-f3)<1.5 (8)
0.05 < £2/f4 < 0.80 (9)
0.1 < (-£3)/f4 <2.0 (10)
0.5 < (-f1)/ffw <2.5 (11)
0.2 <(f1)/ft< 1.4 (12)
0.5 < B2t/B2w < 3.0 (13)
0.5 < B3t/B3w < 2.0 (14)
0.5<fnl/f1 <2.0 (15)
0.5 < fn2/f1 < 10.0 (16)

0.5 <fpl/(-f1) < 5.0 (17)
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[0061] Inequality (4) is an inequality that defines a ratio between the back focus
BFw of the zoom lens at the wide-angle end in the in-focus state on the infinity
object and the focal length f1 of the first lens unit L1. In a case where the
refractive power of the first lens unit L1 becomes stronger and the value of BFw/(-
f1) becomes higher than the upper limit of inequality (4), aberration correction
becomes difficult. In a case where the refractive power of the first lens unit L1
becomes weaker and the value of BFw/(-f1) becomes lower than the lower limit of
inequality (4), the zoom lens becomes larger.

[0062] Inequality (5) is an inequality that defines a ratio between the back focus
BFw of the zoom lens at the wide-angle end in the in-focus state on the infinity
object and the overall lens length TTL of the zoom lens at the wide-angle end.
Satisfying inequality (5) can reduce the size of the zoom lens while telecentricity is
maintained. In a case where the value of BFw/TTL becomes higher than the upper
limit of inequality (5), the zoom lens becomes larger. In a case where the value of
BFw/TTL becomes lower than the lower limit of inequality (5), the back focus BFw
becomes too short, and it becomes difficult to maintain telecentricity.

[0063] Inequality (6) is an inequality that defines a ratio between the overall lens
length TTL of the zoom lens at the wide-angle end and the focal length f1 of the
first lens unit L1. In a case where the refractive power of the first lens unit L1
becomes stronger and the value of TTL/(-f1) becomes higher than the upper limit
of inequality (6), aberration correction becomes difficult. In a case where the
refractive power of the first lens unit L1 becomes weaker and the value of TTL/(-
f1) becomes lower than the lower limit of inequality (6), the zoom lens becomes
larger.

[0064] Inequality (7) is an inequality that defines a ratio between the overall lens
length TTL of the zoom lens at the wide-angle end and the focal length fw of the
zoom lens at the wide-angle end. In a case where the value of TTL/fw becomes

higher than the upper limit of inequality (7), the zoom lens becomes larger. In a
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case where the value of TTL/fw becomes lower than the lower limit of inequality
(7), aberration correction becomes difficult.

[0065] Inequality (8) is an inequality that defines a ratio between the focal length
f2 of the second lens unit L2 and the focal length {3 of the third lensunitL3. Ina
case where the refractive power of the second lens unit L2 becomes weaker and the
value of {2/(-f3) becomes higher than the upper limit of inequality (8), the zoom
lens becomes larger. In a case where the refracting power of the second lens unit
L2 becomes stronger and the value of £2/(-f3) becomes lower than the lower limit
of inequality (8), aberration correction becomes difficult.

[0066] Inequality (9) is an inequality that defines a ratio between the focal length
f2 of the second lens unit L2 and the focal length {4 of the fourth lens unit L4. In
a case where the refractive power of the second lens unit L2 becomes weaker and
the value of £2/f4 becomes higher than the upper limit of inequality (9), the zoom
lens becomes larger. In a case where the refracting power of the second lens unit
L2 becomes stronger and the value of £2/f4 becomes lower than the lower limit of
inequality (9), aberration correction becomes difficult.

[0067] Inequality (10) is an inequality that defines a ratio between the focal length
f3 of the third lens unit L3 and the focal length f4 of the fourth lens unit L4. Ina
case where the refractive power of the third lens unit L3 becomes weaker and the
value of (-f3)/f4 becomes higher than the upper limit of inequality (10), the zoom
lens becomes larger. In a case where the refractive power of the third lens unit L3
becomes stronger and the value of (-f3)/f4 becomes lower than the lower limit of
inequality (10), aberration correction becomes difficult.

[0068] Inequality (11) is an inequality that defines a ratio between the focal length
f1 of the first lens unit L1 and the focal length fw of the zoom lens at the wide-angle
end. Ina case where the refractive power of the first lens unit L1 becomes weaker
and the value of (-f1)/fw becomes higher than the upper limit of inequality (11), the

zoom lens becomes larger. In a case where the refracting power of the first lens
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unit L1 becomes stronger and the value of (-f1)/fw becomes lower than the lower
limit of inequality (11), aberration correction becomes difficult.

[0069] Inequality (12) is an inequality that defines a ratio between the focal length
f1 of the first lens unit L1 and the focal length ft of the zoom lens at the telephoto
end. Ina case where the refractive power of the first lens unit L1 becomes weaker
and the value of (-f1)/ft becomes higher than the upper limit of inequality (12), the
zoom lens becomes larger. In a case where the refractive power of the first lens
unit L1 becomes stronger and the value of (-f1)/ft becomes lower than the lower
limit of inequality (12), aberration correction becomes difficult.

[0070] Inequality (13) is an inequality that defines a ratio between the lateral
magnification B2t of the second lens unit L2 at the telephoto end in the in-focus
state on the infinity object and the lateral magnification p2w of the second lens unit
L2 at the wide-angle end in the in-focus state on the infinity object. In a case
where inequality (13) is not satisfied, aberration correction becomes difficult over
the entire zoom range.

[0071] Inequality (14) is an inequality that defines a ratio between the lateral
magnification 3t of the third lens unit L3 at the telephoto end in the in-focus state
on the infinity object and the lateral magnification 3w of the third lens unit L3 at
the wide-angle end in the in-focus state on the infinity object. In a case where
inequality (14) is not satisfied, aberration correction becomes difficult over the
entire zoom range.

[0072] Inequality (15) is an inequality that defines a ratio between the focal length
fnl of the first negative lens, which is one of the lenses in the first lens unit L1, and
the focal length f1 of the first lens unit L1. In a case where inequality (15) is not
satisfied, aberration correction becomes difficult over the entire zoom range.
[0073] Inequality (16) is an inequality that defines a ratio between the focal length
tn2 of the second negative lens, which is one of the lenses in the first lens unit L1,

and the focal length f1 of the first lensunit L1. In a case where inequality (16) is
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not satisfied, aberration correction becomes difficult over the entire zoom range.
[0074] Inequality (17) is an inequality that defines a ratio between the focal length
fp1 of the first positive lens, which is one of the lenses in the first lens unit L1, and
the focal length f1 of the first lens unit L1. In a case where inequality (17) is not
satisfied, aberration correction becomes difficult over the entire zoom range.

[0075] Inequalities (4) to (17) may be replaced with the following inequalities (4a)

to (17a):
0.33 <BFw/(-f1) < 1.11 (4a)
0.10 < BFw/TTL < 0.27 (52)
2.3 <TTL/(-f1)<5.3 (6a)
3.6 <TTL/fw <7.1 (72)
0.17<f2/(f3)<1.12 (8a)
0.09 < £2/f4 < 0.62 (92)
0.15 < (-f3)/f4 < 1.68 (10a)
0.89 < (-f1)/fw <2.11 (11a)
0.39 < (-f1)/ft <1.13 (12a)
1.0 < B2t/P2w < 2.45 (132)
0.8 < B3t/B3w < 1.63 (14a)
0.60 < fn1/fl <1.82 (152)
0.76 < fn2/fl < 8.22 (16a)
0.72 < fpl/(-f1) <4.16 (172)

[0076] Inequalities (4) to (17) may be replaced with the following inequalities (4b)

to (17b):
0.37 <BFw/(-f1) <0.75 (4b)
0.12 <BFw/TTL <0.24 (5b)
2.7<TTL/(-f1) <4.7 (6b)
43 <TTL/fw <6.8 (7b)

0.23 < £2/(£3) < 0.76 (8b)
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0.11 < f2/f4 < 0.45 (9b)

0.17 <(-f3)/f4 < 1.37 (10b)
1.2 < (f1)/fw<1.9 (11b)
0.58 < (-f1)/ft < 0.90 (12b)
1.5 < B2t/B2w < 2.0 (13b)
1.09 < B3t/B3w < 1.26 (14b)
0.68 < fnl/f1 < 1.65 (15b)
1.0 < fn2/f1 < 6.5 (16b)
0.9 <fpl/(-f1)<3.4 (17b)

[0077] A detailed description will now be given of the zoom lens according to each
example.

[0078] The zoom lens according to Example 1 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the first lens unit L1 in
a direction including a component in a direction orthogonal to the optical axis.
[0079] The zoom lens according to Example 2 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP.  During focusing, the third lens unit L3 moves.

Image stabilization may be performed by moving a part of the second lens unit L.2
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in a direction including a component in a direction orthogonal to the optical axis.
[0080] The zoom lens according to Example 3 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP.  During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the second lens unit L2
in a direction including a component in a direction orthogonal to the optical axis.
[0081] The zoom lens according to Example 4 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the first lens unit L1 in
a direction including a component in a direction orthogonal to the optical axis.
[0082] The zoom lens according to Example 5 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the second lens unit L2

in a direction including a component in a direction orthogonal to the optical axis.
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[0083] The zoom lens according to Example 6 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the fourth lens unit L4
in a direction including a component in a direction orthogonal to the optical axis.

[0084] The zoom lens according to Example 7 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the second lens unit L2
in a direction including a component in a direction orthogonal to the optical axis.

[0085] The zoom lens according to Example 8 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the second lens unit L2
in a direction including a component in a direction orthogonal to the optical axis.

[0086] The zoom lens according to Example 9 consists of, in order from the object
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side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the first lens unit L1 in
a direction including a component in a direction orthogonal to the optical axis.
[0087] The zoom lens according to Example 10 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the second lens unit L2
in a direction including a component in a direction orthogonal to the optical axis.
[0088] The zoom lens according to Example 11 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the first lens unit L1 in
a direction including a component in a direction orthogonal to the optical axis.
[0089] The zoom lens according to Example 12 consists of, in order from the object

side to the image side, a first lens unit L1 having negative refractive power, a second
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lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the first lens unit L1 in
a direction including a component in a direction orthogonal to the optical axis.
[0090] The zoom lens according to Example 13 consists of, in order from the object
side to the image side, a first lens unit L1 having negative refractive power, a second
lens unit L2 having positive refractive power, a third lens unit L3 having negative
refractive power, and a fourth lens unit L4 having positive refractive power.
During zooming from the wide-angle end to the telephoto end, a distance between
adjacent lens units changes, and the first lens unit L1 and the fourth lens unit L4 are
fixed relative to the image plane IP. During focusing, the third lens unit L3 moves.
Image stabilization may be performed by moving a part of the first lens unit L1 in
a direction including a component in a direction orthogonal to the optical axis.
[0091] Numerical Examples 1 to 13 corresponding to Examples 1 to 13 will be
illustrated below.
[0092] In surface data of each numerical example, r represent a radius of curvature
of each optical surface, and d (mm) represents an on-axis distance (distance on the
optical axis) between an m-th surface and an (m+1)-th surface, where m is a surface
number counted from the light incident side. nd represents a refractive index for
the d-line of each optical element, and vd represents an Abbe number of the optical
element based on the d-line. The Abbe number vd of a certain material is
expressed as follows:

vd = (Nd-1)/(NF-NC)
where Nd, NF, and NC are refractive indices based on the d-line (587.6 nm), the F-

line (486.1 nm), and the C-line (656.3 nm) in the Fraunhofer line, respectively.
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[0093] In each numerical example, values of d, a focal length (mm), an F-number,
and a half angle of view (°) are set in a case where the optical system according to
each example is in the in-focus state on the infinity object. A back focus BF is a
distance on the optical axis from the final lens surface (lens surface closest to the
image plane) of the zoom lens LO to the paraxial image plane expressed in air
conversion length. The overall lens length of the zoom lens LO is a length
obtained by adding the back focus to a distance on the optical axis from the first
lens surface (lens surface closest to the object) to the final lens surface. The lens
unit includes one or more lenses.

[0094] In a case where the optical surface is aspherical, an asterisk * is attached to
the right side of the surface number. The aspherical shape is expressed as follows:
X=(h¥R)/[1+{1-(1+K)(h/R)?} "2+ A4xh*+A6xh*+A8xh3+A10xh!%+A12xh!?
where X is a displacement amount from a surface vertex in the optical axis direction,
h is a height from the optical axis in a direction orthogonal to the optical axis, a
light traveling direction is set positive, R is a paraxial radius of curvature, K is a
conic constant, and A4, A6, A8, A10, and A12 are aspheric coefficients. "exXX"

in each aspheric coefficient means "x 105X "

NUMERICAL EXAMPLE 1

UNIT: mm

SURFACE DATA

Surface No. r d nd vd
1 31.510 1.00 1.80400 46.5
2 13.253 581

3 384.169 1.00 1.59282 68.6
4 16.237 2.57

5 20.027 235 1.85478 248
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6 43.038
7 ~122.389
8 153.848
9 ~132.462
10 -22.094
11 (SP) o
12 16.955
13 -15.911
14 46.587
15 20.752
16 8.522
17 -23.714
18 -19.766
19 209.263
20% -13.721
21% -19.057
22 -129.610
23 -26.924
IP o
ASPHERIC DATA

20th Surface

K =0.00000e+00 A 4=3.64281e-04 A 6=2.03779%-06 A 8=-1.61378e-08

21st Surface

K =0.00000e+00 A 4=3.50063e-04 A 6=1.61923e-06 A 8=-1.64849¢-08

Various Data

2.86
1.00

(Variable)

2.51
2.50
0.50
4.23
1.90
4.62
0.90
3.98
(Variable)
0.80
2.07
2.00
(Variable)
4.47
12.29

- 21 —

1.49700

1.48749

1.83481

1.90366

1.80400
1.49700

1.56732

1.53110

1.85150

81.5

70.2

42.7

313

46.5
81.5

42.8

55.9

40.8
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Zoom Ratio 2.34
WIDE

Focal Length 12.42
Fno 4.10
Half Angle of View (°)  47.72
Image Height 11.37
Overall Lens Length 82.97
BF 12.29
ds8 18.70
d17 1.69
d21 3.20
Z0OO0OM LENS UNIT DATA
Unit No. Starting Surface

1 1

2 9

3 18

4 22
NUMERICAL EXAMPLE 2
UNIT: mm
SURFACE DATA
Surface No. r d

1 34.396 1.00

2 13.292 5.69

3 -323.606 1.00

- 22 —

MIDDLE TELE
18.65 29.07
5.13 6.40
36.22 25.17
12.86 13.66
82.97 82.97
12.29 12.29
10.05 1.39
2.74 6.86
10.80 15.34

Focal Length

-17.76

17.38
-24.70
39.13
nd vd
1.77250 49.6
1.59282 68.6
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4 16.748
5 20.652
6 36.566
7 -301.068
8 -30.039
9 (SP) o
10 19.485
11 -14.251
12 o
13 25.728
14 9.171
15 126.368
16 -23.072
17 82.694
18% -15.829
19% 21.570
20 ~120.000
21 27.671
P o
ASPHERIC DATA

18th Surface

K =0.00000e+00 A 4=332711e-04 A 6=1.73403e-06 A 8=-1.45204e-08

19th Surface

K =0.00000e+00 A 4=3.39522e-04 A 6=1.63472e-06 A 8=-1.61755e-08

Various Data

2.92
2.29
(Variable)
3.73
4.78
0.50
334
1.90
4.14
1.00
3.79
(Variable)
0.80
2.02
2.00
(Variable)
4.42
12.13

- 23 —

1.84666

1.48749

1.83481

1.90366

1.83481
1.49700

1.51742

1.53110

1.77250

23.8

70.2

42.7

313

42.7
81.5

524

55.9

49.6
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Zoom Ratio 2.35
WIDE
Focal Length 12.40
Fno 4.10

Half Angle of View (°)  47.76

Image Height 11.37
Overall Lens Length 83.44
BF 12.13
doé 19.82
d1s 1.77
d19 441
d21 12.13
Z0OOM LENS UNIT DATA
Unit No. Starting Surface

1 1

2 7

3 16

4 20
NUMERICAL EXAMPLE 3
UNIT: mm
SURFACE DATA
Surface No. r d

1 35.706 1.00

2 14.414 5.20

- 24 —

MIDDLE TELE
18.66 29.10
5.10 6.40
36.21 25.15
12.86 13.66
83.44 83.44
12.13 12.13
10.85 1.88
2.36 6.01
12.78 18.10
12.13 12.13

Focal Length

-18.26

17.57
-27.60
45.60
nd vd
1.77250 496
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3 _441 444

4 16.131

5 21.292

6 38.733

7 -260.840

8 33213

9 (SP) o
10 20.926
11 -18.671
12 -17.428
13 218.347
14 28.492
15 9.356
16 124,952
17 222,720
18 148.402
19% -23.196
20% -30.564
21 ~120.000
22 27.692
P o
ASPHERIC DATA

19th Surface

K =0.00000e+00 A 4=2.94393e-04 A 6=7.13003e-07 A 8=-1.72892e-08

20th Surface

K =0.00000e+00 A 4=3.24911e-04 A 6=1.01599¢-06 A 8=-1.72183e-08

1.00
3.30
3.27

(Variable)

2.46
2.00
2.00
4.64
0.22
0.80
4.07
1.00
5.18
(Variable)
0.80
1.72
2.00
(Variable)
4.34
(Variable)

- 25 —

1.59282

1.84666

1.48749

1.85150

1.85478

1.72916
1.49700

1.57099

1.53110

1.77250

68.6

23.8

70.2

40.8

24.8

54.7
81.5

50.8

55.9

49.6
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Various Data

Zoom Ratio 2.35
WIDE
Focal Length 12.40
Fno 4.10

Half Angle of View (°)  47.76

Image Height 11.37
Overall Lens Length 82.02
BF 12.79
do 19.99
d16 1.66
d20 2.58
d22 12.79
Z0OOM LENS UNIT DATA
Unit No. Starting Surface

1 1

2 7

3 17

4 21
NUMERICAL EXAMPLE 4
UNIT: mm
SURFACE DATA
Surface No. r d

- 26 —

MIDDLE
18.69
4.10
36.16
12.86
82.02
12.79

10.92
2.03
11.29

12.79

Focal Length

-19.53
17.94
-29.69

45.67

nd vd

TELE
29.10
4.10
25.15
13.66
82.02
12.79

1.84
5.63
16.76

12.79
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1 114.124 1.00 1.77250  49.6
2 12.042 4.29

3% 43.105 2.50 1.53110 559
4% 20.966 1.99

5 35.204 2.90 1.77047  29.7
6 -114.527 1.97

7 -32.492 1.00 1.49700 815
8 -70.456  (Variable)

9 18.171 1.94 1.77250  49.6
10 -529.066 2.48

11 (SP) 0 1.38

12 12.421 1.79 1.59282 68.6
13 44.069 0.36

14 -46.037 1.00 1.68893  31.1
15 10.684 0.48

16 25.111 3.36 1.59282 68.6
17 -21.982  (Variable)

18%* -18.435 2.00 1.53110 559
19* -32.813  (Variable)

20 -120.000 4.59 1.63854 554
21 -29.908 11.78

IP 00

ASPHERIC DATA

3rd Surface
K =0.00000e+00 A 4=-8.94309e-05 A 6=7.11824e-07 A 8=-3.52027e-09

4th Surface
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K =0.00000e+00 A 4=-1.48535e-04 A 6=06.59805e-07 A 8=-5.15433e-09

18th Surface
K =0.00000e+00 A 4=268346e-04 A 6=2.81044e-06 A 8=-9.40023e-08

19th Surface
K =0.00000e+00 A 4=267097e-04 A 6=1.59679¢-06 A 8=-5.11740e-08

Various Data
Zoom Ratio 2.02
WIDE MIDDLE TELE

Focal Length 14.40 20.07 29.10
Fno 4.10 5.02 6.29
Half Angle of View (°)  43.40 34.24 25.14
Image Height 11.46 12.40 13.17
Overall Lens Length 75.06 75.06 75.06
BF 11.78 11.78 11.78
d8 16.11 8.43 0.74
d17 1.84 1.00 6.15
d19 10.29 18.81 21.35
d21 11.78 11.78 11.78
ZOOM LENS UNIT DATA
Unit No. Starting Surface  Focal Length

1 1 -21.90

2 9 19.73

3 18 -83.23



10

15

20

25

4 20
NUMERICAL EXAMPLE 5
UNIT: mm
SURFACE DATA
Surface No. r d

1 235.833 1.00

2 10.085 4.16

3% -895.559 2.50

4* 44 .647 1.74

5 64.099 1.78

6 -162.178 (Variable)

7 -459.615 229

8 -33.943 4.00

9 18.560 3.57
10 -16.150 1.00
11 -62.644 1.84
12 (SP) o 4.68
13 25.922 1.00
14 8.456 421
15 -26.343  (Variable)
16 -34.878 0.80
17 139.823 4.14
18%* -9.417 2.00
19%* -12.991  (Variable)
20 -120.000 4.63

21 -24.348 11.50

- 20 _

61.17

nd
1.77250

1.53110

2.05090

1.48749

1.69680

1.90043

1.83481

1.49700

1.61772

1.53110

1.63854

vd
496

55.9

269

70.2

55.5

374

42.7

81.5

49.8

55.9

554



10

15

20

25

1P o0

ASPHERIC DATA
3rd Surface
K =0.00000e+00

4th Surface
K =0.00000e+00

18th Surface
K =0.00000e+00

19th Surface
K =0.00000e+00

Various Data

Zoom Ratio

Focal Length

Fno

Half Angle of View (°)

Image Height

Overall Lens Length

BF

doé
d15s
d19

- 30 —

A 4=-8.12193¢-05

A 4=-1.28410e-04

A 4=2.77887e-04

A 4= 2.14784¢-04

2.02

WIDE
14.40
4.10
43.30
1142
78.52

11.50

16.23
1.45
3.98

A 6= 8.99724e-07

A 6=3.69150e-07

A 6=6.15575e-06

A 6= 3.85389¢-06

MIDDLE TELE
20.23 29.10
5.04 6.40
34.02 25.14
12.56 13.22
78.52 78.52
11.50 11.50
8.82 1.41
2.48 6.02
10.37 14.24

A 8=-1.19209¢-08

A 8=-1.09948¢-08

A 8=-2.56537¢-08

A 8=-2.47687¢-08



10

15

20

25
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d21 11.50 11.50
ZOOM LENS UNIT DATA
Unit No. Starting Surface  Focal Length
1 1 -18.40
2 7 18.55
3 16 -28.78
4 20 46.95
NUMERICAL EXAMPLE 6
UNIT: mm
SURFACE DATA
Surface No. r d nd
1 93.086 1.00 1.77250
2 11.534 5.04
3% 35.096 2.50 1.53110
4% 18.745 1.76
5 34.034 2.40 1.84666
6 247.520  (Variable)
7 21.135 3.07 1.77250
8 -83.384 242
9 (SP) o 1.42
10 11.906 1.79 1.60311
11 24.109 0.36
12 -32.365 1.05 1.72151
13 11.247 0.46
14 18.005 2.74 1.60311

vd
49.6

55.9

23.8

49.6

60.6

292

60.6

11.50



10

15

20

25
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15 -16.851  (Variable)

16* -20.785 2.00 1.53110 559
17* -46.785  (Variable)

18 227811 1.00 1.65844 509
19 39.504 5.98

20 41.856 6.15 1.72916 547
21 -63.192 13.08

P ©

ASPHERIC DATA

3rd Surface
K =0.00000e+00

4th Surface
K =0.00000e+00

16th Surface
K =0.00000e+00

17th Surface
K =0.00000e+00

Various Data

Zoom Ratio

Focal Length

Fno

Half Angle of View (°)

A 4=-1.05255e-04

A 4=-1.71621e-04

A 4=2.57526e-04

A 4=2.59203e-04

1.97

WIDE
14.47
4.10
43.35

A 6= 6.96967e-07

A 6= 6.71606e-07

A 6=2.11426e-06

A 6=1.45831e-06

MIDDLE TELE
19.96 28.47
5.01 6.22
34.39 25.63

A 8=-3.20460e-09

A 8=-5.21171e-09

A 8=-6.79744e-08

A 8=-4.89468e-08



10

15

20

25

Image Height 1142
Overall Lens Length 72.82
BF 13.08
do 15.12
d1s 1.64
d17 1.83
d21 13.08
Z0OOM LENS UNIT DATA

Unit No. Starting Surface

1

1

2 7
3 16
4 18
NUMERICAL EXAMPLE 7
UNIT: mm
SURFACE DATA
Surface No. r d
1 0 1.50
2 49.839 1.40
3 17.865 9.70
4 -74.024 1.10
5 26.453 2.18
6 28.144 5.42
7 155.531

- 33 —

12.56
72.82
13.08

7.96
0.67
9.96
13.08

Focal Length
-22.02
18.72
-72.35

57.69

nd

1.77250

1.59282

1.80610

(Variable)

vd

49.6

68.6

333

13.22
72.82
13.08

0.79
4.33
13.47
13.08



10

15

20

25

8 24.363
9 133.320
10 (SP) ©
11 42.759
12 11.137
13 -107.618
14 -20.935
15 38.508
16* 29.415
17* -16.643
18 26.091
19 16.431
20% -50.394
21% -1001.831
22 -200.000
23 -61.168
P w
ASPHERIC DATA

16th Surface

K =0.00000e+00 A 4=-5.16959e-05 A 6=-1.53463e-07 A 8=-3.31876e-09

17th Surface

K =0.00000e+00 A 4=3.33206e-05 A 6=-2.05294e-07 A 8=-1.88875e-09

20th Surface

K =10.00000e+00 A 4=-3.57991e-05 A 6=-1.41049¢-07 A 8=-1.54522¢-09

3.01
261
2.00
1.00
5.77
2.85
1.00
0.15
7.00
(Variable)
0.80
9.30
2.40
(Variable)
3.26
12.68

- 34 —

1.72916

1.76634

1.72916

1.53172

1.49700

1.60342

1.53110

1.90065

54.7

35.8

54.7

48.8

81.5

38.0

55.9

31.6
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21st Surface

K =0.00000e+00 A 4=-436025e-05 A 6=-1.02183e-07 A 8=-4.60803e-10

Various Data
Zoom Ratio 1.89

WIDE MIDDLE TELE

Focal Length 20.60 28.40 39.00
Fno 4.10 4.10 4.10
Half Angle of View (°)  46.40 37.29 29.01
Image Height 17.94 19.62 20.74
Overall Lens Length 97.01 97.01 97.01
BF 12.68 12.68 12.68
d7 18.11 9.58 1.05
d17 1.79 1.00 2.86
d21 2.00 11.32 18.00
d23 12.68 12.68 12.68
ZOOM LENS UNIT DATA
Unit No. Starting Surface Focal Length

1 1 -30.37

2 8 2427

3 18 -41.20

4 22 96.76
NUMERICAL EXAMPLE 8

UNIT: mm



10

15

20

25

SURFACE DATA
Surface No. r
1 42.299
2 18.914
3 -142.144
4 30.217
5 33.034
6 50.217
7 3588.151
8 -40.853
9 23.007
10 -26.519
11 79.436
12 (SP) o
13 28.102
14 11.348
15 -45.381
16 41.052
17 15.294
18%* -51.838
19%* -1006.304
20 -200.000
21 -45.565
1P o0
ASPHERIC DATA

18th Surface

K =0.00000e+00 A 4=-2.18376e-04 A 6=8.06571e-07 A 8=-7.88304e-09

d
1.50
8.16
1.20
5.54
2.03

(Variable)
3.04
1.62
4.07
1.01
3.46
5.69
1.00
4.25

(Variable)
0.80
6.27
2.10

(Variable)
5.59

(Variable)
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nd
1.75500

1.59282

1.96300

1.53775

1.79952

1.95375

1.85150

1.59522

1.51742

1.53110

1.77250

vd
52.3

68.6

241

74.7

422

32.3

40.8

67.7

524

55.9

49.6



10

15

20

25

19th Surface

K =10.00000e+00 A 4=-1.88281e-04 A 6= 7.88400e-07 A 8=-4.74781e-09

Various Data

Zoom Ratio 2.35
WIDE
Focal Length 20.60
Fno 4.10

Half Angle of View (°)  46.40

Image Height 1822
Overall Lens Length 106.52
BF 19.41
doé 26.05
d1s 1.00
d19 2.72
d21 19.41
Z0OOM LENS UNIT DATA
Unit No. Starting Surface

1 1

2 7

3 16

4 20
NUMERICAL EXAMPLE 9

UNIT: mm

- 37 —

MIDDLE
31.11
5.20
34.81
2032
106.52
1941

13.88
2.05

13.84
1941

Focal Length
-28.51
23.49
-31.34
75.20

TELE
48.50
5.88
24.04
21.64
106.52
1941

1.70
6.67
21.40
19.41



10

15

20

25

SURFACE DATA
Surface No. r

1 60.703
2 10.568
3% -158.794
4* 35.904
5 69.552
6 -37.356
7 -41.573
8 -114.793
9 19.470
10 -126.753
11 (SP) %
12 13.509
13 -29.196
14 -18.502
15 10.390
16 16.003
17 -17.071
18%* -18.646
19%* -46.212
20 -40.654
21 -20.238
1P o0
ASPHERIC DATA

3rd Surface

d
1.30
5.26
2.00
0.68
2.59
0.90
1.00
(Variable)
2.27
6.20
0.80
2.32
0.23
2.50
1.45
295
(Variable)
1.50
(Variable)
3.48

13.34
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nd
1.95375

1.53110

1.85478

1.43875

1.65160

1.49700

1.59551

1.43875

1.53110

1.43875

vd
323

55.9

248

94.7

58.5

81.5

392

94.7

55.9

94.7
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15

20

25

K =0.00000e+00

4th Surface
K =0.00000e+00

18th Surface
K =0.00000e+00

19th Surface
K =0.00000e+00

Various Data

- 39 —

A 4=-1.84708e-04

A 4=-2.31582e-04

A 4=4.14762e-04

A 4=421395e-04

Zoom Ratio 2.01
WIDE

Focal Length 14.45
Fno 4.10
Half Angle of View (°) 4339
Image Height 11.46
Overall Lens Length 77.99
BF 13.34
ds8 16.17
d17 0.80
d19 10.26
d21 13.34
ZOOM LENS UNIT DATA
Unit No. Starting Surface

A 6=1.47430e-06

A 6= 1.38450e-06

A 6=-1.81540e-06

A 6=-2.16529¢-06

MIDDLE TELE
20.17 29.09
5.05 6.40
34.10 25.15
12.41 13.18
77.99 77.99
13.34 13.34
8.48 0.80
1.51 7.58
17.23 18.84
13.34 13.34

Focal Length

A 8=-1.09499¢-08

A 8=-1.10945¢-08

A 8=-1.40506e-09

A 8=8.23735e-09



10

15

20

25

18
20

NUMERICAL EXAMPLE 10

UNIT: mm
SURFACE DATA
Surface No. r
1 42.644
2 17.764
3 -70.406
4 25301
5 25.884
6 209.726
7 25.792
8 539.599
9 (SP) 0
10 59.108
11 19.640
12 -88.410
13 -18.122
14 71.719
15* 23.626
16* -14.207
17 24.461
18 15.091

d
1.30
8.77
1.20
236
4.26
(Variable)
2.12
5.57
0.88
1.00
2.76
2.69
1.01
2.69
4.90
(Variable)
1.00
9.99
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-18.40
2041
-59.99
87.31

nd
1.72916

1.53775

1.62588

1.59522

1.69895

1.72916

1.54072

1.43875

1.51633

vd
54.7

74.7

35.7

67.7

30.1

54.7

472

94.7

64.1



10

15

20

25
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19* -51.360 2.00 1.53110 55.9
20% 199.736 (Variable)

21 -991.849 2.03 2.05090 269
22 -167.475 12.67

1P o0

ASPHERIC DATA

15th Surface
K =0.00000e+00

16th Surface
K =0.00000e+00

19th Surface

K =0.00000e+00

20th Surface

K =0.00000e+00

Various Data

Zoom Ratio

Focal Length

Fno

Half Angle of View (°)

Image Height

Overall Lens Length

BF

A 4=-2.76672e-05

A 4=8.66431e-05

A 4=-2.50400e-05

A 4=-436025e-05

1.88

WIDE
20.92
4.10
45.96
18.00
91.22
12.67

A 6=-3.81028e-08

A 6=-1.50654e-07

A 6=-1.7334%¢-07

A 6=-1.02183e-07

MIDDLE TELE
28.94 39.31
4.10 4.10
36.78 28.82
19.62 20.76
91.22 9122
12.67 12.67

A 8=1.77147e-09

A 8=3.16848e-09

A 8=-1.30647¢e-09

A 8=-4.60803e-10



10

15

20

25

do 17.87
dle 2.47
d20 1.69
d22 12.67
Z0OOM LENS UNIT DATA
Unit No. Starting Surface

1 1

2 7

3 17

4 21

NUMERICAL EXAMPLE 11

-351.116  (Variable)

UNIT: mm

SURFACE DATA

Surface No. r
1 620.156
2 13.951
3* 31.386
4% 16.340
5 -2188.375
6 22.775
7 -107.410
8 -53.431
9

10 18.205

d
1.00
3.20
1.77
2.55
1.00
3.74
1.34
1.00

2.17

- 42 —

933
0.80
11.90
12.67
Focal Length
-33.47
2391
-36.80
191.50
nd vd
1.80610 40.9
1.53110 559
1.43875 94.7
1.90043 37.4
1.43875 947
1.69680 555

0.80
1.28
19.95

12.67



10

15

20

25
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11 -182.560 2.82

12 (SP) o 0.80

13 11.712 238 1.43875 94.7
14 -80.486 0.31

15 -25.729 2.00 1.60342 38.0
16 10.136 1.04

17 20.451 2.17 1.43875 94.7
18 -17.817  (Variable)

19%* -40.343 1.50 1.53110 559
20% 106.642  (Variable)

21 -547.596 5.61 1.49700 81.5
22 -21.883  (Variable)

IP 00

ASPHERIC DATA

3rd Surface
K =0.00000e+00

4th Surface
K =0.00000e+00

19th Surface

K = 0.00000e+00

20th Surface
K =0.00000e+00

Various Data

A 4=-1.92346e-04

A 4=-2.49552¢-04

A 4=2.25885e-04

A 4=2.83610e-04

A 6= 1.46585e-06

A 6= 1.5645%9e-06

A 6=-7.11818e-07

A 6=-1.54983e-06

A 8=-5.19278e-09

A 8=-7.02285e-09

A 8=-1.70513e-08

A 8=-2.79368e-09



10

15

20

25

Zoom Ratio 2.01
WIDE
Focal Length 14.44
Fno 4.10

Half Angle of View (°)  43.41

Image Height 11.46
Overall Lens Length 74.83
BF 13.10
do 16.17
di18 241
d20 6.75
d22 13.10
Z0OOM LENS UNIT DATA
Unit No. Starting Surface

1 1

2 10

3 19

4 21

NUMERICAL EXAMPLE 12

UNIT: mm

SURFACE DATA

Surface No. r d
1 333.322 1.00

2 14.457 2.17

- 44 —

MIDDLE TELE
20.17 29.09
5.07 6.40
34.11 25.15
12.41 13.18
74.83 74.83
13.10 13.10
8.48 0.80
3.08 8.46
13.76 16.06
13.10 13.10

Focal Length

-22.35

20.11
-54.92
45.70
nd vd
1.59145 68.4



10

15

20

25

3% 16.664
4% 13.429
5 72.731
6 15.506
7 18.208
8 82.353
9 -59.712
10 1265.032
11 16.222
12 -120.338
13 (SP) o
14 8.920
15 24.467
16 -291.423
17 7.730
18 15.894
19 -25.062
20% -20.249
21% -67.405
22 1468.914
23 -26.178
IP o
ASPHERIC DATA

3rd Surface

K =0.00000e+00 A 4=-1.53281e-04 A 6=1.08426e-06 A 8=-4.18904e-09

4th Surface

1.75
3.12
0.99
1.36
3.08
2.05
1.00
(Variable)
1.79
0.80
0.80
1.59
0.35
1.00
2.37
1.71
(Variable)
1.28
(Variable)
4.86
13.10
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1.53110

1.43830

1.80652

1.43846

1.69462

1.51616

1.60753

1.43787

1.53110

1.49667

55.9

95.0

46.7

948

57.7

79.3

379

953

55.9

81.9
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15

20

25
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K =0.00000e+00 A 4=-2.14777e-04 A 6=1.34839¢-06 A 8=-7.81236e-09

20th Surface

K =0.00000e+00 A 4=6.82662e-04 A 6=-2.35509¢-06 A 8=-8.17593e-08

21st Surface

K =0.00000e+00 A 4=7.14470e-04 A 6=-3.68516e-06 A 8=-2.76365e-08

Various Data

Zoom Ratio 2.02
WIDE MIDDLE TELE

Focal Length 14.43 20.17 29.10
Fno 4.10 5.00 6.16
Half Angle of View (°) 4342 34.11 25.14
Image Height 11.46 12.41 13.18
Overall Lens Length 70.63 70.63 70.63
BF 13.10 13.10 13.10
d10 16.17 8.49 0.80
d19 1.57 0.80 3.54
d21 6.72 15.18 20.12
d23 13.10 13.10 13.10
ZOOM LENS UNIT DATA
Unit No. Starting Surface Focal Length

1 1 -24.90

2 11 18.46

3 20 -55.02



10

15

20

25

NUMERICAL EXAMPLE 13

UNIT: mm
SURFACE DATA
Surface No. r d
1 206.545 1.30
2 11.330 4.19
3% 62.888 1.81
4* 20.219 0.80
5 24916 2.72
6 -390.408 2.23
7 -25.898 1.02
8 -47.695  (Variable)
9 18.212 1.40
10 63.288 2.25
11 (SP) o 0.80
12 11.731 2.68
13 -13.536 0.17
14 -12.668 1.50
15 6.966 0.63
16 8.050 3.16
17 -26.152  (Variable)
18%* -12.552 1.50
19%* -21.575  (Variable)
20 -28.270 2.55

21 -19.416 16.10

- 47 —

51.84

nd
1.72916

1.53110

1.90043

1.43875

1.69680

1.53775

1.57099

1.43875

1.53110

1.49700

vd
54.7

55.9

374

94.7

55.5

74.7

50.8

94.7

55.9

81.5
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20

25

1P o0

ASPHERIC DATA
3rd Surface
K =0.00000e+00

4th Surface
K =0.00000e+00

18th Surface
K =0.00000e+00

19th Surface
K =0.00000e+00

Various Data

Zoom Ratio

Focal Length

Fno

Half Angle of View (°)

Image Height

Overall Lens Length

BF

d8
d17
d19

- 48 —

A 4=-1.14002¢-04

A 4=-1.76654e-04

A 4=9.49757e-04

A 4= 8.99649¢-04

2.02

WIDE
1442
4.10
43.44
11.46
69.58

16.10

16.17
2.79
3.84

A 6=1.79201e-06

A 6=1.89620e-06

A 6=5.59399¢-06

A 6=3.06165e-06

MIDDLE TELE
20.24 29.10
5.06 6.28
34.01 25.15
12.41 13.18
69.58 69.58
16.10 16.10
8.48 0.80
0.79 2.42
13.52 19.58

A 8=-9.57523e-09

A 8=-1.42839¢-08

A 8=-2.76077e-07

A 8=-1.04329¢-07
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d21 16.10 16.10 16.10
ZOOM LENS UNIT DATA
Unit No. Starting Surface Focal Length
5 1 1 -23.46
2 9 18.06
3 18 -59.97
4 20 113.86

10 [0095] TABLES 1 and 2 summarize various values in each example.

TABLE 1
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zoom lens may be configured according to each of the examples discussed above.

[0096] Referring now to FIG. 27, a description will be given of a digital still camera
(image pickup apparatus) using a zoom lens as an imaging optical system. The

IMAGE PICKUP APPARATUS

5
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FIG. 27 illustrates a configuration of an image pickup apparatus 10. The image
pickup apparatus 10 includes a camera body 13, a lens apparatus 11 including a
zoom lens according to any one of Examples 1 to 13, and an image sensor (light
receiving element) 12 configured to photoelectrically convert an image formed by
the zoom lens. The image sensor 12 can use a CCD sensor or a CMOS sensor.
The lens apparatus 11 and the camera body 13 may be integrated with each other,
or may be detachably configured. The camera body 13 may be a so-called single-
lens reflex camera having a quick turn mirror, or a so-called mirrorless camera
without a quick turn mirror. The image pickup apparatus 10 according to this
example can be small and lightweight, and have high optical performance.

[0097] The image pickup apparatus 10 according to this example is not limited to
the digital still camera illustrated in FIG. 27, but is applicable to various image
pickup apparatuses such as a broadcasting camera, a film-based camera, a

surveillance camera, and the like.

IMAGE PICKUP SYSTEM

[0098] An image pickup system (surveillance camera system) may include the
zoom lens according to any one of the above examples and a control unit configured
to control the zoom lens. In this case, the control unit is configured to control the
zoom lens so that each lens unit moves as described above during zooming,
focusing, and image stabilization. The control unit does not have to be integrated
with the zoom lens, and may be separate from the zoom lens. For example, a
control unit (control apparatus) disposed remotely from a driving unit configured
to drive each lens in the zoom lens may include a transmission unit configured to
transmit a control signal (command) for controlling the zoom lens. This control
unit can remotely control the zoom lens.

[0099] By providing an operation unit such as a controller and buttons for remotely

operating the zoom lens to the control unit, the zoom lens may be controlled
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according to the user's input to the operation unit. For example, the operation unit
may include an enlargement button and a reduction button. A signal may be sent
from the control unit to the driving unit of the zoom lens L0 so that in a case where
the user presses the enlargement button, the magnification of the zoom lens
increases, and in a case where the user presses the reduction button, the
magnification of the zoom lens decreases.

[0100] The image pickup system may include a display unit such as a liquid crystal
panel configured to display information (moving state) about the zoom of the zoom
lens. The information about the zoom of the zoom lens is, for example, the zoom
magnification (zoom state) and a moving amount (moving state) of each lens unit.
In this case, the user can remotely operate the zoom lens through the operation unit
while viewing information about the zoom of the zoom lens displayed on the
display unit. The display unit and the operation unit may be integrated by
adopting a touch panel or the like.

[0101] The fourth lens unit in the zoom lens according to any one of the above
examples may consist of a single positive fixed focal length lens.

[0102] While the present invention has been described with reference to the above
example embodiments, it is to be understood that the disclosure is not limited solely
to the disclosed embodiments.

[0103] Each example can provide a negative lead type wide-angle zoom lens that is
compact and lightweight yet has high optical performance over the entire zoom

range.
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CLAIMS

1. A zoom lens comprising a plurality of lens units, the plurality of lens
units consisting of, in order from an object side to an image side, a first lens unit
having negative refractive power, a second lens unit having positive refractive
power, a third lens unit having negative refractive power, and a fourth lens unit
having positive refractive power,

wherein a distance between adjacent lens units changes during
zooming from a wide-angle end to a telephoto end,

wherein the first lens unit includes three or more lenses,

wherein the first lens unit is fixed relative to an image plane during
zooming, and

wherein the following inequalities are satisfied:

0.85 < (-f1)/f2 <2.00

0.00 < (-f1)/f4 < 0.55

0.00 <LDI/TTL <0.27
where f1 is a focal length of the first lens unit, 2 is a focal length of the second lens
unit, f4 is a focal length of the fourth lens unit, LD1 is a distance on an optical axis
from a lens surface on the object side of a lens closest to an object in the first lens
unit to a lens surface on the image side of a lens closest to the image plane in the
first lens unit, and TTL is a distance on the optical axis from the lens surface on the
object side of the lens closest to the object in the zoom lens at the wide-angle end

to the image plane.

2. The zoom lens according to claim 1, wherein the following inequality
is satisfied:
0.30 < BFw/(-f1) <1.50

where BFw an air conversion amount of a distance on the optical axis from a lens
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surface on the image side of the lens closest to the image plane in the zoom lens at

the wide-angle end to the image plane.

3. The zoom lens according to claim 1 or 2, wherein the following
inequality is satisfied:
0.07 < BFw/TTL <0.30
where BFw an air conversion amount of a distance on the optical axis from a lens
surface on the image side of the lens closest to the image plane in the zoom lens at

the wide-angle end to the image plane.

4. The zoom lens according to any one of claims 1 to 3, wherein the
following inequality is satisfied:

2.0 < TTL/(-f1) < 6.0.

5. The zoom lens according to any one of claims 1 to 4, wherein the
following inequality is satisfied:
30<TTLAW<T75

where fw is a focal length of the zoom lens at the wide-angle end.

6. The zoom lens according to any one of claims 1 to 5, wherein the
following inequality is satisfied:
0.1 <f2/(-f3)<1.5

where f3 is a focal length of the third lens unit.

7. The zoom lens according to any one of claims 1 to 6, wherein the
following inequality is satisfied:

0.05 <12/f4 <0.80.
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8. The zoom lens according to any one of claims 1 to 7, wherein the
following inequality is satisfied:
0.1<(-f3)/f4<2.0

where 13 is a focal length of the third lens unit.

9. The zoom lens according to any one of claims 1 to 8, wherein the
following inequality is satisfied:
0.5 <(f1)fw <25

where fw is a focal length of the zoom lens at the wide-angle end.

10.  The zoom lens according to any one of claims 1 to 9, wherein the
following inequality is satisfied:
02<(-fyft<1.4

where ft is a focal length of the zoom lens at the telephoto end.

11.  The zoom lens according to any one of claims 1 to 10, wherein the
following inequality is satisfied:
0.5 < p2t/B2w < 3.0
where B2t is lateral magnification of the second lens unit at the telephoto end, and

B2w is lateral magnification of the second lens unit at the wide-angle end.

12, The zoom lens according to any one of claims 1 to 11, wherein the
following inequality is satisfied:
0.5 < B3t/B3w < 2.0
where B3t is lateral magnification of the third lens unit at the telephoto end, and

3w is lateral magnification of the third lens unit at the wide-angle end.

13.  The zoom lens according to any one of claims 1 to 12, wherein the
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first lens unit includes a first negative lens, and the following inequality is satisfied:
0.5<fnl/f1 <2.0

where fnl is a focal length of the first negative lens.

14.  The zoom lens according to any one of claims 1 to 13, wherein the
first lens unit includes a second negative lens, and the following inequality is
satisfied:

0.5 <fn2/f1 <10.0

where fn2 is a focal length of the second negative lens.

15.  The zoom lens according to any one of claims 1 to 14, wherein the
first lens unit includes a first positive lens, and the following inequality is satisfied:
0.5 <fpl/(-f1) < 5.0

where fp1 is a focal length of the first positive lens.

16.  The zoom lens according to any one of claims 1 to 15, wherein the

first lens unit consists of lenses having refractive powers.

17.  The zoom lens according to any one of claims 1 to 16, wherein the
fourth lens unit is fixed relative to the image plane during zooming from the wide-

angle end to the telephoto end.

18.  The zoom lens according to any one of claims 1 to 17, wherein the

second lens unit includes an aperture stop.

19.  The zoom lens according to any one of claims 1 to 18, wherein the

fourth lens unit consists of a single positive fixed focal length lens.
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20.  The zoom lens according to any one of claims 1 to 19, wherein the
first lens unit consists of, in order from the object side to the image side, a negative

lens, a negative lens, and a positive lens.

21.  The zoom lens according to any one of claims 1 to 20, wherein the
first lens unit consists of, in order from the object side to the image side, a negative

lens, a negative lens, a positive lens, and a negative lens.

22, The zoom lens according to any one of claims 1 to 21, wherein the
first lens unit consists of, in order from the object side to the image side, a negative

lens, a negative lens, a negative lens, a positive lens, and a negative lens.

23, The zoom lens according to any one of claims 1 to 22, wherein the

third lens unit is a focus lens unit that moves during focusing.

24, The zoom lens according to claim 23, wherein the third lens unit

consists of a single negative fixed focal length lens.

25.  The zoom lens according to claim 23, wherein the third lens unit

consists of two negative fixed focal length lenses.

26.  Animage pickup apparatus comprising:
a zoom lens according to any one of claims 1 to 25; and
an image sensor configured to receive image light formed by the

zoom lens.
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