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- 1 SO05P1449 DESCRI PTI ON ZOOM LENS AND | MAGE
CAPTURI NG APPARATUS Technical Field (0001] The
present invention relates to a novel zoomlens and an
i mage capturing apparatus. Mre particularly, the
present invention relates to a zoomlens suitable for
caneras, such as video caneras and digital stil
canmeras, that receive |light using an image sensing
device and suitable for correcting blurring of 35591449
i mage due to shaking of the caneras and an imag
capturing apparatus including the zoomlens.
Background Art [ OOOZESCEAPTEONod has been known in
whi ch a subject inage is formed on an i mage sensi ng
devi ce APEIh §EX Sp Bt AMBGHEr ICAPTURING] BESAR W as a
charged coupl ed device (CCD) or a conplenentary
net al - oxi de sem conductor (CMOS) that serves as
recordi ng means of a canera, and the light intensity
Techmical Helgkthj ect image is converted to an el ectrical
out put by the photoelectric transducer and is
{0003 bcor ded. [0003] In recent years, with the

%9@5%%%%% q%f%né%%%P%%ﬁ%tes to a novel zoom lens and

an image capturing apparatus. More particularly, the
present invention relates to a zoom lens suitable for
cameras, such as video cameras and digital still cameras,
that receive light using an image sensing device and
suitable for correcting blurring of an image due te shaking
of the cameras and an image capturing apparatus including

the zoom lens.

Background Art
[0002]

A method has been known in which a subject image is
formed on an image senszing device using a photoelectric
tranaducer, such as a charged coupled device (CCD) or a
complementary metal-oxide semiconductor (CMDS5) that serwves
as recording means of a camera, and the light intensity of
the subject image is converted to an electrical output by
the photoelectric transducer and i& recorded.

[C003]

In recent years, With the advancement of



m crof abri cation techni ques, central processing units
(CPUs) have been increasing in processing speed and i
recordi ng nmedia have been increasing in nmenory '
density. Thus, a large volune of imge data that could
not be processed before can now be processed at a ] ‘
hi gh speed. In addition, the density of |ight
recei ving el ements has beep increased with decreasing ;
size of an inmage sensing elenent. The increased i
density of light receiving elenents allows a canéwgﬁﬁ§49 !
. record an image of high spatial_ frequency. The )
micrgéabriagedloni brelyriqugh veeervl ngretenenns whibws (CHEs) !
size of the body of a camera to be decreased. [0004] '
have| RegRdi FFEPRS 17 ot U PTPORS 8509 sSPRedsend Eanerdlrs media
m%de range of an |[mage capturing environnment, _the
have jRRERIROFe2SiDPoht | BRROTE FRRFEEE ngl ke, #nlarge
articul ar he demand fo a zoomlens with a high
voluBginr indhe 4o CPLRE Gl e oBof 55 ptener sod arpte can
tical system having a_high zopomrati thg angl e of
now 8 pEBsrSERLT o it oudt® S  dibien BTty
of 1LGAEIPLOO Yind Voot L Ohls NAOG, VI REALL 004 GOHERS
srgni |cant_% urring of an image. erefore, I'n video
decr&@gfﬁﬁssfﬁé'ﬁﬁ @hhiﬂ@g@°§@ﬁ§fﬁé°el@$@ﬁ{[oniﬁe'fﬁ@%%ased
whi ch an

stabi i zati on systens™ have been devel oped in

densi PRISE 1E§RE Vfé@a@#?ﬁoél bhént & 9@115@@ ek Vifge £h ep@nt

is shifted so that e image blurring caused by hand

reco¥dbaat ifdgd Sof 8lgi€dspat t1al -frequency. - The @ecrdased
size of light receiving elements allows the size of the body
of a camera to be decreased.

i0004]

In addition, in order for users ko use a camera in a
wide range of an image capturing environment, the demand for
a zoom lens is increasing and, in particular, the demand for
a zoom lens with a high zoom ratio is increasing.

[0005]

However, im an optical system having a high zoom ratio,
the angle of field of view is decreased in a telephoto
setting. Accordingly, even a slight hand vibration causes
significant blurring of an image. Therefore, in video
cameras having a high zoom ratio, electronic image
stabilization systems have been developed in which an image
receiving area of the light receiving element is shifted so

that the image blurring caused by hand vibration is reduced.




SOBP1449 [0006] In addition, image stabilization

optical systens have been devel oped in which sone of

the lens groups of a lens systemare shifted in a

direction substantially perpendicular to the optical

axis so that degradation of the optical perfornmance

caused by a shift in the imge position is reduced.

(0007] These inmage stahil4zation optical systens

i nclude, for exanple, a detection subsysten1for5ﬂ5pqug

detecting image blurring caused by hand vibration

occurring, for exanple, when a shutter is released, a
[G00&bntrol subsystemfor providing an anmount of

correction for, noving a |ens position on the basis of

AT iaghHl b iR p WG T dqro PREdEsyls tSeTRt et heave
meen (e Suapalol SRR SEomh b P S, B
SYStQT R R ALt epr e FHRGEE Fat T AR ot ore.
perpURreian €5 il GEP A TR 51 80 (AP A RIS TR G one
opti¢Elihe PO MAT daysed DPPE SR T RN, e ed Hdfhien

is réMpddg. canera by shifting the lens using the drive
subsystem (0009] 4

{0007]

These 1lmage stabilization optical systems include, for
example, a dekbtection subsystem for detecting image blurring
caused by hand vibration occurring, for example, when a
shutter is released, a control subsystem for providing an
amount of correction for moving a lens position on the basis
of a signal output from tEhe detecktion subsystem, and a drive
subsystem for moving a predetermined lens on the basis of
the output from the control subsystem. Thus, these image
stabilization optical systems can function as optical image
stabilization systems.

[0008]

These optical image stabilization systems can shift the
image by the drive subsystem shifting the lens. Accordingly,
the optical image stabilization systems can correct the
image blurring due to shaking of the camera by shifting the
lens using the drive subsystem.

(0002]




505P1449 j For exanpl e, Japanese Unexam ned Patent
Application Publication Nos. 2002-244037, 2003-228001,
and 2003- 295057 describe such imge stabilization
optical systenms. [0010] A zoomlens described in
Japanese Unexam ned Patent Application Publication

No. 2002-244037 includes a third |ens group di sposed

on the image side of an_aperture stop. The third |ens
group includes a negative subgroup and a positiV@cpiqag
subgroup. By noving the positive subgroup, the inage

is shifted. [0011] A zoomlens described in Japanese

mx@ﬁmﬁpat@ﬁaﬂeﬁ@plq%ﬁw%kﬁﬁt@&ﬁ SFPENg.cation
2003-228001 includes a third _|ens oup dis ed on
Publ {3t} Hagiosi P~ 2 Ger (AR KRR L Trnd rﬁﬂ?@%%@ﬂs?
oup cl ydes a itive subgrou ative
cescElg Rl BRGoRP I A PO | R Lo Bt | mage
Duléﬁ shifted. [0012] A zoom | ens described in Japanese
[ exam ned Patent Application Publication No.

003- 295057 | hi
RGO aT IR bl 0 i Y T

eerwlre ens grou

ﬂppl££§fi@§uﬁ&bf&céﬁ%@ﬁ“ﬁ@ﬁ 2&65u5ﬂ493$}inciudes 2 third

lens group disposed on the image side of an aperture stop.
The third lens group includes a negative subgroup and a
positive subgroup. By moving the positive subgroup, the
image is shifted.

[0011]

A zoom lens described in Japanese Unexamined Patent
Application Publication No. 2003-228001 includes a third
lens group disposed on the image side of an aperture stop.
The third lens group includes a positive subgroup and a
negative subgroup. By moving the poéitive subgroup, the
image is shifted.

[0012]

A zoom lens described in Japanese Unexamined Patent
Application Publication No. 2003-295057 includes a thirxd
lens group. By moving the entire third }lens group, the

image is shifted.

Disclosure of Invention

[0013]
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5 S05P1449 However, when, as described in Japanese i
Unexam ned Patent Application Publication No. {
2003- 295057, the entire third lens group is shifted,
variations in off-axis aberrations occurring when
variabl e magnification is perforned need to be
sufficiently corrected and variations in off-axis
aberrations occurring when the entire third |ens
group is shifted need to be sufficiently correct%cgmmq‘19
Therefore, the nunber of lenses of the third len
group is increased. Consequently, it is difficult to
riateceet heshami (e derbtiediize Sipdrrsse domtaniqed
[0014] Additionally, in the case where, as described
Patenh AppbbertbounBrbhi frtlentdat A%Iir%%!ﬁ%h Pt | eiE L8
Nos. 2002-244037 and 2003-228001, a zoom/l ens
thlfﬂn%?%%e%r%u%oéﬁt?Uéft§@bgV%ﬁba%h@n% Hegaff vaxk8bgr oup
[ he |nage side of an aperture stop, to, reduce the
aberF%‘H%%l% %B%F% YReR hERE ﬁﬁbl%uaamﬁlsca%w dt&t ance

Pert PRt eatett Fhudter NFE S LERT |6 SREFS=C T cPRdeErt i Tons
in ogfségngeaggﬁﬁgg%o%e reduﬁggggfﬁﬁgﬁ ¥%Qe Slzd%Cthlrg lens

zoom ens canno

grouPCLYeshs cLhg ueasubasoups: cR0NOL b SulLicient |y

ncr eased resu e refrac powers of the

Ther&ﬂ@réUbﬂl‘i@L&Q&mﬁéﬂnQE P@nsé@dé@eﬁjheamlf@ei@rggrﬁm%%els

egradatlon of the performance I ncreases due
incrOREEgal @XhSelhbhic P WeENi § hei f WOy BEIDEL OMSuce the

oamm se o A -
L T

weight and the size of the zoom lens,
[0014]

Additicnally, in the case where, as described in
Japanese Unexamined Patent Application Publication Nos.
2002-244037 and 2003-228001, a zoom lens includes a positive
subgroup and a negative subgroup on the image side of an
dperture stop, to reduce the refractive powers of the two
subgroups, the distance bekween the two subgroups needs to
be sufficiently increased. However, to sufficiently
increase the distance between the two subgroups, the size of
the zopm lens cannot bhe reduced. Thus, the distance between
the two subgroups cannot be sufficiently increased. A&As a
result, the refractive powers of the twe subgroups canncot be
reduced, and therefore, degradation of the performance
increases due to the optical axis tilt between the Ewo

subgroups.



- 6 - f: 505P1449 [0015] Accordingly, the present §

i nvention provides a zoomlens including a |lens group

di sposed in the vicinity of an aperture stop and

havi ng two subgroups. By shifting one of the two

subgroups so as to shift an inmage, the size of the . :

| ens group including a shift group can be reduced. In i

addi tion, by nalnta|n|ng_qasuff|0|ent di stance bet ween

the two subgroups wthout™ increasing the size of &gﬁiqqg

zoom lens, the sensitivity with respect to the

opti cal axis tilt is reduced. Thus, a sufficient
[001pérformance can be obtained. [00161 According to the

present invention, a zoom|ens ncludes, at |east

e sl Yyr ddps ‘BERISH ﬂg‘“@‘ﬁé@ﬁ‘t iRESV 3d51% YrPe Lens
haV|ng a_ negative refracti a shift
inclyddng, aahena posiri veSPets g+£ %ﬁ%a ﬁbﬂhtbogft?%e
cperbfie"SLow oL Ay A b B, BV DR Bt
the PhCo0OLE.SSLANGC 0o Snlpl ephole,set ting <8l ! SASL,,

€ Nég | ehs™"gr oUp and- The" pdgltlve Iens gfoup

I
Lens RGP L BREE, DGR Abepo B, | cr
addlggﬁhanﬁﬁ H§1H€§ﬂniﬂs §héuffiéEEhQr@£Qt§H9etB@tﬁ@éﬁttH@

s ' group i s changed. The shift |ens group I ncludes

two @ﬁbgksaﬁé w@héuegmépéasﬁmgaﬁ@éts&ﬁeswpthé 9b§rﬁo§éﬁs,
between the two subgroups, and an image i s capabl e of

the g@hﬁgFﬁhifpeﬁltbyrgﬁpé&trmbc&mhcﬁptﬁ@asubgiguasltnlg
reduc;;?C %ggs, a sufficient performance can be cbtained.
[0016]

According to the present invention, a zoom lens
includes at least three lens groups including a negatiwve
lens group having a negative refractive power, a shift lens
group, and a positive lens greoup having a positive
refractive power arranged in this order from an objsct side.
When the lens position is moved from a wide-angle setting to
a telephoto setting, at least the negative lens group and
the positive lens group move so that a distance between the
negative lens group and the shift lens group is decreased
and a distance batween the shift lens group and the positive
lens group is changed. The shift lens group includes at
least two subgroups, an aperture stop is disposed between
the two subgroups, and an image is capable of heing shifted

by shifting one of the subgroups in a direction




(=P —-F

7 305P1449 { substantially perpendicular to an
optical axis. The followi ng conditional expression (1)
is satisfied: Ds/ft > 0.1 (1) where Ds denotes a
di stance along the optical axis extending fromthe
| ens surface that is the closest to the i mage anong
the lens surfaces of the subgroup |ocated on the
object side to the lens syrface that is the cl osest
to the object anbng the | éns surfaces of the sub roqf
| ocated on the imge side, and ft denotes the f Pl443
l ength of the entire lens systemin the tel ephoto
subssetitingly[ p8tFEndAcudadi hg &n theipatsertisi nvEhéi on,
an i mage capturing apparatus includes a zoomlens and
follgwihpagendéhipnyl devicessfon ¢bhvest sagiafiiedti cal
i mge fornmed by the zoomlens to an electrica
sPyhBF . > Thel zoom | enll ncl udes at |east three |ens
roups including,a negative |ens group having a ]
Whef%eaatﬂ@@OF%Fr%c3+%Ea56ﬁe?}0593tht0PEh§a§réﬁﬁ? ghkepding
£ poEit've | ens grouF having, a positive refractive power
romy f ﬁnésasiﬁU¥ﬁ SeorddF fFofl'ancbBfest EPdehe\ERIEhamong
ens osition ps_moved froma wi de-angle settjng to a
the L8R3 BT ok AR F b SR hECAE Gl PoccRErEbiTch potue
d Ltiye ns_g p o th a_distance
ro +fBTILEE PRER G rrot TantregritieaRatbns anp e SrEnatons
the 96BUPs2rd8CL C82CHE0uAHLEA0EE O SEC LN sk Lide,
ens group and the positrve tens group I's changed.
and FReashbils! RS BhONP 1BRLUACSratnteastit¥01ens system in

the telephoto setting.
[0017]

Acocording bo the present invention, an image capturing
apparatus includes a zoom lens and an image sensing device
for converting an optical image formed by the zoom lens to
an electrical signal. The zoom lens includes at least three
lens groups including a negative lens group having a
negative refractive power, a shift lens group, and a
pesitive lens group having a positive refractive power
arranged in this order from an object side. When the lens
position is moved from a wide-angle setting to a telephoto
setting, at least the negative lens group and the positive
lens group move so that a distance between the negative lans
group and the shift lens group is decreased and a distance
between the shift lens group and the positive lens group is

changed. The shift lens group includes at least two



-8 SOSP1449 subgroups, an aperture stop is di sposed
bet ween the two subgroups, and an image is capable of
being shifted by shifting one of the subgroups in a
direction substantially perpendicular to an optica
axis. The follow ng conditional expression (1) is
satisfied: Ds/ft > 0.1 (1) where Ds denotes a di stance
al ong the optical axis extgnding fromthe |ens
surface that is the closest to the image anong the
| ens surfaces of the subgroup |ocated on the objé% SP1443
side to the lens surface that is the closest to the
subgbbjpgt anoapertwee| ehapsief deepooddtihet gebyr bhp two
| ocated on the inmage side, and ft denotes the foca
subgrengeh andtfe BRRFeelf cRdPahbtenfibeinheshifepHory
..setting. [0018] As described above, according to the
shifbipdefte| ffehif oRUPIF PREE WhT sBbSE BRGSLoR %%SgﬁPF%ﬂllF

| ens oup are disppsed with an aperture, sto o
PeTPERT BHLERER SRCORIEFED QGHF1 i LAt SPLEPHY Conditional
ox rtherebe't‘: en. gr%ff Eb%gription of the Draw ngs

p fﬁﬁi@? ¥g. 3 FPTHEttales a refractive power

g eent; of a ,zoomlens and whether or not each of
?%e ens groups o#%the zoom | ens i s novabl e when

sherSDLTBLE (RO AFBLAR | 51085 SRS 0501 48s! Befonaing
from khe lens surface that 1s the clesest to the image among
the lens surfaces of the subgroup located on the chject side
to the lens surface that is the closest ko the cobject among
the lens surfaces of the subgroup located on the image side,
and ft denotes the focal length of the entire lens system in
the telephoto setting.
[001B]

As described above, according fto the present invention,
the two subgroups of the shift lens group are disposed with

an aperture stop therebetween and with a sufficient spacing

therehetweean.

Brief Descripticon of the Drawings
[0013]

Fig. 1 illustrates a refractive power arrangement of a
zoom lens and whether or not each of the lens groups of the
zoom lens is movable when variable magnification is

performed according to a first embodiment of the present

B L T T R s P P
e ] . f



- 9 - 505P1449 invention; Fig. 2 illustrates a

refractive power arrangenent of a zoomlens and

whet her or not each of the |lens groups of the zoom

| ens i s novabl e when variable magnification is

performed according to a second enbodi rent of the

present invention; Fig. 3 illustrates a refractive

power arrangenment of a _zepm |ens and whet her or not

each of the lens groups of the zoomlens is nNOVaBleq449

when variable magnification is perforned according to
, a third enbodi nent of the present invention; Fig. 4
1nveRiyoRirates a first exanple of a detailed |ens

ruct.ur,

] of the zoom | s according to the thir
od P USEEES55 & G T actiye: PAve T ARG GERGE Of
ti h f fi t i | | i
coon SEHE LALLM AN o0k S43 8 B OGRS 'Ot ene
zoom e];@r@'fs WS Iy rd 451,_1133%5]{@ naphenical s
a erratlon, astlgmatlsm Istorti n, an coma

perfcﬁiﬁcﬁ ald A dihd N&, VY des Griddinht BH -+ present

ustrates spherical aberration, astigmatism
inverd &y tion, and coma aberration in the mddle focal
l ength setting; Fig. 7 illustrates spherica

atgy.r & i1QNusashit@@Bll $B raditSher YotRr AR atQRRent of a

aberration in the tel ephoto setting; Fig.
zoom | 1drustarad eghd ttarswer s @bediate Oreia tdies Witdaps d the
zeom lens 1s movable when variable magnification is
performed accerding to a third embodiment of the present
invention;

Fig. 4 illustrates a first example of a detailed lens
structure of the zoom lens according to the third
embodiment;

Figs. 5 to 10 illustrate a wariety of aberration graphs
of a first numerical example in which specific values are
applied to the first example, where Fig. 5 illustrates
spherical aberration, astigmatism, distortion, and coma
aberration in the wide-angle setting:

Fig. 6 illustrates spherical zaberration, astigmatism,
distortion, and coma aberration in the middle focal lengkth
setting;

Fig. 7 illusirates spherical aberration, astigmatism,
distortion, and coma aberration 1n the telephotbo settings;

Fig. B illustrates transverse aberrakion in the wide-

L L e L iy b =




SOBP1449 angle setting; Fig. 9 illustrates the
transverse aberration in the mddle focal |ength
setting; Fig. 10 illustrates the transverse aberration
in the telephoto setting; Fig. 11 illustrates a
second exanple of a detailed lens structure of the
zoom |l ens according to the third enbodinent; Figs. 12
to 17 illustrate a variety.of aberration graphs of a
second nunerical exanple Y whi ch specific Va'“%ﬁ;gﬁfﬁ
applied to the second exanple, where Fig. 12 49
illustrates spherical aberration, astignmatism

angldi sebrinon, and conm aberration in the w de-angle
setting; Fig. 13 illustrates spherical aberration,
astg gritti st starihe ik rapmreoim Hmreration im e

... mddle focal length setting; Fig. 14 illustrates
middigheprehl LaRekfafFbRINGst i gmati sm  distortion, and

coma aperration in the tel ephoto setting; Fig., 15
iﬁ%stfﬂaﬂé?l'f%%vﬁ dehe AR YR § PR Ak e hdtiee

setting; ig. 16 illustrates the transverse aberration
tEIEPﬁO%ﬂegéﬁfﬁggé focal length setting; Fig. 17

aetipt e e AU UGB TPUMN 0 { Mo e
stru@EuEedeakhgdzﬁgﬂslénélaccurding to the third
embodiment;

Figs. 12 to 17 illustrate a variety of aberration
graphs of a second numerical example in which specific
values are applied to the second example, where Fig. 12
illustrates spherical aberration, astigmatism, distortion,
and coma aberration in the wide-angle setting:

Fig. 12 illustrates spherical aberration, astigmatism,
distortion, and coma aberration in the middle focal length
setting;

Fig. 14 illustrates spherical aberration, astigmatism,
distortion, and coma aberraticon in the telephoto setting;

Fig. 15 illustrates transverse aberration in the wide-
angle setting:

Fig. 16 illustrates the btransverse aberration in the
middle focal lengkh setting:

Fig. 17 illustrates the transverse aberration in the
telephoto setting;

Fig. 18 illustrates a third example of a detailed lens

Lhmme ahLma.



505P1449 { structure of the zoom | ens according to
the third enbodinent; Figs. 19 to 24 illustrate a
vari ety of aberration graphs of a third nunerica
exanpl e in which specific values are applied to the
third exanple, where Fig. 19 illustrates spherica
aberration, astigmatism distortion, and cona
aberration in the w de-anghe_setting; Fig. 20
i l'lustrates spherical aberration, astigmatism o 5P1449
di stortion, and coma aberration in the m ddle foca
| ength setting, Fig. 21 illustrates spherica
strughlei? 2T orhe a3t PP ke RS CCF S t FDnthankh Eeém
emb berration in the tel ephoto setting;, Fig. 22
OfHPeRtT at es transverse aberration in the wide- angle
Fi 3jllystrates _the tra erration

T 294 PRt B Sty GOkt ion
sreph| 4218 R8s} ubt AUSIPTASAEL 20000 B0 vataes
ore SpLIBE 54y 00eg VRS REOE M. 8 L1 raves
sphefﬁééY!éﬁbf}Eti$ﬁﬂ|5@%&%&4&&5&5”&%@té%%ﬁnﬂpq§hd Com

enbodi nents of a zoomTens and an |1 mage - 12 86%51449
aberration in the wide-angle setting;

Fig. 20 illustrates spherical aberration, astigmatism,
distortion, and coma aberration in the middle focal length
setting;

Fig. 21 illustrates spherical aberration, astigmatism,
distortion, and coma aberration in the telephoto setting;

Fig. 22 illustrates transverse aberration in the wide-
angle setting;

Fig. 22 illustrates the transverse aberration in the
middle focal length setting;

Fig. 24 illustrates the transverse aberration in the
telephoto setting; and

Fig. 25 is a block diagram of an image capturing

apparatus according to an embodiment of the present

invention.

Best Mode for Carrying Out the Invention
[a0z20]

Best mode embodiments of a zocom lens and an image

mat e
H

- ’
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capturing apparatus according to the present invention -
are described belowwith reference to the A
acconmpanyi ng drawi ngs. [00211 A zoom | ens accordi ng -
to the present invention is described first. [0022] :
According to the present invention, a zoomlens . :
includes at | east three | ens groups, that is, a b
negative |ens group havi g a negati ve refractive
power, a shift lens grouE, and a positive |lens %h§&8449 i
having a positive refractive power arranged in thHhi !
order fromthe object side. Wen the lens position is
captghimgeabfaont s wicdecnigle bettlhiagresent t ehephbian are .
setting, at |east the negative lens group and the L
descpbledi el Pwensi i ctpl arenadviedl e t HREOmPRI Y afetvings.
bet ween the negative | ens group and the shift |ens
[002%}oup is decreased and the distance between the shift i

| ens rou and the positive |ens oup i s .chan
i ST T G OSSR (R

S I An aperture stop is disposed between the
descf§£gg gg?%ﬁp By shifting either one of the two

[Gﬂzﬁﬁbgroups (hereinafter referred to as a "shift
Subgroup") in a direction substantially per pendi cul ar

t - be
a%d‘rs({kledpln, ttﬁjatfrpef( Fowi ng con it o%ﬂ] exsgp%%rigll%onné ?1) i's
incladbishiefuads 902814409 groups, that is, a negative

len= group having a negative refracitive power, a shift lens
group, and a positive lens greup having a positive
refractive power arranged in this order from the cbject side.
When the lens position 1s changed from a3 wide-angle sebbing
to a telephoto setting, at least the negative lens group and
the positive lens group are moved so that the distance
between the negative lens group and the shift lens greup is
decreased and the distance bekween the shifbk lens group and
the positive lens group is changed.
[0023)

The shift lens group includes at least two subgroups.
An aperture stop is disposed between the two subgroups. By
shifting either one of the two subgroups (hereinafter }
referred ko as a "shift subgroup™) in a directicn
substantially perpendicular to the optilcal axis, an image
can be shifted. In addition, the following conditional

gxpression (1} is satisfied:



Ds/ft > 0.1 (1) where Ds denotes a distance along the
optical axis extending fromthe Iens surface that is
the closest to the imge anong the |ens surfaces of
the subgroup | ocated on the object side to the |lens
surface that is the closest to the object anong the )
| ens surfaces of the subgroup | ocated on the inmage i
side, and ft denotes the éocal l ength of the entire ,
| ens system in the telépﬁ to setting. [0024] :
According to the present invention, the position56!f5Plddg .
the aperture stop is inportant for the zoom | ens. :
[23] > Ith lexi stiing technol ogi es, an aperture stop is
di sposed on the object side of the third | ens group.

wher4n contrast, in the zoomlens according to the
present invention, an aperture stop is disposed ]
Bt P g a Wi sSaigio WeTE thive oRIRIGRL |38hs g Higg
that the distance between the two subgroups can be

from| Ha¢ ch8RY-SURLACS { HRAY of F abh? VEL @R st of LA neMagp among

the [ERCTHEITRE® 11 S0t | TOTONEY BIowaeh O e dRefcr side
b h in th le of field of.vi

B L T

the igggcggrfégggGAf Eh&43ubgrcup locaked on the image side,

e

and

ft denctes the focal length of the entire lens system
in the telephoto setting.
[0024]

According te the present invention, the position of the
aperture stop is important for the =zocom lens.
[0025]

In existing technologies, an aperture stop is disposed
on the object side of the third lens group. In contrast, in
the zoom lens according to the presant invention, an
aperkure steop is disposed between the two subgroups of the
shift lens group sc that the distance between the two
subgroups can be increased. Thus, the refractive powers of
the two subgroups of the shift lens greup are reduced. By
reducing the refractive power of each of the two subgroups,
a change in the angle of field of wview cccurring when the
shift subgroup is shifted is reduced.

[0026]



LT

SO05P1449 In general, the aperture stop is essential.
In existing technol ogies, in general, the aperture
stop is disposed between the second | ens group and
the third Iens group. Thus, a space is provided for
di sposing the aperture stop. Accordingly, the change
in the position of the aperture stop does not
i ncrease the size of the tical system [0027] The
mechani sm for reducing the refractive power of e%%gquqg
of the two subgroups by disposing the aperture stop
between the two subgroups of the shift lens group is
des ararzes yi tHhe apeataree stera isefasgenitie lpowem
arrangement. [0028] Let +3n denote the refractive
exisponwertetheobebigoupin HEposel: ofe RPYDIREE Sier b
the aperture stop, 03p_denote the refractive, r of
03 5Pos S o HRRTI SHOSIRPTH {HRIF RERID s oS (HeL BperERA o
stop, and d denote the di stance befween . the_principa
groupej ntBUSTHRSPACT efF RITVEIHOWENT AL HOIHY i rIPTEhY™e
group is given by the equation;. 03 = A 3n + 4i -
stop 4 heretefusls) 19 THISE b ol R Heteb 2t 7 de
as_a_negative _refr LVe.p r b n
aper{ite "sho0 Grie HaS LRCTetfe OUS oY TV BT

and 4'3p > 0. Therefore, (4J3n + 4'3p) is canceled
SYSt%ﬂt. As a result, ~3n4'3pd is }

[0027]

The mechanism for reducing the refractive power of each
of the two subgroups by disposing the aperture stop betwesen
the two subgroups of the shift lens group is described with
reference to a refractive power arrangement.

[0028]

Let ¢3n denote the refractive power of a subgroup
disposed on the object side of the aperture stop, t3p denocte
the refractive power of a subgroup disposed on the image
side of the aperture stop, and d denote the distance between
the principal points. Then, a refractive power ¢3 of the
shift lens group is given by the equaticn: ¢3 = ¢3n + ¢3p -
d3n-fIp-d.

[0029]

If the subgroup on the object side has a negative
refractive power and the subgroup on the image side has a
positive refractive power, ¢3n < 0 and ¢3p > 0. Therefore,

(63n + §3p) is canceled out. As a result, ¢3n-¢3p-d is

R L ]




IL 5 SO05P1449 inportant. [0030] 1In the zooml ens
according to the present invention, by disposing the
aperture stop between the two subgroups of the shift
| ens group, the distance between the two subgroups is
i ncreased and the distance d between the principa
points which appears in the above-described $3n~3pd
is increased. Thus, the two_refractive powers ~3n and
~3p can be reduced. [00311 According to the presgipiag
i nvention, the zooml|ens having such a structure can
) reduce degradation of an inmage occurring when either
lmpoBanef the two subgroups of the sift |ens group (the .
shift subgroup) is shifted while maintaining the ;
[303%bnpact size. In addition, the sensitivity of an axis
tilt .between the two suhgroyps .s reduced, .and . '
b ri oo (S, GRTEHOL D B R e Ty, bY :
. 0032].. 1t_is necessary -that the .zoom|ens accordin
a1spy YR SR TIFRveReY die She 7S e TardEafeg 0F ene
=conditi e esSsi )y > 0.
snifCOINS i UIE SIS Ol e end heined hndiiflgs s
iiege

incré4 008 thei | €Rs &i@fﬁﬁé&t@aﬁeﬁﬁeéﬁetﬁ%cEf%ﬁ?%géé ol

anong the lens surfaces of the subgroup
which NgoPbi£€ti8i €€ above-described $3n$3p+d is increased.

e

O

Thus, the two refractive powers ¢3n and ¢3p can bhe reduced.
[0031]

According to the present invention, the zoom lens
having such a struckure can reduce degradation of an image
pccurring when either one of the two subgroups of the sift
lens group (the shift subgroup) is shifted while maintaining
the compact size. In addition, the sensitivity of an axis
tilt between the two subgroups is reduced, and therefore,
the zoom lens can be easily manufactured.

(D032}

It is necessary that the zoom lens according to the
present invention satisfies the following conditional
expression (1}

Dsfft > 0.1 {1}
wheare

Ds denotes a distance along the optical axis extending
from the lens surface that is5 the closest to the image among

the lens surfaces of the subgroup located on the object side

-

e, AT et . —_—




16 SObP1449 to the lens surface that is the closest ;
to the object anong the | ens surfaces of the subgroup .
| ocated on the imge side, and ft denotes the foca
| ength of the zoomlens in the telephoto setting. :
[0033] The above-described conditional expression (1) . i
is used for determning the distance fornmed between
the two subgroups of theyshift lens group. If Ds/ft
is less than or equal to"the lower limt, the gnep1a4g
refractive power of the subgroup of the shift |ens
group on the image side is increased, and therefore,

to thhelemanger face Hehathgl®e Bie fqlaapstofty ey geelpsh myrong
when the subgroup on the image side is shifted is

the lems ezetRcep03l|the fSUEE R tRRANHo N G hiadR Side.
subgroups of the shift Ilens group is increased too

and mch, the size of the entire lens systemis

i ncreased. Agcordingly, it .is irable that .th

i sienati S i HSRAtRe R 438 GP LA 1 the
tel dﬁternined. to be 0.3. [0035] According to the
eleppat@nf T &% tion, to sufficiently correct the

[ﬂﬂaggriation in coma aberration occurring at the
peripheral portion of a screen when the shift subgroup

e S%Hcr\;eﬂé:heéérﬂt%cﬂ%ﬂcﬁ@i%ﬁﬂateﬁﬂleeszsﬁ% l@ns is used
satisties the

for determining the distance formed between the two

subgroups of the shift lens group. If Ds/ft is less than or

equal to the lower limikt, the refractive power of the

subgroup of the shift lens group on the image side is

increased, and therefore, the change in the angle of field

of view occurring when the subgroup on the image side is

shifted is increased.

[0034]

If the distance between the two subgroups of the shift
lens group is increased too much, the size of the entire
lens system is increased. Accordingly, it is desirable that
the upper limit of conditional expression {1} is determined
to be 0.3.

[0035]

According to the present invention, to sufficienkly

correct the variation in coma aberratien occurring at the

peripheral portion of a screen when the shift subgroup 1s

shifted, it is desirable that the zoom lens satisfies the




E: - 17 - 1. 305P1449 j~- follow ng conditiona
expression (2): D3p/f3p < 0.35 (2) where D3P denotes
a di stance between the aperture stop and the |lens
surface that is the closest to the i nage anong the
| ens surfaces of the subgroup |ocated on the inmage
side, and f3P denotes the focal |ength of the subgroup -
| ocated on the imge SLdS? [0036] The P
above-descri bed conditiondl expression (2) is usSgS 149 I
for sufficiently correcting coma aberration occu iﬁ& e
on the lens surface that is the closest to the inage '
follewbmy tdrediteimnal ripressoint e subgroup | ocated on
the i mage side. [0037 If D3pff3p is greater than or
AT Ir0 < We Ifpper 144t of conditional expression
(2), the off-axis light beamis strongly refracted on
wheT¢he | ens surface that is the closest to the inage

anong. the | ens surfaces of the sybgroup | ocated ond
the? idanfes de AT ST | L& 3dt9Po A%

t_sufficient] ted at t i pher al
the 674 ; BFETcn LIET ok tHT BHITTUI 57, “WheHMi%E SUBY ol

Lon GGFHEL0TL oo | RS Pl Lol 5L A6 O :
Vo W d 2 Y 8580, AGRRAAIO ke gl T led @ a
the image side.
[00386]
The above-described conditional expressicon (2} iz used
for sufficiently correcting coma aberration occurring on the
lens surface that is the closest to the image among the lens
surfaces of the subgroup located on the image side.
[0037]
If D3p/f3p is greater than or equal ko the upper limit
of conditional expression (2), the off-axis light beam is
strongly refracted on the lens surface that is the closest
to the image among the lens surfaces of the subgroup located
on the image side, and therefore, the coma aberrations are
not sufficiently corrected at the peripheral portion of a
scresn. In particular, when the subgreoup located on the
image side is shifted, the refraction of the off-axis 1light
beam is significantly changed on that lens surface.
Accordingly, it is difficult to sufficiently correct the

degradation of the performance cccurring at the time of




degradation of the performance occurring at the tine
of 18 SObP1449 shifting. [0038] According to the
present invention, to satisfy conditional expression
(2) and sufficiently correct the variations of comm
aberrations occurring when the subgroup |ocated on
the image side is shifted, it is desirable that the
zoom | ens satisfies the_fqll owi ng conditiona
expression (3} 0.08 [ D3s/R3p [ 0.2 (3) where sp14a9
denotes a distance along the axis extending from the
hif gerture stop to the lens surface that is the cl osest
sht 9the object anmpng the |ens surfaces of the subgroup
[ﬂﬁ3é?cated on the imge side, and R3p denotes the radius
curvature of the lens surface that is the closest

PR, T e AR “ﬁ&iﬁ@f%9$%§°f 25veTEacri bed
conafCIGhiLOBRl 50852 20 (3) ciSetniy dSLESELIVRG,

var1éﬁ§cﬁé0§§3&cﬁﬁ Ather PBE £6hs AHRAY F 118y | @ien Stihd a88SgPoup
t he subgroup | ocated on the i mage side and for

locaSsefif b6 €Ré | YnagOrs£8éi N9 LtHEFNG) af d Ofs | de SUFNRL &I €h9f
field, that is, the variation in the coma-aberration

the sotmetéhonssthéfli@cctli¢i NMPllowing conditional expression

(37
0.08 < D3s/R3p < 0.2 {3)

where

D3s denotes a distance along the axis extending from
the aperture stop to the lens surface that is the closest to
the object among the lens surfaces of the subgroup located
on the image side, and

R3p denctes the radius of curvature of the lens surface
that is the clesest te the object among the lens surfaces of
the subgroup located on the image side.

[0039]

The above-described conditional expression (3} 1s used
for determining the radius of curvature of the lens surface
that is the closest to the object among the lens surfaces of
the subgroup located on the image side and for sufficiently
correcting the variation in curvature of field, that is, the
variation in the coma-aberration correction state occurring

when the subgroup located on the image side is shifted.

P
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when the subgroup |located on the inmage side is
shifted. - 19 S05P1449 [0040] If D3s/R3p is greater
than or equal to the upper limt of conditiona
expression (3), the slope of coma aberration changes
when the subgroup |ocated on the inmage side is
shifted. Accordingly, the best position of the inmage
pl ane at the peripheral Egrgion of a screen is a
position in which the inage is out of focus m‘tEﬂ5P1449
respect to the best position of the inmage plane  at
the center portion of a screen, and therefore, the
[0040hmage is out of focus. As a result, the out- of-focus
occurs when the blurring caused by hand vibration_ is
ddr T2a/&Pradd orsadery ofi Vel 9 FhsuftmRETedtmit
correct the optical performance. [0041 | f ﬁ%sIRB IS
of condktiongl FERRAILUL tHe | RRrs9RR 195 CoMRD AR T T That o
expr essi o 3),, the lens surface gn the objec si de
changa it Phel i AU SO BT AL U MIPARCRIe Th e
, . mage side dpes not_.contribute 1.0, the r.rectj
S EGET T TSR R i g oo E L s bedk e
he i ide is: shifted, centri : '
at thy ?5%%5% c%#%énﬁg; (]ljfn hse@%e%?efﬁp%rﬁ?%n P g WhEeh
the BRLGEN:SSobfCeLaRGHhs SO el Led Scife OB ition
[ stration of a refractive ‘power arrangenent
of tikaghAGR Of1&nZ 09N LigDScdnt 86| pieH Aol e 1 8ASe B IS

according to a first enbodi nent of the present
therefore, the image is out of focus. As a result, the out-
of-focus occurs when the blurring caused by hand wvibration
is corrected and it is further difficult to sufficiently
correct the opkical performance.

[0041]

If D3s/R3p 1s less than or equal to the lower limit of
conditional expression {3), the lens surface on the object
side among the lens surfaces of the subgroup located on the
image side does not ceontribute to the correction of
aberrations. Accordingly, when the subgroup located on the
image side is shifted, an eccentric coma aberration
cccurring in the center portion of the screen is increased.
[0042]

Fig. 1 i1s a schematic illustration of a refractive
power arrangement diagram of a zoom lens 1 including three
lens groups according to a first embodiment of the present

invention.
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invention. - 20 S05P1449 [0043] The zoomlens 1 :
i ncludes three lens groups: a first |lens group C
having a negative refractive power, a second |ens
group & having a positive refractive power, and a :
third I ens group G3 having a positive refractive power ) !
di sposed in this order fromthe object side. The ) {
second |ens group & thagﬂsgrves as a shift lens ’
group includes a positivé&-subgroup G having a i
positive refractive power, an aperture stop 3, PP EL449 X
negati ve subgroup Gn having a negative refractive
[004Ppbwer disposed in this order fromthe object side.
Wien the focal |ength changes fromthe w de- angle
Sttt iavpn nlagkd ch irvel dsealthragtlens admipshod dsitrgta
setting indicated by a reference synbol Win the upper
lens spE@UR G bfhay §ng 13 RRTRREVE creprRt bl SR tRYWRI i M wheennd
the focal length is the, |l ongest (a setting indicated
lens pgraup ref RRAERT sYBBFL T TR FRETFOhETS sReYFon LR g.
e secong | ens grou I s_moved éé)vvards t he obj ect

third) {Rne RESER; ¢d PERLMOrBUROT Lt LERpoR BTy Toueer
sspbSHAI I8 LRSS Pl CRUIRMER ! S BRYeE:con
Lena 45T 302 o0k SERGELSR S 90, KETL AL Bt iches,
posit s FIBLIATS BPHI PRIIR L I EI SO er, o
aperfR¥E€ds£O¥BEASand a negative subgroup Gn having a
negakive refractive power disposed in this order from the
object side. When the feocal length changes from the wide-
angle setting in which the focal length is the shortest {a
setting indicated by a reference symbol W in the upper
section of Fig. 1) to the telephoto setting in which Ehe
focal length is the longest (a setting indicated by a
reference symbol T in the lower section of Fig. 1), the
second lens group is mowved towards bthe objact side, the
third lens group is temporarily moved towards the object and, .
subsequently, is moved towards the image side, and khe first
lens group moves so as to compensate for variation in the
position of the image plane caused by the movements of the
second lens group and the third lens group.
[0044]

Since the third lens group is temporarily moved towards

the objeck, curvature of field occurring in the middle focus



t he object, curvature of field occurring in the mddle :
focus - 21 SO05P1449 length setting is further
sufficiently corrected. [0045] Fig. 2 is a schematic
illustration of a refractive power arrangenent
di agram of a zoomlens 2 including four |ens groups
according to a second enbodi nent of the present
i nvention. [00461 The ;og lens 2 includes four |ens
groups: a first lens gro g1cﬂ havi ng a positiveS 5p1449
refractive power, a second |lens group & having g
negative refractive power, a third lens group G3
lengthiavieigt ngoss t fivethaf rackf el growey |, cammeetddurth | ens
group 4 having a positive refractive power disposed
[004%h this order fromthe object side. The third I ens
group G3 that serves as _a shift lens group includes a

Hdght id/ds FUFGFGIRtET AdUeG ra HeFattve FEHRGHiWve
power, an aperture stop S, and a positjve subgro Go
powe R AT FRPGETRAE  1120r3Rith & i%ﬁéﬂﬂbolv@%*o% %Iﬂgtﬂ&éf
order fromthe, object side. . \VWen the focal l.ength
Lens CHESIGR TG CHID ik ie? SRR T GR e il CHg P esent
. fgcal length is the shortest (a setting indicated by
+oveRt}2F erence synbol Win the upper section of Fig. 2)
[Gﬂ4§ﬂ the tel ephoto setting in which the focal length is
e longest (a setting indicated by a reference

SHPYoch i1d®  #WRIG2E H @ 1 I s : (D& l8AS lens

groups are noved towards the object” so that the
groufi 81 ANESi Pt NESHst bovd | FSErd @NSvAr®Wer, a second laens

grouwp G2 having a negative refractive power, a third lens
group G3 having a positive refractive power, and a fourth
lens group G4 having a positive refractive power disposed in
this order from the object side. The third lens group G3
that serves as a shift lens group includes a negative
subgroup Gn having a negative refractive power, an aperture
atop 5, and a positive subgroup Gp having a positive
refractive power disposed in this order from the cobject side.
When the focal length changes from the wide-angle setting in
which the focal length is the shortest (a setting indicated
by a reference symbol W in the upper section of Fig. 2} to
the telephoko setting in which the fecal length is the
longest {a setting indicated by a reference symbel T in the
lower sectien of Fig. 2), the lens groups are moved towards
the object so that the distance between the first lens group

Gl and the second lens group G2 is increased, and the
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GlL and the second lens group & is increased, and the i
L 1- 22 _ S05P1449 distance between the second | ens
group & and the third lens group G3 is decreased,
and the distance between the third |ens group G3 and
the fourth lens group &4 is increased. [0047] Fig. 3
is a schematic illustration of a refractive power
arrangenent di agram of a égon1lens 3 including five
| ens groups according to a~third enbodi nent of th
present invention. [0048] The zoomlens 3 incI§§§§qug
five lens groups: a first lens group GL having a 3
distpos: thetergst ridot | secpodelena geognds2 ensd grouwhid] lens !
havi ng a negative refractive power, a third | ens
grougr@ipi GHdrerdaned, posd tihe defrantd Veeposen , ke fidukrd
lens group 4 having a positive refractive power, and
lens ogtoup 53 |t greoubrwsthalemy drpasi 4 vibs ridleera -
ower arranged in this order fromthe object side.
[004¥then the | ens position setting changes fromthe

e snae s (o sl sl e e By
rouet MGG ESL0R (2 pobin Lol £igh gy o0
th first ' '
rens fpunt 'Sz Eind o8 G ohtnl e e RS P b O
inveﬁ@ygﬁﬁs the image

[0048]

S

The zoom lens 3 includes five lens groups: a first lens
group Gl hawving a poasitive refractive power, a second lens
group G2 having a negative refractive power, a third lens
group G3 having a positive refractive power, a fourth lensz
group G4 having a positive refractive power, and a fifth
lens group G5 having a positive refractive power arranged in
this order from the object side. When the lens position
setting changes from the wide-angle setting (a setting
indicated by a reference symbol W in the upper section of
Fig. 3} to the telephoto setting {a setting indicated by a
reference symbol T in the lower secticn of Fig. 23), the
first lens group Gl remains stationary along the optical
axisa, the second lens group G2 is moved towards the image
side, and the third lens group G3i remains staticnary along
the optical axis. In addition, the fourth lens group Gi

compensates for the wvariation in the position of the image



side, and the third lens group G3 remai ns stationary

along the optical axis. In addition, the fourth | ens

group &4 conpensates for the variation in the

position of the image f - 23 S05P1949 pl ane caused

by the novenent of the second lens group & and is

noved al ong the optical axis for carrying out short

di stance focusing, and thesfiLfth |ens group remains

stationary along the optical axis. [0049] S05E1449

Furthernore, the third lens group G3 serves as a shift
The third I ens_group G3 includes an

| ens gr .
plan%p%??g?gu&ét%'begﬁmée'ﬂ%‘@&?@et%b@‘?%?}bd he¥Rhgggoup G2 and
. negative refractive ower disposed on the object side
is ngyod et et vt ORt e B, SR LA G S ot TY S st SHpFT -

. ., having a positive.refractjive power _disposed,on the
distolee PRPuet g (T paT L LFEC R B . SESFS nERTAY T he
statPORAE ‘é&lé 9L Py E‘i@af'!éfufé..' on substantially

perpehdicular to the optical axis, the inmage can be
[qugﬂifted. [0050] In the zoomlens 3, it is desirable
t

at the positive subgroup disposed in the third |Iens

GhOuhGhdS] WdRS Bhidi AN HRRS AN A-RRId Ve shift
meni scus | ens having a concave Surface on the object

lens Syeup[ O0PHE tIUEN Pesd reed i esTahsMidd £1 entdyerture

correct spherical aberration. In addition, since the
stop| Bnsa snedacevd halibgsolifichaving a negative refractive
power disposed on the ohject side of the aperture stop 5,
and a positive subgroup having a positive refractive power
disposed on the image side of the aperture stop §. By
moving the positiwve subgroup in a direction substantially
perpendicular te the optical axis, the image can be shifted.
[0050]

In the zoom lens 3, it 1s desirable that the positive
subgroup dispesed in the third lens group G3 includes a
biconvex lens and a negative meniscus lens having a concave
surface on the object side.

[0051]

Such a structure can sufficiently correct spherical
aberration. In addition, since the lens surface that is the
closest to the image 1is a concave surface that is directed
towards the aperture stop, a wvariation in coma aberration
gccurring when the positive subgroup is shifted can be

sufficiently reduced.

b i B b = b~ et ol ———r oI e —r 3 8 T e— i



closest to the inmage is a concave surface that is

directed towards the aperture stop, a variation in

coma aberration occurring when the positive subgroup

is shifted can be sufficiently reduced. fi 7 - 24 -

E SO5P1449 [0052] In the zoomlens 3, to realize

conpactness and high perfornmance at the sane tine and

realize further conpactness -and hi gh performance, it

is desirable that the follow ng conditional 505P1449

expression (4) is satisfied: 1 < f5/ft < 1.7 (4) where

5 denotes the focal length of the fifth | ens group.
[QGE%bOSS] The above-descri bed conditional expression (4)

[ ed_for.determ ning the focal |ength of the.fifth

121378, 5™ 18885aT FP FEPLa Ps COPRAFERARaRTS] Didha

1J1 f. ¢ | L. | e S| .

pertqihall (40 i Ying Pl nitad iR nbPactds

_ iy efis e
U d Uiy (T T one TS our &P 1 S e

ens group 4 1s no

condBti dhiel tdAR-Of 51200491 & A ddld Ged.n of f-axis ,
aberration is increased. To reduce the variation in
of f~ r@irg aberration,ayhe nunber of Ienses included in
the fourth |lens group 4 needs to be increased. Thus,

wherd hEs afenttdefthe focal length of the fifth lens group-
[0053]

The above-described conditional expression (4] is used
for determining the feocal length of the fifth lens group.
i0054]

If £5/ft is greater than or equal to the upper limit of
conditional expression (4}, the refractive power of the
fourth lens group G4 is increased. Accordingly, when short-
distance focusing is carried cout and the fourth lens group
G4 is moved at the time of zooming, wariation in off-axis
aherration is increased. To reduce the variatiom in off-
axis aberration; the number of lenses included in the fourth
lens group G4 needs to be increased. Thus, the amount of
work required for driving the fourth lens group G4 is
increased, and therefore, a driving system is complicated.
&3 a result, the size of the zoom lens 3 cannot be
sufficiently reduced.

[0055]

In contrast, if f5/ft is less than or egual to the
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work required for driving the fourth lens group 4 is
i ncreased, and therefore, a driving systemis
conplicated. As a result, the size of the zoomlens 3
cannot be sufficiently reduced. [0055] 1In contrast,
if f5/ft is less than or equal to the 25 S05P1449 . ;
lower Iimt of conditional expression (4), out-of-axis X
rays that pass through_tgs fifth lens group G5 are
extrenely far fromthe optical axis, and therefﬁﬁﬁ, 149
it isdifficult to obtain a high optical perfor Ee
by sufficiently correcting cona aberrations occurring
lowex ntinhie: pef | piveddl igporl iapofsaimn SUreeut{a056Y1is | mys
the zoomlens 3, to further reduce the total |ength
that tgeseofhzomeh nore o tihel gng fHToRNCES @ra mxigzarely near
it is desirable that the follow ng conditional
from &iipt e brpl Bxis A idieeformre It i rdiffigwly 5yo
where f4 denotes the focal length of the fourth | ens |,
obtaif gud1igh 0OBACFh LUYREEE 1D Y o 8T onh | oTTect ing
expression (5) is used . for determning the focal
coma [ I ORI TG PRSP Do 1O £F (Fhe
is greater than or equal to the upper limt of
SCEEEndi ti onal expression (5), an anobunt of novenent of

_ [005&€

In the zoom lens 3, to further reduce the total length
theresof and increase the performance at the same time, it 1is
desirable that the following conditicnal expression (3} i1is
satisfied:

0.6 < F4/ft < 0.8 (5}
where f4 denotes the focal length of the fourth lens group.
[0057]

The above-described conditional expression {5) is used
for determining the fogal length of the fourth lens group Gi.
[005E]

If £4/ft is greater than or equal teo the upper limit of
conditional expression (5), an amount of movement of the
Fourth lens group G4 required for compensating for the
variation in the position of the image plane caused by the
movements of the second lens group G2 and a change in the
position of the object is increased. Accordingly, the
distance betwesen the third lens group G3 and the fifth lens

group G5 needs to be increased. Thus, the total length of



fourth lens group 4 required for conpensating for the
variation in the position of the inmage plane caused by
the novenents of the second lens group & and a

change in the position of the object is increased,
Accordingly, the distance between the third |Iens

group G3 and the fifth lens group G5 needs to be

i ncreased. Thus, the totabglength of Ir 26 S05P1449

the zoomlens 3 cannot be further reduced. [0059cndpgy 449
contrast, if f4/ft is less than or equal to the |ower

limt. of conditional expression (5), . it is difficult
the ?%P%u*??%ign???n?ggﬂ%éégfﬂgﬁﬁtF%éu%%%erical aberration
I::Iluﬁé\ﬂdependentIy occurring in the fourth I ens group 4.
[ cordingly, the performance cannot be further

' . Q ' I hgvi
6 eaast o 10060, Singe, knawn dagnd eses, nay g2

e
I"ong acus our  l'ens group ourth

lowekef§m OHP’cﬁﬂﬁﬂgpggii3exﬁf§%é§%ﬁ ¥§L9¢i£eﬂée iffibult

auto ftocus tec IS presently being used and a

to sHEBDCSPRETy, Of c@e@UL Chd PEkSye ONSHAE ] QM | Shé LAY 6.

Since a | arge nunber of | enses are used, the wel ght

indep8fdtRel AnpERhrpingoMenEd Rbuthe 1ensesromsedat o be
reduced. [0061] wever, to reduce the weight,

Accofr@ingliyontié poeLdotahce | @ngidt ilSer attied, i fiepshisng

in an increase in an anount of
[00&0]

S5ince known zoom lenses having a long back focus
include four lens groups, the fourth lens group, in general,
includes three lenses. A&n auto focus technology is
presently being used and a high speed of an auto focus
operation i1s required. Since a large number of lenses are
used, the weight and the amount of movement of the lenses
neaed to be reduced.

[0061]

However, to reduce the weight, reduction of the focal
length is required, resulting in an increase in an amount of
movement of the lens. Thus, it is difficult to reduce the
welght and the amount of movement of the lenses at the same
time.

[0062]

In the above-dezcribed zoom lens 3, the f£ifth lens

group G5 15 included. Thus, the number of lenses in the

fourth lens group G4 can be decreased, so that the weight of

T o T e O T T o T —— T T e e o T T L L T OO T T TS T LT Al e R L = = e = me Jh DT e

[E .
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novenent of the lens. Thus, it is difficult to reduce
the weight and the anount of novenent of the |enses
at the sanme tinme. [0062] In the above-described zoom
lens 3, the fifth lens group G5 is included. Thus,
the nunber of lenses in the fourth lens group 4 can
be decreased, so that the weight of - 27 S$S45P1449
the fourth Iens group G éqn be reduced. Consequently, i
the weight and the anount’of novenent can be re% %%% £
at the same tinme. [0063] 1In addition, by using ; 443 I
3-CCD nethod, that is, by disposing a color :
the Sepeatkatlens pyrsupt bt casepae atesueed i ghfondeamninty, R he :
G and B colors on the image side of the above-
velighlesend btk zommetenst Inopement I-ande aprduced abchhafsame
the colors by neans of a dedicated CCD, the
timeghove- descri bed zoom lens 1, 2, or 3 can be suitably
used. [0064] Furt hernore, according to the present

[T A

(0065 hventi on, using an aspherical lens, the optica
perfornance C furt i_.ncrease articul ar,
o i 33%5%&5 e R R L S

Zoom

f
disppRang o, ‘Fl%r??%ﬁr%'éh“‘bepﬁ'?%‘é?a? PERPEL O RN EGAL
bean?$fLbi 81 DY 51 8020, ASPherial shens LDubNGe S6EONove-

| ens group e"varfratron in co errati on
described zoom lens 1, 2, or 3 and capturing each of the
colors by means of a dedicakced CCD, the above-described zoom
lens 1, 2, or 3 can be suitably used.

[0D64]

Furthermore, according to the present invention, by
using an aspherical lens, the optical performance can be
further ingreased. In particular, by intreoducing an
aspherical surface to the fifth lens group G5 of the zoom
lens 3, the performance in the center pertion can be further
increased. In addition, by using an aspherical lens in the
second lens group G2, the variation in coma aberration
poceurring at an angle of field of view in the wide-angle
setting can be sufficiently corrected.

[0065]

Still furthermore, by using a plurality of aspherical

surfaces in one optical system, the optical performance can

be further increased.

(G066}



occurring at an angle of field of viewin the
w de-angle setting can be sufficiently corrected.
[0065] Still furthernore, by using a plurality of
aspherical surfaces in one optical system the
optical performance can be further increased. [0066]
- 28 S05P1449 Additionally, to prevent an occurrence
of moire fringes on the jpage side of the |ens
system a |owpass filter y be disposed. In
addition, an infrared cut filter may be disposegﬂﬁﬁqug
accordance with a spectral sensitivity characteristic
Gidcd Hiiegiatl rve  giov ipng veingmamt ocpo@eehceUsifhqaime iridnges
enbodi nent, several exanples and nunerical exanples

on the iwieh sdeidf cthal RS HEEIpl iedawpPathesbller may
exanpl es are described below [0068] |In, these

be dbxpmp@s, Hh abhekoRalal i iRered Gedt 1 HHRE RhaRE of

. the aspherical surface is eﬁfresgfd QY fhe . follow ng
dispesef ekl HFFOTHEY] WXTR yEpeqiral (§ensyylvity

cnar LRI AP o e i g L e
[008&7]

Using the third embodiment, several sxamples and
numerical examples in which specific wvalues are applied Eto
these examples are described below.

[0068]

In these examples, an aspherical surface is used. The
shape of the aspherical surface is expressed by the
following expression.

[0069]

x = cy? /(1 + (1 - 4+ ey ¢yt eyt + L
[0070]
where

y denotes the height from the optical axis,

¥ denotes the sag of the surface,

¢ denctes the radius of curvatures,

x denotes the conic constant, and

C4, C6, ... denote aspherical ccefficients.

[0071]
Fig. 4 illustrates a lens structure of the zoom lens 3

according to a first example. The first lens group Gl




x denotes the sag of the surface, c denotes the radius j
of curvature, x denotes the conic constant, and C4, i
C6, ... denote aspherical coefficients. [0071] Fig. 4 :
illustrates a |l ens structure of the zoomlens 3
according to a first exanple. The first lens group Gl

- t; 29 - J, SO05P1449 includes a cenented lens L11
conposed of a negative pesgscus |ens having a convex
surface on the object side and a positive | ens Ba¥ipRgqq
a convex surface on the object side and a positive

| ens L12 havi surface_on_the object side.

ng a convex

incluggs s%cf%ﬁﬂfl'ftéﬁﬁg 1@*&&]@ GIRRIQRRSS of r?ed%ﬁ%ﬁe”f%ﬁ%er&zﬁfus
aving a concave surface on the i.nage side and. a

Lons JEETEE GBRER S5 Tt U ST 1R Th v e

ositive |l ens havi a co ur f

. lens and %agu a ! K ex q__ﬁe.%{] and
POSIRAE oHEt &0 2 AN P group &I udes S 2
) . _ ti _
» pof UL AP L 4 o RE BRI G ule ihcce
side POSPHd Vsﬁe%t?{%qtba%g lﬁg\%k)ﬁ(.l;f %iJQL%{ct.d'ﬂﬁ{:%s S&"%\%@vé—i?ens L21

conpose I CO ens and a negat | meni Scus

havirlhf@ eSO Wt d RN P i%gié"‘%l.il&\i—:esarﬁj LRSS e

ens L4 conposed of a biconvex Tens and a negative

lens NI S€dfpodRNDf Hadddtivd eficdiiie Gerddnides a
positive lens L5 having a concave surface on the

positimgelaidaadiidy 2 convex surface on the object side.

TR — ey ey A

The third lens group G3 includes a negative meniscus lens {a
negative subgroup} L31 having a concawve surface on the
object side and a positive cemented lens {a positiwve
subgroup) L32 composed of a biconvex lens and a negative
meniscus lens. The fourth lens group G4 includes a cementad
lens L4 composed of a biconvex lens and a negative meniscus
lens. The fifth lens group G5 includes a positive lens 15
having a concave surface on the image side.

[0072]

In this first example, the aperture stop § is located
between the negative subgroup L31 and the positive subgroup
L32 of the third lens group G3, which is a shift lens group.
The aperkture stop $ remains statlonary regardless of a
change in a lens position setting. In addition, by shifting
the positive cemented lens L3Z2 that serves as the positive
subgroup in a direction perpendicular to the optical axis,

an image can be shifted.




I\__ N

T LY, e e e

In this first exanple, the aperture stop Sis |ocated
bet ween the negative subgroup L31 and the positive
subgroup L32 of the third I ens group G3, which is a
shift lens group. The aperture stop S remains
stationary regardl ess of a change in a |lens position
setting. In addition, by shifting the positive
cenented lens L32 that segges as the positive
subgroup in a direction perpendicular to the opti P1449
axis, an image can be shifted. 30 S05P1449 [O
Furthernore, a color separation prismPP is disposed
[0073h  the i mge side of the fifth lens group G5. [0074]
Table 1 is a Egemflcatlon heet of a fjrst nunmerica

RIS TIOF Sy o0 1P 50 (1R R BRE Tl isd HoRamed on
t t f th
the 1i1q%, 7108 ronaie s PR LIFE TR 180> O

[007 nmerical exanple, a synbol "f" denotes the foca
ngth, a synmbol "FNo" denotes the F nunber, and a

ﬁ%ggk gfgﬁéfgggg%gﬁjang'?ﬁgsﬁg%%:%EﬁLgﬁqaﬁgyt gggﬂ#

examéf@ ﬁ | iREck leFe OB & W ued NaAddidi0NLg the {8k nflrst

surface of a radius of curvature of 0" I1n Table 1
examﬁﬁé er st Osﬁeéiﬁicalfb‘iﬁﬁ HteeetHP] chd ABVE dwing dmerical

examples 1ncludlng the first numerical exampla, a symbol "I

denotes the Ffocal length, a symbol "FHNo™ denotes the F

number, and a symbol "Za" denotes the angle of field of wview.

The index of refraction and the Abbe number are those for
the d-line (A = 587.6 nm}. In additicn, the term “surface
of a radius of curvature of 0" in Table 1 refers to a flat
surface.

[0075]

TABLE 1

Mty e ek be




R

- 31 505P1449

2. B17 7.31 25.54 F NO1.85 2.38 --

2.47 2 W60.06 22. 83 -- 6

.59" Surface nunber Radi us
of Surface-surface | ndex of Abbe nunber

e e

curvature

di stance refraction 1: 48.3220 0.700 1.84866 23.8 2: \

18. 6766 3.080 1,62041 60.3 3_ -113.4067 0200 . 4:

-5: 60.6291 (D5) 6:

7: 6.6186 2.040 8: -7-3400
7 1.880 1.92286 20. 9 _ 10;

17.1592 2,110 1
60. 8291 0.400 1

0.400 1.83600 43.0 O 5.3%2

. 77250 49.6
- 88300 40.

-33,2(358 (D10) 11: -26.7336 0.600 1.77260 49.6 -<{p°F1443 r

-33.7334 1.000 13: 0. 0000 3.120 (Aperture Step) 14:
[ 24. 6732812, 260 1,53680 ~64. 251H

-7.0293 0.400 1, 88300

=nu0d0. 8 11@s -11.434Gy(DL6) 1%;4R6.1724 2.500 1, 48749
19' -11.0764

70.4__18: -7.80
2w 019)“%: -30.0

Surface number Radius of

curvahure

1 48.3220

2 18 676G

a: -113. 4087

4 17.1552

) 60,8221

L] G0.BZ291

T 6.65188

8 -7.3400

HH 5.9722

10 -13.2G68
11: -26,7336
12: -33.7334
13- 0. dd04ad
14: 24 G742
14: -7.0293
16; -11.4340
17: 26.1724
184: -7.8043
19 -11.0764
20: -50.0000
21: -13.4192
22 9. G000
23; 0. 0400

[0076]

%5&9.400 1.%

1, 240 1.

Surface-surface
distance

0_700
3.080
0_zab
2110
(D5)
0.400
2.040
0.400
1.880
(DLD)
B.600
1.000
3.120
2.200
0.400
(D186
2.500
0.4040
(D13
1,240
0.400
13.880

(BI)

4666 23.8

5%@13 61. 3
Index ol
refracton

1.84666
1.62041
1.77260

1. 8BB300

1.83500
1.52286

1.77260
1,51680
i.88300

1.48748
1.54666

1.68913

1.51680

Abbe numbar

23.8
60.3

49.6

40.8

43.0
20.9

425

64.2

4.8

70.4
24.8

61.3

64, 2

{Apartura Stap)

{Prizm)

The 11th, 17th, 20cth lens surfaces are aspherical. The

aspherical coefficients of these lens surfaces are shown in

Table 2. In Table 2 and the following tables including the

aspherical coefficients,

the symbol "E-i" represenks a
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21: -13.4192 0.400 22: 0. 0000 13,880 1. 51680 64, 2
(Prism 23: 0.0000 (B f) [0076] The 11th, 17th, 20th
| ens surfaces are aspherical. The aspherical :
coefficients of these lens surfaces are shown in ;
Table 2. In Table 2 and the follow ng tables including
the aspherical coefficients, the synbol "E-i"
represents a - i>f 32 SO05P1449 f =- deci nal
exponent, i.e., f10~". FoPexanple, "0.26029E- 05"
represents "0.26029 x 10-5". [0077] Table 2 118R3F144?
Surface k=+0.0000 C 4 =-0.62660E-04 Cc =-D. 14551E-04
decinl =HhoMA3E-0% G, 0=+ 24038dx OZzadpld, S f a6e2 XE=05"
+0. 0000 C A _-0.78487E-04 Cc =+0.20920C-D6 Cc
represdhtQS4TLERE0R L ¥ Q:0F0" 20499E- 08  201h Surface x
=+0. 0000 C, =-,1.21209E-03 Cs =-0.34048E-06 Ce
[00T7THH0. 43077E-07 C i 0=-0. 12019E-08 [0078] Wen the |lens
position setting is changed fromthe
Table 2

11th Surface
k =+0_0000 cC, =-0_62660E-04 C, =-0, 1i951E-04
Cy =+0.10273E-05 C |n=-ﬂ'_24ﬂ31E_ﬂ?

b mmge

17ih Surface
k=+0.0000 G, =-0.TB48]E-G4 Gy =+(.20920E-06
Cg =-0.95411E-07 C ,o=+0.20499E-08

20lh Surface
¢ =+0. 0000 C, =-0_21209E-03 G, =-0 3I104BE-D6
c, =+0.43077E-07 € ,=-0.12019E-08

[(0074]

When the lens position setting is changed from the
wide-angle setting to the telephoto setting, a surface-
surface distance d5 between the first lens group Gl and the
second lens group G2, a surface-surface distance dl0 between
the second lens group G2 and the third lens group G21, a
surface-surface distance d16 between the third lens group G3
and the fourth lens group G4, and a surface-surface distance
d19 between the fourth lens group G4 and the fifth lens
group G5 are changed. Table 3 shows values of these
surface-surface distances and focal lengths f in the wide-
angle setting, the middle focal length setting which is
hetween the wide—angle positicon and the telephoto positien,

and the telephoto setting.

T




wi de-angl e setting to the tel ephoto setting, a
surface- surface distance d5 between the first |ens
group GL and the second |lens group &, a
surface-surface di stance d10 between the second |ens
group & and the third lens group G3, a
surface-surface di stance d16 between the third | ens
group G3 and the fourth ggns group 4, and a
surface-surface distance 19 between the fourth
group 4 and the fifth lens group G5 are change
Tabl e 3 shows val ues of these surface-surface
[D07%] stances and focal lengths f in the w de- angle
setting, the mddle focal length setting which is
Tabldel ween the wi de-angle position and the tel ephoto
position, and th el epho set t,i.n L 33 S05P1449 |
[0079] Table 3 143, 753§ﬁ425. 08385 0°500 7. 645
b5 13.556 010 14. 74500 567 :.665 D16. 756118 3. 944 3. 666

19 1.000 4, 474.4. 81,0 2 0.80 . 802 [0080]
Dlégble 4 shows véfﬂgggcorrgsggﬁding§t§5€he above-
Diglescri bed condi t?oht8 expBe8st ons G1H66(2), (3), (4),
DI@nd (5) accordlpghaf theqfkfft nug?§$fal exanpl e.

BF 0. 802 0802 0. 802

gb%@iqag

[0080]
Table 4 shows wvalues corresponding ko the above-
described conditional expressions (1y, {(2), (3}, {4}, and

(5} according to the first numerical example.

[QO08B1]
Table 4

fip=21.816

f 4 =20.610

f 5 =10_748

{3 Dsft=0. 161
t2) Dip” f3p=0. 26 2
{t3) D3s~RAp=0. 12 6
(4) f5-Ft=1. 204
{8) t4,11t=0. 807

[0082]

Figs. 5 to 7 illustrate aberration graphs when the zoom
lens focuses on infinity according ko the first numerical
example, where Fig. 5 illustrates aberraticon graphs in the

wide—-angle setting (£ = 2.812), Fig. 6 illustrakes
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[0081] Table 4 F 3p=21.836 f 4 -20. 610 f 5 -30.748 X
Cl] Da/f t=r. 161 J C2) D3p/ f 3p=~. 26 2 C3) D :
3s/ R3p=~". 126 C4) f 5 ft=1 204 {5) f 4/
1t~ 807 [0082] Figs. 5to 7 illustrate aberration
graphs when the zoom |ens focuses on infinity
according to the first nunerical exanple, where Fig.

5 illustrates aberration graphs in the wde-angle
setting (f = 2.812), Fig. 8 Tllustrates - .
-------------- 34 S05P1449 = aberration graph§QQ31449 !

the mddle focal length setting (f 7.314), and Fig. 7 P
abertdt Ush rgi@shaber raie an gdbphsodal tlengttel eptiotng (£ = -

setting (f = 25.539). [0083] in the astigmatism
7. 314y apdrsd afoong T hiel aberr @it & © ne gpapiisiors omehs Figshe 5

to 7, a solid line indicates the sagittal inage plane
telepihereasebt oyt & +ide- 3 9% cates the neridional inmage

pl ane. In the coma aberration graphs, a synbol "y"

[6083]

In the astigmaktism graphs among the aherration graphs
shown in Figs. 5 to 7, a solid line indicates the =agittal
image plane whereas a dotted line indicates the meridional
image plane. In the coma aberration graphs, a symbol "y"
indicates the image height, and a symbol "&" indicates the
angle of field of view.

[0084]

Figs. 8 to 10 are transverse aberration graphs when the
lens system focuses on infinity and is in a lens shift state
corresponding to about 0.5 degrees according to the first
numerical example, where Fig. 8 illustrates transverse
aberraticn graphs in the wide-angle setting (f = 2.812), Fig.
9 jllustrates transverse aberration graphs in the middle
focal length setting {f = 7.314), and Fig. 8 illustrates
transverse aberration garaphs in the telephoto setting (f =
25.539).

[00B5]

As can be seen from these aberration graphs, according

to the first numerical example, variocus aberrations can be

sufficiently corrected, and the zoom lens has an excellent

image-forming performance.

Fo=
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A

i ndi cates the inmage height, and a synbol "A" indicates :
the angle of field of view [0084] Figs. 8 to 10 are Fy
transverse aberration graphs when the |ens system :
focuses on infinity and is in a lens shift state
corresponding to about 0.5 degrees according to the
first nunerical exanple, where Fig. 8 illustrates
transverse aberration grgphs in the w de-angle

setting (f = 2.812), Fig.” 9 illustrates transver
aberration graphs in the mddle focal |ength se?@%ﬁaﬂdg :
(f =7.314), and Fig. 8 illustrates transverse 5

Tablealferrati on graphs in the tel ephoto setting (f 25.539) :
[0085] As can be seen fromthese aberration graphs,
MthSaleording to the first numerical exanple, various

aberrat.i can be sufficiently corrected,. _and the
zoﬁﬁ?ﬁ@nggﬁ%s G ?Yé%%?éﬁ?k'd&mt ForthilRd 9 pEr84r mance.
ti - 38 SO05P1349= +DahbkeifE-4s heSyef .acer meE-0Q. 0000 C
17hshags 0 52747E-04 C s -0. 12407E-04 C =+0. 12032E-05 C
=0= -0.31 716E-07 17th Surface =+0.0000 C4
=-R0.6900004 ©f =+Q A AF=0A6 G & M V6608968 07 C

10=+0. 12194E-G8, = .0.67896E-07 © o= +0.12194E-08
20lh Surface

#=+00000 C, =-0[19628E-03 C; =-0.11175E-05
Cy; =+0.69300E-07 C ,=-0.14446E-08

[0093]

When the lens position sekting is changed from the
wide—-angle setting to the telephoto sekting, a surface-
surface distance d5 between the first lens group Gl and the
second lens group G2, a surface-surface distance dil0 bestween
the second lens group G2 and the third lens group G3, a
surface-surface distance d16 between the third lens group G3
and the fourth lens group G4, and a surface-surface distance
dl% between the fourth lens group G4 ancd the fifth lens
group 4o are changed. Takle 7 shows walues of these
surface-surface distances and focal lengths £ in the wide-
angle setting, the middle focal lengkth setting which is
between the wide-angle position and the telephoto position,
and the telephoto setting.

[005%4]

Table 7




20t h Surface K +0.0000 C4 =-0.19629E-03 C -0.11175E-05

C 8 =+0. 69309E-07 C ,0=-0. 14446E-08 [0093] When the
| ens position setting is changed fromthe wi de-angle
setting to the tel ephoto setting, a surface- surface
di stance d5 between the first lens group . and the
second lens group &, a surface-surface distance dl O
between the second | ens géoup & and the third |l ens
group G3, a surface-surfdce di stance d16 between_ the

third lens group G3 and the fourth [ ens group A0 43

a surface-surface distance d19 between the fourth
f lens group A aldBlhe fifltBl14ens 25gBdEp G5 are
pschanged. Table 7gspgs vahu of R e?
surface-surface di stances_an focal engths f in the
D1 de- angle setd#n¥flthe hidf e fodafllength setting

ghich is betweep ghie W dg-ggpl e pasgigon and the

t el ephoto position, and the telephoto setting. [0094]

Di%aple 7 39 505Pi4080  24.%99 7. 354038 845 05 0, 500
Bf 7, 465 13. 200 @§lgps4. 30§ §|32'335 196862 016 7.680
4.087 3.610 019 1,000 4.593 5.070 Bf 0. 802 0. 802

[0099] 802

Table 8 shows walues corresponding to the above-
described conditional expressions (1), (2}, (3], (4}, and
{5} according to the second numerical example,

[0096]

Table B

Fip=22 112
[ 4 =20.663
1 5=31379
(1) DsA~Ft=0_ 178
(2) D3p~ F3p=0. 283
(3) DIs/RIp=0_. 160
(4 FS52Ft=1, 214
(S) F4-ft=0. BOO

[0087]

Figs. 12 to 14 illustrate aberratien graphs when the
zoam lens focuses on infinity according to the second
numerical example, where Fig. 12 i1llustrates aberration
graphs in the wide-angle setting (£ = 2.812), Fig. 13
illustrates aberration graphs at the middle focal length

setting (£ = 7.314), and Fig. 14 illustrates aberration




s

[ 0095] Table 8 shows val ues corresponding to the
above- described conditional expressions (1), (2),
(3), (4), and (5) according to the second nunerica
exanple. [0096] Table 8 F 3p= 22, 112 1 4 = 20. 663
15=31.379 [ 1) 0s/ Ft=0_17 B (2] 03p/ F3p=0. 2
83 (3] 03/ R3p=0_160 (4) f 5 ft=1, 21
4 (5) F4 f t= 0O BO [0097] Figs. 12 to 14
illustrate aberrati on graphs when the zoom|ens
focuses on infinity according to the second nun@ﬁ%ﬁ%qqg
exanple, where Fig. 12 illustrates aberration graphs
graphs tiheihg deelbepfietectelitgng (= 2. 812845Fi g. 13
illustrates aberration graphs at the mddle foca
[009§kngth setting (f = 7.314), and Fig. 14 illustrates
aberration F 40 - f 305P1449 graphs_in the tel ephoto
St 1My 3@ Lomad- igmsyar gfrend, Wite BRQnIGHOTs raphs

showrgrfl?hEsigasnPnJQZ tthc? f‘?,erai ast,cirlolnd %iar%.]sindicates the sagittal
image plane whereas a dotted line indicates the meridional
image plane. In the coma aberraticn graphs, a symbol "y"
indicates the image height, and a symbol "&"™ indicakes the
angle of field of view,

[{0089]

Figs. 15 to 17 are transverse aberration graphs when
the zoom lens focuses on infinity and is in a lens shift
state corresponding to about 0.5 degrees according to the
second numerical example, where Fig. 15 illusktrates
transverse aberraticn graphs in the wide-angle setting {f =
2.812), Fig. 16 illustrates transverse aberration graphs in
the middle focal length setting (f = 7.314), and Fig. 17
illustrates transverse aberraticn graphs in the telephoto
sebtting (£ = 25.845).

[0100]

As can be seen from these aberration graphs, according
to the second numerical example, various aberrations can be
sufficiently corrected, and the zoom lens has an excellent
image-forming performance,

[0101}

Fig. 1B illustrates a lens structure of the zoom lens 3

[IEIrETry

Ve = mmapen e -
I i

g
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shown in Figs. 12 to 14, a solid line indicates the
sagittal inmage plane whereas a dotted line indicates
the neridional inage plane. In the coma aberration
graphs, a synbol "y" indicates the inmage height, and
a synmbol. "A" indicates the angle of field of view ] ;
{0099] Figs. 15 to 17 are transverse aberration ¢
graphs when the zoon1|en§ focuses on infinity and is
in alens shift state Co Fespondlng to about 0.5 :
degrees according to the second numerical exanpl#=2F1443 :
where Fig. 15 illustrates transverse aberration !
accogdhpdste m tiiel nd dexamgl €. sefhae nfi{$t —le@s 8¢Pyup REY. 16
illustrates transverse aberration graphs in the
incluidddl 2 ¢eoabteé@nhemhs skllimomgdsed 708 14 ) negadl ¥ gnerl¥scus
illustrates transverse aberration graphs in the
lensteaephdtd coRYEX nguxface 20 45 o DACD]S1ide <@ de
seen fromthese aberration graphs, according to the
positiEpndePEneITERY 2xaRpTex THFizre ebcihatPonactanide and
sufficiently corrected, and the zoom|ens has an
2 podkELYPehtns | Mg dlR BT ny PRAYSF rdihteacs 02 1T he F‘PE}J 248
illustrates ens structure, of. the zoom | ens
side gog a@ec%@oi%%gﬂ%u% 73 b < Haoet Ty e sfeng k2t

i ncl ude 8 C ted Iens | | osed of
havifg o8Pecionts ] $0FEaCe CRIPME Hndle oo "R OP dafinfed.

lensoﬁtfcéoﬁﬁgge@qgfaa negakbtive biconcave lens and a
positive lens having a convex surface on the object side.
The third lens group G3 includes a negative meniscus lens
L31 hawving a concave surface on the object side, a biconvex
lens L32, and a negatlve meniscus lens L33. The fourth lens
group G4 includes a positive cemented lens L4 composed of a
biconvex lens and a negative meniscus lens. The fifth lens
group G5 includes a peositive lens L5 having a convex surface
on the image side.

[0102]

In the third example, in the third lens group G3
serving as a shift lens group, the negative menlscus lens
L31 forms a negative subgroup whereas the biconvex lens L32
and the negative meniscus lens L33 having a convex surface
on the object side form a positive subgroup. In addition,
the aperture stop 5 is located between the negative subgroup
L3l and the peositive subgroup L32/L32 and remains stationary

ragardless of a change in a lens position setbttbting. In



e

positive | ens having a convex surface on the object
side and a positive lens L12 having a convex surface
on the object side. The second | ens group & includes
a negative lens L21 having a concave surface on the
I mage side and a cenented |ens L22 conposed of a
negati ve biconcave |lens and a positive |lens having a
convex surface on the objgot side. The third |ens
group G3 includes a negative nmeniscus lens L31 Qﬁﬁ%ﬂgqg
a concave surface on the object side, a biconvex
L32, and a negative neniscus |lens L33. The fourth |ens
addipienp o shelTtes Bhodeesiveve emabgrenp ehd2/ 433 ohposed
,__of la biconvex |ens and a negative meniscus |ens. The
direftioh PeRRENAIGUAREED nEhadeRt dCpbstive #onimage can be
h.EFa%ing a convex surface on the image side. [0102] In
SBITYHB-third exanple, in the third lens group G3 serving
[DlD?E a shift lens group, the negative neniscus lens L31
rms a negative subgroup whereas the biconvex |ens
the negati.ve neniscus lens L3 aving a
convte@&gnl?r a{cgl %gﬁlﬂtrﬁése SiTeCt 81 de For %E!; Sosc?"te‘ig?gad on
o) I | t4 re-stop S is |ocated
the %g% e%%%e%%%i%&%b%%g%g&?{% L?15n'czl the positive
[0108pbgroup L32/L33 and remains stationary regardless of
a change in a lens position setting. In - 42 S05P1449
adgiltd on.ihy Sefcliimg e etHdd V@ S WHBUR lEHdrdddin
a direction perpendicular to the optical axis, an
exampl@gtn CaN ¢ s fted. values are applied ke the third

example.
[0105]
Table 9
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[0103] Furthernore, a color separation prismPP is
di sposed on the image side of the fifth | ens group
Gb. [0104] Table 9 is a specification sheet of a ;
third nunerical exanple in which specific values are i
applied to the third exanple. [0105] Table 9 43
S05P1449 2.61 7.32 25.81 FNO1.75 -- 2. 12 -- 2. 48 ]
2 w 60.06 22.83 -- 6.51' rface nunber Redl us of {
Sur f ace-surface | ndex of be nunber curvature
di stance refraction 1: 51.3264 0.700 1.84666 23, §02p1449
18.3094 3.170 1.62041 60.3_ ::: -99.5819 0.200 4:

I 16. 727612, 60 1.778800-47, 5-8 69.9262 (D 5) 6:

FHU59 926250. 400 1.288800-40.82. 43 5.4769 2.030 8: -7.2873

O 4Q85%883500 @2 9. 6. 0§7€“1.850 . 92286 20.9 10:

¥ 33 (D10) 1 -41. 771 .600 1.77250 49.6
Surface number Eﬁﬂgﬁg gi';';lara“c;;ﬁ“”&:e :I;r?rgil?;n Abba number :
1: 51.3264 0.700 1.84666 23,8
2: 18.2094 3.170 1.62041 0.3
a: .99.5819 D.200
A: 16.7770 2.160 1.78800 47.5
5: 59.9262 (D5)
6: £9.9262 0.400 1.88300 40.8
71 5.4769 2.030
a: .7.2873 0,400 1,83600 43.0
9: 5.0374 1.850 |.B2288 20.9
10: -33.93140 (D10)
11: -41.7710 0.600 1.77250 18.6
L 2: -76.9697 1.000
13: 0.0000 2,100 {Apsrture Stop)
14: 19.6253 1.760 1.48749 70.4
16: -11.0961 0.400
16: .8.0862 0.400 1.88300 40.8
17 -10.1072 (D17
18 29.6855 2.670 1.48749 70,4
19: -6.6835 0.400 1.84666 23.8
20: -9.3625 (D20)
21 50,0000 1.180 1.58513 61.9
22 -14.4628 0.400
23: 0. 0000 13.880 1.58913 61.3  (Pism)
24: 0. 0000 0.806
[0106]

The 11th, 18th, 21st lens surfaces are aspherical. The
aspherical coefficients of these lens surfaces ars shown in

Table 10.

Tt



12: -75.9697 1.000 13: U. 0000 3,100 (Aperture Stop)
14: 19.6253 1.750 1.48749 70.4 15: -110961 0.400 16:
-8.0862 0.400 1.88300 40.8 17: -10.1072 (D17) 18:
29.6855 2.670 1.48749 70.4 19: -6.6835 0.400 1, 84666
23.8 20: -9.3625 (D20) 21: -50.0000 1.180 1.58913
61.3 22: -14.4628 0.400 23: 0.0000 13.880 1.58913
61.3 (Prisn) 24: 0.0000 Q.806 [0106] The 11th, 18th,
21st lens surfaces are 5sgﬁer_i cal. The aspheri cal
coefficients of these | ens surfaces are shown in>?2P1449
Tabl e 10. 1 44 SO6P1449 [0107] Table 10 111h
[010%BUrface K= +0, Q0QO C 4 = -0. 55451 E-04 C -0,
12530E-04 Ca =+0, 12340E-05 C g=-0.29558E-07 181h
TablsutPace

11Lh Surface

¥ =+0,0000 C©, =-0.55451E-04 C,; =-0, 12530E-04

C, =+0, 12340E-05 C ,=-0.29518E-07
18th Surfaca

£ =+0_0000 C, =.0.13i168E-03 C, =+0.24214E-05

C; =-0.817T44E-07 cC 10=+0_19889E-08
21lh Surfaca

x =+0.0000 ©, =-0.17948E-03 C, =-0.50897E-06
Cp =+0.4B296E-07 C ,,=-0. 13610E-08

{0108]

When the lens position setting is changed from the
wide-~angle setting to the telephoto setting, a surface-
surface distance d5 between the first lens group Gl and the
second lens group G2, a surface-surface distance dl0 betwsen
the second lens group G2 and the third lens group G3, a
surface—surface distance dl17 hetween the third lens group G3
and khe fourth lens group G4, and a surface—-surface distance
dZ20 between the fourth lens group G4 and the fifth lens
group G5 are changed. Takle 11 shows values of these
surface-surface distances and focal lengths £ in the wide-
angle setting, the middle focal length setting which 1s
betwsen the wide-angle position and the telephoto position,
and the telephoto setbing.

[0105]



Fc =+Q 0000 ¢4 =.0, 13168E-03 c6 =+0, 24214E-05 C
-0.81744E-07 C 10=+0. 19889E-08 211h Surface K=+0.
0000 C 1 =-0.17940E-03 C 6= -0. 50897E-06 Cg

=+0. 48296E- 07 C 1R=-0, 13819E-08 [0108] When the | ens
position setting is changed fromthe w de-angle
setting to the tel ephoto setting, a surface- surface
di stance d5 between the fi,rst lens group Gl and the
second lens group &, a S&Pf ace-surface distance d10

between the second |ens group & and the third |EhP 1442

group G3, a surface-surface distance d17 between the
Tablehltd lens group G3 and the fourth lens group 4, and

a surface-surface, dj stance O between the fourth
Flens group 4 andz'?i@ f,ft'MO% '150% MG are
D5 changed. Tabl e 1. Hows Val488s of13

ur face-surface tances foca engths f in the
Dm\?\n de- angle setl‘fjnaéﬁ the i gl e fota’% 0g ength setting

D1Ahich is betweeh B%le wi de-509gl e ppsitg on and t he
el ephoto positi and tel ep setting. [0109]
DEDE 45 S05P1449 "Orhngb 141%42 812517&.3%15 25.812 05
8f 0.500 7.485 13296 80610 140.3®8 7. 41d, glg5600 017 6. 593
3.509 3.710

[0110]

Table 12 shows values corresponding to the above-
described conditiconal expressicns (1), (2}, (3, {4), and
{5} acgcording to the third numerical example.

[0111]

Table 12
f3p=1271.034
F4=18 964
t 5=234.120
(1) Da " Ft=0. 1549
(2) DIp~ f3p=0. 269
(3} D3sRIAp=0. 158
(4) F5/7f1=1_ 322
(S) F4a--ft=0, 745

[0112]

Figs. 15 to 21 illustrate aberration graphs when Ehe
zoom lens focuses on infinity according to the third
numerical example, where Fig. 19 illustrates aberration
graphs in the wide-angle setting (f = 2.812), Fig. 20

illustrates aberration graphs at the middle focal length




¥ . 3 R PR A LD LAY Ly D L e,

020 1.000 4.084 3.883 8f 0.805 0.805 0. BO5 [01101
Tabl e 12 shows val ues correspondi ng to the above-
descri bed conditional expressions (1), (2), (3), (4),
and (5) according to the third nunerical exanple.
[0111] Table 12 s 3a=21.034 F 4 =18.964 T 5 =
34.120 C1 ) Ds/ f t=0. 159 (2 ) D3p/ F3p=0. 2
6 9 C3) D3s/R3p=6. 1 58 4) F5 ft=1 322 [ 5
) F471t=0 735 (0off2I Figs. 19 to 21 |
illustrate aberration graphs when the zoom |ens S05P1442 L
focuses on infinity according to the third nunerica
saettéxnqmpPFes WhalB) Fi gndlPigl | 25t i Kl estabeesahbepragienhs
in the wide-angle setting (f = 2.812), Fig. 20
graphkl ist theéesebbphottbi satgiaphsfat 2hebhitldl e foca
l ength - 46 305P1449 setting (f = 7.315), and Fig. 21
[0Ll1Bll ustrates aberration graphs in the tel ephoto setting
(f = 25.812). [0113] ]
In the astigmatism graphs among the aberraticon graphs

v pemereEga
. s

shown in Figs. 19 to 21, a solid line indicates the sagittal
image plane whereas a dotted line indicaktes the meridional
image plane. In the coma aberration graphs, a symbol "y"
indicates the image height, and a symbol "A" indicates the
angle of field of view.

[0114]

Figs. 22 to 24 are transverse aberration graphs when
the zoom lens focuses on infinity and is in a lens shift
stabkte corresponding to abkout 0.5 degrees according to the
third numerical example, where Fig. 22 illustrates
transverse aberration graphs in the wide-angle sekting (f =
?2.812), Fig. 23 illustraktes transverse aberrakbtion graphs in
the middle focal length setting (£ = 7.315), and Fig. 24
illustrates transverse aberration graphs in the telephoto
setting (f = 25.812).

[0115]

A3 can be seen from these aberration graphs, according
to the third numerical example, various aberrations can be
sufficiently corrected, and the zoom lens has an excellent
image-forming performance.

[0116]
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In the astigmati sm graphs anong the aberration graphs
shown in Figs. 19 to 21, a solid line indicates the
sagittal imge plane whereas a dotted |ine indicates
the nmeridional inmage plane. In the coma aberration :
graphs, a synbol "y" indicates the inmage height, and
a synbol "A" indicates the angle of field of view
[0114] Figs. 22 to 24 grg?t[ansverse aberration
graphs when the zoomlens 'focuses on infinity an%
in alens shift state corresponding to about 0.5
degrees according to the third nunerical exanple,
Wiy € 4 gl 12&tiddhest rant dgnage arapiaIrsien cp agrrraata tors
graphs in the w de-angle setting (f = 2.812), Fig. 23
accorfingt vatas enkpdimie abethatporsgnapbaveéntiene
m ddl e focal length setting (f = 7.315), and Fig. 24
[0117]|ustrates transverse aberration graphs in the

tel ephoto setting (f = 25.812). [0115 As can, be .
R tﬁ?e@eag’é%‘-‘rﬂaﬁqtor? , tac@!:r“r Gy tid e -

third nunerical. exanpl e, vari s aberrations fan be

25, A IPF BTN O R TR T AN tHe Bt TEhy Haclydes a

| ] i - f i . f . 0l116] f-=_47
cane Beh G0 i 4 0GR Y L L0 BFL AR pnd Sty | 19 20
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I nventi on.
media interface {hereinafter referred teo as a "media I/F"}

Wt e an

9p1449 i

50, a control unit 60, an operation unit 70, a liguid
crystal display {LCD) B0, and an external inkerface
{hereinafter referred to as an "external I/F™) 90. The
image capturing apparatus 10 further includes a removable
recording mediom 100.

[0118]

Examples of the recording medium 100 include a so-
called memory card using a semiconductor memory, an optical
recording medium, such as a recordable digital versatile
disk (DVD} or a recordable compact disc {CD}), and a magnetic
disk. In the present embodiment, the recording medium 100
i1z, for example, a memory card.

[0119]

The camera unit 20 includes an optical block 21, a
charged coupled device {CCD} 22, a preprocessing circuit 23,
an optical bleock driver 24, a CCD driver 25, and a timing

generation circuit 26. Here, the optical block 21 includes




[0117] According to the present enbodi ment, as shown
in Fig. 25, an image capturing apparatus 10 primarily
includes a canera unit 20, a canera digital signa
processor (DSP) 30, a synchronous dynam ¢ random
access nenory (SDRAM 40, a nedia interface
(hereinafter referred to as a "nedia I/F') 50, a
control unit 60, an operati.on unit 70, a liquid
crystal display (LCD) 80, “8nd an external interface
(hereinafter referred to as an "external |/F') 9F92Hid49
i mage capturing apparatus 10 further includes a
a lemsnoyabbeus ing onekdivg hed] um 400t ¢ ¢0 IMSthakckasmp| #8d ofn
the recordi ng nedi um 100 include a so- called nenory
aperkare (3rhyl auecharbimuct Bhe nehory-desropbédatoom lens
recordi ng nmedium such as a recordable digita
accoy@ingt FP ethei RReFOVD) 1oV eat ek or 330! a2 o cEodnstens 1,
éCI»,_and a_magnetic _disk, In the present_enbodi nent,
2, oF ndr reRob gt Pediimn 1o 118, therorSdepl 2lecketbry In
. card. g0119é . The_canpera ﬁnit 20 includes an opti ca
addiptoy B3 Tacetfarfed cotpf el HRRATR GE292S and

comt R ARy 280 AR 151 ) SHRHERSE (YR ErPEbhon o870ut
o cofBeypbll, SEAENEUORTHAR LIRS b s mae RROLHE
the fﬁbge plane and a lens group closest to the image plane.
Furthermore, the CCD 22 is provided for each of khe R, G,
and B colers separated by the color separation prism. In

such a case, a lowpass filter LPF may be disposed

immediately in front of each CCD {on the object side) or may

be disposed on the object side of the color separation prism.

[0120]

Additionally, the control unit 60 is a microcomputer
including a central processing unit (CPU} 61, a random
access memory {(RAM) 82, a flash read only memory (ROM} 03,
and a clock circuit 64 connected to each other via a system
bus 65. The control unit 60 can control each of components
of the image capturing apparatus 10 according to the present
embodiment.

[0121]

Here, the RAM 62 is mainly used as a working area for,

for example, temporarily storing an intermediate result of a

process. The flash ROM 63 stores a variety of programs

LT L R TR Ty



aperture (iris]' mechanism The above-descri bed zoom
| ens according to the present invention, such as the
zoomlens 1, 2, or 3, is used for the lens in the
optical block 21. In addition, to receive RR G and B
separated i mages and conbine the R G and B i nages
to generate information about a color imge, a col or
separation prismis dispoi d between the inage plane
and a | ens group closest t'd the i mage pl ane.
Furthernore, the CCD 22 is provided for each of tqg;ggqqg
G and B colors separated by the col or separation
execptednbyl hhesQBll &lcase, dathonpgesiréd| fer LRE pmEycbesing.
di sposed imediately in front of each CCD (on the
The obpektcskdejtobinagn beodidpotbd owrréetoppact spdghosnd
the color separation prism [0120] Additionally, the
day,cbhErGEYuﬂﬁtaﬁeeeE,aanﬁcthﬁoﬁbHF@ﬁt tHeeudi Bheaclock
central processing unit & a_random access
circbhoby FRAMFUEPhed Pravh ?e@dI@ﬁPydhﬁﬁD¢9t?RENF b3me .
and a clock circuit 64 connected to each other via a
[Ulzgisten1 bus 65. The control unit 60 can control each

RLIETIES %S&pf%@m“e s %ﬁ%%%ﬂﬂg [ a:fi%f%ck
RAM 62 .
drlvggaﬁﬂlgen?gl qaLn ¥1#§eglﬁﬁaf ¥QF 5§ % he P%% Fal

orarl oril an‘inte resu

leCQr%g£gﬁgé%QEKQOgégggglRggggﬁ?egggg§??eﬁﬁikfg "and data

Ther@.ggwag_‘gdtflgrDbgfcgioﬁféékngrlver 24 dellvers_thls drive
signal to the ophtical block 21 so as te ocperate the optical
block 21. The optical block 21 controls the focusing
maechanism, the shutter mechanism, and the apertura mechanism
in response to the drive signal received from the optical
block driver 24 s0 as to receive an image of the object.
Subsequently, the optical block 21 delivers the received
image to the CCD 22.

[0123]

The CCD 22 photoelectrically converts and outputs the
image received from the cptical block 21. The CCD 22
operates in response bto the drive signal received from the
CCD driver 25 so as to retrieve the image of the object from
the optical bleck 21. In addition, the CCD 22 delivers the
retriaved image (image information) of the object to the
preprocessing circuit 22 in the form of an electrical signal

in response to a timing signal ocutput from the timing



The clock circuit 64 can provide the current year,
nmonth and day, the day of a week, and the current
time. The clock <circuit 64 can further provide a
recording date and tinme. [0122] Wile an imge is
bei ng recorded, the optical block driver 24 generates
a drive signal for operating the optical block 21
under the control of the %%nyfol unit 60. Thereafter,
the optical block driver delivers this drive
signal to the optical block 21 so as to operate (#1449
optical block 21. The optical block 21 controls the
genefagyenngirgechanfsnyhiblk tAucoprradiadnbynthandonhezol
_aperture mechanism in response to the drive signa
un1trgﬁeived fromthe optical block driver 24 so as to
receive an i nage of the object. Subsequently, the
[Glzébtical bl ock 21 delivers the received inage to the

22. [0123 T CCD 22 photoelectrically, t
20 B e TR dan o e S TS 8 bl ook
21tegh§ 1mi§2 Sogggftﬁﬁa'n.resgo§s$ to the.drive
geneIs'.lagnal reter Ve o t he? - ctb drFveroosPEQYaetes 2
' t i t ' h i I .
preafFLEREY8a Pinl FROG Rk PR OBLEELAL LR CALSCBRLEGE! unic
60. ffﬁfé&aféinP9€hé'6@99d££$85”§5'QQ%eP%téQea°R£f$é Eggnal
the preprocessing circuirt 23 in"the form of "an

whicB! €6t 8k CalepbaNab tha &@ﬁg%@sgnDtS Pe8pbh B Ngo SERHAL iming

output fromthe timng - P1449 generation

signélr@dliv@PedWren the COMMIAY| §dnbY¥athencontéetic 26.
[0125]

The preprocessing circuit 23 performs a correlated
double sampling (CD5) process on the received image
information in kthe form of an electrical signal so as to
maintain a sufficient S/N ratio. The preprocessing circuit
23 further performs an automatic gain control {(AGC)} process
to control the gain and performs an analog/digital {(A/D)
conversion so as to generate image data in the form of a
digital signal.

[01286]

The image data in the form of a digital signal output
from the preprocessing circuilt 23 is delivered to the camera
DSP 30. The camera DSP 30 performs camera signal processes,
such as an aute focus {AF) process, an auto exposure (AR}
progess, and an auto white balance {(AWB) process, on the

delivered image data. The image data subjected to these
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unit 60. [0124] As noted above, the timng generation
circuit 26 generates a timng signal that is used for
providing a predetermned timng under the control of
the control unit 60. In addition, the CCD driver 25
generates a drive signal which is delivered to the
CCD 22 in response to the timng signal delivered
fromthe timng generatiop_ circuit 26. [0125] The
preprocessing circuit 23 g rforms a correlated double
sanpling (CDS) process on the received i mage S05P1449
information in the formof an electrical signal so as
procégsenni ntdataacsupfeesedtuSing ratpoeddberpirpd ocessi ng
circuit 23 further perfornms an automatic gain contro
compfaSfionroeeksique andtisldehivepdd bndtherforasdimg
anal og/ di gi t al %QID) conversion so as to generate
medipFplel davantedt e top moige capGirang sippara1e1 26
The image data in the formof a digital signal output
accordpngt e breppreesst ngieed Bupnt 2oid stiye| syeiem et t he
canmera_. DSP,30. The canera PSP.30 perforns canera .
and Lhenpdid ob£5sed:  AFHCIRIReARBLPBoushe AFfags ook 1s
an _auto exposure (AE rpces and an auto white _.
recofdpdned thberenrreind iR elopelt Ae it fnget i fite.
[Dlzqre i mge data subjected to these - 51 S05P1449
pfocesses i s data-conpressed using a predeterm ned

In addition, desired image data is read out from among
the image data recorded on the recording medium 100 via the
media I/F 50 in response te a user operation received wvia
the operation unit 70 including a touch panel or a control
key. The readout image data is delivered to the camera DSE
30.

[0128]

The camera DSP 30 performs a decompress process (an
expansion process) on the compressed image data that is read
out from the recording medium 100 and that iz dslivered wvia
the media I/F 50. Thereafter, the camera DSP 30 delivers
the decompressed image data to an LCD controller 81. The
LCD controller 81 generates an image signal to be delivered
to the LCD 80 from the delivered image data. In this way,
an image corresponding to the image data recorded on the
recording medium 100 is displayed on a display screen of the
LCD 80.

[0129]

O
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conpression technique and is delivered to the
recording nedium 100 nounted in the inmage capturing
apparatus 10 according to the present enbodi nent via
the systembus 65 and the nedia I/F 50. As described
bel ow, the image data is recorded on the recording
medi um 100 in the formof a file. [0127] In addition,
desired inmage data is reag out from anong the inmage
data recorded on the reco aiﬁg medi um 100 vi a the
media I/F 50 in response to a user operation r eceidvéd449
via the operation unit 70 including a touch panel or
& chidplaly pfeeyesEieng qadoran nmege i drs ted iRBY ed to
the canera DSP 30. [0128] The camera DSP 30 perforns
deteanieennprestss plgebay (ke brpansi oPhat okessihbs diheplay
conpressed image data that is read out fromthe ] -
proceesondi Podkdli (He1oUnEmeS t Hae Yecekdinereghsig ofpe file ;
media |/F 50. Thereafter, the canmera DSP 30 delivers '
systeRe detehpiesdesri g brlevt oanth thed sohere) fer mhaying
The LCD controller 81 generates an i mage signal to be
backqehe HPRYE-to the LCD 80 fromthe delivered i mage
Ulagﬂ;a' In this way, an image corresponding to the
[ ge data recorded on the recording nmedium 100 is

g§§pl 'déﬁg %ﬁ&i%ﬁ“éﬁ%S%gﬁ¥ﬂkfggtggﬁaéé%%§u&ﬂ[é%ggﬂdfﬂg

te the present embodiment includes the external I/F 20,

When the image capturing apparatus 10 1s connected to, for
example, an external personal computer via the external I/F
90, the 1lmage capturing apparatus 10 can receive image data
Erom the perscnal computer and store the received image data
on the recording medium 100 mounted in the image capturing
apparatus 10. Additicnally, the image capturing apparatus
10 can supply image data recorded on the recording medium
100 mounted in the image capturing apparatus 10 to the
external personal computer.

[0131)]

Furthermore, when a communication module is connected
to the external I/F 90, the image capturing apparatus 10 can
be connected to a network {e.g., the Internmet). Thus, the
image capturing apparatus 10 can acquire a variety of image
data or other information via the network so as to record
the image data or the information on the recording medium

100 mounted in the image capturing apparatus 10. In
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A di splay processing programrecorded in the ROM
determ nes how to display the inage. That is, this
di splay processing program determ nes the recording
schene of a file system which is described bel ow,
and the schenme for playing back the inmage. [0130] In
addition, the image capturing apparatus 10 accordi ng
to the present enbodi nent _i.ncludes the external I/F
90. \When the inmage capfuﬁﬁng apparatus 10 is
connected to, for exanple, an external personal S05F1449
conputer via the external IIF 90, the inage capturing
addiappay atbs dGagancagcer vegi apgerdata 10 roamt heapensondata
conmputer and store the received inmage data on the
recordedrdingheetécord0og noedied 190 theuntedeitapher ingge
apparatus 10. Additionally, the inmage capturing
captappag akpRarabue ahl skppk yleabird deargelecendedion the
recording nedium 100 nounted in the inmage capturing
commapbarbies 12t bh¢e naewekkernal personal conputer.
%0131] Furt hernore, when a communication nodule is
[0132bnnected to the external I/F 90, the i mage capturing

a%?tfﬁﬁe% REE e ke IR 0 apDR (ot
appafSBULT €2 YALLSTYo °£hgp§935e9@g&ag@dﬁa&% Lgforamyi on,

?he ne¥ SO as recor ata or
oo AELIRL. 1500 AL ILES, LU, J00 FRUBAEE
perscnal caomputer or the network and recorded in the
recording medium, so as to play back and display the
information on the LCD 80. Thus, the user can utilize the
information.
[0133)

The axternal I/F 90 may be a wired interface, such as
an IEEE {Institute of Electrical and Electronics Engineers}
1324 interface or a- USB {(Universal Serial Bu=} interface.
Alternatively, the external I/F %90 may be a wireless
interface using light or radic waves. That is, the external
I/F 290 may be a wired interface or a wireless interface.
[0134]

As noted above, the image capturing apparatus 10
according to the present embodiment can capture an image of
a subject and record the captured image on the recording
medium 100 mounted in the image capturing apparatus 10. 1In

addition, the image capturing apparatus 10 can read out

-
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addition, the inmage capturing apparatus 10 can

transmt data recorded on the recording nmedi um 100

nounted in the imge capturing apparatus 10 to a

desired target end of conmunication via the network.

(0132] sStill furthernore, as noted above, the inmage

capturing apparatus according to the present

enbodi ment can read out information, such as inage

data acquired via an exterfar personal conput er or

the network and recorded in the recording nedi umvx6td4?

as to play back and display the information on the
imagé Gu8H. rdbwsded hen udes vatotdihdg zeadhen 100 ctdeblion. back

[0133] The external I/F 90 may be a wired interface,
and szehths immgd EER A | nsTuttherodrE ethe | ehgancdapturing

El ectroni cs Engineers) 1394 interface or a USB
appa¥ipiy el @ ataSere i Bysimige cddbr el rom aerenitermil, the

external I/F 90 may be a wireless interface usin
personaht CORPRERT o Nval RStk and rerorsktidimareceimgoimage

may be a wired, interface or a wreless interface.
data [‘E‘J‘l?ﬂfﬂfl]le A&EW%H‘-%U%“W held iRgien et in i FE abPadat us

10, accordin he presen enbodlnent can capture an
captyriRd JpPALahp; ]eé:t aﬁﬂlfjec TR Urll 1ReER on

capt L T ARAT o Db K o hort SR haege data
to P?ftgéwgt@@dlaé #ﬁ .40, can. read out S0521449 Ilmage

a recor e reco dlng Tredi um 100 to pl ay back
gpd use the image data. Furthernore, the inmage
capturing

While, in the foregoing description, image sensing

means of the image capturing apparatus 10 accerding to the

present invention has been described with reference to a SCD,

the image sensing means is not limited to a CCD. For
gxample, 1in place of a CC0, a CMOS {(Complementary Mstal-
Oxide Semiconductor] or other image sensing devices can be
used.

[0136]

The particular shapes, structures, and values in the
above-described embodiments and numerical examples are only
examples for realizing the present invention and it should
not be construed that the technical scope of the invention

is limited thereto.

Incdustrial Applicability

[0137]

f e e o e —



apparatus 10 can receive image data from an externa
personal conputer or a network and record the received
i mpage data on the recording nedium 100 nounted in the
i mge capturing apparatus 10. Still furthernore, the
i mage capturing apparatus 10 can read out the )
recorded image data 1 to play back the recorded i mage i
data. [0135] Wiile, in tﬁg f oregoi ng description,
i mage sensing neans of t i mage capturing appar tgs ;
10 according to the present invention has been 505pP1449 !
described with reference to a CCD, the inmge sensing !
Man szaan odnd iand dcthd dmadeCRapforr irex apdaxsatus pl ace '
of a CCD, a CMOS (Conpl enentary Metal - Oxide

inclSdimgonleictory benst han beopeovedsiing Deviressean be
used. ti [0136] The particular shapes, structures,

invenhionat@resbenvifiely apenbledstei dedl babodi dent sanpgas and

- nunerical exanples are only exanples for realizing

dlgliak pEesent2PAYRAtion and it should not be construed
that the technical scope of the invention is limted

[013Fhereto. Industrial Applicability [0137] - 55

%%?Igfl?}gg Tthoe tzhoeo n}?}r! eesnéc’n I:a nJ{j ntlt’ehnet :f_ Cr‘TI}liJg ea Czacpc}mu rJ! En&
includes at least three lens groups, that is, a negative
lens group having a negative refractive power, a3 shift lens
group, and a positive lens group having a positive
refractive power arranged in this order from an object side.
When the lens position is moved from a wide-angle setting to
a telephato setting, at least the negative lens group and
the positive lens group move so that a distance between the
negative lens group and the shift lens group is decreased
and a distance between the shift lens group and the positive
lens group is changed. The shift lens group includes at
least btwo subgroups, an aperture stop i1s disposed bebween
the two subgroups, and an image is capable of being shifted
by shifting one of the subgroups in a direction
substantially perpendicular toe an optical axis. The
following conditional expression (1} is satisfied:

Da/ft > 0.1 {1}
where Ds denotes a distance along the optical axis extending
from the lens surface that is the closest to the image among

the lens surfaces of the subgroup located on the object side



i ncluding the zoom | ens can be provided. The present
i nvention can be widely applied to digital video
cameras and digital still canmeras. [0138] According
to the present invention, a zoomlens includes at
| east three lens groups, that is, a negative |I|ens
group having a negative refractive power, a shift |lens
group, and a positive Ien%Egroup having a positive
refractive power arranged™in this order from an OQﬁfﬁqug
side. Wen the lens position is noved froma
w de-angle setting to a telephoto setting, at | east
to thhelamgasivéatenthgkoup dhne ciheepbstiei kel ehjegt oapong
nove so that a di stance between the negative |ens
the depapsunfache 9fi the| ewbogpempl vcabiedr enstle amega side,
di stance between the shift Iens group and the positive,
and ﬁénge@FBﬁﬁ FBechafgéalenhih sk f Ehf PRt FBUp=NACPYBESM 1n
--1 | east two subgroups, an aperture stop is
the HF%EBQ%H“b%?REéHg the two subgroups, and an image is
[D13§$pable of being shifted by shifting one of the
bgroups in a direction substantially per pendi cul ar

L Rl 'f‘rl) .ﬁ%% (5, PG ndjlrg‘fe%)nc%realbs
1maggeg%€ﬁef?tg tﬁgo {.1!?@&9 :%1 & maﬂe eéﬁ? ngma%e

ac et Ist oS es
n S o r o
e e g

zoomtm§h5|§ot9ﬁ Elegesichd tgnoD] €CPH@MPAGBmM lens includes
at least three lens greups, that is, a negative lens group
having a negative refractive power, a shift lens group, and
a positive lens group having a positive refractive power
arranged in this order from an object side. When the lens
peosition is moved from a wide-angle setting to a telephaoto
setting, at least the negative lens group and the positive
lens group move 50 that a distance between the negative lens
group and the shift lens group is decreased and a distance
between the shift lens group and the positive lens group is
changed. The shift lens group includes at leaskt two
subgroups, an aperture stop is disposed betwean the two
subgroups, and an image 1s capakble of being shifted by
shifting one of the subgroups in a direction substantially
perpendicular to an optical axis. The following conditional
expression (1] is satisfied:

Ds/ft > 0.1 {1}

e



the | ens surfaces of the subgroup | ocated on the inmage

side, and ft denotes the focal length of the entire

| ens systemin the telephoto setting. [0139] In

addi tion, according to the present invention, an

i mage capturing apparatus includes a zoom|ens and an

i mge sensing device for converting an optical inmge

fornmed by the zoomlens g an el ectrical signal. The

zoom |l ens includes at |edst three |ens groups, tigg 1445

IS, a negative lens group having a negative S0P

refractive power, a shift lens group, and a positive
wher¢ehs dentipethavihistaposi 1loeg righe aepiieaposweis extending

arranged in this order froman object side. \Wen the
from| Bhg Iewsisuetnee Hevedt§ roe LR BnkP cthbet tnage tameng

tel ephoto setting, at |east the negative |ens group |
the Lgmstfar byt i Ve ThRnsuldgoonp nbres ed t tiat Ehe ppkiagle eside

t he_negat.i ve lens%ﬁgrou and the shift{ |ens
S

t
to t %ﬁ%%] SSH AR SR Gt at R SFLORSST bt wekh PhEechigmony
dith iti | i h d.
ene 1£02 SO0 E0LL MO ROt Do g Pob SenS DERERS i
i di d he t .
and £ SBFLA G Ol L SRICLDTHE Lhi {fe | ¥ons, syt in

the 12%%%.1%]115190 g%@ﬁ@jfné.he subgroups in a direction

ant | y perpendicular to an optical axis. The
[o14fpllowing conditional expression (1) is satisfied:
Ds/ft > 0.1 (1) 57 _ SO5P1449 where "“s denotes a

HedoanGea ahqnd nt e eORidetRint@Xinre®tli®l the distance
between the two subgroups of the shift lens group can be
sufficiently increased without increasing the size of the
entire lens system. That is, the aperture steop is disposed
between the two subgroups, and the distance betbtween the two
subgroups includes a space that is originally required for
disposing the aperture stop. Therefore, even when the
distance between the two subgroups is sufficiently increased,
the length of the zoom lens need not be increased in order
to increase the distance between the btwo subgroups. As a
result, the distance between the two subgroups of the shift
lens group can be sufficiently increased so that the
refractive powers of the twoe subgroups can be decreased.
Therefore, the sensitivity of an axis tilt between the two
subgroups is reduced, and therefore, sufficient performance
can be maintained. In addition, a change in the angle of

field of view occurring when either one of the subgroups is

e iU ER T EPE E
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fromthe lens surface that is the closest to the inmage
anong the lens surfaces of the subgroup |ocated on
the object side to the lens surface that is the
cl osest to the object anobng the I ens surfaces of the
subgroup | ocated on the inmage side, and ft denotes
the focal length of the entire lens systemin the
t el ephoto setting. [0140] __Accordingly, in the present
invention, the distance™ 58t ween the two subgroups of
the shift lens group can be sufficiently increastffl449
W t hout increasing the size of the entire lens
shifsydt ean Bhatedsgetihe aperture stop is di sposed
bet ween the two subgroups, and the di stance between
[0141he two subgroups includes a space that is originally
required for disposing the aperture stop. Therefore,
eMe st ¥ hebheali Znamceebetafe b ihelmags stRFoUIsI i S
sufficiently increased, the length of the zoomlens
apPapeEHsn6RNbRI¢HerbadearaAabigerof othmcieage gnality when
di stance between the two subgroups. As a result, the
the ymaggnig BRiHEeR ThilewB23bbaibtng HheRRAMRACERes s ond
rqup can be sufficiently increased so that the
the g%%?active powers of the two subgroups can be
[quggcreased. Therefore, the sensitivity of an axis tilt
tween the two subgroups is reduced, and therefore,
| ¢j ent. pe r . can | nfai. ped., _L
T
Il Lt her 0 e r IS - 1L
the QEEHIAEES LUFTEGt AT RSt okt dGa T MPEnG S 0l ive

refractive power and disposed on the abject side of kEhe
negatlve lens group and a £fifth lens group having a positive
refractive power and disposed on the image side of the
positive lens group so that the zoom lens has a five-group
structure. When the lens position is moved from a wide-
angle setting to a telephoto setting, the first lens group
remains staticonary along the coptical axis, the negative lens
group serving as a second lens group is moved towards the
image side, the shift lens group serving as a third lens
group remains stationary along the optical axis, the
positive lens group serving as a fourth lens group
compensates for a variation in the position of an image
plane caused by the movement of the second lens group and
moves along the optical axis when a short-distance focusing
is performed, and the fifth lens group remains stationary

along the ¢ptical axis. The third lens group includes a
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[0141) In summary, the zoomlens and the inmage

capturing apparatus can prevent degradation of the

image quality when the image is shifted while

mai ntai ni ng the conpactness of the body. [0142]

According to the invention described in Cainms 2 and

11, the zoomlens includes a first |ens group having

a positive refractive power and di sposed on the

obj ect side of the negétpge | ens group and a fifth

| ens group having a positive refractive power amy-P1l443

di sposed on the imge side of the positive |lens group
negabivé halibdheuz doprirenss hasgat f vy er gf Ot 1 84 rpower eand

When the lens position is noved froma w de- angle
dispsstdiog tive cobhptephoide seid | mgpos hieifé rstbdemsp gnavwjpng a

remai ns stationary along the optical axis, the
posinbgat TeErientve grovar sory i dispesed see ol | dnsdgyrdige san

nmoved towards the image side, the shift |ens group
aperseryi fgeRsla tﬁ#ﬁﬁ*%ﬁﬂlférﬁet‘gﬁ%@pth%n%?%tﬁ%tﬁi‘é‘h‘a??/‘-lp and

along the optical axis, the posjtive |ens group,
the E‘é?%h‘gjea‘iéu%%‘b%ﬁ{ ARG RN g%%‘%ﬁbe %%n‘f%?%%%%sofo?e’a“g

variation, in the position of an inma aused, b
shifad Ry ehbhting E¢%e%ﬁ§kﬁ&ﬁ?eﬁ%b ‘3% %n £5°GH

hort -di gtan e focu3|

Sub%aemma bafe it s EPohh” GrRtATeautie® s ihschiungLy.
a zogm ggn.golgiﬁ%ﬁéce? gﬁ%%ﬁaJﬁ‘fgﬁ‘é{f@%eﬁt%o&P ﬁﬂ?ﬁ%gfﬁ:

i'Ve*'subgr oup havi ng a hegat i

arl lﬁgééaﬁEéHflP?&@ioﬁ”fhnctlmn, and small degradatien of an

image at the time of shifting can be achieved. In additiom,
an image capturing apparatus including the zocom lens can be
achieved.

[0143]

According to the invention described in Claims 2, 4, 12,
and 13, the zoom lens satisfies the following conditicnal
expression {(2}):

DIP/£3P < 0.35 {2}
where D3P denotes a distance between the aperture stop and
the lens surface that is the closest to the image among the
lens surfaces of the subgroup leocated on the image side, and
f3P denotes the focal length of the subgroup located on the
image side. Accordingly, the zoom lens can sufficiently
correct variation in coma aberration cccurring at the
peripheral porticn of a screen when the subgroup on the

image side is shifted.
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di sposed on the object side and a positive subgroup
having a positive refractive power and di sposed on
the i mage side, an aperture stop is disposed between
t he negative subgroup and the positive subgroup, and
an imge i s capable of being shifted by shifting the
positive subgroup in the direction substantially
per pendi cul ar to an opth%b axis. Accordingly, a zoom
| ens having a high magnifiCation ratio of about 10, an
i mage stabilization function, and snall degradaﬂﬁﬂ?%ﬁqqg
an imge at the tine of shifting can be achieved. In
[0144Hdition, an inmage capturing apparatus including the
zoom | ens can be achieved [0143] According to the
Aavegsting desthe bbavent Bpri deseried 12n Ciadms3s,t ke 14,
zoom | ens satisfies the follow ng conditional
and byorigd’i Hrrp 2)enesm s jed. B (Dyligwing memdthirresla
di st ance_between the aperture stop and the |ens
expregg¥eRelthat is the closest to the i mage anong the

| f f t b | t ed the i
$3B LTI Gorbres el Hocal Tength of the -
| ted th [ | de. dingly, th
ehord J08 PERROTER €U Tt 131508 FRE TR IBAET . com
exteﬁ@ﬁ{%afi\;\nﬁrﬁ %%ucrxéé Al é@tg‘p 1ﬁ§rfgtﬁ)@e{@AEP ffé)@e otthgt is
Screen en the subgroup on the 1hmage Side 1S

the SIb{d&d +PLnb0%pPO2P144%hg the lens surfaces of the

subgroup located on the image side, and R3p denotes the

TP

radius of curvature of the len= surface that is the closest
to the cbject amcng the lens surfaces of the subgroup
located on the image side. BRccordingly, the zoom lens can
sufficiently correct variation in coma aberration occurring
when the subgroup on the image side is shifted.

[0145]

Aocording to the invention described in Claims 7, 16,
and 17, the positive subgroup includes a positive biconvex
lens and a negative meniscus lens having a concave surface
on the object side. Accordingly, spherical aberration can
be sufficiently corrected. 1In addition, since the lens
surface of the positive subgroup closest to the image is
concave with respect to the aperture stop, the zoom lens can
sufficiently correct variation in coma aberration occurring
when the positive subgroup is shifted.

[01486]
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[0144] According to the invention described in Cains

5, 6, 14, and 15, the zoomlens satisfies the

foll owi ng conditional expression (3): 0.08 C "3s/R3p

C 0.2 (3) where D3s denotes a distance al ong the

optical axis extending fromthe aperture stop to the

| ens surface that is the closest to the object anobng

the |l ens surfaces of the -- subgroup |ocated on the

i mage side, and R3p dendt & the radius of curvature of

the lens surface that is the closest to the objetd2P1449

anong the | ens surfaces of the subgroup |ocated on

AdbidiRge i5h dehe ACooadE Do YdesbeiBeanihegdadas 8 and 18,

sufficiently correct variation in conma aberration
the o66nrléng sabbsfide shbdgfelbowing heondhgbosateergression

shifted. [0145] According to the invention described
{d):in Clains 7, 16, and 17, the positive subgroup

includes a positive biconvex |ens and a negative

nerd sidwstlt ehsl havi ng ®lconcave surface on the object

side. Accordingly, spherical aberration_can_ be
whergyffi deeptey tberEefel. lendblidrfi bhe &iftk 1nBS| @R]UP-

surface of the positive subgro cl osest to the inage
PscmFélnabhca'elaemﬂmré%ﬁ%c?alﬂog%%ﬁféﬁemﬂﬂ%r‘ém%%ﬁ?ﬂ?ﬁ% nd
. . zoom.lens can__sufficient correct variation in coma
h1gh S BeF ERERSRCBCR by FPRg URehLTf e hacF EFbLe8 beF ShF <
sthted. 8146& 61 595Pl449
compacktness" a nigh pefformmandce.
[0147]

According to the invention described in Claims 2 and 19,
when £4 denctes the focal length of the fourth lens group,
conditional expression (5) 0.6 < f4/ft < 0.9 is satisfied.
adccordingly, the total length of the lens can be further

reduced and the performance can be further improved.
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According to the invention described in Clains 8 and
18, the zoomlens satisfies the foll ow ng conditiona
expression (4): | Cf5/ft ¢ 1.7 (4) where f5 denotes
the focal length of the fifth |Iens group.
Accordingly, the zoomlens can realize the conpactness
and high performance at the sane tinme and realize
further conpactness and high performance. [0147]
According to the i nvent roR2d&scribed in Caims 9 and
19, when f4 denotes the focal length of the foufyPl442
| ens group, conditional expression (5 0.6 c f4/ft
0.9 is satisfied. Accocudragby, the total |ength of
the |l ens can be further reduced and the performance
can be further inproved. - 62 S05P1449 CLAIMS 1. A
zoom |l ens conprising: at |east three | ens groups

1.ingl pobmglenmegapvesiens group having a negative
refractive power, a shift |ens group, and a positive
| ehsleptudhinas A psiun s crrgfudiotd ve psladrive lens
arranged in this order froman object side, at |east

grouphbavipgadi PEIREATSgEEGFAGEAVENEONESIt v S dits 1GNGuFTeuE,
noving so that, when the |lens posjtjion is_noved from
and g RPELLhYR LN ITPHY FRAVENY of ophidt bl ¥t FRhEachive power
di st ance, bet ween th§ negative | ens
Folget €

ATradFpec 1 F ohs iy Ohpe e eh e A%0r sPanteaber Wsn
nega%?%&sfgﬂé &S@&pgéﬁaptﬁédpEQEtPQQiiéMS group moving so
that, when the lens position is moved from a wide-angle
setting to a telephoto setting, a distance between the
negative lens group and the shift lens group is decreased
and a distance between the shift lens group and the positiwve
lens group is changed:

wherein the shift lens group comprises at least two
subgroups, an aperture stop is disposed between the two
subgroups, and an image is capable of being shifted by
shifting one of the subgroups in a direction substantially
perpendicular to an optical axzis, and wherein the following
conditiconal expression (1) is satisfied:

Ds/ft > 0.1 {1}
where

Ds denotes a distance along the optical axis extending
from the lens surface that is the closest to the image among
the lens surfaces of the subgroup located on the object side

to the lens surface that is the closest to khe object among

e
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| ens group is changed; wherein the shift |ens group
conprises at |east two subgroups, an aperture stop is

di sposed between the two subgroups, and an imge is
capabl e of being shifted by shifting one of the
subgroups in a direction substantially perpendicul ar

to an optical axis, and wherein the follow ng

condi tional expression (1) is satisfied: Ds/ft > 0.1

(1) where Ds denotes a dP3tance al ong the opti cal

axis extending fromthe lens surface that is th&05FP1449
cl osest to the inmage anong the |lens surfaces of the

the Behgroupfiosalefl e theh@bjigetlsddleed ton tige | Bisge side,

surface that is the closest to the object anobng _ c.
and 63 - S S0521149 the |l ens surfaces of the subgroup

| ocated on the image side, and ft denotes the foca

| Bngidnafes Hdeerfiagsd |larsyidy stferbhe mrithad dlephaysten
. setting. 2. The zoomlens according to Caiml,
in thertéeepheonpsesibeyg-a first | ens group having a

positive refractive power and di sposed on the object

side of the negative lens group; and a fifth |lens
group having a positive refractive power and di sposed
2- onTRReZP R gEERT qREEPTEHRT P i ¢4 3 | ensTRFRPr so
comprising:

a first lens group having a positive refractive power
and disposed on the objeckt side of the negative lens group:
and

a fifth lens group having a positive refractive power
and disposed on the image side of the positive lens group so
that the zoom lens has a five-group struclture;

wherein, when the lens position is moved from a wide-
angle setting to a telephoto setting, the first lens group
remains stationary along the optical axis, the negative lens
group serving as a sSecond lens group is moved towards the
image side, the shift lens group serving as a third lens
group remains staticnary along the optical axis, the
peositive lens group serving as a fourth lens group
compensates for a wvariation in the position of an image
plane caused by the movement of the second lens group and
moves along the optical axis when a short-distance focusing

is performed, and the fifth lens group remalns stationary

along the optical axis, and wherein the third lens group

B Lo s S L.
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that the zoomlens has a five-group structure; i
wherein, when the |lens position is noved froma w de- .
angl e setting to a tel ephoto setting, the first |ens X
group renmmins stationary along the optical axis, the
negative lens -- group serving as a second | ens group
is noved towards the image side, the shift |ens group
serving as a third | ens group remai ns stationary
al ong the optical axis,~th& —positive | ens group
serving as a fourth lens group conpensates for &02F1449
variation in the position of an inmage plane caused by
Comp £ i6e 4Oy t Ofe tdiHFeagH ﬁﬁf?(ﬁ(ﬁﬁhéﬂiherE&@ihé&iW@
the optical axis mhen a shor I stance focusing 1is
powe PRI dBshosul drhecHa fdlh d@nss pi®und edrgparsi siwd i onary
al ong the optical axis, and wherein the third | ens
subggupiphdvindd BOHR14A9 reirgrtises powwegaind edssiggen pon
havi ng a negative refractive power and di sposed on
the imwegebfbdt, sinleapewhwrposiep Vs didroup Hrlmwern dhe
positive refractive power and disposed on the inmage
negatlee, subgepar tant o pesi i sposdmaimecind en image is
negative subgroup and the positive subgroup, and an
capahlggef | Beingpdbl et hﬁé.ﬁi@l%ww ehdyP et $17 gsyipproup
. p03|t|ve subgrqup int directi n substantlal
in the GLRRIFELArS YRS W ot} léIPE%B&% 1cgilapy & %%‘Fn‘?%frﬁscal
according to Caim1, wherein the follow ng
tondi tional expression (2) is satisfied: D3P/ f3P [
0.35 (2)

P T,

axis

3. The zoom lens according to Claim 1, wherein the
following conditional expression (2) 1s satisfied:
D3P/£3P < 0.35 {2)
where
D2P denotes a distance between the aperture stop and
the lens surface that is the closest to the image among the
lens surfaces of the subgroup located on the image side, and
f3P denotes the focal length of the subgroup located on

the image side.

4. The zoom lens acceording teo Claim 2, wherein the
following conditiconal expression (2) is satisfied:

D3P/£3P < 0.35 {2) .

5. The zoom lens according to Claim 3, wherein the

following conditional expression (3) is satisfied:
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where D3P denotes a distance between the aperture stop
and the lens surface that is the closest to the imge
anong the |I|ens surfaces of the subgroup |ocated on

the i mage side, and f3F denotes the focal |ength of

the subgroup |located on the inmage side. 4. The zoom

| ens according to Claim2, wherein the follow ng

condi tional expression (2) is satisfied: 7"3P/f3P |

0.35 (2) S. The zoom | ens®actording to C ai m 3,

wherein the follow ng conditional expression (35431448
satisfied: 1.. - 65 505P1449 0.08 CD3s/R3p [ 0.2

@oahemIBsgenat.es a digtiance al ong the optical
axis extending fromthe aperture stop to the |lens

whersurface that is the closest to the object anong the

| ens surfaces of the subgroup |located on the inmage

e deant KRB @ dirrdtzesd ke areglinkse afptduwadataries ofxbdreding

| ens surface that is the closest to the object anong
fromtiiee | sperburé agesp ofo tine bemyreowpfieedileat obs tbiee

i mge side. 6. The zoom | ens according to C aim 4,
closedier e ntiiheobi otk csinerg cordi 1¢ohafUelgres Pon-ii8) is

satisfied: 0.06 CD3s/R3p C 0.2 (3). 7. The zoom |l ens
subgdpeRdr P FRIEES P afiF 2lmdger 31 det nand

R3p denotes the radius of curvature of the lens surface
that is the closest to the object among the lens surfaces of

the subgroup located on the image side.

6. The zoom lens according to Claim 4, wherein the
folleowing conditional expressicn (3} is satisfied:

0.08 < D3s/R3p < 0.2 {3},

7. The zoom lens according to Claim 2, wherein the
pesitive subgroup comprises a positive biconvex lens and a
negative meniscus lens having a concave surface on the

object side.

8. The zoom lens accerding to Claim 2, wherein the
following conditional expression (4} is satisfied:
1 <« £5/ft < 1.7 {4)

where f5 denotes the focal length of the fifth lens group.

8. The zoom lens accerding to Claim 2, wherein the

Lo
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positive subgroup conprises a positive biconvex |ens
and a negative neniscus |ens having a concave surface
on the object side. 8 The zoomlens according to
Claim?2, wherein the follow ng conditional expression
(4) is satisfied: 1 Cf5/ft C1.7 (4) where f5 denotes
the focal length of the fifth lens group. 9. The zoom
| ens according to Claim2, wherein the 66 905P1449
fol I owi ng conditional eXpP&s5ion (5) is satisfied: 0.6
[ f4/ft CO0.9 (5) where f4 denotes the focal |endHrR¥443
the fourth I ens group. 10. An inage capturing
follappagatssdCoiphabi agprasZoem (ensisnghvdbngeat | east
three | ens groups including a negative |ens group
havt ng & hilgat ive2 ref ragili ve power, a shift lens
group, and a positive |lens group having a positive
whereeff adénveeponee brrahgeengohtdf stbedeourthbnlans group.
object side, at |east the negative |l ens group and the
positive | ens group noving so that, when the |ens
position is noved froma w de- angle setting to a
10t el BphdLBIBcFRPRBring FPRIBHERS bEPMBEASIAG: negat i ve
| ens group and the_ shift |ens oup |s decreased and’
& BB et ing E’sthllfetaqiéﬁ%’ oL S rRE AHRS
. sitive len r I s _chan and an i nage sen
lﬂclﬁameﬂf%‘?q%ﬁﬁ% EBngsFoahs %&nmg@e% Veatoransive
zoom E tg an electrlcal gnalt e|n t he Shﬁ
PO¥SFend § bﬁl&s Bitpr ¥588P @ 72 Pohptive 1808 62Gup having

a positive refractive power arranged in this order from an
object side, at leastk the negative lens group and the
positive lens group moving s¢ thak, when the lens position
is moved from a wide-angle setting to a telephoto sstting, a
distance between the negative lens group and the shift lens
group 1s decreased and a distance between the shift lens
group and the peositive lens group is changed: and

an image sensing device for converting an optical image
formed by the zZcoom lens to an electrical signal:

wherein the shift lens group compriszes ak least two
subgroups, an aperture stop is disposed between the two
subgroups, and an image is capable of being shifted by
shifting one of the subgroups in a direction substantially
perpendicular to an optical axis, and wherein the following
conditional expression (1] 1s satisfied:

Ds/ft > 0.1 {1)

whers

Nt e Bt
1 .



W

ol el d o Y e e Ul e T o el s T T T TN R e e s S 4 e e = T e e e T e R e T |

subgroups, an aperture stop is disposed between the
two subgroups, and an imge is capable of being
shifted by shifting one of the subgroups in a
direction substantially perpendicular to an optica
axis, and wherein the following conditiona
expression (1) is satisfied: Ds/ft > 0.1 (1) where 67
S05P1449 Ds denotes a distance along the optical axis
extending fromthe | ens 8drtace that is the closest
to the imge among the |ens surfaces of the subPfr449
| ocated on the object side to the |lens surface that
i tdelosestdilr drhe: cljeen) @R Lildha loiis sxtdarEsg
of the subgroup |ocated on the inmage side, and ft
fromdenot bsnd henfdoad tleagt hs ofhd hel @dst ebd ettse Sysd @ amang
the tel ephoto setting. 11. The inage capturing
the bhaparsuoaeesordi e t suldiaewp 10gcaiheren ntlidheckzpant side
| ens further conprises a first lens group having a
to theslenyesuefreetivet pooekhandletespbsee e tdled eohj aeeng
side of the negative lens group and a fifth [ens )
the jepspswalATRS 0Pobshe | eLIEPiRctoTREPHWRE Bl HPagRseiEe,
on the 1image side of the positive |lens group so that
and the zoomlens has a five-group structure, and

KR ahe fﬁvgc'%?ﬁf_rf%%h‘%} iesse&:%%%gff%ﬁe%@
in chRoCREgRtTUe TERE Bioup Sorving as a second

11. The image capturing apparatus according to Claim 10,
wherein the zoom lens further comprises a first lens group
having a positive refrackive power and disposed on the
object side of the negative lens group and a fifth lens
garoup having a positive refractive power and disposed on the
image side of the positive lens group so that the zoom lens
has a five-group structure, and wherein, when the lens
position is moved from a wide-angle setting te a telephoto
setbting, the first lens group remains stationary aleng the
optical axis, the negative lens group serving as a second
lens group is moved towards the image =ide, the shift lens
group serving as a third lens group remains stationary along
the optical axis, the positive lens group serving as a
Eourth lens group compensates for a variation in the
position of an image plane caused by the movement of the

second lens group and moves along the optical axis when a
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| ens group is noved towards the inmage side, the shift
lens group serving as a third |l ens group remains
stationary along the optical axis, the positive |ens
group serving as a fourth |ens group conpensates for
a variation in the position of an inage plane caused
by the novenent of the second |ens group and noves
al ong the optical axis mhen a - 68 - 3 305P1449
short -di stance focusing 5 &8 performed, and the fifth
| ens group remains stationary along the optical H3Bl442
and wherein the third |lens group conprises a negative
shorgvhgEeHdAcbaybpgsfngnegabkeyYcorpéd achhderheWEL fandlens
di sposed on the object side and a positive subgroup
groupavengiaspesitivearef adotigvehpospticabdadisposad eherein
the i mage side, an aperture stop is disposed between
the therdedanbversupgrouprandst aenpostiiveessbpggropphaundy a
an image is capable of being shifted by shifting the
negapdypt Feéraabgreupotart aeddirepried subthanebaery side
perpendicular to an optical axis, 12. The image
and aapPEithgcappaineys B@Eéﬂalﬁgp?%lt}%?n¥?§raﬂﬁh§?ePﬁWEI
the follow ng conditional expression (2)
and 44fPeprEdon P?f%@ﬂqeosﬁge(Z?n %H%FE“EBPEEEHoFésdéSPOSEd

di st b t th t d .th
betughs LRg PRARLLES; AUBGFBERsthg (bR oRLLL A sHEOFRup, and
f h b {
an 1pG88 TN GOPERL S ab Bt IR R A Bk ooh OB LOF LR oup
p051£993 Sgbggoup in the direction substantially

perpendicular to an optical axis.

12. The image capturing apparatus according to Claim 10,
wherein the following conditicnal expression (2) is
satisfied:

DIP/L3F < 0.35 (2)
where

D3P dencotes a distance between the aperture stop and
the lens surface that is the closest to the image among the
lens surfaces of the subgroup located on the image side, and

fAP denntaes the focal length of the subgroup located on

the image side.

13. The zoom lens according to Claim 11, wherein the
following conditiconal expression (2) is satisfied:

D3B/£3P < 0.35 {2).

e g
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the i mage side. 13. The zoom | ens according to Claim
11, wherein the follow ng conditional expression (2)
is satisfied: D3P/f3P < 0.35 (2). 69 S05P1449 14.
The image capturing apparatus according to Claim 12,
wherein the follow ng conditional expression (3) is
satisfied; 0.08 C D3sJR3p C 0.2 (3) where D3s denotes
a distance along the optical axis extending | from
the aperture stop to the Féns surface that is the
cl osest to the object anong the |ens surfaces of SOmFld449
subgroup |l ocated on the image side, and R3p denotes
the radius of curvature of the lens surface that is
the closest to the object anong the | ens surfaces of
14t heTsebimagp tapaiethgepperamegecastaediid. tdhelzooni,
| ens according to Claim13, wherein the follow ng
wherebmdihé obal lewinesstmil { Bynel sspissseen 03081f
D3sJR3p C 0.2 (3). 16. The inmage capturing apparatus
satiggEee®ting to Caim1ll, wherein the positive subgroup
conprises a positive biconvex |ens and a negative
GeudPIFSmavidhd a concive surface on the object
side. 17. The image capturing apparatus according to
whergy ai m 13,

D3z denotes a distance along the optical axis extending
from the aperture stop to the lens surface that is the
closest Eo the object among the lens surfaces of the
subgroup located on the image side, and

R3ip denotes the radius of curvature of the lens surface
that is the closest to the cbhject among the lens surfaces of

the subgroup located on the image side.

15. The zoom lens according to Claim 12, wherein the
following conditional expression (3) is satisfied:

0.08 < DIs/R3p < 0.2 {3).

16. The image capturing apparatus accgording to Claim 11,
wherein the peositive subgroup comprises a positive biconvex
lens and a2 negative meniscus lens having a concave surface

on the ohijesct side.

17. The image capturing apparatus according to Claim 13,

wherein the positive subgroup comprises a positive biconvex
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wherein the positive subgroup conprises a positive
bi convex S 70 - j S05P1449 lens and a negative
meni scus | ens having a concave surface on the object
side. 1B. The image capturing apparatus according to
Caim1l, wherein the follow ng conditiona
expression (4) is satisfied: 1 ¢c f5/ft C 1.7 (4)
where f5 denotes the focal |ength of the fifth | ens
group. 19. The i mage cép?@rrng apparatus according to
Claim11, wherein the follow ng conditional S0L5FP1l445
expression (5) is satisfied: 0.6 Cf4/ft < 0.9 (5)
1ens Whed es f degebbtesnéhis focal ehengihiod 4 heodeawd hshepbsce
group. 1
on the object side.

1B. The image capturing apparatus according to Claim 11,
wherein the following conditicnal expression (4} is
satisfied:

1 < £5/ft < 1.7 {413

iu‘ v
L

where 5> denotes the focal length of the fifth lens group.

19. The image capturing apparatus according to Claim 11,
wherein the following conditicnal expression (5) is
satisfied:

0.6 < £4/ft < 0.9 {5)

where f4 denctes the focal length of the fourth lens group.

L



